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Abstract

Purpose—Determine if abnormal autonomic nervous system (ANS) innervation of the bladder
underlies interstitial cystitis/bladder pain syndrome (IC/BPS) differently than other chronic pelvic
pain (CPP).

Material and Methods—IRB approved protocol, 134 subjects enrolled, 3 excluded, 39 healthy
controls (HC), 36 IC/BPS, 14 myofascial pelvic pain (MPP), 42 IC/BPS plus MPP. ANS
evaluations: deep breathing, Valsalva maneuver, tilt table test (TTT), and sudomotor test (evaluates
for autonomic neuropathy (AN)). A modified validated composite autonomic laboratory score was
applied.

Results—IC/BPS group 47.5 (21, 78) yrs was older than HC 34 (20, 75)yrs (p=0.006), MPP
group 33 (22, 56)yrs (p=0.004), and IC/BPS plus MPP 38 (18, 64)yrs (p= 0.03). BMI was not
significantly different among groups, but the MPP and IC/BPS plus MPP groups had a higher BMI
than HC (p=0.03 and p= 0.05 respectively). Cardiovascular and adrenergic indexes did not differ
among groups. TTT showed more orthostatic intolerance (OI) in all CPP groups. TTT diagnoses
(orthostatic hypotension, postural tachycardia syndrome -POTS, reflex syncope) occurred rarely.
Baseline heart rate (HR) was higher in all CPP groups (p=0.004). All MPP groups showed
significantly more clearcut AN (defined as sweat score = 3) compare to HC (HC vs IC/BPS plus
MPP p=0.007; HC vs MPP p = 0.03).

Conclusions—Some CPP types show an autonomic neuropathy, and some show vagal
withdrawal. In all types, orthostatic intolerance likely reflects cenral sensitization and perhaps
catastrophization. Some of these findings suggest novel therapeutic targets.
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Introduction

Autonomic abnormalities including postural tachycardia syndrome (POTS), reflex syncope
or autonomic neuropathy may occur in functional disorders such as chronic fatigue
syndrome? functional gastrointestinal disorders? and headaches3. The typical symptoms of
interstitial cystitis/bladder pain syndrome (IC/BPS) (frequency, urgency, and CPP that
depends on bladder fill state*) suggest a pathophysiologic role for a generalized
cardiovascular and vasomotor autonomic nervous system (ANS) abnormality. We compared
IC/BPS with another disorder, myofascial pelvic pain (MPP) with pain in the pelvis
unrelated to bladder state, and hypothesized that it would harbor no cardiovascular or
vasomotor autonomic dysfunction.

Preliminary findings® showed no structural autonomic abnormalities in 1C/BPS subjects,
except higher baseline heart rate (HR) supporting the concept of functional rather than
structural change in the ANS. Complicating that report, many of the subjects with IC/BPS
had comorbid myofascial pelvic pain (MPP). In the current full follow-up report, we now
have adequate power to determine if autonomic abnormalities differ between these two
overlapping but clinically distinct pelvic pain disorders, IC/BPS and MPP. We sought to
determine if the absence of structural abnormalities in the ANS persisted 1) when evaluating
a larger cohort, and 2) in subjects with IC/BPS without comorbid MPP. In addition, recent
findings of autonomic neuropathy in fibromyalgia® led us to hypothesize similar findings in
MPP without cardiovascular or vasomotor autonomic dysfunction, based on the concept of a
“fibromyalgia of the pelvic musculature”.

Methods

Participants

This prospective IRB-approved study (University Hospitals Case Medical Center, Cleveland,
OH) evaluated the structural integrity of the ANS of adult women diagnosed with IC/BPS,
MPP, both or none (healthy control subjects) as a portion of the larger ICEPAC study
(Interstitial Cystitis — Elucidation of Psychophysiologic and Autonomic Characteristics
ClinicalTrials.gov Identifier: NCT01616992), with methods previously published”. All
subjects were enrolled between 2/2011 and 12/2014 and provided informed consent prior to
participating.

