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Abstract

:

Background: Partial enteral nutrition (PEN) coupled with the Crohn’s disease (CD) exclusion diet (CDED) was shown to be effective in inducing clinical remission in paediatric CD. There are currently no robust data on the endoscopic outcomes of PEN. The aim of this study was to evaluate the clinical and endoscopic rates of remission after PEN combined with a modified CDED (mCDED) adjusted to the local cuisine in comparison with exclusive enteral nutrition (EEN) for the induction of remission. Methods: Between June 2017 and February 2021, a prospective cohort study on children with active CD, treated with PEN + mCDED or EEN, was performed at a single tertiary centre. Results: During the study period, 54 patients were screened and 15 were excluded according to the exclusion criteria, with six patients excluded in the first two days due to intolerance of the enteral formula. Fourteen patients were included in the PEN and 19 in the EEN group. They were assessed at Weeks 0, 1, 3 and 6, using clinical and laboratory parameters. Endoscopy was performed at Weeks 0 and 6. Clinical remission rates per protocol analysis were 84.6% in the PEN group and 81.3% in the EEN group (p = 0.99). At Week 6, an endoscopic response (a decline in the Simple Endoscopic Score for CD (SES-CD) > 50%) was observed in 84.6% of patients on PEN and in 68.8% on EEN treatment (p = 0.41). Endoscopic remission (SES-CD ≤ 2) was achieved in 53.8% of patients in the PEN group and in 50.0% in the EEN group (p = 0.99), while the mucosal healing rates (SES-CD = 0) were 38.5% with PEN and 43.8% with EEN (p = 0.99). A significant decline in the clinical and endoscopic activity scores was observed in both groups. Conclusion: Our study suggests that PEN + mCDED could be effective in inducing endoscopic remission and mucosal healing in active paediatric CD patients. Here, we present an analysis of the data from our cohort of patients and our real-world experience with PEN + mCDED.
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1. Introduction


Crohn’s disease (CD) is a chronic immune-mediated disease that belongs to the group of inflammatory bowel diseases (IBD), along with ulcerative colitis (UC) and unclassified colitis. In Crohn’s disease, inflammation can occur anywhere throughout the gastrointestinal tract (GIT) from the mouth to the anus and can spread through the GIT mucosa to the deeper layers of the GIT wall, sometimes progressing through the bowel wall to the surrounding tissue, producing fistulas and abscesses [1].



Chronically active CD inflammation can lead to long-term complications such as stenotic and/or penetrating disease, stunted growth and developmental delay in children, and an increased incidence of intestinal neoplasia [1,2]. Early control of mucosal inflammation is therefore crucial in the treatment of CD [2,3].



Although the exact mechanisms of the pathogenesis of CD remain unknown, it has been hypothesised that complex interactions between genetic factors, the immune system, the microbiota, and environmental factors play a critical role in the development of the disease [4,5].



In the last few decades, the incidence of IBD has been steadily increasing in developed and developing parts of the world [6,7]. An increase in the incidence of IBD has also been widely reported for paediatric populations internationally [8]; the rise has been particularly noticeable in countries with previously historically low prevalence, including Slovenia [9,10,11]. The increase in the rate of IBD has been linked to the ever more prevalent Western lifestyle [12,13] and a dietary shift towards the Western diet, which is characterised by excessive consumption of saturated fats and sugars, and an insufficient intake of dietary fibre [14,15]. Dietary factors play a significant role in the pathogenesis of CD; however, their exact mechanisms of influence on intestinal inflammation are currently not yet clearly understood [16].



The efficacy of exclusive enteral nutrition (EEN) in inducing remission in active CD clearly demonstrates the significant impact of nutrition on intestinal inflammation in CD [17,18].



According to the European Society of Paediatric Gastroenterology, Hepatology and Nutrition (ESPGHAN) and the guidelines of the European Crohn’s and Colitis Organisation (ECCO), either EEN or corticosteroid (CS) therapy can be used for the induction of remission in active paediatric CD; however, EEN is used as a first-line therapy in mild and moderate non-penetrating paediatric CD [19,20]. In the case of fistulizing, penetrating disease, therapy with antibiotics and the early initiation of anti-tumour necrosis factor (anti-TNF) therapy is recommended [2,19]. For maintenance therapy, immunosuppressives and/or biological agents are used [2,19,20]. Compared with other treatments, EEN has numerous advantages and, most importantly, an absence of serious side effects [17,18,19,21,22,23].



