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Abstract

Introduction Laparoscopy is accepted as a standard surgical approach for Crohn’s disease. However, the rate of conversion is
high, ranging from 15 to 70 % depending on the population. There are also concerns that conversion results in worsened
outcomes versus an initial open procedure.

Methods This study evaluated preoperative radiographic findings to determine who is at increased risk of conversion
and may therefore benefit from an initial open approach. A case-matched study included patients from 2004 to 2013
with preoperative CTE/MRE who underwent laparoscopic surgery converted to an open approach, and compared
them to laparoscopically completed controls with similar age, same surgeon, and number of previous abdominal
operations. Studies were reviewed by two blinded radiologists. Variables included abdominal AP diameter, amount of
subcutaneous fat, peritoneal versus pelvic location of disease (greater or lesser hemipelvis or abdomen), intestinal
location of disease (colon, TI, ileum, jejunum), and presence, length, and location of strictures, simple or complex
fistula, phlegmon, or abscess. Conditional logistic regression evaluated relationships between radiographic variables
and conversion. Twenty-seven patients meeting study criteria were compared with 81 controls.

Results A negative association between conversion and disease in the left lesser pelvis was found (p=0.019) and
neared significance for left abdomen (p=0.08). Positive correlations were found with pelvic fistulas (p=0.003),
complex fistulas (p=0.017), and pelvic abscesses (p=0.009) and neared significance for Society of Abdominal
Radiology classification (p=0.058).

Conclusion Preoperative imaging in patients with Crohn’s disease can help in selecting the most suitable cases to
approach laparoscopically and reduce conversion rates and should be evaluated in conjunction with other preoper-
ative factors.
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Introduction

Crohn’s disease is an inflammatory bowel disorder affecting
400,000-600,000 individuals in the USA.! In a chronic re-
lapsing and remitting disease, 70-90 % of individuals will
require surgery during their lifetime and 50 % of those will
continue on multiple surgical procedures.” Complications of
the disease include bleeding, obstruction, fistulization, infec-
tion, and intractability.” For most of these complications, sur-
gical intervention with bowel resection is necessary. Previous-
ly, an open approach via a midline laparotomy incision was
the most widely accepted method of performing the necessary
bowel resections. While the advent of laparoscopic techniques
eventually led to wide acceptance for oncologic resections, it
was slow to find a foothold for Crohn’s due to the increased
difficulty from the inflammatory nature of the disorder. None-
theless, over time, several studies conclusively demonstrated
the safety profile and decreased complications of laparoscopy
in IBD and it is now considered as the approach of choice in
patients requiring primary surgery.* ¢ However, the rate of
conversion to open surgery remains high, ranging from 5 %
to as high as 70 %, but more typically in the 20-25 %
range.*” The significant variation in these rates is due to
several factors. These include a lack of consistency in the
definition of conversion, with some authors defining it as an
incision greater than 10 cm versus others defining it as an
incision greater than 5 cm, and also due to the significant
differences in patient populations. Some studies selected un-
complicated cases, while others included those with fistulas,
abscesses, previous operations, etc. Additionally, there are
concerns from the general colorectal literature that conversion
from laparoscopic to open results in worsened outcomes com-
pared even to those with an open operation as the initial
approach.'®"'? In addition, conversion results in increased re-
source utilization, operative costs, and operative times com-
pared to either successful laparoscopic or open procedures,
regardless of the indication for operation.'?

Previous studies have evaluated preoperative and intraop-
erative findings predictive of conversion to an open proce-
dure. These include male gender, a history of more than three
acute episodes of Crohn’s disease, preoperative steroid use
longer than 3 months, smoking, preoperative malnutrition,
unexpected intraperitoneal abscess or fistula, previous abdom-
inal surgical procedures, increased length of time between
flares, and extracecal colonic disease.”'? Regarding intraop-
erative findings, Alves et al. and Casillas et al. demonstrated
that the most common reasons for conversion were the pres-
ence of a large inflammatory mass, adhesions, ileosigmoid
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fistula, pelvic abscess, unfavorable anatomy, inability to as-
sess anatomy, failure to identify the ureter, and bleeding.”'*

These studies all involved relatively low sample sizes, and
none sought to evaluate radiographic findings in predicting
conversion. It is common practice to obtain preoperative im-
aging studies in the form of CT enterography (CTe) or MR
enterography (MRe) to define the extent of disease and to plan
surgery in patients with Crohn’s disease. To date, no studies
have evaluated the findings of these imaging modalities as
possible preoperative predictors of the need for conversion
to an open procedure.

