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Abstract
We have reviewed the outcome of all patients
undergoing their first intestinal resection for
Crohn's disease at this hospital between 1970
and 1987. Recurrence rates, defined by recur-
rent intestinal symptoms and radiological con-
firmation of mucosal disease, were calculated
using survival analysis. Age, sex, anatomical
location of disease, indication for surgery,
preoperative duration of symptomatic disease,
use of preoperative bowel rest, and patho-
logical features of the resected bowel were
analysed individually and jointly as potential
risk factors influencing postoperative re-
currence of disease. Eighty two patients
(age, mean (SD) 14.8 (2.5) years) underwent
intestinal resection and were followed post-
operatively for a minimum of one year (mean
5.3 (3.3) years). Anatomical location of
disease, indication for surgery, and preopera-
tive duration of symptomatic disease were the
only factors that significantly influenced the
duration of the recurrence free interval.
Patients with diffuse ileocolonic inflammation
experienced earlier recurrence (50% at one
year) than children with predominantly small
bowel disease (50% recurrence at five years,
p<0.0001). Failure of medical therapy
independent of disease location as the sole
indication for surgery was associated with an
earlier relapse than when surgery was per-
formed for a specific intestinal complication
such as abscess or obstruction (p<0.003).
Patients undergoing resection within one year
of onset of symptoms experienced delayed
recrudescence of active disease (30% recur-
rence by eight years) compared with patients
whose preoperative duration of symptomatic
disease was longer (50% recurrence by four
years when preoperative duration of disease
was one to four years and 50% by three years
when disease had been present greater than
four years preoperatively, p= 0.3). The mean
height velocity of patients with growth
potential increased from 2.4 (2.3) cm per year
preoperatively to 8-1 (3.4) cm per year in the
first postoperative year (p=0.0001). These
results support an early approach to surgery in
the management of ileal Crohn's disease with
or without caecal or right colonic involvement,
especially when complicated by persistent
growth failure. The higher recurrence rates in
more diffuse ileocolonic disease emphasise the
need for alternative treatment strategies in
these children.

The possibility of an appreciable asymptomatic
interval after intestinal resection in Crohn's
disease makes surgery an attractive treatment

option, despite the likelihood of eventual disease
recrudescence.' This is particularly true for
children and adolescents, in whom delays in
growth and pubertal development are common
and disturbing complications and for whom the
adverse effects of steroids and the inconvenience
of nutritional treatments frequently become
unacceptable. Rates of recurrence' and factors
influencing postoperative recurrence of disease
have been analysed`'2 for adult patients. Similar
data for paediatric patients are required, as
young age has been reported by some to affect
outcome adversely.25 We, therefore, analysed the
influence of age, sex, preoperative disease dura-
tion, indication for operation, anatomic location
of disease, use of preoperative bowel rest,
and specific pathological characteristics on
cumulative postoperative recurrence free
survival in a cohort of surgically treated children
and adolescents with Crohn's disease.

Methods
The records of all patients undergoing their first
intestinal resection for Crohn's disease at the
Hospital for Sick Children during the years
1970-86 were reviewed retrospectively. Follow
up data were obtained from the hospital records,
by telephone contact with former patients, now
young adults, and by correspondence with their
current adult gastroenterologist.
Recurrence was defined as both the return of

intestinal symptoms and radiological evidence of
mucosal disease. Cumulative recurrence rates
were calculated to correct for the varying lengths
of follow up.13 Patients were considered as
remaining at risk for recurrence from the time of
initial operation until the last follow up contact or
until the onset of symptoms ultimately proved to
be due to recurrence of disease.

