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Purpose: Fibromyalgia is a common co-morbidity in patients with interstitial cystitis/bladder pain 
syndrome. Quantitative sensory testing measures and regional cerebral blood flow measures have 
been noted to differ from healthy controls in both subjects with fibromyalgia and those with 
interstitial cystitis when studied independently. The present study examined such measures in 
subjects with the diagnosis of interstitial cystitis both with and without the co-diagnosis of 
fibromyalgia to determine whether differences in these measures may be associated with co- 
morbidity.
Patients and Methods: Female subjects with the diagnosis of interstitial cystitis with (n = 15) 
and without (n = 19) the co-diagnosis of fibromyalgia as well as healthy control subjects (n = 41) 
underwent quantitative sensory testing. A subset of these patients (9 with and 9 without 
fibromyalgia) underwent brain perfusion studies using arterial spin labeled functional magnetic 
resonance imaging. An analysis was performed of absolute regional cerebral blood flow of 
regions-of-interest when experiencing a full bladder compared with an empty bladder.
Results: Subjects with both interstitial cystitis and fibromyalgia were more hypersensitive than 
those without fibromyalgia as well as healthy controls in most sensory measures except heat. 
Subjects with interstitial cystitis, but no fibromyalgia, differed from healthy controls only in 
toleration of the ischemic forearm task. Other co-morbidities were more common in those 
subjects with both interstitial cystitis and fibromyalgia. Bladder fullness was associated with 
significantly greater whole brain gray matter blood flow in subjects with interstitial cystitis and 
fibromyalgia when compared with that of subjects with interstitial cystitis without fibromyalgia. 
Examination of regional cerebral blood flow in individual regions-of-interest demonstrated 
statistically significant differences between the subjects with interstitial cystitis with and those 
without fibromyalgia bilaterally in the thalamus, amygdala and hippocampus, as well as the right 
prefrontal cortex and greater responsiveness to changes in bladder fullness in the insula.
Conclusion: Quantitative sensory testing and brain perfusion data support that there are two 
phenotypes of interstitial cystitis patients, which can be differentiated by a co-diagnosis of 
fibromyalgia. This may affect responsiveness to treatment and suggest the utility of stratify-
ing interstitial cystitis patients according to their co-morbidities.
Keywords: arterial spin labelling, fMRI, interstitial cystitis, QST

Introduction
Bladder hypersensitivity is a hallmark feature of the disorder interstitial cystitis/bladder 
pain syndrome (IC/BPS). Additional modalities of deep tissue hypersensitivity have 

Correspondence: Timothy J Ness  
Department of Anesthesiology, University 
of Alabama at Birmingham, BMR2-208; 
901 19th St. S, Birmingham, AL, 35205, 
USA  
Tel +1 205-975-9643  
Fax +1 205-934-7437  
Email tness@uabmc.edu

Journal of Pain Research 2021:14 3887–3895                                                                3887
© 2021 Deutsch et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Journal of Pain Research                                                                       Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 10 October 2021
Accepted: 4 December 2021
Published: 23 December 2021

Jo
ur

na
l o

f P
ai

n 
R

es
ea

rc
h 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

mailto:tness@uabmc.edu
http://www.dovepress.com/permissions.php
https://www.dovepress.com


also been noted in subjects with IC/BPS (ICs), which include 
hypersensitivity in quantitative sensory testing (QST) to 
muscular and abdominal probing and reduced tolerance to 
forearm ischemia.1–3 IC/BPS has also been noted to have 
multiple co-morbidities, which include disorders such as 
irritable bowel syndrome, chronic fatigue syndrome, vulvo-
dynia and fibromyalgia (FM). In particular, FM has also been 
noted to be associated with deep tissue hypersensitivity on 
QST.4 Previous reports from the Multidisciplinary Approach 
to the Study of Chronic Pelvic Pain (MAPP) Research 
Network have observed that ICs with the hallmark feature 
of FM, diffuse widespread pain, appear to differ in multiple 
neurophysiological measures from ICs not reporting similar 
widespread pain.5,6 This suggests that there may exist differ-
ent populations of ICs with potentially different mechanisms 
related to their pain, thereby requiring different types of 
treatments. Previously published QST studies have always 
had limited samples unable to address this important topic. 
Therefore, we pooled together QST data from our MAPP 
site-specific study with QST data from other funded studies 
performed at the University of Alabama at Birmingham1,7,8 

to give sufficient statistical power to determine if there was 
evidence for subpopulations of ICs in our overall IC/BPS 
patient population. We previously identified that ICs, when 
compared with healthy control subjects, had distinctly differ-
ent alterations in regional cerebral blood flow (rCBF) mea-
sures when experiencing a full bladder.9 Since completion of 
this study, we have expanded our patient sample such that 
a comparison of rCBF was possible between ICs with a co- 
diagnosis of FM (IC-FMs) and ICs without a co-diagnosis of 
FM (IC-noFMs) in order to determine whether any observed 
QST differences were reflected in rCBF measures.

