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ABSTRACT (ENGLISH VERSION)

Introduction:

Inflammatory bowel diseases (IBD) are associated with known extraintestinal manifestations,
however cardiac involvement is poorly understood. There is evidence of increased
cardiovascular risks in IBD patients and of systemic inflammation involving the heart. Our
study aims to assess cardiac involvement in terms of inflammation in IBD patients using

cardiovascular magnetic resonance.

Methods:

In this prospective study, 50 adults with IBD were screened and 44 of them, without known
ischaemic heart disease, were included. They were categorized into active disease and
remission groups, while 44 age- and sex-matched healthy volunteers served as controls.
Disease activity scores (CDAI, SCCAI) and endoscopic assessments (SES-CD, UCEIS) were
conducted, and exclusion criteria (contraindications to CMR, GFR<30ml/min, pregnancy and
lactation) were applied.

Imaging was performed with 1.5 Tesla scanner. Cine and parametric mapping (T1, T2, ECV)
images were acquired. LGE and fat/water imaging were obtained. Biventricular function and
strain analysis were conducted. Quantitative analysis of mapping used a 16-segment AHA

model. For the statistical analysis, a p-value <0.05 was considered significant.

Results:

The analysis included 44 scans, 26 with active disease and 18 in remission. Baseline
characteristics did not differ between the groups. Ventricular function was normal in both
groups without significant differences. Patients in remission had higher myocardial mass
indices compared to the control group (p =0.018). T2 values showed no significant
differences between the three groups (p =0.605). Patients with active disease had significantly
higher global T1 values than control (p <0.001). ECV analysis did not show any differences
between active and remission stages, but a moderate correlation between disease activity
scores, global T1 values (p =0.049) and global ECV (p =0.042) was seen.

A non-ischemic LGE pattern was detected in 7/43 patients and myocardial fat infiltration in
5/44 patients. Both findings did not differ statistically when comparing active and remission
groups. Pericardial effusions were significantly more prevalent in the active group compared

to control (p =0.017). Pleural effusions showed no such difference.



Patients with active disease had significantly lower global radial and circumferential strain
values than control (GRS:p =0.002; GCS:p <0.001).
There was no difference in global T1, T2, and ECV when IBD patients were separated

according to the presence of mesalazine treatment or monoclonal antibody treatment.

Conclusions:

This study suggests evidence of myocardial involvement in IBD patients due to detected
subclinical changes with preserved LVEF. While cardiovascular complications in IBD are not
very common, CMR may identify at-risk patients for closer monitoring and inform treatment
decisions. Further research is required to explore this area, including the impact of various

IBD therapies on myocardial injury.

ABSTRACT (DEUTSCHE VERSION)

Einflhrung:

Chronisch entziindliche Darmerkrankungen (CED) zeigen bekannte systemischen
Manifestationen, jedoch ist die Herzbeteiligung wenig verstanden. Es gibt Hinweise auf
erhdhte kardiovaskulédre Risiken bei CED-Patienten. Ziel der Studie ist die Herzbeteiligung in

Bezug auf Inflammation bei CED mithilfe von CMR zu bewerten.

Methoden:

In dieser prospektiven Studie wurden 50 erwachsene CED-Patienten gescreent, davon 44
ohne bekannte ischdmische Herzerkrankung, eingeschlossen. Sie wurden in aktive
Erkrankungs- und Remissionsgruppen unterteilt, wahrend 44 alters- und
geschlechtsangepasste gesunde Freiwillige als Kontrollen dienten. Krankheitsaktivitats-
Scores, endoskopische Scores wurden durchgefihrt, und Ausschlusskriterien angewendet.
Die Bildgebung erfolgte mit 1,5 Tesla-CMR. Cine- und parametrisches Mapping wurden
aufgenommen. LGE- und Fett-/Wasser-Bildgebung wurden durchgefihrt. Die biventrikulare
Funktion und Strain wurde analysiert. Die quantitative Analyse des Mappings verwendete ein
16-Segment-AHA-Modell. Fur die statistische Analyse wurde ein p-Wert <0,05 als

signifikant angesehen.



Ergebnisse:

Die Analyse von 44 Patienten, 26 mit aktiver CED und 18 in Remission, zeigte keine
Unterschiede der Grundlinienmerkmale zwischen den Gruppen. Die ventrikulére Funktion
war in beiden Gruppen normal und ohne Unterschiede. Patienten in Remission hatten im
Vergleich zur Kontrollgruppe hohere Myokardmassenindexe (p = 0,018). T2-Werte zeigten
keine signifikanten Unterschiede zwischen den drei Gruppen (p = 0,605). Patienten mit
aktiver CED hatten signifikant hohere globale T1-Werte im Vergleich zur Kontrolle (p
<0,001). ECV zeigte keine Unterschiede zwischen aktiver CED und Remission, aber es wurde
eine moderate Korrelation zwischen Aktivitats-Scores und globalen T1- (p = 0,049) und
ECV-Werten (p = 0,042) gesehen.

Ein nicht-ischdmischer LGE-Muster wurde bei 7/43 Patienten und eine Fettinfiltration bei
5/44 Patienten nachgewiesen. Beide Befunde unterschieden sich statistisch nicht zwischen
aktiven und Remissionsgruppen. Perikardergiisse waren in der aktiven Gruppe signifikant
haufiger als in der Kontrollgruppe (p = 0,017). Pleuraergiisse zeigten keinen solchen
Unterschied.

Aktive CED-Patienten hatten signifikant niedrigere globale radiale und zirkumferenzielle
Strainwerte im Vergleich zur Kontrolle (GRS: p = 0,002; GCS: p <0,001).

Es gab keinen Unterschied in globalen T1-, T2- und ECV-Werten, wenn Patienten nach dem
Vorhandensein von Mesalazinbehandlung oder monoklonaler Antikérperbehandlung getrennt

wurden.

Schlussfolgerungen:

Aufgrund nachgewiesener subklinischer Verdnderungen bei CED-Patienten trotz erhaltener
LVEF zeigten sich Hinweise auf Myokardbeteiligung. Obwohl kardiovaskulére
Komplikationen bei CED selten sind, kdnnte die CMR hochrisiko-Patienten identifizieren und
uberwachen sowie Therapieentscheidungen ermdglichen. Weitere Forschung ist erforderlich,
um diesen Bereich weiter zu erkunden, einschliellich der Auswirkungen verschiedener CED-

Therapien auf Myokardschaden.



1. INTRODUCTION

Chronic inflammatory bowel diseases (IBD) are part of a group of polygenic
autoinflammatory diseases characterized by chronic inflammation of the gastrointestinal tract.
The main entities are Crohn's disease (CD) and ulcerative colitis (UC). While intestinal
manifestation is the defining characteristic of chronic inflammatory bowel diseases,
extraintestinal manifestations (EIM) can affect various organ systems, occur frequently, and
may precede intestinal manifestation. The occurrence of EIM can influence patients’ quality

of life and decisions regarding diagnostic and therapeutic interventions. [1, 2]

Little is known about the occurrence of a cardiac manifestation. To our knowledge, there are
currently no systematic prospective CMR studies investigating potential cardiac involvement
in the context of chronic inflammatory bowel disease. However, retrospective cohort studies
have shown an increased risk of cardiovascular events and mortality due to cardiovascular
causes, especially during the active phase of the disease. CMR case reports also showed
patients with IBD flare developing clinically relevant forms of myocarditis. [3]
Echocardiographic studies have already shown impaired left ventricular strain with preserved
ejection fraction and an increased rate of pericardial effusions in this group of patients. The
reasons for these observed correlations are unclear and potential targets of current research. A
few hypotheses consider the presence of a systemic inflammation involving the heart muscle
and the coronary arteries, leading to myopericarditis and/or coronary artery disease followed
by heart failure. Other hypotheses suggest a correlation between long-term use of systemic
corticosteroids and a higher risk for ischemic heart disease. [3-8]

CMR is an established clinical routine technique with a high safety profile, used for
diagnosing and helping to make treatment decisions for cardiovascular diseases, as well as the
primary imaging method for myocardial tissue characterization. The number of indications for
cardiovascular magnetic resonance in the current ESC guidelines has increased over the last
decade. A major role in this was given to the characterization and risk assessment of
cardiomyopathies. For the detection of myocarditis, CMR is considered a mandatory test in
the current guidelines. In the setting of ischemic heart disease, adenosine-based stress testing
using CMR has an equivalent role to other non-invasive testing techniques. In the diagnostic
work-up for MINOCA, the leading role of this method is already recognized in the
differentiation of pathologies causing this entity. The study of myocardial viability, valvular

heart disease, congenital heart disease, cardiac tumors and great vessel disease are some of the
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main indications for CMR. [9-11]These aspects will be discussed in further detail in Section
15.

In the oncologic field, the influence of CMR has been increasing as well. For instance,
subclinical changes in cardiac function and inflammatory myocardial changes have already

been demonstrated by CMR in patients undergoing chemotherapy. [12, 13]

Using various sequences, it is possible to make intramyocardial cell death and cell changes
visible and quantifiable. Our research groups have demonstrated this in patients with acute
myocarditis.[14] Advances in weighted and parametric mapping techniques (T1, ECV, T2,
T2* mapping techniques) allow spatial representation and quantification of tissue
characteristics and allow conclusions to be drawn about disease processes. T1 and T2
mapping techniques allow the visualization of edema, fibrosis, and hyperemia. [12] Late
gadolinium enhancement (LGE) images after contrast agent administration enable the
visualization of focal fibrosis and scar formation in ischemic and non-ischemic
cardiomyopathies. [13, 15] With CMR, it is possible to distinguish between intracellular (e.g.,
iron overload in hemochromatosis, glycosphingolipid deposits in Anderson-Fabry disease)
and extracellular (e.g., fibrosis, accumulation of amyloid proteins in amyloidosis) changes in
the myocardium or a combination of both (e.g., in the context of myocarditis or acute
infarction). Focal and diffuse changes can be identified. [15]

Therefore, CMR can already detect subclinical cardiovascular involvement in various

systemic diseases and is used for clarification of such involvement. [16-19]

There are different treatment options for patients with IBD. These include
immunosuppressive or immunomodulating therapies and biological agents. [20]

There is evidence of an increased risk of developing myocarditis in patients treated with
mesalazine. New classes of drugs are being implemented and developed, but there is still not
enough data yet on the possible subclinical and clinical effects of these medications on the
heart. [21-25] The study of the correlation between these therapies and myocardial changes

using CMR should be of great importance since it can guide therapeutic decisions.

Our study aims to investigate the potential cardiac involvement in chronic inflammatory
bowel diseases using cardiovascular magnetic resonance. In order to do so, we formulated the
following hypotheses.

Primary hypothesis:
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Patients with IBD show signs of myocardial damage in the form of diffuse and focal fibrosis
compared to an age- and gender-matched healthy control cohort, even with preserved left
ventricular ejection fraction.

Secondary hypotheses:

The following MR parameters show relevant differences between the two above-mentioned
groups: functional parameters such as stroke volume, ventricular and atrial dimensions,
myocardial elasticity (myocardial strain), and left and right ventricular ejection fraction
(LVEF and RVEF).

The MR inflammation parameters differ significantly between patients with active IBD,
patients in remission, and the healthy control group.

Medication used in the treatment of patients with IBD has an influence on the observed

myocardial changes.

1.1. Inflammatory bowel disease

1.1.1.  Epidemiology, etiology and types of inflammatory bowel
disease

Inflammatory bowel disease is a group of clinical entities characterized by a localized or
diffuse bowel inflammation with or without systemic involvement. The two main pathological
presentations include ulcerative colitis and Crohn’s disease.

The clinical presentation of CD differs from UC, as does the therapeutic approach. These
differences are mainly due to the localization of micro- and macroscopic changes, the pattern
of the inflammation involving the gut, and the systemic inflammation involving other organs
and tissues. The treatment usually requires a multidisciplinary approach of different
healthcare workers and nutritionists combined with lifestyle adaptation. This implies non-
pharmacological, pharmacological and surgical treatments. [20]

Up to 15% of the patients present mixed or undistinguishable patterns of the two diseases at
different points in time, so they are considered to have indeterminate colitis (IC). This

diagnosis can change in time and be converted to UC or CD. [26, 27]

Recent studies suggest a prevalence of 0.2-0.3% of the European population living with IBD,

with the first peak between 20 and 40 years and the second one between 60 and 80 years of
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age. There are also differences in incidence and prevalence between western and northern
compared to eastern European countries, showing a higher prevalence in developed countries,
even though the incidence in developing countries has been rising recently. One major Danish
study estimated a prevalence of CD with a range from 1.5 to 213 cases per 100,000 and of the
UC from 2.4 to 294 per 100,000. Another international study showed a higher prevalence in
western countries for females for CD and no relevant difference between sexes for UC. [28-
30]

The exact etiology of the disease is still unknown, but there are known predisposing factors to
IBD. Aside from predisposing genes which were found to be associated with either UC or
CD, there are other environmental factors like smoking, nutritional factors (western diet),
pollution and especially dysbiosis. The latter refers to the intestinal barrier and all the
elements that can alter its physiological microbiome. One example is the early use of
antibiotics in children that can change the intestinal microflora. These factors could play a
role in activating an autoimmune inflammatory response, including the release of cytokines
like TNF-a, IFN-y and IL-12. As a result of this extensive inflammation, mucosal tissue
damage can occur in different parts of the intestine with a pathognomonic distribution pattern
according to the type of IBD. [31]

Ulcerative colitis represents a chronic inflammation of the intestinal mucosae involving the
rectum with proximal extension in the colon. In the vast majority of cases, there is a defined
margin between the inflamed and non-inflamed tissue. The diagnosis is made with
sigmoidoscopy, but an ileocolonoscopy is advised to exclude the involvement of the ileum.
[32] Histologically, atrophy of the crypts can be seen with basal plasmacytosis and an
irregular villous surface. These microscopic changes, however, are not diagnostic and
pathognomonic for UC. [33]

Crohn’s disease, on the other hand, has a more segmental involvement of the intestine, with
alteration of inflamed and healthy segments of intestines. Typically, the terminal ileum is
affected, with very different patterns affecting the small intestine and colon. The diagnosis is
based on clinical signs, endoscopic findings of the ileocolonoscopy, blood and stool tests, and
histologic patterns, and this is all combined with imaging (MRI enteropathy of Sellink).
Histologically, a segmental inflammatory pattern is seen, with the formation of granulomas
and crypt distortion. [20, 33, 34]
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1.1.2.  Clinical and endoscopic disease activity

The clinical presentation of IBD can be manifold, it depends on the pattern and degree of
inflammation of the intestine, and also on the systemic involvement of other organs with
extra-intestinal manifestation. Both UC and CD are characterized by periods of active disease
or relapse and by periods of disease remission. [20]

As a result of the above-mentioned aspects, and because of the frequently nonspecific
symptoms, there is usually a delay of diagnosis of 23 months from the onset of symptoms.
Similar results were confirmed by different studies done in different countries.

