UCLA
UCLA Previously Published Works

Title

Brain white matter abnormalities in female interstitial cystitis/bladder pain syndrome: A
MAPP network neuroimaging study

Permalink

https://escholarship.org/uc/item/09n1k9qat

Journal
Journal of Urology, 194(1)

ISSN
0022-5347

Authors

Farmer, MA
Huang, L
Martucci, K

Publication Date
2015

DOI
10.1016/j.juro.2015.02.082

Peer reviewed

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/09n1k9qt
https://escholarship.org/uc/item/09n1k9qt#author
https://escholarship.org
http://www.cdlib.org/

1duosnuen Joyiny 1duosnuen Joyiny 1duosnuen Joyiny

1duosnuen Joyiny

v

7
*tivana

Author manuscript
J Urol. Author manuscript; avaladein PMC 2015July 01.

Publishedin find edted fom as:
JUrol. 2015duly ; 194(1) 118-126. dp10.1016j.juro.2015.02.082.

-, HHS Public Access
«

Brain white matter abnormali ties in female interstitial cys titis/
bladder pain syndrome: A MAPP Network neuroimaging study

Melissa A. Farmerl, Lejian Huang?l, Katherine Martucci?, Claire C. Yang3, Kenneth R.
Maravilla 4, Richard E. Harris ®, Daniel J. Clauw®, Sean Mackey 2, Benjamin M. Ellingson®,
Emeran A. Mayer®, Anthon y J. Schaeffer’, and A. Vania Apkarian18" on behalf of the MAPP
Research Network®

1Department of Physiology, Northwestern University, Feinberg School of Medicine, Chicago, IL

2Departments of Anesthesiology, Perioperative and Pain Medicine, Division of Pain Medicine,
Stanford University Medical Center, Stanford, CA

3Departments of Urology, University of Washington, Seattle, WA
4Department of Radiology, University of Washington, Seattle, WA

SDepartment of Anesthesiology, and the Chronic Pain and Fatigue Research Center, University of
Michigan, Ann Arbor, Michigan

6Gail and Gerald Oppenheimer Family Center for Neurobiology of Stress, David Geffen School of
Medicine at UCLA, Los Angeles, CA

"Department of Urology, Northwestern University, Feinberg School of Medicine, Chicago, IL

8Departments of Surgery and Anesthesia, Northwestern University, Feinberg School of Medicine,
Chicago, IL

Abstract

Purpose—Severa chroric pan condtions may be dstinguished by condion-spedfic bran
anaomicd and funtiond abnomaliti es observed byimagng suggestive of undelying dsease
processes. Here we preert the first charaterization of IC/BPSassciated white matter (axon§)
abnomaliti es based onmulti-certer neuramagng from the Multi disciplinary Approacho the
Study of Chronic Pelvic Pain (MAPP) Research Néwork.

Materials a nd Method s—Women with IC/BPS(n=34) and heléhy cortrols (n=32) were
asess2d with questionnadres on pan, mood, and diy fundion. Whte matter microstructure wa
evduaed with dffusiontersorimagng (DTI) to modd dirediond water low dong axos, or
fractiond arisotropy (FA). Regonstha corrdated with dinicd paraneters were futher exanined
for sex andsyndrame dependence.

Results—Women with IC/BPSexhbited numerouws white matter abnomaliti es tha corrdated
with seveity of pan, uinary symptoms, andimpared qudity of life. IC/BPSwas charaterized

"Correspondng auhor. Dr. A. Varia Apkaran, Depamert of Physiology, FeinbergSchod of Medcine, Nothwestern Uriversity,
SOO E.Supeior St, Tarry 7-705Chicago, IL 60611, Tle (312) 503—](_)404, a-apkan@nothwestern.edu.
Members of the MAPPResearch Néwvork members can be foundn
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by decreaedFA in aspeds of the light arterior thdamic radation, left forces major, and rght
longtudind fascicuus. Increaed FA was detededin the light supeiior and li aterd inferior
longtudind fasciculi.

Conclusions—The firstcharaterization of bran white matter abnomaliti esin women with
IC/BPSreveds tha regond decreaes andincreaes in white matter integity, acrassmultiple
axond trads, are adated with symptom seveity in IC/BPS Giventhat white matter
abnomaliti es closely corrdate with hdimark symptomsof IC/BPS induding Hadder pan and
urinary symptoms, brain anaomicd dteraions suggest neurop#hologicd cortributions to chrornc
urologicd pdvic pan.