Paediatric patients with newly diagnosed CD are often malnourished and have growth impairment at diagnosis. In this subgroup of patients, the initiation of CS therapy should be carefully considered due to its negative impact on growth [24,25].



Recent data have indicated that growth impairment presents an important predictive factor for later surgery in children and adolescents with CD [26]; therefore, timely escalation of the treatment to anti-TNF should be initiated to avoid serious complications [19].



In addition, several studies have confirmed that EEN is more effective than CS in achieving mucosal healing [27,28,29].



Despite its advantages, EEN is underused in clinical practice worldwide for the induction of remission in paediatric CD [30]. The most important cause preventing the widespread use of EEN is patient adherence. Adhering to the EEN regimen is difficult for most patients, as they are only allowed to consume a liquid enteral formula during the 6–8-week treatment period. Therefore, the concept of partial enteral nutrition (PEN) has recently come to the forefront of nutritional treatment research, as it allows patients to consume some solid food alongside the enteral formula [31,32,33,34,35] and helps to break the monotony of the EEN treatment. However, the first randomised controlled trial on PEN [35] reported low rates of clinical remission in children with active CD. In this study, 50% of dietary needs were covered by a liquid formula and 50% with an unrestricted diet [35]. Another two paediatric studies on PEN using an unrestricted diet also showed rates of clinical remission of 65% [36] and 50% [37]. Recently, several studies have reported higher rates of clinical remission when PEN was coupled with a special Crohn’s disease exclusion diet (CDED)—up to 75% [31,32,33,34,38,39]. These findings suggest that the CDED, which excludes potentially harmful dietary components that negatively affect intestinal permeability, the gut microbiome and gut immune mechanisms involved in the pathogenesis of CD, has a significant impact on gut inflammation [32,33,34,40,41]. The CDED was designed by Israeli authors [33,34], and its most important feature is the exclusion of processed foods with additives, animal fat, sugar, dairy products, and gluten [40,41].



However, all studies on PEN to date have lacked an endoscopic evaluation, including the only multicentric prospective randomised controlled trial (RCT) on PEN + CDED in children [34]. Achieving endoscopic remission is an important goal, both in research and real-world clinical practice [42,43,44]. Therefore, the primary aim of our study was to evaluate the clinical and endoscopic response, remission and mucosal healing rates after PEN combined with the modified CDED (mCDED) nutritional treatment. In our previously published pilot study, we reported that the PEN + mCDED treatment was effective in inducing an endoscopic response and remission [39] in children with active CD. In our clinical practice, this treatment approach has been in use since 2017. Here, we present further analysis of the data of a larger cohort of children with active CD and our real-world experience with PEN treatment combined with the mCDED.




2. Materials and Methods


2.1. Study Design and Patients


We conducted a prospective cohort study on children (aged ≤18) with active CD (newly diagnosed diseases and exacerbations) who were treated with nutritional therapy for the induction of remission at Ljubljana Children’s Hospital, University Centre Ljubljana, Slovenia, through the period from June 2017 to February 2021. All included patients were diagnosed according to the revised Porto criteria [45]. The inclusion criteria were clinically (Paediatric CD Activity Index (PCDAI) > 10) and endoscopically active CD defined by a Simple Endoscopic Score for CD (SES-CD) of >3. Exclusion criteria were PCDAI ≤ 10, SES-CD ≤ 3, penetrating disease (abscess or fistula), active perianal disease or extraintestinal disease, fixed strictures, obstruction of the small bowel, changes in maintenance treatment or having received steroids in the last 3 months prior to inclusion. All eligible patients were recruited into either the EEN or PEN nutritional group by their choice. The study was conceived as an RCT; however, most of the patients and their parents did not agree with randomisation because they wanted to choose their nutritional treatment regimen.