Therefore, the proposed study sought to determine if pre-
operative radiographic CT enterography or MR enterography
could be used to predict which patients are at increased risk of
conversion from laparoscopic to open surgery for Crohn’s
disease and may thus benefit from an open approach from
the onset.

Methods

A single-institution, retrospective case—control study was per-
formed. The study period was 2003 to 2013 which coincides
with the period in which CTe gained widespread use for the
radiologic evaluation of Crohn’s disease in our institution.
Data were extracted from a prospectively maintained depart-
mental database and from the medical record. The study pop-
ulation was limited to patients with Crohn’s disease (ICD-9,
550.0-9) who underwent CTe or MRe within 3 months prior to
a planned laparoscopic bowel resection for small or large
bowel Crohn’s disease. Exclusion criteria were patients with
Crohn’s disease who did not undergo preoperative CT
enterography or MR enterography, incomplete imaging, in-
complete documentation, or those who were treated non-
operatively or with an initial open procedure.

Study patients whose procedures were converted from lap-
aroscopic to open surgery were designated as the case group,
while those patients who had their procedures completed
laparoscopically were designated as the control group. Con-
version was defined as the lengthening of any abdominal in-
cision beyond what was planned to complete the operation
laparoscopically. Exteriorization to remove the specimen,
takedown of enterocutaneous fistulas as necessary, and com-
pletion of an anastomosis under direct vision were not consid-
ered as conversions. Cases were then frequency matched with
controls in an approximately 1:3 ratio and matched by char-
acteristics in descending order of importance by operating
surgeon, number of previous abdominal surgeries, age within
5 years, and body mass index category (Fig. 1). Operative
reports were subsequently reviewed to determine indication
for surgery, duration of time between imaging and surgery,
stage of operation at conversion, reason for conversion,
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Laparoscopic
341

No CTE/MRE

CTE/MRE within within 30 days of
OR

30 days of OR

187 154

Converted Not converted

27 160

Cases=27 Controls=81 (matched by age,

surgeon, previous
abdominal operations)

Fig. 1 Characteristics of matched cases and controls

preoperative and postoperative diagnoses, and final pathology
results.

The preoperative CTe and MRe studies were reviewed by
two dedicated, high-volume, gastrointestinal radiologists with
9 years (NSG) and 25 years (MEB) of experience, who were
blinded to the operative findings. Multiple imaging variables
were recorded. Location of the disease was defined as in the
abdomen, greater pelvis, or lesser pelvis as well as laterality.
Simple fistula denoted a single tract, while complex fistula
was used if there were multiple enteroenteric fistulous tracts
and/or associated abscesses. The greater pelvis was defined as
the space enclosed by the pelvic girdle superiorly and the
pelvic brim inferiorly, and the lesser pelvis was considered
to be the space beneath the pelvic brim. Length of diseased
bowel segment was recorded. Segment of bowel involved was
recorded as the jejunum, ileum, terminal ileum, or colon. In-
traperitoneal anterior—posterior dimension, extent of intraper-
itoneal fat as measured from the posterior aspect of the ante-
rior abdominal wall to the closest site of the disease, and
extent of subcutaneous fat as measured from the skin surface
to the anterior abdominal wall at the site of maximal disease
were all recorded. Penetration of the disease was assessed and
classified as none, a sinus tract, simple fistula, complex fistula,
or abscess/phlegmon. Based on the Society of Abdominal
Radiology Classification for Crohn’s disease (work in prog-
ress), the radiologists gave an imaging classification: active
inflammatory Crohn’s disease with or without luminal
narrowing, mixed active inflammatory and fibrostenotic
Crohn’s disease, and fibrostenotic Crohn’s disease. Penetrat-
ing disease was recorded as a modifier which could be added
to any of the above categories.

Differences in baseline characteristics between converted
and non-converted patients were examined with chi-square
tests or ¢ tests. Stepwise conditional regression analysis was
then performed on the radiographic variables via univariate
and multivariate analysis with entry level at p<0.05 in order

to determine odds ratios for their association with conversion
to an open procedure, which can be interpreted as risk ratios in
the face of adequate sampling of controls from the study base.
No variables were entered into the multivariate model based
on clinical considerations alone.

Results

In the study period, a total of 341 patients with Crohn’s dis-
ease underwent planned laparoscopic surgery. Of these, 187
had timely preoperative imaging. A total of 27 of these were
converted to an open procedure (14.4 %). The remaining 160
were completed laparoscopically (85.6 %). Of these, 81 were
selected as controls, were frequency matched by an operating
surgeon, had a number of previous abdominal surgeries, aged
within 5 years, and were body mass index categorized (Fig. 1).