During the active phase of the disease, patients with ulcerative colitis mostly develop
abdominal pain, diarrhea with blood and mucus in stool, fecal incontinence and urgency.
Pancolitis is associated with extensive disease. [29, 35]

Patients with Crohn’s disease develop symptoms like chronic diarrhea with weight loss and
abdominal pain, but also anemia and fever. A complicated course of the disease is
characterized by the formation of anal fistula and intestinal strictures. [29, 35-37]

It was shown that IBD increases the risk of colorectal cancer and extra-intestinal

malignancies. The overall risk for malignancy was higher in patients with UC. [38, 39]

Both entities are also characterized by a systemic autoimmune response with inflammation
involving other extra-intestinal organs. Except for the pyoderma gangrenosum and primary
sclerosing cholangitis, these manifestations are more common for CD than UC. The most
frequent of which is musculoskeletal involvement led by arthropathies and followed by
cutaneous changes like erythema nodosum, pyoderma gangrenosum, and aphthous stomatitis.

In terms of ocular manifestation, uveitis is seen more rarely than episcleritis. [2, 29, 40, 41]

The diagnosis of relapse is based on clinical, imaging, endoscopic, and lab findings. In order
to appreciate the severity of the disease at any point in time, clinical and endoscopic scores
are used. Two of the main clinical scores are Simple Clinical Colitis Activity Index

(SCCAI) for UC and Crohn's Disease Activity Index (CDAI) for CD. As for the endoscopic
scoring systems, two of the most common ones are the Ulcerative Colitis Endoscopic Index of
Severity (UCEIS) and the Simple Endoscopic Score for Crohn's Disease (SES-CD) for UC
and CD, respectively. [20]

The SCCAI score for UC has been already validated in different studies for its accuracy and
also for its correlation in the follow-up of patients in the remission phase. It includes six

clinical variables and does not require invasive testing or lab findings. It can also be used by
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the patients themselves in order to follow up on the progression of the disease and partly self-
diagnose a relapse or remission of the UC. There is range of 0-19 points, and a score higher
than 5 points indicates a relapse, whereas a score equal to or lower than 2 indicates remission.
[42]

The endoscopic scoring system UCEIS for UC is based on three major macroscopic variables:
vascular pattern, bleeding, and erosions and ulcers. This score was designed to improve
reliability, but a certain degree of interobserver variability is its main limitation. The scoring
system varies from 0 to 8 points, where a score under 1 point indicates remission and a score
above 2 indicates a relapse grading from mild to moderate and severe, each stage having a 2-
point difference from one another. [43, 44]

CDA, being a clinical score for CD broadly used for clinical and research purposes, relies
upon different clinical parameters, laboratory data, and imaging. A score under 150 points
indicates remission, over 150 points indicates active disease, whereas above 450 points
indicates severe disease. The main limitation is the more complex calculation, which weighs
more towards diarrhea (which can have other causes) and cannot be used in patients after
surgery of the intestine. [20, 45]

SES-CD offers an endoscopic evaluation of the stage of the disease for patients with CD. It is
a scoring system based on endoscopic parameters such as the size of the ulcers, ulcerated
surface, affected surface, and the presence of narrowing. Under 2 points the disease is
considered in remission, while 3-6 points is mild, 7-15 points is moderate, and over 15 points
is severe endoscopic activity. This scoring system is considered simple to calculate, reliable
and reproducible. [46, 47]

Two other inflammation markers that can be used to titrate therapy are the C-reactive protein
(CRP) and fecal calprotectin. Both these elements can be used to appreciate the activity of the
disease and effectivity of the therapy in IBD patients. The use of these markers has so far

shown improved results for the short term but not for the long term. [48]
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1.1.3.  Treatment strategies

There is still no known causal therapy and, therefore, no treatment that can completely heal
patients with IBD. The therapy goal is to reach and maintain remission for as long as possible,
and by doing so, also reduce the risk for complications, extra-intestinal involvement, and
tumors. There is still no broad consensus whether the main goal of the treatment should be the
clinical/symptomatic remission or the endoscopic and histological one. It was seen that the
endoscopic remission was related to better long-term outcomes, reduced frequency of
relapses, and the incidence of colorectal carcinoma in patients with UC. A combined clinical
and endoscopic remission is the current advised approach with the highest consent among
specialists. [20, 49-51]

Ulcerative colitis in the active phase of mild to moderate disease requires first-line therapy
with 5-aminosalicylic acid (5-ASA, mesalazine). It can be given orally and/or topically and it
can also be used to maintain remission with good evidence. In case of intolerance or side
effects like nephrotoxicity, corticosteroids can be used. Prednisolone was superior to 5-ASA
for achieving remission. Budesonide and beclomethasone are two other alternatives in treating
patients with mild to moderate disease. In case of moderate to severe disease with failure of 5-
ASA, an approach with intravenous corticosteroids is preferred. [52-55]

Immunosuppressive therapy with thiopurines (such as azathioprine) still plays a role in
maintaining remission after it is induced using corticosteroids. [56] In recent years, however,
it has been broadly replaced by biologic therapy. Infliximab (anti-TNF alpha) has its main
indication in patients with active disease in which the corticosteroids or thiopurines failed to
achieve remission. [57] Adalimumab (anti-TNF alpha) had comparable efficacy to Infliximab
in treating moderate to severe disease. [58] In case of failure of this therapy, the next advised
step is the use of Vedolizumab (Anti-alphadbeta7-Integrin). [59] Ustekinumab (anti-1L12 and
anti-1L 23) should only be considered in case of failure of the all above therapies. [60]
Tofacitinib (JAK-1 and JAK-3 inhibitor) is another additional alternative when the other
therapeutic approaches are not successful or not tolerated by the patients. [61]

In case of resistant disease, intolerance of the above medication or life-threatening
complications such as bleeding, toxic megacolon and perforation, a surgical approach is
needed. The surgery of choice is subtotal colectomy and end ileostomy. This can be achieved
laparoscopically or through open surgery. Both approaches have shown good long-term

results in terms of quality of life and functional outcomes. [62-64]
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Crohn’s disease in an active stage of the disease requires as first-line therapy the use of
corticosteroids to induce remission in mild, moderate, or severe disease. Budesonide was
shown as effective as prednisolone to treat mild to moderate disease, but a severe stage
requires the use of prednisolone. [65, 66] In patients with severe disease, the use of biological
therapy should be considered early on, in order to reduce the probability of developing
complications. As the first line treatment, infliximab should be considered followed by
vedolizumab and ustekinumab. [20, 67] As maintenance therapy, thiopurines (azathioprine) or
methotrexate should be considered as first-line, followed by biological treatment with
infliximab or vedolizumab/ustekinumab in case of inefficiency of the first therapy. [20]

The surgical approach is mostly laparoscopic with ileocecal resection in patients non-
responsive to medical therapy and is also considered cost-effective taking into consideration

the costs of biological treatments. [68]
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1.2. Systemic inflammation and evidence of cardiac involvement

Systemic inflammation is characterized by the evidence of inflammation of two or more
organs at the same point in time. [69] There are two major groups of known and classified
diseases which are divided into autoimmune and autoinflammatory diseases. The first group
can be a monogenic or polygenic entity that involves the activation of T-cells, B-cells and
dendritic cells with the formation of autoantibodies against specific self-antigens. The second
group, autoinflammatory diseases, are characterized by spontaneous inflammation without
evidence of high autoantibodies and the absence of activation of the above-mentioned cells.
For the majority of these clinical entities, there is no such complete division between the two
groups, but there is more of a mixed and overlapped pattern resulting from a combination of
the above mechanisms. [70]

Cardiac involvement in systemic disease can show different patterns and is associated with
worse clinical outcomes. [71] The inflammation can involve the myocardium, pericardium or
endocardium with myopericarditis and further development in dilatative or hypokinetic non-
dilatative cardiomyopathy, or endocarditis with or without endomyocardial fibrosis; the
conduction system of the heart can be affected and lead to arrhythmias; furthermore, the
involvement of cardiac vascular system can result in micro- or macrovascular dysfunction. In
the worst setting, heart failure and life-threatening arrhythmias can be the defining prognostic
factors. [18, 72-74]

The clinical signs and symptoms can vary and be nonspecific. Chest pain, dyspnea,
palpitations, syncope, heart failure symptoms, and survived cardiac arrest should be
considered as red signs for possible cardiac involvement in patients with known systemic
disease. [73]

The diagnostic workup after the clinical examination should continue with
electrocardiography (ECG) and cardiac biomarkers such as Troponin (high-sensitivity
Troponin, hs-Tnt) and N-terminal prohormone of brain natriuretic peptide (NT-pro BNP)
should be taken. The non-invasive imaging is mainly focused on echocardiography followed
by cardiac magnetic resonance (CMR) for tissue characterization, positron emission
tomography (PET) for specific inflammatory diseases (such as sarcoidosis), and computed
tomography (CT) mostly being used for aortic and coronary involvement. Endomyocardial
biopsy (EMB) should be considered in experienced centers to further identify the etiology in

case of suspected myocarditis. [18, 75]
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The treatment regimen is mostly focused on treating the underlying systemic inflammatory
condition with disease-specific immunosuppressive and/or immunomodulatory therapy. In
some cases, this therapy should also be titrated based on the degree of cardiac involvement.
Other supportive and cardiac-focused therapies might be required in case of relevant cardiac
injury. [71]

Some of the known systemic diseases with common cardiac involvement are systemic lupus
erythematosus, systemic sclerosis, sarcoidosis, rheumatoid arthritis, granulomatosis with
polyangiitis, inflammatory myopathies, ankylosis spondylitis, and myasthenia gravis, among
others. Additionally, for inflammatory bowel disease, being a systemic disease, there is a

certain degree of evidence of cardiac involvement. [18]
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1.3. Relation between inflammatory bowel disease and cardiac

disease, the present state of knowledge

Although the systemic involvement of joints, skin, liver and other organs has been confirmed
in patients with IBD, the degree of myocardial involvement in this patient population is still
unclear. A recent retrospective study showed a higher risk for heart failure in patients with
systemic lupus erythematosus, systemic sclerosis, rheumatoid arthritis and acquired
immunodeficiency syndrome (AIDS). [76] Like in other systemic inflammatory diseases, it is
reasonable to assume a certain degree of cardiac involvement also in patients with IBD.
Cardiovascular manifestations have been reported in patients with IBD - the most common
ones were myopericarditis, arrhythmias, endocarditis and heart failure. [77]

The main studies which addressed this issue date back to the late nineties and had a
retrospective approach. One major Danish study with a registry-based follow-up of 16 years
showed an increased risk for myocarditis in patients with inflammatory bowel disease, which
was partly also caused by the medication (such as mesalazine) used to treat these conditions.
[78]

There are multiple case reports in the literature with patients in the active phase of the disease
(CD or UC) with recurrent myocarditis confirmed by CMR or biopsy. In some of these cases,
the cause could not be fully differentiated between drug toxicity or systemic inflammation
with heart involvement. [3, 7, 8]

Different meta-analyses showed an overall increased risk of cardiovascular events
(myocardial infarction, stroke, heart failure and cardiovascular death) in IBD patients with
active disease compared to the general population. [5, 6, 79]

Another study identified 28 pediatric patients with IBD who developed myocarditis or
pericarditis as an EIM or a consequence of drug toxicity. 50% of these patients were in an
active phase of the IBD at the time of the diagnosis. The mechanism is unclear and possible
correlations are still to be confirmed. It was reported that an anti-inflammatory therapy with
corticosteroids used for the treatment of active IBD also improved the cardiac symptoms in
these patients. Two of these patients needed pericardiocentesis and one developed fulminant
myocarditis requiring extracorporeal membrane oxygenation (ECMO). The diagnosis,
however, is usually difficult to make and remains a diagnosis of exclusion. Even if it is a rare
complication of IBD, myocarditis can in some cases be a life-threatening condition that

requires an early diagnosis and prompt therapy. [21]
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1.4. Drug-induced cardiac disease in IBD patients undergoing

therapy

IBD treatments’ effects on cardiac function have already been considered in a few studies. 5-
ASA (such as mesalazine) is the most commonly used medication to induce and maintain
remission in patients with active mild to moderate ulcerative colitis. This drug also appears to
be the leading cause of myocarditis and pericarditis in this group of patients according to
some studies. The mechanisms that explain this correlation are still unknown. Some of the
hypotheses are based on the humoral response of the organism, with the formation of
autoantibodies against 5-ASA and cross-reaction with cardiac or pericardial cell-antigens,
while others explain it as a hypersensitivity IgE-mediated reaction, or as a direct toxic effect
of the drug itself on cardiac tissue. [21, 22, 80]

