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Abstract
Introduction: Mucosal healing (MH) has become a therapeutic goal in Crohn’s Disease (CD), but its frequent evaluation in 

endoscopic examination is fraught with several limitations. There is an increasing demand to replace invasive procedures with 
noninvasive markers of CD.

Aim: To assess the clinical importance of the recently developed Mucosal Inflammation Noninvasive Index (MINI) in newly 
diagnosed paediatric Crohn’s Disease patients.

Material and methods: Out of 60 consecutive newly diagnosed paediatric CD patients, 55 were enrolled in the study. The 
study examined the relationship between Simple Endoscopic Score for CD (SES-CD), Paediatric Crohn’s Disease Activity Index 
(PCDAI), laboratory findings and the newly developed MINI index.

Results: Out of the 55 paediatric patients involved in the study, ileocolonoscopy was successful in 42 patients. In this group 
there was a strong positive correlation between MINI and PCDAI (R = 0.61; p < 0.001) and a moderate positive correlation between 
MINI and SES-CD (R = 0.39; p = 0.011). MINI score of 17 points or more indicated severe CD (defined as SES-CD ≥ 16 points) with 
a diagnostic sensitivity of 90% but with a low specificity of 50%. There were 13 (23%) patients in whom ileocecal valve intubation 
was not achieved, and in this group the correlation between MINI and PCDAI was also strong (R = 0.66; p = 0.014).

Conclusions: The newly developed MINI index is a simple and intuitive clinimetric score that can be considered a useful tool 
in assessing mucosal inflammation among newly diagnosed paediatric CD patients.

Introduction 
Crohn’s disease (CD) is a chronic transmural gastro-

intestinal inflammatory disorder. Although inflammato-
ry bowel diseases (IBD) are usually diagnosed in young 
adults aged 18 to 35 years, the rate of paediatric diag-
nosis has been steadily increasing in recent years [1]. 
Ileocolonoscopy remains a gold standard in assessing 
mucosal healing (MH); however, the use of ileocolonos-
copy in paediatric patients is fraught with several limita-
tions such as invasiveness, costs, need for hospitaliza-
tion, and risks connected with general sedation. Studies 
have demonstrated a lack of correlation between clinical 
symptoms and disease activity [2]; therefore, achieving 
MH and transmural healing (TH) is nowadays the most 

eligible therapeutic goal. The Mucosal Inflammation 
Noninvasive Index (MINI) is a new clinimetric tool for 
assessing mucosal healing and inflammation in paedi-
atric patients, which has recently been developed by Co-
zijnsen et al. [3]. The MINI index evaluates the following 
categories: stool pattern, faecal calprotectin (FC), eryth-
rocyte sedimentation rate (ESR), and C-reactive protein. 
This score could help to improve the selection of pa-
tients with CD, who require a follow-up ileocolonoscopy. 

Aim
The aim of this study was to assess the clinical im-

portance of the MINI index in newly diagnosed paedi-
atric CD patients. 
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Material and methods
This observational, single-centre research involved 

60 consecutive newly diagnosed (between March 2015 
and September 2016) paediatric CD patients. Fifty-five 
patients who met all inclusion and exclusion criteria 
were enrolled in the study. The diagnosis was based 
on endoscopy examination, clinical presentation, and 
histopathology, according to the accepted diagnostic 
criteria for CD [4]. Children who were diagnosed in an-
other hospital or those with incomplete medical records 
were excluded. In 13 out of 55 patients who underwent 
ileocolonoscopy, ileal intubation was not achieved 
(Figure 1). The groups with successful intubation and 
non-intubation were analysed separately. Demographic 
and clinical data were collected prospectively. The MINI 
index was calculated retrospectively.

Location and clinical manifestation were evaluat-
ed according to the Paris classification [5]. Laboratory 
data were collected prospectively up to 7 days before 
endoscopic evaluation. Endoscopic disease activity was 
captured using the Simple Endoscopic Score for Crohn’s 
Disease (SES-CD) [6].  Mucosal healing was defined as 
SESCD < 3 points, mild disease as 3–6 points, moder-
ate 7–16 points, and severe >16 points. Clinical disease 
activity was evaluated using the Paediatric Crohn’s Dis-
ease Activity Index (PCDAI): remission < 10 points, mild 
10–27.5 points, moderate 30–37.5 points, and severe 
37.5–100 points [7]. Although the weighted Paediat-
ric Crohn’s Disease Activity Index (wPCDAI) has been 
shown to better evaluate disease activity than PCDAI 
[8], due to the observational characteristics of the study, 
we chose not to calculate wPCDAI retrospectively. The 
MINI index is a weighted categorized index that dis-
criminates MH from mucosal inflammation in children 
with CD. The key items of the MINI index are stool pat-
tern during the preceding week, faecal calprotectin con-
centration, erythrocyte sedimentation rate, and C-reac-
tive protein concentration. The maximum score for the 
MINI index is 25 points, and the minimum score is –3 
points (Table I). 

