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Kurzreferat

GemaR den fachlichen Empfehlungen der European Society of Gastrointestinal and Abdominal
Radiology und der European Society of Pediatric Radiology spielt die MRT-Enterographie eine
entscheidende Rolle bei der Beurteilung von gastrointestinalen L&sionen bei Patienten mit
Morbus Crohn (MC). Aktuell hat sich das diagnostische Spektrum radiologischer
Untersuchungen durch die Einflihrung teilautomatisierter Methoden der Bildanalyse und die
Verwendung diffusionsgewichteter Sequenzen (DWI) sowie apparent diffusion coefficient
(ADC) deutlich erweitert. Diese Verfahren ermdglichen die Bewertung von Veranderungen in
den Zusammensetzungsparametern des Kdrpers und haben bedeutsame Ergebnisse im Kontext
der Behandlung und Prognose von onkologischen Patienten gezeigt.

Der Zweck unserer Arbeit war: Analyse der Rolle von ADC bei der Beurteilung der
Krankheitsaktivitat bei MC-Patienten in Studien mit Magnetresonanz-Enterographie (MR-
Enterographie) (Originalarbeit 1); Beurteilung der Kdérperzusammensetzungsparameter und
des creeping fat (CrF) als Pradiktoren fur die MC-Aktivitat basierend auf dem Magnetic
Resonance Index of Activity (MaRIA) in MC-Patienten mithilfe der MR-Enterographie
(Originalarbeit 2 und 3); Beurteilung des Zusammenhangs zwischen ADC-Werten der
Skelettmuskulatur und der Aktivitdt oder dem Verhalten von MC als Hochrisikomerkmalen
(Originalarbeit 4).

Die 1. Originalarbeit zeigte, dass mafRige bis starke Assoziationen zwischen ADC und
Crohn's Disease Activity Index (CDAI), MaRIA und endoscopic activity score (SES-CD)
bestehen, und daher der ADC-Wert als wichtiges Instrument fiir die MC-Krankheitsaktivitat
verwendet werden kann. Die Rolle des ADC bei der Beurteilung fibrotischer VVerdnderungen in
der Darmwand ist jedoch begrenzt. ADC-Werte konnen akute Entziindungsreaktionen
widerspiegeln, aber keine systemische Entziindung. Die 2. Und 3. Originalarbeit fand den
deutlichen Zusammenhang zwischen CrF und einem schweren MC-Verlauf sowie eine
signifikante Verbindung zwischen CrF und einem hohen Verhdltnis von viszeralem zu
subkutanem Fettgewebe (VAT/SAT) mit dem Auftreten von Fisteln. Die 4. Originalarbeit
zeigte, dass die ADC-Werte bei MC-Patienten, insbesondere solchen mit einer Striktur,
signifikant niedriger waren. Diese Befunde legen nahe, dass der ADC zur Identifikation von
Patienten mit ungunstigem Krankheitsverlauf genutzt werden kann, insbesondere zur

Unterscheidung zwischen komplizierten und unkomplizierten MC-Verlaufen.

Schltsselworter:
Magnetresonanzenterographie, Morbus Crohn, viszerales Fettgewebe, subkutanes Fettgewebe



Inhaltsverzeichnis

1. ABKUrzungsverzeiChNis ........cviieiueereiiiiiiiiiireii e ass s s s s s sasss e e s s s s s s annnnenns 5
R T 13T - N 7
2.1 Inzidenz, Pravalenz und RiSIKOFAKEOIEN ..............coecuveeeeeeieeeeee e eeste e e ctee e ettt a e e aa e e e taaa e etseaeestaeaeennes 7
2.2 Klinik, Montreal-Klassifikation, und KOMpPliKGtioNeN................cccccuveeeeeiiieeeiieeeeceeeeeceeeeeceeeeseeeeseaea e 8
2.3 Rezidive, HOSPItaliSAtiON UNG KOSTEN ..........cccecueeeeeeiiieeeeiei e eeeeeeeete e et e e st e e et e e s s tteaestaaaeetseaeessseaennnes 9
2.4 Ubersicht der aKtuelen DIGGNOSEIK .........c..cveveveveeeieeeeeieeieeieieessesesesteseesessssssessesssseseresssssarssssssaressens 9
2.5 ENAOSKOPISCRE VEIFARNION ...ttt sttt s e st sneesnee e 10
2.6 RAIOIOGISCRE VOITORIEN. ...ttt ettt s st e st e sneesaeesnee e 11
2.7 Parameter der KGrperzuSQmmMEeNSELZUNG ..........ccceeeueeeeueessieeeiieesieeesieesteeeieesteesseesteesaseesseasseesseesaneenas 12
2.8 ZI@ISETZUNG UEI ATDEIL ...ttt e e e ettt e e et e e ettt e e e et e e e e asaaeesaseaaeaatsaaesasssasssssssasasseaanes 14
3. Material Und Methoden ........c.ueeiiiiiiiiiiiiiieiner e sas s s as e s s aa e 15
3.1 PALIENLENKONEKLIV ...ttt sttt ettt ettt st e st e st e nae e e 15
3.2 Einschluss- Und AUSSCRIUSSKITELEITON .............coueeueeriieiieiieeee ettt ettt 15
3.3 MIRE-UNEErSUCAUNGSEECANIK ...ttt sttt ettt e et e saeesnea e 15
3.4. Magnetischer ResonanzaktivitGtSindeX (MORIA)........occueeeueeeeeeeeeeecieeeteeeteesteesea ettt eesstaeseeeseaesaessseaens 16
3.5 Beurteilung VON CrEEPING FQL ........ccc.eeeueeeieieieieeeeee ettt sttt e sttt e st e st e s seesaeesneanas 16
3.6 Messung der ADC-Werte bieder PSOAS-MUSKEIN ...........c..cooeeeueeeeiiieeeeiieeeciia e seeeeessieeeseeitaaesisaaesssssenenns 16
3.7 Messung der Parameter der KGrperzusQmmENSELZUNG ...........eueeeeeeeivveeeeeeeeeiiisereesseessissssessssessssisssessasses 16
3.8 SEALISEISCNE ANGIYSE ....eeeeeeeeeeee ettt e e e e e ettt e e e e e ettt et e e e eessataseaaeeeesassssseaaaeesssssssenaaaens 17
4. Ergebnisse €igener Arbeit.......eeeiiiiiiieiiiiiiiite e 18
(04 |1 o1 Lo T 2 =1 L S5 USSR 18
(04 114 o1 Lo T 2 =1 L 5 SRR 19
(04l 114 o1 Lo T 21=1 L S SR 20
(04l |1 o1 o T o =1 L R SRR 21
LR T 11 o T 22
I A [T Lo =1 o TP PPRPRTOT 27
6. ZUSAMMENTASSUNG....ccceeeeiiiiiiiiiieccierereeieesseesereeennnsssssesseeesnasssssssseeennnsssssssseeesnnnssssssssesennnssssssssesennnnssssssnenes 29
7. LiteraturverzeiChnis.....oceeeeeeiiiiiiiieeii e s 30
8. PUBIIKAtIONEN ...ttt 42
8.1 PUDIKOEION Tttt sttt s e st n e 42
8.2, PUBIIKGEION 2.ttt sttt ettt sttt 52
8.3, PUDBIIKQTION 3.ttt sttt sttt e st s e et e st e et e st e saneesneeenee e 58
B4 PUBIKQEION 4. ...ttt ettt st e et e st e et e st e st esateesaneesneesneenas 69
L2 TR 411 T - 2 76
LD o[ ] e Lo 1V [T [T DU 76



9.2.Ehrenerklirung.........................

9.3 Erklédrung zur strafrechtlichen Verurteilung ................occcovueeeeiniieieieieieeeee sttt

9.4 Darstellung des Bildungsweges



1. Abkiirzungsverzeichnis

ACCENT 1

ADC (engl.)
AIEC

BMI

CDAI (engl.)
CED
CT-Enterographie
CrF (engl.)
CRP

CT

Cu

DWI (engl.)
ESGAR
ESPR

FCP

HR (engl.)

(AY2

IMAT

IMATI

Kl

IQR

M

MaRIA (engl.)
MC
MR-Enterographie
MRT

OR (engl.)
p.o.

PACS (engl.)
PMI

r

RCE

ROI (engl.)
SAT

SATI
SES-CD (engl.)
SD

SMI

SONIC

TAT
TATI

A Crohn’s Disease Clinical Trial Evaluating Infliximab in a New
Long-Term Treatment Regimen

apparent diffusion coefficient
adherent-invasive Escherichia Coli
Body-Mass-Index

Crohn's disease activity index

chronisch entziindliche Darmerkrankungen
Computertomographie-Enterographie
creeping fat

C-reaktives Protein

Computertomographie

Colitis ulcerosa

diffusion-weighted magnetic resonance imaging
European Society of Gastrointestinal and Abdominal Radiology
European Society of Pediatric Radiology ESPR
fakales Calprotectin

hazard ratio

intravends

intramuskulares Fettgewebe

intramuskularer Fettgewebsindex
Konfidenzintervall

Interquartilbereich

Mittelwert

Magnetic Resonance Index of Activity
Morbus Crohn

Magnetresonanz-Enterographie
Magnetresonanztomographie

odds ratio

per os

Picture Archiving and Communication System
Psoas-Muskel-Index

Korrelationskoeffizient

relatives Kontrastmittelenhancement

region of interest

subkutanes Fettgewebe

subkutaner Fettgewebsindex

endoscopic activity score
Standardabweichung

Skelett-Muskel-Index

Study of Biologic and Immunomodulator Naive Patients in Crohn’s

Disease
totales Fettgewebe
totaler Fettgewebsindex



VAT viszerales Fettgewebe
VATI viszeraler Fettgewebsindex

VAT/SAT Verhaltnis von viszeralem zu subkutanem Fettgewebe
WSI Wandsignalintensitat



2. Einfiihrung

2.1 Inzidenz, Préiivalenz und Risikofaktoren

Die weltweite Inzidenz und Préavalenz chronisch entziindlicher Darmerkrankungen (CED)
nimmt stetig zu und betrifft derzeit etwa 0,2 % der européischen Bevolkerung [1]. Ng et al.
zeigten 2017 in ihrer systematischen Ubersicht, dass 2030 schatzungsweise 1 % der Menschen,
insbesondere in der westlichen Welt, durch CED betroffen sein wird [2]. Grundsétzlich gibt es
zwei grole Gruppen von Risikofaktoren: umweltbedingte und genetische Risikofaktoren. Beide
neigen dazu, die Auswirkungen auf den menschlichen Korper zu verstarken und fihren
dementsprechend zu einer abnormalen Immunantwort [3].

Gastrointestinale Infektionen, nichtsteroidale Antirheumatika, Antibiotika, Rauchen
und Appendektomie gehdren zur umweltbedingten Risikofaktoren und ihr Einfluss wéchst mit
der Zeit stetig. Sie konnen eine Dysbhiose verursachen und als Folge davon zu einer
Verringerung der Diversitat des Darmmikrobioms sowie einer Verédnderung der Immunantwort
fihren [3]. Willing et al. haben in ihrer Studie darauf hingedeutet, dass die Menge von
Bakterienpopulationen bei Individuen von allen MC-Phénotypen unterschiedlich ist. Zum
Beispiel sind bestimmte Bakterien mit ilealem MC-Befall assoziiert [4]. Ormsby et al. wiesen
2019 darauf hin, dass die Pradominanz von adherent-invasiver Escherichia Coli (AIEC) im
MC-Darm deutlich erhoht ist. Die erhohten Produkte vom AIEC-Stoffwechsel wurden im Darm
wéhrend des MC-Schubes identifiziert [5]. Die Entstehung einer Dysbiose wird auch durch den
Einfluss von Viren und Pilzen verursacht. Sowohl MC als auch Colitis ulcerosa (CU) waren
mit der Ausbreitung von Bakteriophagen der Familie Caudoviren verbunden [6].

Ein weiterer Faktor sind Antibiotika. Die Studie von Souradet et al. aus dem Jahr 2010
ergab, dass der Einsatz von Antibiotika in der frihen Kindheit das CED-Risiko erhoht,
insbesondere bei MC [7]. Es wurde auch festgestellt, dass mehrere Behandlungen mit
Antibiotika zu einem stérkeren Anstieg des Krankheitsrisikos beitragen [8].

Andere Faktoren, die das CED-Risiko erhéhen, sind Rauchen und Appendektomie.
Mahid et al. zeigten 2006 in ihrer Metaanalyse, dass Rauchen ein Risiko, an MC zu erkranken,
verdoppelt (odds ratio (OR) = 1,76, 95% Konfidenzintervall (K1) 1,40-2,22) [9]. Raucher
bendtigen eher eine Immunsuppression und einen chirurgischen Eingriff und haben eine
groBere Wahrscheinlichkeit eines Rezidivs nach einer lleozokalresektion [10]. Ahnlich wie
beim Rauchen hat sich auch die Appendektomie bei MC als negativer Faktor erwiesen. Der
Zusammenhang zwischen Appendektomie und MC ist jedoch schwer zu interpretieren, da

Patienten h&ufig wegen Bauchschmerzen operiert werden, bevor die MC-Diagnose gestellt



wird. Und dies kann wiederum zu falschen Ergebnissen hinsichtlich der Assoziation einer
Appendektomie mit erhéhtem Risiko fiihren [3,10].

Neuere Studien zeigten eine wichtige Rolle genetischer Risikofaktoren bei der
Pathogenese von CED [11]. Zwischen 2 % und 14 % der MC-Patienten und 8-14 % der CU-
Patienten haben eine positive Familiengeschichte von CED [10]. Zwillingsstudien haben auch
eine erbliche Schlisselkomponente sowohl fir MC als auch fiir CU nahegelegt [3,10].

Trotz der Identifizierung einer signifikanten Anzahl von CED-Risikofaktoren fir das
CED-Auftreten ist die Pathogenese dieser Erkrankung noch nicht vollstandig geklart [12,13].
Das hohe Wiederauftreten weist auf die Notwendigkeit hin, die Pathomorphologie dieser

Krankheitsgruppe weiter zu erforschen, um Diagnose und Behandlung zu verbessern.

2.2 Klinik, Montreal-Klassifikation, und Komplikationen

Ein typischer CED-Vertreter ist MC als eine diskontinuierlich verlaufende, in Schiben
auftretende Erkrankung, die jeden Teil des Magen-Darm-Trakts beféllt und eine Reihe von
Komplikationen auslosen kann [14]. Die Beteiligung des terminalen Illeums und des
Dickdarms wird bei 50 % der Patienten beobachtet. 30 % der Patienten zeigen nur eine
Beteiligung des Dinndarms und bei 20 % der Félle ist MC nur im Dickdarm isoliert [3]. Der
mediane Beginn der Erkrankung liegt im Alter von 30 Jahren und hat 2 Wellen, zuerst zwischen
20 und 30 Jahren und dann im Alter von etwa 50 Jahren [3,15]. Die MC-Symptome beginnen
normalerweise bei Menschen in ihren Zwanzigerjahren. Mehr als 90 % der Patienten haben
Symptome vor dem 40. Lebensjahr und weniger als 5 % werden nach dem 60. Lebensjahr
diagnostiziert [16].

Je nach Art des Verlaufs werden nach der Montreal-Klassifikation folgende MC-
Formen unterschieden: nicht strikturierend und nicht penetrierend, strikturierend, und
penetrierend [17]. Eine nicht strikturierende und nicht penetrierende Form wird durch eine
Entziindung des Darmtrakts ohne Zeichen einer Darmverengung oder Fistelbildung
charakterisiert. Im weiteren Verlauf dieser Entziindung kann es zu fibrotischen Verdnderungen
mit Verengung des Darmlumens kommen, und das heif3t eine strikturierende MC-Form. Diese
fibrostenotischen Veranderungen sind vom pathomorphologischen Charakter irreversible
Veranderungen, die nachfolgend einen chirurgischen Eingriff erfordern. Eine anhaltende
transmurale Entzindung kann auch zur Entwicklung eines Fistelgangs flihren, der flr eine
penetrierende MC-Form charakteristisch ist. Andere typische MC-Komplikation ist ein
Abszess. Diese Komplikation bezieht sich auch auf die penetrierende Form. Diese Form ist oft
durch ein akutes Abdomen gekennzeichnet und erfordert eine weitere chirurgische Behandlung.



Eine besondere Manifestation der penetrierenden MC-Form ist eine Schadigung der distalen
Darmabschnitte mit dem Auftreten von Fisteln und Abszessen des Perianalbereichs. Perianaler
MC ist eine schwéchende Komplikation, die bei etwa 30 % der Personen mit Lumenerkrankung
auftritt. Die Behandlung ist nach wie vor kompliziert und erfordert oft Operation in

Kombination mit einer multimodalen Therapie [18].

2.3 Rezidive, Hospitalisation und Kosten

King et al. und Nguyen et al. zeigten 2019 bzw. 2020, dass trotz Fortschritten in therapeutischen
Verfahren, insbesondere neuer biologischer Behandlungsmethoden, die Anzahl der
Hospitalisation aufgrund typischer Komplikationen wie Fistelbildung und Abszessbildung
hoch bleibt [19,20]. Ungefahr 80 % der Patienten mussen stationér behandelt werden, wobei 25
% innerhalb von 30-90 Tagen nach der Aufnahme wieder aufgenommen werden [19,20]. Die
Progredienz der chirurgischen Behandlung wurde in einer Metaanalyse von Florkis et al. 2013
festgestellt. Etwa ein Drittel der MC-Patienten missen innerhalb von 5 Jahren nach der
Diagnosefeststellung operiert werden [21]. Auch das erhebliche AusmaR wiederholter
chirurgischer Rezidive ist derzeit ein akutes Problem. Die Inzidenz chirurgischer Rezidive
betrug 11-32 % nach 5 Jahren, 20-44 % nach 10 Jahren und 46-55 % nach 20 Jahren [22]. Die
Losung des Problems ist die Identifizierung einer verbesserten Diagnostik, die den
Entzindungsprozess besser beurteilen und die Risikofaktoren fiir ein Rezidiv identifizieren
kann.

Trotz des Aufkommens neuer Medikamente steigen die Kosten fiir die Behandlung von
Patienten, insbesondere in Westeuropa. Der GroRteil aller direkten Gesundheitskosten entfallt
auf medizinische und chirurgische Krankenhausaufenthalte und lag beispielsweise im Jahr
2020 bei etwa 3.500 € pro Patient und Jahr [1,23].

2.4 Ubersicht der aktuellen Diagnostik

Die MC-Diagnose basiert sowohl auf klinischen Daten als auch auf laborchemischen,
endoskopischen und radiologischen Untersuchungsmethoden. Die Symptome wie
Bauchschmerzen, Durchfall, Ubelkeit und Erbrechen sind meistens variabel, aber unspezifisch.
Klinisch ist es oft schwierig, diese Symptome von Symptomen anderer Erkrankungen zu
unterscheiden, insbesondere im Fall vom Reizdarmsyndrom, dessen Prévalenz 10- bis 50-mal
héaufiger als MC angegeben wird [24]. Das Krankheitsbild ist jedoch durch ein akutes oder

unklares Abdomen gekennzeichnet und bleibt oft unspezifisch. Daher sollten zur Entscheidung



uber eine Behandlungsstrategie subjektive klinische Ergebnisse mit objektiven Ergebnissen der
Krankheitsaktivitat durch biochemische Marker, Endoskopie oder radiologische Daten

korreliert werden.

2.5 Endoskopische Verfahren
Die Endoskopie wird gegenwartig als fiihrende Methode zur CED-Diagnose betrachtet,
insbesondere zur Unterscheidung zwischen CU und MC. Zudem spielt dieses Verfahren eine
entscheidende Rolle bei der Uberwachung der Krankheitsaktivitat, der Bewertung der
Behandlungseffektivitdt und der Erkennung von Komplikationen. Zu den endoskopischen
Methoden  zdhlen die lleokoloskopie, die  Osophagogastroduodenoskopie, die
Kapselendoskopie und die Ballon-Enteroskopie.

Modigliani et al. haben aufgezeigt, dass es eine Diskrepanz zwischen dem klinischen
Bild und der Aktivitdt von MC gibt, die anhand von Endoskopien beurteilt wurde [25]. Sie
haben festgestellt, dass das klinische Erscheinungsbild der Patienten nicht mit der Aktivitét des
pathologischen Prozesses korreliert. Es gibt auch keine signifikanten Zusammenhéange
zwischen den Ergebnissen endoskopischer Verfahren und den Werten des C-reaktiven Proteins
(CRP) oder fékalen Calprotectins (FC). In den Studien ACCENT 1 (A Crohn’s Disease Clinical
Trial Evaluating Infliximab in a New Long-Term Treatment Regimen) und SONIC (Study of
Biologic and Immunomodulator Naive Patients in Crohn’s Disease) wurden fast 18 % der
Patienten mit einem charakteristischen Krankheitsbild nicht erkannt [26,27]. Dies weist darauf
hin, dass die Symptome der Patienten die Krankheitsaktivitat nicht zuverldssig vorhersagen
konnen und daher nicht als alleinige Grundlage fir Behandlungsentscheidungen dienen sollten.

Es ist besonders bemerkenswert, dass die Beurteilung der Krankheitsaktivitat und des
Ausmalles von Darmschdden durch den gleichzeitigen Einsatz von erginzenden
endoskopischen und radiologischen Methoden erheblich verbessert wird [25]. Endoskopische
Verfahren ermdglichen lediglich die Beurteilung der Schleimhaut im gesamten
Gastrointestinaltrakt, wéhrend die Computertomographie-Enterographie (CT-Enterographie)
oder MR-Enterographie eine transmurale Beurteilung der Krankheit in Bereichen ermdglichen,
die fur herkdmmliche endoskopische Methoden nicht zugéanglich sind. Sie kdnnen auch
penetrierende Komplikationen der Krankheit diagnostizieren [28,29]. Aktuelle klinische
Studien zeigen, dass die Heilung der Schleimhaut bei der Endoskopie oder das radiologische

Ansprechen auf medikamenttse Therapie mit besseren Langzeitergebnissen verbunden ist
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2.6 Radiologische Verfahren

GemaR den Empfehlungen von Experten der European Society of Gastrointestinal and
Abdominal Radiology (ESGAR) und der European Society of Pediatric Radiology (ESPR)
spielt die Schnittbildgebung eine entscheidende Rolle bei der Bewertung von MC-Lé&sionen
[30]. Solche Techniken wie CT-Enterographie und MR-Enterographie sind wertvolle
Methoden zur Beurteilung von Lumenentziindungen und extraintestinalen Komplikationen. Sie
ermoglichen eine prazise Einschétzung des Schweregrads und sind nicht auf die Untersuchung
des Dickdarms und des terminalen Teils des lleums beschrénkt [31-33].

Die CT-Enterographie zeigt eine hohe Sensitivitdt bei der Identifizierung von
Darmlésionen bei MC. In einer Metaanalyse von 2015 zeigten Puylaert et al. die gleiche
Genauigkeit der CT- Enterographie im Vergleich zur MR-Enterographie bei der Beurteilung
der Aktivitdt und Lokalisation von MC (86 % und 84 % entsprechend) [32]. Die hohe
Auflésung beider Methoden ist mit einer hohen Sensitivitat fur die Erkennung von
entzlindlichen Prozessen verbunden, die durch Fisteln, Abszesse und Strikturen kompliziert
sein konnen. Trotz ihrer Vorteile weist die CT-Enterographie jedoch einige signifikante
Einschrankungen auf. Zum einen handelt es sich um eine Rontgenuntersuchung, die
Strahlenbelastung mit sich bringt, und sie ist daher nicht geeignet, die Effektivitat der
Behandlung in Bezug auf berméaRige Strahlenbelastung zu tberwachen. Bislang wurde kein
Verfahren zur Identifizierung der Aktivitat des Entziindungsprozesses wahrend der CT-
Enterographie entwickelt. Aus diesen Griinden bleibt die CT-Enterographie hauptsachlich die
bevorzugte Methode bei akuten Erkrankungen.

Die MR-Enterographie hat sich derzeit als die praferiete Methode bei der Untersuchung
von CED-Patienten erwiesen. Diese bildgebende Technik ermdglicht gleichzeitig eine
morphologische und qualitative Bewertung der Erkrankung. Dadurch kann die MR-
Enterographie die Ausbreitung im Magen-Darm-Trakt beurteilen und den Schweregrad der
Erkrankung sowie ihre Aktivitat analysieren, um eine prazise Verbindung mit dem klinischen
Status herzustellen. Die MR-Enterographie zeichnet sich durch ihre Multiplanaritat, hohe
Auflosung und die Mdglichkeit einer Funktionsbeurteilung ohne ionisierende Strahlung aus,
was ihr ein hohes diagnostisches Potenzial verleiht [31]. Sie ermdglicht die Beurteilung von
Wandstarke, Lymphknotenschwellung, Geschwiiren, Fisteln, Odemen, Strikturen und
extraintestinalen Komplikationen. Ein weiterer VVorteil der MRT gegeniiber der Endoskopie
besteht darin, dass sie auch die proximalen Darmabschnitte beurteilen kann, wo das Endoskop

aufgrund von Stenosen nicht durchgehen kann.
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Angesichts der zuvor genannten Vorteile der MR-Enterographie wurden mehrere
Indizes entwickelt, um die Aktivitdt des Entziindungsprozesses zu bewerten. Ein weit
verbreiteter Index in diesem Zusammenhang ist der Resonanzaktivitatsindex Magnetic
Resonance Index of Activity (MaRIA). Dieser Index stiitzt sich auf verschiedene Faktoren wie
Wanddicke, Signalintensitat der Darmwand nach Kontrastmittelgabe, das VVorhandensein von
Odemen, Geschwiiren, Pseudopolypen und vergroRerten Lymphknoten [34,35]. Buisson et al.
haben in ihrer Studie die hohe Prazision dieses Indikators im Vergleich zu den Resultaten
endoskopischer Untersuchungen demonstriert, insbesondere hinsichtlich der Einschatzung der
Wiederherstellung der Schleimhaut. Die Bewertung der Schleimhautregeneration ist von
Bedeutung fir die Uberwachung der Behandlung und hat Auswirkungen auf die zukiinftige
Prognose. [36].

Derzeit wird die Sicherheit der Verwendung von Kontrastmitteln bei MRT-
Untersuchungen weiterhin diskutiert. Daher gewinnen Studien, die sich auf den Einsatz von
Nicht-Kontrast-Methoden konzentrieren, insbesondere von diffusionsgewichteten Bildern fiir
MC-Patienten, die regelmaBig Uberwacht werden missen, an Bedeutung. Die
diffusionsgewichtete Bildgebung (DWI) nutzt den Bildkontrast, der sich aus der
unterschiedlichen Bewegung von Wassermolekiilen zwischen Geweben ergibt, und gilt als ein
wichtiges Instrument zur frihzeitigen Erkennung ischdmischer Verénderungen in klinischen
Zusténden. Einige Studien haben gezeigt, dass die Bilddaten, insbesondere wenn der apparent
diffusion coefficient (ADC) verwendet wird, mit den gewonnenen endoskopischen Daten
korrelieren, insbesondere wenn fibrotische Veranderungen in der Darmwand nachweisbar sind
[37,38]. Dennoch hat der ADC bisher die Verwendung von Kontrastmitteln nicht ersetzt und

macht daher weiterfiihrende Forschung erforderlich.

