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Abstract

Small bowel obstruction is a known compli-
cation of Crohn’s disease. Determining need
for operation is a demanding task. The aim of
this study was to fine tune the decision-mak-
ing process by evaluating standard clinical and
laboratory parameters in small bowel obstruc-
tion of any cause and compare etiologies.
Consecutive patients with Crohn’s disease and
small bowel obstruction were selected retro-
spectively and compared to a randomly select-
ed group of non Crohn’s patients with obstruc-
tion over a 9 year period. Twenty-two clinical,
laboratory and radiological variables were
assessed for the following outcomes: i) diagno-
sis of Crohn’s; ii) operative or non operative
treatment in Crohn’s; iii) operative or non
operative treatment without Crohn’s; iv) exac-
erbation or adhesions causing obstruction
among Crohn’s patients. Multivariable models
were developed for each outcome using logis-
tic regression. Age less than 50, history of
smoking, Jewish ethnicity, white count
>11x10°, neutrophils >7.5x10° and platelet
volume <9.9 fL, supported the diagnosis of
Crohn’s disease. Operation in Crohn’s disease
within the same admission was associated
with a history of smoking, temperature >38°,
high pulse >100, leukocytosis (>11x10%) and
obstruction on abdominal scan, while opera-
tion in patients without Crohn’s in the sentinel
admission, was associated with temperature
>38°, tachycardia, leukocytosis (>11x109) and
previous operation. Confirmation of these pre-
dictive patterns in a validation group could
help in clinical decisions regarding therapeu-
tic options in an emergency setting.

Introduction

Small bowel obstruction (SBO) is one of
the leading causes of emergency surgical
admissions to hospital. The predominant
cause of SBO has changed from hernias to
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adhesions in the last 2-3 decades.! This latter
etiology accounts for about 74% of cases and
has a tendency to recur more often after hos-
pitalization.2

In cases of SBO of any cause, the course of
action to take, operative or non operative,
requires substantial experience. Attempts to
accurately predict the best course have been
the subject of frequent reports and reviews.36
Strangulation of small bowel is a dreaded out-
come of missed surgical opportunity. General
laboratory features have not been previously
helpful,’# but modern methods of coaxial
tomography have provided greater sensitivity
and specificity in this decision making.5%10

Crohn’s disease (CD) is found to be the sec-
ond most common cause of SBO, albeit at a
markedly lower frequency (7%), and it is also
associated with recurrent bouts of SBO.!
However, the cause may be acute or chronic,
stricturing due to ongoing activity, or may be
due to adhesions, especially in patients who
have undergone previous operation.

Unfortunately, traditional markers of dis-
ease severity (e.g. CD activity index or Harvey
Bradshaw index), nor do markers of inflamma-
tory activity, allow distinction to be made as to
the cause of obstruction.!l12 In active inflam-
mation medical therapy often relieves partial
or even complete SBO without operative inter-
vention.!3 However, in the course of this dis-
ease (until quite recently), most patients have
required at least one operation.!* In the late
twentieth century, operative rates for CD were
70% within 20 years of diagnosis.*

However, comparisons of operative rates,
more recently from Europe and North America,
suggest that overall these have been falling.!5
Small bowel obstruction represents the most
common indication for operation in patients
with small bowel or ileocolonic Crohn’s dis-
ease.l415 We evaluated patients’ charts who
presented to the emergency department with
features of suspected SBO. We compared pos-
sible prognostic factors for distinguishing SBO
with or without CD, associations with opera-
tive versus non operative requirements, and
preoperative indicators favoring CD or adhe-
sions in patients having previously undergone
operation for CD.

Materials and Methods

We conducted a retrospective chart review
of all patients presenting to the emergency
department of the Jewish General hospital
(JGH) with suspected SBO and diagnosed
Crohn’s disease between January 1, 2000 to
December 31, 2008 (this period encompassed
the initiation of the hospital data base in 2000
to the beginning of the study undertaking in
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early 2009). An additional group of patients
with suspected SBO without a diagnosis of CD
selected at the discretion of the medical
archives were also reviewed from the same
period for a sample comparison. A total of 260
charts were reviewed (Figure 1). This study
was approved both by the JGH ethics commit-
tee as well as the Medical Archives and no
patients were contacted.

