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Inflammatory bowel disease (IBD) is a debilitating group of inflammatory conditions of the 
gut. Children suffering from IBD, especially in the case of an uncontrolled disease course, 
are prone for impairment of physical and mental development.

Therefore, PART I of this thesis focuses on monitoring disease course on several aspects, 
being symptoms, the actual inflammation of the gut measured with biomarkers, and 
the interrelationship between both. Here we investigated both a concurrent correlation 
of symptoms and inflammation, as well as the predictive capacity of biomarkers of 
inflammation and future relapse of symptoms. Moreover, we inquired the potential effect 
of disease course on the whole family, from quality of life of the child to perceived stress 
by their parents.

Nutrition is needed in times of high consumption due to illnesses like IBD, but can also serve 
as treatment, particularly in children with Crohn’s Disease (CD). In PART II of this thesis, 
the habitual diet of children with IBD under medical guidance was studied. In addition, the 
effect of exclusive enteral nutrition (EEN) on the gut microbiota and metabolomic profile 
of children with CD was measured, attempting to unravel the mechanism of this effective 
but mechanistically unclear therapy.

When IBD is refractory to therapy, a surgical intervention may be considered or even be 
the only option in case of acute severe disease not responding to rescue medication. In 
PART III of this thesis, children with IBD who underwent a (segmental) gut resection were 
reviewed for short and long-term adverse outcomes. Making use of national pediatric 
IBD research collaborations and in contrast to most pediatric IBD studies on surgical 
interventions, relatively large cohorts could be collected and investigated.

PART I  Monitoring disease course and psychosocial well-being

In chapter 1, we compared clinical indices completed by pediatric patients and their 
physicians. These clinical indices, the short Pediatric Crohn’s Disease Activity Index 
(shPCDAI) for CD and the Pediatric Ulcerative Colitis Activity Index (PUCAI) for ulcerative 
colitis (UC), have originally been developed to be completed by the physician. However, 
with increasing interest in patient reported outcomes (PRO) in clinical trials, it is important 
to evaluate current clinical indices for their ability to serve as PRO’s. Frankly, patient-based 
indices are already used as outcome measures in clinical trials in children with IBD1,2 and 
online clinical monitoring programs3. The shPCDAI only moderately agreed between 
pediatric patients and physicians (kappa: 0.40 [95%CI 0.24−0.55), with almost half of 
the children scoring in another disease activity category. Since no agreement studies on 
pediatric clinical IBD indices have been performed, we can only compare these results with 
data from adult patients. A comparable study in adults, using the Harvey Bradshaw Index, 
also found moderate agreement4. Agreement between PUCAI completed by ulcerative 
colitis patients and their physicians was better than the shPCDAI (kappa: 0.64 [95%CI 
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0.45−0.83]), but still far from optimal. The only pediatric UC study on this topic found 
a comparable agreement5, as did a study in adults evaluating agreement of the Simple 
Clinical Colitis Activity Index6. An explanation for the moderate agreement between the 
shPCDAI completed by patients and physician, as to substantial agreement of the PUCAI, 
may be related to interpretation and determinability of items. Some items in the shPCDAI 
are medical diagnoses (e.g. uveitis), or need an apparatus to assess (e.g. weight). In the 
majority of disagreements, patients scored their disease activity higher compared to their 
physician. The reason for this may be dual. Namely, physicians tend to underestimate 
disabilities and HRQOL of their pediatric patients7,8. On the other hand, children may have 
been underreporting their symptoms in fear during the doctor’s visit of the consequences.