The study was approved by the Bioethics Com-
mittee of the Jagiellonian University, Krakow (No. 
122.6120.52.2015).

Statistical analysis
Categorical data were reported as the number of 

patients and the percentage of the respective group. 
Quantitative data were summarized as mean ± stan-
dard deviation (SD) or median and lower; upper quar-
tile (Q1; Q3), depending on the distribution. The vari-
ables' distribution was assessed for normality using 
the Kolmogorov-Smirnov test. Minimum (min.) and 
maximum (max.) values were reported where indi-
cated. The data were compared between groups us-
ing the Pearson c2 test (categorical variables), t-test 
(normally distributed quantitative variables), or the 
Mann-Whitney test (non-normally distributed quan-
titative variables). The Kruskal-Wallis test was used 
to compare MINI scores when more than 2 groups 
were compared. The Spearman correlation coefficient 
was used to assess the correlations of the MINI score, 
which was non-normally distributed. The receiver op-
erating characteristic (ROC) curve analysis was used to 
assess the diagnostic accuracy of MINI score to detect 
severe Crohn’s disease defined as SES-CD ≥ 16 points. 
The cut-off was selected at maximum Youden index. 
All the statistical tests were 2-tailed. The results were 
considered statistically significant at p-value < 0.05. 
The computations were done using Statistica 13.0 
software (TIBCO, Tulsa, OK, USA). 

Results
A total of 55 paediatric patients participated in the 

study. In 42 patients ileocolonoscopy was successful 
(52.4% males and 47.6% females at the average age 
of 12.0 ±3.8 years). There were 13 (23%) patients in 
whom ileal intubation was not achieved (53.8% males 
and 46.2% females with mean age of 12.6 ±3.3 years at 
diagnosis). Baseline characteristics of both groups are 
presented in Table II.

Figure 1. Selection of patients

60 consecutive, newly diagnosed CD 
pediatric patients

55 patients underwent endoscopy in the 
study center and were enrolled in the study 

42 patients with successful ileocecal valve 
intubation 

13 patients with nonintubation

3 patients diagnosed in another hospital 

2 patients without full medical record 
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Table I. The MINI index [3]

Variable Points

Stool* 0–1 normal or liquid stool, no blood 0

≤ 2 semi-formed with small amounts of blood or 2–5 liquid stools 4

Gross bleeding, or ≥ 6 liquid stools, or nocturnal diarrhoea 8

Fecal calprotectin [µg/g] < 50 -3

50–99.9 0

100–299.9 5

300–599.9 7

600–899.9 9

≥ 900 12

ESR [mm/h] 
and CRP [mg/l]

ESR < 10 and CRP < 5 0

30 > ESR ≥ 10 or 10 > CRP ≥ 5 1

50 > ESR ≥ 30 or 30 > CRP ≥ 10 2

ESR ≥ 50 or CRP ≥ 30 5

Sum Min: –3 to max: 25

CRP – C-reactive protein, ESR – erythrocyte sedimentation rate. *The stool item interpretation was performed as indicated in the user guide of the MINI index: 
0 points – formed stool or up to 1 loose stool daily, 4 points – 2–5 liquid/very loose stools on ≥ 1 days or small amounts of blood, 8 points – ≥ 6 liquid/very 
loose stools on ≥ 1 days or nocturnal diarrhoea and/or any gross bleeding.