Patients and Methods
Study Summary
These studies were approved by the University of 
Alabama at Birmingham’s Institutional Review Board for 
Human Studies (UAB IRB protocol numbers F060505003, 
F091105005, F080417007) and were conducted in accor-
dance with the Declaration of Helsinki. All ICs were 
recruited from clinical populations treated by one of the 
investigators (TJN); all HCs were recruited by advertise-
ments in institutional publications, which prompted them 
to call a contact phone number for the study coordinator 
who then described the study. All subjects had the proce-
dures to be performed extensively explained to them and 
given informed consent prior to participation in the study. 

All subjects were given monetary compensation for their 
participation. In total, 75 female subjects (34 subjects 
meeting criteria for IC/BPS10,11 and 41 HCs) underwent 
QST as described below in conjunction with either the 
MAPP Research Network12,13 (protocol M089) as a site- 
specific study or as part of the other QST studies per-
formed locally.1,7–9 The MAPP Research Network studies 
were the last of these studies performed, and as part of that 
protocol, all IC subjects studied (9 IC-FMs; 9 IC-noFMs) 
had rCBF measures performed in addition to QST mea-
sures. fMRI data related to HCs have been previously 
reported9 and so are not repeated here since the focus of 
the present study was on differences between subsets of IC 
subjects. All subjects also filled out multiple question-
naires and reported other health history including any 
diagnoses of painful conditions. FM, irritable bowel syn-
drome, chronic fatigue syndrome or vulvodynia diagnoses 
were assigned using standardized criteria.12,13 All ICs met 
current American Urological Association criteria for IC/ 
BPS10 and in addition had undergone cystoscopic evalua-
tion, which demonstrated the presence of glomerulations. 
Other confusable diagnoses had also been assessed and so 
these subjects also met the more stringent diagnostic cri-
teria for interstitial cystitis, which had previously been 
established by the NIDDK11 in the 1990s.

Summary of QST Methods
All QST measures were performed by one of the investi-
gators (TJN) or individuals and actively supervised and 
trained by that investigator. Methods are the same as 
described in previous publications1,8 and consisted of hot 
pain tolerance measured in oC obtained using a Medoc 
TSA-2001 unit applied to the forearm, ice water hand 
immersion time tolerances in sec (maximum 120 s), mus-
cular pressure thresholds measured in mP using a handheld 
algometer applied to the trapezius midpoint between the 
neck and shoulder and a tourniquet and exercise-linked 
ischemic forearm tolerance task measured in seconds tol-
erated (tourniquet released on request).

Summary of ASL-fMRI Methods
All subjects had a high-resolution MRI image and ASL- 
fMRI measures performed in the “Full Bladder” condition 
(patients self-rated that they were near their maximally 
tolerated bladder capacity) and in the “Empty Bladder” 
(post void) condition using methodology and analysis as 
described in a previous publication;9 11 of the 18 ICs 
reported here had data included in that previous report. 
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Briefly, subjects were given oral hydration and encouraged 
to consume as much as possible while doing the paper-
work associated with the study. ASL-fMRI scans were 
timed to either immediately follow complete voiding of 
the bladder (the Empty Bladder condition) or when sub-
jects reported a strong urge to void (Full Bladder condi-
tion) with the order of the two scans randomized according 
to the patients’ preferences. Scans were obtained using 
a 3T MR Philips Achieva MRI scanner. Motion-corrected 
ASL scans were compartmentalized into groups of control 
or labeled images. Quantitative CBF maps were calculated 
from the control-tag perfusion signal difference using 
a modified two-compartment ASL perfusion model:13