Patients were categorised according to sex,
anatomic location of disease, indication for
operation, use of preoperative bowel rest, pre-
operative duration of symptomatic disease,
presence or absence of enteric fistulae, and
presence or absence of granulomata in the
resected bowel. Postoperative recurrence free
survival curves for various subgroups were com-
pared using Wilcoxon and log rank statistics. All
calculations were performed with computer pro-
gram SAS using the Lifetest procedure.'3 Age
and duration of symptoms were included as
covariables in all comparisons.
The effect of surgery on growth was studied by

comparing pre- and postoperative height centiles
and height velocities in patients who were pre-
pubertal (Tanner stage 1) or in early puberty
(Tanner stage 2 or 3) at the time of intestinal
resection. The charts of Tanner and White-
house`' were used to determine height centiles.
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Standard deviation scores for observed height
velocities were calculated according to the
following equation:

Standard deviation score=XX
Sx

where X is the observed height velocity, X the
mean height velocity for the given age and sex,
and SX the standard deviation of that mean.
The X and S for a given age and sex were
obtained from the Fels longitudinal study data.'5

Results
Between 1970 and 1987, 89 patients with
Crohn's disease, out of a total of 275 followed at
the inflammatory bowel diseases clinic, under-
went their first intestinal resection at this
hospital. Primary reanastamosis was carried out
in all but five children (two with colonic and three
with extensive ileocolonic Crohn's disease), who
had an ileostomy created at the time of resection.
There was one late postoperative death because
of a series of septic complications. Six patients
were lost to follow up within the first postopera-
tive year. The remaining 82 surgically treated
patients were followed for a mean (SD) of 5-3
(3.3) years. Mean age at the time ofoperation was
14-8 years (range 5-9-19.0 years). The median
postoperative recurrence free interval for the
entire group was 5 1 years. Wilcoxon and log
rank statistics had similar probability levels
within each analysis, suggesting that the differ-
ences observed are general and not confined to an
early postoperative period. Therefore, log rank
x2 tests are presented in this report.

ANALYSIS OF FACTORS POTENTIALLY INFLUENCING

RECURRENCE

Sex
The recurrence-free survival curves were similar
for the 48 boys and 34 girls (log rank x2=0.3,
p=0.6). The median postoperative recurrence
free interval was 5 1 years for boys and 5 0 years
for girls.

Anatomical site ofdisease
The largest group of patients undergoing intes-
tinal resection consisted of 46 with disease con-

fined to the terminal ileum, with or without
caecal involvement. Ten patients had more

proximal and often more extensive small bowel
disease, but a normal colon. Both the distal ileum
and the colon were abnormal in 24 patients. Of
these 24, colonic inflammation was limited to the
right colon in eight, but was diffuse and extensive
in 16. Only two children had disease confined to
the colon, precluding any useful analysis of this
subgroup.
As shown in Figure 1, recurrence rates for

patients with extensive ileocolonic disease were
strikingly different from those of the three other
anatomical subgroups (X'=22*6, p<00001).
The median disease free interval was only one
year for patients with extensive ileocolonic
disease compared with five years for those with
terminal ileal disease with or without caecal
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Figure 1: Cumulative postoperative recurrence free survival
according to anatomical site ofdisease. A=small bowel;
B=terminal ileum±caecum; C=tenninal ileum+ascending
colon; D=extensive ileocolonic. In this and the two
subsequentfigures, the numbers below the abscissa indicate,
for eachyear offollow up study, the numbers ofrecurrences
within the precedingyear over the number ofpatients still
followed and at risk during thatyear. Twoyear andfiveyear
disease free survival rates with 95% confidence intervals are:
groupA 0 70 (0.42-098) and 0 58 (0.27-090); group B
0- 78 (0.66-0.90) and 0-60 (0O43-0.77); group C 0 73
(0.42-1O05) and 0S57 (0.20-0.94); and groupD 0.30
(0.07-0.52) and 0 11 (0.08-029).

inflammation, six years for the small bowel
group, and eight years for patients with disease in
the terminal ileum and ascending colon.

Indication for operation
Indications for intestinal resection are sum-
marised in Table I. Forty six patients were
treated surgically for one or more intestinal
complications including bowel obstruction,
intra-abdominal abscess, enterovesicular or
enterocutaneous fistula, perforation, and major
haemorrhage. The variation in frequency of
intestinal complications necessitating operation
according to anatomical site of Crohn's disease is
shown in Table I. In 31 patients resection was

TABLE I Indication for operation according to anatomical
site ofdisease

Indication for operation

Specific Failure of
Anatomical site No of intestinal medical
ofdisease patients complication therapy

Small bowel 10 6 4
Terminal 43 35 8
ileum±caecum

Terminal ileum+right 8 2 6
colon

Extensive ileocolonic 16 3 13
Total 77* 46 31

*Total surgical group excluding three patients operated on for
diagnosis before any medical treatment and two patients with
isolated colonic disease.