Demographic variables were not significantly different be-
tween groups (Table 1). Patients in the case group had under-
gone surgeries by 13 different attending surgeons. The gender
distribution of cases was not statistically significant, with
44 % females versus 56 % males. The average age of cases
was 35.5 years. The average body mass index was 24.85.
Fourteen of the 27 cases had never had a previous abdominal
operation. Of the 13 patients with previous operations, ten

Table 1 Demographic and preoperative data
Cases Controls p value

Surgeon

#1 4 13

#2 2 3

#3 1 2

#4 1 1

#5 1 3

#6 1 4

#7 2 6

#8 2 7

#9 1 2

#10 4 13

#11 1 1

#12 3 13

#13 4 13
Age (median) 35 33 0.8
Gender

Male (%) 15/27 (56)  50/94 (53)  0.83

Female (%) 12/27 (44)  44/94 (47)  0.83
BMI (mean) 249 23.8 0.344
ASA (mean) 2.48 2.46 0.86
Prior abdominal surgeries (%) 13/27 (48) 32/94 (34) 0.18
Prior bowel resections (%) 9/27 (33) 20/94 (21) 0.21
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were open procedures. Ten had undergone previous intestinal
resections. Only four cases had undergone more than one
abdominal operation or bowel resection.

The most common indications for operation were failure of
medical management in 32 %'° and fistulas in 32 %.'* Stric-
ture resulting in bowel obstruction was the indication for op-
eration in 22 %.° Inflammatory mass resulting in SIRS/sepsis
was the indication in 11 % and perforation in 3 %' (Fig. 2). In
some cases, multiple indications for operation were present.
Surgeries performed included ileocolic resection in 59 %,
fistula repair in 15 %,* sigmoidectomy in 11 %, total
colectomy in 11 %,’ and small bowel resection in 3 %’
(Fig. 3). Conversion occurred due to large inflammatory mass
in 26 %, dense adhesions in 26 %,  uncertain anatomy in
19 %,> abnormal anatomy in 15 %,* fistula in 11 %,> and
pelvic abscess not amenable to percutaneous drainage in
3 %' (Fig. 4). In some cases, multiple reasons for conversion
were present. While the mean length of stay was higher in
cases (9.15 days) versus controls (7.79 days), this was not
statistically significantly different (p=0.34). When evaluating
radiographic findings, univariate analysis revealed multiple
variables predictive of conversion (Table 2). These remained
significant with multivariate logistic regression. These includ-
ed sparing of disease in the left lesser pelvis (odds ratio (OR)=
4.276, confidence interval (CI) 1.182—15.471), the presence of
an enterocutaneous fistula in the pelvis (OR=3.808, CI 1.529—
9.482) or complex enteroenteric fistula anywhere within the
abdomen (OR=3.012, CI 1.190-7.622), or the presence of a
pelvic abscess (OR=6.273, CI1 2.175-18.094). Sparing of dis-
ease involving the left abdomen neared significance (OR=
0.280, C10.061-1.163) (Table 3). Segment of bowel involved
(p=0.30), the length of disease (p=0.43), the intraperitoneal
AP dimension (p=0.57), and the extent of intraperitoneal fat
and subcutaneous fat (p=0.45) were not associated with
conversion.

Fig. 2 Most common indications

for operation 100% -

90% -
80% -
70% -
60% -
50% -

Percent

40% -
30% -
20% -
10% -

0% -
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Discussion

Patients with complicated Crohn’s disease often require enter-
ic resection. While this has traditionally been performed via
open laparotomy, the laparoscopic approach has now become
standard due to significant improvements in blood loss, length
of stay, time to return of bowel function, fewer subsequent
bowel obstructions, decreased pain, decreased overall morbid-
ity, and functional recovery indices.®'> ' Several studies
have shown that colorectal patients with a laparoscopic pro-
cedure converted to open have longer operative courses,
length of stay, increased resource utilization, and increased
morbidity compared to both successfully completed laparo-
scopic procedures and those which were approached in an
open fashion initially. For example, Slim et al. noted increased
morbidity in 50 % of converted patients compared to 21 % in
those who underwent initial laparotomy. While this likely rep-
resents an increased severity of the underlying disease, it is
also likely that this is in part explained by the longer operating
times,10-11:22-24