2.7 Parameter der Kérperzusammensetzung

MC-Patienten leiden hdufig unter Gewichtsverlust, Andmie und Hypothermie, was oft mit
Untererndhrung und einem Malabsorptionssyndrom einhergeht. Dieses Syndrom tritt bei 85 %
der MC-Patienten auf und fihrt zu Veranderungen in der subkutanen und viszeralen Fett- sowie
Skelettmuskelmasse. Diese Parameter wurden als potenzielle Biomarker vorgeschlagen, die
MC-Aktivitat, die Wirksamkeit der Behandlung und die Notwendigkeit einer Darmresektion
widerspiegeln konnen [39]. Eine Studie von Bamba et al. zeigte, dass das Auftreten von
Sarkopenie, also dem Verlust von Skelettmuskelmasse, ein Préadiktor fiir eine Darmresektion

sein kann [40]. Umgekehrt reduziert eine h6here Muskelmasse die postoperative Morbiditét.
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Die Rolle von viszeralem und subkutanem Fett ist noch weniger erforscht. Die Studien
zum Fettgewebestatus bei MC-Patienten haben gezeigt, dass Adipositas mit vermehrten
perianalen Komplikationen, hoherer Krankheitsaktivitét, hdufigeren Krankenhausaufenthalten,
kiirzerer Zeit bis zur ersten Operation und der Notwendigkeit einer aggressiveren
medizinischen Behandlung assoziiert ist [41,42]. Bei MC geht die Krankheitsentwicklung
haufig mit dem Auftreten von lokal vermehrtem mesenterialem Fett um die befallene
Darmschlinge, dem sogenannten creeping fat (CrF) einher, was ein charakteristisches Merkmal
fiir den schweren Verlauf der Krankheit ist. Dieses Fett ist reich an entziindungsférdernden und
profibrotischen Zytokinen. Eine Vielzahl von angeborenen und adaptiven Immunzellen, die in
diesem Fett vorhanden sind, tragen zur Entstehung von Fibrose bei. Somit stellt CrF ein
potenzielles therapeutisches Ziel fur die MC-Behandlung dar und konnte ein
vielversprechender Biomarker fur die Vorhersage des Ansprechens auf medikamentdse
Therapien sein [43]. Eine weiterfiihrende Studie zu Veranderungen in viszeralen, subkutanen
Fetten und CrF wirde dazu beitragen, unser Verstandnis der Pathogenese von MC zu vertiefen
und dementsprechend sowohl diagnostische Methoden als auch Behandlungsansétze zu

verbessern.
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2.8 Zielsetzung der Arbeit

Die Anwendung teilautomatisierter Bildanalyse in der Radiologie und die Integration
zusétzlicher Sequenzen erweitern heutzutage deutlich das diagnostische Potenzial der MRT-
Untersuchungen. Wir sind der Auffassung, dass durch den Einsatz geeigneter Methoden in der
MR-Enterographie nicht nur Verédnderungen im Magen-Darm-Trakt, sondern auch in den
Parametern der Kdrperzusammensetzung beurteilt werden kénnen, was zu einer erheblichen

Verbesserung der Diagnostik und Behandlung fiihren kdnnte.

Um die gestellte Aufgabe zu bewaéltigen, wurden die folgenden Fragestellungen

weiterverfolgt:
1. Analyse der Rolle von ADC bei der Beurteilung der Krankheitsaktivitat bei MC-

Patienten in Studien mit MR-Enterographie (Originalarbeit 1).
2. Beurteilung der Kérperzusammensetzungsparameter und des CrF als Pradiktoren fiir
die CD-Aktivitat basierend auf dem MaRIA-Score in MC-Patienten mithilfe der MR-

Enterographie (Originalarbeit 2 und 3).

3. Beurteilung des Zusammenhangs zwischen ADC-Werten der Skelettmuskulatur und

der Aktivitat oder dem Verhalten von MC als Hochrisikomerkmalen (Originalarbeit 4).
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3. Material und Methoden

3.1 Patientenkollektiv

Die retrospektive monozentrische Studie wurde in der Universitatsklinik Magdeburg
durchgefiihrt und schloss alle Patienten ein, bei denen im Zeitraum vom 01.06.2010 bis
01.04.2020 MRE-Scans angefertigt wurden. Das Ziel der MRE-Scans war die Beurteilung des
Krankheitsverlaufes, des Auftritts der Komplikationen und des Ansprechen auf die Therapie.
Die klinischen Daten wie Geschlecht, Gewicht, GroRe, Alter, Rauchen, Krankheitsdauer, CRP,
Komplikationen (Striktur, Fistel, Abszess) sowie Medikamente und friihere Bauchoperationen
wurden aus unserer internen Datenbank (MEDICO KIS, CompuGroup Medical SE & Co.
KGaA, Koblenz, Deutschland) extrahiert. Diese Studie wurde gemaR den Grundsétzen der
Deklaration von Helsinki durchgefiihrt und vom Institutional Review Board (Nr. 145/21) der

Otto-von-Guericke-Universitat Magdeburg, Deutschland, genehmigt.

3.2 Einschluss- und Ausschlusskrieterien
Bei der Erforschung der Darmverénderungen und Parameter der Kérperzusammensetzung (die
2. und 3. Originalarbeit) wurden die folgenden Einschlusskriterien festgelegt: (1) die erste
chronologisch verfligbare MRE; (2) anthropometrische Daten in den klinischen
Aufzeichnungen. Die Ausschlusskriterien waren: (1) MRT des Beckens; (2) starke MRT-
Artefakte. Die endgultige Population bestand aus 114 CD-Patienten mit insgesamt 114-MRE.
Bei der Erforschung von Veranderungen beider Psoasmuskeln (die 4. Arbeit ) wurden
die Kriterien fir die Patientenauswahl etwas gedndert. Unsere Einschlusskriterien waren: (a)
endoskopisch und/oder histologisch bestatigte CD; (b) vollstandige demografische und
klinische Daten; (c) die erste chronologisch verfligbare MRE; (d) durchgefiihrte DWI ohne
Qualitdtsminderung. Die Ausschlusskriterien waren wie folgt: (a) unvollstandige klinische
Daten; (b) starke MRE-Artefakte; (c) MRT der Beckenregion. Daher wurden letztendlich 88

Patienten in unsere Studie aufgenommen.

3.3 MRE-Untersuchungstechnik

Jede MRE wurde auf einem 1,5-Tesla-MR-Scanner (Intera, Philips Healthcare, Best,
Niederlande) in Rickenlage unter Verwendung eines Ganzkdrper-Oberflachenspulensystems
durchgefiihrt. Das Protokoll umfasste eine Vorbereitung mit Fasten tber Nacht vor der
Untersuchung. Die Darmausdehnung wurde durch orale Verabreichung von 1200 ml 2,5 %
Sorbitol in kleinen Aliquots Uber 4 Stunden vor der Untersuchung erreicht. Die Hemmung der

Darmperistaltik erfolgte durch eine intravendse Injektion von 20 mg/ml N-Butylscopolamin
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(Buscopan, Boehringer Ingelheim, Deutschland). Als Kontrastmittel wurde bei allen MRE
Gadolinium (Gadovist, Bayer Vital, Leverkusen, Deutschland) in einer Dosis von 0,1 ml/kg
Kdrpergewicht verwendet.

3.4. Magnetischer Resonanzaktivitdtsindex (MaRIA)

Die CD-AKktivitat haben wir mithilfe des magnetischen Resonanzaktivitatsindexes (Magnetic
Resonance Index of Activity - MaRIA) ausgewertet, der im Segment mit den starksten
Veranderungen gemaR der Formel [1,5 x Wandstarke (mm) + 0,02 x relative
Kontrastverstarkung (RCE)] geschatzt wurde. RCE wurde wie folgt berechnet: RCE =
[Wandsignalintensitat (WSI) nach Gadolinium — WSI Pregadolinium / (WSI Pregadolinium)]
x 100 x [Standardabweichung (SD) Rauschen Pregadolinium/SD Rauschen Postgadolinium].
Das SD-Rauschen vor und nach der Gadoliniumverabreichung wurde als Durchschnitt von drei

SD der aulRerhalb des Kdrpers gemessenen Signalintensitét ermittelt.

3.5 Beurteilung von Creeping Fat
Das kriechende Fett wurde qualitativ als erhOhtes Bauchfett rund um den betroffenen
Darmabschnitt in der axialen T1-Sequenz beurteilt.

3.6 Messung der ADC-Werte bieder Psoas-Muskeln

Die Bestimmung des ADC-Wertes beider Psoas-Muskeln erfolgte auf Hohe des dritten
Lendenwirbels. Die Analyse umfasste die Messung des kumulativen mittleren ADC-Werts
beider Psoas-Muskeln. Der ADC-Wert wurde gemessen, indem in ADC-Karten polygonale
Regionen von Interesse (ROI) entlang der Konturen der Psoas-Muskeln gezeichnet wurden,

wobei Fettbereiche und Gefalle vermieden wurden.

3.7 Messung der Parameter der Kérperzusammensetzung

Die Beurteilung von Fett- und Muskelgewebe wurde mit dem speziellen halbautomatischen
Tool AsanJ-Morphometry durchgefuhrt [44]. Die Messungen auf der Ebene des dritten
Lendenwirbels umfassten die Einschétzung des viszeralen Fettgewebes (VAT), des subkutanen
Fettgewebes (SAT), des gesamten Fettgewebes (TAT), des Skelettmuskelgewebes und des
intramuskuldren Fettgewebes (IMAT) in Quadratzentimetern basierend auf der Pixelanzahl.
Dariiber hinaus wurde das Verhaltnis von viszeralem zu subkutanem Fett (VAT/SAT)
berechnet. VATI und SATI wurden berechnet, indem VAT und SAT durch das Quadrat der
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KorpergroRe dividiert wurden. Die geschlechtsspezifischen Grenzwerte fur VATI (niedriger vs.
hoher VATI) lagen bei 44,0 cm?/m? fir Ménner und 35,0 cm?m? fur Frauen [45]. Die
geschlechtsspezifischen Grenzwerte fiir SATI (niedriger vs. hoher SATI) lagen bei 40,0 cm?/m?
fir Manner und 30,0 cm?/m? fiir Frauen [45]. Die geschlechtsspezifischen Grenzwerte fiir
VAT/SAT (niedrige vs. hohe VAT/SAT) betrugen 1,325 fiir M&nner und 0,710 flr Frauen [46].
Sarkopenie wurde anhand des SMI gemessen. Der SMI wurde berechnet, indem das
Skelettmuskelgewebe (cm?) durch die KorpergroRe im Quadrat (m?) geteilt wurde [46]. Die
SMI-Grenzwerte lagen bei 43,0 cm?/m? bei einem BMI von 25 kg/m? bzw. 53 cm?/m? bei einem
BMI von 25 kg/m? und bei Frauen bei 41 cm?/m? [46,47]. Zusétzlich wurde der Psoas-Muskel-
Index (PMI) berechnet, indem die Psoas-Muskelflachen auf beiden Seiten durch das Quadrat
der KorpergroRe des Patienten (cm?/m?) geteilt wurden.

3.8 Statistische Analyse

Alle Analysen wurden mit einem Statistiksoftwarepaket (SPSS Statistics fir Windows, Version
27.0, IBM Corp., Armonk, NY, USA) durchgefihrt. Kontinuierliche Variablen wurden als
Mittelwert (M) und Standardabweichung (SD) oder Median und Interquartilbereich (IQR)
ausgedriickt. Kategoriale Variablen wurden in Prozentsatzen dargestellt. Zur Beurteilung der
Normalitat der kontinuierlichen Variablen wurde der Kolmogorov-Smirnov-Test verwendet.
Kontinuierliche Variablen wurden zwischen Gruppen mithilfe des Student-t-Tests oder des
Mann-Whitney-U-Tests verglichen. Kategoriale Variablen wurden mit dem y2-Test oder dem
exakten Fisher-Test verglichen. Fir die univariate und multivariate Analyse (angepasst an
Alter, Geschlecht und BMI) wurden alle Patienten anhand ihrer VATI-, SATI- und VSR-Werte
in Korperzusammensetzungsgruppen dichotomisiert. Der Intraclass-Korrelationskoeffizient
(KI) wurde fur jedes Paar von ADC-, PMI- und MaRIA-Werten berechnet, um die Intra- und
Interobserver-Ubereinstimmung zu bestimmen. Fir CrF als kategoriale Variable wurde
auBerdem der Cohen-Kappa-Test verwendet, um die Ubereinstimmung innerhalb und zwischen

Beobachtern zu bewerten. Ein p-Wert von 0,05 wurde als statistisch signifikant angesehen.
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4. Ergebnisse eigener Arbeit

Originalarbeit 1

Apparent diffusion coefficient for assessing Crohn’s disease activity: a meta-analysis.

Thormann M, Melekh B, Bér C, Pech M, Omari J, Wienke A, Meyer HJ, Surov A.

Die MRT-Enterographie als nicht-invasive Methode zur Untersuchung des
Gastrointestinaltrakts spielt eine entscheidende Rolle bei der MC-Diagnose. Sie ermdglicht die
Bewertung der Entziindungsaktivitat und maglicher Komplikationen in allen Darmabschnitten
[48-52]. Klassische MRT-Enterographieprotokolle benutzen Gadoliniumsequenzen, deren
Verwendung in letzter Zeit aufgrund der Anreicherung im menschlichen Korper kontrovers
diskutiert wird [53-55]. Moderne MRT-Protokolle integrieren geméald den Empfehlungen der
Européischen Gesellschaft flir gastrointestinale und abdominale Radiologie DWI und ADC, die
auf der Bewertung der chaotischen Bewegung von Wassermolekulen in biologischen Geweben
basieren und das diagnostische Spektrum dieser Untersuchung erweitern [50,56]. Das Ziel
dieser Arbeit bestand darin, die Funktion von ADC in der Bewertung der Krankheitsaktivitat
bei MC-Personen zu analysieren.

Unsere Metaanalyse umfasste 21 Studien mit insgesamt 1053 Patienten, wobei 496
(47 %) weiblich und 577 (53 %) mannlich waren. VVon den Studien waren 11 (52 %) prospektiv
und 10 (48 %) retrospektiv angelegt. Die GrofR3e der untersuchten Patientengruppen schwankte
zwischen 20 und 229, wobei das durchschnittliche Alter bei 26,5 Jahren lag. Ergebnisse zu
padiatrischen Patienten wurden in drei Studien berichtet [57-59]. In der Gesamtstichprobe
betrug der gepoolte Korrelationskoeffizient (r) zwischen ADC und CDAI war 0,8 (95 %
Konfidenzintervall (K1) = [-0,94; -0,65]), p < 0,000001, bei einer Heterogenitit von 12 = 0,01
(p = 0,06) und einem 17 von 71 %, zwischen ADC und MaRIA -0,66 (95 % KI = [-0,79; -0,53]),
p < 0,000001, bei einer Heterogenitit von 12 = 0,02 (p < 0,0001) und einem I von 83 %. Es
wurde eine starke Assoziation zwischen ADC und SES-CD mit einer gepoolten Korrelation
von -0,66 (95% KI = [-0,87; -0,46]), p < 0,000001, bei einer Heterogenitit von 12 = 0,04 (p <
0,0001) und einem 12 von 88 % beobachtet. Die gepoolte Empfindlichkeit zur Unterscheidung
zwischen betroffenen und nicht betroffenen Darmsegmenten betrug 0,89 mit einer Flache unter
der Kurve von 0,89.
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Originalarbeit 2
Parameters of body composition and creeping fat are associated with activity of Crohn's
disease.

Barajas Ordonez F, Melekh B, Rodriguez-Feria P, Damm R, Thormann M, March C, Omari J,
Pech M, Surov A.

Neueste Studien haben gezeigt, dass verdnderte Korperzusammensetzungsparameter die
Lebensqualitét, postoperativen Komplikationen, Krankheitsaktivitat und Verhalten von MC-
Patienten beeinflussen kdnnen [60,61]. Bei den Patienten mit Strikturen und Fisteln wurde ein
erhohtes VAT/TAT-Verhaltnis festgestellt [62]. Die VAT-Zunahme wird als eigenstandiger
Risikofaktor fir das MC-Rezidiv nach einer Operation betrachtet [63]. Zusatzlich geht ein
komplizierter MC-Verlauf mit dem Auftreten von CrF einher [64]. Daher wurde in dieser Studie
das Ziel verfolgt, die Beziehung zwischen den Korperzusammensetzungsparametern, CrF und
der MC-Aktivitat anhand des MaRIA-Score zu analysieren.

114 CD-Patienten, die sich zwischen Juni 2010 und April 2020 einer Magnetresonanz-
Enterographie (MRE) unterzogen, wurden retrospektiv untersucht. Anhand des MaRIA-Score
wurden die Patienten in zwei Gruppen eingeteilt: leichte bis mittelschwere Erkrankung (MaRIA
<11, n = 50) und schwere Erkrankung (MaRIA >11, n = 64). Die Gruppe mit schwerer
Erkrankung wies héhere CRP-Serumspiegel auf als die Gruppe mit leichter bis mittelschwerer
Erkrankung (p < 0,001). In der Gruppe mit leichter bis mittelschwerer Erkrankung hatte ein
hoherer Anteil der Patienten einen BMI > 25 kg/m2 (32,0 %), verglichen mit der Gruppe mit
schwerer Erkrankung (16,5 %) (p = 0,04). SATI war in der Gruppe mit leichter bis
mittelschwerer Erkrankung signifikant héher (p = 0,04). Das VAT/SAT-Verhaltnis war in der
Gruppe mit schwerer Erkrankung tendenziell hoher (p = 0,09). Es gab keinen signifikanten
Unterschied zwischen beiden Gruppen hinsichtlich des Gesamtfettgewebeindex (TATI) (p =
0,10), des VATI (p = 0,51), des intramuskularen Fettgewebeindex (IMATI) (p = 0,38) und der
SMI (p = 0,83) und Sarkopenie (p = 0,75). In der multivariaten Analyse war CrF signifikant
mit einer schweren Erkrankung assoziiert (Odds Ratio (OR) = 11,50, 95 %-KI 3,13-42,17; p <
0,001). Dariiber hinaus schiitzte ein BMI > 25 kg/m2 vor einer schweren Erkrankung (OR =
0,34, 95 %-K1 0,12-0,95; p = 0,04).
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Originalarbeit 3
Body composition predictors of complicated Crohn's disease.

Barajas Ordonez F, Melekh B, Rodriguez-Feria P, Melekh O, Thormann M, Damm R, Omari
J, Pech M, Surov A.

In letzter ~ Zeit  wurde intensiv. erforscht, wie  Verénderungen der
Kdérperzusammensetzungsparameter sich auf das Auftreten von Komplikationen bei MC-
Patienten auswirken. Diese Veranderungen kénnen zu einer Zunahme der Krankheitsbelastung
und einer Verschlechterung der Lebensqualitat fiihren [65-67]. Es wurde herausgefunden, dass
eine  VAT-Hypertrophie den Entziindungsprozess verstarken kann [68]. Ein erhohtes
VAT/SAT-Verhéltnis wurde als Risikofaktor fiir das Auftreten von Strikturen und Fisteln
identifiziert [69]. Zudem wurde eine Verbindung zwischen Sarkopenie und langeren
Krankenhausaufenthalten nachgewiesen [70]. Allerdings sind die bisherigen Studien zu diesem
Thema noch begrenzt. Das Ziel unserer Untersuchung bestand daher darin, die Beziehung
zwischen den Kodrperzusammensetzungsparametern und MC-Komplikationen einzuschéatzen.

Es wurde eine retrospektive Bewertung von 114 Patienten durchgefihrt, die mit MC
diagnostiziert wurden und eine MRE durchgemacht hatten. Geméal der Montreal-Klassifikation
wurden die Patienten in eine Gruppe mit entzlndlicher Erkrankung (n = 54) und eine Gruppe
mit komplizierter Erkrankung (n = 60) eingeteilt. Die halbautomatische Beurteilung der
Kdrperzusammensetzung und die qualitative Bewertung von CrF wurden durchgefihrt,

Die Korperzusammensetzungsparameter unterschieden sich zwischen beiden Gruppen
nicht hinsichtlich des Body-Mass-Index (p = 0,50), des gesamten Fettgewebeindexes (TATI)
(p = 0,14), des subkutanen Fettgewebeindexes (SATI) (p = 0,17), des viszeralen
Fettgewebeindexes (VATI) (p = 0,33), des VAT/SAT-Verhidltnises (p = 0,77), des
intramuskuldren Fettgewebes (p = 0,64), des Skelettmuskelindexes (p = 0,22) und der
Sarkopenie (p = 0,50). Es wurden 47 Strikturen, 18 Fisteln und 7 Abszesse identifiziert. Die
Fisteln traten haufiger bei Patienten mit CrF (OR = 5,07, 95 %-KI 1,76-14,56; p=<0,001) und
hohem VAT/SAT-Verhaltnis (OR = 3,82, 95 %-KI 1,34-10,85; p = 0,01).
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Originalarbeit 4
Diagnostic value of apparent diffusion coefficient of psoas muscles for evaluating
complication in patients with Crohn’s disease

Melekh B, Barajas Ordonez F, Melekh O, Flintrop W, Pech M, Surov A

Sarkopenie, ein fortschreitender und weitreichender degenerativer Verlust von
Skelettmuskelmasse, tritt bei CED-Patienten hauptséchlich aufgrund von Mangelernahrung
durch eine langanhaltende entziindliche Darmerkrankung auf [71]. In einer
bevolkerungshasierten Studie wurde von Sharif et al. festgestellt, dass die Patienten mit
Polymyositis und Dermatomyositis eine signifikant hohere Rate von CED aufwiesen [72].
Dariiber hinaus weisen zahlreiche veroffentlichte klinische Félle von Augen- oder
Wadenmyositis bei MC-Patienten auf die Notwendigkeit einer weiteren Analyse von
Muskelverdnderungen mithilfe zusatzlicher Methoden hin, um unsere Kenntnisse der
Pathomorphologie zu erweitern [73—76]. Im Jahr 2018 haben Surov et al. gezeigt, dass ADC
als bildgebender Biomarker fir myopathische Veranderungen bei Leberzirrhose genutzt
werden kann [77]. Das Hauptziel dieser dieser Studie bestand darin, den Zusammenhang
zwischen ADC der Skelettmuskulatur und der MC-Aktivitdt und dem MC-Verlauf als
risikorelevante Faktoren zu analysieren.

Hierbei handelte es sich um eine retrospektive Studie mit 88 CD-Patienten, die sich
MRE unterzogen. Auf der Hohe des dritten Lendenwirbels wurden die ADC-Werte des Psoas-
Muskels sowie PMI auf beiden Seiten gemessen. Es wurde ein Vergleich von ADC und PMI
von Patienten nach CD-Verhaltenstypen (Montreal-Klassifikation) und CD-Aktivitét
durchgefunhrt.

Unsere Studie umfasste 47 Manner und 41 Frauen mit einem Durchschnittsalter von
38,69 Jahren + 14,4. Der signifikante Unterschied der ADC-Werte zwischen unkomplizierter
Erkrankung (B1, n = 45) und komplizierter Erkrankung (B2 + B3, n = 43) mit Mittelwerten von
1,11 + 0,19 (10-3*mm?/s) bzw. 1,03 + 0,10 wurde beobachtet (p = 0,02). Auch der ADC war
bei nicht-strikturierenden Patienten (n = 51) signifikant hoher als bei Patienten mit Strikturen
(n=37)(1,10+0,18 bzw. 1,02 + 0,11, p = 0,01). Bei der Beurteilung des PMI zeigten Patienten
mit nicht penetrierender Erkrankung Kklinisch hthere Werte als Patienten mit penetrierender
Erkrankung (5,71 + 1,88 vs. 4,42 + 1,55 cm?/m?, p = 0,10).
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5. Diskussion

Die MRT-Enterographie spielt eine entscheidende Rolle bei der Diagnose und Behandlung von
MC-Patienten. Diese Methode ermdglicht die Beurteilung des Entziindungszustandes der
Darmwand und wird daher aktiv zur Analyse des Krankheitsverlaufs, der Komplikationen und
des Therapieansprechens eingesetzt [51,78,79]. Angesichts der vertffentlichten Ergebnisse zur
Akkumulationsféhigkeit von Gadolinium im Gehirn wird die Sicherheit dieser Methode jedoch
aktiv diskutiert [54,55]. Eine Reihe neuerer Studien hat die Wirksamkeit der
diffusionsgewichteten Bildgebung zur Beurteilung des pathologischen Prozesses bei MC-
Patienten gezeigt [37,50,58,80-86]. Diese Arbeiten zeigten, dass die Verwendung von
Diffusionsbildern und deren ADC-Karten es ermdglicht, nicht nur die klinische Aktivitat des
Prozesses, sondern auch die morphologischen Veranderungen zu bewerten. Allerdings gibt es
trotz der zunehmenden Anzahl an Forschungsarbeiten immer noch kein klares Verstandnis Gber
die genaue Rolle von ADC und eine systematische Analyse der verodffentlichten Daten ist
erforderlich. Dieses Problem wurde zum Ziel unserer ersten Arbeit, ndmlich der Analyse der
Rolle von ADC bei der Beurteilung der Krankheitsaktivitat bei MC-Patienten.

In unserer 1. Studie identifizierten wir eine deutliche umgekehrte Korrelation (p =
—0,80) zwischen ADC und CDAI. Dieser Zusammenhang ist von erheblicher Bedeutung fir
die klinische Praxis, da der CDAI als Goldstandard fir die klinische Bewertung von MC-
Patienten  dient.  Allerdings ist die Reproduzierbarkeit aufgrund erheblicher
zwischenbeobachterabhangiger Fehler begrenzt [87]. In Anbetracht der engen Beziehung
zwischen ADC und CDAI, wie in unserer Untersuchung festgestellt, deutet dies darauf hin, dass
der ADC als alternative Methode zur klinischen Bewertung von Patientensymptomen
verwendet werden kann.

Zudem identifizierten wir eine signifikante Beziehung zwischen ADC und MaRIA (p =
—0,66). Eine prospektive Studie von Straksyte et al. mit einer umfangreichen Teilnehmerzahl
(n=229) wies eine ausgepragte umgekehrte Korrelation zwischen ADC und den MaRIA-Score
sowie Clermont-Score auf [88]. Angesichts der Ergebnisse des kumulativen
Korrelationsindexes und prospektiver Daten konnte die ADC-Messung ein erhebliches
Potenzial fir die klinische Anwendung haben, mit einfacherer Reproduzierbarkeit im Vergleich
zu MaRIA . In der Analyse morphologischer Verédnderungen stellten wir eine deutliche
Korrelation zwischen den ADC- und SES-CD-Werten fest (r = —0,66). Diese Ergebnisse decken
sich mit den Befunden der Untersuchung von Buisson et al. [33], die eine Verbindung zwischen
ADC und der Ausdehnung sowie Grolie entziindlicher Geschwiire aufzeigte. Die Beurteilung
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von entzundlichen und fibrotischen Veranderungen spielt eine entscheidende Rolle in der MC-
Therapie, da sie weiterhin einer der Hauptgrinde fur Krankenhausaufenthalte und chirurgische
Eingriffe bei MC-Patienten darstellt [85,86]. Lee et al. zeigten die Fahigkeit, mittels ADC
zwischen fibrotischen und nicht-fibrotischen Verdnderungen in der Darmwand zu
differenzieren [84].

Die erhaltenen Ergebnisse legen die Hypothese nahe, dass ADC-Werte als wertvolle
bildgebende Biomarker zur Beurteilung der Krankheitsschwere und morphologischer
Verdnderungen dienen konnten. Messungen des ADC konnten somit neben etablierten
klinischen Bewertungen als diagnostischer Eckpfeiler fur die Entscheidungsfindung in der
Behandlung verwendet werden.

Mit dem Fortschritt neuer Methoden zur Analyse radiologischer Bilder, insbesondere
der Anwendung halbautomatischer Techniken zur Segmentierung verschiedener anatomischer
Strukturen, gewinnt die diagnostische Bedeutung von radiologischen Untersuchungen jedoch
eine erweiterte Perspektive. Die MRT-Enterographie ermoglicht heute nicht nur die
Beurteilung des Zustands der Darmwand, sondern auch die Bewertung des viszeralen und
subkutanen Fettgewebes sowie der Skelettmuskulatur [89]. Diese Parameter werden bei
Krebspatienten aktiv genutzt, um den Fortschritt des Tumorprozesses und seine systemischen
Auswirkungen zu beurteilen. Angesichts des chronischen MC-Verlaufs und seiner direkten
Auswirkungen auf Verdauungsprozesse konnten Analysen komplexer Parameter unserer
Ansicht nach dazu beitragen, nicht nur die Diagnose, sondern auch die Behandlung dieser
Patienten zu verbessern. Zusatzlich deutet das CrF-Auftreten, das im Kontext von MC entsteht
und auf einen aggressiveren Verlauf des Entziindungsprozesses hinweist, darauf hin, dass die
Analyse der Korperzusammensetzungsparameter durchaus machbar ist. Daher wurden in den
beiden nachfolgenden Originalarbeiten (Originalarbeit 2 und 3) die Bewertung der
Korperzusammensetzungsparameter und deren Vergleich mit CrF sowie der Zusammenhénge

von Aktivitat, Verlauf und Komplikationen von MC als Forschungsziele festgelegt.