2.2. Nutritional Therapy and Data Collection with Follow-Up


The first group of patients (PEN + mCDED) was treated according to our PEN + mCDED protocol [39]. Seventy-five percent of their daily dietary needs were covered by a polymeric formula (Alicalm, Nutricia, the Netherlands), and the remaining 25% by one permitted meal per day from the CDED, which was adapted to fit our Slovenian cuisine (mCDED). CDED and our mCDED are high-protein nutritionally balanced diets that exclude some potentially harmful dietary components such as food additives, sugar, animal fat, dairy products and gluten [32,33,34,40,41]. Recent studies in animal models and cell lines have pointed to the negative effect of food additives on the microbiome, intestinal permeability and gut immune mechanisms [32,33,34,40,41,46,47]. In the study by Chassaing et al., dietary emulsifiers (carboxymethylcellulose and polysorbate-80) induced low-grade inflammation of the colon in wild-type mice and produced robust inflammation in genetically susceptible mice [48]. Both the original CDED and our mCDED do not allow cow’s milk and dairy products. Milk-derived saturated fat was found to promote hepatic conjugation of bile acids with taurine and to increase the amount of luminal organic sulphur that leads to the expansion of the sulphite-reducing pathobiont Bilophila wadsworthia. This pathobiont was found to promote the Th-1 immune response in genetically susceptible mice, leading to the development of gut inflammation [49]. The exclusion of gluten from the original diet and our mCDED is based on a growing body of evidence showing that intestinal exposure to gliadin, a component of gluten, may lead to increased intestinal permeability [50,51,52,53]. In the study by Lammers et al., gliadin increased intestinal permeability by binding to the chemokine receptor CXCR3 and promoting the expression of zonulin in the gut’s lining cells [54].



Our mCDED differs slightly from the original, as it only allows patients to consume regionally grown fruits and vegetables, and locally and ecologically sourced white meat or fish. Among the carbohydrate-rich foods, buckwheat and millet were included alongside rice and potatoes, as they are part of traditional Slovenian cuisine (Table 1).



To make the PEN protocol simple and patient-friendly, the patients were encouraged to consume the same amount of food in each allowed meal as they were previously accustomed to. The second group of patients was treated with the standard EEN protocol which has been in use at our centre since 2002 (100% of daily energy needs covered by a polymeric formula plus an additional 20% of daily energy needs for catch-up growth) [39]. For the purposes of this study, the same polymeric formula (Alicalm, Nutricia, The Netherlands) was used for all enrolled patients.



The patients were followed by a paediatric gastroenterologist and a clinical and a research dietitian. They underwent physical examinations using the PCDAI, laboratory testing (erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), haemoglobin, thrombocytes, serum albumin and faecal calprotectin (FC)) at baseline and after 1, 3, and 6 weeks of nutritional treatment. Ileocolonoscopies (complete colonoscopies with ileal intubation) were performed at baseline and at the end of the study period by trained paediatric endoscopists, who calculated the SES-CD score [55]. Before entering the patients into the study, we explained the need for a repeat ileocolonoscopy at the end of the EEN and PEN treatment. Patients were informed that their individual endoscopic response to the nutritional treatment was an important end goal, and that the endoscopic response often does not match clinical and laboratory improvements, including FC levels. Furthermore, evaluating their individual endoscopic response to the chosen enteral nutrition treatment was of further importance in the case of any future disease flares. At our centre, endoscopic procedures are performed under deep sedation and not under general anaesthesia; this may be the reason why endoscopic procedures are more acceptable to the patients.



Adherence to the nutritional protocol was assessed using a 24-h dietary recall questionnaire. The patients reported the amount and type of all foods and liquids as well as the volume of enteral formula consumed. Adherence was first assessed by the gastroenterologist at each visit. Twenty-four-hour recall was further analysed by the dietitian, who provided further feedback and gave dietary advice to the patients. The patients and their parents were encouraged to call at any time during the day when they had any trouble or questions regarding the treatment. With the intention to increase the adherence rate in our study, we tried to establish mutual trust among the patients, their parents, the gastroenterologist and the dietitian. We encouraged whole families to adhere to the mCDED and not buying sweets, processed food or snacks to avoid tempting their children.




2.3. Flowchart of Patients throughout the Study


In the study period from June 2017 until February 2021, 54 children with active CD (PCDAI > 10, SES-CD > 3) were screened for inclusion in the study. Figure 1 shows the progression of patients throughout the study. Fifteen patients were excluded according to the exclusion criteria. Thirty-nine patients were eligible for nutritional treatment; however, six patients were additionally excluded in the first 2 days as they did not tolerate the taste of the study’s enteral formula. Finally, 33 patients were included in the intention to treat (ITT) analysis, of whom 14 were included in the PEN and 19 in the EEN group. In the PEN group, one patient dropped out of the study within the first 4 days due to nausea and non-adherence; all others completed 6 weeks of the PEN treatment. In the EEN group, three patients dropped out in the first 4 days, of whom one did not tolerate the taste of the study formula, and two other patients suffered from vomiting and hematemesis. Both patients were found to have severe CD inflammation in the stomach with ulcers and epitheloid granulomas detected by pathohistology, and were later successfully treated with CS. Our study was active during the COVID-19 pandemic; 4 patients with an exacerbation of CD after a mild COVID-19 infection were excluded according to our study’s exclusion criteria. No patients tested positive at inclusion or at any of the follow-ups during nutritional therapy.