f ¼ ΔMlR1aexpðwR1aÞ=2Moax½1 � expð� tR1aÞ�
� 1 

where f is CBF, ΔM is the difference signal between the 
control and label acquisitions, R1a is the longitudinal 
relaxation rate of blood, τ is the labeling time, ω is the 
post-labeling delay time, α is the labeling efficiency, λ is 
blood/tissue water partition coefficient, and Mo is approxi-
mated by the control image intensity. The parameters used 
in this study were R1a = 1/1664 sec, α=0.85, λ=0.09g/mL, 
τ=2.4 sec, ω=1.4 sec. rCBF maps so generated were 
normalized to the Montreal Neurology Institute template 
and smoothed using a 8x8x8 mm Gaussian kernel. Based 
on the existing literature on pain imaging as referenced in 
our previous report9 we selected bilateral cortical and 
subcortical regions of interest (ROIs) as well as global 
hemispheric measures bilaterally and an ROI centered on 
the periaqueductal gray matter. These ROIs were selected 
with the Wake Forest University pick atlas, which uses the 
Talairach Daemon database.14

Summary of Questionnaire Information
All the subjects reported a 0–10 verbal numerical report 
(0-none, 10-worst ever) rating of pain with voiding which 
was elicited on the day of QST. ICs that underwent rCBF 
measures also filled out Polysyndromic Polysymptomatic 
Questionnaires,15 which quantify ongoing patient sympto-
matology, as well as multiple forms for the MAPP 
Network,12,13 which included the Brief Pain Inventory 
and the Complex Medical Symptom Inventory.

Statistical Analysis
Presented data represent means±SEM unless otherwise 
stated. Continuous demographic and QST data were com-
pared using t-tests with Bonferroni correction for multiple 
measures where appropriate. A power analysis using 
a difference of 2 in the 11 point “Pain with Voiding” 

score and an overall standard deviation of 1.9 derived 
from our previous report of QST measures8 indicated 
a sample size of 15 ICs per group was needed in order to 
observe an 80% chance of observing such a difference 
with a p < 0.05. Available data consisted of 34 ICs and 
so data from all subjects was included in QST measures. 
The rCBF studies were exploratory in nature and so no 
power analysis was applied. Categorical data were com-
pared using Fisher’s (chi-square) test. Absolute rCBF 
values (mL/100g/min) were utilized in the analysis and 
in data tables. For rCBF comparisons, a repeated measures 
ANOVA was performed using two Groups (IC-FM and IC- 
noFM) with two Conditions (Empty Bladder and Full 
Bladder) analysis in the selected ROIs. Post hoc compar-
isons were performed using unpaired t-tests.

Results
Demographics and Physiological 
Measures
Overall ICs were older than HCs and had a significantly 
higher heart rate and blood pressure when assessed in the 
larger sample (see Table 1). Painful co-morbidities in the 
ICs, as identified by the methods of the MAPP study, 
included FM, irritable bowel syndrome, chronic fatigue 
syndrome and vulvodynia. By definition, the HCs did not 
have these co-morbidities. IC-FMs had statistically more 
of these co-morbidities than IC-noFMs in both the larger 
sample (Table 1) and in the subgroup studied using fMRI 
(Table 2). Notably, use of daily narcotics was similar in 
these two IC groups (Table 2) and so unlikely an etiology 
of differences in measures. Headaches (migraines and non- 
migraines not differentiated) were common in all groups 
(HCs and IC subgroups) and so are not examined further.

QST Measures
Similar to previous reports,1,7,8 ICs (total sample) had 
more pain with voiding and less tolerance of pain in the 
ischemic forearm task measure than HC subjects. 
However, when the ICs are stratified into the IC-FM and 
IC-noFM subgroups, differences between these subgroups 
become statistically apparent. IC-FM subjects, not surpris-
ingly, have lower thresholds for eliciting pain from muscle 
pressure, but they also have greater reports of pain with 
voiding, lower ice water immersion tolerance and lower 
ischemic forearm task tolerance than IC-noFMs. In all of 
these measures, the IC-FMs also differ from HC subjects. 
Notably, heat pain tolerance measures did not differ 
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between any groups consistent with our previous reports1 

which only observed hypersensitivity in deep tissue QST 
measures in subjects with IC/BPS. IC-noFMs only differed 
statistically from HCs in their voiding intensities and 
ischemic forearm task measures. These findings are all 
summarized in Table 1. The subset of ICs who underwent 
fMRI measures also received QST measures and statisti-
cally significant differences in the same measures as those 
noted in the larger sample continued to be present in this 
subset (Table 2). As participants in the MAPP studies, this 
group also received multiple extra questionnaires and it is 
notable that the IC-FM group had a statistically higher 
score using the Polysymptomatic Polysyndromic 
Questionnaire than the IC-noFM group. The FM-IC 
group also reported many sites of pain in the Brief Pain 
Inventory and many symptoms in the Complex Medical 
Symptom Inventory, although greater, these measures did 
not statistically differ from the measures obtained from the 
IC-noFM group (Table 2).