In chapter 2 we evaluated the relationship of biomarkers of inflammation with clinical 
symptoms in children with IBD under medical guidance. In a preceding study we observed 
that a substantial proportion of children with asymptomatic IBD had elevated levels of fecal 
calprotectin (FC) and C-reactive protein (CRP)9. We compared the relationship between 
FC or CRP and the abbreviated Pediatric Crohn’s Disease Activity Index (aPCDAI) for CD 
and the PUCAI for UC. In both children with CD and UC, the total disease activity index 
score had a weak positive correlation with FC levels (CD: rs=0.32 [95%CI 0.13–0.49]; UC: 
rs=0.36 [95%CI 0.07–0.61]). When we assessed individual items of the clinical indices, only 
the abdominal examination and perirectal disease of the aPCDAI, and the activity level 
of the PUCAI correlated significantly with FC levels, albeit weakly. In CD patients, CRP 
had a weak positive correlation with the total aPCDAI score (rs=0.28 [95%CI 0.05–0.46]), 
while in UC patients CRP did not correlate with the total PUCAI score (rs 0.01 [95% CI 
-0.34–0.30]). These results correspond to data of adults with IBD, indicating that there is a 
strong discrepancy between FC or CRP, and clinical disease activity indices10,11. The poor 
relationship between biomarkers of inflammation and clinical symptoms could be related 
to the relatively mild clinical disease activity in this research cohort. However, since the 
distribution of clinical disease activity corresponds to large cohort studies on the clinical 
course of children with IBD12,13, this study does reflect the relationship between symptoms 
and the degree of intestinal inflammation in daily practice.

Studies in adults with IBD in remission indicate that a large proportion that still experiences 
symptoms compatible with irritable bowel syndrome (IBS). In chapter 3 we evaluated 
the prevalence of symptoms are compatible with IBS in children with IBD in clinical and 
biochemical remission, and assessed the relationship of these IBS-type symptoms with 
biochemical markers of inflammation. The prevalence of IBS-type symptoms in children 
with IBD in clinical remission was 6.4% (95%CI 2.5−11.1%; CD: 4.5%; UC: 10.8%). This is 
comparable to the findings of the only other pediatric study14, but much lower than the 
prevalence of IBS-type symptoms in adults with IBD (25-46%)15. This striking difference may 
be related to the relatively short disease duration in children. A long disease duration may 
result in more structural changes in the colon, which can predispose to the development 
of IBS-type symptoms16. While some studies found an association between longer disease 
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duration in adults with IBD with IBS-type symptoms17, other studies, including ours, did not 
observe such an association18. Another reason may be the scoring of clinical indices on the 
abdominal pain item. Patients who report severe abdominal pain are classified as not in 
clinical remission. This could lead to an overestimation of disease activity14, and therefore 
an underestimation of the ‘true prevalence’ of IBS-type symptoms in children with IBD in 
clinical remission. One could argue that the true prevalence of IBS-type symptoms should 
preferably be studied in patients with no evidence of inflammation. When using FC as 
markers for biochemical remission we indeed found an approximately two-fold higher 
prevalence of IBS-type symptoms, compared to patients in clinical remission, but still very 
low compared to previous adult studies. In line with the findings in chapter 2, persistent 
symptoms in children with IBD in clinical remission appear to be unrelated to ongoing 
inflammation.

Patients with IBD typically experience periods of quiescent disease, alternated by periods 
of symptomatic relapse. It is unfortunately difficult to predict when such a relapse will 
occur. Biomarkers of inflammation, like FC and CRP, have been suggested to be predictive 
of symptomatic relapse19. In chapter 4 we investigated the predictive value of FC and 
CRP for symptomatic relapse in children with IBD in clinical remission. Fecal calprotectin 
and CRP were both predictive of symptomatic relapse within 6 from assessment, with 
FC having a better predictive accuracy. The optimal cut-off value of FC for symptomatic 
relapse was 350 μg/g, with low positive and very high negative predictive values. The 
majority of studies in adult IBD patients also found FC to bepredictive for symptomatic 
relapse20,21. Optimal cut-off levels in these studies in adults were lower compared to the 
optimal cut-off in our study22, which may be related to a shorter duration of follow-up19–21. 
The inferior predictive accuracy of CRP, as compared to FC, in our study reflects the 
ambiguity of CRP as a predictor for relapse in studies on adults19,23. This inferior predictive 
capacity of CRP may be related to its lower specificity for biochemical activity compared 
to the more gut specific inflammatory marker such as FC24–26.

