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Aim: All Irish children with ulcerative colitis (UC) attend the National Centre for Paediatric
Gastroenterology at Our Lady’s Children’s Hospital, Crumlin. The aim of this study was
to determine the outcomes of children with acute severe ulcerative colitis (ASC) and the
impact of infliximab on these outcomes following its introduction for this indication in
2011.

Methods: A retrospective chart review of all patients admitted with ASC between
January 1, 2009 and December 31, 2015 was undertaken. Patients were identified from
the departmental database cross-referenced with the hospital inpatient enquiry system.
Inpatients with a paediatric ulcerative colitis activity index (PUCAI) of >65 were included.
Data collected included baseline demographic and laboratory data, concomitant treat-
ments, PUCAI scores on days 3 and 5, second-line treatments, surgery, and discharge
outcomes. Infliximab dose, frequency, and available therapeutic drug monitoring results
were recorded, along with clinical response outcomes (remission, primary, and second-
ary loss of response). The cohort was sub-analysed to determine if there was any era
effect pre- and post-introduction of infliximab (2009-2010 and 2011-2015, respectively).

Results: Fifty-five patients (M:F = 1.4:1) were treated for acute severe colitis over the
study period (8 in the pre-infliximab and 47 in the post-infliximab era) and 46/55 (86%)
had steroid-refractory disease. Of these, 7/8 (88%) required colectomy in the pre-
infliximab era, compared with 15/47 (36%) in the post-infliximab era. The remission rate
with second-line infliximab was 61% at maximal follow-up. There were no identifiable
factors that predicted likely success or failure of infliximab, including gender, CRP, day-3
and day-5 PUCAI scores. Of the 33 patients treated with infliximab, dose increase was
required in 23/33 (70%); 21/33 (64%) received an accelerated dose schedule, and 9/33
(27%) eventually needed colectomy. Primary and secondary loss of response to inflix-
imab was seen in one and nine patients, respectively.

Conclusion: This is the first population-based study of the outcomes of severe UC
in Irish children, and suggests a higher burden of steroid-refractory disease compared
with previous international studies. While infliximab treatment has led to reduction in
colectomy rates, a significant proportion of patients lose therapeutic effect.

Keywords: acute, severe, ulcerative, colitis, infliximab, children, paediatric, steroid

Frontiers in Pediatrics | www.frontiersin.org

1 March 2018 | Volume 6 | Article 48


http://www.frontiersin.org/Pediatrics
http://crossmark.crossref.org/dialog/?doi=10.3389/fped.2018.00048&domain=pdf&date_stamp=2018-03-08
http://www.frontiersin.org/Pediatrics/archive
http://www.frontiersin.org/Pediatrics/editorialboard
http://www.frontiersin.org/Pediatrics/editorialboard
https://doi.org/10.3389/fped.2018.00048
http://www.frontiersin.org/Pediatrics
http://www.frontiersin.org
https://creativecommons.org/licenses/by/4.0/
mailto:seamus.hussey@ucd.ie
https://doi.org/10.3389/fped.2018.00048
https://www.frontiersin.org/Journal/10.3389/fped.2018.00048/full
https://www.frontiersin.org/Journal/10.3389/fped.2018.00048/full
https://www.frontiersin.org/Journal/10.3389/fped.2018.00048/full
http://loop.frontiersin.org/people/492952
https://loop.frontiersin.org/people/494653
http://loop.frontiersin.org/people/494041
https://loop.frontiersin.org/people/530384
http://loop.frontiersin.org/people/80137

Akintimehin et al.

Outcomes of a National Cohort of Children with ASC

INTRODUCTION

Ulcerative colitis (UC) is a chronic relapsing inflammatory
disease of the colon affecting both adults and children that
extends variably from the rectum to the caecum. The incidence
of paediatric inflammatory bowel disease (IBD) in the UK and
Ireland has been reported as 5.2 per 100,000 per year (1). The
highest rates of UC internationally have been reported in north-
ern Europe, Canada, Unites States, and Australia (2). While a
recent systematic review showed an overall stable or decreasing
incidence of IBD in North America and Europe, an increasing
incidence has been reported in Africa, Asia, and South America
(3). There is evidence of a global increase in the incidence of
paediatric-onset IBD (4). While there are many similarities
between adult-onset and childhood-onset UC, higher admis-
sions rates for acute severe exacerbations along with higher
colectomy rates have been reported in the paediatric population
(5, 6). In children, 15-30% of those with UC experience an acute
severe attack at some point (7). Other considerations that are
unique to the paediatric population include disease and treat-
ment impacts on growth, pubertal development, bone health,
educational impact, and psychosocial wellbeing, making timely
optimal treatment a priority.