As such, numerous studies have looked at the risk factors
associated with conversion, in an attempt to predict which
cases will fail a laparoscopic approach. Preoperative patient-
related factors found to be significant include smoking, ASA
grade, BMI, and previous intestinal resections. Disease-
related factors include fistula as an indication for operation,
steroid administration within 3 months of surgery, extracecal
colonic disease, and malnutrition. Operative factors include
surgeon seniority, presence of fistula (especially ileosigmoid),
pelvic abscess, phlegmon, dense adhesions, and bowel injury
during adhesiolysis.**>

To date, no studies have evaluated preoperative imaging
findings and their correlation with conversion. As mentioned
previously, Alves et al. and Brouquet et al. noted that the most
common intraoperative findings causing conversion from

Indication for Operation

m Perforation

m Phlegmon/abscess

m Stricture

m Fistula

| Failure of medical management

Patients
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Fig. 3 Types of surgery
performed in this case-matched

study 100% -

90% -
80% -
70%
60% -

50% -

Percent

40% -
30% -
20% -

10% -

0% -

laparoscopic to open included large inflammatory mass, adhe-
sions, ileosigmoid fistula, and pelvic abscess.”” Our study
mirrored these findings, indicating that preoperative imaging
findings predict intraoperative findings well.

The patients in this study underwent multiple surgical pro-
cedures, with some encompassing multiple tasks including
bowel resection with extracorporeal anastomosis, pelvic and
abdominal washouts, ostomy formations, and hernia closures.
While the heterogeneity of disease location and procedure
may limit the generalizability of these findings, Crohn’s dis-
ease is itself a very heterogeneous process with unpredictable
intraoperative findings. The findings in our study indicate that
preoperative imaging can predict intraoperative findings
which would lead to conversion. Knowing these ahead of time

Fig. 4 Most common reasons for
conversion
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Type of Surgery

m Small bowel resection
m Total colectomy

= Sigmoidectomy

| Fistula takedown

| |leocolic resection

Patients

can improve preoperative planning as well as patient expecta-
tion and counseling.

The presence of an enteroenteric fistula as a risk factor for
conversion to an open procedure is unsurprising. Fistulas tend
to result in obliteration of surgical planes and significant in-
flammation, thus are much more often to be technically diffi-
cult. Oftentimes, fistulization to another abdominopelvic or-
gan or to an area of bowel that is not planned for resection can
be difficult to repair safely in a laparoscopic manner. The
presence of a fistulous phlegmon was in fact the most com-
mon reason for conversion among the 27 patients in the case
group of this study.

Adhesions that were dense enough such that the surgeon
could not safely separate the bowel requiring resection from

Reason for conversion

m Pelvic abscess

m Fistula

m Abnormal anatomy

m Uncertain anatomy

m Dense adhesions

m Large inflammatory mass

Patients
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Table 2 Association between

conversion and categorical Factor Total (N=108) Conversion p value
measures
Yes (N=27) No (N=81)

Right lesser pelvis 57 (52.8) 12 (44.4) 45 (55.6) 0.32
Left lesser pelvis 32(29.9) 3 (11.5) 29 (35.8) 0.019
Right greater pelvis 88 (81.5) 24 (88.9) 64 (79.0) 0.25
Left greater pelvis 43 (39.8) 12 (44.4) 31 (38.3) 0.57
Right abdomen 43 (39.8) 8(29.6) 35(43.2) 0.21
Left abdomen 20 (18.5) 2(74) 18 (22.2) 0.086
Location 0.30

Jejunum 1(0.93) 0(0.0) 1(1.2)

Ileum 5(4.6) 2(7.4) 33.7)

TI/neo-TI 83 (76.9) 23 (85.2) 60 (74.1)

Colon 19 (17.6) 2(7.4) 17 (21.0)
Stricture 58 (53.7) 16 (59.3) 42 (51.9) 0.50
Enterocutaneous fistula in the abdomen 9 (8.3) 1(3.7) 8(9.9) 0.45
Enterocutaneous fistula in the pelvis 42 (38.9) 17 (63.0) 25(30.9) 0.003
Simple enteroenteric fistula 16 (14.8) 5(18.5) 11 (13.6) 0.54
Complex enteroenteric fistula 29 (26.9) 12 (44.4) 17 (21.0) 0.017
Abdominal abscess 43.7) 0(0.0) 4(4.9) 0.57
Pelvic abscess 19 (17.6) 11 (40.7) 8(9.9) <0.001
SAR classification 0.058*

Active inflammatory 8(7.4) 1(3.7) 7 (8.6)

Active inflammatory+penetrating 27 (25.0) 5(18.5) 22(27.2)

Fibrostenotic 5(4.6) 2(74) 337

Fibrostenotic+penetrating 1(0.93) 0 (0.0) 1(1.2)