There is no broad consensus on whether the myocarditis is induced in the first 2-4 weeks after
therapy or later. A major role in postponing the myocardial involvement seems to be played
by the corticosteroid therapy, which is commonly given in the acute phase of UC together
with 5-ASA. [81]

Infliximab was also reported to correlate with the development of myocarditis and/or
pericarditis in patients with IBD undergoing this treatment. The mechanism is unknown, but it
might involve a type 3 hypersensitivity reaction. [23]

Other studies and case reports showed a correlation between the development of
myocarditis/pericarditis in patients being treated with methotrexate, azathioprine, etanercept,
and adalimumab. The mechanisms are mostly unknown, and the diagnosis was made after
pausing the administration of the drug, which was followed by clinical improvement. [24, 25,
82-84]

In some of the reported cases, the therapy was also based on the concomitant administration
of steroids. The drug suspected to cause the inflammation was exchanged with a drug of

another category. [21]

21



1.5. Role of cardiovascular magnetic resonance in detecting

cardiac disease

Cardiovascular magnetic resonance has developed exponentially in the last 20 years and has
become of crucial importance in the field of cardiovascular medicine. Its implementation is
very broad as it offers a multitude of information regarding cardiac function, tissue
characterization with the detection of subclinical myocardial changes, valvular disease,
ischemic heart disease, cardiac masses, great vessel disease, congenital heart disease and
more. New techniques are in development and CMR is in constant evolution. [13, 15]

Its role in detecting cardiac changes in systemic disease has already been supported and
confirmed by different studies. The accuracy of measuring the myocardial volumes and mass
left and right ventricular function has already been demonstrated. Using T1 and T2-weighted
as well as mapping techniques with the help of contrast media-mediated imaging, myocardial
inflammation, such as in the setting of myocarditis, can be detected. Local or diffuse fibrotic
tissue involving the subendocardial, myocardial or epicardial layer can be differentiated.
Using these techniques, it is possible to distinguish between ischemic and non-ischemic
myocardial disease and also differentiate types of cardiomyopathies. One of the main
advantages of CMR s that it can detect subclinical changes with still preserved left
ventricular ejection fraction. The versatile character of CMR allows it to play an important
role in cardiovascular research. [17, 19, 85]

In addition to the qualities mentioned above, the main advantages of CMR are based on it
being a non-invasive and non-ionizing technique. It offers a competitive alternative to other
imaging techniques used for the assessment of myocardial perfusion. The disadvantages
include its availability and costs. Patient compliance with breath-holding and the restricted
space inside the CMR scanner are other factors to consider in claustrophobic patients. For this
purpose, non-breath-holding techniques were developed. Cardiac devices can either be a
contraindication for CMR or can reduce image quality and interpretation. The same
consideration should also be taken in patients with irregular heart rhythms. Additionally, in
these cases, alternative methods such as real-time imaging were developed in order to make
semiquantitative image interpretation possible. In case of devices, specific techniques such as
wideband LGE can be used.

Chronic kidney insufficiency with a glomerular filtration rate (GFR) under 30ml/min is also

another relative contraindication for the injection of gadolinium-based contrast media. [86]
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The majority of clinical CMR are done using 1.5 Tesla systems, however, there is an
increased usage of 3 Tesla systems, and each of them has its own advantages. Some of these
differences between the two systems are:

The ECG-gating on 3T can be more problematic and unreliable than 1.5T; devices identified
as safe on 1.5T may not be safe on 3T. Conversely, 3T may produce better image quality for

perfusion imaging, tagging and 4D Flow. [87]

1.5.1. Cardiac dimensions and function

The measurement of left ventricular mass and volumes, as well as end-diastolic (EDV) and
end-systolic volumes (ESV) is done with high accuracy using CMR, making it the gold
standard imaging method for these measurements. These parameters were shown to be
important predictors of the risk for cardiovascular events (LV mass) and ventricular
remodeling (EDV, ESV). [88]

The assessment of left ventricular ejection fraction (LVEF) is done with high accuracy
(higher or comparable with echocardiography) and is reproducible. It has a low interobserver
variability and is done using Simpson’s method. [89, 90]

CMR is the leading imaging method to perform the assessment of the right ventricular
ejection fraction (RVEF). This was demonstrated through meta-analysis to have a relevant
prognostic value in the prediction of cardiovascular events in patients with heart failure and in
those with myocarditis. [91, 92] Another main indication in performing accurate measurement
of RVEF is a suspected arrhythmogenic cardiomyopathy (ACM). [93]

The image acquisition is made using balanced steady-state free precession (0SSFP) as a first-
choice method. It offers the highest signal-to-noise ratio and high myocardium/blood contrast.
This method makes image acquisition possible with cines of long- and short-axis views
produced during breath-hold. The long-axis cine images are divided into four-, two- and
three-chamber views. The short axis view is acquired from the apex to the base of the left
ventricle, with an average slice thickness of 6 to 8mm. Measurements of LV mass, volumes,
and ejection fraction are done by contouring the endo- and epicardial lines in the four- and
two-chamber views in the end-diastole and end-systole. For a more accurate evaluation of the
right ventricle dimensions and function, an axial view with multiple thin slices should be

considered. Due to the thin atrial walls, the measurement of area and volumes is done
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following the endocardial contours in the four- and two-chamber views timed at the maximal
filling of the atria before the opening of the atrioventricular valve.

In case of inability to hold breath by the patient or irregular heart rhythm, bSSFP can be
susceptible to artefacts. An alternative is the ultra-fast acquisition of images called real-time
imaging, which acquires many images a second and provides a cine sequence of a cardiac
cycle. This is performed without the patient needing to hold their breath. It allows at least a
visual assessment of the ventricular function and a semiquantitative assessment of heart-

chamber dimensions since it offers lower image quality. [87, 94]

1.5.2. Tissue differentiation and parametric mapping

Tissue differentiation is made possible through CMR, which not only permits a visual
appreciation of myocardial tissue changes but also a quantification of these changes. Using
T1, T2, T2* relaxation times and ECV makes a distinction possible between intracellular and
extracellular myocardial tissue changes and infiltrations. By doing so, it is possible to
differentiate diseases with a known specific pattern of myocardial involvement. [12]

There are multiple applications for using parametric mapping in CMR. Some of them are in
patients with suspected myocarditis, cardiomyopathies, heart failure, myocardial infarction,
amyloidosis, Fabry disease, iron overload (hemochromatosis) and myocardial masses. [12,
95-101]

T1 represents a time constant of the recovery of longitudinal magnetization, whereas T2 is a
time constant of the decay of transverse magnetization. In case of suspected local field
inhomogeneities like iron overload, the T2* time constant is used. The ECV is acquired as a
T1 time constant and is calculated based on the T1 times before and after contrast media
administration by also taking into consideration the hematocrit of the patient. It is given as a
percentage of extracellular volume. The calculation of ECV is done using this formula:
ECV = (1 - Hematocrit) x (AR1myocaraium/AR11i00a), Where R1 = 1/T1. [12]

Native T1 and ECV mapping are taken using the same slice and cardiac phase. ECV should
be acquired 10-30 minutes after Gadolinium (0.1-0.2mmol/l) administration. [102]

The clinical interpretation of altered T1, T2 relaxation times and ECV values is based on a
combined evaluation of all these three mapping techniques. Native T1 relaxation time can

increase in a setting of increased acute or chronic free water content at an intra- or
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extracellular level. Other causes of increased interstitial space prolong the T1 relaxation time.
Diffuse interstitial fibrosis is one common condition that correlates with higher T1 values.
[103] Particularly high values are seen in patients with cardiac amyloidosis as a result of
interstitial infiltration of amyloid fibrils. Native T1 relaxation times can be very useful in
determining the diagnosis. [97] Contrary to amyloidosis, Fabry disease with heart
involvement is characterized by very low T1 relaxation times. In combination with specific
LGE patterns in the basal inferolateral myocardial wall, it can make an early diagnosis of this
condition possible.[98] Generally increased T1 time should be considered as a marker for
pathological myocardium but not specific to the kind of pathology and activity of the disease.
[104]

Since native T1 is sensitive to myocardial edema but less specific in differentiating acute
versus chronic stages, it is recommended to combine it with T2 mapping for a better
interpretation of myocardial changes. This is a very important marker in detecting the
presence of edema in an acute setting. [105] It shows typically high values in the presence of
edema in an acute ischemic setting, or if an ischemic injury is ruled out, it correlates with high
accuracy with myocardial inflammation as seen in myocarditis. It has a high sensitivity of
89% in ruling out active myocarditis and it can discriminate between acute and healed
myocarditis. [106, 107]

Conditions that increase the interstitial space, such as diffuse edema and fibrosis, increase
ECV values. It is also typically increased locally in areas in which focal fibrosis is detected by
LGE. Like native T1, ECV shows particularly high values (above 40%) in the case of amyloid
disease of the heart. [108, 109]

The most common indication for parametric mapping is the suspected myocarditis.
Histological changes are characterized by myocardial edema with hyperemia and capillary
leakage, followed by necrosis and fibrosis. These changes can be detected with different
techniques used in CMR. The widest consensus for the diagnosis of myocarditis using CMR
is based on the implementation of the updated Lake Luise Criteria Il of 2018. This represents
a combination of T2-based imaging (myocardial edema) with T1-based imaging (non-
ischemic myocardial injury) for the diagnosis of myocarditis. Supportive criteria such as

pericarditis and systolic LV-dysfunction are also used for the diagnosis. [104, 110]
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1.5.3. Late gadolinium enhancement

The use of late gadolinium enhancement for ischemic and non-ischemic heart disease has
been validated for more than 20 years. It is the gold standard of all cardiac imaging for the
evaluation of myocardial viability. Apart from its use in cardiac ischemic disease, the other
main recommendations include different types of cardiomyopathies, myocarditis, and
arrhythmogenic tissue differentiation providing guidance for interventional ablation therapy.
[111-113]

Its implementation is based on the effect that gadolinium-based contrast agent (GBCA) has on
shortening the T1 recovery time, its tissue-dependent distribution pattern, and the wash-
in/wash-out effect. Gadolinium does not pass the cellular membrane but remains in the
interstitial space. In the case of fibrosis with augmented interstitial space, GBCA requires
more time to get distributed in the interstitium and stagnates longer than in other parts of
healthy myocardial tissue. In case of acute myocardial damage with rupture of cell
membranes, it can also enter the damaged cells. The image acquisition is done typically 10
minutes after GBCA administration, when the areas with accumulated contrast agents cause a
shortening of T1 recovery time, which results in a delayed higher enhancement of the signal.
[114-116]

In 2017, the use of linear GBCA was suspended due to concerns about cerebral deposition
and it was replaced with macrocyclic GBCA, raising the safety profile of these contrast
agents. [117]

The image acquisition is done by using myocardium-specific T1 times so that the longitudinal
magnetization of the myocardium is null during signal acquisition. By doing so, the
myocardium will appear dark, but blood and fibrotic tissue will be enhanced due to the
relevant shortening of T1 relaxation time.