Keywords
diffusiontersor imagng; interstitial cystitis; bladder pan; urgency frequency

INTRODUCTION

Interstitial cystitishbladder pan syndrame (IC/BPS is charaterized bysymptoms of
persisert pdvic pan, uiinary frequency, and urgendya are naoriously difficult to

trea 12 IC/BPSexats a heavytoll onmood,sexud fundion, daly fundioning, and quiity
of life 3-5 IC/BPScortinuesto exat a heavytoll onmood, sexud fundion, daly
functioning, and quiy of life, despite numerows treaments dirededtowards petipherd
pahology (e.ginflanmatory, infedious, muscular, and afferenabnomaliti es)®. Advance
inthe dinicd concepudizaion, dagnais andtreament of IC/BPShave been hapered by
a paudty of biomarker evdence for pepherad and cetral mechatsmsresporsible forthe
initiation andmaintenance ofthis syndrome.

Pain neurémagng studies have denonstratedthat clinicd pan condtions exhbit unique
changein bran anaomy and funtion’. In hedthy and dsease states, bran angomy and
fundion are tosely linked becase neuronhadivity is corstrained bythe structure and
arrangenert of neurors and axos tha relay information 8. White (axon#) matter fadlit ates
the canmunicdion of neurhinformation béween and wthin bran regons, and
abnomaliti esin these trads can concivally disrupt processing of sersory, motor,
cogritive, and enotiond information. Axona structurd integiity is inferred fran the
diredions of waer flow dongthelengh of myelinaed axoms andis measured & fractiond
arnisotropy (FA). Theidertificaion of ansotropic abnomalitiesin chronc prostatitis/
chroric pdvic pan, irritable bowé syndrame, low back pan, and ¢her pan condtions,
strondy impliestha axona dteraions play amechairistic rdein the devéopmert andor
maintenance of chran pan %12

We repot the first charaterization of bran white matter ananaliesin wamen with IC/BPS
using noninvasive bran imagng techndogy @ pat of the multi-certer Multidisciplinary
Approachto the Study of Chroric Pelvic Pain (MAPP) Research Néwork. Diffusion tensor
imagng (DTI) was usedto evduae waer dffusion propeties along axonatradsin women
with IC/BPScamparedto hedthy women We hypthesizedtha a canbinaion of regond
increaes and decresesin arisotropy in regons medating sersorimotor, moduatory, and
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cogritive procaesing woud charaterize IC/BPSand corréate with dinicd symptomsof IC/
BPS

MATERIALS AND METHODS

Participants

A converniencesample of paticiparts from the MAPPEpidemiology/Phendyping (EP)
Study recéved DTI (n=201), graymatter angomicd (n=301), and rsting state fundiond
scars (n=297)1 13 Here we repdDTI daa of female IC/BPSand gendéagematched
cortrols enrdled & Northwestern Uriversity (NU), University of California & Los Angdes
(UCLA), and Stanford Unversity (SU) beweenJanuary 2011 and Nowaber 2013. Al
procedurs were approved bthe Institutiond Review Boards of the respedive sites, and
paticiparts provided witteninformed corsent.

Twenty-two womenmeding ciiteria for IC/BPSwere conparedto agematched (+ 3 yea)
hedthy cortrol women (r=32) (fig 1). Dda from paierts were extudedif theylacked age-
matched cotrols (induding 18 wanen with IC/BPSand 2 cotrols). IC/BPSpatierts who
fulfilledMAPPindusion/exdusion ciiteria (supp. tabde 1) repoted pdvic pan, pressure, or
discomfort during the mgjority of the prevous 3 months, with >1/10 mean pévic pan
intersity (Oindicaing no pan and 10ndicaing woistimagnalle pan).

Experime ntal Design

Patierts underweh DTl and T1-wéghtedscarsin asingle Jisit. Questionnares
administeredindudedthe Symptom and Heéth Care Uili zation Questionnare (SY M-Q),
Hospital Anxiety and Depresion Scde (HADS), McGill Pain Questionnare-Short Form
(SFMPQ), Gracty Box Scdes, Positive and Negtive Affediive Scdes (PANAS), andthe
GeritourinaryPain Index (GUPI), induding pan, utinary fungion, and quiy of life
subdamains.