Table II. Patients’ characteristics and Paris classification

Characteristic Values in the studied group 
for patients with successful 

intubation (n = 42)

Values for patients without 
ileocecal valve intubation  

(n = 13)

P-value

Male sex, n (%) 22 (52.4) 7 (53.8) 0.9

Age at diagnosis mean ± SD [years] 12.0 ±3.8 12.6 ±3.3 0.6

BMI mean ± SD [kg/m2] 16.9 ±2.1 16.4 ±2.8 0.5

Paris classification

Age, n (%):

A1a – aged under 10 years 9 (21.4) 2 (15.4) 0.6

A1b – aged 10–17 years 28 (66.7) 10 (76.9) 0.5

A2 – aged 17–40 years 5 (11.9) 1 (7.7) 0.7

Location of the disease, n (%):

L1 – distal 1/3 ileum ± limited caecal disease 6 (14.3) 1 (7.7) 0.5

L2 – colonic 17 (40.5) 8 (61.5) 0.2

L3 – ileocolonic 19 (45.2) 4 (30.8) 0.4

L4a – upper disease proximal to ligament of Treitz 25 (59.5) 9 (69.2) 0.5

L4b – upper disease distal to ligament of Treitz  
and proximal to distal 1/3 ileum

0 1 (7.7) 0.07

Disease behaviour, n (%): 

B1 – non-stricturing non-penetrating 36 (85.7) 4 (30.8) < 0.001

B2 – stricturing 5 (11.9) 9 (69.2) < 0.001

B3 – penetrating 0 0 –

B2B3 – both stricturing and penetrating 1 (2.4) 0 0.6

p – perianal, n (%) 5 (11.9) 3 (23.1) 0.3

G
1
 – growth delay, n (%) 8 (19.0) 3 (23.1) 0.8
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In the studied group of 42 patients with complete 
ileocolonoscopy, there were no statistically significant 
associations between MINI and disease phenotype 
(localization, growth retardation, disease behaviour). 
Mean SES-CD was 15.5 ±6.8 points, and mean PCDAI 
was 28.6 ±15.4 points. A positive correlation between 
PCDAI and SES-CD scores (R = 0.35; p = 0.025) was ob-
served. There was no significant relationship between 
disease phenotype and FC concentrations. The correla-
tions between FC and SES-CD and between FC and PC-

DAI were R = 0.37; p = 0.016 and R = 0.52; p = 0.0004, 
respectively. The median MINI score was 19 (Q1: 15; 
Q3: 22). Further analysis showed a strong positive cor-
relation between MINI and PCDAI (R = 0.61; p < 0.001) 
and a moderate positive correlation between MINI and 
SES-CD (R = 0.39; p = 0.011) (Figure 2). The MINI score 
according to SES-CD categories is presented in Figure 3.  
In our study, a MINI score of 17 points or more indi-
cated severe CD (defined as SES-CD ≥ 16 points) with 
a diagnostic sensitivity of 90% but with a low speci-

AUC = 0.757 (0.612–0.902)

Figure 2. The correlations between MINI and PCDAI (A), SES-CD (B) in the studied group of 42 patients with 
full endoscopy. Spearman’s rank correlation coefficients (R) and p-values are reported

Figure 3. The MINI score according to SES-CD categories (A) and the ROC curve illustrating the accuracy of 
the MINI score in detecting severe disease according to SES-CD (i.e. SES-CD ≥ 16 points) (B) in the studied 
group of 42 patients with full endoscopy. The p-value in the Kruskal-Wallis test is reported in panel A. The 
cut-off point selected using maximum Youden index and the area under the ROC curve (AUC) with 95% 
confidence interval are reported in panel B

70

60

50

40

30

20

10

0

25

20

15

10

5

0

35

30

25

20

15

10

5

0

100

80

60

40

20

0

A

A

B

B

PC
D

A
I [

po
in

ts
]

M
IN

I [
po

in
ts

]

SE
S-

CD
 [p

oi
nt

s]
Se

ns
it

iv
it

y 
(%

)

 0 5 10 15 20 25

MINI [points]

 3–6 7–15 ≥ 16

SES-CD [points]

 0 5 10 15 20 25

MINI [points]

 0 20 40 60 80 100

1-specificity (%)

R = 0.61, p < 0.0001

p = 0.009

R = 0.39, p = 0.011

17 points



217Clinical usefulness of the Mucosal Inflammation Noninvasive Index in newly diagnosed paediatric Crohn’s disease patients 

Gastroenterology Review 2022; 17 (3)

ficity of 50%. Additionally, the MINI score correlated 
positively with white blood cell count (WBC) (R = 0.47;  
p = 0.002) and platelet count (PLT) (R = 0.41; p = 0.007) 
but negatively with albumin concentration (R = –0.35; 
p = 0.022).