Suspected SBO diagnosis was based on any
combination of appropriate history of abdomi-
nal pain of short or acute duration (days or
hours) associated with or without nausea
and/or vomiting. Radiological evaluation sug-
gesting SBO was carried out in all included
patients. Crohn’s disease was based on any
combination of history, appropriate radiology,
previous endoscopy with or without histol-
ogy.16 Twenty-two clinical, radiological and lab-
oratory variables were extracted from the
charts. Except for data pertaining to previous
medical history, radiological and laboratory
variables were selected from the time of hospi-
talization for the suspected SBO. Both radio-
logical and laboratory (blood test) variables
were deemed to be relevant for the peri-emer-
gency visit. Clinical variables examined were
age, sex, ethnicity, smoking history (smoking
vs. never), ethanol intake, and previous
abdominal pelvic operation. In the case of CD
duration (greater or less than 10 years) and
whether medical therapy was currently or pre-
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viously administered was also recorded.
Physical findings of fever (temperature
=238°C), pulse (rate =100 beats/minute),
abdominal tenderness and whether a mass
could be palpated were recorded. Radiological
tests included abdominal X rays and co-axial
tomography (CT) of abdomen and pelvis were
recorded. Results of either test were recorded
as positive or negative for SBO without assess-
ing details of results. All CTs during the period
used multislice techniques. Laboratory vari-
ables included: hemoglobin (Hbg, g/L, normal
120-175 for men and women), mean corpuscu-
lar volume (MCV, fL, normal 80-96), platelet
count (Plat, x10°, normal 150-400), mean
platelet volume (MPV, fL, 9.9-11.8), total white
blood cell count (WBC, x107, normal 4-11),
neutrophil count (PMNL, x10°, 1.8-7.5), lym-
phocyte count (Lymph, x109, normal 1.2-3.5)
and albumin (g/L, normal 35-51).

Statistical analysis

A data base was established and analysis
was conducted using Intercooled Stata 8.2 sta-
tistical software (StataCorp, College Station,
TX, USA). Standard laboratory cutoff values
were used to generate dichotomous predictors
for laboratory measurements representing
above or below normal limits. Two-way associ-
ations between categorical variables were
examined using a chi-square test or a Fisher's
exact test (if any table cell count was less than
5). Four primary outcomes were evaluated: i)
CD vs no CD; ii) operative vs non-operative
treatment among CD patients; 3) operative vs
non-operative treatment among patients with-
out CD; and iv) cause in CD: exacerbation vs
adhesions. Separate logistic regression models
were used to characterize the binary out-
comes. Specifically, computer generated mod-
els were applied that predicted outcome within
the current CD and non-CD populations using
clinical, radiological and laboratory variables.
Logistic regression was used to estimate odds
ratios, and models were reported for the log
odds, which is a linear function of predictors
and has the following form: constant + coeffi-
cient_l*(value of predictor_1) + coeffi-
cient_2*(value of predictor_2) + etc. To inter-
pret this logistic regression model, a summed
value would be calculated for each patient,
according to his/her specific patient character-
istics. When a patient’s summed value is
greater than 0 this indicates that the patient is
more likely to have the specified outcome.

Multivariable models were considered so
that several predictors could be evaluated at
one time.In multivariable models for outcomes
2 and 3, some predictors unique to either treat-
ment were identified which means that either
all patients in one category of the unique pre-
dictor had operation or all patients in one pre-
dictor category had non-operative treatment.
These predictors could not be included in final
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multivariable models because the estimate for
the odds ratio would be plus or minus infinity
and so were described separately.

Results

A total of 260 patient charts were reviewed.
Excluded and included patients are outlined in
Figure 1. Table 1 lists demographics of the
groups; SBO with CD and SBO without CD. In
addition to other diagnostic parameters, 83.7%

\gpress

of SBO with CD, patients had a colonoscopy at
some time and had histological support for
their inflammatory bowel disease (IBD).
Within the group, SBO with CD, 81 patients
underwent surgery, 10 of these for contained
perforations, and 66 were treated medically.
Within the SBO without CD group, 31 and 27
patients underwent surgery or conservative
therapy respectively. None of these patients
had acute perforations. The 4 primary out-
comes as outlined above are reported in Tables
2, 3, 4 and are described below. For the first
objective, to determine clinical and laboratory

Table 1. Demographic features of patients presenting with a small bowel obstruction with

or without Crohn’s disease.