In addition to the major impact of IBD on the mental and physical health of the 
child, it also has an impact on the entire family. Parents may experience more 
stress related to the care of their child suffering from IBD. In turn, this parental stress 
potentially can affect health-related quality of life (HRQOL) of pediatric IBD patients.  
In chapter 5 we investigated HRQOL of pediatric IBD patients and distress of their 
parents. Moreover, we studied the effect of disease course on parental distress directly, 
and indirectly on their child’s HRQOL. As expected and seen in previous studies27–30, 
children with IBD had a lower overall HRQOL, with specifically lower physical and school 
functioning. However, in contrast with previous studies31,32, overall parental distress was 
comparable between parents of children with IBD and healthy children. This discrepancy 
may be related to the used questionnaire for assessing parental distress. To circumvent 
‘artificial’ associations, we chose to assess overall stress of parents instead of stress 
directly related to medical care31,32. When appraising specific problems, we indeed found 
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that parents of children with IBD more often experienced problems coping with fear, as 
observed in other chronic pediatric conditions33,34. Nevertheless, parental distress is a 
crucial issue, since increased stress was associated with impaired HRQOL of their child, 
which was mediated by the severity of the disease course.

One of the important lessons that we can draw from the first part of this thesis is that 
symptoms of IBD and actual inflammation do not have an indisputably direct relationship. 
Since symptoms only have a weak association with the underlying inflammatory process, 
one could argue whether it is a necessity that a therapeutic agent reduces both clinical 
symptoms and the underlying inflammation. 

Regarding the assessment of clinical symptoms, it is discussed if this should be objectified 
by the patient or physician. Both the Food and Drug Administration in the United States 
and the European Medicines Agency increasingly recognize patient reported outcomes 
(PRO)’s as an important outcome in drug development35. In this thesis we showed that 
patient- and physician-based clinical pediatric IBD indices do not match well, and therefore, 
should not be interpreted equivalently in management and research. Since these indices 
are originally designed to be completed by physicians they contain items that actually 
cannot be determined by the pediatric patient. It is therefore doubtful if patient-based 
versions of current clinical indices can serve as a PRO36,37. In future research, PRO measures 
should contain items generated and ranked by patients38. In addition to the assessment 
of clinical symptoms and the directly related HRQOL of children with IBD, this thesis also 
points out that well-being of parents is important. Since parents are the primary source of 
social support for children with IBD39, increased parental distress, whether related to IBD 
of other personal stressors, potentially hampers proper communication between child 
and parents40,41. Periodic screening could identify parental distress, as already performed 
in our center3. Once observed, distress of parents can be discussed by the physician or 
nurse, and if necessary, psychological support should be offered42. Future studies on well-
being of families of children with IBD should have a longitudinal follow-up. Moreover, 
focus should not only be on the effects of the disease course on mental well-being, but 
also taking into account the personal situation of the child and parent.

When assessing the inflammatory process, the question arises how inflammation can best 
be judged. Endoscopy is still the gold standard for assessing IBD associated inflammation, 
but is associated with risks, costs and discomfort. Fecal calprotectin could therefore serve 
as a surrogate marker for endoscopy, since it is strongly correlated with endoscopic 
disease activity11,43–45 and is quick and easy to assess. However, it can be argued that 
complete normalization of FC, which potentially indicates complete resolution of 
inflammation, is a therapeutic target beyond mucosal healing. Supporting this theory, 
studies in adults with IBD have shown that even in the absence of endoscopic signs of 
inflammation, FC is predictive of long-term disease outcomes46,47. The recently published 
CALM study stratified patients to a therapeutic algorithm, being a tight control and a 
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clinical management group, which guided therapeutic drug escalation48. Therapy in the 
tight control group was optimalized if patients had a high clinical disease activity, FC or 
CRP, while therapy in the clinical management groups was only guided by symptoms. This 
study, for the first time, shows that timely escalation based on clinical symptoms combined 
with biomarkers results in better clinical (i.e. steroid free remission, clinical remission) and 
endoscopic (i.e. musical healing) outcomes than symptom-driven decisions alone. Future 
studies on the therapeutic algorithm in the pediatric population are seriously needed. 
These studies should at least evaluate FC for its potential to aid in therapy guidance. 
Simultaneously, imaging modalities, like magnetic resonance enterography (MRE) and 
ultrasound, should be evaluated. MRI and ultrasound are both fast and less resilient than 
endoscopy, with ultrasound being the more inexpensive method of the two. In addition to 
endoscopy and FC, these technics may superiorly detect small intestinal involvement in 
the small bowel, the intestinal wall and identify disease complications (i.e.fistula, abscess, 
stenosis)49.