Imaging data acquisition

MRI scanning was performed a multi ple sites using dfferert scanneitechndogy [3 Tesla
(T) Siemers Trio (NU and WCLA), and 3T GE Oscovery SU)]. Neuramagng dda were
cdleded, underwenqudity cortrol, and archved accorthg to multi-site imagng
procedurs deveaoped cdtlabordively baweenthe MAPPResearch Néwork, the UCLA
PAIN repasitory andthe UCLA Laboraory of Neurdmagng. Dédailed procedurgand
description ofthe repaitory are avihabe & PAINrepository.org and acggition paraneters
are dacribedin the Supdementary Methods. All certers completed and pased ceter
qudifications, induding aset of pilot scars of a human vdunteer.

DATA ANALYSIS

DTI and T1-wéghtedimages were oltained wsing the praocd described by Geha and
cdleagus 14 (seesupp. methods). Group colrastsof paiert and cotrol white matter
yielded regons of interest (ROIs) that differed béween group (p < 0.001, correted for
multi ple canpaiisons). Measures of white matter dffusivity (FA, axial diffusivity, radal
diffusivity, andmean dffusivity) for eachROI were exanined with panned psthoc
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Student’ st-testsor Mann-Whtney URank Sumstestsfor non-nomally distributed dda.
Clinicd paraneters were corréated with ROI arisotropy wsing Peasson corréations
(Bonferron corre¢ed formultiple canpaiisons, p < 0.005).

Partici pant Characteristics

The IC/BPSgroup (mean age38.7) comsised of 95%Caucaian and 5% k$paric pdierts
repoting 11.4 yeagaverage pa durdion and 410 average pa intersity (moderde dinicd
pan) on day ofscanrning. Tdal GUPI scores ranged fron 1-38 (mean= 24.5,SE=2.2), with
an average pasubscore of 11.4 $E=1.05). GUPI-defined pan locaionsindudedthe
ertranceto the vagna (41%), vama (41%), urthra (59%), and Bew the wast in the pulic
or bladder area (91%, refay supp. figure 1). Eght patierns weretaking medcations,
induding ord narcdics (n=3), amitriptyline (r=4), cydosporine (rF1), atimuscaiinics
(n=1), lyrica/neurortin/or tegreol (n=2), NSAID s (n=1), vdium (n=1) and a&SSR (n=1).
Clinicd paraneters aresummarizedin Table 1 (referto supp. tae 2 for desiled dinicd
profiles).

Determination of center and age effects

Whole brain

Podlingimagng dda from multiple ceners canintroduce vaiahlity dueto techndogicd
differences and ceter recritmert biases. Indeed meanFA values differed béween ceters
(f 2,148=13.91,p< 0.001, fg 2B). To agustfor cerier effed, eachsubjed’s voxd-wise FA
was corred¢ed with the cemer’'s meanFA, andthis vaue wa addedo the multi-certer
GrandmeanFA (seesupd. methods sedion). Certer-correted FA values were negtvely
corrdated with agejn agreenert with prevous studies (fig 2C). All subsequen andyses
refled certer- and age-gdsted vdues.

contrast for white matter integrity differences

A whole-bran voxd-wise canpaiison wsing a canmon white matter skeleton was
conduc¢edto idertify differences beween C/BPSand cotrols. Regond white matter
redudionsin pdierts (Cortrol > Patiert cortrast) were olservedin the (a) coticospind trad
intheleft cerebium, (b) arterior thdamic radationin the iight cerebéum, (c) right
inferior fronto-ocdpital fasciculusin the iight frontal orbital cortex, (d) ight inferior
longtudind fasciculusin thelaterd ocdpital cortex, (e)left forceps major adacert to the
precunes, (f) right arterior thdamic radationin the iight frontal pde, (g)supeior
longtudind fasciculusin the paretal cottex, and (hYempord pat of theleft supeior
longtudind fasciculus nearthe anerior anguate cotex (ACC). In corirast, increaed wlite
matter FA in paierts (Patiert > Control cortrast) was evidert in the (a)inferior longtudind
fasciculus, (b)inferior fronto- océpital fasciculus borderngthe iight insula (INS), (c)
forceps major neartheleft ACC, (d) supeior longtudind fasciculusin the iight postcertral
gyrus, as wel as (e)left pimary somatosensory coitex (S1), and (f) coticospind trad
passing throughleft S1.
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White matter properties of clinically -relevant regions