Three slices of the long axis (four-, three-, and two-chamber views) and multiple slices of the
short axis are produced. The image interpretation is based on describing the localization of
LGE (sub-, intra-, or epicardial), its extent and the presence of areas of microvascular
obstruction (MVO). [116]

Ischemia-induced LGE starts at a subendocardial level spreading in the direction of the
epicardial part with different degrees of transmurality. Non-ischemic LGE typically spares the
subendocardial layer and it is located mostly in the intramyocardial or epicardial layers. LGE
is also very useful in detecting myocarditis (Lake Luise Criteria 1), differentiation between

cardiomyopathies and in case of suspected heart involvement in systemic disease. [116]
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The quantification of the LGE presence in patients with hypertrophic cardiomyopathies
(HCM) has been shown to be an important risk stratification tool for the prediction of sudden
cardiac death (SCD) in patients with preserved ejection fraction. A LGE>15% was associated
with an increased risk of SCD. [118, 119]

A typical pattern found in almost 30% of dilatative cardiomyopathies (DCM) is the
intramyocardial fibrosis in the septum, also known as the “mid-wall sign”. [120]

HCM typically present a more inhomogeneous LGE distribution pattern. [121]

The study of myocardial viability has shown that ischemic LGE with a transmurality of less
than 50% predicts a high rate of functional myocardial recovery, whereas more than 50%
transmurality is correlated with poor functional recovery. [122]

The presence of LGE in the setting of myocarditis, DCM and HCM has also been correlated
with a higher rate of arrhythmias, heart failure and mortality. [123-125]

To summarize, the extension of LGE has been demonstrated to be an independent important

predictor for cardiovascular events. [126]

1.5.4. 3D-LGE imaging methods

3D LGE is a free-breathing technique that can produce high-resolution images in a 3D
pattern, making it possible to analyze the whole heart under a single scan using multiplanar
reformatting (MPR) software. The main advantages additionally involve the possibility to
better analyze the scar complexity, to detect abnormalities in smaller cardiac structures and to
better identify peri-infarct areas. Apart from these advantages, the main disadvantages
constitute the longer acquisition time and the artefacts in case of arrhythmias and tachycardia.
[116, 127, 128]

In order to eliminate artefacts caused by fat tissue or to identify fat infiltration in the
myocardium, the 3D LGE fat-water Dixon method was developed. It is based on using pulse
frequencies in which fat and water are either in phase or out of it. By separating these signals,
two kinds of images are produced, one with only water and one with only fat. [116, 129, 130]
The presence of intramyocardial fat tissue was associated with different diseases, such as
ACM, DCM, and lipomatous metaplasia of an ischemic scar. Its presence was described to be
of prognostic value, increasing the risk for cardiac events as a substrate for potential
arrhythmias. Fat tissue can also be identified in benign or malignant heart tumors, such as

lipoma and liposarcoma. [116, 131, 132]
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1.5.5. Ventricular strain analysis

Ventricular strain analysis is a CMR technique which permits an objective quantification of
contractile myocardial dysfunction. The application of this technique is based on the anatomy
and orientation of the muscular fibers of the heart. The subendocardial layer has longitudinal
fibers with orientation from base to apex. On the other hand, the subepicardial layer has
longitudinal fibers in the opposite orientation of the subendocardial one. The intramyocardial
layer has circular fibers. As a result, the contractile motion of the ventricle is a combination of
circular and longitudinal shortening, torsion and radial thickening. Consequently, in CMR
imaging, a longitudinal, radial and circumferential strain is used to assess the contractile
function of the ventricle. [133]

The longitudinal strain evaluates the shortening from the base to the apex of the ventricle,
whereas the circumferential one represents the circular shortening observed on the short-axis
view. Both of them are given in negative values, but the radial strain, which is the radial
deformation of the ventricle directed towards the LV cavity, is given in positive values. [134]
The analysis is made by using tissue tagging or feature tracking. Tissue tagging has already
been validated, but it requires predetermined sequences and scan times. Feature tracking can
measure segmental and global strain values using the already routinely acquired cines. After
manual tracking of the subendocardial and epicardial contours, the software identifies and
tracks features moving with every image, calculating the displacement during a heart cycle.
The main limitation is the artefacts caused by the features moving outside the plane. [135]
Higher values than -17% for the circumferential and -20% for the longitudinal strain are
considered pathologic, whereas lower values than 20% for the radial strain are considered
pathologic. The circumferential strain has better reproducibility and the highest consensus,
while the radial one has shown higher range differences between studies, hence it is not yet
well established in most centers. [136, 137]

Myocardial strain analysis using CMR has been studied in patients with ischemic heart
disease, detecting impaired contraction in areas with ischemia, but also providing more
information about infarction size and its transmurality. [138, 139]

Non-ischemic heart diseases like myocarditis and chemotherapy-induced cardiotoxicity
showed pathologic values in the strain analyses in patients where changes in the ejection
fraction were not yet evident. [140, 141] Another application of the strain analysis was found
in cardiomyopathies such as DCM (typically characterized by impaired circumferential strain)
and HCM (abnormal strain in the hypertrophied areas). [142, 143]
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Different studies of patients with suspected cardiomyopathies or also of those without known
coronary artery disease showed that impaired longitudinal or circumferential strain was
related to a poor outcome (hospitalization, sudden cardiac death and all-cause mortality).
[144, 145]

The use of strain analysis in a clinical context is yet to be established. Standardization of the
contouring and quality evaluation is needed for the method to be comparable between

different studies, in order to bring this technique to routine clinical use. [134]
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1.6. Aims of the study

Our study aim is to investigate the degree of myocardial inflammation in patients with chronic
bowel disease in different stages of the disease (active disease and in remission) using CMR
to gain insights into cardiac involvement and its course.

We aim to detect subclinical changes in these patients and also correlate CMR disease
markers with the IBD activity indexes. This may potentially help to earlier identify those
patients with IBD who have a higher risk of developing cardiovascular events. Insights gained
could help in the future to monitor individual treatment concepts and their response regarding
cardiac involvement in chronic inflammatory bowel diseases and incorporate them into

treatment decisions.

Our study also aims to investigate the impact on the heart of medications commonly
prescribed to patients with IBD. Of particular concern is the potential cardiotoxic effect of
mesalazine and new immunomodulatory and immunosuppressive therapies used for IBD.
Therefore, our research seeks to shed light on the cardiovascular safety profile of these

medications.
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2. METHODS

2.1. Study population

This prospective study included 46 adult patients with IBD without known cardiovascular
disease (CVD), recruited from a tertiary center. Two patients with arrhythmia were excluded
due to non-diagnostic imaging. The patients were either in an active stage of disease and
hospitalized for acute IBD flare, or in remission and recruited from the outpatient department.
The study also included healthy volunteers as a control group who were matched for age and
sex and had no history of CVD or cardiac symptoms. They had no pathologic ECG changes
and underwent the same CMR scan protocol as the patients with IBD, but without injection of

a contrast agent.

The diagnosis and stage of IBD were determined by a board-certified gastroenterologist using
established guidelines. [20] Patients with active disease had an endoscopy and biopsy proof of
acute intestinal inflammation. Infectious colitis, including Clostridium difficile, was excluded
according to current guidelines. Patients in remission did not undergo repeated invasive
endoscopy with biopsy since there was no clinical indication to do so. The distinction

between active disease and remission was based on the clinical scores mentioned in the

following paragraph (2.2).

Exclusion criteria for the study included contraindications to CMR, known CVD, renal
impairment (estimated glomerular filtration rate <30 ml/min), known hypersensitivity to
gadolinium, claustrophobia, and pregnancy or lactation for female subjects. Written informed
consent was obtained from all participants, and ethical approval was granted by the
institutional ethics committee under the number EA1/198/20. The study was registered in the
ISRCTN registry (number: 30941346).

Patient screening, clinical assessment, and CMR were performed in the period from the 1% of
April 2021 till the 30™ of September 2022. The enrollment process was restricted and slowed
down due to the Covid-19 pandemic. For safety reasons, patients who took part in the study

were tested negative for Sars-Cov-2 infection and had no disease symptoms before the scan.

In the enrolment phase, a physician would go through a standardized questionnaire with each

patient to collect information about cardiovascular comorbidities and cardiac-related
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symptom history. Patients with ischemic cardiac disease were excluded from the study cohort.
The presence of cardiovascular risk factors was noted and information about known
arrhythmias such as atrial fibrillation (which could compromise CMR image interpretation)
was collected. The presence of other systemic inflammatory diseases was also taken into
consideration as a possible confounder.

Part of the questionnaire was additionally on the presence of cardiovascular symptoms such
as dyspnea, angina pectoris, fatigue, palpitations and syncope.

In relation to the inflammatory bowel disease, detailed information was documented on: the
disease entity and duration; endoscopic, histologic and abdominal MRI findings; and current
disease activity scores. (Tables 1,2)

The current medications being taken by the patient for the treatment of the chronic
inflammatory bowel disease including other non-related medications were noted.
Furthermore, laboratory testing containing reactive protein C (as a marker of local and
systemic inflammation), albumin, creatinine and glomerular filtration rate, hemoglobin and
hematocrit was taken as standard. (Table 3)

The process of enrollment of study participants is described in a strobe diagram as shown

below. (Figure 1)
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Figure 1. Enrollment diagram with inclusion and exclusion criteria. Representation of the
number of patients from each group, the type of MRI test they underwent and the analysed

aspects using MRI.



Allgemeine Angaben

Patienten-1D

Geschlecht 0 ménnlich 0 weiblich

Alter [Jahre]

GroRe [cm]

Gewicht [kag]

BMI [kg/m?]

Einschlusskriterien

Patient ist einwilligungsfahig und in der Lage Wesen und Tragweite der | O ja O nein
Untersuchungen zu verstehen

Alter > 18 Jahre Oja O nein
Einverstandniserklarung vorliegend Oja O nein
Ausschlusskriterien

Absolute Kontraindikation flr eine Kardio-MRT Untersuchung z.B. O ja O nein
nicht MR-féhige Metallimplantate

Chronisch Entzindliche Darmerkrankung (CED) gesichert?

CED Entitét?

Erstdiagnose Chronisch entziindliche [MM/YYYY]

Darmerkrankung

Histologie CED vorliegend? Oja Onein(

Ergebnis Histologie (Datum und

Zusammenfassung)

Gastroskopie/ Koloskopiebefund Oja O nein

vorliegend?

Hinweis fir CED in

Gastroskopie/Koloskopie (Datum und

Zusammenfassung)

MRT Abdomen vorliegend? Oja O nein

(MRT: Datum, Hinweis fur Inflammation?,

Lokalisation)

Aktivitatsscore? (Name und Punktzahl)

CDAI fur M. Crohn, Clinician-based

Simple Clinical Colitis Activity Index

(SCCAI) fir Colitis Ulcerosa

Table 1. General patient information, inclusion and exclusion criteria, IBD medical history

and activity scores (German version).
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Laborwerte

Datum der Laborentnahme | [MM/YYYY] \

Troponin (ng/l) Falls vorliegend

Nt-pro-BNP (pmol/L) Falls vorliegend

Albumin (g/dl)

Kreatinin (mmol/I)

GFR (ml/min)

CRP (mg/dl)

Hématokrit (%)

Hemoglobin (g/dl)

Calprotectin (Stuhl)

Nebendiagnosen

Koronare HerzgeféalRerkrankung 0ja 0 nein
Akuter Herzinfarkt in der Anamnese? 0ja 0 nein
Falls ja, wann?
Chronische Herzinsuffizienz 0ja 0 nein
Herzklappenerkrankungen 0ja 0 nein
Falls ja: Klappe, Insuffizienz/Stenose,
Schweregrad (gering, mittel, schwer)
Avrterieller Hypertonus 0ja 0 nein
Hyperlipoproteindmie 0ja 0 nein
pAVK 0ja 0 nein
Falls ja: Stadium nach Fontaine
Vorhofflimmern 0ja 0 nein
Herzrhythmusstérungen 0ja 0 nein
Falls ja, welche?
Diabetes mellitus Typ 1 0ja 0 nein
Diabetes mellitus Typ 2 0ja 0 nein
Andere systemische entziindliche Erkrankung 0ja 0 nein
Chronische Niereninsuffizienz? 0ja 0 nein
Falls ja: K/DOQI-Stadium ol oll olll 0IV

Table 2. Laboratory findings and secondary diagnosis (German version).
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Anamnese

Angina pectoris 0ja 0 nein
Luftnot (NYHA-Stadium) 0ja 0 nein
ol oll olll 0lV
Fatigue 0ja 0 nein
Palpitationen 0ja 0 nein
Nikotinabusus (in pack-years)
Synkope 0ja 0 nein
Dauermedikation (CED-Medikation)
Substanz Dosis Haufigkeit der Applikations-weg
[Wirkstoff] [mg] Dosis-
applikation

o oral

0

o oral

0

o oral

0

o oral

0

o oral

0

o oral

0

Table 3. Cardiovascular symptoms and current medical therapies (German version).
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2.2. Definition and measurement of inflammatory bowel disease

activity indexes

Prior to the CMR scan, disease activity scores were clinically assessed using the Simple
Clinical Colitis Activity Index (SCCAI) for patients with UC and the Crohn’s Disease
Activity Index (CDAI) for patients with CD. The SCCALI is an established questionnaire that
assesses symptom severity based on six criteria (Table 4) over the last seven days and can
detect disease activity in remission. A SCCAI < 2.5 was defined as indicating remission. [42]
The CDAI is also established in clinical trials to assess the severity of illness in patients with
CD using eight clinical criteria (Table 5). Scores < 150 are considered to indicate remission,
while a CDAI > 450 is a marker of severe CD. [45]

For patients with active disease, validated indices were used to measure endoscopic disease
activity. The Ulcerative Colitis Endoscopic Index of (UCEIS) was used in UC patients, with
remission defined as a score < 1 and higher scores indicating active disease up to a maximum
of 8 points. [43] The Simple Endoscopic Score for Crohn’s Disease (SES-CD) was used in
CD patients, with scores higher than 2 points indicating active disease, with the highest
severity when over 15 points are calculated. [46] The disease duration of each patient was
calculated in days. Day one was considered as the day of IBD diagnosis. When this was
uncertain, the first day of the same month was taken. A calculation was done from day one to

the date of CMR examination.