rCBF Analysis
An initial repeated measures ANOVA was performed on 
whole brain gray matter rCBF measures, which demon-
strated a significant effect of the group assignment (IC- 
FM versus IC-noFM) [F1,16= 5.057; p = 0.039], 
a significant effect of condition (Full versus Empty Bladder) 

[F1,16= 12.173; p = 0.003] and a group × condition interac-
tion [F1,16= 6.863; p = 0.019]. These values indicate greater 
responsiveness of the Whole Brain gray matter to bladder 
filling in IC-FM subjects when compared with the IC-noFM 
subjects, although there was no difference in baseline 

Table 1 Demographic and Psychophysical Measures in Broad Sample

Controls IC Patients-All Healthy IC-noFM IC-FM

N 34 41 19 15
Age 43±2** 36±2 43±3* 42±3*

MAP (mm Hg) 91.3±2.4* 85.1±1.6 89.4±3.6 93.8±3.0*

HR (bpm) 89.9±1.9** 74.6±1.7 92.2±2.3** 87.2+3.0**
% with Headaches 62%** 27% 53% 73%**

% with IBS 41%** 0% (see note) 11%*# 80%**#

% with CFS 37%** 0% (see note) 16%*## 67%**##

% with Vulvodynia 37%** 0% (see note) 26%*## 73%**##

>2 Co-morbidities 50%** 0% (see note) 16%*## 93%**##

>3 Co-morbidities 41%** 0% (see note) 5%## 73%**##

% on Narcotics 69%** 0% (see note) 68%** 73%**

Pain with Void (0–10) 4.2±0.5** 0±0 3.0±0.6**## 5.8±0.6**##

Trapezius Pressure (mPs) 2.67±0.18 3.01±0.14 3.21±0.22## 1.99+0.17**##

Heat Pain Tolerance (oC) 44.7±0.5 46.1±0. 4 44.7±0.6 44.6±0.8

Ice Water Tolerance (s) 36.4±4.5 38.8±3.8 47.7±6.4## 21.0±3.2**##

Ischemic Pain Tolerance (s) 180±21** 422±40 216±33*# 130±19**#

Notes: See text for description of diagnoses and measures. Statistical tests consisted of unpaired t-tests or Chi squared tests as appropriate. *,**p<0.05, p<0.01 – different 
from Healthy Controls. #,##p<0.05, P<0.01 - for IC subgroups - different from other subgroup. Patients were excluded from the Healthy Control group if they had 
a diagnosis of any chronic pain disorder except headaches. The IC Patients-All data is a combination of the IC-noFM and IC-FM data >2 and > 3 Co-morbidities include IC, 
IBS, CFS and vulvodynia but not headache. 
Abbreviations: MAP, mean arterial pressure; HR, heart rate; IC, interstitial cystitis; IBS, irritable bowel syndrome; CFS, chronic fatigue syndrome.

Table 2 IC Subgroups Undergoing fMRI Measures

IC-no FM IC-FM

N 9 9

Age 46.8±4.9 40.2±3.3

BPI Number of Sites 6.3±1.4 13.3±3.4
PSPSQ Score 15.3±3.1* 25.0±3.0*

CMSI Number of Symptoms 11.9±2.1 17.7±3.1

% with IBS 0%** 89%**
% with CFS 22% 56%

% with Vulvodynia 44% 78%

% with >2 Co-Morbidities 22%* 100%*
% with >3 Co-Morbidities 0%** 78%**

% on Narcotics 78% 78%

Pain with Void (0–10) 2.8±0.7** 5.9±0.8**
Trapezius Pressure (mPs) 2.62±0.15** 1.78±0.13**