Age, years 50 (18-70) 57 (53-88)
Age <50 years* 106 (72%) 13 (22%)
Gender

Male 76 (52%) 29 (50%)

Female 71 (48%) 29 (50%)
Ethnicity*

Jewish 70 (48%) 16 (28%)

French Canadian 23 (16%) 0 (0%)

Other 47 (32%) 37 (64%)

Missing 7 (5%) 5 (9%)
History of smoking* 99 (68%) 8 (14%)
No regular ethanol intake* 146 (99%) 49 (84%)
Duration CD > 10 years 78 (53%) N/A
Prior CD med therapy 76 (52%) NA
Previous operation* 58 (39%) 41 (11%)
Fever (temperature = 38°C) 64 (44%) 24 (41%)
Obstruction on abdominal X-rays 116 (79%) 54 (93%)**
Obstruction on abdominal/pelvic CT scan 100 (68%)** 56 (97%)
Localized perforations 10 (7%) 0 (0%)

SBO, small bowel obstruction; CD, Crohn’s disease; CT, computed tomography. *Statistically different P<(0.001; **there were statistically sig-
nificant differences between patients treated operatively and non-operatively. In the non CD group, 100% of patients treated operatively had
obstruction on an abdominal X-ray compared with 85% treated non-operatively (P=0.041). In the CD group, 90% of those treated operatively
had obstruction on a CT scan compared with 41% treated non-operatively (P <0.001).

Table 2. Variables used to derive a multivariable computer generated model of small
bowel obstruction (SBO) and presence of Crohn’s disease (CD) compared with SBO and

no CD.

Age less than 50 106 (72%) 13 (22%) <0.001
History of smoking 99 (68%) 8 (14%) <0.001
Jewish ethnicity 70 (50%) 16 (30%) 0.013
WBC > 11x10E9 46 (32%) 34 (59%) <0.001
PMNL > 7.5x10° 63 (43%) 5 (9%) <0.001
Lymph no. < 1.2x10° 71 (48%) 14 (24%) 0.002
Platelets > 400x10° 32 (22%) 4 (T%) 0.013
MPV <9.9 fL 128 (87%) 27 (47%) <0.001

SBO, small bowel obstruction; CD, Crohn’s disease; WBC,white blood count; PMNL, polymorphonuclear lymphocytes; MPV, mean platelet vol-

ume; fL, fluid liters.
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variables characteristic of CD, we censored
information about previous history of CD and
radiological imaging. Table 2 lists those char-
acteristics which were more commonly found
in CD compared to non-CD patients with SBO,
when considering diagnostic variables sepa-
rately. In multivariable analysis described in
Table 4, six of the variables listed were
retained (all with P values <0.003). The log
odds of having CD is described by the following
formula (of linear function of predictors): [2.1
(if age<50) + 2.0 (if Jewish ethnicity) + 2.6 (if
history of smoking) - 3.6 (if WBC >11) + 3.8 (if
PMNL count >7.5) + 1.9 (if MPV <9.9) — 2.5
(constant)] (refer to Table 4 for confidence
intervals). If a patient’s summed value is
greater than 0, this indicates that the patient
is more likely to have the specified outcome
(in this case, CD). In our sample of patients
the model correctly classified 92% overall. This
value represents the percent that are correctly
classified as SBO with CD plus the percent that
are correctly classified as SBO without CD.
The next objective was to determine vari-
ables that might help solidify clinical judgment
of whether to operate or not. The results are
reported for patients with SBO and CD and
then SBO without CD (outcomes 2 and 3).
Variables individually associated with either
clinical judgment in SBO with CD and also in
SBO without CD are listed in Table 3. In SBO
with CD (outcome 2), all 54 patients with
tachycardia (>100) (37% of total) required
operation and none received non-operative
treatment. Because such a predictor cannot be
included in a regression model (estimate of
odds would be infinity), a multivariable analy-
sis was conducted including all patients and
ignoring pulse rate. The model for the log odds
of requiring an operation among patients with