Die 2. Originalstudie analysierte Korperzusammensetzungsparameter und CrF im
Zusammenhang mit der MC-Aktivitat, die anhand der MaRIA bewertet wird. Unsere
Ergebnisse legen nahe, dass CrF signifikant mit einer schweren Erkrankung assoziiert ist (OR
= 11,50, 95 %-KI 3,13-42,17; p < 0,001). Diese Ergebnisse stehen im Einklang mit fritheren
Studien von Althoff et al., die einen Zusammenhang zwischen CrF und dem komplexen MC-
Verlauf festgestellt haben (OR = 3,5; p < 0,5) [64]. CrF ist definiert als eine lokale Zunahme
des mesenterialen Fettgewebes, dessen mesenteriale Adipozyten eine bedeutende Quelle der
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lokalen Produktion von CRP und proinflammatorischen Zytokinen darstellen [60,90]. In
Ubereinstimmung mit dieser Hypothese fanden wir bei der schweren Erkrankung signifikant
héhere Serum-CRP-Spiegel im Vergleich zu den Gruppen mit leichter und mittelschwerer
Erkrankung (p <0,001). Diese Daten bestitigen friithere Studien [60,91]. Unserer Meinung nach
bleibt die Schatzung von CrF begrenzt, da es bei der Bewertung der Prozessaktivitat,
insbesondere bei der Berechnung der MaRIA-Werte, nicht berucksichtigt wird. Auferdem wird
CrF bei der Beurteilung von Korperparametern nicht ausreichend exakt eingeschatzt. Wie Suau
et al. betonten, kann dies die Bewertung ihres Potenzials bei der Vorhersage des
Therapieansprechens oder der Uberwachung des MC-Verlaufs erschweren [92]. Rimola et al.
fanden heraus, dass CrF ein negativer Pradiktor fur die anhaltende Heilung entziindlicher
Lasionen bei MC-Patienten war, die mit Tumornekrosefaktor-alpha (TNF-a)-Inhibitoren
behandelt wurden [90]. Somit liefert unsere Arbeit Unterstitzung fur die weitere Bewertung
von CrF in der MRT als Marker fiir einen schweren MC.

Bei der Analyse der Korperzusammensetzungsparameter zeigte sich, dass SATI in der
Gruppe mit leichter bis mittelschwerer Erkrankung signifikant hoher war als in der Gruppe mit
schwerer Erkrankung (p = 0,03). In der univariaten Analyse war ein hoher SATI nicht
signifikant mit einer schweren Erkrankung assoziiert (OR = 0,76, 95 %-K1 0,36-1,61; p = 0,48).
Es ist bekannt, dass Fettleibigkeit zu einem signifikanten Anstieg des VAT und SAT flhren
kann [93]. In unserer Studie erwies sich ein BMI > 25 kg/m2 als schiitzender Faktor gegen
schwere Erkrankungen (OR= 0,34, 95 %-KI 0,12-0,95; p = 0,04). Diese Ergebnisse stimmen
mit den Beobachtungen von Jain et al. (berein, die berichteten, dass Fettleibigkeit und
Ubergewicht bei Kindern mit neu diagnostizierter chronischer Nierenerkrankung ein Jahr nach
der Diagnose im Vergleich zu Kindern mit Normalgewicht nicht zu einer schlechteren
Krankheitsaktivitat fuhrten [94]. Die Feststellung, dass adipdse Patienten mit chronischer
Nierenerkrankung im Vergleich zu nicht-adipdsen Patienten ein erhohtes Risiko fir
postoperative infektiose Komplikationen aufweisen, konnte auch durch die Tatsache erklart
werden, dass Adipositas ein Faktor ist, der zu Komorbiditaten wie Typ-2-Diabetes und Herz-
Kreislauf-Erkrankungen beitragt [95,96].

In unserer 3. Originalarbeit haben wir den Zusammenhang zwischen CrF,
Korperzusammensetzungsparametern und dem Auftreten von Komplikationen bei MC-
Patienten analysiert. Laut einer aktuellen Metaanalyse von Jiang et al. hatten Patienten mit CED
und Adipositas ein erhéhtes Risiko flr chirurgische Komplikationen (OR = 1,45; p < 0,001),
insbesondere infektiose Komplikationen (OR = 1,48; p = 0,003), im Vergleich zu Patienten
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ohne Adipositas [97]. In der Gruppe der Patienten mit Ubergewicht oder Adipositas wurde
jedoch keine erhohte Haufigkeit von Krankheitskomplikationen beobachtet (p = 0,56). Diese
Ergebnisse stimmen mit der Erkenntnis anderer Autoren Uberein, dass der BMI an sich nicht
mit dem Krankheitsverlauf assoziiert ist [98,99].

Die Unterteilung unserer Population nach SATI-Grenzwerten in Bezug auf Geschlecht
(niedriger/normaler vs. hoher SATI) und (niedriger/normaler vs. hoher VATI) ergab keine
Vorhersage fir das Auftreten spezifischer Komplikationen (Fistel, Abszess oder Striktur).
Unsere Daten legen nahe, dass VAT, VATI, SAT und SATI allein nicht ausreichen, um MC-
Komplikationen vorherzusagen. Die erzielten Ergebnisse stimmen mit den von Erhayiem et al.
durchgefuhrten Untersuchungen Uberein [68]. Sie fanden heraus, dass das durchschnittliche
VAT/SAT-Verhdltnis bei MC-Patienten, die Striktur- oder Fistelbildungskomplikationen
aufwiesen, signifikant hdher war als bei Patienten mit unkomplizierter Erkrankung (p = 0,001).
In Bezug auf Abszesse konnten wir in der VAT/SAT-Analyse keinen statistischen Unterschied
feststellen (OR = 1,48, 95 %-KI 3,14-6,97; p = 0,36). Dies konnte auf die geringe Anzahl von
Patienten zuritickzufihren sein, deren Krankheitsverlauf durch Abszesse erschwert wurde, da
die MR-Enterographie nicht zu den Standarduntersuchungen fur akute Bauchbeschwerden
gehort. In unserer Kohorte war die Gesamtzahl der Patienten mit Abszessen gering (n = 7).

Bei der Untersuchung des Zusammenhangs zwischen CrF und Komplikationen fanden
wir keinen signifikanten Unterschied zwischen Patienten mit Strikturkomplikationen im
Vergleich zu Patienten ohne Strikturkomplikationen (p = 0,18). Der genaue Grund hierfur ist
nicht offensichtlich. Es wurde zuvor berichtet, dass Veranderungen im Bindegewebe,
einschlieBlich CrF, mit den lokalen Auswirkungen einer zugrunde liegenden chronischen
Entziindung in Verbindung stehen [100]. In Ubereinstimmung mit friiheren Studien wurde in
unserer Untersuchung kein spezifischer Unterschied zwischen entzindlichen und fibrésen
stenotischen Verénderungen festgestellt, was darauf hindeutet, dass letztere starker mit
Verénderungen im Fettgewebe, einschlieBlich CrF, assoziiert sind [101]. Insgesamt trat CrF in
unserer Studie bei Patienten mit komplizierten Erkrankungen haufiger auf als bei entziindlichen
Erkrankungen (p = 0,11). Bei Patienten mit CrF waren Fistulierungskomplikationen haufiger
als Strikturkomplikationen (OR = 5,07, 95 %-KI 1,76-14,56; p = <0,001). Die Feststellung,
dass CrF bei Patienten mit Fisteln hdufiger vorkam, ist nachvollziehbar, da CrF als schiitzende
Reaktion beschrieben wurde. Dabei wandert mesenteriales Fettgewebe in Bereiche mit
gestorter Darmbarriere, um die systemische Verbreitung potenziell schadlicher bakterieller
Antigene zu verhindern, die durch die gestorte Barriere in den Darm gelangen kdnnten [102].
Zusétzlich konnen einige Bakterien direkt Endothelzellen und Adipozyten infizieren, was zu
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ihrer Proliferation fuhrt und letztendlich zur Entwicklung neuer Geféalie und mesenterialem CrF
beitragt [102,103]. Als Ergebnis konnen die Wande von Fisteln das Ergebnis von
Neoangiogenese oder Lymphangiogenese in der Darmwand sein [103].

Zusammenfassend l&sst sich sagen, dass die klinische Bedeutung unserer Daten darauf
hinweist, dass die MRE-basierte Einteilung von CD-Patienten in Gruppen mit erhéhtem
VAT/SAT sowie die radiologische Bewertung von CrF als potenzielle neue Prognosefaktoren
fur das Auftreten von Fistelkomplikationen in Betracht gezogen werden sollten.

In unserer 4. Originalarbeit haben wir die Bedeutung des ADC der Lendenmuskulatur
als zusatzlichen Parameter untersucht, um Muskelveranderungen im Zusammenhang mit der
Aktivitdt und dem Verhalten bei MC zu identifizieren. Angesichts der neuen Hypothese der
"Darm-Muskel-Achse" besteht die Notwendigkeit, intramuskuldre Veranderungen zu
bewerten, die aufgrund des systemischen Einflusses eines geringen Entziindungsgrades bei
MC-Patienten auftreten konnen, um Formen mit unglinstiger Prognose fruhzeitig zu erkennen
[6,10]. Verschiedene friihere Studien haben die Wirksamkeit von DWI und ADC als nutzliche
Kklinische Instrumente zur Identifizierung intramuskuldrer Stérungen bestatigt [104-112].
Meyer et al. berichteten Uber signifikant hohere ADC-Werte in Muskeln bei Myositis und
Myopathie im Vergleich zu nicht betroffenen Muskeln, was im Allgemeinen mit dem Auftreten
von Muskelodemen verbunden war [104]. Weitere Verdffentlichungen von Meyer zeigten eine
starke Korrelation zwischen den Ergebnissen des ADC und Elektromyographie bei Myositis,
was die Mdglichkeit bietet, den funktionellen Zustand der Muskeln widerzuspiegeln [112,113].
In unserer Studie ergab die ADC-Auswertung deutlich niedrigere Werte bei Patienten mit
komplizierter  Erkrankung im  Vergleich zu unkomplizierter Erkrankung bzw.
Strikturerkrankung im Vergleich zu nicht-strikturischer Erkrankung (p=0,02 bzw. p=0,01). Ran
et al. beobachteten bei Patienten mit Myositis niedrigere ADC-Werte im Vergleich zu
Kontrollpersonen mit nicht betroffenen Muskeln [110], was sie mit dem Auftreten
zytotoxischer Reaktionen im Muskel erklarten. Eine alternative Hypothese von Dalaks et al.
brachte die Diffusionsverdnderungen mit einer Zunahme der Zellularitdt aufgrund der
Migration von Entzlindungszellen und verstarkten Entziindungsprozessen in Verbindung, was
zu Odemen und Nekrosen von Muskelfasern und einer erhohten Zellzahl im Diffusionsraum
fur Wassermolekiile fuhrt [114,115].

Zusammengefasst weisen unsere Ergebnisse auf eine erhebliche klinische Bedeutung
der MR-Parameter bei MC hin. Erstens ist die Messung der ADC-Werte einfach und entspricht
der Methode zur Bewertung zusammengesetzter Parameter des Korpers. Zweitens kénnte der
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statistische Unterschied der ADC-Werte zwischen Patienten mit kompliziertem und
unkompliziertem Verlauf sowie zwischen penetrierenden und nicht-penetrierenden Formen
dazu beitragen, Patienten mit schlechterer Prognose zu identifizieren. Drittens kdnnte eine
weitere Analyse intramuskulérer Veranderungen auf der Grundlage von ADC-Messungen dazu

beitragen, Patienten mit einer guten Prognose friihzeitig zu identifizieren.

5.1 Limitationen

Originalarbeit 1

Diese Arbeit weist manche Limitationen auf. Erstens wiesen viele der eingeschlossenen Studien
retrospektiven Charakter auf. Zweitens gestaltete es sich als Herausforderung, die
verschiedenen Altersgruppen kontinuierlich zu standardisieren, was zu erheblicher
Heterogenitat fuhrte. Drittens wurden die erfassten Daten auf unterschiedlichen MRT-Scannern
mit variierenden technischen Parametern (Magnetstarke, B-Werte und Erfassungszeit)
aufgezeichnet. Zudem war die Vorbereitung der Patienten nicht einheitlich standardisiert, was
jedoch die Vielfalt des klinischen Alltags widerspiegelt. Aufgrund der begrenzten Anzahl der
an den Studien beteiligten Patienten konnten wir dies bedauerlicherweise nicht durch
zusétzliche Teilanalysen angehen und waren daher nicht in der Lage, eine Metaanalyse oder
Regressionsanalyse durchzufiihren. Viertens variierte der Referenzstandard zur Beurteilung
von Entziindungen in allen Studien, wobei einige chirurgische Proben und andere
endoskopische Untersuchungen verwendeten. Finftens wurde diese systematische
Uberpriifung nicht in einem Register festgehalten, was méglicherweise zu Verzerrungen bei
der Datenerhebung gefuhrt hat. Daruber hinaus wiesen einige unserer Untergruppen trotz
zahlreicher eingeschlossener Studien eine geringe Patientenzahl auf.

Originalarbeit 2 und 3

Eine Einschrankung dieser Studien war das monozentrische Design und die retrospektive
Methodik. Die anthropometrischen Messungen wurden aus den elektronischen Krankenakten
extrahiert. Zudem waren die klinischen Daten zur medikamentdsen Therapie bei MC
unvollstandig. MC-Patienten, die aufgrund akuter Komplikationen wie gastrointestinale
Blutung, Hohlorganperforation oder lleus notfallmaRig in der Klinik erschienen und in der
Regel eine CT-Untersuchung als Akutdiagnostik benétigten, wurden moglicherweise nicht in
die Studien eingeschlossen. Die Quantifizierung von Korperzusammensetzungsparametern aus
MRT-Untersuchungen ist bisher kein standardisiertes Verfahren, und es gibt erhebliche

Unterschiede hinsichtlich des Protokolls, der verwendeten Software und der
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Normalisierungsfaktoren. Die Auswertung der Koérperzusammensetzung sowie der MC-
Komplikationen und -Aktivitat im zeitlichen Verlauf oder zu verschiedenen Zeitpunkten der
Erkrankung wurde in den vorliegenden Arbeiten nicht analysiert. Prospektive Studien kdnnten

diese Fragestellungen naher beleuchten.

Originalarbeit 4

Es gibt mehrere Einschrankungen in dieser Studie, die beriicksichtigt werden missen. Die
Studie war monozentrisch und hatte ein retrospektives Design. Informationen zur aktuellen
Therapie waren unvollstdndig dargestellt. Es fehlte eine histologische Bestatigung
intramuskuldrer Veranderungen, was die Bestatigung oder Ablehnung einer Lendenmuskel-
Myositis unmdglich machte. Nicht alle Patienten mit perforierenden Komplikationen
unterzogen sich einer MRT; in einigen Notféllen war eine CT-Untersuchung erforderlich. Die
Nachbeobachtungszeit fiir jeden Patientenscan musste standardisiert werden, was in der
Analyse nicht berucksichtigt wurde.
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6. Zusammenfassung

Diese Arbeit demonstrierte die Zweckmaligkeit halbautomatischer Methoden zur Abschatzung
der Korperzusammensetzungsparameter und des CrF wahrend der MRT-Enterographie bei
MC-Patienten. Die gewonnenen Ergebnisse kdnnen die Diagnose von Patienten deutlich
verbessern und Risikofaktoren fir einen schweren Verlauf und das Auftreten von
Komplikationen beurteilen, die h&ufig eine stationdre Behandlung mit anschlieBender
chirurgischer Behandlung erfordern.

In der 2. Originalstudie wurde ein deutlicher Zusammenhang zwischen CrF und einem
schweren MC-Verlauf festgestellt (OR = 11,50, 95 %-KI 3,13-42,17; p < 0,001). Bei der
Auswertung von MC-Komplikationen in der 3. Originalarbeit wurde ebenfalls eine VVerbindung
zwischen CrF und einem hohen VAT/SAT-Verhéltnis mit dem Auftreten von Fisteln gefunden
(OR =5,07, 95 %-KI 1,76-14,56; p < 0,001; OR = 3,82, 95 %-KI 1,34-10,85; p = 0,01).

Des Weiteren wurde die Sinnhaftigkeit betont, diffusionsgewichtete Sequenzen und
ADC-Karten in das Protokoll der MR-Enterographie einzubeziehen, wodurch der diagnostische
Wert dieser Untersuchungsmethode erheblich gesteigert werden kann.

Unsere Metaanalyse (die 1. Originalarbeit) zeigt, dass ADC maRige bis starke
Assoziationen zwischen ADC und CDAI-, MaRIA- und SES-CD-Scores aufweist und daher
als wichtiges Instrument fiir die CD-Krankheitsaktivitat verwendet werden kann. Die Rolle des
ADC bei der Beurteilung fibrotischer Veranderungen in der Darmwand ist jedoch begrenzt.
ADC-Werte koénnen akute Entziindungsreaktionen widerspiegeln, aber keine systemische
Entzindung. Zusatzlich wurde bei der Messung des ADC der Lendenmuskulatur (die 4.
Originalarbeit) beobachtet, dass die ADC-Werte bei MC-Patienten, insbesondere solchen mit
einer Striktur, signifikant niedriger waren. Diese Befunde legen nahe, dass der ADC zur
Identifikation von Patienten mit ungunstigem Krankheitsverlauf genutzt werden kann,

insbesondere zur Unterscheidung zwischen komplizierten und unkomplizierten MC-Verlaufen.

29



7. Literaturverzeichnis

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

Zhao M, Gonczi L, Lakatos PL, Burisch J. The Burden of Inflammatory Bowel Disease
in Europe in 2020. J Crohn’s Colitis 2021;15:1573-87. https://doi.org/10.1093/ecco-
jcc/jjab029.

Ng SC, Shi HY, Hamidi N, Underwood FE, Tang W, Benchimol El, et al. Worldwide
incidence and prevalence of inflammatory bowel disease in the 21st century: a
systematic review of population-based studies. Lancet 2017;390:2769-78.
https://doi.org/10.1016/S0140-6736(17)32448-0.

Feuerstein JD, Cheifetz AS. Crohn Disease: Epidemiology, Diagnosis, and
Management. Mayo Clin Proc 2017;92:1088-103.
https://doi.org/10.1016/j.mayocp.2017.04.010.

Willing BP, Dicksved J, Halfvarson J, Andersson AF, Lucio M, Zheng Z, etal. A
pyrosequencing study in twins shows that gastrointestinal microbial profiles vary with
inflammatory bowel disease phenotypes. Gastroenterology 2010;139:1844-1854.¢e1.
https://doi.org/10.1053/j.gastro.2010.08.049.

Ormsby MJ, Logan M, Johnson SA, Mcintosh A, Fallata G, Papadopoulou R, et al.
Inflammation associated ethanolamine facilitates infection by Crohn’s disease-linked
adherent-invasive Escherichia coli. EBioMedicine 2019;43:325-32.
https://doi.org/10.1016/j.ebiom.2019.03.071.

Norman JM, Handley SA, Baldridge MT, Droit L, Liu CY, Keller BC, et al. Disease-
specific alterations in the enteric virome in inflammatory bowel disease. Cell
2015;160:447-60. https://doi.org/10.1016/j.cell.2015.01.002.

Shaw SY, Blanchard JF, Bernstein CN. Association between the use of antibiotics in
the first year of life and pediatric inflammatory bowel disease. Am J Gastroenterol
2010;105:2687-92. https://doi.org/10.1038/ajg.2010.398.

Kronman MP, Zaoutis TE, Haynes K, Feng R, Coffin SE. Antibiotic exposure and 1BD
development among children: A population-based cohort study. Pediatrics 2012;130:
e794-e803. https://doi.org/10.1542/peds.2011-3886.

Mahid SS, Minor KS, Soto RE, Hornung CA, Galandiuk S. Smoking and inflammatory
bowel disease: A meta-analysis. Mayo Clin Proc 2006;81:1462—71.
https://doi.org/10.4065/81.11.1462.

Ananthakrishnan AN. Epidemiology and risk factors for IBD. Nat Rev Gastroenterol
Hepatol 2015;12:205-17. https://doi.org/10.1038/nrgastro.2015.34.

Wang MH, Picco MF. Crohn’s Disease: Genetics Update. Gastroenterol Clin North

30



[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Am 2017;46:449-61. https://doi.org/10.1016/j.gtc.2017.05.002.

Zhang YZ, Li YY. Inflammatory bowel disease: Pathogenesis. World J Gastroenterol
2014,20:91-9. https://doi.org/10.3748/wjg.v20.i1.91.

Tsai L, Ma C, Dulai PS, Prokop LJ, Eisenstein S, Ramamoorthy SL, et al.
Contemporary Risk of Surgery in Patients With Ulcerative Colitis and Crohn’s
Disease: A Meta-Analysis of Population-Based Cohorts. Clin Gastroenterol Hepatol
2021;19:2031-2045.e11. https://doi.org/10.1016/j.cgh.2020.10.039.

Greenberg GR. Management of active Crohn’s disease. Res Clin Forums 1997;19:21—
32. https://doi.org/10.1001/jama.2013.4466.Management.

Sturm A, Maaser C, Mendall M, Karagiannis D, Karatzas P, Ipenburg N, et al.
European Crohn’s and Colitis Organisation Topical Review on IBD in the Elderly. J
Crohns Colitis 2017;11:263-73. https://doi.org/10.1093/ecco-jcc/jjw188.

Cushing K, Higgins PDR. Management of Crohn Disease: A Review. JAMA -J Am
Med Assoc 2021;325:69-80. https://doi.org/10.1001/jama.2020.18936.

Satsangi J, Silverberg MS, Vermeire S, Colombel JF. The Montreal classification of
inflammatory bowel disease: Controversies, consensus, and implications. Gut
2006;55:749-53. https://doi.org/10.1136/gut.2005.082909.

Vasudevan A, Bruining DH, Loftus E V., Faubion W, Raffals L, Ehman EC. Approach
to medical therapy in perianal Crohn’s disease. World J Gastroenterol 2021;27:3693—
704. https://doi.org/10.3748/wjg.v27.i25.3693.

King JA, Underwood FE, Panaccione N, Quan J, Windsor JW, Kotze PG, et al. Trends
in hospitalisation rates for inflammatory bowel disease in western versus newly
industrialised countries: a population-based study of countries in the Organisation for
Economic Co-operation and Development. Lancet Gastroenterol Hepatol 2019;4:287—
95. https://doi.org/10.1016/S2468-1253(19)30013-5.

Nguyen NH, Koola J, Dulai PS, Prokop LJ, Sandborn WJ, Singh S. Rate of Risk
Factors for and Interventions to Reduce Hospital Readmission in Patients With
Inflammatory Bowel Diseases. Clin Gastroenterol Hepatol 2020;18:1939-1948.e7.
https://doi.org/10.1016/j.cgh.2019.08.042.

Frolkis AD, Dykeman J, Negron ME, Debruyn J, Jette N, Fiest KM, et al. Risk of
surgery for inflammatory bowel diseases has decreased over time: A systematic review
and meta-analysis of population-based studies. Gastroenterology 2013;145:996-1006.
https://doi.org/10.1053/j.gastro0.2013.07.041.

Fornaro R, Caratto E, Caratto M, Fornaro F, Caristo G, Frascio M, et al. Post-operative

31



[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

recurrence in Crohn’s disease: Critical analysis of potential risk factors. An update.
Surgeon 2015;13:330—47. https://doi.org/10.1016/j.surge.2015.04.002.

Mao EJ, Hazlewood GS, Kaplan GG, Peyrin-Biroulet L, Ananthakrishnan AN.
Systematic review with meta-analysis: comparative efficacy of immunosuppressants
and biologics for reducing hospitalisation and surgery in Crohn’s disease and ulcerative
colitis. Aliment Pharmacol Ther 2017;45:3-13. https://doi.org/10.1111/apt.13847.
Maconi G, Bolzoni E, Giussani A, Friedman AB, Duca P. Accuracy and cost of
diagnostic strategies for patients with suspected Crohn’s disease. J Crohn’s Colitis
2014;8:1684-92. https://doi.org/10.1016/j.crohns.2014.08.005.

Al-Bawardy B, Hansel SL, Fidler JL, Barlow JM, Bruining DH. Endoscopic and
Radiographic Assessment of Crohn’s Disease. Gastroenterol Clin North Am
2017;46:493-513. https://doi.org/10.1016/j.gtc.2017.05.005.

Hanauer SB, Feagan BG, Lichtenstein GR, Mayer LF, Schreiber S, Colombel J-F, et al.
Maintenance infliximab in Crohn’s disease: The ACCENT I randomised trial. Lancet
2002;359:1541-9. https://doi.org/10.1016/S0140-6736(02)08512-4.

Rachmilewitz D, Lichtiger S, Haens GD, Ph D, Diamond RH, Broussard DL, et al.
Infliximab, azathioprine, or combination therapy for Crohn’s disease. N Engl J Med
2010;362:1383-95. https://doi.org/10.1056/NEJM0a0904492.

Deepak P, Fletcher JG, Fidler JL, Barlow JM, Sheedy SP, Kolbe AB, et al.
Radiological Response Is Associated with Better Long-Term Outcomes and Is a
Potential Treatment Target in Patients with Small Bowel Crohn’s Disease. Am J
Gastroenterol 2016;111:997-1006. https://doi.org/10.1038/ajg.2016.177.

Reinink AR, Lee TC, Higgins PDR. Endoscopic Mucosal Healing Predicts Favorable
Clinical Outcomes in Inflammatory Bowel Disease: A Meta-analysis. Inflamm Bowel
Dis 2016;22:1859-69. https://doi.org/10.1097/M1B.0000000000000816.

Taylor SA, Avni F, Cronin CG, Hoeffel C, Kim SH, Laghi A, et al. The first joint
ESGAR/ ESPR consensus statement on the technical performance of cross-sectional
small bowel and colonic imaging. Eur Radiol 2017;27:2570-82.
https://doi.org/10.1007/s00330-016-4615-9.

Naganuma M, Hisamatsu T, Kanai T, Ogata H. Magnetic resonance enterography of
Crohn’s disease. Expert Rev Gastroenterol Hepatol 2015;9:37-45.
https://doi.org/10.1586/17474124.2014.939631.

Puylaert CAJ, Tielbeek JAW, Bipat S, Stoker J. Grading of Crohn’s disease activity
using CT, MRI, US and scintigraphy: a meta-analysis. Eur Radiol 2015;25:3295-313.

32



[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

https://doi.org/10.1007/s00330-015-3737-9.

Manetta R, Capretti I, Belleggia N, Marsecano C, Viscido A, Bruno F, et al. Magnetic
resonance enterography (MRE) and ultrasonography (US) in the study of the small
bowel in Crohn’s disease: State of the art and review of the literature. Acta Biomed
2019;90:38-50. https://doi.org/10.23750/abm.v90i5-S.8337.

Kim JS, Jang HY, Park SH, Kim KJ, Han K, Yang SK, et al. MR enterography
assessment of bowel inflammation severity in Crohn disease using the MR index of
activity score: Modifying roles of DWI and effects of contrast phases. Am J
Roentgenol 2017;208:1022-9. https://doi.org/10.2214/AJR.16.17324.

Rozendorn N, Amitai MM, Eliakim RA, Kopylov U, Klang E. A review of magnetic
resonance enterography-based indices for quantification of Crohn’s disease
inflammation. Therap Adv Gastroenterol 2018;11:1-21.
https://doi.org/10.1177/1756284818765956.

Buisson A, Pereira B, Goutte M, Reymond M, Allimant C, Obritin-Guilhen H, et al.
Magnetic resonance index of activity (MaRIA) and Clermont score are highly and
equally effective MRI indices in detecting mucosal healing in Crohn’s disease. Dig
Liver Dis 2017;49:1211-7. https://doi.org/10.1016/j.d1d.2017.08.033.