Non-intubation occurred in 13 (23%) patients. Out 
of these 13 children, in 7 patients the ileocecal valve 
was reached but not intubated. In 3 patients the cecum 
was reached, in 1 patient hepatic flexure was examined, 
and in 2 transverse colon was evaluated. The difficulties 
in performing full endoscopy were related to advanced 
disease changes. There were no statistically significant 
differences between groups with successful ileal in-
tubation and with non-intubation apart from disease 
behaviour (stricturing or non-stricturing) (Table II). The 
correlation between MINI and PCDAI in the non-intuba-
tion group was strong (R = 0.66; p = 0.014).

Discussion
Mucosal healing has become a therapeutic goal 

in CD, but its frequent evaluation in endoscopic ex-
amination is fraught with several limitations. There is 
an increasing demand to replace invasive procedures 
with noninvasive markers of CD. The commonly used 
clinical disease activity index (PCDAI) correlates poorly 
to moderately with activity assessment during endo-
scopic examination (R = 0.33–0.59) [3, 9]. Correlations 
between concentration of FC and SES-CD are usually 
higher; therefore, this biochemical marker is used in-
creasingly to monitor patients with CD. However, treat-
ment modification based only on FC results is currently 
not recommended [10]. The newly reported Mucosal In-
flammation Noninvasive Index (MINI), which was devel-
oped to assess mucosal inflammation in children with 
CD, is a promising tool. Recent studies have shown that 
the MINI index can be more accurate than calprotectin 
alone in detecting endoscopic healing [3]. In our study 
we aimed to assess if the MINI index correlates with 
endoscopic changes at the onset of paediatric Crohn’s 
disease. Our study group consisted of newly diagnosed 
patients who mostly had moderate to severe activity of 
CD. Mean SES-CD and PCDAI, and median MINI index 
were higher than those reported by Cozijnsen et al. [3] 
and by Perez et al. [11], which is related to a different 
patient selection process and may also be associat-
ed with a less numerous group of participants in our 
study. Similarly to the previously mentioned studies, 
in our research we observed a positive correlation be-
tween MINI and SES-CD, which was comparable to the 
correlation between PCDAI and SES-CD and between 
FC and SES-CD. There was also a high correlation be-
tween MINI and PCDAI. Martinus A. Conzijnsen et al. 
reported that MINI < 8 points could assess MH with 

a sensitivity of 88% and specificity of 85%. According 
to this study [3], a MINI score < 8 points indicates MH, 
MINI 8–11 points reflects mild inflammation, and MINI 
> 11 points detects moderate to severe disease. In our 
study, a MINI score of 17 points or more correspond-
ed to severe Crohn’s disease (defined as SES-CD ≥ 16 
points) with a diagnostic sensitivity of 90% and a low 
specificity of 50%. There were only 4 patients with SES-
CD < 7 points, and there were no patients with SES-CD 
< 3 points, which is related to the study design (the 
inclusion of newly diagnosed patients). In fact, the  
4 patients with SES-CD 3-6 points were characterized by 
relatively high MINI (Figure 3).

Ileal non-intubation occurs in 20–25% of colonos-
copies in paediatric CD patients [12]. When diagnosed 
with CD, most children represent an inflammatory phe-
notype of the disease (non-stricturing and non-pen-
etrating), but there is a subgroup with complicated 
disease behaviour [13]. In the EUROKIDS study, the 
stricturing phenotype (B2) was observed in 12.2% of 
the cases, the penetrating phenotype in 4.7%, and 
both stricturing and penetrating disease (B2B3) in 1.6% 
[14]. Therefore, in contrast to Cozijnsen et al. and Perez  
et al., we decided not to exclude those patients but 
to analyse them separately. In our study there were  
13 (23%) patients in whom ileocecal valve intubation 
was not achieved. Fourteen (25%) patients had strictur-
ing phenotype of the disease. Out of those 14 patients, 
5 had successful ileocolonoscopy. We found a high pos-
itive correlation between MINI and PCDAI in patients 
with unsuccessful ileocolonoscopy. Further investiga-
tion is necessary to assess the clinical importance of 
the MINI index in those patients. Our study was limited 
by relatively small numbers of patients and retrospec-
tive calculation of the MINI index, although individual 
MINI components (stool pattern, FC, ESR, and C-reactive 
protein) were collected prospectively. 