The paediatric ulcerative colitis activity index (PUCAI) is a
validated scoring system used to assess the severity of paediatric
UC that is incorporated in the joint ECCO and ESPGHAN
guidelines for management of paediatric UC (8-10). The index
includes six variables (abdominal pain, rectal bleeding, stool
consistency, frequency of stools, nocturnal stools, and limitation
of activity) that are individually scored to give a total PUCAI of
between 0 and 85. Mild disease is defined as a PUCAI of 10-35,
moderate disease as PUCAI of 40-60, and severe disease as a
PUCATI of 65 or above.

Acute severe ulcerative colitis (ASC) is considered a medi-
cal emergency requiring immediate management, in order to
prevent complications such as intestinal perforation, peritonitis,
sepsis, and even death. Since the 1950s, intravenous corticosteroid
(IVCS) therapy has been shown to reduce mortality in ASC and
has become the mainstay of treatment (11). Steroid-refractory
cases make up a significant proportion of the paediatric popula-
tion, as it is estimated to occur in one-third of ASC cases (12).
Recently, published data on a large cohort of children with
treatment naive UC, who were initially managed with IVCS,
showed remission rates of 40%, need for anti-TNF treatment in
24% and a 3% colectomy rate at 4 weeks post-commencement of
treatment. Strong predictors for the need for additional medical
treatment or colectomy in this same group of children included,
high-total Mayo clinical and endoscopic severity score, decreas-
ing serum albumin, rectal biopsy eosinophil count, and rectal
biopsy surface viliform changes (13). Effectiveness of first-line
treatment with IVCS can be measured using PUCAI on day 3 and
day 5 of treatment (14). At day 3 of treatment, a PUCAI of >45
is considered indicative of steroid-refractory disease and at this
time second-line treatment options should be considered (10).
Colectomy was historically the second-line treatment option for
steroid-refractory ASC in many centres. While this may still be
appropriate in certain cases, current European guidelines also

propose the use of second-line medical management with agents
such as infliximab, tacrolimus, and cyclosporine (10).

Infliximab is a chimeric monoclonal antibody to human TNEF-
a, which has been shown to be effective in modulating intestinal
inflammation in UC (15). A landmark prospective study of paedi-
atric ASC reported reduced colectomy rates in patients receiving
infliximab by discharge (9%) and 1-year follow-up (19%) (14).
The use of infliximab in children with ASC has been reported
in six-case series, with a pooled short-term response rate of 75%
and a long-term response rate of 64% (12, 14, 16). Infliximab
was first introduced for the treatment of ASC in children at Our
Lady’s Childrens Hospital, Crumlin (OLCHC) in 2011. The aims
of this study were to determine the outcomes of Irish children
with severe UC; the impact of infliximab on these outcomes fol-
lowing its introduction; and the outcomes of infliximab therapy
in children with UC since its introduction.

MATERIALS AND METHODS

The study was carried out at the National Centre for Paediatric
Gastroenterology, OLCHC, Dublin, which is the only tertiary refer-
ral centre for paediatric gastroenterology in the Republic of Ireland.
A retrospective chart review was carried out of all patients admitted
with an episode of ASC between January 1, 2009 and December 31,
2015. Patients were identified using the hospital discharge coding
system and the department’s patient database. Patients were eligible
for inclusion in the study if they had a new or pre-existing diagnosis
of UC and required acute admission and had a PUCALI score of
>65 and/or a physician global assessment rating of severe disease
activity. Although the PUCAI score was still being developed at the
beginning of the study period, the elements of the score were being
recorded as part of standard clinical care of the time.

Patients were phenotyped according to the Paris classification
(17) following diagnostic work up according to the Porto criteria
(18). Data collected included gender, age at diagnosis of UC, age
at episode of ASC, and endoscopic disease location and histologi-
cal findings. PUCAI scores on days 3, 5 and at discharge were also
recorded along with laboratory values including CRP, ESR, and
albumin values. Clinical outcomes recorded included remission
(defined as PUCAI <10), colectomy, adjunctive medications,
adverse treatment events, and post-colectomy complications.

A subgroup analysis compared outcomes in patients treated
prior to and after the introduction of infliximab at OLCHC. The
standard induction protocol with infliximab for ASC involved
doses of 5 mg/kg at weeks 0,2,and 6 (9, 10). Standard maintenance
protocol involved doses of 5 mg/kg every 8 weeks from week 14.
Depending on clinical response, modifications to the regimen
were made at clinician discretion accordingly. Patients were
considered to have undergone accelerated dosage when either
infliximab dose/kilogram was increased and/or if infliximab
was administered sooner than outlined in the standard protocol.
Outcomes of all UC cases managed with infliximab were analysed
including clinical response and progression to colectomy.