2.4. Primary and Secondary Endpoints


The primary outcomes were clinical remission (PCDAI < 10), endoscopic remission (SES-CD ≤ 2) [56] and mucosal healing (a complete lack of endoscopically visible inflammation (SES-CD = 0) [56]. Secondary outcomes were the clinical response (a reduction in the PCDAI of ≥15), the endoscopic response (a decrease in SES-CD from the baseline of at least 50%), changes in mean values of PCDAI and SES-CD, changes in the laboratory data (ESR, CRP, haemoglobin, thrombocytes, serum albumin and FC) and the adherence rate.




2.5. Statistical Analysis


Baseline demographic and clinical data are presented as median with minimum and maximum values if numeric, and as frequencies and percentages if categorical. Comparisons of numeric variables between the two patient groups were performed using the Mann–Whitney U test, while the chi-square test or Fisher’s exact test was used for assessing differences in the distribution of categorical variables. A two-way repeated analysis of variance (ANOVA) was conducted to test whether there was a significant change in the outcome variables (PCDAI, SES-CD and the laboratory parameters) over the weeks of the treatment between the EEN and PEN patient groups. The main effects, i.e., the outcome measures and the weeks of treatment, and their interaction were included in the model. The results are presented as the estimated means with the standard errors. Statistical analysis was performed with SPSS 20 software (SPSS Inc., Chicago, IL, USA) and with the R language for statistical computing (R version 3.4.4). p-values less than 0.05 were considered to be statistically significant.




2.6. Ethical Issues


All participants received detailed information on the study and agreed with all procedures that were carried out. Written informed consent was obtained from all individual participants included in the study (from one of the parents in the case of children; in the case of adolescents, both from one parent and the participating adolescent).



The study was approved by the Slovenian National Medical Ethics Committee (Ministry of Health, Ljubljana, Republic of Slovenia) in accordance with the Declaration of Helsinki (identification number: 0120-66/2016-2, KME 67/02/16). The trial was registered with ClinicalTrials.gov, NCT03176875.





3. Results


The baseline characteristics of the patients included in the study of the per-protocol analysis are presented in Table 2. Patients did not significantly differ between groups regarding important baseline characteristics, especially in the clinical and endoscopic activity of CD.



3.1. Clinical and Endoscopic Outcomes


The clinical outcomes after 6 weeks of the nutritional treatment for both groups are shown in Figure 2A. There was no statistically significant difference observed between the PEN and the EEN groups regarding the rate of clinical remission. In the PEN + mCDED group, clinical remission (PCDAI < 10) on ITT analysis was achieved in 11/14 (78.5%) patients; in the EEN group, 13/19 (68.4%) patients achieved clinical remission (p = 0.69). Clinical remission in the per-protocol analysis was observed in 11/13 (84.6%) patients in the PEN + mCDED group and in 13/16 patients (81.3%) in the EEN group (p = 0.99). A clinical response was achieved in all patients (13/13) in the PEN + mCDED group and in 15 out of 16 (93.8%) in the EEN group.



Endoscopic remission (SES-CD ≤ 2) was achieved in 7/13 patients (53.8%) in the PEN + mCDED group and in 8/16 (50.0%) patients in the EEN group (p = 0.99), while mucosal healing rates (SES-CD = 0) were 38.5% with PEN + mCDED and 43.8% with EEN (p = 0.99). An endoscopic response (a decrease in the SES-CD score > 50% from the baseline) was observed in 11/13 (84.6%) patients in the PEN + mCDED group and in 11/16 (68.8%) patients in the EEN group (p = 0.41). The endoscopic outcomes are presented in Figure 2B.




3.2. Changes in the PCDAI and SES-CD Scores during Treatment with PEN + mCDED and EEN


The mean values of PCDAI significantly decreased from the baseline to the end of the treatment in both groups (from 31.2 to 2.7 (standard error (SE)) to 7.1 (SE 1.4) at Week 3 and to 3.8 (SE 1.3) at Week 6 in the PEN + mCDED group (p < 0.001), and from 31.1 (SE 2.8) to 6.6 (SE 2.1) at Week 3 to 5.5 (SE 2.0) at Week 6 in the EEN group (p < 0.001). There was no significant difference in the decrease in mean PCDAI between the groups during the 6-week treatment (p = 0.88) (Figure 3A).