492

 on M
ay 21, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.32.5.491 on 1 M

ay 1991. D
ow

nloaded from
 

http://gut.bmj.com/


Factors influencing postoperative recurrence ofCrohn's disease in childhood

Figure 2: Cumulative
postoperative recurrence free
survival according to
indication for operation.
Group 1: operation for
specific intestinal
complication (obstructive or
perforating). Group 2:
operation forfailure of
medical therapy without
specific intestinal
complication. Two year and
five year disease free
survival rates with 95%
confidence limits are: group 1
0-80 (0.68-092) and
0.60 (0.43-0 77); group 2
0.49 (0.31-065) and 0.35
(0.17-0.53)-
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performed because of failure of medical treat-
ment, without a specific intestinal complication.
Growth failure was never the sole indication for
resection, but when present it frequently in-
fluenced the clinical decision that a patient had
'failed' medical treatment. Three patients came
to operation for diagnosis before any medical
treatment. In these children there was concern
about a radiological appearance consistent with
malignancy in two and suspected acute appen-
dicitis in one.
As shown in Figure 2, patients undergoing

resection for a specific intestinal complication
enjoyed a longer postoperative recurrence free
interval (median of 6 years) than the children
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Figure 3: Cumulative postoperative recurrence free survival
according to duration ofpreoperative symptomatic disease.
Group 1: preoperative disease of less than one year's
duration. Group 2: one to fouryears ofpreoperative disease
and Group 3: preoperative disease ofgreater than fouryears'
duration. Two year andfiveyear disease free survival rates
with 95% confidence limits are: group 1 0-82 (0.64-1 00)
and 0(82 (0.64-1.00); group 2 0-62 (0.46-0 78) and 0.41
(0.23-0.60); and group 3 0-60 (0.40-0 80) and 0-32 (0.09-
0.56).

who had simply failed medical treatment
(median recurrence free survival of 1-7 years)
(log rank X'=8 8, p<0003). Within each ana-
tomic subgroup a similar trend was observed.

Pathologic features
Twenty six patients (32%) had evidence of an
internal fistula in the resected bowel. The rate of
recurrence among these children did not differ
significantly from the remaining 56 patients who
did not have fistulous disease (log rank x2= 1.7,
p=02). Similarly granulomata were found in
67% of surgical specimens, but their presence or
absence did not correlate with postoperative
outcome (p=0.4).

Preoperative bowel rest
Total parenteral nutrition or nasogastric tube
feeding of an elemental diet was used for longer
than one week to provide preoperative bowel rest
in 38 patients (45%). The rate of recurrence in
this group was no different from that observed
among patients who did not receive this treat-
ment. The median recurrence free survival time
was five years in both groups (log rank
X2=0 0002, p=0 99).

Duration ofpreoperative disease
Duration of symptomatic disease before intesti-
nal resection was analysed as a covariable in each
of the previous comparisons. Shorter periods of
preoperative illness were associated with later
recrudescence of active disease among patients
stratified according to anatomical site of
disease (p-005) and indication for resection
(p<0.02). Figure 3 shows that this finding was
due to a significantly longer disease free interval
among the patients whose symptoms had begun
less than one year before surgery. Their median
recurrence free survival time was greater than
eight years (only 30% recurrence by eight years).
Patients with preoperative disease duration of
one to four years and greater than four years
experienced 50% recurrence by four and three
years respectively (log rank x2=7 0, p=0 03).

Age
Age was also analysed as a covariable in all other
comparisons and did not influence recurrence
free survival.

EFFECT OF SURGERY ON GROWTH
Preoperative and postoperative growth data are
presented according to Tanner stage, in view of
the normal variation in growth velocities expec-
ted during puberty. Thirty patients were either
prepubertal (Tanner stage 1) or in early puberty
(Tanner stage 2) at the time of intestinal resec-
tion. Height velocity in the one year pre-
operatively was available for 22 ofthese children,
and postoperative height velocity was recorded
for- 28. These data are shown in Figure 4 and
Table II. Data for the eight patients in Tanner
stage 3 at the time of surgery are similar (Table
II).

n .v-

493

 on M
ay 21, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.32.5.491 on 1 M

ay 1991. D
ow

nloaded from
 

http://gut.bmj.com/


Griffiths, Wesson, Shandling, Corey, Sherman

U)a)

E

1-

0

cm._
a)

I

16

14-

12-

10

8-

6-

4-

2-

0-

Preoperative Postoperative
Figure 4: Comparison ofpre- and postoperative height
velocity in patients Tanner stage I or 2 at the time of
intestinal resection.