Mixed 27 (25.0) 3(11.1) 24 (29.6)

Mixed+penetrating 38(35.2) 15 (55.6) 23 (28.4)

No disease identified 1(0.93) 1(3.7) 0 (0.0)

Inconclusive 1(0.93) 0 (0.0) 1(1.2)

Factors with p-values in italics are statiscally significant at an alpha of 0.05

?Imaging classification: active inflammatory Crohn’s disease with or without luminal narrowing, mixed active
inflammatory and fibrostenotic Crohn’s disease, and fibrostenotic Crohn’s disease. Penetrating disease was
recorded as a modifier which could be added to any of the above categories

its surrounding structures was the second most common rea-
son for conversion. This again illustrates the transmural in-
flammatory nature of the disease and the difficulty of manag-
ing this in a laparoscopic fashion.

Disease in the left pelvis demonstrating a decreased risk of
conversion is an initially puzzling finding. The confidence in-
terval is large, indicating that this may simply be a spurious

finding due to the low sample size. However, it is more likely
that this again represents the inflammatory nature of the disease.
Disease confined to the rectum is less likely to result in
enteroenteric fistulas with bowel or other organs outside of
the planned area of resection. In other words, classic ileocolic
Crohn’s disease may be at higher risk for conversion to an open
procedure simply due to the higher risk of inflammatory spread.

Table 3 Significant preoperative
risk factors on multivariate

analysis

Factor Odds ratio 95 % CI p value
Disease in the left lesser pelvis 0.234 0.065 0.846 0.0268
Disease in the left abdomen 0.280 0.061 1.297 0.1036
Enterocutaneous fistula in the pelvis 3.808 1.529 9.482 0.0041
Enteroenteric fistula 3.012 1.19 7.622 0.02

Pelvic abscess 6.273 2.175 18.094 0.0007
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There are some limitations to this study. Ultimately, the
sample size remained small due to the fact that until recently,
obtaining preoperative CTe or MRe was not standard practice.
This limited our power to detect significant variables predic-
tive of conversion from a laparoscopic to open operation. Ad-
ditionally, 13 surgeons were included in this study with sig-
nificant differences in a level of experience. While this is a
strength in regards to generalizability, it adds a level of het-
erogeneity and potential confounding to the data. This was
mitigated as much as possible by matching cases and controls
by surgeon whenever possible. The retrospective, non-
randomized nature of this study inevitably introduces the risk
of bias or unobserved or anticipated confounding to the study.
The study’s retrospective nature also introduces other limita-
tions. In regards to reasons for conversion, adhesions were a
common factor. Unfortunately, we were not able to obtain
detailed intraoperative data on whether these were due to pre-
vious surgeries or the inflammation from the disease itself.
That being said, of the seven patients who were converted
due to adhesions, three had no previous surgeries and four
had previous abdominal operations; thus, there was no statis-
tically significant difference regarding previous surgery as a
risk factor for conversion due to dense adhesions. Lastly,
while several studies have mentioned concerns that conver-
sion leads to poorer outcomes, there is the possibility that
patients may benefit from starting a case laparoscopically,
with the initial laparoscopic phase reducing the magnitude of
subsequent open surgery. This has not been described exten-
sively for Crohn’s operations, and a hybrid approach is not
deliberately practiced at our institution. As such, it is difficult
to ascertain after the fact from most operative reports whether
or not the initial laparoscopic phase was of benefit, and thus,
we are unable to comment on the significance of this.

Conclusion

Patients with Crohn’s disease are often faced with a future
involving multiple abdominal operations. When possible, the
benefits of laparoscopic intervention are clear, including im-
proved cosmesis, less postoperative pain and length of hospi-
talization, quicker return to function, fewer intra-abdominal
adhesions, and overall less morbidity. For uncomplicated
ileocolic Crohn’s disease, several studies have shown that this
is undoubtedly the approach of choice. With complicated or
recurrent Crohn’s disease, the approach is less obvious, as
conversion rates are high. Several studies have looked at pre-
operative and intraoperative risk factors which may influence
the risk of conversion from a laparoscopic operation to an
open operation. This is the first study which involves radio-
graphic findings. While any of these imaging findings alone
may not warrant perfunctory abandonment of a laparoscopic
consideration, in combination with other preoperative risk

factors, they may aid both in the decision-making of how a
patient should be initially approached surgically and how they
should be counseled preoperatively. Ultimately, the goal of
research such as this will be to join these findings with other
preoperative patient and disease-specific variables in order to
form a predictive algorithm for conversion risk which may
help direct a surgeon’s approach to individual patients.
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