A diagnosis of IC/BPS required = 6 months of pain clearly linked to bladder fill state, and
exclusion criteria aligned with the IC/BPS-NIDDK criteria8. In the absence of an accepted
definition of MPP?, the diagnosis required (1) = 3 months of non-cyclic CPP unrelated to
bladder fill state, and (2) NRS pain score = 4/10 in 2 of 5 pelvic floor muscles (bilateral
puborectalis, obturator internus and midline perineal body) tested by applying 2 kg pressure
with a gloved index finger to the relaxed muscle bellyl0. In addition to general subject
exclusions (Appendix), healthy subjects were stringently screened to exclude any disorders
commonly comorbid with pelvic pain (Appendix). Fibromyalgia diagnosis required a history
of diffuse pain and > 11/18 tender points on exam by a clinicianl. By definition, healthy
subjects could not have fibromyalgia.
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Autonomic Testing

With rare exceptions explicitly discussed below, all autonomically active medications were
stopped at least 5 half-lives prior to testing, performed in the morning or afternoon, with
several components described in detail elsewherel? 7: the cardiovascular response to deep
breathing (DB, primarily testing cardiac parasympathetic integrity), the Valsalva maneuver
(VM, testing cardiac sympathetic, parasympathetic and vasomotor sympathetic integrity), tilt
table test (TTT, testing cardiac and vasomotor sympathetic integrity) and quantitative
sudomotor axon reflex test (QSART, testing post-ganglionic sympathetic cholinergic
integrity). TTT was performed at 70 degrees for 30 minutes. The VM (using 15 seconds and
40 mmHg) and DB (6 breaths per min) were performed at least 3 and 2 times, respectively,
in each subject. Norms were utilized as described by Low and Sletten (2008)12 except for
QSART values based on our own lab norms. Subjects ate a light meal 2 hours prior to the
tests.

Data Analysis

As before®, we quantified ANS test results using a /modified Composite Autonomic Severity
Score (CASS)!2 (table 1) with sudomotor, adrenergic and cardiovascular HR indices. TTT
baseline utilized the mean of the last 4 minutes of the 10-minute supine recording prior to
tilt-up. Vital sign outliers accompanying fidgeting and talking were excluded. Postural
tachycardia syndrome (POTS) required a >30 bpm HR increase without hypotension in the
first 10 min upright with associated orthostatic symptoms. Neurally mediated syncope
required an abrupt drop in blood pressurel3 and usually heart rate. Orthostatic hypotension
(OH) required a >20/10 mmHg BP drop in the first 3 minutes upright, termed “delayed OH”
when occurring later!4. Orthostatic intolerance requires upright symptoms without POTS,
OH or reflex syncope. The research coordinators queried subjects every minute for a 0-10
numeric score for each symptom with a = 3 point increase considered clinically significant.
Significant autonomic neuropathy was defined as a modified CASS sudomotor score of 3.

Chi-square tests compared categorical variables. Median and ranges characterize continuous
variables. Due to data skewness and outliers we used non-parametric tests. Kruskal-Wallis
and a Mann-Whitney test compared differences among groups. Logistic regression evaluated
the frequency of clearcut autonomic neuropathy (sudomotor score of 3) across groups. The
outcome was clearcut neuropathy, the considered dependent variables were: age, BMI,
diagnosis group, the interaction terms of diagnosis group and age and BMI, as well as
fibromyalgia. Forward model selection was used with criteria of stay. A Hosmer and
Lemeshow test evaluated model fit. A general linear model (GLM) examined relationships
to peak HR. The outcome was average peak HR, the considered dependent variables were:
age, HR baseline, clearcut neuropathy, BMI and the interaction terms of clearcut neuropathy
and (age, BMI), and the interaction term of diagnosis group and (age, BMI). The GLMselect
procedure selected the significant predictors. The criterion of the stepwise selection for the
entry and removal was 0.05 and a normal link was used. A QQ-plot diagnosed the optimal
model fit. We used a P value <0.05 to indicate significance without adjustment for multiple
testing.
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Of 134 enrolled subjects, exclusions after testing included 2 for inability to stop hydroxazine
or an anticholinergic, resulting in no sweat output and a third for prior cardiac ablations.
Final analysis included HC 39, and the following CPP groups: IC/BPS 36, MPP 14, IC/BPS
plus MPP 42. Significant artifact prevented calculation of the Valsalva maneuver adrenergic
score in 4 subjects. TTT was not performed in 1 subject due to BMI above safety range of
the tilt table. The analysis included 2 subjects with IC/BPS who continued low-dose chronic
diphenhydramine or amitriptyline as their findings did not differ from other subjects.