Ice Water Tolerance (s) 54±10* 23±5*

Ischemic Pain Tolerance (s) 303±49** 136±26**

Notes: Data represent incidence or Mean ± SEM. See text for description of 
diagnoses and measures. Statistical tests consisted of unpaired t-tests or Chi 
squared tests as appropriate. *,** p<0.05, p<0.01 indicates different from other 
subgroup >2 and > 3 Co-morbidities include that IC, IBS, CFS and vulvodynia. 
Abbreviations: IC, interstitial cystitis; IBS, irritable bowel syndrome; CFS, chronic 
fatigue syndrome; BPI, Brief Pain Inventory; PSPSQ, PolySyndromic 
PolySymptomatic Questionnaire; CMSI, Complex Medical Symptom Inventory.
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(Empty Bladder condition) rCBFs between the two groups 
or between the Full Bladder values in the IC-noFM group 
and the Empty Bladder values in the IC-FM group. Based 
on the significant ANOVA results for the whole brain, we 
conducted similar repeated measures ANOVAs of rCBFs in 
ROIs, which have previously demonstrated by us9 to differ 
from the rCBFs noted in healthy control subjects in order to 
localize sites of the overall effects that may be uniquely 
associated with the co-morbidity of FM. Sites with statisti-
cally significant effects on the group assignment or with 
a group × condition interaction are listed in Table 3. All the 
sites examined are reported in Table 4. Notably, in the 
Empty Bladder condition, there were no statistically sig-
nificant differences between IC-FMs and IC-noFMs in 
rCBFs in any of the selected ROIs. In contrast, the right 
and left amygdala, right and left hippocampus, right and left 

insula and right and left thalamus ROIs as well as the left 
prefrontal cortex ROI demonstrated greater rCBF in IC- 
FMs in the Full Bladder condition when compared to the 
IC-noFMs. In this selected sample of ROIs as well as the 
larger overall sample, it is apparent that the IC-FM subjects 
have greater reactivity to bladder filling with Full Bladder 
rCBFs statistically greater than the Empty Bladder rCBFs in 
virtually all ROIs examined. In contrast, there were no 
statistically significant differences in the Full and Empty 
Bladder mean measures from the IC-noFM subjects in any 
of the ROIs examined.

Discussion
The most important finding of the present study is that it 
gives strong objective evidence for what has long been 
suspected based on subjective reports: that there are distinct 

Table 3 Regional Cerebral Blood Flow (rCBF) Distribution During Empty and Full Bladder States in Selected Regions of Interest 
Associated with Pain Sensation (Sites with Statistically Significant “Group” or “Group × Condition” Effects)

rCBF in ROI as Absolute rCBF (mL/100g/min) (with Standard Error of the Mean)

Region of 
Interest (ROI)

IC-noFM Subjects IC-FM Subjects Comparative Repeated Measure

Empty Full Empty Full ANOVA Statistics

Whole Brain GM 54.9±2.8 56.8±2.8 57.4±2.1 70.7±4.0* Group p=0.039; Condition p=0.003; Group × Condition 
interaction p=0.019

rHemisphere GM 53.7±2.8 56.3±3.0 56.8±2.3 70.1±4.1* Group p=0.041; Condition p=0.003; Group × Condition 
interaction p=0.033

lHemisphere GM 56.0±3.2 57.3±2.6 58.1±2.0 71.3±4.1* Group p=0.041; Condition p=0.005; Group × Condition 
interaction p=0.016

rAmygdala 52.3±4.0 52.7±4.1 54.6±4.4 69.9±4.0* Group p=0.032; Condition p=0.073; Group × Condition 

interaction p=0.089

lAmygdala 52.3±4.5 54.0±3.4 56.7±2.1 71.0±6.1* Group p=0.025; Condition p=0.073; Group × Condition 
interaction p=0.156

rHippocampus 48.4±4.0 52.3±3.5 53.6±3.8 72.5 
±4.7**

Group p=0.009; Condition p=0.008; Group × Condition 

interaction p=0.064
lHippocampus 50.4±3.4 54.4±2.8 56.3±2.5 72.8±6.4* Group p=0.008; Condition p=0.024; Group × Condition 

interaction p=0.152

rThalamus 49.5±3.6 49.0±3.4 45.8±2.3 69.8 
±4.6**

Group p=0.025; Condition p=0.006; Group × Condition 
interaction p=0.004

lThalamus 47.7±3.7 50.1±3.8 46.5±2.1 69.8 
±4.5**

Group p=0.006; Condition p=0.008; Group × Condition 
interaction p=0.025

rInsula 50.9±4.2 54.7±4.4 48.8±3.3 69.9±4.8* Group p=0.176; Condition p=0.005; Group × Condition 
interaction p=0.035

lInsula 52.4±3.1 53.9±3.0 49.5±2.8 68.2±4.8* Group p=0.123; Condition p=0.011; Group × Condition 
interaction p=0.027

rPreFrontal 50.5±3.4 54.9±3.0 56.7±2.8 66.8±3.8* Group p=0.044; Condition p=0.003; Group × Condition 