PART II Nutrition and nutritional therapies

In chapter 6 we investigated dietary intake in children with IBD under medical guidance 
and compared it to the diet of a matched cohort of children from the general population. 
Moreover, we appraised whether children with IBD avoid certain types of food and assessed 
their height and weight. Children with IBD, especially those with CD, have a different 
diet compared to healthy children, with lower total energy intake. This corresponds to 
the few published small pediatric studies50,51. On macro nutrient level, lower mono- and 
di-saccharide intake and higher unsaturated fatty acids intake was observed. Moreover, 
approximately half of the patients report that they avoid certain types of food because they 
experienced more symptoms after eating. Children with IBD are generally slightly smaller 
than the general pediatric population and growth failure was present in 11% of this cohort. 
Indeed, most studies observe mild grow impairment in children with IBD (particularly 
CD) under medical guidance52,53, but the majority of children eventually achieve adult 
heights slightly lower than or within their target height54,55. Moreover, we observed a trend 
towards lower height (for age Z-scores) in patients with low intake. Body Mass Index (BMI) 
was not lower in children with IBD compared to the general pediatric population and 
the prevalence of acute malnutrition was low (3%). On the other end of the spectrum, 
overweight and/or obesity occurred frequently (23%), corresponding with a pediatric IBD-
cohort from the United States 56 and the recent global prevalence of pediatric overweight/
obesity in the general population57. However, BMI is not the most accurate measure of an 
healthy weight, as it only measures total and not lean weight.

Exclusive enteral nutrition is the use of a complete liquid diet – with the exclusion of a 
normal diet – for a certain period of time to induce remission in children with active CD. 
Despite strong evidence on the efficacy of EEN in children with CD58, the mechanisms by 
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which EEN induces remission are unknown. In chapter 7 we followed a cohort of children 
with CD that underwent EEN and investigated changes in their fecal microbiome and 
metabolome. The aims of this study were to describe gut microbial and metabolic changes 
during the course of EEN and to evaluate if these changes potentially provide evidence 
for mechanism of action of EEN. The fecal microbial composition of healthy children 
and those with CD differed before, during and after EEN completion. Exclusive enteral 
nutrition did, however, not result in differences in the overall microbial composition, while 
particular changes on species level were observed. The overall fecal metabolome profile 
of children with CD differed from healthy children, and was characterized by increased 
concentrations of several amino acids, trimethylamine (TMA) and cadaverine. Moreover, 
decreased levels of secondary bile acids and bile acid hydrophobicity were observed. 
During the course of EEN, the overall fecal metabolome profile changed. The importance 
of the metabolites TMA and cadaverine was studied in several in vitro models. TMA 
and cadaverine negatively affected intestinal cell growth and adherence, suggesting a 
negative effect on wound healing. In line with this, TMA increased expression of sucrase-
isomaltase in human intestinal organoids, which also indicates detrimental effects on 
epithelial wound healing. Moreover, TMA and cadaverine were also found to modulate 
cytokine excretions by monocytes.