The IC/BPS group (47.5 (21, 78)yrs) was significantly older than the other groups: healthy
control (34 (20, 75)yrs, p=0.006), MPP (33 (22, 56)yrs, p=0.004), and IC/BPS plus MPP (38
(18, 64)yrs, p= 0.03). BMI did not differ among groups generally, but pairwise comparison
revealed that the 2 groups with MPP (IC/BPS plus MPP and MPP alone) had higher BMI
than the healthy controls (p=0.03 and p= 0.05 respectively) (table 2).

The cardiovascular and adrenergic indexes did not differ among groups. Physiologic TTT
diagnoses such as OH, POTS and reflex syncope occurred rarely in all groups (Table 3).
However, symptoms during TTT (without a physiologic diagnosis, indicating orthostatic
intolerance) occurred more in subjects with pelvic pain (table 3). Heart rate at baseline
(p<0.001) (Fig 1) and at peak in the first 10 minutes of TTT (p=0.009) was higher in all
pelvic pain groups but not the change in HR from supine to upright. Predictors of peak HR
included baseline HR (p<0.001), age (as expected p<0.0001) and BMI (p=0.007).

Subjects with MPP (alone or with IC/BPS) had more frequent clearcut autonomic
neuropathy (sweat score = 3; table 5), and the groups differed in their sudomotor index
assessed as a categorical variable (merging all MPP groups together, “1” or “2” vs “3”
p=0.012). Except in the forearm that was low in all groups, subjects with MPP (alone or
with IC/BPS) also showed diffusely decreased sweat output (Table 4 and fig 2). Though
clearcut neuropathy occurred more frequently in patients with fibromyalgia (assessed in 107
subjects; odds ratio= 3.441 and 95% C.l. 1.364, 8.684), MPP was still significantly related to
clearcut autonomic neuropathy considering fibromyalgia by logistic regression (p=0.016).

Discussion

In summary, our study demonstrates that: 1) in contrast to other functional disorders such as
IBS!® and fibromyalgial6, POTS, reflex syncope and OH are uncommon in IC/BPS or MPP;
2) however, orthostatic complaints while upright termed “orthostatic intolerance” occurred
commonly in all forms of CPP compatible with central hypervigilance; 3) higher baseline
heart rate in subjects with pelvic pain suggests higher sympathetic drive or vagal withdrawal
related to deconditioning, or both; 4) MPP with or without IC/BPS more frequently harbors
a clearcut autonomic neuropathy, occurring in 36% of this population, compared to 22% in
those with IC/BPS alone, and 10% of healthy subjects.

The low frequency of POTS in subjects with IC/BPS, seen previously® and now, is
surprising, since POTS is commonly associated with functional gastrointestinal symptoms in
pediatrics1® as well as adults?, with chronic fatiguel®, and fibromyalgial®, all of which
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occur commonly in women with IC/BPS1920, Several explanations appear plausible. The
physiologic findings of POTS lessen with increasing chronicity though symptoms may not
change. Thus some of our subjects might in fact have had POTS at one time, and now only
show residual orthostatic intolerance (upright symptoms without findings, see below).
Perhaps the age of our subjects rendered this diagnosis less likely, as POTS peaks in teens
and twenties, though it clearly occurs in the 30’s, the age of our population. The most
intriguing hypothesis states that the reduced autonomic outflow (both sympathetic and
parasympathetic) in IC/BPS?! impairs autonomic reactivity to the point that POTS cannot be
manifested. This hypothesis would not explain the low frequency of POTS in MPP, but the
low sample size might be explanatory.

