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Abstract

Background: Chronic pelvic pain, in particular dysmenorrhoea, is a significant
yet unresolved healthcare problem in gynaecology. As interoceptive sensitivity
and underlying neural mechanisms remain incompletely understood, this func-
tional magnetic resonance imaging (fMRI) study assessed behavioural and neural
responses to visceral stimuli in primary dysmenorrhoea (PMD).

Methods: Women with PMD (N = 19) without psychological comorbidity and
healthy women (N = 20) were compared with respect to visceral sensory and pain
thresholds, and to neural responses to individually calibrated mildly painful and
painful rectal distensions implemented during scanning. Trial-by-trial ratings of
perceived intensity were accomplished with visual analogue scales (VAS).
Results: Although women with dysmenorrhoea reported significantly higher chronic pain
intensity and pain interference with daily life activities (p < 0.01, assessed with the West
Haven-Yale Multidimensional Pain Inventory), there were no differences between groups
in visceral sensitivity and mean trial-by-trial VAS ratings were virtually identical. Analysis
of neural responses revealed activation in brain regions previously shown to be involved in
the processing of visceral stimuli with differences between painful and mildly painful stimu-
lation, but no group differences were found even when using a liberal statistical threshold.
Conclusions: Dysmenorrhoea patients show unaltered perceptual and neural
responses to experimental interoceptive stimuli. Despite limited sample size, these
negative results argue against a generalized sensitization towards interoceptive stimuli
in patients without psychological comorbidities. Future studies should clarify the role
of psychosocial factors in central sensitization using more pain region-specific models
in larger and clinically more heterogeneous samples.

Significance: Despite higher chronic pain and pain interference with daily life
activities, women with primary dysmenorrhoea do not differ from healthy women
with respect to visceral sensitivity or neural processing of aversive interoceptive
stimuli induced by rectal distensions. Generalized sensitization may be present
only in subgroups with pronounced psychosocial or psychiatric disturbances.
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1 | INTRODUCTION

Dysmenorrhoea constitutes the most common gynaecologi-
cal condition in female adolescents and women of repro-
ductive age (Coco, 1999), with significant individual and
societal consequences (Bottcher et al., 2014; Iacovides,
Avidon, & Baker, 2015a; Leyendecker, Wildt, & Mall,
2009; Leyendecker et al., 2015). Pelvic pain is the hall-
mark symptom in both primary and secondary dysmenor-
rhoea. secondary dysmenorrhoea, pain
originates from several identifiable pathological conditions,
especially endometriosis, in primary dysmenorrhoea
(PDM), pain occurs in the absence of discernible pelvic
pathology and is closely linked with menstruation with
respect to onset, severity and duration. PDM has been clas-
sified as a chronic pelvic pain syndrome (CPP) (Bara-
nowski, Lee, Price, & Hughes, 2014) and overlaps with
other CPP including irritable bowel syndrome (IBS) (Olafs-
dottir, Gudjonsson, Jonsdottir, Bjornsson, & Thjodleifsson,
2012; Zondervan et al., 2001). Although enhanced pain
sensitivity and central sensitization have been proposed to
play a crucial role in the pathophysiology of PDM (Iaco-
vides et al., 2015a), visceral sensitivity and neural mecha-
nisms involved in the central processing of interoceptive,
visceral stimuli remain incompletely understood.

Current knowledge regarding pain sensitivity and central
pain processing in PDM largely comes from studies that have
implemented exteroceptive, somatic pain stimuli such as
pressure, heat, ischaemic, electrical (Giamberardino, Berk-
ley, Iezzi, de Bigontina, & Vecchiet, 1997) or laser-evoked
pain stimuli applied in different bodily regions (Iacovides et
al., 2015a). Little is known about perceptual responses to
interoceptive, visceral pain in PDM. Clinically relevant inte-
roceptive pain models, especially controlled distension of the
uterine cervix, rectum or colon, have very rarely been imple-
mented in patients thus far (Arendt-Nielsen, Madsen, Jarrell,
Gregersen, & Drewes, 2014; Brinkert, Dimcevski, Arendt-
Nielsen, Drewes, & Wilder-Smith, 2007) and have never
been employed as part of a brain imaging study. Given
marked differences between pain modalities in behavioural
and neural processing in healthy women (Aziz et al., 2000;
Dunckley et al., 2005; Koenen et al., 2017; Strigo, Duncan,
Boivin, & Bushnell, 2003) and patients with IBS (Verne et
al., 2003), and first evidence suggesting modality-specific
pain processing in PDM (Bajaj, Bajaj, Madsen, & Arendt-
Nielsen, 2002; Wei, Chao, Tu, Li et al., 2016), it is important
to complement and extend existing knowledge about pain
mechanisms in PDM specifically for the visceral modality.
In this functional magnetic resonance imaging (fMRI), con-
ducted during the phase of menstruation, we implemented a
clinically relevant visceral pain model (i.e. rectal distensions)
in order to address visceral sensitivity and behavioural and

Whereas in

EJP _WILEY-®

European Journal of Pain

neural responses to individually calibrated mildly painful
and painful aversive visceral stimuli in women with PDM
and healthy controls. In addition to pain-specific behavioural
and neural measures, we also repeatedly assessed cognitive
aspects relevant to pain perception, given accumulating
knowledge about expectations as fundamental mechanisms
underlying placebo and nocebo effects in the context of vis-
ceral pain (Elsenbruch & Enck, 2015; Elsenbruch & Lab-
renz, 2018). Finally, given the broad role of stress-related
factors in visceral pain modulation (for a recent review, see
Elsenbruch & Enck, 2017) and knowledge regarding stress
and particularly of the hypothalamic-pituitary-adrenal (HPA)
axis in CPP and endometriosis (for review, see Brawn, Mor-
otti, Zondervan, Becker, & Vincent, 2014), we analysed
stress-related measures based on ratings and blood samples,
that is state anxiety, perceived arousal, cortisol and prolactin.