There was a significant decline in the mean values of the SES-CD score from the start to the end of the treatment in both groups (from 13.2 (SE 1.5) to 2.7 (SE 0.9) in the PEN + mCDED group (p < 0.001) and from 10.8 (SE 1.4) to 4.1 (SE 1.2) in the EEN group (p < 0.001)). There was no statistically significant difference in the decline in the SES-CD score between the two groups (p = 0.75) (Figure 3B).




3.3. Changes in the Laboratory Parameters during Treatment with PEN + mCDED and EEN


In both groups, the mean values of ESR, CRP, thrombocytes and FC decreased significantly from the baseline to the end of the treatment with PEN + mCDED (p = 0.001 for ESR, p = 0.044 for CRP, p = 0.006 for thrombocytes and p < 0.001 for FC) and with EEN (p = 0.003 for ESR, p = 0.006 for CRP, p = 0.004 for thrombocytes and p < 0.001 for FC).



The values of serum albumin significantly increased in both groups (p = 0.014 for the PEN + mCDED group and p = 0.012 for the EEN group); however, there was no statistically significant change in the mean values of haemoglobin in either group (p = 0.129 for the PEN + mCDED group and p = 0.208 for the EEN group). The changes in the laboratory parameters did not significantly differ between the two groups (Table 3).




3.4. Adherence


In terms of adherence, 13 out of 13 (100%) patients in the PEN + mCDED group who completed the 6 weeks of treatment adhered to the study protocol. Full adherence (16/16; 100%) was also observed at Week 6 in the EEN group.





4. Discussion


Evidence onthe endoscopic outcomes of the PEN + CDED treatment strategy is currently lacking, even though endoscopic evaluation is now considered a key primary endpoint, both in clinical trials and in real-life practice [42,43,44,58]. Our study is the first that evaluated the endoscopic outcomes after the induction of remission with the PEN treatment in children with active CD.



In our study, the rate of clinical remission on per-protocol analysis after 6 weeks of treatment in the PEN + mCDED group (84.6%) did not significantly differ from that observed in the EEN group (81.3%). Our rate of clinical remission in the PEN + mCDED group is among the highest reported for PEN + CDED in the literature [31,32,33,34,38] and is similar to the observed rates published for EEN [17,18,19,20,21,22,23,24]. The rate of clinical remission in the ITT analysis in our PEN + mCDED group (78.5%) is in accordance with the rate that was reported in the RCT by Israeli and Canadian authors (75%) [34]. In this only paediatric prospective RCT to date on PEN, this treatment strategy (50% PEN + CDED) was shown to be as effective as EEN in inducing clinical remission in the ITT analysis (75% vs. 59%; p = 0.14) after 6 weeks of treatment. This study consisted of an additional 6-week period following the first one, where the PEN group received 25% PEN combined with CDED and the control group received 25% PEN with an unrestricted diet. The PEN + CDED group achieved better remission rates at Week 12 [34]. The effectiveness of PEN + CDED for the induction of remission is also supported by recent real-world retrospective paediatric studies [31,38,59,60]. Surprisingly, in the recently published adult multicentric RCT, high PEN + CDED efficacy was observed even in adult CD patients [61]. PEN + CDED has also been found to be an effective treatment strategy in CD patients failing biologic therapy [38,62].



In our study, the rates of endoscopic response, remission and mucosal healing were 84.6%, 53.8% and 38.5%, respectively, after only 6 weeks of treatment with PEN + mCDED. Because our study is the first that evaluated the endoscopic outcomes of the PEN treatment for the induction of remission, we can only compare our results with those reported for EEN therapy. Between our PEN + mCDED and EEN groups, no statistically significant difference was found in the rates of endoscopic response, remission and mucosal healing (68.8%, 50.0%, and 43.8% in the EEN group, respectively), although the sample sizes were small. In an RCT by Borrelli et al., similarly high endoscopic remission rates (14/19; 74%) were observed in children with active CD after 10 weeks of the EEN treatment [29]; however, they defined endoscopic remission less rigorously (as a decrease in the endoscopic and histologic scores by 50%) and the endoscopic assessments were performed after a longer period of nutritional treatment [29]. In a study by Canani et al., complete mucosal healing was achieved in a lower percentage of children (27%) with active CD after 8 weeks of EEN [28], compared with the 6-week treatment period in our PEN + mCDED and EEN groups. A slightly lower rate of mucosal healing was observed in a prospective study by Grover et al., where SES-CD scores were used as well [27]. In their study, mucosal healing (defined as SES-CD = 0) was observed in 33% of patients who completed 6 weeks of treatment with EEN. However, our rates of endoscopic remission cannot be directly compared with those reported by Grover et al., [27] as they did not define the endoscopic outcomes strictly according to the recent endoscopic recommendations in children with IBD [56]. Therefore, larger RCTs on PEN evaluating the endoscopic outcomes based on the current endoscopic guidelines are needed.