Statistical analysis was carried out using IBM SPSS Statistics
version 24 (IBM, Armonk, NY, USA). Continuous variables were
analysed using Mann-Whitney or ¢-test and categorical variables
analysed using y” test or Fisher’s exact test. Kaplan-Meier survival
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curve was used to show the colectomy free interval from inflixi-
mab commencement. Multivariate logistic regression was used to
evaluate the associations between remission and predictor factors.

RESULTS

A total of 55 patients with an episode of ASC were identified over
the 7-year study period with a median follow-up of 29 months
(IQR, 16.5-48.5). Patient characteristics are described in Table 1.
Females accounted for 58% (32/55) of the population. The aver-
age age at episode of ASC was 11.7 years (SD =+ 3.9 years), with
an average age at diagnosis of UC of 11.1 years (SD =+ 3.7 years).
Endoscopic disease location was documented as left-sided colitis
in 2% (1/55), extensive colitis in 7% (4/55), and pan colitis was
present in 91% (50/55) of cases. Extra-intestinal manifestations
of IBD were present in 6% (3/55) of cases. Steroid-dependent
disease was reported in 40% (22/55). Prior to commencement
of treatment for ASC, 64% (35/55) of the patients were on main-
tenance medical therapy, including oral 5-ASAs (62%; 34/55),
rectal 5-ASAs (24%; 13/55), and oral steroids (46%; 25/55).
A further 5% (n = 3) subsequently commenced adalimumab. The
mean duration of IVCS treatment was 7.3 days (SD =+ 3.8 days),
with average doses equivalent to 2.3 mg/kg/day of methylpredni-
solone. The mean PUCALI scores on day 3 and day 5 IVCS were
57 (SD # 15.1) and 51 (SD =+ 20.2), respectively.

Thirty-three patients were subsequently treated with infliximab
as second-line medical therapy, with 18/33 (55%) receiving our
standard induction protocol. The remaining patients had proto-
col modifications in response to their clinical status, including
increased dosage and reduced intervals between infusions. Most

TABLE 1 | Characteristics of patients with ASC.

Total patient number N =55

Male: female 1:1.4

Average age at ASC 11.8 years (SD + 3.9)

11.1 years (SD + 3.7)

Average age at diagnosis of UC

Endoscopic disease location

— Left-sided colitis 2% (n=1)

— Extensive colitis 7% (n=4)

— Pancolitis 91% (n = 50)
Extra-intestinal manifestations of IBD 6% (n=23)
Treatment at time of admission (n =35)

— Topical/rectal 5-ASA 24% (n =13)
— Oral steroids 46% (n = 25)
- Oral 5-ASA 62% (n = 34)
PUCAI score:

- Day 3 of IVCS 57 (SD + 15.1)
— Day 5 of IVCS 51 (SD + 20.2)
Colectomy (n=22)

— Acute/urgent setting 20% (n = 11)
— Elective/semi-elective 20% (n = 11)
Remission status at time of maximal follow-up 56% (n = 29)

ASC, acute severe ulcerative colitis; IBD, inflammatory bowel disease; IVCS,
intravenous corticosteroids, UC, ulcerative colitis.

patients (69%; 23/33) subsequently required an increase in dose
to 10 mg/kg. The mean number of infusions before dose escala-
tion was four doses (SD =+ 2.8 doses). A similar proportion, 64%
(21/33), required a reduction in interval time between infusions.
Fifteen patients required escalation prior to week 14 (i.e., during
the induction period). Six of these 15 patients ultimately needed
a colectomy within a median time of 2.6 months (IQR, 1.2-2.9), 6
in remission as at maximum follow-up, 1 patient switched to adali-
mumab, and the remainder had some degree of ongoing disease
activity. Conversely, 18 patients completed the standard induction,
3 of whom eventually had a colectomy within 2.6 months (IQR,
2.3-20.5) and 14 of whom reached remission on infliximab. The
mean number of days from infliximab commencement to dose
escalation in the 23 patients was 111 days (SD + 130.2 days). Of the
23 patients, 52% (12/23) were in remission as at last date of follow-
up and 30% (7/23) had required a colectomy. The mean duration
of time from diagnosis of UC to starting infliximab was 9.8 months
(SD =+ 12.5 months) and the mean duration of subsequent inflixi-
mab therapy was 2.4 years (SD =+ 1.1 years) from the first infusion.