The second part of this thesis points out that attention for an adequate diet is important, 
in addition to growth and weight, to support physical and mental health of children with 
IBD. The lower total energy and higher fat intake, as observed in our studie, have been 
associated with a more active disease59,60. In the management of children with IBD, dietary 
intake should be observed in combination with timely measurement of height and weight, 
including lean weight. Secondly, in children with both supra- and suboptimal abnormal 
dietary intake and/or anthropometrics, trained dietitians can provide nutrition education. 
Diet counseling in adults with CD, indeed, helps to improve nutrient intake and prevents 
food restrictions61. Future research in this field could focus on effective approaches to 
improve nutritional intake and dietary behaviors in children with IBD. Moreover, risk 
associated with consumption of commercially processed food including, but not limited to 
nutrients, additives, and processing, should be assessed in longitudinal studies62. On top 
of that, data from research on nutritional therapeutic interventions could aid in achieving a 
feasible diet that has the potential to control the course of IBD. This introduces the other 
important finding in this part of the thesis.

Exclusive enteral nutrition indeed has an impact on the course of IBD, potentially by 
modulating microbial and metabolomic changes in the intestinal environment. However, 
these observed changes tend to return to baseline levels after EEN cessation. This 
suggests that the effect of EEN is transient, and that enteral nutrition may need to be 
continued for a longer period. Studies on the long term (partial) administration of enteral 
nutrition show it is effective in maintaining remission, mainly when used simultaneously 
with conventional medical therapy63. Moreover, patients in remission after EEN therapy 



S

Su
m

m
ar

y, 
di

cu
ss

io
n,

 fu
tu

re
 p

er
sp

ec
tiv

es

261

still have a gut environment that is different from healthy children. We have also shown that 
the mechanism by which EEN induces remission is extremely complex. Several metabolites 
have been identified that potentially play a role in the etiology of CD, and in the induction 
of remission. The effect of TMA and cadaverine on gut inflammation needs to be further 
explored. A good first step would be to assess the effect of TMA and cadaverine in in vivo 
animal models. However, as we observed multiple metabolic changes, these metabolites 
are likely not the only important players, and larger cohorts of patients undergoing 
EEN should be studied. In general, studies should evaluate if improvement of intestinal 
inflammation can be achieved with dietary interventions in animal models62. Development 
of experimental models as a platform for testing multiple dietary ingredients potential to 
cause or inhibit inflammation should be a priority62.

PART III  Outcome of surgical interventions

Approximately a quarter of the children with CD undergo an intestinal resection within 
5 years after diagnosis. From these bowel resections, an ileocecal resection is the most 
frequently performed procedure. In chapter 8 we investigated complications and the 
chance of recurrence of disease after an ileocecal resection in children with CD. In 
addition, risk factors for these adverse outcomes were identified. Serious postoperative 
complications (requiring surgical, endoscopic, or radiological intervention) occurred in 
11% of the procedures, which is similar to previous reports in adults and lower compared 
pediatric cohorts64. Five years after the operation about half of the children have had 
symptoms consistent with active disease and 12% had undergone a second bowel 
resection. These data are also consistent with recurrence rates in adult cohorts64,65. 
Immediate postoperative therapy after ileocecal resection reduced the risk of both a 
symptomatic relapse and a second resection. Microscopically inflammatory resection 
margins were associated with an increased risk of severe postoperative complications and 
a second bowel resection. We also observed that height (for age Z-scores) after ileocecal 
resection increased in children below the age of 16. Moreover, weight for height Z-scores 
also improved after ileocecal resection, but only in those malnourished.

In chapter 9 we examined the same group of children as in the previous chapter. We 
asked these children (or already adults) to complete questionnaires to evaluate HRQOL, 
bowel function, and how satisfied they were with the performed surgery. Physical HRQOL 
was impaired, while mental HRQOL was similar compared to the general population, what 
exactly matches data deriving from patient operated during adulthood64. Overall colorectal 
function was impaired in CD patients, mostly in patients with active disease. Indeed, 
increased clinical disease activity and a longer interval since resection was associated with 
worse overall colorectal function. It matches the current literature, that active disease after 
ileocecal resection results in problems regarding defecation (frequency) and social impact 
of colorectal function64,66,67. Recurrent surgeries and severe complications were associated 
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with worse stool frequency and higher need of medication. In adults who underwent 
ileocolonic resections, those with additional abdominal surgery experienced impaired 
HRQOL and intestinal function66. The majority of patients were satisfied or very satisfied 
(81%) with the performed surgery.