In this comprehensive study with behavioural, endocrine
and neural aspects, our specific aims were to test the fol-
lowing hypotheses:

1. Given evidence suggesting enhanced sensitivity to disten-
sion of the sigmoid colon in PDM (Brinkert et al., 2007),
we expected reduced thresholds for both first perception and
pain induced by rectal distensions in women with PDM.

2. Based on data indicating temporal summation upon
repeated distensions of the uterine cervix in PDM
(Arendt-Nielsen et al., 2014), we hypothesized a greater
increase in trial-by-trial pain ratings in PDM upon
repeated distensions in the scanner.

3. With respect to distension-induced blood oxygen-level-
dependent (BOLD) responses, we tested enhanced activa-
tion in sensory-discriminative brain areas (e.g. thalamus,
posterior insula, somatosensory cortex) as well as in
regions encoding emotional arousal and cognitive pain
aspects (e.g. anterior insula, cingulate cortex, amygdala,
prefrontal cortex) in women with PDM. This hypothesis
was based on altered neural processing of painful rectal
distensions in patients with IBS (Mayer, Gupta, Kil-
patrick, & Hong, 2015).

4. Finally, we explored the specificity to pain by compar-
ing responses to mildly painful distensions, and addi-
tionally assessed pain anticipation, state anxiety and
neuroendocrine mediators of the hypothalamic-pituitary-
adrenal (HPA) axis in our study paradigm.

2 | METHODS

2.1 | Study population

A total of 23 women with primary dysmenorrhoea and 23
healthy women were recruited via word of mouth or adver-
tisement at the Department of Gynecologic Endocrinology
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and Reproductive Medicine of the Medical University Inns-
bruck, Austria, between August 2013 and August 2015.
All participants gave informed consent and were scheduled
for the study during the phase of their menstruation (days
1-5, given feasibility considerations). The recruitment and
screening process included an initial semistandardized tele-
phone screening confirming the self-reported presence of
dysmenorrhoea, a personal interview with completion of
standardized questionnaires and a gynaecological examina-
tion and ultrasound scan performed by a licensed gynaecol-
ogist (author B.B.) at the Department of Gynecologic
Endocrinology and Reproductive Medicine of the Medical
University Innsbruck, Austria. The psychosocial question-
naire battery included the Hospital Anxiety Depression
Scale (HADS) for symptoms of anxiety and depression
(Herrmann-Lingen, Buss, & Snaith, 2011), the SF-12 for
health-related quality of life (QoL; Morfeld, Kirchberger, &
Bullinger, 2011) and the West Haven- Yale Multidimen-
sional Pain Inventory (MPI; Flor, Rudy, Birbaumer, Streit,
& Schugens, 1990).

Inclusion criteria for patients consisted of a typical
history of primary dysmenorrhoea since menarche or
shortly afterwards with severe menstrual pain. Severe
menstrual pain on the day of the study was verified with
a visual analogue scale (VAS, 0-100 mm). The cut-off
for sufficiently severe ongoing menstrual pain severity
was the published cut-off (i.e. a VAS > 54 mm; Collins,
Moore, & McQuay, 1997), consistent with other neu-
roimaging studies in PDM patients (Vincent et al., 2011;
Wei, Chao, Tu, Li et al., 2016; Wei, Chao, Tu, Lin et
al., 2016). Patients with known secondary dysmenor-
rhoea (i.e. with a previously established histological
diagnosis of endometriosis) were not included. To further
verify the absence of menstrual pain on the study day in
the healthy sample, the menstrual pain severity rating
had to be below the published cut-off (i.e. <54 mm) on
the VAS (Collins et al., 1997). Patients were instructed
to abstain from pain medications (e.g., NSAIDs) on the
day of the study; compliance was confirmed on the
study day based on self-report.

General exclusion criteria for all participants were age
<18 or >45 years, a body mass index (BMI) <18 or
>30 kg/m?, breastfeeding, any known medical or psycho-
logical pathological condition (except dysmenorrhoea for
the patient group), current medication use (except thyroid
medication, occasional over-the-counter drugs for minor
allergies, benign headaches, etc.), current clinically relevant
anxiety or depression symptoms above the published cut-
off values on the Hospital Anxiety and Depression Scale
(HADS; Herrmann-Lingen et al., 2011), current gastroin-
testinal (GI) symptoms suggestive of an undiagnosed GI
condition including IBS based on self-report or symptoms
suggestive of fibromyalgia. Any evidence of external and/

or internal anorectal tissue damage upon digital anorectal
examination (e.g. painful haemorrhoids which may interfere
with rectal balloon placement), previous third or fourth
degree of perianal tear, active anal fissure, evidence of
structural brain abnormality upon structural MRI scan and
regular MRI-specific exclusion criteria (phobic anxiety,
claustrophobia, etc.) were also exclusionary. Pregnancy
was exclusionary, verified during gynaecological examina-
tion and again on the study day via urinary HCG analysis.
Note that the use of hormonal contraceptives was not
exclusionary for participation.