A significant decline in the mean values of PCDAI, the SES-CD score, ESR, CRP and the number of thrombocytes together with the significant increase in the mean serum albumin values in the PEN + mCDED and EEN groups additionally support the finding of clinical and endoscopic improvement after a 6-week period of either nutritional treatment strategy. A rapid decline in the mean values of PCDAI (from 31.2 to 7.1 with PEN + mCDED and from 31.1 to 6.6 with EEN) after 3 weeks of treatment was observed. This is consistent with the recent findings of a study by Sigall-Boneh et al. [32], indicating the rapid efficiency of PEN + CDED. It is worth noting that there was no significant change in haemoglobin levels in either of the treatment groups. This finding is in line with the results of a recent paediatric real-world study from Spain, where an increase in haemoglobin levels was found only after 24 weeks of PEN treatment [38]. In light of this finding, appropriate management of anaemia during nutritional treatment should be emphasised [63].



All our patients who completed the PEN + mCDED and EEN treatment protocols claimed 100% adherence to the study protocol. We can speculate that the high clinical and endoscopic remission rates after only 6 weeks of nutritional treatment may be associated with high adherence in both groups of our patients. Indeed, adherence has been reported to have a crucial impact on the response to EEN and PEN therapy [38,64,65,66]. In a New Zealand study, parental support and engagement, and the support of dietitians and other medical professionals were among the most important factors affecting the rate of adherence to EEN in paediatric CD [67].



We acknowledge several limitations of this study. The main one is the small sample size of each treatment group. Our study is not sufficiently powered to reliably detect differences between the outcomes of the two nutritional treatment strategies, as the differences in the rates of remission between PEN + CDED and EEN reported in the literature are already small. Another limitation of this study is that the patients were not randomised into the two nutritional treatment groups. When we informed our patients about the randomised study protocol, most of them did not agree to be included in the study. They wanted to choose their own type of nutritional treatment. Interestingly, almost all children and adolescents chose PEN + mCDED over EEN. However, some of their parents chose EEN, as it is the only currently officially recommended nutritional treatment [19,68]. We can speculate that the high adherence rate in our study was the consequence of the non-randomised study protocol. We believe that randomisation would lower the adherence to non-chosen nutritional treatments, reducing the overall effectiveness. It is worth noting that the higher proportion of PEN in our study (75%) may have also contributed to better clinical outcomes when compared with those reported in the literature, where only 50% PEN + CDED was used [31,32,33,34,59]. Further larger studies are warranted to find out the most effective ratio of PEN in the induction of remission. In a recent real-world study from Croatia, 80% of the patients who were treated with 50% PEN + CDED first underwent 1–2 weeks of EEN treatment prior to initiating PEN [31]. This strategy could be beneficial, especially in CD patients presenting with more active CD. We use a 75% PEN treatment approach in our clinical practice, since it allows the patients to enjoy one meal per day together with the whole family. We believe that this approach encourages the whole family to remain involved in the child’s nutritional treatment.




5. Conclusions


There is growing interest in the treatment of active Crohn’s disease using partial enteral nutrition in combination with the Crohn’s disease exclusion diet. However, no studies to date have included an endoscopic evaluation as part of their study design, even though endoscopic remission and mucosal healing are now considered key primary endpoints in IBD.