Wu YC, Lin XH, Zheng XY, Cao DR, Xiao Z Bin, Zhang ZS. Dynamic contrast-
enhanced magnetic resonance imaging and diffusion-weighted imaging in the activity
staging of terminal ileum Crohn’s disease. World J Gastroenterol 2020;26:6057—73.
https://doi.org/10.3748/wjg.v26.i39.6057.

Hordonneau C, Buisson A, Scanzi J, Goutorbe F, Pereira B, Borderon C, et al.
Diffusion-weighted magnetic resonance imaging in ileocolonic Crohn’s disease:
Validation of quantitative index of activity. Am J Gastroenterol 2014;109:89-98.
https://doi.org/10.1038/ajg.2013.385.

Ando K, Uehara K, Sugiyama Y, Kobayashi Y, Murakami Y, Sato H, et al. Correlation
Among Body Composition Parameters and Long-Term Outcomes in Crohn’s Disease
After Anti-TNF Therapy. Front Nutr 2022;9:1-11.
https://doi.org/10.3389/fnut.2022.765209.

Bamba S, Sasaki M, Takaoka A, Takahashi K, Imaeda H, Nishida A, et al. Sarcopenia
is a predictive factor for intestinal resection in admitted patients with Crohn’s disease.
PLoS One 2017;12:1-12. https://doi.org/10.1371/journal.pone.0180036.

Causey MW, Johnson EK, Miller S, Martin M, Maykel J, Steele SR. The impact of

obesity on outcomes following major surgery for Crohn’s disease: An American

33



[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

college of surgeons national surgical quality improvement program assessment. Dis
Colon Rectum 2011;54:1488-95. https://doi.org/10.1097/DCR.0b013e3182342cch.
Bertin B, Desreumaux P, Dubuquoy L. Obesity, visceral fat and Crohn’s disease. Curr
Opin Clin Nutr Metab Care 2010;13:574-80.
https://doi.org/10.1097/MCQ.0b013e32833cf0f4.

YinY, Xie Y, Ge W, Li Y. Creeping fat formation and interaction with intestinal
disease in Crohn’s disease. United Eur Gastroenterol J 2022;10:1077-84.
https://doi.org/10.1002/ueg2.12349.

Park J, Gil JR, Shin Y, Won SE, Huh J, You MW, et al. Reliable and robust method for
abdominal muscle mass quantification using CT/MRI: An explorative study in healthy
subjects. PLoS One 2019;14:1-14. https://doi.org/10.1371/journal.pone.0222042.
Kobayashi T, Kawai H, Nakano O, Abe S, Kamimura H, Sakamaki A, et al. Prognostic
value of subcutaneous adipose tissue volume in hepatocellular carcinoma treated with
transcatheter intra-arterial therapy. Cancer Manag Res 2018;10:2231-9.
https://doi.org/10.2147/CMAR.S167417.

Feng Z, Rong P, Luo M, Sun X, Wang W. Influence of Methods Used to Establish
Sarcopenia Cutoff Values for Skeletal Muscle Measures Using Unenhanced and
Contrast-Enhanced Computed Tomography Images. J Parenter Enter Nutr
2019;43:1028-36. https://doi.org/10.1002/jpen.1519.

Martin L, Birdsell L, MacDonald N, Reiman T, Clandinin MT, McCargar LJ, et al.
Cancer cachexia in the age of obesity: Skeletal muscle depletion is a powerful
prognostic factor, independent of body mass index. J Clin Oncol 2013;31:1539-47.
https://doi.org/10.1200/JC0.2012.45.2722.

Church PC, Greer MLC, Cytter-Kuint R, Doria AS, Griffiths AM, Turner D, et al.
Magnetic resonance enterography has good inter-rater agreement and diagnostic
accuracy for detecting inflammation in pediatric Crohn disease. Pediatr Radiol
2017;47:565-75. https://doi.org/10.1007/s00247-017-3790-4.

Soydan L, Demir AA, Ozer S, Ozkara S. Can MR enterography and diffusion-weighted
imaging predict disease activity assessed by simple endoscopic score for Crohn’s
disease? J Belgian Soc Radiol 2019;103. https://doi.org/10.5334/JBSR.1521.

Klang E, Kopylov U, Eliakim R, Rozendorn N, Yablecovitch D, Lahat A, et al.
Diffusion-weighted imaging in quiescent Crohn’s disease: correlation with
inflammatory biomarkers and video capsule endoscopy. Clin Radiol 2017;72:798.e7-
798.e13. https://doi.org/10.1016/j.crad.2017.04.006.

34



[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

Kim JS, Jang HY, Park SH, Kim KJ, Han K, Yang SK, et al. MR enterography
assessment of bowel inflammation severity in Crohn disease using the MR index of
activity score: Modifying roles of DWI and effects of contrast phases. Am J
Roentgenol 2017;208:1022-9. https://doi.org/10.2214/AJR.16.17324.

Minordi LM, Larosa L, Papa A, Bordonaro V, Lopetuso L, Holleran G, et al.
Assessment of Crohn's Disease Activity: Magnetic Resonance Enterography in
Comparison with Clinical and Endoscopic Evaluations. J Gastrointest Liver Dis
2019;28:213-24. https://doi.org/10.15403/jgld-183.

Ninivaggi V, Missere M, Restaino G, Gangemi E, Di Matteo M, Pierro A, et al. MR-
enterography with diffusion weighted imaging: ADC values in normal and pathological
bowel loops, a possible threshold ADC value to differentiate active from inactive
Crohn’s disease. Eur Rev Med Pharmacol Sci 2016;20:4540-6.

Mallio CA, Piervincenzi C, Carducci F, Quintiliani L, Parizel PM, Pantano P, et al.
Within-network brain connectivity in Crohn’s disease patients with gadolinium
deposition in the cerebellum. Neuroradiology 2020;62:833-41.
https://doi.org/10.1007/s00234-020-02415-x.

Choi JW, Moon WJ. Gadolinium deposition in the brain: Current updates. Korean J
Radiol 2019;20:134-47. https://doi.org/10.3348/kjr.2018.0356.

Yu H, Shen Y-Q, Tan F-Q, Zhou Z-L, Li Z, Hu D-Y, et al. Quantitative diffusion-
weighted magnetic resonance enterography in ileal Crohn’s disease: A systematic
analysis of intra and interobserver reproducibility. World J Gastroenterol
2019;25:3619-33. https://doi.org/10.3748/wjg.v25.i27.3619.

Dillman JR, Smith EA, Sanchez R, Adler J, Fazeli S, Zhang B, et al. DWI in pediatric
small-bowel Crohn disease: Are apparent diffusion coeffcients surrogates for disease
activity in patients receiving infliximab therapy? Am J Roentgenol 2016;207:1002-8.
https://doi.org/10.2214/AJR.16.16477.

Neubauer H, Pabst T, Dick A, MacHann W, Evangelista L, Wirth C, et al. Small-bowel
MRI in children and young adults with Crohn disease: Retrospective head-to-head
comparison of contrast-enhanced and diffusion-weighted MRI. Pediatr Radiol
2013;43:103-14. https://doi.org/10.1007/s00247-012-2492-1.

Ream JM, Dillman JR, Adler J, Khalatbari S, McHugh JB, Strouse PJ, et al. MRI
diffusion-weighted imaging (DWI) in pediatric small bowel Crohn disease: correlation
with MRI findings of active bowel wall inflammation. Pediatr Radiol 2013;43:1077—
85. https://doi.org/10.1007/s00247-013-2712-3.

35



[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

Holst M. Associations between Body Composition, Disease Activity and Quality of
Life in Patients with Crohn’s Disease: A Cross-Sectional Study. Adv Res Gastroenterol
Hepatol 2019;12. https://doi.org/10.19080/argh.2019.12.555848.

Bryant R V., Trott MJ, Bartholomeusz FD, Andrews JM. Systematic review: Body
composition in adults with inflammatory bowel disease. Aliment Pharmacol Ther
2013;38:213-25. https://doi.org/10.1111/apt.12372.

Biining C, Von Kraft C, Hermsdorf M, Gentz E, Wirth EK, Valentini L, et al. Visceral
adipose tissue in patients with Crohn’s disease correlates with disease activity,
inflammatory markers, and outcome. Inflamm Bowel Dis 2015;21:2590-7.
https://doi.org/10.1097/M1B.0000000000000527.

Holt DQ, Moore GT, Strauss BJG, Hamilton AL, De Cruz P, Kamm MA. Visceral
adiposity predicts post-operative Crohn’s disease recurrence. Aliment Pharmacol Ther
2017;45:1255-64. https://doi.org/10.1111/apt.14018.

Althoff P, Schmiegel W, Lang G, Nicolas V, Brechmann T. Creeping Fat Assessed by
Small Bowel MRI Is Linked to Bowel Damage and Abdominal Surgery in Crohn’s
Disease. Dig Dis Sci 2019;64:204-12. https://doi.org/10.1007/s10620-018-5303-1.
Schiitz L, Radke M, Menzel S, Débritz J. Long-term implications of structured
transition of adolescents with inflammatory bowel disease into adult health care: A
retrospective study. BMC Gastroenterol 2019;19:1-12. https://doi.org/10.1186/s12876-
019-1046-5.

Irwin J, Ferguson E, Simms LA, Hanigan K, Carbonnel F, Radford-Smith G. A rolling
phenotype in Crohn’s disease. PLoS One 2017;12:1-13.
https://doi.org/10.1371/journal.pone.0174954.

Alatab S, Sepanlou SG, Ikuta K, Vahedi H, Bisignano C, Safiri S, et al. The global,
regional, and national burden of inflammatory bowel disease in 195 countries and
territories, 1990-2017: a systematic analysis for the Global Burden of Disease Study
2017. Lancet Gastroenterol Hepatol 2020;5:17-30. https://doi.org/10.1016/S2468-
1253(19)30333-4.

Erhayiem B, Dhingsa R, Hawkey CJ, Subramanian V. Ratio of Visceral to
Subcutaneous Fat Area Is a Biomarker of Complicated Crohn’s Disease. Clin
Gastroenterol Hepatol 2011;9:684-687.e1. https://doi.org/10.1016/j.cgh.2011.05.005.
Bryant RV, Schultz CG, Ooi S, Goess C, Costello SP, Vincent AD, et al. Visceral
Adipose Tissue Is Associated with Stricturing Crohn’s Disease Behavior, Fecal

Calprotectin, and Quality of Life. Inflamm Bowel Dis 2019;25:592-600.

36



[70]

[71]

[72]

[73]

[74]

[75]

[77]

[78]

[79]

[80]

https://doi.org/10.1093/ibd/izy278.

Zhou Z, Xiong Z, Xie Q, Xiao P, Zhang Q, Gu J, et al. Computed tomography-based
multiple body composition parameters predict outcomes in Crohn’s disease. Insights
Imaging 2021;12. https://doi.org/10.1186/s13244-021-01083-6.

Aniwan S, Park SH, Loftus E V. Epidemiology, Natural History, and Risk
Stratification of Crohn’s Disease. Gastroenterol Clin North Am 2017;46:463-80.
https://doi.org/10.1016/j.gtc.2017.05.003.

Sharif K, Ben-Shabat N, Mahagna M, Shani U, Watad A, Cohen AD, et al.
Inflammatory Bowel Diseases Are Associated with Polymyositis and
Dermatomyositis—A Retrospective Cohort Analysis. Medicina (Kaunas) 2022;58:1-9.
https://doi.org/10.3390/medicina58121727.

Mertz P, Lannes B, Nadaj Pakleza A, Meyer A, Guffroy A. Bilateral gastrocnemius
myositis: an extra-intestinal manifestation of Crohn’s disease. Rheumatology (Oxford)
2022;61:e35-7. https://doi.org/10.1093/rheumatology/keab593.

Antufia E, Cachan-Vega C, Bermejo-Millo JC, Potes Y, Caballero B, Vega-Naredo I, et
al. Inflammaging: Implications in Sarcopenia. Int J Mol Sci 2022;23:1-24.
https://doi.org/10.3390/ijms232315039.

Fraser CL, Skalicky SE, Gurbaxani A, McCluskey P. Ocular Myositis. Curr Allergy
Asthma Rep 2013;13:315-21. https://doi.org/10.1007/s11882-012-0319-7.

Surov A, Nagata S, Razek AAA, Tirumani SH, Wienke A, Kahn T. Comparison of
ADC values in different malignancies of the skeletal musculature: A multicentric
analysis. Skeletal Radiol 2015;44:995-1000. https://doi.org/10.1007/s00256-015-2141-
5.

Rimola J, Alvarez-Cofifio A, Pérez-Jeldres T, Rodriguez S, Alfaro I, Ordas |, et al.
Increasing efficiency of MRE for diagnosis of Crohn’s disease activity through proper
sequence selection: a practical approach for clinical trials. Abdom Radiol
2017;42:2783-91. https://doi.org/10.1007/s00261-017-1203-7.

Seo N, Park SH, Kim K-J, Kang B-K, Lee Y, Yang S-K, et al. MR Enterography for
the Evaluation of Small-Bowel Inflammation in Crohn Disease by Using Diffusion-
weighted Imaging without Intravenous Contrast Material: A Prospective Noninferiority
Study. Radiology 2016;278:762—72. https://doi.org/10.1148/radiol.2015150809.
Buisson A, Hordonneau C, Goutte M, Boyer L, Pereira B, Bommelaer G. Diffusion-
weighted magnetic resonance imaging is effective to detect ileocolonic ulcerations in
Crohn’s disease. Aliment Pharmacol Ther 2015;42:452—60.

37



https://doi.org/10.1111/apt.13287.

[81] Caruso A, D’Inca R, Scarpa M, Manfrin P, Rudatis M, Pozza A, et al. Diffusion-
weighted magnetic resonance for assessing ileal Crohn’s disease activity. Inflamm
Bowel Dis 2014;20:1575-83. https://doi.org/10.1097/MI1B.0000000000000128.

[82] Buisson A, Joubert A, Montoriol PF, Ines DD, Hordonneau C, Pereira B, et al.
Diffusion-weighted magnetic resonance imaging for detecting and assessing ileal
inflammation in Crohn’s disease. Aliment Pharmacol Ther 2013;37:537-45.
https://doi.org/10.1111/apt.12201.

[83] ZhuJ, Zhang F, Luan Y, Cao P, Liu F, He W, et al. Can Dynamic Contrast-Enhanced
MRI (DCE-MRI) and Diffusion-Weighted MRI (DW-MRI) Evaluate Inflammation
Disease. Med (United States) 2016;95:1-9.
https://doi.org/10.1097/MD.0000000000003239.

[84] Li XH, Mao R, Huang SY, Sun CH, Cao QH, Fang ZN, et al. Characterization of
degree of intestinal fibrosis in patients with Crohn disease by using magnetization
transfer MR imaging. Radiology 2018;287:494-503.
https://doi.org/10.1148/radiol.2017171221.

[85] DuJfang, Lu B lan, Huang S yun, Mao R, Zhang Z wei, Cao Q hua, et al. A novel
identification system combining diffusion kurtosis imaging with conventional magnetic
resonance imaging to assess intestinal strictures in patients with Crohn’s disease.
Abdom Radiol 2021;46:936-47. https://doi.org/10.1007/s00261-020-02765-3.

[86] Zhang MC, Li XH, Huang SY, Mao R, Fang ZN, Cao QH, et al. IVIM with fractional
perfusion as a novel biomarker for detecting and grading intestinal fibrosis in Crohn’s
disease. Eur Radiol 2019;29:3069-78. https://doi.org/10.1007/s00330-018-5848-6.

[87] Freeman HJ. Use of the Crohn’s disease activity index in clinical trials of biological
agents. World J Gastroenterol 2008;14:4127-30. https://doi.org/10.3748/wjg.14.4127.

[88] Straksyte V, Kiudelis G, Gineikiene I, Basevi¢ius A, LukoSevi¢ius S, Kupéinskas L.
Diffusion-weighted magnetic resonance enterocolonography in assessing Crohn disease
activity. Polish Arch Intern Med 2020;130:734-40.
https://doi.org/10.20452/pamw.15487.

[89] Fatani H, Olaru A, Stevenson R, Alharazi W, Jafer A, Atherton P, et al. Systematic
review of sarcopenia in inflammatory bowel disease. Clin Nutr 2023;42:1276-91.
https://doi.org/10.1016/j.cInu.2023.05.002.

[90] RimolaJ, Fernandez-Clotet A, Capozzi N, Rojas-Farreras S, Alfaro I, Rodriguez S, et
al. Pre-treatment magnetic resonance enterography findings predict the response to

38



[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]

TNF-alpha inhibitors in Crohn’s disease. Aliment Pharmacol Ther 2020;52:1563—-73.
https://doi.org/https://doi.org/10.1111/apt.16069.

Marikowska-Wierzbicka D, Karczewski J, Poniedzialek B, Grzymistawska M,
Staszewski R, Krolczyk A, et al. C-reactive protein as a diagnostic and prognostic
factor in inflammatory bowel diseases. Postepy Hig Med Dosw 2016;70:1124-30.
https://doi.org/10.5604/17322693.1223798.

Suau R, Pardina E, Doménech E, Lorén V, Manyé J. The Complex Relationship
Between Microbiota, Immune Response and Creeping Fat in Crohn’s Disease. J
Crohn’s Colitis 2022;16:472-89. https://doi.org/10.1093/ecco-jcc/jjab159.

Kredel LI, Siegmund B. Adipose-tissue and intestinal inflammation — visceral obesity
and creeping fat. Front Immunol 2014;5:1-12.
https://doi.org/10.3389/fimmu.2014.00462.

Jain A, Bricker J, Kappelman MD, Dotson JL, System for the IPIBDLH. Overweight
and Obese Status Is Not Associated With Disease Activity for Children and
Adolescents With Newly Diagnosed Inflammatory Bowel Disease. Am J Gastroenterol
2022;117:1146-53. https://doi.org/10.14309/ajg.0000000000001803.

Macias NG, Sotomayor AD, Berenguer J, Pujol Farre MT, Olondo M, et al. Brain
toxoplasmosis: typical and atypical imaging features. ECR 2011;Poster:C-1661.
https://dx.doi.org/10.1594/ecr2011/C-1661.

Zappia M, Pietto F Di, Aliprandi A, Pozza S, Petro P De, Muda A, et al. Multi-modal
imaging of adhesive capsulitis of the shoulder. Insights Imaging 2016:365-71.
https://doi.org/10.1007/s13244-016-0491-8.

Jiang K, Chen B, Lou D, Zhang M, Shi Y, Dai W, et al. Systematic review and meta-
analysis: association between obesity/overweight and surgical complications in 1BD.
Int J Colorectal Dis 2022;37:1485-96. https://doi.org/10.1007/s00384-022-04190-y.
Bryant RV, Schultz CG, Ooi S, Goess C, Costello SP, Vincent AD, et al. Visceral
Adipose Tissue Is Associated With Stricturing Crohn’s Disease Behavior, Fecal
Calprotectin, and Quality of Life. Inflamm Bowel Dis 2019;25:592-600.
https://doi.org/10.1093/ibd/izy278.

Connelly TM, Juza RM, Sangster W, Sehgal R, Tappouni RF, Messaris E. Volumetric
fat ratio and not body mass index is predictive of ileocolectomy outcomes in Crohn’s
disease patients. Dig Surg 2014;31:219-24. https://doi.org/10.1159/000365359.

Mao R, Kurada S, Gordon 10, Baker ME, Gandhi N, McDonald C, et al. The
Mesenteric Fat and Intestinal Muscle Interface: Creeping Fat Influencing Stricture

39



[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

Formation in Crohn’s Disease. Inflamm Bowel Dis 2019;25:421-6.
https://doi.org/10.1093/ibd/izy331.

Zhu J, Zhang F, Liu F, He W, Tian J, Han H, et al. Identifying the inflammatory and
fibrotic bowel stricture: MRI diffusion-weighted imaging in Crohn’s disease. Radiol
Infect Dis 2015;2:128-33. https://doi.org/10.1016/j.jrid.2015.11.005.

Ha CWY, Martin A, Sepich-Poore GD, Shi B, Wang Y, Gouin K, et al. Translocation
of Viable Gut Microbiota to Mesenteric Adipose Drives Formation of Creeping Fat in
Humans. Cell 2020;183:666-683.e17. https://doi.org/10.1016/j.cell.2020.09.0009.
Pierce ES. Where are all the Mycobacterium avium subspecies paratuberculosis in
patients with crohn’s disease? PLoS Pathog 2009;5:6-12.
https://doi.org/10.1371/journal.ppat.1000234.

Meyer HJ, Ziemann O, Kornhuber M, Emmer A, Quaschling U, Schob S, et al.
Apparent diffusion coefficient (ADC) does not correlate with different serological
parameters in myositis and myopathy. Acta Radiol 2018;59:694-9.
https://doi.org/10.1177/0284185117731448.

Surov A, Paul L, Meyer HJ, Schob S, Engelmann C, Wienke A. Apparent diffusion
coefficient is a novel imaging biomarker of myopathic changes in liver cirrhosis. J Clin
Med 2018;7:359. https://doi.org/10.3390/JCM7100359.

Zubair AS, Salam S, Dimachkie MM, Machado PM, Roy B. Imaging biomarkers in the
idiopathic inflammatory myopathies. Front Neurol 2023;14.
https://doi.org/10.3389/fneur.2023.1146015.

Barsotti S, Zampa V, Talarico R, Minichilli F, Ortori S, lacopetti V, et al. Thigh
magnetic resonance imaging for the evaluation of disease activity in patients with
idiopathic inflammatory myopathies followed in a single center. Muscle and Nerve
2016;54:666—72. https://doi.org/10.1002/mus.25099.

Dallaudiére B, Lecouvet F, Vande Berg B, Omoumi P, Perlepe V, Cerny M, et al.
Diffusion-weighted MR imaging in musculoskeletal diseases: Current concepts. Diagn
Interv Imaging 2015;96:327-40. https://doi.org/10.1016/j.diii.2014.10.008.

Ahlawat S, Paik J, Del Grande F, Paris ES, Sujlana P, Fayad LM. Distinct MR features
in scleroderma associated myopathy. Radiol Medica 2021;126:707-16.
https://doi.org/10.1007/s11547-020-01317-5.

Ran J, Liu Y, Sun D, Morelli J, Zhang P, Wu G, et al. The diagnostic value of
biexponential apparent diffusion coefficients in myopathy. J Neurol 2016;263:1296—
302. https://doi.org/10.1007/s00415-016-8139-7.

40



[111]

[112]

[113]

[114]

[115]

Neubauer H, Evangelista L, Hassold N, Winkler B, Schlegel PG, Kostler H, et al.
Diffusion-weighted MRI for detection and differentiation of musculoskeletal tumorous
and tumor-like lesions in pediatric patients. World J Pediatr 2012;8:342-9.
https://doi.org/10.1007/s12519-012-0379-8.

Meyer HJ, Emmer A, Kornhuber M, Surov A. Associations between apparent diffusion
coefficient and electromyography parameters in myositis—A preliminary study. Brain
Behav 2018;8:1-6. https://doi.org/10.1002/brb3.958.

Meyer HJ, Emmer A, Kornhuber M, Surov A. Histogram analysis derived from
apparent diffusion coefficient (ADC) is more sensitive to reflect serological parameters
in myositis than conventional ADC analysis. Br J Radiol 2018;91.
https://doi.org/10.1259/bjr.20170900.

Dalakas MC. Pathophysiology of inflammatory and autoimmune myopathies. Presse
Med 2011;40:e237-47. https://doi.org/https://doi.org/10.1016/j.1pm.2011.01.005.
Dalakas MC. Inflammatory Muscle Diseases. N Engl J Med 2015;372:1734-47.
https://doi.org/10.1056/NEJMral1402225.

41



8. Publikationen

8.1 Publikation 1.

European Radiology (2023) 33:1677-1686
https://doi.org/10.1007/500330-022-09149-9

MAGNETIC RESONANCE !.)

Check for

Apparent diffusion coefficient for assessing Crohn’s disease
activity: a meta-analysis

Maximilian Thormann'@® - Bohdan Melekh - Caroline Bar' - Maciej Pech' - Jazan Omari® - Andreas Wienke? -
Hans-Jonas Meyer? - Alexey Surov'

Received: 13 January 2022 /Revised: 27 July 2022 / Accepted: 7 September 2022 / Published online: 28 September 2022
© The Author(s) 2022

Abstract

Purpose To analyze relationships betweenapparent diffusion coefficient (ADC) and activity parameters of Crohn’s disease, e.g.,
length and wall thickness, CRP, FCP, MaRIA, CDAI, SES-CD, histologic inflammatory activity score, and the histological
fibrotic score, based upon published data.

Materials and methods MEDLINE library, Scopus, and Embase databases were screened for association between ADC and
activity parameters of Crohn’s disease in patients with Crohn’s disease up to Mai 2021. Overall, 21 studies with 1053 patients
were identified. The following data were extracted from the literature: number of patients, correlation coefficients between ADC
and length as well as wall thickness, CRP, FCP, MaRIA, CDAI, and SES-CD, inflammatory activity score, and fibrotic score.
Associations between ADC and activity parameters were analyzed by Spearman’s correlation coefficient. The studies’ method-
ologic quality was evaluated by using the Quality Assessment of Diagnostic Studies (QUADAS 2) instrument, revealing a low
risk of bias.

Results In the overall sample, the pooled correlation coefficient between ADC and CDAI was —0.8 (95% CI = [-0.94; —0.65]),
between ADC and MaRIA —0.66 (95% CI=[—0.79; —0.53]). A strong association was observed between ADC and SES-CD with
a pooled correlation of —0.66 (95% CI = [-0.87; —0.46]). The pooled sensitivity to discriminate between involved and non-
involved bowel segments was 0.89, with an area under the curve of 0.89

Conclusions ADC showed strong inverse correlations with CDAI, MaRIA, and SES-CD scores. However, the role of ADC in
assessing fibrotic changes in the bowel wall is limited. ADC can reflect acute inflammatory reactions but not systemic inflammation.
Key Points

* ADC value can reflect acute inflammatory reactions but not systemic inflammation.

* ADC is inversely correlated with CDAIL, MaRIA, and SES-CD.

* The role of ADC in assessing fibrotic changes in the bowel wall is limited.

Keywords Crohn’s disease - Magnetic resonance imaging - Diffusion-weighted imaging - Meta-analysis

Abbreviations DWI-MRE Diffusion-weighted sequences

ADC Apparent diffusion coefficient FCP Fecal calprotectin

CD Crohn’s disease MaRIA Magnetic resonance index of activity
CDAI Crohn’s disease activity index MRE Magnetic resonance enterography
CRP C-reactive protein SES-CD Endoscopic activity score
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Introduction

Crohn’s disease (CD) is one of the common chronic disorders
in the industrialized world with an incidence of 320 cases per
100,000 and a wide spectrum of clinical manifestations [1-3].
Due to the varying pattern of CD, disease activity must be
closely monitored. Severity of disease can be determined with
quantitative or semiquantitative assessment of inflammation
in the bowel [4].

Aside from laboratory, endoscopic, and enterographic ex-
aminations, magnetic resonance enterography (MRE) is the
most important imaging modality for monitoring disease ac-
tivity. It allows non-invasive investigation of the gastrointes-
tinal tract and provides an assessment of inflammatory activity
and potential complications in all bowel segments [5-9].
Current MR protocols include rapid MR sequences for data
acquisition during a single breath-hold with minimal motion
artefacts and rapid morphological sequences with a
gadolinium-chelate-enhanced series [10]. However, with ris-
ing concerns about gadolinium retention in different organs,
particularly the brain, the repeated application of gadolinium-
based contrast agents is viewed critically [11, 12]. Therefore,
alternative non-enhanced methods for repeated lifelong dis-
ease monitoring have gained relevance. MRI protocols usual-
ly include diffusion-weighted sequences (DWI-MRE),
allowing for qualitative and quantitative assessment of ran-
dom motion of water molecules in biological tissues. The
use of DWI is recommended as an optional sequence for
Crohn’s disease by the European Society of Gastrointestinal
and Abdominal Radiology in the latest consensus statements
[13]. DWI could therefore potentially replace the contrast-
enhanced sequences with comparable diagnostic power [6].