2.2 | Experimental design and procedures

The study day was scheduled on days 1-5 of the men-
strual cycle, confirmed by participant report of menstrua-
tion and hormonal analysis [luteinizing hormone (LH);
follicle-stimulating hormone (FSH), estradiol and proges-
terone]. Upon arrival, an indwelling cannula was applied,
blood and urinary samples were taken and the rectal bal-
loon catheter was placed. Rectal perceptual and pain
thresholds were determined using a pressure-controlled
barostat device using established methodology (see below,
Section 2.3). After a rest period of 10 min, a structural
MRI scan was completed. The fMRI study implemented a
block design consisting of six mildly painful rectal disten-
sions followed by six painful distensions presented in fixed
order. The duration of each distension was 16.8 s includ-
ing inflation, plateau and deflation of the rectal balloon.
Trial-by-trial ratings of perceived distension-induced pain
intensity were accomplished with visual analogue scales
(VAS: 0-100 mm) using a MR-compatible, hand-held
response system with keypads (NordicNeuroLab, Bergen,
Norway). Immediately prior to and after MR scanning,
additional blood samples were taken for assessment of
serum cortisol and prolactin concentrations. State anxiety
was assessed in parallel to blood draws using the state ver-
sion of the Spielberger State Trait Anxiety Inventory
(STAI-S; Laux, Schaffner, & Glanzmann, 1981). In addi-
tion, expected pain intensity and current tension/arousal
were assessed with VAS (0-100 mm, ends labelled “very
little — very high” for expected pain intensity; “none —
very much” for arousal).

2.3 | Rectal distensions

Graded distensions of the rectum with a pressure-con-
trolled inflatable balloon system constitute an estab-
lished and clinically relevant experimental model for
interoceptive, visceral sensitivity. It has been applied in
different patient populations, including IBS, to address
perceptual responses to visceral stimuli and central vis-
ceral pain processing. The distension model allows the
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determination of sensory and discomfort/pain thresholds
and (in the context of experimental studies) the con-
trolled and finely tuned application of distensions induc-
ing mild, intermediate or strong sensations of pain or
discomfort. Given high interindividual variations in rec-
tal sensory and pain thresholds in healthy volunteers
(Elsenbruch et al., 2014), it is important to utilize indi-
vidually calibrated distension pressures for repeated
implementation of specific stimulus intensities in experi-
mental studies where perceptual intensity is relevant,
such as herein. As previously described (Benson et al.,
2015; Elsenbruch, Rosenberger, Bingel et al., 2010;
Elsenbruch, Rosenberger, Enck et al., 2010; Icenhour et
al., 2017; Rosenberger et al., 2009), in all our studies,
distension pressures for repeated stimulation in the scan-
ner are individually titrated based on rectal sensory and
pain thresholds.

Herein, we used a pressure-controlled barostat system
(modified ISOBAR 3 device, G and J electronics, Ontario,
Canada). The barostat device was kept outside of the scanner
suite and was connected to the rectal balloon by a 3-m-long
polyethylene tube (3 mm outer diameter, 1.8 mm inner
diameter). The catheter-affixed polyethylene bag is of cylin-
drical shape and 10 cm in length. It is positioned in the rec-
tum, 5 cm from the anal verge. Fully inflated, it has a
diameter of 8 cm and a maximum volume of 500 ml; it is
infinitely compliant up to its distensible limit. The threshold-
ing procedure was accomplished prior to scanning. It con-
sists of a double-random staircase distention protocol with
random pressure increments ranging between 2 and
10 mmHg. The limit of maximal distension pressure applied
was set at 50 mmHg for safety reasons. Participants rated
each distension on a Likert-type scale (“1” = no pain percep-
tion, ‘“2” = doubtful perception, “3” = sure perception,
“4” = little discomfort, “5” = severe discomfort, “6” = not
tolerable discomfort/pain). The threshold for first pain per-
ception (sensory threshold) is defined at the pressure at
which the rating changes from ‘“2” to “3”; the pain threshold
at the pressure where the rating changes from “5” to “6.”

For implementation of repeated mildly painful and pain-
ful distensions in the scanner, two individually calibrated
stimulation intensities were chosen based on these thresh-
olds, as previously accomplished (e.g. Elsenbruch, Rosen-
berger, Bingel et al., 2010; Elsenbruch, Rosenberger, Enck
et al., 2010). The pressure for mildly painful distensions
was the pressure at which a rating of “3” was reached; the
pressure for painful distensions was the pain threshold
pressure minus 2 mmHg for safety reasons.