Restorative proctocolectomy (RPC) with ileal pouch–anal anastomosis (IPAA) is indicated in 
children with UC refractory to therapy, and IBD-unclassified without evidence of anorectal 
or ileal disease. This procedure is also used as prophylactic treatment for patients with 
familial adenomatous polyposis. An IPAA potentially restores function after resection of 
the rectum. There is, however, no consensus if this intervention should take place during 
childhood or should be postponed until adult age. In chapter 10 we compared adverse 
outcomes and pouch function in patients who underwent a colectomy in childhood or 
adulthood. The occurrence of most adverse outcomes (i.e. anastomotic leakage, surgical 
fistulas, chronic pouchitis and Crohn’s of the pouch), and eventually pouch failure, was not 
associated with pediatric age at surgery. Only the development of anastomotic strictures 
was associated with pediatric age. In the pediatric group, however, all anastomotic 
strictures were treated successfully and uncomplicated with a single dilatation. Pouch 
function at last follow-up was also similar in those that underwent surgery during child- or 
adulthood, equivalent to data from a cohort of 196 adults with IBD68.

The third part of this manuscript indicates that ileocecal resection is a good treatment 
option in children with CD. It should be, at least, considered early in patients with 
growth retardation and still a high growth potential, to increase the probability of 
catch-up growth. This contradicts the enduring notion that surgery intervention is the 
last therapeutic option resort for children with CD. The recently published LIR!C-trial 
randomized adults with CD with limited ileocecal disease unresponsive for conventional 
therapy to either an early laparoscopic ileocecal resection or infliximab69. This study 
proved that HRQOL, body image, and hospital admission were equal after treatment with 
either early ileocecal resection or infliximab, making a surgical intervention a reasonable 
alternative. Nevertheless, these patients should be carefully monitored after surgery, since 
a substantial portion requires additional interventions related to complications. Moreover, 
after a complication has occurred, these patients should still be closely monitored as they 
are at risk of impaired HRQOL and bowel function.

Good long-term pouch function without strenuous complications is an important treatment 
goal for patients with an indications for RPC with IPAA, as it is strongly associated with 
HRQOL68,70. We determined that overall pouch function was comparable between 
children and adult patients. Interestingly, children in the present cohort had a lower 24-h 
stool frequency and used less anti-diarrheal medication than adults. This may indicate that 
the pouch potentially has a greater adaptive ability when constructed during childhood. 
However, since there is a strong association between hospital volume of IPAA procedures 
and reoperation or excision of the pouch71, these surgery should only be performed in 
specialized centers. 
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Large international prospective registries should be initiated to improve our understanding 
of the impact of surgical interventions on the course of IBD in children as well as their 
mental en physical well-being. These registries could include routine measurement of 
biomarkers of intestinal inflammation and non-invasive imaging modalities, as suggested 
in the first part of this thesis.

This thesis contributed to better understanding of clinical and biochemical disease 
monitoring approaches in children with IBD. Moreover, we made first steps in unraveling 
the complex relation of diet and the course of IBD, particularly in children with CD. 
Furthermore, we studied large cohorts of children with IBD undergoing a surgical resection 
from which results strengthen the notion that surgery is a valid therapeutic option in 
pediatric IBD. But since every answered question raises new questions or sets new goals, 
great effort is needed in finding the optimal therapeutic algorithm (based on current or 
new monitoring approaches), evaluating if improvement of intestinal inflammation can be 
achieved with dietary interventions, and setting up large prospective studies to evaluate 
the efficacy of surgical interventions. 
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