CD and SBO follows the formula in Table 4:
[3.2 (if history of smoking) + 3.1 (if positive
obstruction on CT scan, that is an identified
focal point of obstruction) + 3.6 (if fever >38°
C) — 5.5 (constant)]. If the summed value is
>0 for a particular patient, then operative
intervention is more likely and 91% of the sam-
ple group were correctly classified in either
therapeutic option with this model. This value
again represents the sum % of patients classi-
fied as operative or non-operative.The predic-
tion does not change when tachycardia, is
taken into consideration. For SBO without CD
(objective 3), all patients with tachycardia

(>100) and fever (>38°C) received operation,
while patients without any previous operation
and without obstruction on abdominal plain
films received non-operative management.
Ninety-three percent (54/58) of patients could
be classified as either having operative or non-
operative treatment based on these 4 vari-
ables, with 27 patients correctly classified as
having operative and 27 patients correctly clas-
sified as having non-operative treatment.
[PMNL was also technically a strong predictor,
with all 5 patients with high PMNL having non-
operative treatment. Since this was a counter-
intuitive finding, PMNL was not included in

260 Total

55 excluded

30 inadequate records
25 wrong diagnosis

147 CD 58 non CD
| |
1 | | |
81 surgery 66 conservative 31 surgery 27 conservative

Figure 1. Outline of charts reviewed between January 1, 2000 and December 31, 2008.

Included and excluded patients are shown.

Table 3. Variables used to derive multivariable models of small bowel obstruction operation in patients with and without Crohn’s disease.

Previous medical treatment of CD 57 (70%) 19 (29%) <0.001 N/A N/A N/A
Duration CD > 10 years 49 (63%) 29 (46%) 0.046 N/A N/A N/A
History of smoking 78 (96%) 21 (32%) <0.001 3 (10%) 5 (19%) 0.453
No previous operation 49 (60%) 40 (61%) 0.989 0 (0%) 17 (63%) <0.001*
No obstruction on abdominal X-ray 20 (25%) 11 (17%) 0.236 0 (0%) 4 (15%) 0.041*
Obstruction on CT abdomen / pelvis 73 (90%) 27 (41%) <0.001 31 (100%) 25 (93%) 0.212
Temperature =38°C 59 (73%) 5 (8%) <0.001 24 (T1%) 0 (0%) <0.001*
Pulse rate = 100 beats/min 54 (67%) 0 (0%) <0.001* 12 (39%) 0 (0%) <0.001*
WBC >11x10° 37 (46%) 9 (14%) <0.001 29 (94%) 5 (19%) <0.001
PMNL >7.5x10° 43 (53%) 20 (30%) 0.005 0 (0%) 5 (19%) 0.016*
MCV <80fL 22 (27%) 10 (15%) 0.079 13 (42%) 3 (11%) 0.017

*Strongly divisive predictors of either operative or non-operative treatment; explanation in results. SBO, small bowel obstruction; CD, Crohn’s disease; WBC, white blood count; PMNL, polymorphonuclear lympho-

cytes; MPV, mean platelet volume; L, fluid liters.
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the overall model]. A multivariable model was
run on the remaining significant variables and
only leukocytosis remained significant. The
log odds estimate for requiring an operation in
this model was: [4.16 (if WBC >11) -2.4 (con-
stant) ] (Table 4). Again, a value greater than 0
means that operation is more likely and 88% of
patients were correctly classified as to correct
treatment. When classification took into con-
sideration high WBC along with the unique
sided predictors (high pulse, fever, lack of pre-
vious operation and lack of obstruction on
abdominal x-ray), 98% of the group of patients
with SBO and without CD were correctly clas-
sified as operative or non-operative. For the
final objective we were interested to evaluate
whether there were any preoperative variables
in patients with SBO and CD which could pre-
dict intraoperative findings in such patients
(outcome 4: CD exacerbation vs. adhesions).
Only 2 variables proved to have predictive
value. Jewish ethnicity in patients with CD
favored finding CD at laparotomy (71% CD
exacerbation among Jewish vs. 48% among
others, P=0.035) and a previous history of
operation favored finding adhesions in these
patients (97% adhesions among the previous
operative group vs. 4% among others,
P<0.001). Neither abdominal X ray nor abdom-
inal/pelvic CT predicted intraoperative find-
ings although it is emphasized that radiologi-
cal tests were used only dichotomously without
attention to details.