The 38 patients in Tanner stage 1, 2 or 3
increased from a mean (SD) height centile of 11 1
(12-6) at the time of resection to an ultimate
(n=26) or current (n= 12) height centile of 29.5
(27 5) (p<0-001).

Discussion
The natural tendency of Crohn's disease to recur
after resection is well documented.' The impor-
tance of considering cumulative rather than
crude recurrence rates3 and of carefully defining
'recurrence" has been emphasised frequently.
Macroscopic disease in the neoterminal ileum
was identified endoscopically in 72% of patients
who underwent routine colonoscopy one year
after intestinal resection in a recent prospective
study.'6 Most studies of postoperative outcome
have defined recurrence as either need for re-
operation or, as in our study, symptomatically
and radiologically. The latter definition will
obviously be associated with higher rates of
recurrence.' Our choice of symptomatic recur-
rence with radiological corroboration was based
on the importance to young patients of an
interval of freedom from illness, particularly
before completion of growth. Furthermore, in-
dications for reoperation may have been altered
considerably by the increasing use of nutritional
treatments as alternative medical treatment.
The overall recurrence rate of 50% by five

years in our series of 82 children and adolescents
is relatively high compared with previously docu-

TABLE II Comparison ofpreoperative and postoperative growth data

Height velocity Mean SDS
(cn/year) height velocity Height centile

Score 1 year preop 1 year postop 1 year preop 1 year postop At operation Atfollow upf
Tanner 1, 2.5 (2.4)* 8-2 (2.7)t -1-62 (1-40)* +1-52 (1.71)t 10-4 (10-5) 29-1(26-3)

2 patients
(n= 30)

Tanner3 22(24) 76(53) -0-12 (080) +439(532) 13-8(19-5) 31-1(33-4)
patients
(n=8)

SDS denotes standard deviation score. All results expressed as mean (SD).
*Based on 22 patients; tbased on 28 patients; tall Tanner 3 patients were followed to their adult
height: 12 Tanner 1 and 2 patients were still growing at the time of follow up.

mented rates in adult populations as recently
summarised by Shivananda et al.'2 In most of
these studies, however, rates of reoperation
rather than of symptomatic and radiological
recurrence were recorded. Greenstein et al3
analysed recurrence rates using criteria similar to
ours and found a 60% cumulative recurrence rate
at five years. The young mean age of patients (24
years) was one of the factors postulated to
account for this comparatively high recurrence
rate. Others have also suggested that a young age
at the time of resection is associated with earlier
recurrence.2

In our study, the anatomical site of Crohn's
disease was the most important factor influencing
the rate of its recrudescence. Patients with
extensive ileocolonic disease had a prepon-
derance of early recurrences after intestinal
resection. A previous study of patients under-
going resection in childhood also noted a higher
cumulative rate of recurrence among children
with ileocolonic disease.'7 Lock et al' also found
reoperation rates to be much higher in adult
patients with ileocolic disease than in those with
disease confined to either the small bowel or the
large bowel alone. The extent of colonic inflam-
mation did not influence the relatively high rate
of recurrence in their patients with ileocolonic
disease7 but our data suggest that it does.
In contrast to the Cleveland group's original
report,7 both their subsequent study of a larger,
more recent cohort of patients'` and the study of
Sachar et al failed to find a statistically significant
difference in recurrence rates among subgroups
stratified according to anatomical distribution of
disease.
Our patients were assigned an anatomical

classification on the basis of the preoperative
radiological assessment and the operative find-
ings, which occasionally identified previously
unrecognised sites of involvement. We recognise
that superficial mucosal inflammation might well
be overlooked. The concept of Crohn's disease as
a panenteric inflammatory condition has
emerged with and been supported by endoscopy
and examination of endoscopic biopsy speci-
mens. This does not negate the usefulness of
classification according to anatomical extent of
gross disease in predicting clinical patterns and
guiding management. 1"