We hypdhesizedtha abnomaliti es in white matter microstructurein IC/BPSwoud
corrdate with pan and umarymeasures. FA (a genermeasure of whte matterintegiity)
and dffusivity measures for spedfic dredions weremeasured,induding dffusion dongthe
princple trad diredion (axial diffusivity), diffusion perpenitularto the pindple dredion
(rada diffusivity), and an average offtlisionin dl diredions (mean dffusivity).
Additiond planned pet-hoc an#yses were ratrictedto the oigindly idertifiedROIs (see
above). Three arsaf incre@ed FA andthree aresiof decreaed FA were corréated with
syndrame-spedfic paraneters (figs 3 and 4)Regond ansotropy in theleft forceps major
was significartly reducedn IC/BPScomparedto cortrols (t 1 5,=2.63,p =0.01, ig 3B),
with a concurrerincreae in radal diffusivity (t 1 5o= - 2.60,p =0.012).Similary, regond
FA inthe ight inferior longtudind fasciculus was significartly decresedin paierts (t 1 5
= 3.17,p=0.003) and waaccanparied byincreaed radél (t 1 5p=-0.93,p=0.005) and
mean { 1 5p=-2.17,p=0.035) diffusivity, a comparedto cortrols. A regon ofthe fight
arterior thdamic radation showedsignificartly reduced-A in paierntsin rdationto
cortrols (t 1 5= 2.44,p=0.02), with no group tfferencesin canponern diffusivity.
Anisotropy vaues for these three regpns negdively corrdated with pan, uinary, and
qudity of life subscdes of the GLPI (fig 3F, L, R), suggesting tha these white matter
propeties refled aspeds of the IC/BPSclinicd state.

Regond increaesin arisotropy were &0 olservedin segmerts of theleft and rght
supeior longtudind fasciculus (in S1 and pestcertral gyrus, respedively), left and rght
inferior longtudind fasciculus (nearthe ganum temporde and Hechl’s gyrus,
respedively), left forceps minor (adacen to the ACC), right inferior fronto-ocdpita
fasciculus (adacert to INS), andtheleft cotticospind trad (in S1). FA in a potion ofthe
right supeior longtudind fasciculus was significartly increaedin IC/BPS(t 1 5,= —4.69,
p<0.001), wth concurrehredudionsin radal (t 1 52=3.47, ;=0.001) andnean ¢ 1 5,=2.46,
p=0.017) dffusivity. Regond FA uniqudy corrdated with the pan (r=0.36, p=0.007) and
urinary (=0.44, =0.001)subscades onthe GLPI. In cortrast, a potion oftheleft inferior
longtudind fasciculus exhibitedsignificart increaesin FA (t 1 52= 3.18, p=0.002) and
axia diffusivity (t 1 5,=2.91, 3=0.005). Tlis regon’s FA was corrdated with uinary
symptom seveity (r=0.38, p=0.007), quéty of life (=0.38, p=0.005) and anety (r=0.38,
p=0.004).Findly, FA in asegment of the tight inferior longtudind fasciculus was increaed
in paierts (t 1 5= —3.60, p<0.001), which uriquey corrdated with frequency of tinary
seveity (r=0.38, ;=0.004) and exihited reduced rad diffusivity (t 1 5,=2.66, p=0.01). A
summary of dl findingsis presentedin tabe 2.

DISCUSSION

Our findings reved dtered wlite matter microstructure acresmulti ple axonatradsin
women with IC/BPS Using dffusion-baed neuromagng, weidertified bdh decreses and
increaesin regond white matter propeties relatedto IC/BPS Spedficdly, reduced
arisotropy locaedin potions of the anerior thdamic radation, forceg major, andinferior
longtudind fascicuus were adated with moresevere pbric pan, utinary symptoms and
poorer quhty of life. Increaed arsotropyin potions of the hlaterd inferior longtudind

J Urol. Author manuscript; avalabdein PMC 2015July 01.
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fasciculus andsupeiior longtudind fasciculus corrdated with pan seveity and uiary
dysfunction. Coll edively, these microstructurd abnomaliti es may influencethe fow of
neurd informationthroughou the bran, therebymedating bran reorgaizaion prevously
observedin male pavic pan 1. This hypahesisis suppoted by C/BPSrelatedshiftsin
oscill atory pdterrs of neuronaadivity (fundion) andincreaed greymatter dersity
(structure)in regonstha moduate viscerd andsomatosensation and peertially pdvic floor
motor fundionin women with IC/BPS15: 18 These an#omicd abnomaliti es arestrongdy
suggsstive of neuropthologicd processes undetying IC/BPS