2.4 | MR imaging and statistical analysis

All MR images were acquired using a 3 T MR of the Neu-
roimaging Research Core Facility (Verio, Siemens,
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Erlangen, Germany) with a standard multichannel head
coil. A 3D FLASH sequence (TR 10 ms, TE 4.5 ms, flip
angle 30°, FOV 240 mm, matrix 512, slice thickness
1.0 mm) was used. Blood oxygen-level-dependent (BOLD)
contrast images were acquired using an echo-planar tech-
nique (TR 3000 ms, TE 25 ms, flip angle 90°, FOV
240 mm, and matrix 128) with 34 transversal slices angu-
lated in the direction of the corpus callosum with a thick-
ness of 3 mm and a 0.3-mm slice gap. Prior to statistical
analysis, images were realigned to the mean image, nor-
malized to a standard EPI-template as implemented in SPM
12 software (Wellcome Department of Cognitive Neurol-
ogy, London, UK) and finally smoothed with an isotropic
Gaussian kernel of 8 mm. Note that we re-analysed all data
with a smoothing kernel of 5 mm, with no appreciable
effects on the results (data not shown). To correct for low
frequency drifts, a temporal high-pass filter with a cut-off
set at 128 s was implemented and serial autocorrelations
were considered by means of an autoregressive model first-
order correction.

The statistical analysis was performed with a general
linear model approach as implemented in SPM. For each
participant, a first-level model with the regressors mildly
painful distensions, painful distensions, and ratings was
estimated. The design matrix was obtained by convolving
the delta function of the event onsets with a boxcar func-
tion based on the canonical hemodynamic response func-
tion. The motion parameters were entered as regressors of
no interest. Specific effects were tested with appropriate
linear contrasts on the different conditions, resulting in a t-
statistic for each voxel. First-level contrast images for the
conditions mildly painful and painful stimulation from both
groups of participants were entered into a second-level ran-
dom effects analysis. A 2 X 2 flexible factorial model with
the factors group (patients, controls) and condition (mildly
painful, painful) was estimated.

In an initial analysis aiming to identify BOLD responses
specific to visceral pain induced by rectal distensions (i.e.
painful vs. mildly painful distensions), an initial threshold
of p < 0.05 on voxel level, family-wise error (FWE)-cor-
rected, was used, reporting only clusters with more than 10
voxels. This comparably conservative threshold was used
to separate the activation maxima in this contrast. In the
analysis conducted to test group differences (i.e.
PDM > controls and vice versa), a more liberal initial
threshold of p < 0.001, uncorrected, was applied, reporting
only clusters with more than 50 voxels. Additional region
of interest (ROI) analyses were conducted for the locations
that we previously reported as more activated in IBS
patients compared to healthy controls in a study using a
very similar study protocol involving mildly painful and
painful distensions (Elsenbruch, Rosenberger, Bingel et al.,
2010). These were the two ROIs at 28 62 -4 and at -36 18
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1. For each ROI, a sphere of 12 mm was centred around
the peak coordinates and a small volume correction
(p < 0.05) was calculated on the group by condition inter-
action contrast.

2.5 | Endocrine measures

For verification of menstrual cycle phase, concentrations of
LH, FSH, estradiol and progesterone in serum or plasma
were assessed using commercially available kits for an
electrochemiluminescence immunoassay (ECLIA) (Roche
Diagnostics, Indianapolis, USA) and analysis in a Siemens
Immulite2000 immunoassay system (Erlangen, Germany).
As hormones of the stress response, cortisol and prolactin
concentrations were measured using commercially available
kits for an electrochemiluminescence immunoassay
(ECLIA) from Roche (analysis with Roche Cobas8000,
Roche Diagnostics) for cortisol and from Siemens for pro-
lactin, analysed with a Siemens Immulite2000 analysing
system (Erlangen, Germany). The inter- and intra-assay
coefficients of variation for the relevant range of the men-
tioned values were below 10%.

2.6 | Statistical analysis of non-fMRI data

All statistical analyses were conducted using SPSS version
22.0 (IBM Corporation, Armonk, NY, USA). The groups
were characterized and compared with respect to sociode-
mographic and psychological variables using chi-square
tests or ¢ tests where appropriate. For repeated measures,
analysis of variance (ANOVA) with trial/time point as
repeated factor and group as between factor were com-
puted. Greenhouse—Geisser correction was applied if the
sphericity assumption was violated (based on results of
Mauchly test). In case of significant main or interaction
effects, post hoc testing was accomplished using ¢ tests. All
results are reported as mean + standard error of the mean
(SEM) unless indicated otherwise.

2.7 | Ethical approval

Ethics approval was granted by the ethics committee of the
Medical University Innsbruck (protocol number AN 4940
321/4.16).

3 | RESULTS

3.1 | Sociodemographic and psychological
characteristics

Due to motion artefacts, technical problems and handling
errors with the response box, seven participants (four
patients, three healthy controls) were excluded from data

analysis, resulting in a final sample consisting of N = 19
patients and N = 20 healthy controls. The patient group was
slightly older compared to the control group (p < 0.05) and
had a comparable body mass index (Table 1). Anxiety and
depressions scores were comparable and well below the pub-
lished cut-offs for clinically relevant symptoms. Both psy-
chological and physical quality-of-life scores revealed no
group differences. On the other hand, women with dysmen-
orrhoea reported significantly higher chronic pain severity
and interference of chronic pain with daily life activities
(both p < 0.01, Table 1). Seven patients and 11 healthy
women reported using hormonal contraception.