While taking note of the limitations of this study, especially the small sample size, our findings suggest that partial enteral nutrition coupled with the Crohn’s disease exclusion diet, modified to fit the local cuisine, may be as effective as exclusive enteral nutrition for the induction of remission in paediatric Crohn’s disease. However, larger controlled randomised studies on the clinical and endoscopic outcomes of partial enteral nutrition in combination with the Crohn’s disease exclusion diet are needed.
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Figure 1. Flowchart of the patients throughout the study. Abbreviations: SES-CD, simple endoscopic score for Crohn’s disease; EEN, exclusive enteral nutrition; PEN + mCDED, partial enteral nutrition + modified Crohn’s disease exclusion diet. 
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Figure 2. (A)The rates of clinical response and clinical remission in the per protocol and intention to treat analyses after 6 weeks of the PEN + mCDED and EEN treatment. (B) The rates of endoscopic response, endoscopic remission and mucosal healing after 6 weeks of the PEN + mCDED and EEN treatments. Abbreviations: PEN + mCDED, partial enteral nutrition + modified Crohn’s disease exclusion diet; EEN, exclusive enteral nutrition. 
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Figure 3. (A) Mean paediatric Crohn’s disease activity index values (with standard errors) at the baseline (Week 0), after 3 weeks and at the end of the treatment (Week 6) with the partial enteral nutrition + modified Crohn’s disease exclusion diet (PEN + mCDED) and exclusive enteral nutrition (EEN). (B) Mean simple endoscopic score for Crohn’s disease (with standard error) at the baseline (Week 0) and at the end of the treatment (Week 6) with the partial enteral nutrition + modified Crohn’s disease exclusion diet (PEN + mCDED) and exclusive enteral nutrition (EEN). 
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Table 1. Modified Crohn’s disease exclusion diet (mCDED) based on traditional Slovenian cuisine.
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	Excluded foods



	Fried foods



	Processed foods and products with additives (emulsifiers, preservatives, maltodextrins and carrageenan)

     Processed or smoked meat and fish products (sausages, salami, smoked meat or fish, meat or fish paté)

     All canned dishes

     Sauces, salad dressings, mayonnaise, puddings, jams, and syrups

     Baked goods (breads, croissants, and doughnuts)

     Breakfast cereals

     Snacks (chips, dried fruit, nuts, pretzels, and popcorn)

     Packaged mixtures of spices with additives, prepackaged soup stock



	Sugar and sweets (chocolates, candies, cookies, and cakes)



	Red meat and animal fat



	Cow’s milk and dairy products



	Gluten-containing foods



	Exotic fruit (such as citrus)



	Cabbage, turnips, legumes (beans, peas, lentils and chickpeas)



	Beverages with added sugar or alcohol of any kind



	Allowed foods



	Food may be boiled, broiled, baked or grilled



	Ecologically and locally sourced fresh white meat and fish:

     Chicken, turkey and rabbit meat

     Fresh fish

     Organically sourced eggs (1–2 per day)



	A small amount of honey



	Unprocessed gluten-free food without yeast



	Buckwheat, millet (encouraged), rice, cooked potatoes



	Regionally grown fruit

     First 3 weeks, only boiled fruit; later, peeled fruit: apples, plums, pears, blueberries, raspberries, strawberries, apricots, cherries, grapes without peels and stones



	Regionally grown vegetables

     Boiled vegetables: carrot, celery, cauliflower, broccoli, spinach, pumpkin, beet, leek, asparagus, brussels sprouts, German turnip, peeled and cooked tomato and cucumber

     Fresh vegetables: soft varieties of lettuce



	Olive oil, canola oil, linseed oil, coconut oil and walnut oil



	Condiments: salt, cooked or sautéed onion and garlic

     Fresh herbs: parsley, green, basil, oregano, coriander, sage, thyme and rosemary



	Drinks: only water, mineral water, and unsweetened herbal tea










 





Table 2. Baseline characteristics of patients treated with partial enteral nutrition + modified Crohn’s disease exclusion diet (PEN + mCDED) and exclusive enteral (EEN) nutrition.
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	PEN + mCDED

(n = 13)
	EEN

(n = 16)
	p





	Age at inclusion (median, IQR)
	14.0 (4.5)
	14.1 (3.8)
	0.726



	Male, n (%)
	8 (61.5)
	6 (37.5)
	0.198



	Newly diagnosed, n (%)
	6 (46.1)
	12 (75.0)
	0.143



	Paris classification [57]

Age at diagnosis n (%)
	
	
	0.455



	A1a (<10 years)
	3 (23.1)
	2 (12.5)
	-



	A1b (10–17 years)
	10 (76.9)
	12 (75.0)
	-



	A2 (>17 years)
	0 (0)
	2 (12.5)
	-



	Location, n (%)
	