Discussion

This study set out to evaluate specific
adjunctive markers that would help to identify
those patients with SBO who would require an
operation within the same hospitalization in
an emergency room setting. Also whether the
causative factor was external adhesions or
exacerbations (leading to acute inflammatory
and edematous occlusion or chronic strictur-
ing) in patients with CD. We were interested
in evaluating whether clinical judgment result-
ing in the decision to operate or not could be
translated quantitatively based on simple
measurements in the emergency setting. Most
studies evaluating markers in Crohn’s disease
evaluate a wide array demographic, genetic,
clinical or laboratory variables, either to pre-
dict natural history, requirement for surgery, 722
or need for surgery following the first resec-
tion.23-26 After a search on Pubmed and Google
Scholar we did not find any paper dealing with
an array of variables which could be used to aid
in decision making about course of therapy to
follow in the emergency setting of SBO in
Crohn’s disease. We did find a number of arti-
cles which deal with the value of ultrasound,*
CT scans,®” magnetic resonance imaging
(MRI),28 or positron emission tomography
scan,? in precisely diagnosing obstruction and
cause in Crohn’s disease. In particular these
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radiological modalities do aid in distinguish-
ing the presence of inflammation and may help
in deciding medical versus surgical interven-
tion in the immediate clinical circumstances.
In case of intestinal obstruction without
Crohn’s disease similarly a number of vari-
ables may help decision to operate, 5712 but
these were not very helpful. The role of CT has
also been defined and could aid in decision to
operate or not.!30 Multiple predictors for need
to operate in non CD related SBO was pub-
lished by Ziellinski et al3! In this analysis,
intraperitoneal fluid, mesenteric edema, lack
of a small bowel feces sign and vomiting had a
96% sensitivity and 90% positive predictive
value for need for surgery. However, in the
case of CD, acute ischemia with free perfora-
tion is uncommon. In fact, only 10 patients in
our sample (10%) had a localized perforation.
The markers of Ziellinski et al. would less like-
ly apply to patients with CD. In the current
study we initially evaluated clinical laboratory
patterns which may be characteristic of CD.
There were two considerations for this analy-
sis. First, patients without prior history of
Crohn’s disease may present for the first time
to the emergency (eg. patients presenting
with abdominal pain and/or suspected cases of
acute appendix). A characteristic pattern may
be present and raise suspicion of CD.
Secondly, individual features are known to be
associated with more severe disease. For
example, the Montreal Classification lists ileal

Table 4. Results from logistic regression analysis for 3 models. Equations for estimates of the log odds are reported, which has the follow-
ing structure: constant + coefficient_1*(value of predictor_1) + coefficient_2*(value of predictor_2) + etc. ‘---‘ represents a variable that
was not significant in a particular model. In each category of outcome: i) diagnosis of presence of Crohn’s disease (CD), ii) operative or
nonoperative therapy in small bowel obstruction (SBO) with CD or iii) same paradigm of therapy in SBO without CD, an outcome result
of the respective formula of more than 0, supports the listed first options (ie. diagnosis of CD in 1, operations in 2 and 3). Using each of
the respective models, a correct outcome was obtained in 92% (1 CD or not CD), 91% (operate or not in SBO with CD) and 98% (oper-
ate or not in SBO without CD) in the generating population of patients.

Constant -2.54 (-3.95,-1.12) -5.51 (-7.55, -3.46) -2.40 (-3.85,-0.95)
Age less than 50 2.14 (1.03, 3.25)
History of smoking 2.55 (1.29, 3.80) 3.24 (1.74,4.73)
Jewish ethnicity 2.02 (0.70, 3.34)
Obstruction on CT abdomen/pelvis Not included 3.14 (1.52,4.77) Strong predictor
Temperature =38°C Not included 3.64 (1.93, 5.35) Strong predictor
WBC > 11x10° -3.56 (-5.24, -1.89) 4.16 (242, 5.89)
PMNL > 7.5x10° 3.84 (1.94,5.74) Strong predictor
MPV < 9.9fL, 1.87 (0.66, 3.08)