3.2 | Pain thresholds and VAS ratings

Rectal sensory and pain thresholds, determined prior to
scanning, did not differ between patients and controls (sen-
sory threshold: 24.1 £ 2.0 mmHg in patients vs.
21.6 + 2.0 mmHg in controls, p = 0.38; pain threshold:
36.5 + 2.2 mmHg in patients vs. 34.0 + 2.3 mmHg in con-
trols, p = 0.44). VAS ratings of expected pain intensity
(Figure la) and current arousal (Figure 1b) also revealed
no group differences.

Trial-by-trial ratings of perceived distension intensity
supported that as intended per individualized titration,
mildly painful and painful distensions were clearly differen-
tiated in both groups, with significantly lower VAS ratings
of mildly painful distensions (25.2 + 3.7 mm in patients;
24.0 + 4.7 mm in controls) compared to painful distensions

TABLE 1 Sociodemographic and psychosocial characteristics

Healthy

Patients controls

(n =19) (n =20) p*
Age (years) 286+ 14 248 +0.7 0.02
Body mass index (kg/m?) 22.7+09 212+05 015
Physical quality of life (SF-12) 534 + 19 56.4 + 0.6 0.15
Psychological quality 48.0+21 51.0+23 0.33

of life (SF-12)

Anxiety symptoms (HADS) 49+07 54+06 0.62
Depression symptoms (HADS) 1.7 +0.5 2.5 + 0.6 0.32
Chronic pain severity (MPI) 19+04 03+01 <0.001
Interference (MPI) 21+04 03+0.1 <0.01
Negative mood (MPI) 29+02 27+0.1 0.30
Support (MPI) 26+04 17+04 0.15
Self-control (MPI) 40+03 43+04 0.44

Notes. HADS: Hospital Anxiety and Depression Scale; MPI: West Haven-Yale
Multidimensional Pain Inventory.

All data are shown as mean + SEM. For questionnaire references, see text.
*Results of independent sample ¢ tests.

p values <0.05 were considered significant.
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(64.6 + 5.5 mm in patients; 62.8 + 4.1 in controls; within-
group comparisons: both p < 0.001, for details, see Fig-
ure 1c). No group differences in trial-by-trial intensity rat-
ings were observed for mildly painful or painful
distensions (Figure 1c), as indicated by the absence of sig-
nificant ANOVA group or interaction effects (for mildly
painful distensions: F = 0.04, p =0.85 group effect;
F =048, p=0.74 interaction effect; for painful disten-
sions: F'= 0.07, p = 0.79 group effect; F = 0.67, p = 0.67
interaction effect). Accordingly, post hoc tests revealed no
significant group differences for any trial (all p > 0.52).
However, increasing ratings over repeated trials were
observed in both groups, as indicated by trial/time effects
that approached significance for mildly painful stimuli
(F =3.89, p = 0.07) and were significant for painful stim-
uli (F =6.57, p <0.001) distensions. Note that given a
small age difference, all analyses were repeated with age as
a covariate, but results remained unchanged (data not
shown).

3.3 | Prolactin, cortisol and state anxiety

Prolactin and cortisol were assessed together with state
anxiety immediately prior to and after scanning. While
ANOVA for cortisol revealed a significant effect of time
point (F =9.12, p =0.005), but no effect of group
(F = 1.71, p = 0.20) or interaction (F = 0.45, p = 0.52),
no significant effects (not shown) were present for pro-
lactin. Post hoc testing revealed no group differences
before or after scanning for either neuroendocrine parame-
ter (Table 2).

1004 a
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The ANOVA on state anxiety showed a significant
effect of group (F =5.14, p = 0.029), but no time point
(F =0.84, p =0.37) or interaction (F = 0.64, p = 0.43)
effects. Post hoc testing revealed no group differences
before scanning, but significantly higher state anxiety after
scanning in patients (p = 0.023, Table 2).

3.4 | BOLD responses

The contrast of painful versus mildly painful stimulation in
both groups revealed significant activations in the insular
cortex, prefrontal, orbitofrontal and somatosensory cortices
and cingulate cortex (p < 0.05 FWE-corrected on peak
level, minimum cluster size >10 voxel, Table 3, Figure 2).

No significant differences between the two groups were
observed (patients > controls and controls > patients) in
the whole-brain analysis at a lower threshold of p < 0.001
uncorrected (minimum cluster size >50 voxel). We also
analysed whether patients differed from controls with
regard to BOLD responses to painful and mildly painful
distensions against baseline, but found no significant differ-
ences in either direction (patients > controls and con-
trols > patients). ROI analyses also revealed no group
differences.