interaction p=0.179
lPreFrontal 53.7±2.8 55.8±3.6 56.1±3.1 65.1±3.7 Group p=0.162; Condition p=0.035; Group × Condition 

interaction p=0.173

Notes: See text for full description of groups, measures and analysis. Groups are IC-noFM (n=9) and IC-FM (n=9); Conditions are Empty and Full. *,**Indicate statistically 
different from Full Condition in IC-noFM Group with P<0.05 and p<0.01 respectively; precise values for these differences which are Bolded are given in the far right column. 
There were no statistical differences between Groups in the Empty Condition.
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subgroups of subjects within the diagnosis of IC/BPS. In 
this study, IC subjects with and without the diagnosis of FM 
(based on subjective reports of widespread pain) had objec-
tive findings (quantitatively different sensory processing in 
non-urological sites as well as statistically different regional 
cerebral blood flow patterns) that correlated with those 
subjective reports. Notably, this was only one of the many 
co-morbidities that might have given similar results if 
examined in a similarly focused fashion and with an ade-
quate statistical sample, but to the best of our knowledge, 
this is the first objective report of such differences due to 
co-morbidity in the IC/BPS population. FM was selected as 
the co-morbidity with the most equal distribution in our 
patient sample. Additional co-morbidities may prove to be 
of equal or greater importance as a much greater statistical 

sample should become available due to the ongoing MAPP- 
II studies, which will have a large sample of phenotyped 
subjects who will also have been studied with QST and 
perfusion imaging.16 At present, our small sample must be 
viewed as a potential preview of yet-to-come results. 
Notably, all the IC subjects included in this study met the 
more conservative criteria for IC/BPS,10,11 which required 
clinical findings on cystoscopy, which included glomerula-
tions following hydrodistention. It will be important when 
assessing future studies related to QST and/or cerebral 
perfusion, determining whether the same diagnostic criteria 
for IC/BPS are utilized or less stringent symptom-based 
criteria such as are being used in some ongoing studies.16

The presence of multiple co-morbidities was not 
pathognomonic for the different subgroups, but it is 

Table 4 Regional Cerebral Blood Flow (rCBF) Distribution During Empty and Full Bladder States in Selected Regions of Interest 
Associated with Pain Sensation (Sites Without Statistically Significant “Group” or “Group × Condition” Effects)

Regions of Interest (ROI) IC-NoFMs IC-FMs Repeated Measures ANOVA Statistics

Empty Full Empty Full FM vs NoFM; Full vs Empty; Interaction

PAG 48.6+3.9 53.1+2.1 45.1+3.8 66.0+6.7* p=0.264; p=0.017; p=0.106
lCerebellum 59.1+6.0 63.2+3.7 63.8+4.1 77.2+5.1# p=0.157; p=0.005; p=0.105

rCerebellum 58.6+5.8 61.3+3.4 62.9+4.8 77.0+4.7# p=0.114; p=0.015; p=0.086

lAnt Cingulate 50.1+4.3 56.6+3.1 55.6+5.2 65.0+2.9 p=0.156; p=0.021; p=0.641

rAnt Cingulate 46.8+3.8 55.1+3.5 49.5+4.7 63.4+2.9# p=0.173; p=0.008; p=0.455

lMid Cingulate 41.8+3.6 47.0+4.2 38.2+4.0 54.2+2.6# p=0.605; p=0.015; p=0.183
rMid Cingulate 43.4+3.5 49.4+3.6 40.3+3.9 56.5+2.9# p=0.536; p=0.011; p=0.205

lPost Cingulate 44.6+5.1 49.4+3.9 45.6+3.8 60.7+3.0# p=0.171; p=0.016; p=0.185

rPost Cingulate 46.3+5.2 48.2+3.0 45.3+4.0 61.2+2.5# p=0.106; p=0.045; p=0.107

lBA1 42.5+3.6 45.4+3.8 43.4+2.7 54.8+3.9 p=0.187; p=0.047; p=0.217

rBA1 40.3+4.2 43.1+3.8 38.1+2.8 50.3+4.4 p=0.516; p=0.074; p=0.244
lBA2 44.3+3.5 47.3+3.8 42.3+2.9 54.7+3.5# p=0.473; p=0.033; p=0.170

rBA2 42.9+3.1 46.7+3.8 39.0+3.9 56.3+4.5## p=0.498; p=0.011; p=0.084

lBA3 45.1+3.4 49.2+3.6 43.8+2.7 55.9+3.7 p=0.436; p=0.026; p=0.252
rBA3 42.1+3.2 47.0+4.4 41.3+3.2 55.7+4.3# p=0.325; p=0.020; p=0.218