In contrast, 19% of IC/BPS subjects, 29% of MPP subjects, and 37% of subjects with both,
against 0% of healthy subjects, showed orthostatic intolerance (upright symptoms without
changes in vital signs). Also described in pediatric subjects with dizziness without POTS on
autonomic testing?2, this finding likely suggests central hypervigilance or hypersensitivity,
known to occur in various chronic pain states?3, and probably associated with
catastrophization. Hypervigilance simply reflects amplification of stimuli, painful or
painless?4. Indeed, orthostatic intolerance is restricted to symptoms, not reflecting any
currently measurable autonomic physiologic abnormality. This may be why orthostatic
intolerance does not parse by specific CPP disorder, but only becomes more prominent with
higher disease burden, in contrast to autonomic neuropathy that specifically parses with
MPP, and low heart rate variability that specifically parses with IC/BPS.

The increased heart rate at baseline may reflect overactive sympathetic drive or reduction in
vagal outflow, both associated with chronic pain of any type. For example, increasing vagal
tone through biofeedback decreases functional abdominal pain symptoms in children?®.
Heart rate variability analysis in our patient sample confirms the presence of reduced cardiac
vagal tone in all CPP groups, greatest in the IC/BPS group. In addition, sympathetic tone
also seems to be reduced (albeit to a lesser extent than vagal tone), particularly in the
IC/BPS group?L. Thus, it appears that people with IC/BPS experience a state of reduced
overall autonomic outflow affecting both parasympathetic and sympathetic functions. This is
reminiscent of another pain disorder, complex regional pain syndrome (CRPS), where
withdrawal of sympathetic function occurs in the affected limb (the parasympathetic system
does not innervate limbs)28. Perhaps autonomic withdrawal characterizes certain chronic
pain disorders like IC/BPS or CRPS, but not others like MPP or fibromyalgia.

The finding of more frequent clearcut autonomic neuropathy in subjects with a specific type
of chronic pelvic pain, MPP (with or without IC/BPS) is novel to the best of our knowledge.
Since almost no subjects demonstrated cardiac vagal dysfunction (seen in the deep breathing
response, table 2), autonomic neuropathies seen in our population were at most mild to
moderate. Since fibromyalgia is linked with small fiber neuropathy involving the autonomic
fibers, as well as with MPP (about 20% in IC/BPS alone, vs 50% in MPP with or without
IC/BPS)2L, fibromyalgia alone might have accounted entirely for this finding, but in fact
does not. The presence or absence of MPP still accounts for the majority of the variance in
autonomic neuropathy in this population. The neuropathy might occur first and predispose to
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the development of a myofascial syndrome such as MPP or fibromyalgia. Further studies
will elucidate this pathophysiology.

This study has some limitations: 1) Our pure MPP group is smaller than the other groups
due to difficulty enrolling pure MPP subjects, perhaps biasing some of the results and
underestimating some of the differences across groups since the study is underpowered in
this group; 2) The diagnosis of an autonomic neuropathy is based only on sudomotor
function, and should ideally be confirmed using other methodologies, such as skin biopsy,
which we did not perform.

CONCLUSION

In summary, taking the current study together with our previous publication on heart rate
variability in subjects with CPP21, three major findings characterize this patient population.
First, like subjects with fibromyalgia®, subjects with MPP appear to suffer from a mild to
moderate autonomic neuropathy, not seen in subjects with IC/BPS alone. Second and
previously reported?!, like subjects with complex regional pain syndrome26, subjects with
IC/BPS appear to demonstrate major withdrawal of autonomic innervation, with vagal
withdrawal exceeding sympathetic withdrawal, resulting in sympathetic predominance.
Third, irrespective of CPP type, all CPP subjects experience orthostatic intolerance,
probably reflecting central sensitization and a change in homeostatic perception, not an
autonomic efferent abnormality, based on current understanding, and perhaps associated
with catastrophization.