To correlate CMR biomarkers (T1, T2, ECV, strain) with clinical activity indices and disease
duration, SCCAI and CDAI scores were standardized using Z-scoring to include both UC and

CD patients in one model. The standardized activity index was calculated per patient as:

(CDAI or SCCAI) — mean (CDAI or SCCAI)
Standard deviation (CDAI or SCCAI)

Z — Score =
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Gelegentlich frisches Blut (< 50% der
Stuhlgénge) = 2

meist frisches Blut (>50% der
Stuhlgange) = 3

Kriterium Gewichtungsfaktor Punkte
Durchschnittliche Anzahl Stuhlgénge pro Tag 1-3=0

4-6=1

7-9=2

>9 =3
Durchschnittliche Anzahl Stuhlgdnge pro Nacht [1-3=1

4-6=2
Stuhldrang eilig=1

sofort = 2

inkontinent = 3
Blut im Stuhl Spur=1

Allgemeinbefinden

sehrgut=0

leicht schlechter als normal =1
schlecht =2

sehr schlecht = 3

schrecklich =4

Extraintestinale Manifestationen (1 Punkt pro
Manifestation)

Leber/Gallengédnge: Primar
sklerosierende Cholangitis (PSC)
Gelenke: Arthritis, Spondylitis
ankylosans, Sakroiliitis
Haut/Mundverdnderungen:
Erythema nodosum, Pyoderma
gangraenosum, Pyostomatitis
vegetans

Auge: Iritis, Episkleritis, Uveitis

Summe

Table 4. SCCAI scoring system (German version).
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Kriterium

Gewichtungsfaktor

Punkte

Durchschnittliche Anzahl fliissiger oder
weicher Stuhlgange pro Tag innerhalb
letzten 7 Tage

14 Punkte/ Stuhlgang

Verwendung von Diphenoxylat oder
Loperimid gegen Durchfall

ja=30 Punkte

Durchschnittliche Bauchschmerzen-
Bewertung iiber sieben Tage

Keine (0 Punkte)

Leichte Schmerzen (35 Punkte)
Moderate Schmerzen (70 Punkte)
Starke Schmerzen (105 Punkte)

Allgemeines tagliches Wohlbefinden iiber
sieben Tage

Gut (0 Punkte)

Etwas unter Durchschnitt (49 Punkte)
Schlecht (98 Punkte)

Sehr schlecht (147 Punkte)

Furchtbar (196 Punkte)

Komplikationen

Arthritis oder Arthralgie (20 Punkte)

Iritis oder Uveitis (20 Punkte)

Erythema nodosum, Pyoderma
gangrenosum oder Stomatitis aphthosa
(20 Punkte)

Analfissur, Fistel oder Abszess (20
Punkte)

Andere Fistel (20 Punkte)

Temperatur tiber 37,8 °C (Uber 100 °F)
in der letzten Woche (20 Punkte)

Befund einer abdominalen Raumforderung

Keine Raumforderung (0 Punkte)
Mogliche Raumforderung (20 Punkte)
Definitive Raumforderung (50 Punkte)

Anamie und Gewichtsveranderungen
Gewicht:

Absolute Hamatokritabweichung von
47% in Mannern oder 42% in Frauen (6
Punkte pro Prozentpunkt Abweichung)

Abweichung (%) vom Standardgewicht
(1 Punkt fur jedes Prozent Abweichung)

Standardgewicht = Normales Gewicht

Abweichung vom Standardgewicht betragt (1 -
Gewicht/Standardgewicht) x 100

Summe

Table 5. CDAI scoring system. (German version).

2.3.
resonance

Image acquisition protocol using cardiovascular magnetic
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The study participants were scanned using a 1.5 Tesla CMR scanner (AvantoFit®, Siemens,
Erlangen, Germany). ECG gating (alternatively, pulse oximetry wave in case of insufficient
ECG signal) and a 32-channel surface phased-array coil were used for image acquisition.
Localization of slices was planned using a four-chamber view, with the initial slice
encompassing the valvular plane. Subsequently, both the left and right ventricles were imaged
all the way to the apex. During mapping analysis, slices featuring artifacts, those within the
left ventricular outflow tract, or those at the apex with no discernible blood pool and/or thin
walls were excluded from consideration. The left ventricular extent was determined by
drawing a line connecting the mitral valve to the apex. Slices were then categorized into
basal, midventricular, and apical layers based on the American Heart Association model, with
the apical gap excluded.

Similarly, in patients exhibiting focal fibrosis on late gadolinium enhancement images, scar
tissue was quantified using a 5 standard deviation approach, yielding segmental scar burden
measurements in terms of mass and volume.

For depiction of focal fibrosis and scarring, 3D fat/water imaging using inversion recovery
prepared spoiled gradient-echo prototype sequence (SIEMENS WIP 1111) was executed. The
acquisition was ECG-gated during free breathing and conducted in a transverse orientation
with a resolution of 1.3mm x 1.3mm x 1.3mm. The image navigator was manually positioned
directly over the left ventricle. The acquisition parameters were set as follows: TE1=1.31ms;
TE2=2.81ms; with a flip angle of 15° for 3T MRI and 20° for 1.5T MRI. The inversion time
(T1) was individually determined using a T1-Scout (SIEMENS WIP 1090). To accommodate
the time delay during image acquisition, up to 130 ms was added (with a mean of 21.01 ms).
Trigger delay (TD) and acquisition window were chosen based on automatic detection of the
resting phase, relying on CINE images acquired in 4CV immediately before the start of 3D
data acquisition. The values suggested by the automatic resting phase detection were then
manually adjusted. Acquisition was carried out using an undersampled variable-density
golden-step Cartesian trajectory with spiral order sampling (VD-CASPR). K-space data were
modulated with a linear shift using motion estimates in the left-right and foot-head directions
from the image navigator. The acquired data underwent reconstruction using compressed
sensing (CS) with orthogonal Haar wavelets. The cost function for CS was solved using a fast
iterative shrinkage-thresholding algorithm (FISTA). After reconstruction, fat-water separation
was performed, resulting in four 3D datasets: an in-phase image acquired at TE1, an opposite-

phase image acquired at TE2, a water-only image, and a fat-only image.
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A dose of 0.2mmol/kg of Gadoteridol (Prohance®, Bracco Imaging, Konstanz, Germany) was
given and a whole heart sequence protocol was used. [146] Due to reduced image quality in
patients with arrhythmias or heart rates higher than 90 bpm, in 9 patients, motion-corrected
2D LGE imaging was used instead of 3D LGE Dixon. [147] The same scan protocol was used
for healthy volunteers, with the exclusion of contrast-media-based imaging. Detailed imaging
parameters are listed below and are in line with previously published literature of our research

group:

“Balanced steady-state free precession cine imaging:
Long axis: ECG triggered with retrogating, repetition time (TR) 2.78 ms, 30 reconstructed
phases, echo time (TE) 1.19ms, field of view (FOV) 340x276mm?, matrix 192x156, voxel size
1.8x1.8mm?, slice thickness (ST) 6mm, flip angle (FA) 74°, GRAPPA acceleration factor 2.
Short axis: ECG triggered with retrogating, TR 3.31ms, 30 reconstructed phases, TE 1.44ms,
FOV 380x308.75mm?, matrix 192x156, voxel size 2.0x2.0mm?, ST 7mm, gap between slices:
Omm, FA 80°, GRAPPA acceleration factor 2.
T2 mapping: Balanced steady-state free precession sequence, T2 prep times 0, 25 and 55 ms,
3 recovery heartbeats, TR 2.98ms, TE 1.12ms, FA 70°, FOV 380x288mm?, matrix 224x170,
voxel size 1.7x1.7mm?, ST 8mm, gap between slices Omm, GRAPPA acceleration factor 2,
motion corrected.
T1 Mapping: 5(3)3 MOLLI acquisition scheme, TR 3.9ms, TE 1.13ms, FA 35°, Tl 180ms, FOV
360x270mm?, matrix 256x144, voxel size 1.4x1.4mm?, ST 8 mm, gap between slices: Omm,
GRAPPA acceleration factor 2, motion corrected.
Late gadolinium enhancement: PSIR reconstruction, gradient echo sequences, Tl 240ms, TR
29.76ms, TE 5.17ms, FA 30°, FOV 350x263mm?, matrix 256x166, voxel size 1.4x1.4mm?, ST
7mm, gap between slices Omm.
Synthetic Extracellular volume: Pre-contrast: 5(3)3 MOLLI acquisition scheme, TR 3.9ms,
TE 1.13ms, FA 35°, TI 180ms, FOV 360%x270mm?, matrix 256x144, voxel size 1.4x1.4mm?, ST
6 mm, GRAPPA acceleration factor 2, motion corrected.
Post-contrast: 4(1)3(1)2 MOLLI acquisition scheme, TR 5ms, TE 1.13ms, FA 35°, Tl 260ms,
FOV 360x270mm?, matrix 256x144, voxel size 1.4x1.4mm?, ST 6 mm, GRAPPA acceleration

factor 2, motion corrected.” [148]

Protocols are represented below for both IBD patients (Table 6) and the healthy volunteers
(Table 7):
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Nr

Sequenz

Serie

Kommentare (z.B.
freigeatmet etc)

T2-TRUFI

CINE 4 CV

CINE 3 CV

CINE 2 CV

CINE RV

T2 map 4CV

T2 map SAX basal

T2 map SAX midv.

T2 map SAX apikal

T1 map nativ_4CV

T1 map nativ SAX basal

T1map nativ SAX midv

T1 map nativ SAX apikal

Kontrastmittelapplikatio

n (ProHance, Dosis 0,02

mmol/kg KG)

Overview

CINE SAX Paket

3D GRE Dixon LGE

© o N o

Post T1 map 4CV

Post-T1 map SAX basal

Post T1 SAX map midv

Post-T1 map apikal

Table 6. Protocol with GBCA for IBD patients (German version).
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Sequenz

Serie

Kommentare (z.B.
freigeatmet etc)

T2-TRUFI

CINE 4 CV

CINE 3 CV

CINE 2 CV

CINE RV

T2 map 4CV

T2 map SAX basal

T2 map SAX midv.

T2 map SAX apikal

T1 map nativ_4CV

T1 map nativ SAX basal

T1 map nativ SAX midv

T1 map nativ SAX apikal

CINE SAX CS Paket

Table 7. Protocol without GBCA for healthy volunteers (German version).
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2.4. Image analysis

Two experienced readers independently analyzed all CMR images and maps. The software
used was CV142® (version 5.13.0, Circle Cardiovascular Imaging, Calgary, Canada), and
image analysis was based on current recommendations. [94] Cine SAX and LAX images were
used for biventricular function and dimension assessment. For left ventricular function
assessment, papillary muscles were included in the myocardial mass during diastole and
systole in SAX. Using a biplanar approach, the left atrial dimensions were evaluated in cine
four- and two-chamber views, whereas the surface of the right atrium was measured in four-
chamber view.

By contouring the endocardial and epicardial border of the left ventricular myocardium with
an automatic 5% safety contour offset, a 16-segment American Heart Association (AHA)
model was produced, with the exclusion of the apical cap. This permits a quantitative
appreciation of mapping images. Segments with focal fibrosis, fat or artefacts detected on 3D
imaging were excluded from the analysis. Slices that were too thin and did not permit endo-
and epicardial contouring were also excluded. The mean value of corresponding AHA
segments was calculated for global, basal, midventricular, and apical T1, T2, and ECV values.
The assessment of LGE and fat/water image analysis for the presence and location of focal
scars and myocardial fat infiltration was done visually. T1 and T2 weighted localizer images
and cine images were used to visually detect pleural and pericardial effusion. More than 4 mm
of pericardial fluid during end-diastole was considered pathologic. [149]

Strain analysis using feature tracking (FT) was used to assess myocardial deformation and
function by analyzing the global longitudinal (GLS), circumferential (GCS), and radial (GRS)
strain. Radial and longitudinal strain were measured in three different long-axis views: four-,
three-, and two-chamber views. Circumferential strain and radial strain in the short axis were
assessed using the full coverage of the short axis. During the end-diastole, the endo- and
epicardial contours were manually outlined. The end-diastolic phase was consistent across all
short- and long-axis slices for each subject. Contouring did not include trabeculae, papillary
muscles, pericardium, or epicardial fat. The left ventricular outflow tract was excluded from
all the short-axis slices. The left ventricle segmentation followed the AHA 17-segment model,
with the apex excluded from the analysis, adopting the 16-segment model. Bulls-eye plots

were generated to visualize segmental strain values. [135, 137]
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A third, more experienced reader (JSM, > 25 years of experience) performed a consensus
read. An interobserver comparison was done for the first 20 cases, which were analyzed

independently by the two readers, and Bland-Altman analysis was used for this purpose.

2.5. Statistical analysis

Patient recruitment numbers were predefined, and the statistical results were verified by
certified statisticians of the Charite Medical School. Data collection was made using the Excel
program (Version 16.15, 2018 Microsoft) and the statistical analysis (including graphs) was
done using Matlab R2021b, Update 3 software (The MathWorks, Inc.).

Continuous variables were given as mean with standard deviation or median and interquartile
range according to their distribution. Categorical variables were given as absolute frequencies
and percentages. Q-Q plots and the Shapiro—Wilk test were used for the assessment of normal
distribution. The Kruskal-Wallis method or one-way ANOVA were used for the comparison
of continuous variables. This was followed by Dunn’s or Bonferroni's post hoc testing. In the
case of not normal distribution, the correlation analysis was based on Kendall's Tau (1)
coefficient. The Chi-square or Fisher’s exact tests were used for the comparison of categorical

variables. A p-value lower than 0.05 was considered statistically significant.
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3. RESULTS

3.1. Baseline characteristics

The final analysis included 88 datasets, with 46 scans from IBD patients. Of these, 44 were
eligible for final image analysis, since 2 patients were excluded due to low image quality
because of arrhythmias. Additionally, one patient refused the administration of contrast agent,
so only native imaging was performed. 26 of the patients had active disease and 18 were in
remission. Forty-four control healthy volunteers were matched with IBD patients for age, sex,
and body mass index (BMI). No significant differences regarding age, sex, BMI,
comorbidities, or cardiovascular symptom history were seen between the active and remission
group. The IBD patient population consisted of 54.55% females and the average age was 39.5
years. 30 of the patients were diagnosed with CD, 12 of them with CU and 2 patients with IC.
Laboratory testing results showed relevant differences, with significantly lower hemoglobin,
hematocrit and albumin levels in patients with active disease compared to those in remission.
Interestingly, no relevant difference was seen when considering the CRP levels between these
two groups.