lBA4 46.3+3.0 51.1+4.1 44.2+3.2 57.8+4.0 p=0.538; p=0.020; p=0.238

rBA4 43.6+3.6 46.9+3.4 43.7+3.3 57.0+4.4## p=0.220; p=0.024; p=0.151
lBA6 46.7+2.6 50.1+4.1 46.0+2.3 59.5+4.5# p=0.271; p=0.016; p=0.126

rBA6 45.5+3.8 49.6+3.6 44.4+2.2 60.0+4.4## p=0.259; p=0.008; p=0.098

lAngular 44.3+3.3 46.3+3.4 43.1+3.1 59.6+4.3# p=0.090; p=0.024; p=0.071

rAngular 44.1+3.1 46.5+3.2 41.5+3.3 57.9+4.0# p=0.217; p=0.015; p=0.061
lPreCentral 45.9+3.0 50.2+3.7 43.4+2.5 59.2+4.0# p=0.296; p=0.013; p=0.128

rPreCentral 46.0+4.2 47.8+3.5 43.3+3.0 59.1+4.6# p=0.304; p=0.029; p=0.075

lPostCentral 46.8+3.2 50.3+3.7 43.7+2.9 57.1+3.9# p=0.588; p=0.026; p=0.174
rPostCentral 42.3+3.5 46.5+3.4 41.0+3.0 56.7+4.3## p=0.246; p=0.012; p=0.118

lSupplemental Motor 43.1+3.7 48.1+4.8 44.9+3.7 55.7+4.3 p=0.357; p=0.022; p=0.365

rSupplemental Motor 42.6+4.3 50.0+4.4 43.1+2.2 58.3+4.3# p=0.311; p=0.007; p=0.296

Notes: Bolded values indicate significant increase in the Full versus Empty condition. #,##Indicates difference from Empty condition in same group with p<0.05 and p<0.01 
respectively; *Indicates significant difference from same condition in IC-noFM group with p<0.05.
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notable that having multiple co-morbidities such as irrita-
ble bowel syndrome, chronic fatigue syndrome or vulvo-
dynia was the rule in the FM-IC group (93–100% of the 
sample), whereas it was the exception in the IC-noFM 
group (5–16% of the sample). This was also reflected in 
the higher Polysymptomatic Polysyndromic Questionnaire 
scores in IC-FMs compared with IC-noFMs. As a group, it 
has been reported that ICs have more co-morbidities than 
other populations,17,18 but it is possible that this general-
ization may be predominantly due to a skew in statistics 
produced by the polysyndromic phenotype noted in the 
present study. Krieger et al19 have previously observed 
that when examined independently, polysyndromic ICs 
also have more severe urological symptoms, similar to 
the present study. Others have given evidence for two 
perceptual phenotypes within other chronic painful disor-
ders, such as irritable bowel syndrome.20

Baseline (Empty Bladder condition) rCBF pattern dif-
ferences between IC-FMs and IC-noFMs were not statis-
tically different and so it is not likely that “empty bladder” 
fMRI scans will prove to have diagnostic value. In con-
trast, ASL-fMRI scans obtained during the Full Bladder 
condition could have diagnostic value, particularly if 
coupled with imaging of the Empty Bladder condition so 
that rCBF reactivity to bladder filling can be assessed. 
Additional study of patients suffering from other chronic 
pain disorders including other pelvic pain disorders, such 
as vulvar vestibulitis and other visceral pain disorders such 
as irritable bowel syndrome would allow for 
a determination of the specificity of the measure. These 
studies allow us to glimpse the differences in central 
nervous system processing that are present in FM-IC 
subjects.

The method of ASL-fMRI is non-invasive, temporally 
brief in acquisition and requires limited instrumentation 
over standardly available MRI software. This means it 
could serve as an additional piece of data that informs 
clinical decisions related to the treatment of IC/BPS. In 
order to be meaningful in relation to an individual patient, 
normative values for patient subgroups would need to be 
established. Our choice to use an ASL-fMRI method was 
based on a desire to observe absolute differences between 
IC-FMs and IC-noFMs, as well as patterns of change 
produced by a natural stimulus. We also desired to utilize 
methods that would be easy to use clinically. Industry 
generated ASL software is available for most high- 
resolution MRI units, so it would be possible to translate 
the findings of the present study to clinical practice with 

relative ease. Notably, the rCBF responses to bladder fill-
ing, which were consistent in the IC-FM subjects, were 
neither vigorous nor consistent in the IC-noFM group. 
This suggests that this subset of patients may have addi-
tional heterogeneity in etiology and expression of symp-
toms related to IC/BPS. It will require a much larger 
patient sample than the present study in order to tease 
out any subsets within that group.