Conclusions
The MINI index has several advantages. It positively 

correlates with SES-CD and PCDAI. Due to its non-in-
vasiveness and simplicity, the MINI index can be con-
sidered an intuitive and useful tool in assessing mu-
cosal inflammation in newly diagnosed paediatric CD 
patients, possibly also in those with unsuccessful colo-
noscopy. 

Conflict of interest
The authors declare no conflict of interest.

References

1. Windsor JW, Kaplan GG. Evolving Epidemiology of IBD. Curr 
Gastroenterol Rep 2019; 21: 40. 



218 Roma B. Herman, Stanisław Pieczarkowski, Paulina Dumnicka, Agnieszka Wyżgowska, Krzysztof Fyderek

Gastroenterology Review 2022; 17 (3)

2. Peyrin-Biroulet L, Reinisch W, Colombel JF, et al. Clinical disease 
activity, C-reactive protein normalisation and mucosal healing 
in Crohn’s disease in the SONIC trial. Gut 2014; 63: 88-95. 

3. Cozijnsen MA, Ben Shoham A, Kang B, et al. Development and 
validation of the Mucosal Inflammation Noninvasive Index for 
pediatric Crohn’s disease. Clin Gastroenterol Hepatol 2020; 18: 
133-40. 

4. Birimberg-Schwartz L, Zucker DM, Akriv A, et al. Development 
and validation of diagnostic criteria for IBD subtypes includ-
ing IBD-unclassified in children: a multicentre study from the 
pediatric IBD Porto Group of ESPGHAN. J Crohns Colitis 2017; 
11: 1078-84. 

5. Levine A, Griffiths A, Markowitz J, et al. Pediatric modification 
of the Montreal classification for inflammatory bowel disease: 
the Paris classification. Inflamm Bowel Dis 2011; 17: 1314-21. 

6. Daperno M, D’Haens G, Van Assche G, et al. Development and 
validation of a new, simplified endoscopic activity score for 
Crohn’s disease: the SES-CD. Gastrointest Endosc 2004: 60: 
505-12.

7. Hyams JS, Ferry GD, Mandel FS, et al. Development and vali-
dation of a pediatric Crohn’s disease activity index. J Pediatr 
Gastroenterol Nutr 1991; 12: 439-47.

8. Turner D, Griffiths AM, Walters TD, et al. Mathematical weight-
ing of the pediatric Crohn’s disease activity index (PCDAI) and 
comparison with its other short versions. Inflamm Bowel Dis 
2012; 18: 55-62. 

9. Grover Z, Muir R, Lewindon P. Exclusive enteral nutrition induc-
es early clinical, mucosal and transmural remission in paediat-
ric Crohn’s disease. J Gastroenterol 2014; 49: 638-45. 

10. van Rheenen PF, Aloi M, Assa A, et al. The medical manage-
ment of paediatric Crohn’s disease: an ECCO-ESPGHAN Guide-
line Update. J Crohns Colitis 2020;jjaa161. 

11. Perez JG, Muncunill GP, Miravet VV, et al. P108 Validation of 
a new score for paediatric Crohn's disease on a paediatric ter-
tiary hospital: the MINI-Index (Mucosal Inflammation Non-In-
vasive Index). J Crohns Colitis 2019; 13 Suppl. 1: S141-2.

12. Weiss B, Turner D, Griffiths A, et al. Simple endoscopic score of 
Crohn disease and magnetic resonance enterography in chil-
dren: report from ImageKids Study. J Pediatr Gastroenterol Nutr 
2019; 69: 461-5. 

13. Kugathasan S, Denson LA, Walters TD, et al. Prediction of com-
plicated disease course for children newly diagnosed with 
Crohn’s disease: a multicentre inception cohort study. Lancet 
2017; 389: 1710-8. 

14. de Bie CI, Buderus S, Sandhu BK, et al. Diagnostic workup of 
paediatric patients with inflammatory bowel disease in Eu-
rope: results of a 5-year audit of the EUROKIDS registry. J Pe-
diatr Gastroenterol Nutr 2012; 54: 374-80. 

Received: 9.08.2021
Accepted: 26.08.2021


	_Hlk80821164
	_Hlk80821120
	_Hlk80821288
	_Hlk80822288
	_Hlk80822497
	_Hlk80822607
	_Hlk80823188
	_Hlk80823286
	_Hlk80823440
	_Hlk80823806
	_Hlk80823776
	_Hlk80823979