Each of these findings broadens our fundamental conceptual framework for chronic pelvic
pain and potential therapeutic strategies. First, both the presence of an autonomic neuropathy
and withdrawal of cardiac vagal tone imply broad systemic neural changes, rather than
abnormalities restricted to an end-organ, consistent with the conclusion drawn from the ever-
increasing panoply of disorders co-morbid with different types of chronic pelvic pain.
Second, autonomic neuropathies often occur in the setting of systemic inflammatory
illnesses such as diabetes, Sjogren’s, amyloidosis etc. or other immunologic illnesses. By
increasing systemic inflammation, vagal withdrawal??, could constitute a core
pathophysiologic component of both chronic pelvic pain and autonomic neuropathy. Vagal
withdrawal could thus provide a novel therapeutic target in the management of CPP. In
addition to direct vagal nerve stimulation, for which one study found promising evidence in
CPP28, the main tools available to increase vagal tone clinically are exercise training2® and
cognitive behavior training20. Finally, orthostatic intolerance implies central sensitization
and possibly catastrophization and may reflect the central correlate and driver of reduced
vagal tone in the first place.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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itions for Abbreviations

ANS autonomic nervous system

IC/BPS interstitial cystitis/bladder pain syndrome

CPP chronic pelvic pain

TTT tilt table test

AN autonomic neuropathy

HC healthy controls

MPP myofascial pelvic pain

POTS postural tachycardia syndrome
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CASS
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BP
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heart rate

Valsalva maneuver

deep breathing

quantitative sudomotor axon reflex test
Composite Autonomic Severity Score
orthostatic hypotension

blood pressure
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Fig 1.
Baseline heart rate during tilt table test per groups
HC: healthy control; MPP myofascial pelvic pain; IC/BPS: interstitial cystitis/ Bladder pain
syndrome
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Sweat output per location and group

HC: healthy control; MPP myofascial pelvic pain; IC/BPS: interstitial cystitis/ Bladder pain

syndrome. *, O, represent extremevalues and outliers respectively.
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Table 1

minimum

50% minimum

1 score point 2 score points 3 score points 4 score
points
Sudomotor Single QSART site Single QSART =2 QSART NA
index 1 site <50% of sites <50% of
lower limit lower limit
Adrenergic Phase Ilg <40>25  Phase Il Absent phase #3 plus OH
index mmHg, or }phase absent, or Il and IVand  defined as
11_or PP Jto < TPRT6-9sec  TPRT=10sec  SBP{=30
50% of baseline mmHg;
TPRT 4-5 sec MBP |>20
Absent phase IV mmHg
Cardiovascular  HRpg or VR |but HRpg or VR HRpg AND NA
index >50% minimum Jbut < 50% VR Jbut <

Page 12

QSART: quantitative sudomotor axon reflex; Phase IIg; Phase Il early; phase I1|_: Phase Il late; HRDB: Heart rate response to deep breathing; VR:
Valsalva ratio; MBP: mean blood pressure; OH: orthostatic hypotension; PP: pulse pressure; PRT: pressure recovery time; sBP: systolic blood

pressure
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Frequency of Cass sudomotor score per group (Chi-square test p-value = 0.042)

Table 5

CASS sudomotor score  HC (%) IC/BPS (%) IC/BPS + MPP & MPP (%)
0 5 (13%) 9 (25%) 11 (20%)
1 12 (31%) 6 (17%) 12 (21%)
2 18 (46%) 13 (36%) 13 (23%)
3 4 (10%) 8 (22%) 20 (36%)

HC: healthy control; MPP myofascial pelvic pain; IC/BPS: interstitial cystitis/ Bladder pain syndrome
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