Limitations associated with this study include the fact 
that only female subjects were studied. Whether similar 
differences in rCBF are noted in males with the diagnosis 
of IC/BPS is yet to be determined. This study utilized the 
more stringent NIDDK consensus panel criteria for IC11 in 
that all subjects had cystoscopic findings of glomerulations 
and so it is not known whether these results can be extra-
polated to patients assigned to the IC diagnosis using the 
more symptom-based criteria proposed by the AUA.10 

One must presume that a population characterized using 
symptom-based criteria will be even more heterogeneous 
in nature and may have less symptom chronicity. The 
precise importance of increased rCBF in specific ROIs is 
a topic of debate as it may represent functional alterations 
of CNS processing of sensory inputs or may simply repre-
sent the increased importance, or salience, of the particular 
stimulus to the subject. Given their enhanced symptoma-
tology, one must assume that the sensation of bladder 
fullness is of especially high importance to IC-FMs and 
so the results of the present study may simply reflect the 
differing mental alertness to sensory cues of the IC-FM 
subjects with that of the IC-noFM subjects. The fact that 
a “global” increase in perfusion is noted in the IC-FMs 
suggests that the activation of specific nodes associated 
with pain may be less important than the overall activation 
of all nodes during sensory tasks. Coupled with the present 
study, other converging lines of evidence give strong sup-
port for the assertion that CNS function differs between 
the IC-FM and IC-noFM subjects and supports the exis-
tence of distinctly differing phenotypes of IC/BPS.

An issue of continued debate which is related to the 
observation of two phenotypes within chronically painful 
disorder populations is whether these phenotypes might 
not represent a single phenotype but are at different stages 
of symptom development. Namely, with prolonged pain, it 
has been proposed that symptoms become more general-
ized and subjects therefore become polysymptomic with 
the result being an acquisition of diagnostic criteria for 
symptom-defined syndromes. Rodriguez et al21 recently 
addressed this issue in relation to ICs using MAPP 
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Network data and reported that urological symptom dura-
tion was not associated with pain severity or with co- 
diagnosis of other chronic overlapping disorders. It is 
notable that when FMs with or without other diagnoses 
like irritable bowel syndrome, dysmenorrhea or sympto-
matic diverticulosis are compared, the FM-only subjects 
report less pain and QST hypersensitivity than the FMs 
who have other disorders.22 Similar findings are present in 
vulvodynia23 and temporomandibular pain disorder24 

populations when syndrome-only versus polysyndromic 
subjects are compared. The simplest explanation for all 
of these observations is that the polysyndromic population 
is a mechanistically distinct patient population that meets 
the criteria for multiple symptom-based disorders. Some 
have proposed this mechanism to be “functional” and 
considered it synonymous with somatization disorder,25 

but other etiologies such as developmental insults leading 
to a globally hypersensitive neurophysiology have not 
been ruled out. A distinct mechanism suggests that poly-
symptomatic patients may require analgesic therapeutics 
that differ from subjects who express only a limited num-
ber of symptoms. The positive spin on this conjecture is 
that an effective therapy for this phenotype, if identified, 
would be expected to have efficacy in association with 
subpopulations of multiple disorders. The present set of 
investigations will stay focused on painful urological dis-
orders and their specific treatment, but there is obvious 
hope for a more generalized result. At the very least, there 
is a need to reliably identify specific phenotypes so that 
appropriate stratification of subjects may be performed 
prior to experimental therapeutic interventions. A single 
treatment would not be expected to normalize mechanisti-
cally different etiologies.

Conclusions
In summary, whole brain gray matter as well as specific 
ROI rCBFs associated with the stimulus of a full bladder 
differs between IC-FM subjects and IC-noFM subjects. 
Similarly, QST data and epidemiological data similarly 
differ. This suggests that pain mechanisms may differ 
between the two groups and such stratification into patient 
subgroups may be needed when designing clinical studies 
assessing therapeutic effectiveness for IC/BPS. Subjects 
with multiple symptoms meeting multiple syndromic defi-
nitions may mechanistically form a common subgroup 
across multiple disorders such that finding an analgesic 
treatment useful in that group may prove beneficial to the 
treatment of subgroups of multiple syndromes.
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