Pulse rate = 100 beats/min

Not included

Strong predictor

Strong predictor

No previous operation

Not included

Strong predictor

P-values for all included variables in the models were < 0.003. For details about uniquely distributed predictors, see text and Table 3. SBO, small bowel obstruction; CD, Crohn’s disease; WBC, white blood count;
PMNL, polymorphonuclear lymphocytes; MPV, mean platelet volume; fL,fluid liters.
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or ileocolonic site in younger patients as vari-
ables for more aggressive disease.? Similarly,
smoking is thought to impact both on patho-
genesis and on increased risk of relapse.33-35
Laboratory features of elevated platelets and a
low MPV have also been described in active
IBD.36 Importantly we did not evaluate C-reac-
tive protein or sedimentation rate because
these variables are infrequently measured in
the emergency setting. Similarly, we did not
evaluate effects of individual medications on
therapeutic options, because subgroups of
these would constitute insufficient population
sizes for statistical purposes. While, history of
any medical therapy was of statistical signifi-
cance in univariate analysis the multivariable
analysis excluded this as being independently
important. Nevertheless, in this founder popu-
lation of cases the generated model based on
the variables studied correctly identified over
90% (formula summed outcome either 0 or 1).
However, we felt that the predictabilty of the
models would be best tested in a validating
population. One of the more difficult surgical
skills to acquire is the ability to judge if and
when to operate on patients with SBO. It is
generally recognized that clinically sick
patients are more likely in need of an opera-
tion. In the case of CD causing obstruction this
pattern may be obscured by the periodic behav-
ior of CD as an inflammatory disease.
Nevertheless we note that the presence of
fever and a rapid pulse strongly supports the
need for operation both in patients with or
without a history of CD. In the case of CD a
history of current smoking interestingly pre-
dicts the need for operation in this emergency
setting. We are not aware of any other study
linking a smoking history to the need for oper-
ation in such a precise manner, although a
recent report does find an increased need for
an operation in well defined smokers.?” In gen-
eral smoking has a potential effect on immuni-
ty and on small bowel vasculature possibly
increasing fibrostenosis.3® Several reports
have extolled the predictive value of abdominal
CT scan toward an operation.3*40 In our study,
for cases of SBO without CD, most patients
had reports of positive CT scans and as such
were not helpful to predict the requirement for
operation. By comparison, in patients with CD,
the positive CT scan was quite a strong predic-
tor as a need for operation. It is emphasized
that other radiological modalities (such as bar-
ium small bowel follow through, MRI or CT
enterography) were not evaluated because
these tests were not employed in an emer-
gency setting in our institution. However as
outlined above these can be quite helpful.
Because in our sample population several
identified common clinical variables were
strongly biased with the need for operation,
these were omitted from further multivariate
models. As such in the case of SBO without
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CD, the single variable of leukocytosis proved
to be a fairly strong predictor of operative
need. Although, this may be too vague by itself
as only a minority had this as a positive vari-
able, additional biased identifiers as descri-
bed, strengthen the predictors.

Weaknesses in our study included a relative-
ly small group of non CD, SBO patients, which
were chosen by the archives department.
Although these patients were not matched to
the CD group, biases may have been intro-
duced by this method. Secondly, as previously
stated, some of the more classical markers of
inflammation (useful in CD), for example C-
reactive protein and sedimentation rate, were
omitted due to the lack of sufficient available
numbers. Whether these could have added any
further information would have been of inter-
est, but will need possible future assessment.
Another feature of our study is the failure to
define the duration of smoking history which
may have an impact and also the lack of data
on specific drug use, especially immunomodu-
lators which may alter the course of CD.!*
However, we were interested in simplicity and
used variables in a dichotomous manner.
Finally, the most important deficiency is the
lack of a validating group, to determine
whether our results are applicable to more
general populations of SBO with CD. We felt
that the complexity of the current evaluation
would require a separate study applying cur-
rent multivariable formulae.

-

Conclusions

In conclusion, this study allows quantitative
values to be attached to clinical judgment in
the decision making process regarding opera-
tive intervention in patients with SBO with or
without CD. This pattern may be applicable to
naive patients where the diagnosis of CD has
not yet been established. We also note that
input variables for therapeutic decisions may
be different in SBO with CD or without CD.
Finally, we feel that markers evaluated in our
study do not adequately allow preoperative pre-
diction of the cause of SBO with CD, although
a previous operation makes adhesions a likely
candidate for cause. Future studies should fur-
ther evaluate other clinical and laboratory vari-
ables and the specific predictive role of radio-
logical parameters (CT, US, etc) in such cases.
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