There was an apparent increase in the mean annual number of
cases of ASC from 2011, from 4.0 to 9.4 cases per year, in tandem
with the increased incidence of IBD in the Irish population, as
previously reported (19).

Following first-line treatment with IVCS, only 16% (9/55) of the
study population achieved remission. The remaining 86% (46/55)
required further treatment in the form of either repeat course
of IVCS, colectomy, or infliximab. These were divided into two
groups: those managed prior to the introduction of infliximab in
2011 (n =7) and those managed from 2011 onwards (n = 39). Of
those treated prior to 2011, 86% (6/7) had a colectomy as second-
line treatment. The remaining patient had a second course of
IVCS but ultimately required a colectomy. In those treated from
2011 onwards, 15% (6/39) underwent colectomy as second-line
therapy (including cases whereby parents declined infliximab),
while the remaining 85% (33/39) were commenced on infliximab.
Of the 47 patients managed after 2011, 14 underwent a colectomy.
Figure 1 gives a breakdown of reasons necessitating colectomies.

Twenty of 33 patients on infliximab (60%) entered remission
following induction, 8 (24%) underwent a colectomy within a
median time of 1.9 months (IQR, 3-5) from the commencement
of infliximab. Of the remaining five patients, two lost infliximab
response and switched to adalimumab and three remained on inf-
liximab without fully achieving remission. Of the 20 patients who
entered remission on infliximab, 80% (16/20) were still on inflixi-
mab by the end of the study period, 15% (3/20) were successfully
weaned off infliximab following prolonged sustained remission
and one patient discontinued infliximab due to severe periorbital
cellulitis subsequently required a colectomy. Nine patients were
commenced on thiopurines after starting infliximab. Of the total
33 patients on infliximab, only 3 patients had adverse events, 1
episode of flushing and acute desaturations, which recovered,
1 liver injury and 1 severe periorbital cellulitis. The latter two
patients required discontinuation of infliximab.

There were 14 patients treated after 2011 who required a
colectomy, 6 as second-line treatment for steroid-refractory ASC
and 8 as third-line management, following treatment failure on
infliximab. Gender, age at diagnosis, CRP, PUCAI on days 3 and 5,
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FIGURE 1 | Flow diagram of patients diagnosed with ASC (2009-2015). ASC, acute severe ulcerative colitis; IVCS, intravenous corticosteroids.

along with receiving standard induction protocol did not signifi-
cantly increase the odds of a colectomy (Table 2). Kaplan-Meier
survival estimates of the cumulative probability for colectomy in
patients treated with infliximab were 24% at 1 year (Figure 2),
with 50% undergoing colectomy by week 10 following treatment
with infliximab. The 20 patients who achieved remission on
infliximab were further examined in order to identify any vari-
ables, which may predict successful remission. The variables of
gender, age at diagnosis, CRP, PUCAI on days 3 and 5, receipt
of standard induction protocol, and first episode of ASC were all
analysed. None of these variables showed a statistical significance
in predicting outcome (Table 3).

Age of disease onset, based on the Paris classification, did not
have a significant impact on the outcome of infliximab therapy in our
group. Most infliximab-treated patients were over the age of 10 years
at diagnosis (79%; 26/33). There were fewer girls aged less than
10 years at diagnosis (n = 3), but fewer boys (n = 7) aged over 10 at
diagnosis and the mean age of diagnosis was 7 years (SD = 2.5 years)
and 14 years (SD + 1.6 years) in the respective groups.

DISCUSSION

This is the first report of the outcomes of ASC in the Irish paedi-
atric population, spanning the time immediately before and since
the introduction of infliximab as second-line therapy for ASC.
This was a single-centre retrospective cohort study, but as Ireland
has a single paediatric IBD centre, the data are representative of

TABLE 2 | Predictive factors for requiring a colectomy post 2011.

Variable Odds ratio Cl P-value
Gender 1.1 0.016-73.868 0.965
Age at diagnosis 1.3 0.637-2.442 0.520
CRP 1.0 0.986-1.045 0.318
PUCAI D3 1.0 0.844-1.11 0.646
PUCAI D5 0.3 0.907-1.374 0.300
Standard induction 0.1 0.002-2.642 0.152

CRF, C reactive protein; PUCAI, paediatric ulcerative colitis activity index.

the Irish population. In this study, the overall colectomy rate of
40% is in keeping with data from studies of a similar era. A 2007
Canadian study reported colectomy rates at discharge, 1 and
6 years of 42, 58, and 61%, respectively (5). Since the introduc-
tion of infliximab in the study centre for ASC rescue therapy, the
colectomy rate has declined compared with the preceding epoch,
although the periods were neither of equivalent time nor patient
number. Previous adult and paediatric studies have shown inf-
liximab to significantly reduce colectomy rates in ASC, reducing
surgical rates to 19% at 1-year follow-up in one large paediatric
study (14, 20, 21). The impact of infliximab rescue therapy on
longer-term outcomes of ASC is less clear. Data from this current
study are limited in this regard, but the long-term colectomy rate
in published studies remains considerable (13, 22).