Baseline characteristics can be found in Table 8, and cardiac-related symptom history in
Table 9.

Compared to patients in remission, those with active disease had significantly higher clinical
disease activity scores (CDAI: 343 (217-508) vs. 107 (77-168), p <0.001; SCCAI: 10 (7-12)
vs. 2 (1-2), p <0.001), and the disease duration was shorter in this group (587 days (69 - 5237)
vs. 2958 (1282-7743), p = 0.006). The timing between endoscopy and CMR of the active
group was a median of 7 (IQR 1-12) days. Patients with active disease were more often under
systemic therapy with steroids (active disease: 20/26 (76.92 %) vs. remission: 2/18 (11.11 %);
p < 0.001) than those in remission. From the active group, six patients were diagnosed for the
first time with IBD. Medical therapy assignments did not differ significantly between the two

disease groups, as shown in Table 10.

46



Baseline characteristics of the study population

All patients | Control Active Remission P
(n=44) group (n=26) (n=18)
(n=44)

Demographic features and comorbidity
Male 20 (45.45) 20 (45.45) | 10 (38.46) 10 (55.56) 0.262
Age 39.50 38.50 0.48

(31.50- (30.50- 38.50 (27.00- | 42.00

58.00) 53.50) 56.00 (35.00-62.00
BMI, kg/m? 24.22 24.05 0.99

(20.45- (21.57- 23.48 (20.08- | 24.87

26.59) 26.22) 26.78 (20.45-26.37
Diabetes mellitus 1 -- 0 1 --
Acrterial hypertension 7 -- 3 4 0.419*
Hyperlipidemia 6 -- 3 3 0.676*
Smoker 21 -- 13 8 0.717*
Disease type and activity
Crohn’s disease 30 (68.18) -- 17 (65.38) 13 (72.22) 0.748*
Ulcerative colitis 12 (27.27) -- 8 (30.77) 4 (22.22) 0.734*
Indeterminate colitis 2 (4.54) | -- 1(3.84) 1 (5.56) --
CDAI® 195 (117- -- 343 (217-508) | 107 (77-168)

364) <0.001*
SCCAI® -

7 (2-10) 10 (7-12) 2(1-2) <0.001*
Days since initial 1436 (151- -- 0.006*
diagnosis 6542) 587 (69 - 2958 (1282 -

5237) 7743)
Endoscopy results
Days between endoscopy
and CMR, n 7(1-12)
SES-CD
18 (8-24)

UCEIS 7 (5-8)
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Laboratory results

CRP, mg/l 272+344 | -- 3.23 £ 3.66 1.85+2.091 0.228*
Hemoglobin, g/dI 12.63+£2.30 | -- 11.77 £2.30 13.94 £ 1.60 0.002*
Hematocrit, % 37.60+6.35 | -- 35.27 £ 6.62 41.18 + 3.86 0.003*
Albumin, g/dl 342+£0.74 | -- 0.002*
3.16 +0.71 4.01 +0.37
Glomerular filtration rate, | 99.23 + -- 0.568*
ml/min 26.19 96.24 +
101.19 £ 26.80 | 25.74

Table 8. Baseline characteristics of the study population. Values are n (%), mean + SD, or
median (IQR). Comparison was made between control, active and remission using the
ANOVA or Kruskal-Wallis test for continuous variables or Chi-square test for categorical
variables. * Comparison between active and remission was performed using the Student’s t-
test or Mann-Whitney U test for continuous variables and Chi-square or Fisher’s exact test for
categorical variables.

Symptom history

CED (n=44) Control group | Active Remission P
(n=44) (n=26) (n=18)

Fatigue 33 (75) 0 20 (76.92) | 13(72.22) 0.723
NYHA | 28 (63.64) 0 (0) 17 (65.38) | 11 (61.11) 0.534
NYHA Il | 8(18.18) 0 4 (15.38) 4(22.22) 0.697
NYHA Il |7(7(1591)) |0 5 (19.23) 2 (11.11) 0.681
NYHA IV | 1(2.27) 0 0 (0) 1 (5.56) /
Syncope 11 (25.00) 0 5 6 0.314
Chestpain | 10 (22.73) 0 7 (26.92) 3 (16.67) 0.489
Palpitation | 18 (40.91) 0 11 (42.31) | 7(38.89) 0.821

Table 9. Symptom history. Values indicate number (percentage), categorial variables
compared using Chi-square or Fisher’s exact test as appropriate.
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Medical therapy

CED Control Active Remission P
(n=44) group (n=26) (n=18)
(n=44)
Topical steroids 3(6.82) -- 2 (7.69) 1 (5.56) 1
Systemic steroids 22 (50) -- 20 (76.92) 2 (11.11) <0.001
Mesalazine 10 (22.72) -- 7 (26.92) 3(16.67) 0.489
Azathioprin 3(6.81) -- 2 (7.69) 1 (5.56) 1
Monoclonal 17 (38.64) -- 7 (26.92) 10 (55.56) 0.055
antibody

Table 10. Medical therapy. Values indicate the number of patients (percentage), active and
remission, compared using Fisher’s exact test or Chi-square test as appropriate.

3.2

Left and right ventricular function and dimensions

No significant difference was seen regarding the left and right ventricular dimensions, stroke

volumes, or ejection fraction between patients with active disease, remission and the control

group (Table 11). Patients in remission, however, had significantly higher myocardial mass

indices compared to the control group. Such a difference was not evident when the active

group was compared with the healthy volunteers (Active: 48.90 + 8.13, Remission: 56.09 +
9.86, HV: 47.83 + 11.32; R vs. HV p = 0.018). Figure 2 and Figure 3 demonstrate visually

how the contouring and measurements were made.

Ventricular and atrial dimensions and function

CED (n=44) Control Active Remission P

group (n=26) (n=18)

(n=44)
LV-EF, % 61.67 + 4.58 63.41+4.26 | 61.98 +4.36 61.23 + 4.96 0.167
LV-EDV indexed 79.56 + 16.43 80.49 + 75.73 £15.88 84.87 +£16.10 | 0.226
to BSA, ml/m? 18.27
LV-EDV indexed 84.88 +16.34 85.99 = 80.54 £14.92 |90.90+16.70 | 0.169
to height, m 19.62
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LV-SV indexed to | 48.95 £ 10.07 50.88 + 46.92 +10.11 | 51.77 £9.56 0.240
BSA, ml/m? 11.28

LV-Mass indexed 49.97 (44.09- 45.73 (40.24- | 45.78 (43.51- 54.76 (48.43- | 0.006/
to BSA, g/m? 59.89) 52.66) 54.61) 60.78) <0.01
LV-Mass indexed 56.01+ 12.44 51.44+13.64 | 52.78+ 11.23 60.50+ 12.94 0.021/
to height, m 0.043
LA biplane area, 19.63 (17.29- 21.05(18.72- | 19.40 (17.00- | 19.88 (18.15- | 0.309
cm? 22.84) 22.70) 22.03 23.55

RV-EF 55.17 +£5.03 54.06 +5.28 | 55.83+5.14 54.21 +4.84 0.361
RV-EDV indexed 86.37 (74.50- 87.26 (77.86- | 86.37 (75.51- | 86.42 (73.50- | 0.639
to BSA, ml/m? 99.58) 101.84 95.63 99.64

RV-SV indexedto | 47.11+9.63 48.84 + 47.53 £ 7.87 46.50 £ 11.95 | 0.695
BSA, ml/m? 10.68

RA area, cm? 20.26 +4.16 20.86 +3.17 | 19.78 + 3.88 20.95 + 4.56 0.444

Table 11. Ventricular and atrial dimensions and function. The comparison between control,
active and remission was made by using ANOVA or Kruskal-Wallis test for continuous
variables, or Chi-square test for categorical variables. For P < 0.05, a post-hoc testing was
performed. All second values indicate active vs. control, other tests were not significant.
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Figure 2. Cine long-axis view (LAX) of two- and four-chamber view a study patient used to
calculate atrial and ventricular volumes, surface area, mass and LVEF. The contouring of the
atria is done after the maximal filling of the atria with closed mitral valve. The contouring of

the left ventricle is done in the end-diastole and end-systole.
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SAX3D Stack LV Function

Figure 3. Cine short-axis view (SAX) with contouring of the left and right ventricle in end-
diastole and end-systole for the measurement of ventricular volumes, mass, LVEF and RVEF
using multiple slices from the base to the ventricular apex in a study patient. Papillary
muscles were included in the myocardial mass during diastole and systole.

3.3. T2 mapping

Segments with artefacts, fibrosis, or fat infiltration were excluded from the analysis. As a
result, 1397 out of 1408 native T2 segments (99.2%) were analyzed. Patients in active and
remission stages showed no significant differences regarding T2 values when compared with
each other and healthy volunteers. No difference was seen either globally or at a slice level
(Active disease: T2 global 49.33 + 2.37, Remission: 48.67 £ 1.85, H V: 49.27 £ 2.50; p =
0.605) (Table 12). Even after dividing the two IBD groups of patients based on the CDAI-
and SCCAI score cut-offs, no relevant differences were seen (T2 global: active disease: 49.33
+ 2.29, remission: 48.33 £ 1.77, HV: 49.27 + 2.50; p = 0.453). Additionally, we saw no
difference in T2 values when patients were compared based on the presence in the therapy of

mesalazine (p = 0.389) or monoclonal antibody (p = 0.871) (Figure 4).
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T2 Mapping

CED Control Active Remission
(n=44) group (n=26) (n=18)
(n=44)
Average basal T2, 48.63 £ 48.78 £ 48.75 0.877
ms 2.31 2.44 2.53 48.45 + 2.01
Average medial 49.03 £ 49.33 £ 49.25 + 0.649
T2, ms 2.36 2.58 2.64 48.70 £1.91
Apical T2, ms 49.81 49.88 £ 50.26 + 0.407
2.64 2.86 2.78 49.12 +2.31

Table 12. T2 Mapping. The comparison between control, active and remission was made by
using ANOVA or Kruskal-Wallis tests for continuous variables or the Chi-square test for
categorical variables. For P < 0.05, a post-hoc testing was performed

Figure 4. Quantification of T2 mapping in a study patient using endo- and epicardial

)
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HR 101

.00x276.25 192x156
cine_tf2d12_retro_(PATY4cy.
zoom 2.0/1.1 px/mm (ViewSizeAdjusted)

P

2000.00 ms

contouring with 5% offset at three different levels (basal, midventricular and apical) with

results shown after segmentation in 16 AHA segments in the bull's eye diagram.
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3.4. Native T1 mapping and ECV

A total of 1270 out of 1408 native T1 segments (90.2 %) underwent analysis after exclusion
of segments for the presence of artefacts, fibrosis or fat infiltration. Patients with active
disease, but not those in remission, had significantly higher global T1 values compared with
healthy volunteers (Active 1022.0 + 34.83 ms, Remission: 1010.10 + 32.88 ms, HV: 990.61
+ 29.35, P < 0.001 between active and HV, other NS). These differences were consistent also
when comparing T1 values of each of the three myocardial slices individually: basal (p=
0.002), midventricular (p= 0.002) and apical (p =0.006). This was reflected in Table 13.
ECV was performed only on the IBD patients, since the healthy volunteers did not undergo
administration of contrast media. ECV values did not differ between patients in active and in
remission disease at a global or slice level (global ECV, active: 24.11 + 2.56, remission:
23.04 £ 3.55, p = 0.283). After dividing the IBD patients into active and remission stage by
using CDAI- and SCCAI score cut-offs, the analysis of T1 and ECV values was still
consistent (active disease: T1 global 1023.8 £ 35.07 ms, remission: T1 global 1001.4 + 27.08
ms, HV: 990.61 + 29.35, P < 0.001 between active and healthy, other NS; ECV global: Active
disease: 24.12 + 3.28, remission: 22.57 = 2.16; p = 0.132). Global T1 and ECV showed no
correlation with the duration of disease (T1: rt =0.051, p = 0.64; ECV: rt = 0.097, p = 0.39)
or with the age of patients (T1: rt =-0.031, p = 0.78; ECV: rt =-0.034, p = 0.77). Five
patients, who were considered clinically in remission, had slightly higher scores than the
predefined threshold (SCCALI: 3; CDAI: 168, 173, 181, 198). Even after considering these
patients in the active group, there was no relevant difference in the results shown above.
Additionally, we saw no significant difference between male and female IBD patients when
considering global T1 and ECV values (T1: p = 0.523; ECV: p = 0.745). No difference was
seen in global T1 and ECV values when IBD patients were compared based on the presence
of mesalazine (T1: p = 0.265; ECV: p = 0.138) or monoclonal antibody therapies (T1: p =
0.592; ECV: p = 0.639) in their treatment regimen. Figure 5 shows the quantification method.
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Native T1 Mapping and ECV

CED Control Active Remission
(n=44) group (n=26) (n=18)
(n=44)
Average basal T1, | 1019.13+ | 995.73+ | 1022.44 + 1014.54 + 0.002 /
ms 34.24 26.24 33.49 35.71 0.002
Average medial 1018.26 + | 99211+ | 1022.71+ 1011.72 + 0.002/
T1, ms 38.58 29.18 40.64 35.50 <001
Apical T1, ms 1010.33+ | 980.23+ | 1024.53 + 987.61 + 0.003/
52.74 47.85 49.91 50.60 <001
Basal ECV, % 22.87 -- 2341 + 22.07 £ 3.26 0.167
2.79 2.36
Medial ECV, % 23.40 £ -- 24.14 + 22.20+£3.13 0.063
2.97 2.68
Apical ECV, % 25.46 + -- 26.17 + 24.42 +3.40 0.302
4.25 471

Table 13. Native T1 mapping and ECV. The comparison between control, active and
remission was made by using ANOVA or Kruskal-Wallis tests for continuous variables or the
Chi-square test for categorical variables. For P < 0.05, a post-hoc testing was performed. All

second values indicate active vs. control, other tests were not significant. For ECV, only the

comparison between active and remission was performed.
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Figure 5. Quantification of parametric T1 mapping (before contrast agent) and synthetic
extracellular volume (after contrast agent) in a study patient. The subendocardial and
epicardial contouring with 5% offset of the left ventricular myocardium is done in three slices
(basal, midventricular and apical) and the results are shown after segmentation in 16 AHA
segments in the bull's eye diagram.