4 | DISCUSSION

This is the first functional brain imaging study that imple-
mented pressure-controlled rectal distensions to address vis-
ceral sensitivity and to compare behavioural and neural
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TABLE 2 Neuroendocrine parameter and state anxiety before and after scanning

Pre Post
Patients Controls p* Patients Controls p*
Prolactin (pg/L) 106 = 1.9 94 + 1.6 0.63 11.3+28 92+ 1.5 0.50
Cortisol (pg/L) 154.7 + 17.9 191.3 + 18.9 0.17 142.5 + 17.1 167.9 + 18.7 0.33
State anxiety (STAI-S) 335+ 14 30.7 + 1.2 0.12 334+ 1.3 292 +12 0.02
Notes. All data are shown as mean + SEM.
*Results of independent sample ¢ tests for each time point; for ANOVA results, see text.
p values <0.05 were considered significant.
TABLE 3 BOLD responses to painful vs. mildly painful distensions in both groups
MNI coordinates
Anatomical location H X y z p* b4 Cluster size
GFi, insula R 60 16 -2 0.000 5.98 746
GFm 1L —40 36 40 0.001 5.50 215
GSupram, GTs R 66 -38 30 0.001 5.46 370
TPs, GFi 1L =52 12 -10 0.003 5.29 22
Insula, putamen L —40 2 2 0.004 5.23 172
GFi IL, —48 6 24 0.004 5.21 42
GPrC, GFm L —48 4 36 0.005 5.18 33
Putamen, caudate IL -16 -2 12 0.006 5.13 80
GSupram, GTs L -58 —42 28 0.007 5.09 105
Thalamus, caudate R 14 —4 4 0.008 5.06 21
LPi, GSupram L -58 -38 42 0.009 5.04 64
GFi, GFiorb R 50 46 0 0.010 5.02 18
GPrC, GFm, GFi R 54 12 44 0.011 4.98 13
Cerebellum (vermis) L -2 -52 24 0.016 491 15
GFsmed, Cingm R 4 22 44 0.017 4.90 48
Caudate, putamen R 20 10 12 0.024 4.81 11

Notes. Cingm: middle cingulate gyrus; GFi: inferior frontal gyrus; GFiorb: inferior frontal orbital gyrus; GFm: middle frontal gyrus; GFm: middle frontal gyrus;
GFsmed: superior medial frontal gyrus; GPrC: precentral gyrus; GSupram: supramarginal gyrus, superior temporal gyrus; H: hemisphere (R: right, L: left); LPi: infe-
rior parietal lobule; MNI: Montréal Neurological Institute; TPs: superior temporal pole.

The first label gives the location of the peak voxel, and the following labels denote other areas that are part of the cluster. Anatomical labelling was accomplished

with the automatic anatomical labelling (aal) toolbox (Tzourio-Mazoyer et al., 2002).

“FWE-corrected p-values at peak level; threshold: p < 0.05 FWE-corrected, minimum cluster size >10.

responses to individually calibrated aversive visceral stim-
uli along with relevant cognitive and stress-related mea-
sures in women with dysmenorrhoea and healthy women.

4.1 | Visceral sensitivity and pain perception

Our results revealed comparable thresholds for first percep-
tion and pain induced by rectal distensions in PDM patients
compared to healthy women. Trial-by-trial ratings of per-
ceived distension intensity did not differ between groups
neither for individually calibrated mildly painful nor for
painful distensions that were repeatedly implemented dur-
ing scanning. In fact, mean ratings for the groups were vir-
tually identical, which is important to mention given

limited statistical power and the possibility of Type II
errors (see below). These negative results must be inter-
preted with due caution, but they nevertheless suggest unal-
tered visceral sensitivity and normal perceptual responses
to individually calibrated aversive stimuli in this interocep-
tive visceral pain model in PDM. Hence, our findings do
not support our hypotheses which were based on the only
two existing studies which have addressed perceptual
responses to interoceptive, visceral pain stimuli, namely
distension of the uterine cervix (Arendt-Nielsen et al.,
2014) and rectum/colon (Brinkert et al., 2007) in PDM. In
this published work, PDM patients had reduced distension
volume thresholds in the sigmoid colon (Brinkert et al.,
2007). In response to cervical distensions, PMD patients
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FIGURE 2 Second-level analysis on neural activation specific to painful visceral stimuli in both groups. The contrast of painful versus

mildly painful stimulation revealed pain-specific activations in the insular cortex, prefrontal, orbitofrontal and somatosensory cortices and

cingulate cortex (p < 0.05 FWE-corrected, for details, see Table 3). No group differences were observed