Choi et al [14] showed in a meta-analysis that accuracy and
diagnostic strength of DWI-MRE in assessing bowel inflamma-
tion were overestimated in some studies. The correlation of
DWI-derived apparent diffusion coefficient (ADC) with disease
activity produced heterogeneous results and clinical relevance of
quantitative ADC measurements could not be established due to
the limited number of studies available at the time. With a grow-
ing interest in DWI-MRE and ADC in CD patients in recent
years, this paucity has been largely cleared. A recent meta-
analysis involving nine studies with pediatric patients with in-
flammatory bowel disease reported a sensitivity and specificity of
DWI-MRE of 0.93 and 0.95, respectively [15]. In the meta-
analysis by Choi et al [14], the data was based mostly on studies
explaining the diagnostic value of DWI images and not the quan-
titative ADC value. Moreover, the published data has been in-
creasingly growing since then, necessitating an updated analysis.
To our knowledge, no systematic evaluation of the associations
of ADC values with inflammation and fibrosis scores in CD has
been performed in an adult population [16-29].

The aim of the present meta-analysis was to analyze the
role of ADC in assessing disease activity in patients with CD.

@ Springer

Methods

The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses statement (PRISMA) was used for the litera-
ture search [30].

Literature search

MEDLINE library, Scopus, and Embase online databases were
checked to identify studies for associations between ADC and
different activity parameters of Crohn’s disease up to Mai 2021
using the following search criteria: “(Crohn) OR (inflammatory
bowel disease) OR (IBD) AND (DWI) OR (diffusion weighted
imaging) OR (ADC) OR (apparent diffusion coefficient).” Only
papers written in English were included.

Inclusion criteria

The first primary endpoint of the meta-analysis was the report-
ed correlation between quantitative ADC measurements and
activity parameters of Crohn’s disease. The second primary
endpoint was the reported diagnostic abilities of ADC values
for discrimination purposes of acute inflammation and
fibrosis.

Studies (or subsets of studies) were included if they satis-
fied the following criteria:

1. Patients with Crohn’s disease (based on standard clinical,
endoscopic, imaging, and histologic criteria);

2. Patients, who underwent MR enterography with DWI se-
quence quantified by ADC values;

3. Correlation coefficient between ADC and activity param-
eters of Crohn’s disease;

4. Receiver operating characteristic analysis with reported
sensitivity, specificity, and area under the curve (AUC)
for the discrimination analysis between involved and non-
involved bowel segments.

Exclusion criteria
Exclusion criteria were as follows:

1. Systematic review;
Case reports;

3. Conference abstracts, letter, editorials, meta-analysis,
guidelines;

4. Non-English language;

5. Studies that analyzed patients with colitis ulcerosa or co-
litis ulcerosa and Crohn’s disease together.

Two readers (A.S. with 18 years of experience in radiology
and B.M. with 9 years of experience in radiology)
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independently evaluated all articles and studies. In cases of
disagreement, a third observer (H.J.M. with 6 years of expe-
rience) was consulted to reach a decision in consensus.

Data extraction and quality assessment

Information was extracted on study characteristics (authors,
year of publication, study design), demographic and clinical
characteristics (sample size, male to female ratio, patient age),
activity parameters, and correlation coefficients between ADC
and activity of Crohn’s disease. The activity parameters in-
cluded wall thickness and length, fecal calprotectin (FCP) and
C-reactive protein (CRP), a magnetic resonance index of ac-
tivity (MaRIA) and Crohn’s disease activity index (CDAI),
endoscopic activity score (SES-CD), histologic inflammatory
activity score, and also the histological fibrosis score.

In accordance with a wide spectrum of different activity
parameters of Crohn’s disease, we divided all data into sub-
groups for assessing the correlation with ADC: (1) studies
with an investigated correlation between ADC and morpho-
logical changes such as length and wall thickness; (2) ADC
and laboratory parameters such as FCP and CRP; (3) ADC
and activity indices: MaRIA and CDAI; and (4) ADC and
SES-CD, histologic inflammatory activity score, and the his-
tological fibrosis score (Fig. 1).

For the present meta-analysis, our search criteria identified
1514 articles. Duplicate records, review articles, case reports,
meta-analyses, non-English publications, and articles which
were not within the field of interest were excluded (n =
1464) (Fig. 2). As a next step, full-text reviews of the remain-
ing papers (n = 50) were performed. Thereafter, 26 articles
were excluded, because they were not in the field of interest
and did not contain an analysis of the correlation between
ADC and Crohn’s disease activity. Therefore, a total of 21
studies were involved in the analysis (Fig. 1) [16, 18-29,
31-38].

The methodologic quality of the studies was evaluated by
using the Quality Assessment of Diagnostic Studies
(QUADAS 2) instrument [39]. The following parameters
were assessed for low, moderate, or high risk of bias: flow
and timing, reference standard, index test, and patient
selection.

Data synthesis and analysis

The correlations between ADC and activity parameters of
Crohn’s disease were calculated by Spearman’s correlation
coefficient. The reported Pearson’s correlation coefficient
was recalculated into Spearman’s correlation coefficients ac-
cording to the previous description [40].

The statistical analysis of the meta-analysis was calculated
in program RevMan 5.3 (computer program, version 5.3.
Copenhagen: The Nordic Cochrane Centre, The Cochrane

Records identified through PudMed
MEDLINE searching
(n=1077)

Additional records identified
through other sources
Scopus data base (n = 408)
Cochrane data base (n=29)

All records
(n=1514)

l

Records after duplicates removed
(n=1076)

l

Records screened by title Records excluded (n =
and abstract 1026)
(n=1076)

n=1007 Articles not within
the  field of interest
of study

n=18 Case report, review
article, editorial, letter,
abstract

n=1 meta-analysis

F“1l"eg‘r"‘c‘l‘)‘;ilsi’uf;’e”e" Full-text articles excluded,
with reasons: (n = 29)
(n=50)
n=18 insufficient data
n=11 no correlation
l analysis

Studies included in
quantitative synthesis
(meta-analysis)
(n=21)

Fig. 1 Flowchart of the data acquisition

Collaboration, 2014). The heterogeneity was determined by
using the inconsistency index 7 [41, 42] and defined as not
important with a value of index between 0 and 40%;
moderate—between 30 and 60%; substantial heterogene-
ity—50-90%; and finally considerable—more than 75%
[43]. DerSimonian and Laird’s [44] random-effects models
with inverse-variance weights were estimated without any
further correction.

Results

The 21 included studies comprised 1053 patients, of which
496 patients (47%) were female and 577 male (53%). There
were 11 (52%) prospective and 10 (48%) retrospective stud-
ies. The size of the study population ranged from 20 to 229
patients with an average age of 26.5 years. Three studies re-
ported results on pediatric patients [16, 37, 38], whereas the
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Proportion of studies with low, high or unclear Proportion of studies with low, high, or unclear
RISK of BIAS CONCERNS regarding APPLICABILITY

Fig. 2 QUADAS-2 quality assessment of the included studies. Most studies showed an overall low potential for sources of bias

other studies only investigated adult study populations. studies used histopathological assessment and some only clin-
Detailed characteristics of all studies are shown in Table 1. ical severity, which can result in bias. The patient selection

The QUADAS-2 assessment revealed an overall low to  can be considered relatively free from bias, as only three stud-
moderate risk of bias in the included studies. The reference  ies included pediatric patients with inherent differences from
standard for inflammation differed between studies as some  the adult population. Across studies, ADC values were

Table 1 Characteristics of included studies

Authors Year Study design Patients, » Males:females Age, mean Tesla strength Parameters
Abd-El Khalek Abd-Alrazek 2018 Retrospective 72 40:32 30.9 1.5Tand 3 T Wall thickness, MaRIA
et al [25]

Buisson et al [34] 2013 Prospective 31 11:20 26 15T MaRIA

Buisson et al [33] 2015 Prospective 44 21:23 27.9 15T SES-CD

Caruso et al [20] 2020 Retrospective 30 18:12 45.6 15T Histological inflammatory score,
fibrosis score

Caruso et al [36] 2014 Retrospective 55 36:19 41 15T CRP, MaRIA, FCP, SES-CD

Cheng et al [27] 2019 Retrospective 51 37:14 29 3T SES-CD, MaRIA

Dillman et al [16] 2016 Prospective 28 17:11 153 3T Wall thickness, length, CRP, FCP

Du et al [21] 2021 Prospective 31 18:13 33 3T Histological inflammatory score,
fibrosis score

Hectors et al [29] 2019 Prospective 27 18:9 42 1.5Tand 3 T CRP, wall thickness, length, MaRIA

Klang et al [22] 2017 Retrospective 56 30:26 26 15T FCP, CRP

Li et al [23] 2017 Retrospective 43 27:16 26.8 3T SES-CD

Li et al [35] 2015 Prospective 47 29:18 279 3T CDAI

Li et al [28] 2019 Prospective 30 13:17 32.5 3T Histological inflammatory score,
fibrosis score

Lietal [24] 2018 Prospective 31 19:12 324 3T Fibrosis score

Neubauer et al [38] 2013 Retrospective 60 24:36 16 15T Wall thickness

Ream et al [37] 2013 Retrospective 46 23:23 14.3 15T Wall thickness, length

Straksyté et al [18] 2020 Prospective 229 124:125 354 15T MaRIA

Tielbeek et al [32] 2014 Prospective 20 8:12 38 3T Fibrosis score

Wu et al [19] 2020 Retrospective 48 32:16 338 3T CDAI

Zhang et al [26] 2019 Prospective 24 14:10 30 3T Fibrosis score

Zhu et al [31] 2016 Prospective 50 18:32 32.3 3T CRP
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measured as ADCmean values within a region of interest
(ROI) of the inflamed bowel segment.

Correlations between ADC and MR morphological
changes

In 2 studies including 74 patients, data about relationships be-
tween ADC and extent of bowel affection were reported. The
pooled correlation coefficient between these parameters was
—0.06 (95% CI = [-0.39, 0.28]), p = 0.74, heterogeneity 7
0.06 (p = 0.04), P = 69%, test for overall effect Z = 0.33 (Fig.
3a). Associations between wall thickness and ADC were ana-
lyzed in 5 studies comprising 233 patients. The pooled correla-
tion coefficient was —0.43 (95% CI = [-0.65; —0.22]), p <
0.00001, heterogeneity 7 = 0.04 (p = 0.002), * = 76%, test
for overall effect Z =3.92 (Fig. 3b).

Correlation between ADC and disease activity scores

In 6 studies with 465 patients, a strong association between
ADC and MaRIA was shown with a pooled correlation coef-
ficient of —0.66 (95% CI = [-0.79; —0.53]), p < 0.000001,
heterogeneity 7 = 0.02 (p < 0.0001), F* = 83%, test for overall
effect Z = 10.15 (Fig. 4a).

Correlations between ADC and CDAI were reported in 2
studies (95 patients). The pooled correlation coefficient was
—0.8 (95% CI = [-0.94; —0.65]), p < 0.000001, heterogeneity
7=0.01 (p = 0.06), * = 71%, test for overall effect Z=10.73
(Fig. 4b).

Fig. 3 Forest plots of correlation

a

In addition, correlations between ADC and morphological
parameters, like SES-CD, histological fibrotic score, and his-
tologic inflammatory score, were evaluated (Fig. Sa—c).

In 4 studies with 193 patients, associations between ADC
and SES-CD were analyzed. The pooled correlation coeffi-
cient was —0.66 (95% CI = [-0.87; —0.46]), p < 0.000001,
heterogeneity 72 = 0.04 (p < 0.0001), > = 88%, test for overall
effect Z = 6.40 (Fig. 5a).

Correlations between ADC and histological fibrotic score
were reported in 6 studies (166 patients). The pooled correla-
tion coefficient was 0.49 CI (95% CI = [-0.61; —0.37]), p <
0.000001, heterogeneity 7> = 0.00 (p = 0.47), I* = 0%, test for
overall effect Z = 7.96 (Fig. 5b).

In 3 studies (91 patients), relationships between ADC and
histologic inflammatory score were investigated. The pooled
correlation coefficient was —0.51 (95% CI = [-0.84, —0.18]),
p = 0.003, heterogeneity 7 = 0.07 (p = 0.0004), I = 82%, test
for overall effect Z = 3.00 (Fig. Sc).

Correlation between ADC and blood inflammatory
markers

Associations between ADC and CRP were shown in 5 studies
with a total number of 216 patients and represented a weak
pooled correlation—0.35 (95% CI = [-0.60, —0.09]), p =
0.008, heterogeneity 7% = 0.07 (p = 0.0004), * = 81%, test
for overall effect Z = 2.64 (Fig. 6a).

Association between ADC and FCP was reported in 3
studies (139 patients). The pooled correlation coefficient
was 0.59 (95% CI = [-0.72, —0.47]), p < 0.00001,

X correlation correlation
coefficients between (a) ADC and Study or Subgrou correlation SE Weight IV, Random, 95% CI IV, Random, 95% CI
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Total (95% Cl) 100.0%  -0.06 [-0.39, 0.28] ’
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74)
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b correlation correlation
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Dillman 2016 -0.52 0.14 19.1% -0.52[-0.79, -0.25] -

Hectors 2019 005 02 145% 0.05[-0.34, 0.44] D

Khalek 2018 -0.72 0.08 24.0% -0.72[-0.88, -0.56] —
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Ream 2013 -0.41 0.12 20.8% -0.41[-0.65, -0.17] -

Total (95% Cl) 100.0%  -0.43 [-0.65, -0.22] ‘

Heterogeneity: Tau? = 0.04; Chi? = 16.60, df = 4 (P = 0.002); I* = 76% f f f f
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Test for overall effect: Z = 3.92 (P < 0.0001)
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heterogeneity 7 = 0.00 (p = 0.28), I = 21%, test for
overall effect Z = 9.21 (Fig. 6b).

Diagnostic accuracy of ADC values

The diagnostic value of ADC values was reported in 15 stud-
ies. The overall pooled sensitivity to discriminate between
involved and non-involved bowel segments was 0.89, the
specificity was 0.81, and the AUC was 0.89

For studies only investigating the discriminatory power
between no/mild fibrosis to moderate/strong fibrosis, the
AUC was 0.84, whereas for studies investigating only acute
inflammation, the AUC was 0.91.

Discussion

The present meta-analysis showed inverse associations between
ADC values and disease activity scores in patients with Crohn’s
disease. No strong correlation was found for the extent of bowel
affection. MRE is performed routinely for most patients with
CD due to its excellent diagnostic accuracy. In recent years
DWI has become increasingly important in the assessment of
bowel inflammation and may complement or potentially re-
place contrast-enhanced sequences [10]. Our results show that
ADC measurements can be applied for disease monitoring in
CD. To the best of our knowledge, this is the first comprehen-
sive meta-analysis assessing the correlation of ADC with dis-
ease activity parameters in CD. ADC values could therefore
potentially be employed as an imaging biomarker to guide
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treatment decisions. However, there is a clear need for proven
threshold values and DWI method standardization.

A strong inverse correlation (p = —0.80) was observed in
the correlation between ADC and CDAL. This finding may be
significant in clinical practice. CDAI is used as a gold standard
for the clinical evaluation of patients with CD. However, its
reproducibility may be limited due to significant inter-
observer error, even when performed by experienced physi-
cians [45]. The strong association between ADC and CDAI
could be a complement or even an alternative to symptom-
guided evaluation. Our results can be considered robust as the
total number of patients in the analyzed studies (n = 95) was
large and reported results were standardized by age groups.

We also found a significant association between ADC and
MaRIA score (p = —0.66). Strong associations were identified
in all papers except for one work by Hectors et al [29], in
which the long acquisition time of 9 min can be considered
unfeasible. The prospective study by Straksyte et al [18], with
a large number of patients (n = 229), showed a strong inverse
correlation between ADC and MaRIA and Clermont indices.
Considering the results of the cumulative correlation index as
well as the prospective data, ADC measurements may have a
strong potential for clinical practice and may be more easily
reproduced than the MaRIA score.

We identified a strong correlation between ADC values
and SES-CD (p = —0.66). This indicates the potential of
ADC in assessing bowel inflammation. Our results are in line
with the study by Buisson et al [33], showing a correlation
between ADC and the depth and size of inflammatory ulcer-
ations. The evaluation of inflammatory and fibrotic changes
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Fig. 5 Forest plots of correlation coefficients between (a) ADC and endoscopic activity score, (b) ADC and histological fibrotic score, (¢) ADC and

histologic inflammatory score

plays a crucial role in CD treatment [21]. Bowel fibrosis is one
of the main causes of hospitalization and surgical resection in
CD patients [26]. In the last years, a number of studies have
been published investigating possible ways to assess and dif-
ferentiate inflammatory changes from fibrotic histological al-
terations in bowel walls in patients with CD [20, 21, 24, 26,

28, 32]. Li et al [24] have reported that fibrotic and non-
fibrotic bowel wall alterations could be differentiated by
means of ADC. Also, mild inflammatory changes could be
distinguished from severe ones. However, the ability of ADC
to evaluate bowel fibrosis seems to decrease with increasing
degrees of bowel inflammation [26].
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Previously published studies reported a weak correlation
between ADC values and length and thickness of bowel wall
inflammation [16, 29]. Our analysis confirmed these results.
Shortcomings of the available data, however, must be consid-
ered. First, only children were investigated in the included stud-
ies. Inflammatory bowel wall changes in children are not asso-
ciated with fibrosis or fat accumulation, unlike in the adult
population. In addition, no standardized measurement of the
bowel length and thickness exists, particularly when bowel
loops have a complex geometrical form or when bowel peri-
staltic is not sufficiently suppressed. Standardization of all im-
ages of different patients with many causes of wall thickening,
like edema, fibrosis, or fat accumulation, or with different bow-
el distention or peristaltic suppression is challenging [46, 47].
Therefore, the correlation between these parameters and ADC
may not be considered reproducible and reliable.

Regarding laboratory data, our findings also support previ-
ously published studies, in which Caruso et al [20], Dillman et al
[16], and Zhu et al [31] each reported a weak inverse correlation
between ADC and CRP. It remains unclear which inflammatory
tissue alterations have the strongest impact on diffusion restric-
tion. Zhu et al [31] hypothesized increased cell density in the
bowel wall due to influx of lymphocytes, cell swelling, and
increased viscosity due to granulomas and micro-abscess. All
these processes also lead to a rise in CRP levels. The weak
correlation indicates that ADC reduction allows the assessment
of local inflammatory changes in the bowel but not of the sys-
tematic response, which is reflected by CRP. Thus, both param-
eters likely reflect distinctive aspects of disease activity.

Our results showed an inverse correlation between ADC and
FCP (—0.59), confirming results reported by Dillman et al [16]

@ Springer
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and Klang et al [22]. FCP increases with inflammatory activity
due to neutrophil migration to the gastrointestinal tract and is
therefore a common marker of gut inflammation [48].
Restricted diffusion as expressed by ADC in combination with
FCP may therefore improve disease monitoring, detect early
subclinical inflammatory processes, and lead to better patient
outcomes.

One outlier of the present analysis was the study by Hectors
et al [29], which showed negative results for clinical parameters.
One reason for this could be the employed IVIM technique in the
study. The authors reported promising results for the differenti-
ation between normal and abnormal bowel for IVIM-DWI pa-
rameters, being superior to ADC values alone. More data are
needed to elucidate the potential of the IVIM-DWI technique.

The present results can lead to the hypothesis that ADC
values can be used as a valuable imaging biomarker to assess
disease severity, presumably better than morphological imag-
ing. ADC measurements may serve as a diagnostic corner-
stone for treatment decisions side by side with established
clinical parameters like serological inflammation markers.

Our meta-analysis has some limitations. First, many of the
included studies were retrospective in nature. Second, it was not
possible to standardize the different age groups throughout, and
as a result, the heterogeneity was substantial. Third, the ac-
quired data was obtained on different MRI scanners with dif-
ferent technical parameters (magnetic strength, b-values, and
acquisition time). In addition, the patients’ preparation was
not standardized. However, this reflects clinical routine with
resulting heterogeneity. Unfortunately, we could not address
this by further sub-analyses due to the small number of patients
involved in the studies and were thus unable to perform a meta-
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regression analysis. Fourth, the reference standard to assess
inflammation was different throughout the studies. Some used
surgical specimens for inflammation, whereas others used en-
doscopic evaluation. Fifth, this systematic review was not filed
in a register, which can result in possible bias regarding the data
collection. Furthermore, despite many included studies, some
of our subgroups have a small number of patients.

In conclusion, our meta-analysis shows that ADC may be a
significant tool for CD disease activity, albeit for selective
parameters. We identified moderate-to-strong associations be-
tween ADC and CDAI, MaRIA, and SES-CD scores.
However, the role of ADC in assessing fibrotic changes in
the bowel wall is limited. ADC values can reflect acute in-
flammatory reactions but no systemic inflammation.
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Aim: This study aimed at assessing body composition parameters, creeping fat (CrF), and Crohn’s disease’s (CD)
activity based on the Magnetic Resonance Index of Activity (MaRIA).

Methods: 114 CD patients who underwent magnetic resonance enterography (MRE) between June 2010 and April
2020 were retrospectively assessed. The semi-automated body composition segmentation, the qualitative eval-
uation of CrF, and MaRIA were performed. Based on their MaRIA score, patients were divided into two groups:
mild-to-moderate disease (MaRIA <11, n = 50) and severe disease (MaRIA >11, n = 64). MRE parameters were
analyzed between both groups. Patients were dichotomized according to body composition categories and the
presence of CrF. Univariate regression analyses were performed to investigate the association between dichot-
omized variables and severe disease. Significant variables were incorporated into the multivariate logistic
regression model.

Results: The severe disease group exhibited higher serum C-reactive protein (CRP) levels compared to the mild-to-
moderate disease group (p <0.001). In the mild-to-moderate disease group, a higher proportion of patients had a
body mass index (BMI) > 25 (kg/mz) (32.0%) compared to the severe disease group (16.5%) (p = 0.04). The
subcutaneous adipose tissue index (SATI) was significantly higher in the mild-to-moderate disease group (p =
0.04). The visceral to subcutaneous adipose tissue (VAT/SAT) ratio tended to be higher in the severe disease
group (p = 0.09). There was no significant difference between both groups regarding total adipose tissue index
(TATI) (p = 0.10), visceral adipose tissue index (VATI) (p = 0.51), intramuscular adipose tissue index (IMATI) (p
= 0.38), skeletal muscle index (SMI) (p = 0.83), and sarcopenia (p = 0.75). In the multivariate analysis, CrF was
significantly associated with severe disease (odds ratio [OR] 11.50, 95% confidence interval [CI] 3.13-42.17; p
<0.001). Additionally, a BMI > 25 (kg/mz) was protective against severe disease (OR: 0.34, 95% CI 0.12-0.95; p
= 0.04).

Conclusion: CrF is significantly associated with CD activity.

1. Introduction recurrence of CD after surgery (OR 2.1, p = 0.012) [4]. In the same year,
Cravo et al. identified a significant association between muscle attenu-

Growing evidence suggests that altered body composition parame- ation (MA), visceral obesity, and CD complications (OR 0.81, p = 0.002

ters can affect the quality of life, postoperative complications, disease
activity, and behavior in CD patients [1,2]. In 2015, Biining et al.
claimed that CD patients with stricturing and fistulizing complications
had a high VAT/ total fat mass (FM) ratio (p = 0.067) [3]. In 2017, Holt
et al. identified high VAT as an independent risk factor for endoscopic

and OR 26.1, p = 0.02, respectively) [5].

CrF has been described as an expansion of the adipose tissue from the
mesentery towards the intestine and is thought to create a reactive
immunological zone around the inflamed intestine [6]. In 2019, Althoff
et al. recognized that CrF assessed by magnetic resonance imaging (MRI)
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was independently associated with a complicated course of CD (OR 3.5,
p< 0.5)[7].

CD has been traditionally associated with weight loss, which
increased the risk of malnutrition [8,9]. Nevertheless, the prevalence of
obesity among inflammatory bowel disease (IBD) patients is increasing,
ranging between 15% and 40% [10]. In 2020, Jiang et al. asseverated
that obese IBD patients have an increased risk of surgical compilations
compared to nonobese patients (including overweight) (OR = 1.45, p
<0.001) [8].

According to the European Working Group on Sarcopenia in Older
People (EWGSOP), sarcopenia is defined as a progressive and general-
ized skeletal muscle disorder that is associated with an increased like-
lihood of adverse outcomes and mortality [11]. The prevalence of
sarcopenia in CD is also high, reaching up to 60% [9]. In 2020, Er6s et al.
found that sarcopenia is an independent predictor of the rate of surgery
in CD patients [12]. In 2021, Zhou et al. found that changes in CD ac-
tivity assessed by the 5-point MRE classification were negatively
correlated with SMI changes but positively correlated with the VAT to
total adipose tissue (TAT) ratio (each, p <0.001) [13].

Endoscopic scores are considered to be the gold standard for
measuring CD activity [14]. The radiological assessment is essential for
the evaluation of intra- and extraluminal complications, as endoscopy is
limited to the evaluation of the mucosa [15,16]. Several studies have
focused on developing MRE-based indices for the quantification of
active CD disease [15]. In 2021, Ahmad et al. claimed that MaRIA is the
most sensitive and specific MRI method for assessing CD activity [17].
The MaRIA score comprises several MRE features, which were found to
be independent predictors of active endoscopic disease [15]. Studies
regarding the influence of body composition predictors of CD activity
measured by MRE-based indices, particularly MaRIA are scarce [13,18].
Besides, the MaRIA score does not include mesenteric fat alterations and
CrF. This study aimed at retrospectively assessing body composition
parameters and CrF on opportunistic MRE scans as predictors of CD’s
activity based on the MaRIA score.

2. Methods
2.1. Setting and participants

This was a monocentric study approved by the institutional review
board (Nr. 145/21), Ethics Committee, Otto-von-Guericke University,
Magdeburg, Germany. Patients with confirmed CD, who underwent
MRE in the University Clinic for Radiology and Nuclear Medicine
(University Hospital Magdeburg) between June 2010 and April 2020,
were retrospectively assessed. A search of MRI scans of CD patients was
performed using the picture-archiving and communication system
(PACS) viewing station (INFINITT Healthcare, Seoul, South Korea).
Clinical data was extracted from medical records using the internal
database (MEDICO KIS, CompuGroup Medical SE & Co. KGaA, Koblenz,
Germany). The clinical data included gender, age at the baseline and at
onset, anthropometric measurements, current CD drug therapy, current
smoking status, previous abdominal surgery, and C-reactive protein
levels. The age at onset was documented according to the Montreal
classification as follows: A1, <16 years; A2, between 17 and 40 years;
and A3, over 40 years [19].

The inclusion criteria were: (a) first MRE chronologically available
and (b) anthropometric data available. The exclusion criteria were: (a)
MRI of the pelvis and (b) incomplete MRE data or technical difficulties.
Overall, 437 MRI scans were identified. Two hundred thirty-five patients
did not meet the inclusion criteria. Out of 184 eligible patients (MRE
scans), 70 were excluded due to examination of the pelvis, incomplete
MRE data, or technical difficulties. The final population comprised 114
patients.

Magnetic Resonance Imaging 98 (2023) 1-6
2.2. MRE technique

The MRE protocol included fasting overnight. On the day of the ex-
amination 1200 mL of 2.5%, sorbitol in small aliquots over 4 h were
orally ingested [20]. Additionally, the inhibition of intestinal motility
was induced by applying intravenously 20 mg/mL of N-butylscopol-
amine (Buscopan, Boehringer Ingelheim, Germany). A gadolinium-
based MRI contrast agent (Gadovist, Bayer Vital, Leverkusen, Ger-
many) was administrated as an intravenous bolus injection at approxi-
mately 0.1 mL/kg. Each MRE scan was performed on a 1.5 Tesla MRI
scanner (Intera, Philips Medical Systems, Best, the Netherlands) with the
patient lying supine. The MRE sequences are shown in the Supplemen-
tary Table 1.