Structurd changsin axon&pahways can concevally dter bran fundionin a dsease-
spedfic mannerl’. White matter abnomaliti es have beeidertifiedin multiple chronc pan
condtions, induding male pévic pan, irritade bowé syndrame, low back pa,
temporomandbuar dsorder, headacheibromyalgia, and coplex regond pan

syndrame 2-11. 1821 Each conition has exhibited dfferert paterrs of dtered
microstructure, or white matter “signaures,” tha may undelie dstinc disesse process
medating the respedive dinicd symptoms Despite these dfferences, IC/BPSdso exhbits
regond white matter abnomaliti es describedin ather pan condtions, induding axoné
projedionsto sensorimotor regons (e.g.,thdamus, premotor areaS1), moduatory huls
senving dverse cogiitive, enotiond, and atonamic fundions (e.g., ACC, INS), and fronal
cotticd regons moduating exective fundion andself-awarenss(e.qg., fronal

pole) 7914, 18, 19222021, themore, robist corrdations between arsotropy andsymptom
seveity strondy suggesttha neuroantomica change may medate dinicd manfestations
of IC/BPStha have, util now, beerireaed & purdy pelipherd phenanena.

The neurtogicd significance of abnaonal white matter propetiesin IC/BPSmay implicate
changsin axonaintegity (e.g., nunberdersity of membranes), degree ofmyelinaion,
fiber orgareaion, andor axon& brancling. Reduced aisotropy is a canmon (andthus
norspedfic) corrdate of neurodegendisge dsease progreson,indudinglossof cogritive
andmotor fundion 23. Regons with reduced aisotropy that corrdated with IC/BPS
symptom seveity often exfibitedincreaed radal diffusivity, whichis suggestive of
reduced axorlanembrane desity, axoné brancling, andor fiber cr@sing. Irterestingy,
increaed arsotropy is amore unwud findingin dinicd popuations. Elevaed arsotropy
and axal diffusivity in frontal andsensorimotor regons may be paialy exdained bythe
hypahesistha eevaed coticospind arisotropy is the result of newmotor learring, & this
processrequres the fomation of newy myelinated axors neededo enhance asotropy 24,
As a result, distinct white matter propeties are ¢osely linked wth symptom seveity and
potertialy newmotor learring of pasturd changs or pdvic floor muscle cortrol relatedto
pan.

It remains undear whéeherthese white matter propeties are cases or corsequencs of IC/
BPS White matter arclitecure may refed a predspositionto devéop dsease, gven
evidencetha regond arisotropy predcts futuretrarsition to Alzhémer’s disease and
chroric back pan 11 25andmay even render a higlay individud vulneratbe to devéop
postraumatic stressdisorder afer atraumatic stressor 26, Alternaely, white matter
propeties distingushedin neurdogicd and sychiatric popuations suggesttha arisotropy
is a corsequence of dease prograson. For instance symptom-corrdated redutionsin

J Urol. Author manuscript; avalabdein PMC 2015July 01.
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regond ansotropy with concurrehincreaed radal diffusivity are olserved with
eplepsy 27, traumatic bran injury 28, amyotrophic laterd sclerasis23, Alzhémer’s
disease 2°, andschizophrema 3. Although neurodegendiee changsaremoresubtlein
chroric panthanin ather neurtogicd diseases, these popuiations corsisierntly show
corrdations baweensymptom seveity and pghologicd redudionsin arsotropy. In
paticular,the asdation beween p&n with badder flli ng andincreaed bran fundiond
connetivity in women with IC/BPSmay refed atered brin fundion medated by
arisotropy changs16. Wespecuate tha this combination of whte matter abnomaliti es
may refed bath the predspositionto devéop IC/BPSpan—paticulady in regons of
decreaed atisotropy 11—as well as corsequence of IC/BPSdisease progresion—in
regons of increaed anmsotropy. Although fuurelongtudind studies are requredto testthis
hypahesis the preert study ha takenthe firststepin this diredion by estaldishing
evidence of neuroghologicd involvemert in IC/BPS