revealed a normal sensory threshold but a higher pain
threshold to the first stimulus, which however decreased
with repeated distensions (Arendt-Nielsen et al., 2014).
Further, pain reportedly increased during prolonged stimu-
lation, indicating temporal summation (Arendt-Nielsen et
al., 2014). While our trial-by-trial pain ratings did not dif-
fer between PMD and controls, we also observed increases
in perceived distension intensity for both mildly painful
and painful distensions over repeated trials in both study
groups. Results from studies implementing other types of
mostly exteroceptive, somatic pain stimuli have been
heterogeneous, ranging from unaltered (e.g. Aberger, Den-
ney, & Hutchings, 1983; Amodei & Nelson-Gray, 1989)
over reduced (Giamberardino, Tana, & Costantini, 2014,
Hapidou & De Catanzaro, 1988) to increased pain sensitiv-
ity (e.g. Bajaj et al,, 2002; Iacovides, Avidon, & Baker,
2015b; Vincent et al., 2011) in PDM patients. This hetero-
geneity is likely due to differences between pain models
and/or modalities, methodological differences in experimen-
tal procedures, small sample sizes in most studies, and dif-
ferences between study samples in psychosocial patient
characteristic (Iacovides et al., 2015a). Of note,
though our sample size is about the same size as other
existing brain imaging studies in PDM patients, and we
judge this sample to be large enough to produce stable
effects, we must acknowledge that statistical power is lim-
ited and therefore small effects may not be detected. This
is obviously particularly problematic when interpreting the
lack of significant differences in terms of “negative find-
ings.” However, in our opinion, the actual results do not
indicate that lack of statistical power is a likely explanation
for the negative findings that are reported herein. Instead,
our findings support the possibility that hypersensitivity
and central sensitization do not characterize all PDM
patients, but may rather be organ- and/or pain-modality
specific in certain subgroups, possibly those with psychoso-
cial impairment, as discussed in greater detail below. This

cven

calls for more systematic studies in larger samples and dif-
ferent subgroups, especially in patients with concurrent
psychiatric comorbidity, as well as continued mechanistic
work in animal models (Chen, Xie, Strong, Jiang, &
Zhang, 2016).

4.2 | Neural responses to mildly painful and
painful visceral stimuli

Consistent with a large body of evidence on the central
processing of aversive visceral stimuli (Mayer et al., 2015),
herein rectal distension induced neural activation in multi-
ple brain regions, with greater activation in response to
painful than to mildly painful rectal distensions in the
insula, cingulate and prefrontal regions, essentially validat-
ing our stimulation paradigm with distension stimuli of dif-
fering intensities, as previously accomplished in several
studies from our group (Benson et al., 2015; Elsenbruch,
Rosenberger, Bingel et al., 2010; Elsenbruch, Rosenberger,
Enck et al., 2010; Icenhour et al., 2017; Rosenberger et al.,
2009). However, we did not observe any group differences
between PDM patients and healthy controls in any region,
even at a relatively liberal statistical threshold. While again
limitations in statistical power cannot be negated, this
absence of group differences at the neural level is consis-
tent with negative behavioural results, namely virtually
identical perceived stimulus intensity, suggesting that our
group of women with PDM revealed normal perceptual
and neural responses to both mildly painful and painful vis-
ceral stimuli. In other words, in this first brain imaging
study involving visceral stimuli in PDM, we could not find
evidence suggestive of allodynia, hyperalgesia or central
sensitization. The only other existing evoked pain fMRI
study tested responses to thermal stimuli applied to the arm
and abdomen in a sample of women with self-reported
menstrual pain. Patients demonstrated unaltered trial-by-
trial pain ratings—consistent with our results—but altered



BOTTCHER Er AL.

® | wiLey-EJP

European Journal of Pain

neural responses when compared to healthy controls who
demonstrated widespread deactivation in response to
noxious stimulation that were not seen in patients (Vincent
et al., 2011).

Deactivation in response to noxious visceral stimuli has
rarely been reported (Mayer et al., 2015) and remains
incompletely understood even in the broader somatic pain
field (Kong et al., 2010). Importantly, differences in beha-
vioural responses and neural processing of noxious visceral
compared to somatic stimuli, including thermal cutaneous
pain, are well-documented in healthy participants (Aziz et
al., 2000; Dunckley et al., 2005; Koenen et al., 2017;
Strigo et al., 2003) and patients with IBS (Verne et al.,
2003). Hence, it remains an important future research goal
to study neural responses to different types of evoked pain
stimuli, especially clinically relevant interoceptive stimuli,
in PDM and more broadly in CPP in order to complement
and extend a growing body of evidence documenting alter-
ations in functional connectivity and brain structural mea-
sures (Liu et al., 2016; Tu et al., 2010, 2013) suggestive of
central sensitization in recurrent or chronic interoceptive
pain (Brawn et al., 2014; Giamberardino et al., 2014). It is
indeed conceivable that as in IBS, alterations in the neural
processing of visceral stimuli or in brain functional connec-
tivity in PDM are shaped by the presence of visceral
hypersensitivity (Icenhour et al., 2017; Larsson et al.,
2012), which may not characterize all patients but only
specific subgroups. This is underlined by comparatively
large brain imaging studies in PDM patients revealing alter-
ations of structure and functional connectivity (Liu et al.,
2018) in the periaqueductal grey in association with a
genetic polymorphism of the brain derived neurotrophic
factor (BDNF), a known pain modulator in regards to
adaptive neuroplasticity (Wei, Chao, Tu, Li et al.,, 2016;
Wei, Chao, Tu, Lin et al., 2016).