2.3. Assessment of complications, creeping fat, and MaRIA score

Each MRE was assessed by two radiologists, one senior resident with
9 years of experience and a senior staff radiologist with >18 years of
experience. For each scan, the following aspects were evaluated: (a) CrF,
defined as fatty deposition along the mesenteric border of inflamed
bowel segment, (b) visible small bowel stricture, (c) presence of a fistula
or an abscess [20-22]. The disease behavior was categorized based on
the Montreal classification as follows: non-stricturing, non-penetrating
(B1), stricturing (B2), and penetrating (B3) [19].

In this study, the simplified and segmental MaRIA score was used. It
was calculated by the formula: 1.5 x wall thickness (mm) + 0.02 x
relative contrast enhancement (RCE). RCE was previously calculated by
the formula, RCE = [wall signal intensity (WSI) post gadolinium- WSI
pregadolinium / (WSI pregadolinium)] x 100 x [standard deviation (SD)
noise pregadolinium/ SD noise postgadolinium). SD noise pre- and
postgadolinium refers to the average of three standard deviations (SD) of
the signal intensity measured outside the body before and after the
administration of gadolinium, respectively. Based on their MaRIA score,
patients were divided into two groups mild-to-moderate disease (MaRIA
<11) and severe disease (MaRIA>11) [15].

2.4. Body composition analysis

Body composition analysis was performed at the L3 inferior endplate
level (Fig. 1). The cross-sectional area (CSA) of TAT, SAT, VAT, skeletal
muscle tissue (SMT), and intramuscular adipose tissue (IMAT) in square
centimeters on the basis of pixel count were measured on MRE scans
using the semi-automated segmentation tool, AsanJ-Morphometry
(Asan Image Metrics, Seoul, Korea) [23]. Muscle and adipose tissues
were separated using thresholds for the signal intensity on precontract
T1-weighted MRE scans with a value of >350 signal intensity (SI) and <
750 SI for adipose tissue, and > 100 SI and < 350 SI for muscle.

2.5. Body composition categories

The BMI was determined by using the formula [weight (kg)/height
squared (m?)]. BMI categories were as follows: (a) underweight (<18.5
kg/mz), (b) normal weight (18.5-24.9 kg/mz), and (c) overweight and
obesity (> 25.0 kg/mz) [24]. Due to the small sample size, patients of
the latter category were not further subclassified. For optimal stratifi-
cation of our population regarding the body composition parameters
assessed by MRE, the patients were classified according to sex-specific
values. Sarcopenia was measured in terms of skeletal muscle index
(SMI). The SMI was calculated by dividing the SMT (ecm?) by height
squared (m?). The SMI cut-off values of sarcopenia for men were: (a) 43
(cm?/m?) under a BMI of 25 (kg/m?) and (b) 53 (cm?/m?) over a BMI of
25 kg/mz; and for women was 41 (cm?/m?) [24]. TATI, SATI, VATI, and
IMATI, were calculated by dividing TAT (cmz), SAT (cmz), VAT (cmz),
and IMAT (cm?) by the height squared (m?), respectively. The cutoff
values for the classification of SATI (low- vs. high SATI) were 40 (cm?/
m?) for men and 30 (cm®/m?) for women; and of VATI (low- vs. high
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Fig. 1. Body composition segmentation.

Cross-sectional area (CSA) measurements at the L3 inferior endplate level. a.
Total adipose tissue (TAT). b. Subcutaneous adipose tissue (SAT). c. Visceral
adipose tissue (VAT). d. Skeletal muscle tissue (SMT). e. Intramuscular adipose
tissue (IMAT).

VATI) 44.0 (cm?/ m?) for men and 35 (cm?/ m?) for women. The cutoff
values of VAT/SAT ratio (low- vs. high VAT/SAT ratio) were 1.08 for
men and 0.86 for women [24,25]. To the best of our knowledge cut-off
values for IMATI have not been established.

2.6. Statistical analysis

Continuous variables are shown as mean (M) and SD. Continuous
variables were compared between groups of mild-to-moderate disease
and severe disease using the Student’s t-test. Categorical variables were
compared between both groups using the chi-squared test or Fisher’s
exact test. Patients were dichotomized based on the above-mentioned
body composition categories, CrF, age, and sex. Univariate regression
analyses were performed to investigate the association between
dichotomized variables and severe disease (MaRIA score > 11). Signif-
icant variables were incorporated into the multivariate logistic regres-
sion model. OR are presented together with a 95% CI. A two-tailed p-
value <0.05 was considered statistically significant. IBM SPSS Statistics
for Windows, version 27.0 (IBM Corp., Armonk, NY, USA) was used as
analytic software.
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3. Results
3.1. Patient characteristics

The patient characteristics for the total population are summarized
in Table 1. The mean age of the mild-to-moderate disease and severe
disease group was 40.36 + 18.5 and 37.52 + 13.7 years, respectively.
More than half of all patients were male (52.6%) in both groups. The B1
behavior was more common in the mild-to-moderate disease group
compared to the severe disease group patients (p <0.001). The
complicated behavior (B2 or B3) was the most common in the severe
disease group (65.6%) compared to the mild-to-moderate disease group
(36%) (p <0.001). The current treatment with corticosteroids tended to
be more common in the severe disease group (p = 0.08). C-reactive
protein levels were significantly higher (p <0.001) in the severe disease
group. There was no significant difference in disease duration, age of
onset, active cigarette smoking, and previous abdominal surgery be-
tween both groups. In the mild-to-moderate disease group, a higher
proportion of patients had a BMI >25 (kg/m?) (32.0%) compared to
patients in the severe disease group 15.6% (p = 0.04). This difference
was statistically significant (p = 0.04).

3.2. Comparison of body composition parameters and creeping fat
between mild-to-moderate disease (MaRIA < 11) and severe disease
(MaRIA > 11)

Body composition parameters and CrF distribution are listed in
Table 2. There was no significant difference between both groups
regarding TAT (p = 0.12), TATI (p = 0.10), VAT (p = 0.57), VATI (p =
0.51), IMATI, (p = 0.38), SMT (p = 0.57), and SMI (p = 0.83). The VAT/
SAT ratio tended to be higher in the severe disease group (p = 0.09). SAT
and SATI were significantly higher in the group of severe disease (p =
0.04 and p = 0.03, respectively). Patients in the severe disease group had
a significantly higher proportion of CrF (38.8%) compared to the mild-
to-moderate disease group (6.3%) (p <0.001). Sarcopenia was identified

Table 1
Patient characteristics (n = 114), groups of mild-to-moderate disease (MaRIA
<11) and severe disease (MaRIA >11).

MaRIA <11 (n = MaRIA >11 (n = p-value
50), n (%) 64), n (%)
Male 26 (52.0) 34 (53.1) 0.90
Age at baseline (years) 40.36 + 18.5 37.52 +13.7 0.35
Disease duration (years) 12.10 = 15.3 8.83 £ 7.67 0.14
Age at diagnosis (years) 28.26 + 14.9 28.69 + 13.3 0.87
Al 12 (24.0) 12 (18.8) 0.50
A2 29 (58.0) 40 (62.5) 0.63
A3 9 (18.0) 12 (18.8) 0.92
Disease behavior
Bl 32 (64.0) 22 (34.4) <0.001
Complicated (B2 or B3) 18 (36.0) 42 (65.6) <0.001
Current drug therapy
Corticosteroids 10 (20.0) 26 (40.6) 0.08
Biological therapy 9 (18.0) 13 (20.3) 0.85
Immunomodulator 9 (19.0) 16 (25.0) 0.71
5-aminosalicylic acid 4 (8.0) 10 (15.6) 0.41
therapy
Active cigarette smoking 7 (14.0) 6(9.4) 0.44
Previous abdominal surgery 27 (54) 26 (40.6) 0.16
Body mass index (BMI) (kg/ 23.33 £ 5.2 21.79 + 4.1 0.09
m?)
BMI <18.5 kg/m2 9 (18.0) 11 (17.2) 0.91
BMI 18.5-24.9 kg/m? 25 (50.0) 43 (67.2) 0.06
BMI > 25 kg/m2 16 (32.0) 10 (15.6) 0.04
C-reactive protein levels (>5 32 (64.0) 56 (87.6) <0.001

ng /mL)

Continuous variables are reported as median value + standard deviation.
CD, Crohn’s disease.
* Current Therapy information was available for 99 patients only.
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Table 2

Comparison of body composition measurements and creeping fat between mild-
to-moderate disease group (MaRIA <11) and severe disease group (MaRIA >11),
(n=114).

Body composition MaRIA <11 (n=47), MaRIA >11 (n=67), p-value
predictors n (%) n (%)

TAT (cm?) 241.53 + 177.0 195.29 + 117.6 0.12
TATI (cm?/m?) 83.65 + 64.9 66.31 + 39.2 0.10
SAT (cm?) 137.40 + 104.3 101.93 + 63.4 0.04
SATI (cm?/m?) 47.98 + 38.7 34.70 + 21.9 0.03
VAT (cm?) 82.64 + 65.5 76.32 + 52.0 0.57
VATI (cm?/m?) 28.16 + 22.3 25.73 +16.9 0.51
VAT/SAT ratio 0.78 £ 0.6 113+ 1.4 0.09
IMAT (cm?) 22.73 +31.1 18.38 + 23.6 0.40
IMATI (cm?/m?) 7.92 + 11.4 6.33+£7.9 0.38
SMT (cm?) 112.55 + 39.1 116.46 + 34.5 0.57
SMI (cm?/m?) 38.31 +11.9 38.73 £ 9.0 0.83
Sarcopenia 29 (61.7) 39 (58.2) 0.75
CrF 3(6.3) 26 (38.8) <0.001

Continuous variables are reported as median value + standard deviation.

TAT, total adipose tissue; TATI, total adipose tissue index; SAT, subcutaneous
adipose tissue; SATI, subcutaneous adipose tissue index; VAT, visceral adipose
tissue; VATI, visceral adipose tissue index; IMAT, intramuscular adipose tissue;
IMATI, intramuscular adipose tissue index; SMT, skeletal muscle tissue; SMI,
skeletal muscle index; CrF, creeping fat.

in 68 patients. There was no significant difference between the mild-to-
moderate disease and severe disease groups (p = 0.75).

There was no significant difference regarding the total MaRIA score
(continuous variable) among the groups of dichotomized body compo-
sition variables [(low SATI vs. high SATI; p = 0.73), (low vs. high VATI;
p = 0.61), (low vs. high VAT/SAT ratio; p = 0.12) (without vs. with
sarcopenia; p = 0.30)]. Patients with CrF had a significantly higher
MaRIA score (25.97 + 11.1) compared to patients without CrF (18.08 &
12.0) p <0.001. These results are displayed in the Supplementary
Table 2.

3.3. Body composition predictors based on dichotomous traits

In the univariate analysis and multivariate analysis CrF was signifi-
cantly associated with severe disease (OR: 10.72, 95% CI 3.01-38.14; p
<0.001) and (OR: 11.50, 95% CI 3.13-42.17; p <0.001) respectively. In
the multivariate analysis, a BMI > 25 (kg/m?2) was protective against
severe disease activity (OR: 0.34, 95%CI 0.12-0.95; p = 0.04). Male
gender, age at diagnosis >40 years, high SATI, high VATI, high VAT/
SAT, or sarcopenia were not significantly associated with severe disease.
These results are displayed in Table 3.

4. Discussion
In the present study, body composition parameters and CrF as pre-
dictors of severe CD based on the MaRIA score were retrospectively

analyzed. Depending on their MaRIA score, patients were divided into

Table 3
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two groups: mild-to-moderate disease (MaRIA <11, n = 50) and severe
disease (MaRIA >11, n = 64). The results presented above revealed a
significant association between CrF and severe disease (OR: 11.50, 95%
CI 3.13-42.17; p <0.001).

Labarthe et al. found that sarcopenia was more common in active
compared to inactive CD (OR 2.07, 95%CI 1.02-4.27; p = 0.046) [18]. In
this study, an active CD was defined according to the presence of clinical
symptoms (assessed by Harvey-Bradshaw score) and radiological
involvement assessed by MRE, including digestive parietal thickening
>9 mm with enhancement, stricturing, or penetrating complications. In
our population, sarcopenia was not associated with severe disease (OR.
1.3, 95% CI 0.53-2.40; p = 0.75). The reason for this is not apparent
since MaRIA is considered the most sensitive and specific MRI method
for assessing CD activity (85% and 79%, respectively). Furthermore, the
SMI cutoff values to define sarcopenia were different in our study since
we used the threshold described by Martin et al., in which the BMI (over
or under 25 kg/mz) in men is taken into account [24]. Prospective
studies using MaRIA to evaluate CD activity and SMI cutoff for sarco-
penia adjusted for sex and BMI should address this discrepancy. It has
been reported that glucocorticoids induce muscle atrophy [26]. In our
study, the current treatment with corticosteroids tended to be more
common in the severe disease group than in the mild-to-moderate dis-
ease group (p = 0.08). This higher use of corticosteroids was not re-
flected in an increased occurrence of sarcopenia. Since information on
current drug therapy was not available for all patients, we cannot
exclude the effect of the current treatment in our results.

CD is a progressive inflammatory disorder that can lead to stricturing
or penetrating complication [20]. MRE can accurately assess CD com-
plications, quantify CD activity, and differentiate between fat com-
partments (VAT and SAT) [2,15,20]. In our study, 60 patients (52.6%)
exhibited complicated disease behavior (B2 or B3). Consistently, most of
these patients were classified in the severe disease group according to
MaRIA (p <0.001). Our results showed that the qualitative assessment of
CrF was significantly associated with severe disease. These findings
agree with previous results by Althoff et al., who recognized that CrF
assessed by MRI was independently associated with a complicated
course of CD (OR 3.5, p < 0.5) [7]. In this study, a complicated CD
course was defined by the presence of stricturing or penetrating com-
plications, the need for endoscopic dilatation, or abdominal surgery.

CrF is defined as an expansion of mesenteric adipose tissue. Mesen-
teric adipocytes have been identified as an important source of local
production of CRP and pro-inflammatory cytokines [2,27]. Consistent
with this biological observation, in our study, the severe disease group
exhibited higher serum CRP levels compared to mild-to-moderate dis-
ease. This difference was statistically significant (p <0.001). Our results
highlight CRP values as a biological disease activity marker in CD pa-
tients, as previously described in the literature [2,28]. The MaRIA score
does not include mesenteric fat alterations and CrF. In our opinion,
insufficient attention has been given to the assessment of CrF in the
studies of body composition analysis in CD patients. As stated by Suau
et al., this can prevent assessing their potential in predicting response to

Univariate and multivariate analysis of risk factors (dichotomous traits) for severe disease (MaRIA >11), (n = 114).

Category Univariate analysis Multivariate analysis
OR 95% CI p-Value OR 95% CI p-value
Sex, (male) 1.05 0.50-1.05 0.90
Age > 40 years 1.05 0.40-2.74 0.92
BMI <18.5 (kg/mz) 0.95 0.36-2.50 0.91
BMI 25 > (kg/m?) 0.93 0.16-0.97 0.04 0.34 0.12-0.95 0.04
High SATI 0.76 0.36-1.61 0.48
High VATI 0.92 0.36-2.35 0.87
High VAT/SAT 1.65 0.74-3.65 0.22
Sarcopenia 1.13 0.53-2.40 0.75
Positive CrF 10.72 3.01-38.14 <0.001 11.50 3.13-42.17 <0.001

BMI, body mass index; SATI, subcutaneous adipose tissue index; VATI, visceral adipose tissue index; VAT/SAT, visceral-to-subcutaneous fat ratio; CrF, creeping fat.
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drug therapy or monitoring CD course [29]. Rimola et al. found that the
presence of CrF was a negative predictor of long-term healing of in-
flammatory lesions in CD patients receiving tumor necrosis alpha (TNF-
o) [27]. In this study, the severe inflammatory lesions were assessed by
MaRIA score. Our work provides support for further quantitative
assessment of CrF in MRI as marker of severe CD.

Xiong et al. found that CD patients with longer disease duration tend
to have lower contents of SAT and VAT as a result of disease con-
sumption [30]. In our study, the initial analysis showed that SATI was
significantly higher in the mild-to-moderate disease group compared to
the severe disease group (p = 0.03). There was no significant difference
in disease duration between both groups (p = 0.14). In the univariate
analysis, high SATI was not significantly associated with severe disease
(OR: 0.76, 95%IC 0.36-1.61; p = 0.48). It is well known that in obesity, a
significant expansion of the SAT and VAT occurs [31]. In our study, BMI
> 25 (kg/mz) was a protective factor against severe disease (OR: 0.34,
95%CI 0.12-0.95; p = 0.04). These findings are in line with Jain et al.,
who reported that obesity and overweight in children with newly
diagnosed IBD did not have worsened disease activity one year after
diagnosis compared to normal-weight children [32]. The observation
that obese IBD patients have an increased risk of infectious post-
operative complications when compared to non-obese patients may also
be explained by the fact that obesity is a contributing factor to comor-
bidities such as type 2 diabetes and cardiovascular disease [8,33]. The
potential effect of comorbidities in CD activity is beyond the scope of our
study.

In our study, VATI was not associated with severe disease activity.
Labarthe et al. previously reported no significant difference in VATI
among CD between patients with active and inactive CD (OR 3.91, 95%
1C-3.60-11.9) [18]. Several authors have previously identified that VAT
or SAT alone provides limited information regarding the relative dis-
tribution of body fat when compared to the VAT/SAT ratio [34]. Bryant
et al. found that VAT/SAT ratio was associated with stricturing com-
plications (OR, 1.7, p = 0.01) [35]. Our results showed a trend between
high VAT/SAT and complicated disease without a statistically signifi-
cant difference (OR 1.65, 95% CI 0.74-3.65; p = 0.22). We suggest, in
agreement with the findings by Xiong et al., that differences at the L3
and L5 levels, should be considered when analyzing CD patients,
particularly by assessing adipose tissue changes [30]. Besides, changes
in adipose tissue, such as a reduction in VAT, can occur after abdominal
surgery [36]. In our opinion, for further prospective studies of body
composition analysis, in CD patients, the role of surgery beyond mor-
tality and morbidity should be considered.

5. Limitations

A limitation of our study is the monocentric setting. Due to the
retrospective design, the anthropometric measurements were obtained
from the clinical records. Besides, the information on the current ther-
apy was only available for some patients. Selection biases were con-
traindications for MRE and perforating complications, which required
CT in the emergency setting. A further limitation of our study is the use
of non-standardized cut-off values for SATI, VATI, and VAT/SAT ratio
for the European population. Due to the small sample size, our analysis
did not exclude CD patients in remission among those classified with
mild-to-moderate disease activity depending on MaRIA score. The
evaluation of the body composition and MaRIA score over time is
beyond the scope of this study. The follow-up time for each scan of the
patients was not standardized and, therefore, not considered for the
analysis.

6. Conclusion
CrF is significantly associated with CD activity.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.mri.2023.01.005.

Magnetic Resonance Imaging 98 (2023) 1-6
Funding

There was no financial support for this study.

Declaration of Competing Interest

The authors have no conflict of interest to declare.
Acknowledgments

None.

References

[1] Bryant RV, Trott MJ, Bartholomeusz FD, Andrews JM. Systematic review: body
composition in adults with inflammatory bowel disease. Aliment Pharmacol Ther
2013;38:213-25. https://doi.org/10.1111/apt.12372.

Hilligsee M, Eriksen ND, Jaacobsen MH, et al. Associations between body

composition, disease activity and quality of life in patients with Crohn’s disease: a

Cross-sectional study. Adv res. Gastroenterol Hepatol 2019:12. https://doi.org/

10.19080/argh.2019.12.555848.

Biining C, Von Kraft C, Hermsdorf M, Gentz E, Wirth EK, Valentini L, et al. Visceral

adipose tissue in patients with Crohn’s disease correlates with disease activity,

inflammatory markers, and outcome. Inflamm Bowel Dis 2015;21:2590-7. https://
doi.org/10.1097/MIB.0000000000000527.

Holt DQ, Moore GT, Strauss BJG, Hamilton AL, De Cruz P, Kamm MA. Visceral

adiposity predicts post-operative Crohn’s disease recurrence. Aliment Pharmacol

Ther 2017;45:1255-64. https://doi.org/10.1111/apt.14018.

[5] Cravo ML, Velho S, Torres J, Costa Santos MP, Palmela C, Cruz R, et al. Lower
skeletal muscle attenuation and high visceral fat index are associated with
complicated disease in patients with Crohn’s disease: an exploratory study. Clin
Nutr ESPEN 2017;21:79-85. https://doi.org/10.1016/j.clnesp.2017.04.005.

[6] Eder P, Adler M, Dobrowolska A, Kamhieh-Milz J, Witowski J. The role of adipose
tissue in the pathogenesis and therapeutic outcomes of inflammatory bowel
disease. Cells 2019:8. https://doi.org/10.3390/cells8060628.

[7] Althoff P, Schmiegel W, Lang G, Nicolas V, Brechmann T. Creeping fat assessed by

small bowel MRI is linked to bowel damage and abdominal surgery in Crohn’s

disease. Dig Dis Sci 2019;64:204-12. https://doi.org/10.1007/510620-018-5303-

1.

Jiang K, Chen B, Lou D, Zhang M, Shi Y, Dai W, et al. Systematic review and meta-

analysis: association between obesity/overweight and surgical complications in

IBD. Int J Colorectal Dis 2022;37:1485-96. https://doi.org/10.1007/500384-022-

04190-y.

Schneider S, Al-Jaouni R, Filippi J, Wiroth JB, Zeanandin G, Arab K, et al.

Sarcopenia is prevalent in patients with Crohn’s disease in clinical remission.

Inflamm Bowel Dis 2008;14:1562-8. https://doi.org/10.1002/ibd.20504.

[10] Johnson AM. Jr EVL of Inflammatory Bowel Disease 2020;16:350-9

[11] Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyere O, Cederholm T, et al.
Sarcopenia: revised European consensus on definition and diagnosis. Age Ageing
2019;48:16-31. https://doi.org/10.1093/ageing/afy169.

[12] Erés A, Sods A, Hegyi P, Szakécs Z, Benke M, Sziics A, et al. Sarcopenia as an
independent predictor of the surgical outcomes of patients with inflammatory
bowel disease: a meta-analysis. Surg Today 2020;50:1138-50. https://doi.org/
10.1007/500595-019-01893-8.

[13] Zhou Z, Xiong Z, Shen Y, Li Z, Hu X, Hu D. Magnetic resonance imaging-based body
composition is associated with nutritional and inflammatory status: a longitudinal
study in patients with Crohn’s disease. Insights Imaging 2021:12. https://doi.org/
10.1186/513244-021-01121-3.

[14] Gajendran M, Loganathan P, Catinella AP, Hashash JG. A comprehensive review
and update on Crohn’s disease. Disease-a-Month 2018;64:20-57. https://doi.org/
10.1016/j.disamonth.2017.07.001.

[15] Rozendorn N, Amitai MM, Eliakim RA, Kopylov U, Klang E. A review of magnetic
resonance enterography-based indices for quantification of Crohn’s disease
inflammation. Therap Adv Gastroenterol 2018;11:1-21. https://doi.org/10.1177/
1756284818765956.

[16] De Groof EJ, Carbonnel F, Buskens CJ, Bemelman WA. Abdominal abscess in
Crohn’s disease: multidisciplinary management. Dig Dis 2014;32:103-9. https://
doi.org/10.1159/000367859.

[17] Ahmad R, Ajlan AM, Eskander AA, Alhazmi TA, Khashoggi K, Wazzan MA, et al.
Magnetic resonance imaging in the management of Crohn’s disease: a systematic
review and meta-analysis. Insights Imaging 2021:12. https://doi.org/10.1186/
513244-021-01064-9.

[18] Labarthe G, Dolores M, Verdalle-Cazes M, Charpentier C, Roullee P, Dacher JN,
et al. Magnetic resonance imaging assessment of body composition parameters in
Crohn’s disease. Dig Liver Dis 2020;52:878-84. https://doi.org/10.1016/j.
dld.2020.06.024.

[19] Satsangi J, Silverberg MS, Vermeire S, Colombel JF. The Montreal classification of
inflammatory bowel disease: controversies, consensus, and implications. Gut 2006;
55:749-53. https://doi.org/10.1136/gut.2005.082909.

[20] Stoddard PB, Ghazi LJ, Wong-You-Cheong J, Cross RK, Vandermeer FQ. Magnetic
resonance enterography: state of the art. Inflamm Bowel Dis 2015;21:229-39.
https://doi.org/10.1097/MIB.0000000000000186.

[2

[3

[4

[8

[9

56



F. Barajas Ordonez et al.

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

Barat M, Hoeffel C, Bouquot M, Jannot AS, Dautry R, Boudiaf M, et al. Preoperative
evaluation of small bowel complications in Crohn’s disease: comparison of
diffusion-weighted and contrast-enhanced MR imaging. Eur Radiol 2019;29:
2034-44. https://doi.org/10.1007/500330-018-5734-2.

Amitai MM, Raviv-Zilka L, Hertz M, Erlich Z, Konen E, Ben-Horin S, et al. Main
imaging features of crohn’s disease: agreement between MR-enterography and CT-
enterography. Isr Med Assoc J 2015;17:293-7.

Park J, Gil JR, Shin Y, Won SE, Huh J, You MW, et al. Reliable and robust method
for abdominal muscle mass quantification using CT/MRI: an explorative study in
healthy subjects. PLoS One 2019;14:1-14. https://doi.org/10.1371/journal.
pone.0222042.

Feng Z, Rong P, Luo M, Sun X, Wang W. Influence of methods used to establish
sarcopenia cutoff values for skeletal muscle measures using unenhanced and
contrast-enhanced computed tomography images. J Parenter Enteral Nutr 2019;43:
1028-36. https://doi.org/10.1002/jpen.1519,

Kobayashi T, Kawai H, Nakano O, Abe S, Kamimura H, Sakamaki A, et al.
Prognostic value of subcutaneous adipose tissue volume in hepatocellular
carcinoma treated with transcatheter intra-arterial therapy. Cancer Manag Res
2018;10:2231-9. https://doi.org/10.2147/CMAR.S167417.

Sato AY, Richardson D, Cregor M, Davis HM, Au ED, McAndrews K, et al.
Glucocorticoids induce bone and muscle atrophy by tissue-specific mechanisms
upstream of E3 ubiquitin ligases. Endocrinology 2017;158:664-77. https://doi.
org/10.1210/en.2016-1779.

Rimola J, Fernandez-Clotet A, Capozzi N, Rojas-Farreras S, Alfaro I, Rodriguez S,
et al. Pre-treatment magnetic resonance enterography findings predict the response
to TNF-alpha inhibitors in Crohn’s disease. Aliment Pharmacol Ther 2020;52:
1563-73. https://doi.org/10.1111/apt.16069.

Yang DH, Yang SK, Park SH, Lee HS, Boo SJ, Park JH, et al. Usefulness of C-reactive
protein as a disease activity marker in Crohn’s disease according to the location of
disease. Gut Liver 2015;9:80-6. https://doi.org/10.5009/gnl13424.

[29]

[30]

[31]

[32]

[331]

[34]

[35]

[36]

Magnetic Resonance Imaging 98 (2023) 1-6

Suau R, Pardina E, Domenech E, Lorén V, Manyé J. The complex relationship
between microbiota, immune response and creeping fat in Crohn’s disease.

J Crohns Colitis 2022;16:472-89. https://doi.org/10.1093/ecco-jcc/jjab159.
Xiong Z, Zhou Z, Hao L, Li Y, Hu X, Hu D, et al. The relationship between perianal
fistula activity and abdominal adipose tissue in Crohn’s disease: an observational
study. Insights Imaging 2022:13. https://doi.org/10.1186/513244-022-01293-6.
Kredel LI, Siegmund B. Adipose-tissue and intestinal inflammation - visceral
obesity and creeping fat. Front Immunol 2014;5:1-12. https://doi.org/10.3389/
fimmu.2014.00462.

Jain A, Bricker J, Kappelman MD, Dotson JL. Overweight and obese status is not
associated with disease activity for children and adolescents with newly diagnosed
inflammatory bowel disease. Am J Gastroenterol 2022;117:1146-53. https://doi.
org/10.14309/2jg.0000000000001803.