3.5.  Myocardial segments with concomitant elevation of T1 and T2
values

Our analysis showed high T1 values in 83/351 (23.6%) segments of the patients with active
disease, 40/242 (16.5%) segments in those in remission and 31/678 (4.6%) segments in the
healthy volunteers group. The number of patients with active disease who had at least one
segment with concomitant high T1 and T2 values in the same position was significantly
higher (8/26, 30.8%) in comparison to those in remission stage (0/18) and healthy volunteers
(1/44, 2.3%, P<0.001). The total number of concomitant high T1 and T2 values in the same
AHA segments was the following for the three groups of participants: active IBD 20/350
(5.7%), remission IBD 0/238 (0%) and healthy volunteers 1/678 (0.4%).
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3.6. Focal myocardial fibrosis and fat infiltration

LGE imaging was acquired in 43 patients and fat imaging was available in 44 patients. One
patient from the active group refused the administration of contrast agent. 3D Dixon LGE
imaging was available in 31 patients, while 2D fat (n=13) and 2D LGE (n=12) images were
obtained in the remaining patients. 3D imaging was not possible and was substituted from 2D
imaging for the following reasons: heart rate > 90 bpm and/or arrhythmia (n= 9) with
consequent low image quality, technical problems with the MRI scanner (n=2), patient wish
to stop the scanning due to long duration (n=1). We found positive LGE findings in 7/43
patients (16.3%), all of them with a non-ischemic pattern. No significant difference (p =
0.427) was seen when comparing the presence of LGE between patients in active (3/24, 12%)
and remission (4/18, 22.2%) stages of the disease. A comparison with healthy volunteers was
not possible, since this group did not undergo contrast agent administration. We detected fat
infiltration in the myocardium in 5/44 (11.4%) of all patients, with no significant difference (p
= 0.634) between patients with active disease and those in remission (Table 14).

Figure 6 shows the 3D visualization and localization of LGE using MPR.

LGE and fat infiltration

CED Control Active Remission P
(n=44) group (n=26) (n=18)
(n=44)
LGE presence 7/143* - 3(12) 4 (22.22) 0.427
LGE pattern non- 7/143* -- 3(12) 4 (22.22) 0.427
ischemic
Fat presence 5/44 4 (15.38) 1 (5.56) 0.634

Table 14. Focal myocardial fibrosis and fat infiltration. * One patient refused contrast agent
administration. For the comparison between active and remission group t-test, Chi-square or
Fisher’s exact test as appropriate were used.
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Figure 6. 3D LGE Dixon imaging using MPR to visualize the heart in three two-dimensional
slices. Normal myocardium is shown as hypointense, and the presence of localized fibrotic
tissue is shown as hyperintensity basal, inferolateral in a study patient (after contrast media
injection). This method permits an accurate localization of fibrosis or fat tissue with a high
spatial resolution.

3.7. Pericardial and pleural effusions

The presence of pericardial effusion was identified in exactly half of the patients with active
disease, whereas in only one-third of patients in remission was the presence of pericardial
effusion confirmed. The comparison of these two groups with the control group showed a
higher prevalence of pericardial effusion in patients with active disease, but not in those in
remission, when compared to the control group. This difference was statistically relevant (p:
0.017).

Although there was a trend toward a higher frequency of pleural effusions in the active group,
the difference did not reach statistical significance (p: 0.059) (Table 15).

Figure 7 and Figure 8 show how pericardial and pleural effusions can be identified.
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Pericardial and pleural effusions

CED Control Active Remission P
(n=44) group (n=26) (n=18)
(n=44)
Pericardial 19 (43.18) | 8(18.18) 13 (50) 6 (33.33) 0.005/
effusion 0.017
Pleural effusion 10 (22.72) | 13(29.55) | 8(30.77) 2 (11.11) 0.059

Table 15. Pericardial and pleural effusions. The comparison between control, active and
remission was made by using ANOVA or Kruskal-Wallis tests for continuous variables or the
Chi-square test for categorical variables. For P < 0.05, a post-hoc testing was performed. All
second values indicate active vs. control, other tests were not significant.

Figure 7. T2-weighted localizer axial image of a study patient showing hyperintense areas
located posteriorly and at a basal level of the lungs, representing pleural effusions.
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Figure 8. Cine imaging of a two-chamber view showing a hyperintensity inferior and basal,
corresponding to pericardial effusion in a study patient.

3.8. Strain analysis

Compared to healthy volunteers, patients with active disease had significantly lower global
radial and global circumferential strain values. This difference was not relevant when
comparing patients in remission with healthy volunteers (GRS: Active: 23.40 + 5.34,
Remission: 24.64 + 5.78, HV: 28.06 £ 4.92; active vs. remission P=0.002; GCS: - 15.31 +
2.38 vs. - 15.93 + 2.65vs. - 17.48 £ 2.02, p < 0.001). Global longitudinal strain analysis
showed no relevant differences between all three groups, as shown in Table 16.

Figure 9 shows how the contouring and quantification was done.
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Strain analysis

CED Control Active Remission
(n=44) group (n=26) (n=18)
(n=44)

Global -17.38 + -17.79+ | -1730% 0.725
longitudinal strain 2.83 2.15 3.26 -17.49+2.16
Global radial 23.87 28.06 + 23.40 £ 0.001/
strain 5.48 4.92 5.34 24.64 +5.78 0.002
Global -1555+ | -17.48+% <0.001/
circumferential 2.48 2.02 -1531 + <0.001
strain 2.38 -15.93 £ 2.65

Table 16. Strain analysis. The comparison between control, active and remission was made by
using ANOVA or Kruskal-Wallis tests for continuous variables or the Chi-square test for
categorical variables. For P < 0.05, a post-hoc testing was performed. All second values
indicate active vs. control, other tests were not significant.

e Ut e Bt b P e 01 chg €

Figure 9. Strain imang of a study patient obtained y contouring the endocardial and
epicardial part of the myocardium in short axis view (SAX), and two- and four chamber view.
On the right of the picture is the bull’s eye with radial and circumferential strain divided in 16

AHA segments.

3.9. Correlation with disease activity

We used the Z-Score to correlate CMR biomarkers with clinical scores by unifying all IBD

patients in one model. The Z-Score of Clinical Disease Activity showed a moderate
correlation with global T1 values (r: = 0.21, p = 0.049) and global ECV (r.= 0.23, p = 0.042).
No correlation was seen between the Z-Score and GRS or GCS (GRS: r. =-0.08, p = 0.49;
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GCS: r.=0.08, p = 0.49). Additionally, global T2 values showed no significant correlation
with the Z-Score of activity index (r: =0.11, p = 0.288).

3.10. Interobserver variability

The image analysis was done by two experienced readers (MF with 5 years of experience and
EA with 2 years of experience). For the first 20 patients, an analysis of interobserver
variability was done. The compared parameters were the ventricular and atrial dimensions, as
well as LVEF and RVEF, followed by the comparison of parametric mapping, such as T1 and
T2 mapping. The comparison was made between mean values with standard deviation and
Bland-Altman plots were used to show the differences. The T1 and T2 maps were compared
not only as a global mean value with standard deviation but also at a segmental level.

The comparison of all the above-mentioned parameters showed that no relevant differences
were seen between the two readers and the values measured were inside the tolerance range.

The following tables and figures reflect the specific differences between the two readers:

Atrial area differences

Clinical Result (meanzstd) R1 R2 Difference
4CV_RAESAREA [cm”"2] 19.3 (4.5) 19.9 (4.7) -0.6 (0.7)
4CV_RAEDAREA [cm"2] 19.3 (4.5) 19.9 (4.7) -0.6 (0.7)
ACV_LAESAREA [cm"2] 20.8 (3.6) 21.2 (3.7) -0.4 (0.9)
ACV_LAEDAREA [cm"2] 20.8 (3.6) 21.2 (3.7) -0.4 (0.9)
2CV_LAESAREA [cm”"2] 18.9 (4.2) 18.8 (4.4) 0.1(1.4)
2CV_LAEDAREA [cm"2] 18.9 (4.2) 18.8 (4.4) 0.1(1.4)
LAESP_4CV [#] 14.3 (2.0) 14.1 (2.1) 0.5 (0.8)
LAEDP_4CV [#] 14.3 (2.0) 14.1 (2.1) 0.5(0.8)
LAESP_2CV [#] 14.3 (2.0) 14.1 (2.1) 0.5(0.8)
LAEDP_2CV [#] 14.3 (2.0) 14.1 (2.1) 0.5(0.8)
RAESP_4CV [#] 14.3 (2.0) 14.1 (2.1) 0.5(0.8)
RAEDP_4CV [#] 14.3 (2.0) 14.1 (2.1) 0.5(0.8)

Table 17. Atrial area differences. This table shows the clinical parameter names in the first
column. The other columns show statistics concerning the parameters. The first and second
readers' means (stds) are shown in the second and third column, respectively. The mean and
std of the differences between both readers is presented in the fourth column. The mean
differences of both readers’ + 95% confidence intervals are shown in parentheses, with
*tolerance ranges thereafter. This provides information on whether the 95% estimate of the
mean difference between both readers is within an acceptable limit.
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Figure 10. Confidence intervals and tolerance ranges of atria areas: each subfigure references
an atrial area, from left to right: 4CV RA, 4CV LA, 2CV LA. Tolerance intervals are shown
as gray bars and represent £1.96 standard deviation of an expert intrareader deviation. The
95% confidence intervals of the mean area difference are represented as an error bar in red.
Individual area differences per contour are plotted in blue. Legend: CV: Chamber view, RA:
Right Atrium, LA: Left Atrium.
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Figure 11. Bland-Altman plot of the atrial surface in four chamber-view showing all
parameters inside the tolerance range.
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Ventricular dimensions and function

Clinical Result (meanzstd) R1 R2 Difference
LVESV [ml] 59.9 (10.8) 57.0 (12.5) 2.9 (6.1)
LVEDV [ml] 149.6 (21.7) 151.7 (23.0) -2.1(6.7)
RVESV [ml] 76.9 (17.3) 735 (16.7) 3.4 (7.1)
RVEDV [ml] 165.1 (32.3) 162.2 (29.9) 2.9 (12.2)
LVSV [ml] 88.5 (14.2) 93.8 (14.2) -5.3 (4.6)
LVEF [%] 58.3 (4.3) 60.6 (4.2) -2.3(2.9)
RVSV [ml] 88.2 (16.9) 88.7 (14.6) -0.5 (7.6)
RVEF [%] 53.5(3.8) 55.0 (3.3) -1.4 (2.9)
LVM [g] 85.1 (16.3) 87.7 (18.4) -2.5 (5.3)
RVM [g] 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
LVESPAPMUM [g] 3.5 (1.4) 4.3 (1.5) -0.9 (0.7)
LVEDPAPMUM ([g] 2.2 (1.0 3.4(1.4) -1.2 (1.7)
LVESP [#] 11.7 (1.3) 114 (1.1) 0.3 (0.6)
RVESP [#] 12.3 (1.6) 11.6 (1.4) 0.7 (1.0)
LVEDP [#] 25.0 (9.8) 26.7 (7.1) 0.3 (0.6)
RVEDP [#] 26.9 (7.2) 26.7 (7.1) 0.3(0.5)
NrSlices [#] 17.0 (1.0 17.0 (1.0) 0.0 (0.0)

Table 18. Ventricular dimensions and function. This table shows the clinical parameter names

in the first column. The other columns show statistics concerning the parameters. The first

and second readers' means (stds) are shown in the second and third column, respectively. The

mean and std of the differences between both readers is presented in the fourth column. The

mean differences of both readers’ + 95% confidence intervals are shown in parentheses, with

*tolerance ranges thereafter. This provides information on whether the 95% estimate of the

mean difference between both readers is within an acceptable limit.
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Figure 12. Bland-Altman plot of left ventricular systolic volume with overall parameters in
the tolerance range.
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Figure 13. Tolerance ranges and confidence intervals: each subfigure references a clinical
parameter. Tolerance intervals are shown as gray bars and represent +1.96 standard deviation
of an expert intrareader deviation as derived in another publication (see below). The 95%
confidence intervals of the mean value are represented as an error bar in red. Individual
clinical parameter differences per case are plotted in blue. Legend: LV: Left ventricle, RV:
Right ventricle, ESV: end-systolic volume, EDV: end-diastolic volume, EF: ejection fraction,
LVM: Left ventricular myocardium.