Potential Clinical Im plications

Theidertificaion of measuralde neuropthologicd change undetying IC/BPSadvance
the onging effottsto stratify urologicd pan pdiertsinto mechatsticdly- distinct
subgroups. Such dinicd phendyping requres extremely largesample sizes orly attainalle
through reearch ctiabordions like MAPP;yet even déa from alimited cressediond
paiernt sample revess tha paien-repoted symptomsusedin IC/BPSdiagnais cantapinto
biologicdly-relevart processes tha shape axonlamicrostructure. Thesecond phse of
MAPPwiIll uselongtudind neuramagngto hdp darify whetherthese abnomaliti es refled
predspasitions or corsequence of IC/BPSin orderto fadlit ate ealy detedion of vuneralte
paiert popuations requring ealy intervertions. Conversely, if altered arsotropy is a
comsequence of C/BPS novd therapes tha targe pan-rdated neurofssticity can be added
to thetreamert arsend.

CONCLUSION

Novd findings of regond increaes and decreses in white matter ansotropyin with
women IC/BPS camparedto cortrols withou this syndrame, are acated with pan
seveity, urdogicd symptoms, and quéity of life. These regond changs are foundn
axond tradstha traffic information baéweenlobes and henispheres andmay pdertialy
alter the fundion of conmunicaion pahways tha transmit sersory, cogritive, and
emotiond information. IC/BP Swhite matter abnomaliti es aretherefore candae markes
for neuropthologicd feaures of IC/BPS

Supp lementary Material

Referto Web vesion onPubMed Certra for supdemertary material.
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Abbreviations and acronyms

ACC arterior dnguate cotex

AD axial diffusivity

FA fractiond arisotropy

DTI diffusionternsor imagng

IC/BPS interstitial cystitishladder pan syndrome

INS insula

MAPP Multidisciplinary Approactio the Study of Chroric Pelvic Pain

MD mean dffusivity

MRI magnéic resonancamagng

NU Northwestern Uriversity

RD radal diffusivity

ROI regon ofinterest

S1 primary somatosensory cotex

SU Stanford Unversity

UCLA University of Cdifornia & Los Angdes
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Figure 1. How diagram for MAPP participants with diffusion tensor imaging data
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Figure 2. Center and age correctons for multi-center white matter properties
All TrarssMAPPDTI data (nduding male and fenale UCPPS pasitive corirols, and

hedthy cortrols) were exaninedto ddemine pdertial biasesin daa acr@scerters. A)
Brain slices showing themeanFA map (or ‘skeleton,” in green) of poed pdierts and
cortrols represerts white matter regonstha commonto dl paticiparts. B) Bar graph
degdctsthesignificart certer dfferencesin meanFA (£ S.E.) (eft pané), and potedmean
FA values were negtively corrdated with age §cater gdot). C) Foll owing statisticd
corredions for cener (seesupd. methods), no cerer dfferencein meanFA remain, and
correded meanFA values arestill negdively corrdated with age ¢cater dot).
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Figure 3.1C/BPS patients exhibited regional decreasesin anisotropy that correlated with
severity of clinical symptoms

White matter ansotropy (FA) was examined with changein dffusivity, induding mean
diffusivity (water dffusionin dl diredions), axial diffusivity (water dffusion dongthe
princpd axon fber dredion), and radl diffusivity (diffusion perpenitularto the pincipd
axon fber dredion). A) A regonin left forceps major (left pané) showed reduce&A
comparedto cortrols, with no changgin mean or aia diffusivity andincreaed radlal
diffusivity (midde pané. B) A regonin right inferior longtudind fasciculus (left pang)
exhbited reducedrA comparedto conrols, with no changgin axal diffusivity and
incre@edmean and radl diffusivity (middle pané. C) A regonin right arterior thdamic
radation (eft pané) showed reduce&A comparedto cortrols, with no changgin mean,
axial, or radal diffusivity (middie pané. For dl three regpns, was negdively corrdated
with pdvic pan, poorer quiity of life, and umary symptoms (A—C, right pands).