Madeira A, Serena C, Ejarque M, Maymoé-Masip E, Millan M, Navarro-Ruiz MC,
et al. Crohn’s disease increases the mesothelial properties of adipocyte progenitors
in the creeping fat. Int J Mol Sci 2021:22. https://doi.org/10.3390/ijms22084292.
Kaess BM, Pedley A, Massaro JM, Murabito J, Hoffmann U, Fox CS. The ratio of
visceral to subcutaneous fat, a metric of body fat distribution, is a unique correlate
of cardiometabolic risk. Diabetologia 2012;55:2622-30. https://doi.org/10.1007/
s00125-012-2639-5.

Bryant RV, Schultz CG, Ooi S, Goess C, Costello SP, Vincent AD, et al. Visceral
adipose tissue is associated with Stricturing Crohn’s disease behavior, fecal
calprotectin, and quality of life. Inflamm Bowel Dis 2019;25:592-600. https://doi.
org/10.1093/ibd/izy278.

Favre L, Marino L, Roth A, Acierno J, Hans D, Demartines N, et al. The reduction of
visceral adipose tissue after roux-en-Y gastric bypass is more pronounced in
patients with impaired glucose metabolism. Obes Surg 2018;28:4006-13. https://
doi.org/10.1007/s11695-018-3455-x.

57



8.3. Publikation 3.

Small and Large Bowel: Research Article

Dig Dis

DOI: 10.1159/000529426

Received: November 9, 2022
Accepted: January 26, 2023
Published online: January 31,2023

Body Composition Predictors of
Complicated Crohn’s Disease

Felix Barajas Ordonez® Bohdan Melekh? Pablo Rodriguez-Feria®

Oksana Melekh? Maximilian Thormann?2
Maciej Pech? Alexey Surov®d

Robert Damm& ¢

Jazan Omari?

aUniversity dinic for Radiology and Nuclear Medicine, University Hospital Magdeburg, Magdeburg, Germany;
bDepartment of International Health, Care and Public Health Research Institute, Maastricht University, Maastricht,
The Netherlands; °Radiology Practice, Dessau, Germany; YDepartment of Radiology, Neuroradiology and Nuclear
Medicine, Johannes Wesling University Hospital, Ruhr University Bochum, Minden, Germany

Keywords
Crohn’sdisease - Fstula - Subcutaneous adipose tissue -
Visceral adipose tissue - Sarcopenia

Abstract

Background: High visceral adipose tissue (VAT) and creep-
ing fat (CrF) in Crohn’s disease (CD) have been widely recog-
nized. The VAT to subcutaneous adipose tissue (SAT) ratio
and sarcopenia have been associated with CD complica-
tions. Studies regarding the influence of body composition
predictors on CD complications assessed with magnetic res-
onance enterography (MRE) are scarce. Aim: The aim of this
study was to assess body composition parameters and CrF
in opportunistic MREas predictors of complicated CD. Meth-
ods: Thiswas a retrospective study of 114 patients with in-
flammatory (n = 54) and complicated (n = 60) CD. The semi-
automated assessment of body composition and the quali-
tative evaluation of CrFwere performed. Results: Body com-
position parameters did not differ between both groupsre-
garding the body massindex (p = 0.50), total adipose tissue
index (TATI) (p = 0.14), subcutaneous adipose tissue index
(SATI) (p = 0.17), visceral adipose tissue index (VATI) (p =
0.33), VAT/SAT ratio (p = 0.77), intramuscular adipose tissue

(p=0.64), skeletal muscle index (p = 0.22), and sarcopenia (p
= 0.50). 47 strictures, 18 fistulae, and seven abscesses were
identified. Fstulae were more likely to occur in patientswith
CF (oddsratio [OR] 5.07, 95% confidence interval [Cl] 1.76—
14.56; p=<0.001) and high VAT/SAT ratio (OR 3.82, 95% Cl
1.34-10.85; p = 0.01). Conclusion: Body composition mea-
surements in CD patients displayed no statistically signifi-
cant difference between the groups of inflammatory and
complicated disease. Nonetheless, CD patients stratified in
the group of high VAT/SAT ratio and the presence of OF
should be recognized as risk groups for the occurrence of
fistulae. ©2023 S Karger AG, Basel

Introduction

Crohn’sdisease (CD) isaprogressive disorder charac-
terized by recurring inflammation in the gagtrointestinal
tract [1]. CD behavior isdynamic over timeand progres-
sion is shaped by the complications [2—4]. CD complica-
tions, including dricture, fistula, and abscess are signifi-
cant eventsin diseases course, leading to higher morbid-
ity ratesand impaired quality of life, and higher social and
economic burden on healthcare syssems [5-7].
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Hypertrophy of viscera adipose tissue (VAT) and
creeping fat (CrF) in CD patients have been widely rec-
ognized [8]. CrF is defined as an expansion of adipose
tissue around theinflamed and fibrotic intestine [9]. Hy-
pertrophic VAT releases higher levels of interleukins,
leading to increased inflammatory response, promoting
damageto themucosa, and potentialy increasingtherisk
of developing complications [8]. Erhayiem et d. [8], in
2011, recognized a high VAT to subcutaneous adipose
tissue (SAT) ratio asapotentia risk factor for gricturing
and fistulizing complicationsin CD. Accordingly, Bryant
et al.[10],in 2018, suggested theimportance of the VAT/
SAT ratio asapotential biomarker rather than body mass
index (BMI) for stricturing complicationsin CD.

CD has been traditionally associated with malnutri-
tion and lower body massindex (BMI) [11]. Both are key
drivers of low skeletal muscle tissue (SMT) and the con-
sequential loss of function, a condition known as sarco-
penia[11, 12]. Grillot et al. [13], in 2020, identified that
sarcopeniain CD patients negatively impacts the length
of hospital stay and surgical outcomes. Zhou et a. [14],in
2021, reported an association between low SMT and com-
plicated CD.

In CD patients magnetic resonance enterogra-
phy (MRE) isan essential pillar for diagnosis, assessment
of disease severity, and complications (outside the acute
setting) [15]. Itsadvantagesincluded the avoidance of ra-
diation exposure and good diagnostic accuracy [16]. So
far, thequantification of body composition parametersin
CD has been mainly performed on computer tomogra-
phy (CT) scans [4, 17-22]. Sudies regarding the influ-
ence of body compostion predictors on CD complica-
tions assessed with MRE are scarce. This sudy aimed at
retrogpectively assessing body compostion parameters
and CrF on opportunigic MRE scans as predictors of
complicated CD.

Patientsand Methods

Sttingand Partidpants

Patients with diagnosed CD who underwent a magnetic reso-
nanceimaging (MRI) scan in the University Clinic for Radiology
and Nuclear Medicine (University Hospital Magdeburg) between
June2010and April 2020 wereretrospectively assessed. MRE scans
were performed to evaluate disease extension, discard complica-
tions, or evaluate therapy response. Theinclusion criteriawere: (1)
first MRE chronologically available and (2) anthropometric data
in the clinical records. The exclusion criteriawere: (1) MRI of the
pelvisand (2) strong MR artifacts. 437 MRI scanswereidentified,
of which 184 werethefirsg MRI scans. 70 MRI scans were exclud-
ed dueto examination of thepelvicregion or imaging artifacts. The
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Total of MRI scans
(n=437)

Follow-up MRI scans and
patients with missing clinical
data (excluded, n = 253)

Eligible CD patients
(n=184)

MRI scans of the pelvis
and strong MRE artifacts
(excluded, n=70)

MRE assessed (CD
patients)
(n=114)

Fig. 1. Flowchart of patient sdlection. CD, Crohn’s disease; MR,
magnetic resonance imaging; MRE, magnetic resonance enterog-
raphy.

fina population was composed of 114 MRE scans (CD patients).
A flowchart of patient selection isdepicted in Figure 1.

Data Sourcesand Basdine Characterigtics

A search of MRI scans of CD patients was conducted with the
picture-archiving and communication system viewing station
(INFINITT Hedlthcare, Seoul, South Kored). Clinical data of the
identified patients were extracted from medical records using the
internal database (MEDICO KIS, CompuGroup Medical SE& Co.
KGaA, Koblenz, Germany). Clinical data comprised the gender,
age at the basdine and at onset, height, and weight, current CD
drugtherapy, smoking status, and C-reactive protein (CRP) levels.
Theageat onset wasdocumented based on theMontreal classifica-
tion as follows: Al (less than 16 years), A2 (between 17 and 40
years), or A3 (over 40 years) [3].

MRE Technique

Each MRE scan wasperformed on a1.5 T MRI scanner (Interg,
Philips Medica Systems, Best, The Netherlands). Optimal small
bowel imaging depends on adequate bowel dilatation. The MRE
protocol included preparation with fasting overnight. On the day
of examination, bowe dilatation wasreached through ora admin-
istration of 1200 mL of 2.5% sorbitol in small adiquotsover 4 h be-
forethe examination [18]. Inhibition of intestinal motility wasin-
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Fig. 2. Segmentation of body composition
based on cross-sectional area (CSA) mea-
surements at the L3 inferior endplate level
in MRE (a—e). a Totad adipose tissue
(TAT). b Subcutaneous adipose tissue
(SAT). ¢ Viscerd adipose tissue (VAT).
d Skeletd muscle tissue (SMT). e Intra-
muscular adipose tissue (IMAT). f Creep-
ing fat (CrF), Tl-weighted MRE image
showsfatty deposition along the mesenter-
ic border of inflamed bowel segment.

duced by applying intravenoudy 20 mg/mL of N-butylscopol-
amine (Buscopan, Boehringer Ingeheim, Germany). A
gadolinium-based MRI contrast agent (Gadovist, Bayer Vital,
Leverkusen, Germany) was administrated asan intravenous bolus
injection at approximately 0.1 mL/kg. The MRE sequencesaredis-
played in onlinesupplementary Table 1 (for al online suppl. mate-
rial, see www.karger.com/doi/10.1159/000529426).

Asssssment of Complicationsand Creeping Fat

Each MRE scan was reviewed in tandem by two physicians to
get agreement about the measurements: onesenior radiology resi-
dent with 4 years of experience in the field of abdominal-pelvic
MRI and asenior aff radiologist with more than 15 years of ex-
perience in the same field. For each scan, the following aspects
were evaluated: (1) visible small bowd stricture, defined asasmall
bowel lumen <10 mm with or without prestenotic dilatation con-
sidering aprestenotic lumen >30 mm dilatation, (2) visblefistula,
defined as an abnorma communication between the small bowd,
and other organs, (3) visible abscess, defined as an encapsulated
collection containing pus and/or gas, and (4) the presence or ab-
sence of CrF, defined asfatty deposition along the mesenteric bor-

Body Composition Predictors

der of inflamed bowe segment [18, 21, 23]. Depending on the
MRE findings, patients were divided into inflammatory and com-
plicated disease. Complicated disease was defined as the presence
of stricture, fistula, or abscess [3, 4, 6].

Assament of Body Composition

Body composition measurementswereperformed on MRE scans
using the semiautomated segmentation tool AsanJMorphometry
software (Asan Image Metrics, Seoul, Korea) [24]. The software was
operated by asenior radiology resdent with 4 yearsof experiencein
the field of abdominal-pelvic MRI. The cross-sectiona area (CSA)
measurements were evauated at the L3 inferior endplate level. The
body composition measurement at thislevel has often been used as
areferencein clinical routineand hasbeen thereferencelocation for
anayzing body composition [25]. It included the estimation of total
adiposetissue (TAT), SAT, VAT, SMT, and intramuscular adipose
tissue (IMAT) in square centimeters (cm?) based on the pixel count
(Fig. 2). Muscleand adiposetissueswere separated using thresholds
for the signd intensity () on precontract T1-weighted MRE scans
with a vaue above 350 S and lower 750 S for adipose tissue and
above 100 § and lower 350 S for muscle.
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Table 1. Baseline characteristics of all CD patients (n = 114)

All CD patients, Inflammatory disease Complicated disease, p value
(n=114),n (%) (n=54),n (%) (n=60), n (%)
Male 60 (52.6) 30(55.6) 30(50.0) 0.55
Age at baseline (years), median, [IQR] 35.50[27.0-46.3] 38.50[26.8-47.3] 33.00[27.0-45.0] 091
Age at diagnosis (years), median, [IQR] 26.00[17.0-36.0] 28.00[17.0-35.3] 2550[17.0-36.8] 084
Age of onset
Al 24(211) 11(204) 13(21.7) 087
A2 69 (60.5) 35(64.8) 34(56.7) 0.37
A3 21(184) 8(14.8) 13(21.7) 0.35
Current drug therapy?
Corticosteroids 36 (31.6) 19(359) 17 (283) 0.27
Biological therapy 22(19.3) 11 (204) 11(183) 0.63
Immunomodulator 25(21.9) 14 (25.9) 11(18.3) 0.22
5-aminosalicylic acid 14 (123) 5(9.2) 9(15.0) 041
CQurrent smoker 13(11.4) 6(11.1) 7(11.7) 093
CRP(>5ng/mL) 88(77.2) 40(74.1) 48 (80.0) 045
BMI (kg/m?), median, [IQR] 21.94[19.4-24.9] 21.32[18.8-35.3] 2221[195-252] 0.50
BMI <18.5 kg/m? 20(175) 11 (204) 9(15.0) 045
BMI 18.5-24.9 kg/m? 68 (59.6) 32(59.3) 36 (60.0) 094
BMI >25 kg/m? 26 (22.8) 11 (204) 15(25.0) 0.56

Continuousvariablesare reported asmedian and interquartile range (IQR). CD, Crohn’s disease; CRP, C-reactive, protein; BMI, body mass

index. 2 Qurrent therapy information was available for 99 patientsonly.

Body Composition Groups

BMI was calculated by using the formula [weight (kg)/height
squared (m?)] [26]. BMI categories were subdivided as follows:
underweight (BMI <185 kgym?), normal weight (BMI 18.5-24.9
kg/m?), and overweight/obese (225.0 kgym?) [27]. Sarcopeniawas
measured in terms of skeletal muscle index (SMI) [12]. The SMI
was calculated by dividing the SMT (cm?) by height squared (m?)
[26]. The SMI cutoff values to define sarcopenia for men were 43
(cm3m?) under aBMI of 25 (kg/m?) and 53 (cm%m?) over aBMI
of 25 kg/m?, respectively, and 41 (cm?m?) for women [26, 28]. To
calculate TATI, SATI, and VATI, TAT (cm?), SAT (cm?), and VAT
(cm?) were divided by the height squared (m?), respectively. The
sex-gpecific cutoff vaues for the classfication of SATI (low/nor-
mal vs. high SATI) were 40 (cm%m?) for men and 30 (cm?%m?) for
women; for VATI (low/normal vs. high VATI) 44.0 (cm?m?) for
men and 35 (cm%m?) for women; and for VAT/SAT ratio (low/
normal vs. high VAT/SAT ratio) 1.08 for men and 0.86 for women
[29,30].

Satidical Analyss

Continuous variables, including body composition parame-
ters, are shown as mean (M) and standard deviation (SD) or me-
dian and interquartile range (1QR). TheKolmogorov-Smirnov test
was used to assess the normadlity of the continuous variables. Con-
tinuousvariableswere compared between thegroupsof inflamma-
tory and complicated CD using the student’s t test. The Mann-
Whitney U test was used to assess continuous, not normally dis-
tributed variables. Categorical variables, including CrF, were
compared using the x? test or Fisher’s exact test, asappropriate. A
binary logigtic regresson mode for body compostion groups
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based on sex-spexific values was performed to evaluate the factors
associated with gricture, fistula, and abscess. Odds ratio (OR) is
presented together with 95%confidenceinterval (Cl). A two-tailed
p value <0.05 was considered gatigticaly significant. IBM SPSS
Satistics for Windows, version 27.0 (IBM Corp., Armonk, NY,
USA) was used as analytic software.

Results

Patient Charaderigics

The basdine characteristics of our population (n =
114) areshown in Table 1. Themedian ageat basdinewas
35.50 years (IQR, 27.0-46.3). The mgjority of patients
weremale(n =60, 52.6%), and themedian BM| was21.94
(kgym?) (IQR, 19.4-24.9). Weidentified 54 patients with
inflammatory and 60 with complicated CD. The groups
of inflammatory and complicated disease were wdll-
matched for gender, age at the basdline, age of onset, cur-
rent drug therapy, current smoking status, BMI catego-
ries, and CRP levels (>5 ng/mL).

Comparison of the Body Composition Parametersin

the Inflammatory and Complicated Disease

Body composition parametersin thegroupsof inflam-
matory and complicated disease are listed in Table 2.
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Table 2. Body composition parametersin
the groups of inflammatory and
complicated CD (n = 114)

Parameter Inflammatory disease, Complicated disease p value
total (n = 54) total (n = 60)
TAT (cm?), median [IQR] 15945[1102-2506] 19645[1266-2875] 0.17
TATI (cm?m?), median [IQR] 57.23[36.5-85.8] 69.23[42.9-98.2) 0.14
SAT (cm?), median [IQR] 92.75[46.2-1394] 10940([63.0-1840] 022
SATI (cm?m?), median [IQR] 30.75[14.4-50.7] 36.20[20.0-61.1] 0.17
VAT (cm?), median [IQR] 59.55[38.0-95.5] 69.45[45.9-96.6] 0.37
VAT (cm?/m?), median [IQR 2144[13.3-34.5)] 26.87[15.2-35.1] 0.33
VAT/SAT ratio, median [IQR] 0.70[04-1.1] 0.70[04-1.2] 0.77
IMAT (cm?), median [IQR] 3.85[1.9-8.3] 3.95[24-4.0] 0.64
SMT (cm?),M+ D 111.14+36.57 117.99+36.35 0.32
SVl (cm#m?),M + SD 37.30£10.39 39.67+10.18 0.22

Continuousvariablesare reported asmean (M) * standard deviation (SD), or median and
interquartile range (IQR). TAT, total adipose tissue; TATI, total adipose tissue index; SAT,
subcutaneous adipose tissue; SATI, subcutaneous adipose tissue index; VAT, visceral
adipose tissue; VAT, visceral adipose tissue index; IMAT, intramuscular adipose tissue; SMT,
skeletal muscle tissue; M, skeletal muscle index; M, mean; D, standard deviation.

Table 3. Body composition groups based on sex-specific values, creeping fat, and occurrence of complicated

disease (n=114)

Groups Patientswith inflammatory Patientswith Complicated pvalue
disease, total (n = 54), n (%) disease total (n = 60), n (%)

Low/normal SATI 31(27.2) 28(24.6) 025
High SATI 23(20.2) 32(28.1)

Low/normal VATI 44 (38.6) 48 (42.1) 0.84
High VATI 10(8.8) 12(105)

Low/normal VAT/SAT ratio 37(325) 38(333) 0.56
High VAT/SAT ratio 17(14.9) 22(19.3)

Non-sarcopenic 20(17.5) 26 (22.8) 050
Sarcopenic 34(29.8) 34(29.8)

OFabsent 44 (385) 41(35.9) 011
CrFpresent 10(8.7) 19 (16.6)

SATI, subcutaneous adipose tissue index; VATI, visceral adipose tissue index; VAT/SAT ratio, visceral-to-

subcutaneousfat ratio; OF, creeping fat.

There was no significant difference between both groups
regarding TAT (p = 0.17), TATI (p = 0.14), SAT (p =
0.22), SATI (p=0.17), VAT (p=0.37), VATI (p=0.33),
VAT/SAT ratio (p = 0.77), IMAT (p = 0.64), SMT (p=
0.32), and SMI (p=0.22).

Comparison of Body Composition Groups Based

on Sex-Spedific Cutoff Valuesof Values, CrF, and

Complications

Patients were classfied into body composition groups
based on sex-specific cutoff values. There were no sig-
nificant differencesin the occurrence of complicated dis-

Body Composition Predictors

ease (including all stricturing and penetrating complica-
tions) in the groups of SATI (low/normal vs. high SATI)
(p=0.25), VATI (low/normal vs. high VATI) (p = 0.84),
and VAT/SAT ratio (low/normal vs. high VAT/SAT ra-
tio) (p = 0.56). Sarcopenia was identified in 68 patients
(59.6%) and did not differ in the groups of inflammatory
and complicated disease (p = 0.50). CrF wasidentified in
29 patients. Therewasno significant differencein theoc-
currence of complicated disease if CrF was present (p =
0.11). Table 3 summarizesthesefindings.

A total of 47 strictures, seven abscesses, and 18 fistulae
wereidentified among the patientswith complicated dis-
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Table 4. Body composition groups,

creeping fat, and occurrence of fistulae Groups Patientswithout fistula,  Patientswith fistula, pvalue
(n=114) total (n = 96), n (%) total (n =18), n (%)
Low/normal SATI 48 (50) 11(611) 0.39
High SATI 48 (50) 7(389)
Low/normal VATI 77(80.2) 15(83.3) 100
High VATI 19(19.8) 3(16.7)
Low/normal VAT/SATratio 68 (70.8) 7(38.9) 0.01
High VAT/SAT ratio 28(29.2) 11(61.1)
Non-sarcopenic 40(41.7) 6(33.3) 051
Sarcopenic 56 (58.3) 12 (66.7)
OFabsent 77(80.2) 8 (44.4) <0.001
OFpresent 19(19.8) 10 (55.6)

SATI, subcutaneous adipose tissue index; VATI, visceral adipose tissue index; VAT/SAT
ratio, visceral-to-subcutaneousfat ratio; O'F, creeping fat.

Table 5. ORand 95% Cl for the occurrence

of ﬁStUla(n - 114) G’OUPS OR 95% Cl pvalue
High SATI versuslow/normal SATI 0.64 0.28-1.78 0.86
High VATI versuslow/normal VATI 0.81 0.23-3.09 0.76
High VAT/SAT versuslow/normal VAT/SAT 382 1.34-10.85 0.01
Sarcopenic versus non-sarcopenic 143 0.50-4.13 051
CrFpresent versus OrF absent 507 1.76-14.56 <0.001

SATI, subcutaneous adipose tissue index; VATI, visceral adipose tissue index; VAT/ SAT,
visceral-to-subcutaneous fat ratio; OF, creeping fat; OR oddsratio; G, confidence intervals.

Table 6. ORand 95% Cl for the occurrence

of stricture (n = 114) Groups OR 95%0Cl pvalue
High SATI versuslow/normal SATI 121 0.57-2.56 050
High VATI versuslow/normal VATI 0.78 0.30-2.03 0.61
High VAT/SAT versuslow/normal VAT/SAT 0.99 045-2.17 097
Sarcopenic versus non-sarcopenic 0.63 0-30-1.36 0.24
OFpresent versus CrFabsent 177 0.76-4.15 019

SATI, subcutaneous adipose tissue index; VATI, visceral adipose tissue index; VAT/ SAT,
visceral-to-subcutaneousfat ratio; OF, creeping fat.

ease. The occurrence of each complication was a0 as-
sessed in each group of body composition. Only the
groupswith ahigh VAT/SAT ratio and CrF demonstrat-
ed adgnificant differencein the occurrence of fistulae (p
=0.01 and p=<0.001, respectively) (Table4). Noneof the
groups demongtrated a significant difference in the oc-
currence of abscesses (online suppl. Table 2a) or gric-
tures (online suppl. Table 2b). The occurrence of CrF
tended to be more common in patients with stricturing
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complications when compared to patients without sric-
turing complications (p = 0.18) (online suppl. Table 2b).
The asociation of the body composition groups, CrF,
and CD complications was further explored by estimat-
ing the OR for the occurrence of fistulae (Table 5), stric-
tures(Table 6), and abscesses (onlinesuppl. Table 3). CrF
(OR5.07,95%Cl 1.76-14.56; p = <0.001) and high VAT/
SAT ratio (OR: 3.82, 95%, Cl 1.34-10.85; p = 0.01) were
positively associated with the occurrence of fisulae. Nei-
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ther the body compostion groupsnor CrF demonstrated
a dgnificant association for developing stricture or ab-
scessin our population.

Discussion

Toour knowledge, thisisthefirst sudy to comprehen-
sively evaluate the association of body composition pa-
rametersusing astandardized M RE-based semiautomat-
ed tool, CrF, and CD complications. Altered body com-
position parametersand clinical factors such asthe age of
onset (<40 years), periana disease, the initial require-
ment for seroids, early use of anti-inflammatory agents,
and smoking history (prior appendectomy) have been
suggested asrisk factorsof complicated CD [8, 10, 11, 14,
31, 32]. Snce the duration of CD may last more than 50
years, identifying risk factorsfor complicated disease over
such along time frame remains extremely difficult [2].
Our data suggest that the occurrence of fistulae is more
common in CD patientswith ahigh VAT/SAT ratio or in
the presence of CrF.

CD has been traditionally associated with manutri-
tion and lower BMI [13]. However, the prevalence of obe-
sty in CD patientsisincreasing [33]. Accordingto are-
cent metanalysisby Janget al. [34] in 2022, obeseinflam-
matory bowe disease patients have an increased risk of
surgical complications (OR = 1.45, p=<0.001), particu-
larly infectious complications (OR = 148, p = 0.003)
when compared to nonobese patients (including over-
weight). The impact of obesty on CD behavior has not
always been consistent throughout the literature [35]. In
our study, BMI did not differ between the groups of in-
flammatory and complicated disease (p = 0.50). 22.8% of
our patientshad aBM| =25 kg/m2. Dueto the small sam-
ple size, patients presenting a BM| higher than 25 kg/m?
were not further categorized. Nevertheless, the group of
patients with overweight or obesity did not show an in-
creased occurrence of complicated disease (p = 0.56).
These reaults are in line with other authors suggesting
that BMI aloneisnot related to disease behavior [10, 33].

Severa authorshave mentioned that using visceral ad-
ipodty as a measure of obesity has more consstently
shown an increase in CD complications than using BMI
asamarker of obesity [8, 33, 35, 36]. Thiberge et al. [37],
in 2018, reported that lower SATI (p = 0.009) and VATI
(p=<0.001) wereinversdy correlated with adverse post-
operative outcomes in CD patients. In contragt, in our
study, TATI, SATI, and VATI did not differ between the
groups of complicated and inflammatory disease (p =
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0.14, p=0.17, and p = 0.33, respectively). Our resultsare
in line with Labarthe et a. [15], showing no sgnificant
difference in VATI (p = 0.34) among CD patients with
active compared to inactive disease. Thefurther categori-
zation of our population based on sex-specific cutoff val-
uesof SATI (low/normal vs. high SATI) and (low/normal
vs. high VATI) did not predict the occurrence of any spe-
cific complication (fistulae, abscesses, or grictures). Our
data suggest that VAT, VATI, SAT, and SATI aoneare
inadequateto predict CD complications.

Altered body composdtion with the development of
changed mesenteric adipose tissue is characterigtics of
CD [35]. The production of tumor necross factor a as
part of an increased inflammatory response in adipose
tissue has been well-documented [38]. According to
Kaesset d. [39], VAT or SAT adone provides limited in-
formation regarding the relative distribution of body fat
when compared to the VAT/SAT ratio. Conélly et al. [33]
suggested that the VAT/SAT ratio was also a more rdli-
able predictor of postoperative morbidity in CD patients
undergoing an ileocecectomy than BMI (p = 0.03). The
role of VAT/SAT in CD complications was further ex-
plored by Erhayiem et al. [8], who found that the mean
VAT/SAT ratio was sgnificantly higher in CD patients
with gricturing or fistulizing complications compared to
those with uncomplicated disease (p = 0.001). In their
study, 29 patients with complicated disease were evalu-
ated and the body composition measurements were per-
formed at the L4 level on CT scans, which is not a stan-
dard reference location for analyzing body composition
parameters [8, 15, 25]. In contrast, our sudy included a
dightly higher amount of patients with complicated dis-
ease (n = 54), and among penetrating complications
alongside fistulae, abscesses wereincluded. Thereported
high VAT/SAT ratio by Erhayiem et al. was not specific
for stricture or fistula. Our data suggest that the use of
sex-gpecific cutoff valuesfor VAT/SAT ratio can be cru-
cial regarding the identification of patients with fituliz-
ing complications (OR: 3.82, 95%, Cl 1.34-10.85; p =
0.01). Unlike Erhayiem et al., the segmentation of theim-
agesin our study was performed using a semiautomated
tool on MRE scans at the L3 level, which isamorerepro-
ducibletooal. In our population, VAT/SAT donewasnot
associated with a higher recurrence of abscesses (OR:
1.48, 95%, Cl 3.14-6.97; p=0.36). The power to detect an
asociation was very limited due to the small number of
patients with abscesses (n = 7). The differences in body
compostion parameters within penetrating disease be-
havior (fistulae and abscesses) remain atopic for further
research.
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Whether ahigh VAT/SAT ratio isassociated with fis-
tulizing complications is ill under debate. In 2015,
Blining et a. [36] showed that CD patientswith strictur-
ingand fistulizing complicationshad ahigh VAT/total fat
mass (FM) ratio. In thisparticular sudy, VAT was mea-
sured with MRI; however, thetotal FM, with air-displace-
ment plethysmography. Furthermore, only women in
clinical remisson wereincluded and the administrations
of systemic corticosteroid treatment (3 monthsbeforethe
study), severe weight loss (10% of body weight within 6
months before the study), as well as the presence of an
ileostomy or colostomy wereexclusion criteria. Our pop-
ulation included al CD patients regardless of disease ac-
tivity, current medication, or prior surgeries, which is
morerepresentative of the heterogeneity of the CD popu-
lation undergoing MRE in clinical routine. Furthermore,
the use of ar-displacement plethysmography is not a
commonly established diagnogtic procedurein CD mon-
itoring, which may limit itsclinical utility [36].