An important aspect is the fact that the current sample
of patients was comparatively healthy. Our patients
revealed essentially normal quality-of-life scores and no
anxiety or depression symptoms, despite chronic pain sev-
ere enough to interfere with everyday life activities. Psy-
chological comorbidity (or lack thereof, as herein), illness
burden, coping strategies, pain-related cognitions and
healthcare-seeking behaviour are important factors in all
conditions associated with chronic bodily symptoms and
pain, especially in “medically unexplained” symptoms and
diagnoses based solely on patient symptom reports in com-
bination with exclusion of organic causes. Given that diag-
nostic criteria for dysmenorrhoea do not consider
psychological or behavioural aspects (for a critical discus-
sion, see e.g., Grandi et al.,, 2012), differences in patient
samples regarding psychological factors likely contribute to
contradictory findings on PDM in the literature, and con-
ceivable explain the absence of group differences in

behavioural and neural responses to visceral stimuli in the
present study. Interestingly, Vincent et al. (2011) found no
reduction in mental quality of life in PDM patients, similar
to our cohort. In both studies, recruitment did not take
place within a clinical setting where patients explicitly pre-
sented for clinical consultation due to dysmenorrhoea.
Indeed, in women with endometriosis, recruitment strategy
reportedly plays a role in quality of life outcomes (De
Graaff et al., 2015). Psychiatric comorbidity, as well as
psychological state factors including state anxiety and neg-
ative pain-related cognitions, are important modulators of
visceral pain processing (Boeckxstaens et al., 2016) and
reportedly contribute to group differences between IBS and
healthy controls (Elsenbruch, Rosenberger, Bingel et al.,
2010; Elsenbruch, Rosenberger, Enck et al., 2010; Schmid
et al.,, 2015). Except for slightly higher state anxiety after
scanning, we observed no differences in our panel of psy-
chological cognitive and emotional measures and stress
markers of the HPA axis (here: cortisol and prolactin),
indicating no or only subtle alterations in the stress system,
which is consistent with the lack of psychosocial impair-
ment in our sample and further supports the lack of group
differences in pain-specific measures in our study. There-
fore, our findings may not generalize to dysmenorrhoea
patients with affective disturbances, psychiatric comorbidi-
ties, maladaptive cognitions or those with enhanced stress
responses and/or altered HPA axis functioning, all of which
are intricately connected in shaping the response to evoked
pain and actually any aversive or stressful stimulus. Studies
examining the presence and role of anxiety and depression
in PDM in adult women are very limited, but the role of
mental health factors is increasingly recognized (for a
recent review, see Bajalan, Moafi, MoradiBaglooei, & Ali-
moradi, 2018). Significantly higher rates of anxiety and
depression have been found in adolescents with PDM
(Balik, Ustiiner, Kagitci, & Sahin, 2014; Beal et al., 2014,
Gagua, Tkeshelashvili, Gagua, & McHedlishvili, 2013;
Sahin, Kasap, Kirli, Yeniceri, & Topal, 2018) and recently
in female students (Ugar, Timur Tashan, Aksoy Derya, &
Nacar, 2018) as well as in secondary dysmenorrhoea, espe-
cially endometriosis (Cavaggioni et al., 2014; Lorengatto,
Petta, Navarro, Bahamondes, & Matos, 2006; Sepulcri &
do Amaral, 2009). It is conceivable that menstrual distur-
bances increase the risk of poor psychosocial adjustment
and disturbed illness behaviour, and vice versa that pre-
existing psychological impairment worsen coping with
symptoms (Balik et al., 2014; Beal et al., 2014; Dorn et al.,
2009) similar to the complex, bidirectional connections
between disease-specific symptoms (i.e. abdominal pain,
bowel disturbance) and psychosocial impairments (e.g. anx-
iety, depression, low quality of life) that have been ele-
gantly been demonstrated in functional gastrointestinal
disorders (Koloski et al., 2012).
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A major limitation is the definition of our patients as
having primary rather than secondary dysmenorrhoea.
Secondary dysmenorrhoea can only be excluded by laparo-
scopy, and although we excluded patients with a pre-exist-
ing histological diagnosis of endometriosis, we cannot rule
out the possibility that some of our patients may have had
undetected endometriosis. Unless patient recruitment is
restricted to women who have already undergone laparo-
scopy, this is a concern in all studies addressing PDM
which may additionally contribute to conflicting results in
the literature. Furthermore, it has been proposed that there
might be no difference between primary and secondary
dysmenorrhoea, assuming a progression of the symptoms
of PDM to those of secondary dysmenorrhoea over time.
CPP and/or dysmenorrhoea might therefore only be a pre-
dictor of future endometriosis (Chapron et al., 2011; Jans-
sen, Rijkers, Hoppenbrouwers, Meuleman, & D'Hooghe,
2013; Steenberg, Tanbo, & Qvigstad, 2013). Clearly, future
work is needed, ideally prospective studies comparing pain
responses in patients with verified PDM, verified secondary
dysmenorrhoea and women with self-reported menstrual
pain repeatedly across the menstrual cycle.

Our data were collected on days 1-5 of the menstrual
cycle, despite the fact that maximum pain is encountered
on days 1-2. Due to feasibility considerations, we extended
this interval to 5 days, which may be one reason for the
lack of differences between groups.

Given that dysmenorrhoea is still underdiagnosed and
undertreated (Iacovides et al., 2015a), future studies are
urgently needed to address the putative role of psychologi-
cal trait and state factors in functional and structural mea-
sures of pain sensitization in PDM and to ascertain which
vulnerability and resilience factors may explain why dis-
turbed visceral pain processing may not unequivocally
characterize all women with PDM.
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