The clinical response to infliximab therapy in this study was
broadly in keeping with previously published reports, with 70% of
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TABLE 3 | Predictive factors for achieving remission on infliximab.

Variable Odds ratio Cl P-value
Gender 4.381 0.273-70.189 0.297
Age at diagnosis 0.813 0.536-1.235 0.332
CRP 0.993 0.971-1.015 0.510
PUCAI D3 1.095 0.962-1.248 0.171
PUCAI D5 0.911 0.805-1.03 0.137
Standard induction 6.355 0.479-84.347 0.161
First episode of ASC 0.311 0.009-10.722 0.518

CRR, C reactive protein; PUCAI, paediatric ulcerative colitis activity index; ASC, acute
severe ulcerative colftis.

patients showing sustained clinical response. A 2011 systematic
review showed a 1-year response rate of 64% (12). Other studies
have demonstrated long-term response rates from 57 to 61% (16,
23) in paediatric UC. In contrast, data from this study also sug-
gest a less favourable response to steroids in Irish children with
ASC. The reasons for this are not clear from this particular study,
but are under investigation in an ongoing prospective study of
paediatric IBD in Ireland. While patient numbers are small,
even the IVCS response rates in the infliximab era are less than
reported in previous studies (5). The mean day 3 PUCAI scores of
patients requiring second-line therapy in this study were consist-
ent with prediction models previously published by Turner et al.
(8). The impact of international paediatric ASC management
guidelines on reported disease course and outcomes in this study
is difficult to objectively quantify, but they have undoubtedly
influenced the reported natural history of ASC in the immediate
hospitalisation period. Evidence-based guidelines now advocate

prompt planning and initiation of second-line therapy, guided
by PUCAI score dynamics. It is no longer conscionable that
children with unresponsive ASC, continue on indefinite IVCS
therapy, as may have happened in the pre-infliximab era, and
IVCS-refractory ASC is now diagnosed within days rather than
weeks of admission.

This study includes the earliest patients with ASC in our centre
that had protocol acceleration of infliximab treatment for UC.
Recent reports have described potential benefits of accelerated
infliximab induction regimens for optimal disease control and
reducing the early colectomy rate in severe UC (24, 25). Shapiro
et al. suggest that an initial intensive regimen is necessary in
extensive disease (90% of the patients in this study) to maintain
sustained efficacy (26). Therapeutic drug monitoring may be a
useful adjunct to clinical judgment to identify which patients
need therapy escalation with infliximab (27). In the current study,
such monitoring was not available across the entire study period
so we were unable to reach conclusions in this regard.

This study is a descriptive account of the outcomes of ASC
in our national paediatric cohort over a 7-year period, but
substantive extrapolation is tempered by the limitations of its
retrospective design. It was not possible to extend the study
before 2009 due to our resource limitations. The resulting small
patient numbers and inequitable “era” groups curtailed the
generation of more robust statistical findings and comparative
analysis. The study period coincided with a significant and
sustained increase in the incidence of paediatric IBD in Ireland,
which may account in part for the increased occurrence of ASC
over time (19, 28). The advent of the PUCAI score and published
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guidelines for modern management of ASC also evolved during
the study, adding to the potential heterogeneity of the clinical
management observed. Small case numbers may account for the
seemingly disproportionate numbers of IVCS refractory disease
in our population. However, IVCS refractory ASC was substantial
across the entire time period and objective measures including
day 3 PUCATI scores were consistent with the published literature
regarding need for second-line therapy. It is tempting to speculate
that delayed access or delayed presentation of children from areas
remote to our hospital may have contributed to disease burden by
the time of their admission for IVCS treatment, but elucidating
these data were not possible retrospectively.

This is the first study of paediatric ASC in the Irish population.
It provides further supportive evidence of the beneficial impact
of infliximab on the otherwise natural history of this condition in
children, although a considerable proportion of children required
escalation of infliximab therapy beyond a standard induction
regimen. More robust prediction models for early identification
of patients at risk of steroid unresponsiveness or needing inf-
liximab escalation are keenly awaited from ongoing collaborative
prospective studies.
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