Bryant et a. [10] suggested that VAT/SAT ratio was
asociated with gricturing disease behavior (log OR: 1.7;
Cl, 0.32-3; p = 0.01) but not with fistulizing disease. In
their study, CD patients between 18 and 50 years were
included and VAT/SAT assessment was based on dual-
energy X-ray absorptiometry. Furthermore, the classfi-
cation of complications at basdine was based on clinical
data. In contragt, in our study, the definitions of CD-re-
lated complications were performed based on therevalu-
ation of the M RE scans, which isamore accurate method
to define complicated disease. In our study, ahigh VAT/
SAT wasnot associated with ahigher occurrence of gtric-
turing complications (OR: 0.99, 95%, Cl 0.45-2.17; p =
0.97). The reason for thisis not apparent. Considering
that dua-energy X-ray absorptiometry assessment for
patients with large VAT values has a poor correlation
with MRI and that the gold standard for measuring and
analyzing viscera fat comprises MRI and CT our results
could not confirm the previous findings of Bryant et al.
[10, 40Q].

CrF hasbeen traditionally associated with small intes-
tinal fibrosis and is characterized by finger-like projec-
tions of mesenteric adipose tissue around the inflamed
bowel [41]. Data from macroscopic findings indicated
that the presence of CrF was associated with hyperplasa
of muscularis propia, changes in connective tissue, and
ultimately thedevelopment of stricture[42]. In astudy by
Li et a.[43], the degree of CrF assessed by CT wasassoci-
ated with intestinal fibrotic sricturesin CD patients (p=
0.018). Even 0, the association between CrFand strictur-
ing complications is biologicaly plausible. In our study,

8 DigDis
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theoccurrence of CrFin patientswith stricturing compli-
cations when compared to patients without stricturing
complications was not sgnificantly different (p = 0.18).
Thereason for thisisnot apparent. It has been reported
that connective tissue changes including CrF are related
to local effects of underlying chronic inflammation [42].
In our study, aswell asin previous gudies, no digtinction
between inflammatory and fibrotic stenotic changes was
made, being presumably thelatter stronger related to ad-
iposetissue changesincluding CrF [44].

Althoff et al. [45] identified that CrF evaluated by MRI
was asociated with a complicated course of abdominal
surgery in CD patients. In our study, CrF tended to be
more common in patientswith complicated compared to
inflammatory disease (p=0.11). In our population, fistu-
lizing complications rather than gricturing complica-
tionswere more likely to occur in patientswith CrF (OR
5.07,95%Cl 1.76—14.56; p=<0.001). Theobservation that
CrF was common in patients with fisulae is plausble
snce CrF has been described as a protective response
where mesenteric adipose tissue migrates to Stes of gut
barrier dysfunction to prevent systemic dissemination of
potentially harmful bacterial antigens that have trando-
cated acrossthe barrier from the gut lumen [9]. Further-
more, somebacteriamight directly infect endothelial cells
and adipocytes, causing them to proliferate, ultimately
generating the development of new vesselsand CrF of the
mesentery [9, 46]. Asaresult, the walls of fistulae might
result from neoangiogenesis or lymphangiogenesis that
occursin the bowd wall [46].

The incidence of sarcopenia in our population was
59.6%. This is higher compared with the previous inci-
dencereported by Thiberge et al. [37] (33.6%) and com-
parablewith theincidencein CD patientsreported by La-
barthe et . [15] (50%). In ameta-analysis by Eréset al.
[47],in 2020, sarcopeniawasidentified asan independent
predictor for rate of surgery (OR = 1.826; 95% Cl 0.913—
3.654; p=0.089). In our study, sarcopeniawasnot associ-
ated with the occurrence of complicated disease. Even
though both groups were well-matched for current drug
therapy, this clinical information was available for only
86.8% of the patients. Asit iswell known that glucocorti-
coids induce muscle atrophy, we cannot exclude that
these results were influenced by the current CD-related
therapies[48].

As described by Labarthe et al. [15] MRl measure-
ments of body composition parameters are feasible and
reproducible, particularly with the help of semiautomat-
ed methods. MRE hasahigher accuracy in detecting CrF
and figtulathan CT; the avoidance of radiation exposure
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isalso an advantage [23]. Theclinical perspective offered
by our data suggests that the M RE-based stratification of
CD patientsin high VAT/SAT group, aswell astheradio-
logical assessment of CrF, should berecognized asanew
potential prognogtic factor for the occurrence of fistuliz-
ing complications. Our results should generate further
studies, particularly focusing on the quantitative assess-
ment of CrF in MRE. Ultimately the clinical utility and
setting (assessment at diagnosis, monitoring symptom-
aic or asymptomatic patients, or postoperative follow-
up) must bedetermined in prospective multicentric sud-
ies. In agreement with Xiong et al. [49], we consider that
differences at the L3 and L5 levels, in addition to the L3
level, should be sudied when analyzing body composi-
tion parametersin CD patients, particularly by assessng
adipose tissue changes. Theimpact of body composition
changes over time on disease behavior aso requires fur-
ther invetigation.

Our study hassomelimitations, CD patientswith con-
traindicationsfor MRE, such aselectrically, magnetically,
or mechanically activated devicesor known adversereac-
tionsto gadolinium contrast media, werenot included in
our gudy [21]. In our study, the anthropometric data
were obtained from clinical records, which could not be
verified. Additionally, the quantification of body compo-
sition parameters from MRE scans has not been com-
pletely standardized, and there is wide variability con-
cerning protocol optimization. The retrospective meth-
odology of the study did not alow arigorous evaluation
of body composition changes over time or the consider-
ation of therole of surgery and current drug therapiesas
additional factorsto predict complicated disease. CD pa-
tientswith acuteintestinal complicationslikelow intesti-
nal bleeding, perforation, and intestinal obstruction were
not included. Besides, in acute settings at our ingtitution,
most of the CD patients presenting an abscess undergo a
CT scan. The small sample size of patients presenting
penetrating complications, particularly abscesses is an-
other limitation of our study.

Conclusions

Body composition measurementsin CD patients dis-
played no gatigtically significant difference between the
groups of inflammatory and complicated disease. None-
theless, CD patients stratified in the group of high VAT/
SAT ratio and the presence of CrF should be recognized
asrisk groupsfor the occurrence of fistulae.
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Abstract

Aim: To assess the association of the apparent diffusion coefficient (ADC) of the psoas muscles and psoas muscle index (PMI)
with the activity and behaviour of Crohn’s disease (CD).

Material and methods: This was a retrospective study of 88 CD patients who underwent magnetic resonance enterography.
Patients were classified according to the Montreal Classification in uncomplicated (non-stricturing, non-penetrating, B1), and
complicated (structuring [B2] and penetrating disease [B3]). At the level of the third lumbar vertebra, the ADC and PMI were
estimated. CD activity was analysed using the Magnetic Resonance Index of Activity (MaRIA), and depending on its values
patients were categorized as high or low activity. Additionally, the presence of creeping fat (CrF) was used to evaluate activity.
ADC and PMI were using Student’s t-test.

Results: Our study included 47 males and 41 females (mean age of 38.69 +14.4 years). The ADC in uncomplicated (B1,
n = 45) and complicated disease (B2 + B3, n = 43) were 1.11 +0.19 and 1.03 +0.10 (10*mm?/s), respectively, (p = 0.02). ADC was
significantly lower in patients with stricturing disease than in patients without strictures (1.02 +0.11 and 1.10 +0.18 [10> mm?/s],
respectively, p = 0.01). The group with non-penetrating disease showed higher PMI than those with penetrating disease (5.71
+1.88 vs. 4.42 £1.55 cm?/m?, respectively, p = 0.10). There was no significant difference in PMI and ADC between patients with
low and high MaRIA or positive and negative CrF.

Conclusions: The ADC of the psoas muscles is significantly lower in CD patients with uncomplicated disease, particularly
those with stricturing disease. Therefore, ADC can be considered as an imaging biomarker of myopathic changes in CD patients.

costs, reaching in 2020 approximately 3500 Euro per CD

Introduction

Crohn’s disease (CD) is a chronic progressive, relaps-
ing, and remitting inflammatory condition affecting the
gastrointestinal tract, and in 30% of patients it leads
to complications such as strictures, fistula, abscesses,
and perianal forms [1]. According to a meta-analysis
by Yaron in 2020, CD complications can lead in up to
23.3% of cases to hospitalization, and in 12.4% to
further surgical treatment [2]. Despite the increasing
development of new medications, medical or surgical
hospitalization remains central to all direct healthcare

patient per year [3, 4].

Penetrating disease, perianal or foregut involve-
ment, young age at the time of diagnosis (< 40 years),
smoking, and early start of corticosteroid therapy have
been identified as high-risk features for required sur-
gery (risk ratio (RR) 13.67, 95% confidence interval (Cl)
1.88-99.41) and hospitalization (RR = 1.86, 95% Cl:
0.03-0.43) [5]. In a recent systemic review by Tang et al.
in 2023, body composition parameters were shown to
predict poor outcomes for CD patients [6]. Sarcopae-
nia was associated with longer disease duration, more

Creative Commons licenses: This is an Open Access article distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 International (CC BY -NC -SA 4.0). License (http://creativecommons.org/licenses/by-nc-sa/4.0/).
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complex phenotype, and disease activity [6]. Addition-
ally, sarcopaenia was revealed as a risk factor for the
requirement of surgical intervention (hazard ratio (HR)
=431, 95% Cl: 1.36-13.7) and for postoperative compli-
cations (HR = 3.84, 95% Cl: 1.48-9.974) [6-8].

Sarcopaenia as progressive and generalized degen-
erative loss of skeletal muscle mass occurs in CD pa-
tients primarily due to malnutrition caused by chronic
bowel inflammation (IBD). A population-based study by
Sharif et al. in 2022, including 2085 patients with poly-
myositis (PM) and dermatomyositis (DM) and 10,193 pa-
tients as a control group, demonstrated the incidence of
IBD in PM/DM patients to be significantly higher (OR =
1.73, 95% Cl: 1.05-2.86) [9]. Its results, such as reported
clinical cases of the appearance of ocular or gastrocne-
mius myositis in CD patients, confirm the hypothesis of
a crucial role of low-grade systemic inflammation in the
disturbance of skeletal muscle homeostasis leading to
sarcopaenia [10-13].

Thus, there is a need for additional methods of as-
sessing the degree of muscle mass loss and the detec-
tion of intramuscular disorders like low-grade inflam-
mation, which can significantly expand our diagnostic
and prognostic values in patients with Crohn’s disease.
In recent studies, it was demonstrated that diffu-
sion-weighted imaging quantified by apparent diffusion
coefficient can reflect intramuscular microstructure dis-
orders, for example, in the case of tumours or muscle

’ Patient search n = 184 ‘

l

n = 88 patients ‘

!

’ Muscle analysis ‘

Grouping according
to the CD behaviour

Ll

cell lysis in myositis [14, 15]. Furthermore, in 2018, Sur-
ov et al. showed that ADC can be used as an imaging
biomarker of myopathic changes in liver cirrhosis [16].

Aim
Therefore, the aim of this study was to assess the
relationship between ADC values of the skeletal muscu-

lature and the activity or behaviour of CD as high-risk
features.

Material and methods

Our retrospective study was conducted in the Uni-
versity Clinic for Radiology and Nuclear Medicine (Uni-
versity Hospital Magdeburg) and approved by the In-
stitutional Review Board Ethics Committee (Number:
145/21), Otto-von-Guericke University, Magdeburg, Ger-
many. Patients with confirmed CD, who underwent mag-
netic resonance enterography (MRE) between June 2010
and April 2020 were included. Each MRE was performed
on a 1.5 Tesla MR scanner (Intera, Philips Healthcare,
Best, Netherlands) in a supine position using a whole-
body surface coil system. Our MRE protocol has been
previously reported, and the MRI sequences are summa-
rized in Supplementary Table SI [17, 18].

Clinical data were extracted from our internal da-
tabase (MEDICO KIS, CompuGroup Medical SE & Co.
KGaA, Koblenz, Germany) and comprised sex, weight,

Inclusions criteria
Endoscopically and/or histologically proven
Crohn’s disease

Excluded patients:
« Inadequate quality of MR enterography (n = 9)
« Failed endoscopic evaluation (n = 10)
« MR examination of pevis (n = 70)
« DWI with a significant artefact (n = 7)

At the level of the third lumbar vertebra
* Psoas muscle index
» ADC of both psoas muscles

Grouping according
to the CD activity

Lo

Uncomplicated vs. complicated
disease (n = 45 vs. n = 43)

Non-penetrating vs. penetrating
disease (n =77 vs.n =11)

Low MaRIA vs. high MaRIA
(n=38vs.n=50)

Positive vs. negative CrfF
(n=68vs.n=20)

Y

Non-stricturing vs. stricturing
disease (n =51vs.n=37)

Figure 1. Study design

CD - Crohn’s disease, Crf — creeping fat, MaRIA — Magnetic Resonance Index of Activity, DWI - diffusion-weighted imaging, ADC — apparent

diffusion coefficient.
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height, age, smoking, duration of disease, CRR compli-
cations (stricture, fistula, abscess), medications, and
previous abdominal surgery. The study design is de-
picted in Figure 1, and it included muscle analysis and
assessment of CD activity and complications.

Setting and participants

Our inclusion criteria were as follows: (a) endoscop-
ically and/or histologically confirmed CD, (b) complete
demographic and clinical data, (c) the first MRE chrono-
logically available, (d) performed DWI without reduced
quality.

The exclusion criteria were as follows: (a) incom-
plete clinical data (b) strong MRE artifacts, and (c) MRI
of the pelvic region.

Muscle analysis

We performed our assessment at the level of the
third lumbar vertebra. The analysis included measuring
the cumulative mean ADC value of both psoas muscles.
ADC value was measured by drawing polygonal regions
of interest (ROI) along the contours of the psoas mus-
cles in ADC maps, avoiding fat areas and vessels. The
ROl placement is demonstrated in Figure 2.

The psoas muscle area was estimated using the spe-
cial semi-automated tool Asan)-Morphometry (available
at http://datasharing.aim-aicro.com/en/morphometry)
also at the same level [19]. The separation of muscle and
adipose tissue was performed according to thresholds
for the signal intensity on precontrast T1-weighted MRI
scans with the values between 350 and 750 signal inten-
sity (SI) for adipose tissue and between 100 and 350 S|
for muscle tissue. The psoas muscle index (PMI) was cal-
culated by dividing the psoas muscle areas of both sides
by the patient height squared (cm?/m?) [20] (Figure 3).

N0
o )

e

il

NS,

7061 TSR &

: 139.39mm

Figure 2. Manual measurement of ADC values of
both psoas muscles

Assessment of CD activity

The CD activity we evaluated using the Magnetic
Resonance Index of Activity (MaRIA), which was esti-
mated in the segment with the most severe changes ac-
cording to the formula (1.5 x wall thickness [mm] + 0.02
x relative contrast enhancement [RCE]). RCE was calcu-
lated as follows: RCE = (wall signal intensity [WSI] post
gadolinium- WSI pre-gadolinium/[WSI pre-gadolinium])
x 100 x (standard deviation [SD] noise pre-gadolinium/
SD noise post-gadolinium). SD noise before and after
gadolinium administration was performed as the aver-
age of 3 SD of the signal intensity measured outside the
body. Patients were dichotomized using a cut-off value
of MaRIA score into 2 groups: mild-to-moderate disease
(MaRIA < 11) and severe disease (MaRIA > 11) [21].

Additionally, each MRE was assessed on the pres-
ence of stricture, fistula, abscess, and fatty deposition
along an inflamed bowel loop known as creeping fat
(CrF) [22, 23]. CD behaviour was categorized according
to the Montreal classification into 3 groups: non-stric-

Figure 3. Evaluation of muscle volume of both psoas muscles using the semiautomated segmentation
(AsanJ-Morphometry) at the level of the third lumbar vertebra
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turing, non-penetrating (B1), stricturing (B2), and pen-
etrating (B3) [24].

Statistical analysis

Continuous variables were expressed as mean (M)
and standard deviation (SD). Categorical variables were
demonstrated in percentages. Continuous variables
were compared between groups using Student’s t-test.
The intraclass correlation coefficient (ICC) of a subset
of 30 patients was calculated for each pair of ADC, PMI,
and MaRIA values to determine the intra- and interob-
server agreement. Also, for CrF as a categorical variable
Cohen’s x was used test to evaluate intra- and interob-
server agreement. Values of 0.61-0.80 were interpreted

Table I. Baseline characteristics (n = 88)

Parameter N (%) or mean + SD
Female 41 (46.6)
Male 47 (53.4)
Age at baseline [years] 38.69 +14.4
Age at diagnosis [years]:
Al < below 16 17 (19.3)
A2 17-40 51(61.4)
A3 > 40 17 (19.3)
Behaviour:
B1 non-stricturing, non 45 (51.1)
Complicated disease (B2 + B3): 43 (48.9)
Stricture: 37 (42.0)
lleal 20 (22.7)
Colonic 6 (6.8)
lleocolonic 11 (12.5)
Fistula 9 (10.2)
Abscess 5(5.7)
Previous abdominal surgery 35 (39.8)
Current drug therapy*: 51 (58.8)
Corticosteroids 51(28.4)
Biological therapy 15 (17.0)
Immunomodulator 19 (21.6)
5-aminosalicylic acid 10 (11.4)
Current smoker 10 (11.4)
CRP (> 5 ng/ml) 66 (75)
BM!I [kg/m’] 21.89 +4.6
Underweight < 18.5 kg/m? 17 (19.3)
Normal weight 18.5-24.9 kg/m? 58 (65.9)
BMI > 25 kg/m? 13 (14.8)

Continuous variables are reported as mean (m) and standard deviation (SD),
CRP — C-reactive, protein, BMI — body mass index. *Information available for
only 74 patients.
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as substantial and 0.81-1.00 as excellent agreement.
A p-value of 0.05 was considered statistically signifi-
cant. We performed analyses using a statistical soft-
ware package (SPSS Statistics for Windows, version
27.0, IBM Corp., Armonk, NY, USA).

Results

According to our inclusion criteria, we found retro-
spectively MRI examinations of 184 patients with CD,
where 96 patients were excluded (MRI of the pelvis —
70 patients; inadequate MRE quality — 9 patients;
failed endoscopic evaluation — 10 patients; DWI with
a significant artefact — 7 patients) (Figurel). Therefore,
88 patients were finally enrolled in our study.

The baseline characteristics are summarized in Table I.
Our study included 41 (46.6%) females, the mean age
of the cohort was 38.69 years, and the main part of
patients belonged to the A2 age group (with onset of
disease between 17 and 40 years). Complications (com-
plicated disease B2 + B3) such as strictures, fistula, and
abscess were observed in 43 (48.9%) patients. Almost
half of our candidates (n = 51, 58.8%) had conservative
therapy; previous abdominal surgery was observed only
in 35 (39.8%) patients. The study included 10 current
smokers (11.4 %), and the levels of C-reactive protein
(CRP) were beyond the upper limit of 5 mg/| for 75%
(n = 66). Mostly, we found patients had normal weight
(n =58, 65.9%).

In the next step, we compared the muscle param-
eters such as mean ADC and mean PMI of both psoas
muscles in patients according to each parameter, which
defined the disease behaviour and activity (Table II).
Analysing the behaviour type, we found a significant
difference in ADC between uncomplicated disease (B1,
n = 45) and complicated disease (B2 + B3, n = 43) with
mean values of 1.11 £0.19 (102*mm?/s) and 1.03 +0.10,
respectively (p = 0.02). ADC was also significantly high-
er in non-stricturing patients (n = 51) than in patients
with strictures (n = 37) (1.10 £0.18 and 1.02 +0.11, re-
spectively, p = 0.01). There was no clinically and statis-
tically significant difference in ADC values in patients
with non-penetrating disease vs. penetrating disease
(p = 0.65) or patients with vs. without positive CrF
(p = 0.44). Also, we did not find any significant differ-
ence in patients with low and high MaRIA (p = 0.92). In
the assessment of PMI, patients with non-penetrating
disease showed clinically higher values than those with
penetrating disease (5.71 £1.88 vs. 4.42 £1.55 cm?/m?,
respectively, p = 0.10). According to other parameters
such as low and high MaRIA, negative vs. positive creep-
ing fat, uncomplicated disease vs. complicated disease,
and non-stricturing vs. stricturing disease, there was no
statistical or clinically significant difference.
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Table 1. Mean apparent diffusion coefficient (ADC) of the psoas muscle and psoas muscle index (PMI)

Variable (mean + SD) Uncomplicated disease (behaviour B1)  Complicated disease (behaviour B2 + B3) P-value
(n = 45) (n=43)

ADC [107 mm?/s] 1.11 +0.19 1.03 +0.10 0.02

PMI [cm?/m?] 5.63 +1.87 5.61+1.91 0.97
Non-stricturing disease (n = 51) Stricturing disease(n = 37)

ADC [10° mm?/s] 1.10 +0.18 1.02 +0.11 0.01

PMI [cm?/m?] 5.79 +1.78 5.81+1.91 0.43
Non-penetrating disease (n = 77) Penetrating disease (n = 11)

ADC [10° mm?/s] 1.07 +0.17 1.05 +0.10 0.65

PMI [cm?/m?] 5.71 £1.88 4.42 +1.55 0.10
Negative creeping sign (n = 68) Positive creeping fat (n = 20)

ADC [10°° mm?/s] 1.08 +0.15 1.04 +0.20 0.44

PMI [cm?/m?] 5.70 +1.93 537 £1.71 0.50

MaRIA < 11 (n = 38) MaRIA > 11 (n = 50)
ADC [10° mm?/s] 1.07 +0.15 1.07 +0.17 0.92
PMI [cm?/m?] 5.80 +2.05 5.49 +1.75 0.45

ADC — mean apparent diffusion coefficient, PMI — psoas muscle index, MaRIA — Magnetic Resonance Index of Activity. Continuous variables are reported as

mean (m) and standard deviation (SD).

Intra- and interobserver agreement

The intraobserver and interobserver assessment
was performed for evaluating CrF and measuring ADC,
PWI, and MaRIA. The obtained results demonstrated
excellent agreement (x = 0.831, ICC more than 0.891,
p < 0.05) and are summarized in Supplementary Table SII.

Discussion

To our knowledge, this is the first study to evalu-
ate the association of lumbar muscle ADC values and
PMI with CD activity and behaviour. Our results showed
a significant difference in ADC values in patients with
uncomplicated and complicated disease (p = 0.02),
as well as non-stricturing and stricturing diseases
(p = 0.01).

In recent years, the prognostic value of body com-
position parameters in CD patients has been a trending
topic. The systematic reviews by Ryan et al. and Tang
et al. reported the incidence of sarcopaenia in approx-
imately 52% of CD, which influenced the inflammatory
status, disease behaviour, prognostic outcome, and the
effectiveness of drug therapy [6, 25]. According to the
current “gut-muscle axis” hypothesis, there is a need
to study intramuscular changes, which appear due to
the systemic influence of low-grade inflammation in
CD patients, to detect earlier the CD forms with poor
prognosis [6, 12].

Previous studies have confirmed DWI and ADC ef-
ficacy as useful clinical tools to identify the pattern of
intramuscular disorders based on changes of free water

motion and increasing cellularity [14, 16, 26-32]. Meyer
et al. in 2018 showed significantly higher muscle ADC
values in myositis and myopathy than in unaffected
muscles, which was generally related to the appearance
of muscle oedema [14]. In subsequent studies, Meyer
et al. showed a strong correlation between ADC and
electromyography findings in myositis, allowing it to
reflect a functional muscle condition [32, 33]. Not only
structural but also functional changes can be detect-
able by ADC. For instance, Morvan et al. found changes
of ADC values after physical exercise due to increased
perfusion and delated vascular spaces [34].

For an adequate and standardized comparison of
the assessment of muscle loss and the measurement of
ADC value, we chose the lumbar muscle due to the low
incidence of artefacts, especially on ADC maps, and the
simplicity of the measurement method. The assessment
of the lumbar muscle loss using PMI showed no signif-
icant difference in patients with non-penetrating (B1 +
B2) and penetrating disease (B3) (p = 0.10). Zhou et al. in
2021 found an association of low muscle-related param-
eters with complicated disease behaviour (p = 0.048)
[35]. Further studies showed a relationship between
muscle loss, especially in combination with mesenter-
ic fat index or high visceral fat, and poor outcomes in
CD patients [7, 36]. On the other hand, the assessment
of ADC values showed significantly lower values in pa-
tients with complicated disease compared to uncompli-
cated or stricturing compared to non-stricturing disease
(p =0.02 and p = 0.01, respectively). Ran et al. obtained
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lower ADC values in patients with myositis against con-
trol groups with unaffected muscles [30]. They explained
these changes by the appearance of cytotoxic reactions
within the muscle. Another hypothesis was proposed by
Dalakas et al., who associated diffusion changes with an
increase of cellularity due to the migration of inflamma-
tory cells and also with subsequently intensified inflam-
matory processes with oedema and necrosis of muscle
fibres, and as a result, an increase of the diffusion space
for water molecules [37, 38].

The CD activity analysis based on CrF or mea-
suring the MaRIA score did not show any significant
difference in ADC or PMI values between all groups.
A possible explanation might be the influence of treat-
ment on MaRIA, especially the duration and scheme
of treatment, which was not considered. According to
the literature, MaRIA correlates with general inflam-
mation parameters such as CRP and mucosal healing,
which are highly dependent on the patient’s treat-
ment [39-44]. However, we see significant potential in
further studies of activity based on MaRIA score and
muscle change, because this relationship can improve
our knowledge of the systemic influence of bowel in-
flammation on muscle changes.

Summarizing the obtained results, we see in them
a significant clinical value. Firstly, the measurement of
ADC values is simple and corresponds to the method-
ology of assessment of composite parameters of the
body. Secondly, the statistically significant difference
of muscle ADC values in patients with a complicated
and uncomplicated course and between stricturing and
non-stricturing behaviour can contribute to identifi-
cation of CD patients with a worse prognosis. Third-
ly, further studies of intramuscular changes based on
changes in ADC measurements could potentially lead to
identifying CD patients with a lower risk for developing
of abscess, fistula, and stricture at an early stage.

Our study has several limitations. It was a mono-
centric study with a retrospective design. There was no
histological conformation of intramuscular changes;
thus, distinguishing myositis from other muscle disor-
ders was not possible. Not all patients with penetration
complications received MRE; some patients with com-
plications such as perforation or gastrointestinal bleed-
ing required CT examination in the emergency setting.
The follow-up time for each scan of the patients was
not standardized, and, therefore, follow-up scans were
not included in the analysis.

Conclusions

ADC of the psoas muscles is significantly lower in
CD patients with uncomplicated disease, particular-
ly those with stricturing disease. Therefore, ADC can

Gastroenterology Review

be considered as an imaging biomarker of myopathic
changes in CD patients.
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