Note: * p<0.01, ** p< 0.001
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Figure 4.1C/BPS patients exhibited regional increasesin anisotropy that correlated with severity

of clinical symptoms

White matter arnsotropy was examined wth changein dffusivity, induding mean, aial,
and raddl diffusivity. A) A regonin right supeior longtudind fasciculus (left pand)
showedincreaed FA comparedto cortrols, with no changein axal diffusivity and reduced
mean and radl diffusivity (midde pané. Regond FA corrdated with uiinary symptoms
and pévic panto alesser exert (right pané). B) A regonin left inferior longtudinad
fasciculus (left pané) exhbitedincreaed FA comparedto cortrols, with no changgin

mean or radhl diffusivity andincreaed axal diffusivity (midde panég). Regond FA
corrdated with bah uiinary symptomsand poorer quay of life (ight pané). C) Another
regonin theinferior longtudind fasciculus (left pané) showedincreaed FA comparedto
cortrols, with no changgin mean or aka diffusivity and decresed radal diffusivity
(middle pan). Regond FA corrdated with aseveiity measure of frequehrepots of

urinary urgency {ght pané). Note: * p <0.01, ** p< 0.001
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Table 1

Clinicd and pén paranetersin women with IC/BPSand heklihy conrols

IC/BPS Controls

Clinical parameters  Mean (SD) Mean (SD) T value Alpha

Age 38.73(12.98) 32.84(1029) 1.86 0.07
Sleep 0.146.27)  10.63(4.92) 7.06  <0.001*
Mood
Anxiety 8.18(3.16) 3.19(3.87) 501  <0.001*
Depresson 5.00(2.91) 2.09(2.02) 4.36 < 0.001**

Negdive emotion 18.27(5.28)  12.00(4.17) 4.88  <0.001**
Positive enotion 28.73(8.04) 35.31(9.86) 2.59 0.012*
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Table 2

Pain paraneters onscan dayin 22 wanen with IC/BPS

Intersity (0-20) 8.14 4.88)
Unpleasarntness(0-20) 7.36 %4.30)
Duration (yrs) 11.36 +(12.65)
MPQ - Tatal 9.77 +(6.71)
Sersory damain 7.09 £(4.96)
Affective damnain 2.27 £(3.10)
GUPI - Total 24.50 +(10.41)
GUPI pain 11.36 +(4.94)
GUPI urinary 5.77 H2.74)

GUPI Qudity of life  7.36 +(3.60)

Page 15

Note. Clinicad measures cdleded onthe day ofscanring. Sleep aessed with Patiert-Repoted Oucomes Measuremert Information System
(PROMIS) Sleep Dsturbancetems; anxety and deprssion scores from Hamilton Anxiety and Depresin Scde (HADS); degree of psitive and
negaive enotions from Positive and Negtive Affective Scde (PANAS); pan intersity and unpeasantnessfrom Gracey Pain Scde; McGill Pain

Questionnare (MPQ) total score andsernsory/affedive subscdes; GertourinaryPain Index (GUPI).
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Table 3

Summary of white matter abnomaliti es and dinicd corrdatesin women with IC/BPS

1duasnuepy Joyiny

Tract Name

Regdons Connected by Tracts

FA- AD RD MD  Structural Implications

Clinical correlateswith FA

Regons showing decreased white matter integrity

L forceps major

R inferior longtudind
fasciculus

R arterior thdamic radation

Regons showing increased white matter integrity

R supeior longtudind
fasciculus

bilaterd ocadpital lobes

tempord and océpital lobes

arterior & dorsomedal thaamic nudei with
frontal cortex

bi-dirediond fiberslinking frortal,
ocapital, paietal, andtempord lobes

W "
W "
U

" I

| axonad integiity/ Demyelinaion
1 axona brancling

™ | axond integiity/ Demyelinaion
1 axona branclhing

| axonad integiity/ demyelinaion

i 1 axona integiity/ myelinaion
| axona brancling

Pelvic pan
Urinary dysfunction
Qudity of life

Pelvic pan
Urinary dysfunction
Qudity of life

Pelvic Pain
Urinary dysfunction
Qudity of life

Pelvic pan
Urinary dysfunction

‘B P lsuue

9T abed
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Tract Name Regdons Connected by Tracts FA  AD RD MD  Structural Implications Clinical correlates with FA
L inferior longtudind tempord and océpital lobes 1 axona integiity/ myelinaion . Urinary dysfunction
fasciculus . .

. Qudity of life
Rinferior longtudina tempord and ocpital lobes 1 axona integiity/ myelination . Pelvic pan
fasciculus | axona brancfing

. Urinary frequency
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