	
	0.948



	L1—ileal/ileocecal
	1 (7.7)
	0 (0)
	-



	L2—colonic
	4 (30.7)
	7 (43.8)
	-



	L3—ileocolonic
	8 (61.6)
	9 (56.2)
	-



	L4a
	11 (84.6)
	12 (75.0)
	-



	L4b
	3 (23.1)
	2 (12.5)
	-



	L4ab—L4a + L4b
	3 (23,1)
	2 (12.5)
	-



	Duration of nutritional treatment (days)
	47.5 (5.5)
	49.3 (8.1)
	0.505



	Maintenance therapy at baseline, n (%)
	
	
	



	IMM only
	5 (38.5)
	4 (25.0)
	



	Azathioprine + anti-TNF
	1 (7.7)
	0
	



	Vedolizumab
	1 (7.7)
	0
	



	ESR
	38.3 (7.0)
	35.8 (5.6)
	0.544



	CRP
	23.0 (6.6)
	17.2 (2.9)
	0.566



	Baseline PCDAI score
	31.2 (2.7)
	31.1 (2.8)
	0.544



	Baseline SES-CD score
	13.2 (1.5)
	10.8 (1.4)
	0.247







Abbreviations: PEN + mCDED, partial enteral nutrition + modified Crohn’s disease exclusion diet; EEN, exclusive enteral nutrition; IQR, interquartile range; IMM, immunomodulator; anti-TNF, anti-tumour necrosis factor; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; PCDAI, paediatric Crohn’s disease activity index; SES-CD, simple endoscopic score for Crohn’s disease. ESR, CRP, PCDAI, and SES-CD are presented as the mean and standard error.













 





Table 3. Changes in the mean values (with standard error) of the laboratory parameters during 6 weeks of treatment with partial enteral nutrition + the modified Crohn’s disease exclusion diet (PEN + mCDED) and exclusive enteral nutrition (EEN).
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PEN + mCDED

	
EEN

	
PEN

+

mCDED

vs. EEN




	
Laboratory Parameters

	
Week 0

	
Week 1 a

	
Week 3

	
Week 6

	
p

	
Week 0

	
Week 1 a

	
Week 3

	
Week 6

	
p

	
p






	
ESR, mm/h

	
38.3 (7.0)

	
25.4 (4.6)

	
17.5 (2.6)

	
13.7 (1.3)

	
0.001

	
35.8 (5.6)

	
24.3 (3.7)

	
17.5 (3.4)

	
15.2 (3.1)

	
0.003

	
0.914




	
CRP, mg/L b

	
23.0 (6.6)

	
8.7 (0.8)

	
8.0 (0)

	
7.9 (0)

	
0.044

	
17.2 (2.9)

	
10.0 (1.2)

	
8.9 (1.0)

	
7.9 (1.2)

	
0.006

	
0.869




	
Hemoglobin, g/L

	
121.6 (2.9)

	
124.8 (2.4)

	
126.3 (2.0)

	
123.3 (2.1)

	
0.129

	
118.2 (2.9)

	
119.0 (3.9)

	
118.2 (3.5)

	
114.7 (4.2)

	
0.208

	
0.100




	
Thrombocytes, ×109/L

	
447.7 (40.4)

	
427.8 (32.3)

	
387.3 (27.1)

	
367.9 (30.0)

	
0.006

	
439.8 (29.2)

	
409.9 (28.7)

	
388.0 (28.6)

	
343.2 (25.7)

	
0.004

	
0.752




	
Albumin, g/L

	
39.3 (1.2)

	
41.5 (1.1)

	
42.3 (1.1)

	
42.9 (1.2)

	
0.014

	
38.2 (1.8)

	
39.9 (1.8)

	
41.5 (1.7)

	
41.7 (1.8)

	
0.012

	
0.536




	
FC, mg/kg c

	
420.4 (29.9)

	
-

	
-

	
133.2 (20.6)

	
<0.001

	
380.1 (34.6)

	
-

	
-

	
171.4 (30.9)

	
<0.001

	
0.813








Abbreviations: PEN + mCDED, partial enteral nutrition + modified Crohn’s disease exclusion diet; EEN, exclusive enteral nutrition; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; FC, faecal calprotectin. a At Week 1, there were missing laboratory data in the PEN + mCDED group from one patient; in the EEN group, there were missing data from three patients. b Negative values of CRP < 8 are marked as 7.9. c At Week 6, there is one missing value for FC in the PEN + mCDED group and two missing values for FC in the EEN group.
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