T1 values
Clinical Result (meanzstd) R1 R2 Difference
GLOBAL_T1 [ms] 1008.1 (47.1) 1004.1 (45.5) -1.1(11.4)

Table 19. T1 values. This table shows the clinical parameter names in the first column. The
other columns show statistics concerning the parameters. The first and second readers' means
(stds) are shown in the second and third column, respectively. The mean and std of the
differences between both readers is presented in the fourth column. The mean differences of

65



both readers’ + 95% confidence intervals are shown in parentheses, with *tolerance ranges
thereafter. This provides information on whether the 95% estimate of the mean difference
between both readers is within an acceptable limit.

R1 - R2 Average Differences AHA Model (mean=xstd [ms] (n))

Figure 14. T1 values and average differences in the AHA model: the AHA model is plotted
for 16 segments reflecting the basal (6 outer segments), midventricular (6 middle segments)
and apical (4 inner segments). Each segment contains a label with the meanzstandard
deviation (n). The mean and standard deviation pertains to the pixel value differences per
segment between the two readers. In parentheses, the number of cases that provided values to
the respective segment by both readers is shown. Legend: AHA: American Heart Association.

T2 values
Clinical Result (meanzstd) R1 R2 Difference
GLOBAL_T2 [ms] 48.6 (2.2) 48.6 (2.3) -0.0(0.4)

Table 20. T2 values. This table shows the clinical parameter names in the first column. The
other columns show statistics concerning the parameters. The first and second readers' means
(stds) are shown in the second and third column, respectively. The mean and std of the
differences between both readers is presented in the fourth column. The mean differences of
both readers’ + 95% confidence intervals are shown in parentheses, with xtolerance ranges
thereafter. This provides information on whether the 95% estimate of the mean difference
between both readers is within an acceptable limit.
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R1 - R2 Average Differences AHA Model (mean=std [ms] (n))
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Figure 15. T2 values and average differences in the AHA model: the AHA model is plotted
for 16 segments reflecting the basal (6 outer segments), midventricular (6 middle segments)
and apical (4 inner segments). Each segment contains a label with the meanzstandard
deviation (n). The mean and standard deviation pertains to the pixel value differences per
segment between the two readers. In parentheses, the number of cases that provided values to
the respective segment by both readers is shown. Legend: AHA: American Heart Association.
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4. DISCUSSION

Pathophysiological explanation of the main findings

No significant differences regarding age, sex, BMI, comorbidities, or cardiovascular symptom
history were seen between the active and remission groups. Regarding the cardiovascular
symptoms, the relatively young average age of 39.5 years of the study participants, and the
fact that patients with ischemic heart disease were excluded, should be taken into
consideration while interpreting these results.

Laboratory testing results showed relevant differences, with significantly lower hemoglobin,
hematocrit and albumin levels in patients with active disease compared to those in remission.
This is probably explainable considering that during the active phase of the disease, patients
may experience gastrointestinal bleeding of various degrees and there is also an activation of
acute phase proteins. All this could lead to inflammation-associated anemia and lower
albumin levels. [77] Interestingly, no relevant differences were seen when comparing the CRP
levels between these two groups. One possible explanation could be the immunosuppressive
therapy, which had already been started in patients with active disease before the CMR study
was performed and may have lowered CRP levels. Changes in the CRP values under
immunosuppressive therapy may happen earlier compared to the other above-mentioned lab
values. [48]

The comparison of the left and right ventricular function showed no significant differences
between the three analyzed groups. The LVEF and RVEF was preserved in all three groups.
Left ventricular dimensions and stroke volumes also showed no differences in all three
participant groups.

When considering the myocardial mass indices, these were significantly higher in patients in
remission compared to those in the control group. This difference was not relevant when
comparing patients with active disease and the control group. Since the left ventricular mass
is a known parameter that can predict the risk for cardiovascular events, higher mass indices
could reflect a higher risk of developing these events in this group of patients. [150]
Although the reason for this difference in LV mass indices is unclear, one hypothesis may be
related to the use of corticosteroids. The effect of this therapy on inducing left ventricular
hypertrophy has been previously studied. [151, 152] In our study, patients in remission had
significantly longer disease duration than those with active disease, therefore they might have
been subjected to higher accumulative steroid doses through the course of the disease, causing

an increase in left ventricular mass indices.
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The strain analysis showed lower values of global circumferential and radial strain in patients
with active disease, but not in those in remission. Whereas global longitudinal strain analysis
showed no relevant differences between all three groups, circumferential strain has better
reproducibility and has been established in many CMR research centers. [153] These
differences were evident, although the LVEF was preserved. The subclinical effect of reduced
strain with still preserved ejection fraction may represent an early stage of ventricular
dysfunction in patients with active (systemic) inflammation involving the heart. [154]

The analysis of the study data showed significantly higher native T1 values in the group of
patients with active disease, but not those in remission, when compared to the control group.
This was consistent not only when considering the global average value, but also when
different myocardial slices (basal, midventricular and apical) were analyzed separately.
Increased native T1 values are seen in the setting of edema (myocarditis, myocardial
infarction), focal or diffuse fibrosis, or amyloidosis. The increase of native T1 did not reflect
the values seen in patients with amyloidosis (>1100ms). [155] Furthermore, segments of
focal fibrosis and fat accumulation areas were excluded from the mapping analysis. The T2
values were not significantly elevated in the active group compared with the other two
groups. Since the latter are more specific for edema, a combination of higher T1- and normal
T2 values might correlate in this case with diffuse fibrosis. [12]

When considering a concomitant increase of native T1 and T2 in the same segments, the
number of patients with active disease (30.8%) presenting this pattern was significantly
higher in comparison to those in remission stage and control group. This shows a certain
degree of active inflammation in this group of patients.

An elevation of T1 values was seen also in other CMR studies of patients with known
systemic inflammatory diseases, such as rheumatoid arthritis or systemic sclerosis with heart
involvement. [16, 156] Furthermore, it is unclear if an isolated elevation of T1 values reflects
an active inflammation. We could hypothesize that after an acute myocardial injury, there is a
slight reduction of T1 values in time, though these continue to be higher than normal.
Chronically higher T1 values were also observed in other studies with follow-up of patients
with myocarditis. [106]

Different studies observed higher levels of proinflammatory cytokines like TNF-a, IFN-y and
IL-12 in patients with IBD and active stage of disease. [31] This correlates with higher levels
of inflammation in the gut and on a systemic level. It is reasonable to assume that such a

systemic inflammation can affect also the myocardial tissue. It was hypothesized that these
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subclinical changes might be a precursor of cardiac remodeling and diastolic dysfunction.
[157, 158]

ECV was obtained only in IBD patients, since the healthy volunteers did not undergo GBCA
administration. ECV values did not differ between patients in active and in remission disease
at a global or slice level. After dividing the IBD patients into active and remission stage by
using CDAI- and SCCAI-score cut-offs, the analysis of T1 and ECV values was still
consistent. The small sample size may be one explanation for the lack of statistical
significance. Furthermore, average ECV values of the entire myocardium may not reflect
segmental changes, hence they can be underrepresented when undergoing statistical analysis.
Finally, a significant difference between patients with active disease and healthy volunteers
was the presence of pericardial effusions. As much as 50% of the patients with active disease
developed a pericardial effusion, whereas pericardial effusions were detected in only 33% of
patients in remission. The comparison of these two groups with the control group showed a
higher prevalence of pericardial effusion in patients with active disease but not in those in
remission, when compared to the control group. This difference was statistically significant.
In none of these patients was a hemodynamically relevant pericardial effusion observed.
Regarding pleural effusions, although there was a trend toward a higher prevalence of pleural
effusions in the active group, the difference did not reach statistical significance (p: 0.059).
Pericardial effusions are a known sign of cardiac involvement in systemic disease, and their
association has also been described in patients with inflammatory bowel disease. The
presence of pericardial effusion further strengthens the suspicion of cardiac involvement,
particularly during the active phase of IBD. [159-162]

Focal myocardial fibrosis and fat infiltration

Our study participants had a mean age of 39.5 years and had no known ischemic heart
disease. A comparison between IBD patients with healthy volunteers was not possible, since
this group did not undergo GBCA administration. We found positive LGE findings in 16.3%
of IBD patients, all of them with a non-ischemic pattern. No significant difference was seen
when comparing the presence of LGE between patients in active and remission stages of the
disease. There is evidence of a correlation between ischemic heart disease and inflammatory
bowel disease. [5] In our study, however, we did not see any ischemic LGE pattern. This
might be related to the relatively young age of our study participants, with few risk factors for

coronary artery disease. Other factors such as chronic inflammation and prolonged use of
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corticosteroids may play a role in the long term in developing coronary artery disease in
patients with IBD. [38]

The detected LGE was of an intramyocardial or subepicardial pattern. This kind of
distribution is usually seen in patients with inflammatory myocardial changes such as in the
setting of myocarditis. Focal fibrosis represented by the detected LGE is mostly a sign of
irreversible myocardial damage, and it usually persists indefinitely after the acute
inflammation and myocardial injury has occurred. [106] The small sample size should be an
aspect to take into consideration when interpreting the results of the statistical analysis.

We detected fat infiltration in the myocardium in 11.4% of all IBD patients, with no
significant difference between patients with active disease and those in remission. The
presence of intramyocardial fat tissue was associated with ischemic and non-ischemic
cardiomyopathies. Fat infiltration can also be of prognostic value by increasing the risk for
potential arrhythmias and SCD. [131, 132] If we interpret the distribution of fat infiltration by
also taking into consideration the LGE pattern, we did not see an ischemic type of
distribution, but rather a non-ischemic one. The impact of this finding is currently unclear and
was not addressed in our study design, but as is the case for focal fibrosis, it could represent

chronic tissue injury.

Relation with disease activity

The clinical assessment and differentiation between an acute flare of IBD and remission were
made by board-certified gastroenterologists. For our study, the Crohn's Disease Activity Index
(CDAI) was used for CD patients, and the Simple Clinical Colitis Activity Index (SCCAI) for
UC patients. An active flare was assigned for scores of CDAI> 150 and SCCAI>2.5, based on
other clinical trials on IBD therapies. [163]

Patients with clinical scores surpassing these thresholds, considered as having active disease,
exhibited significantly higher native T1 and ECV values compared to the remission group.
However, no such correlation was observed when considering T2 mapping and strain
imaging. Furthermore, the increased ECV values reinforce the suspicion of diffuse
myocardial fibrosis. [16, 164] Finally, global T1 and ECV showed no correlation with the
duration of the disease.

These results reflect a correlation between subclinical myocardial changes and disease

activity.
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IBD therapies and possible effects on subclinical myocardial changes

There is evidence of a higher incidence of myocarditis in patients undergoing treatment with
mesalazine. [165, 166] In our study, however, we did not find any significant differences in
T1, T2 and ECV values when comparing patients with and without long-term mesalazine
treatment.

The effects on the heart of immunosuppressive and immunomodulating therapies, including
modern monoclonal treatments, have been considered and studied. Some data supports a
higher incidence of myocardial and pericardial inflammation in patients undergoing therapy
with infliximab, methotrexate, azathioprine, etanercept, and adalimumab. [23-25, 82-84]

In our study, we did not see a higher incidence of myocardial inflammation, in correlation
with the use of these drug regimens. However, it is important to mention that the sample size
was small and led to insufficient power to detect possible differences.

Patients in the active stage of the disease had a higher frequency of systemic steroid use
compared to those in remission, and this difference was statistically significant. At the time of
the CMR study, these patients were already receiving immunosuppressive therapy with
corticosteroids. The potential subclinical effects of this treatment on T1 mapping, T2
mapping, and ECV are not yet fully understood. What is already known, however, is that
long-term therapies with corticosteroids can increase the LV mass. [151, 152] As mentioned
above, this was also observed in our study, with an increased LV mass index in patients in
remission. These patients, having a longer disease duration than those with active flares, may
have been treated more often with corticosteroids to induce remission, hence an accumulated

dose effect of steroids could have increased the LV mass indices.
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5. LIMITATIONS

One limitation of this study was the impossibility of performing endoscopy on patients in
remission or healthy volunteers for obvious ethical reasons. This would have given us further
insights into the staging of the disease and correlations with disease activity. Clinically,
however, there was no indication to perform such an invasive test on these patients.

Another limitation was the lack of ECV and LGE imaging in healthy volunteers. Due to
ethical reasons, no GBCA was given to this group of participants.

Since all the patients in remission were seen only in a gastroenterologist ambulatory setting,
no routine cardiac markers (troponin, CK-MB, NT-proBNP) were obtained, which made them
unavailable for our study. These lab tests could have given us more information about
possible cardiac involvement.

Finally, it was not possible to recruit a large enough number of patients with different IBD
therapies and who were therapy-naive, in order to statistically appreciate possible effects of
these therapies on the heart. This was mainly due to the large heterogenicity of therapies for
IBD and the limited number of patients who could be included in our study from one tertiary

center.

6. CONCLUSIONS

This study showed subclinical myocardial changes with preserved ejection fraction in patients
with active IBD compared to healthy volunteers. These alterations were not only of a
structural nature, reflected by the diffuse myocardial fibrosis, but also functional, with
reduced ventricular circumferential and radial strain.

The detected myocardial changes suggest a certain degree of myocardial involvement in the
setting of systemic inflammation in IBD patients. Even though the prevalence of
cardiovascular complications in patients with IBD is not high, CMR could help select patients
at a higher risk of developing such complications and follow them up more closely. In order
to address this matter, further research in this area is needed.

More investigation is also warranted to determine the impact on myocardial injury of different
therapy regimens, including mesalazine, immunosuppressive agents, and immunomodulating

therapies.
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