Sachar et aP stressed the importance
of considering the inter-relation of different
variables before attributing a difference in recur-
rence rates to one factor. Our patients with
extensive ileocolonic disease had a somewhat
longer preoperative mean duration ofsymptoma-
tic disease (3.7 years) than patients with pre-
dominantly small bowel disease (2-4 years). This
primarily reflects a reluctance to subject young
patients to extensive resections. Patients with
extensive ileocolonic disease did not otherwise
differ from the remainder except with respect to
indication for operation (Table I).
Our analysis of the influence of indication for

operation on the rate of disease recrudescence
suggests that the presence ofan intestinal compli-
cation as the primary indication for resection is
predictive of a better postoperative outcome than
when surgery is performed for disease deemed
generally refractory to medical treatment (Fig 2).
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Although this finding was strongly related to the
preponderance of patients with ileocolonic
disease among those undergoing resection with-
out specific intestinal complication (Table I), the
same trend was observed for patients in each
anatomical subgroup. In patients with terminal
ileal disease with or without caecal involvement,
intestinal complications were equally distributed
between obstructive and perforating - that is
fistulas, abscess, free perforation. Our data are
reassuring, therefore, that even perforating com-
plications do not justify pessimism about an
increased risk of early postoperative recurrence.
The explanation for a shorter postoperative
disease free interval among patients without an
intestinal complication is unclear. One might
speculate that any complication, be it obstructive
or fistulous, serves to localise disease.

Greenstein et al'9 reported a more rapid rate of
reoperation among patients undergoing their
first resection for a perforating as opposed to a
non-perforating indication such as intestinal
obstruction, haemorrhage, and medical intract-
ability. In contrast to our study, perforating
indications for operation were more common in
their ileocolitis group than in the regional enter-
itis or Crohn's colitis group. Furthermore, the
effect ofthe anatomical site ofdisease on reopera-
tion rates was not considered. Whelan et al'°
found the presence of an internal fistula to be
associated with a higher likelihood of recurrence
in their total surgical group, but the correlation
did not reach statistical significance within
anatomical subgroups. Again, in their series
internal fistulas were more frequently present in
ileocolitis than in small bowel or colonic Crohn's
disease.
The influence of preoperative duration of

symptomatic disease on the length of the post-
operative disease free interval (Fig 3) seems to be
in direct contrast to a similarly designed study in
adults. Sachar et aP reported that preoperative
disease of shorter duration is associated with
earlier recurrence, suggesting the existence of
inherently more aggressive and more indolent
forms of Crohn's disease. Others have found no
significant correlation between preoperative
disease duration and time to recurrence.512 Our
observation of a longer postoperative asymp-
tomatic interval among patients with a shorter
duration of illness preoperatively may be unique
to paediatrics.
The effect of surgical intervention on growth

was very favourable (Fig 4; Table II). Similar
improvements in growth after surgery for child-
hood Crohn's disease were reported pre-
viously'7202' and included an earlier cohort of
patients at our own hospital.22 It is evident,
however, that an early recurrence of disease
could inhibit this positive short term effect on
growth velocity.23 Nevertheless, the ultimate
height centile of our patients increased over the
height centile at the time of resection (Table II).
We do not have sufficient data about heights
before illness to determine whether true 'catch
up' growth24 occurred. The beneficial effect on
growth, while certainly attractive, should not be
the sole factor considered in a decision to operate
on growth impaired children with Crohn's
disease. Nutritional intervention, if sustained,

yields a comparable improvement in growth
velocity.25
Our data on postoperative outcome and factors

influencing Crohn's disease recrudescence sup-
port an early operative approach in patients with
disease localised to the small bowel, even with
right colon involvement, but not if more diffuse
colonic disease coexists. The excess of early
recurrences among patients with extensive
ileocolitis suggests that alternative medical and
nutritional strategies should be attempted and
maintained in this group.
The results of this study were presented in part at the International
Falk Symposium on Pediatric and Surgical Gastroenterology:
Inflammatory Bowel Disease and Celiac Disease held in Basel.
Switzerland, November, 1989.
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