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Key Concepts

* Despite significant advances in medical management,
surgery for Crohn’s disease remains a vital component of
many treatment paradigms.

e Optimal timing of surgery is critical in order to achieve
the best outcome.

e Preoperative patient
importance.

e The surgeon treating Crohn’s disease should be familiar
with bowel-sparing principles and properly apply them
while not compromising long-lasting remissions.

e Different anastomotic configurations should be consid-
ered based on severity and location of the disease.

e For all the abovementioned aspects, Crohn’s disease
requires a multidisciplinary approach to achieve optimal
and lasting outcomes.

e Risk stratification should guide postoperative medical
management.

optimization is of critical

Introduction

Medical therapy and our understanding of the pathophysiol-
ogy of Crohn’s disease have advanced during the last two
decades. Surgical treatment has become less invasive, selec-
tive, and targeted. Now more than ever, it must be properly
timed and planned. Patients affected by the disease ought to
be managed in the context of a multidisciplinary approach.
Surgery should be performed by properly trained surgical
teams, and like our gastroenterology colleagues, many
colorectal surgeons have subspecialized to become “surgical

L. M. Cannon (<)

University of Rochester Medical Center, Department of Surgery,
Division of Colon and Rectal Surgery, Rochester, NY, USA
e-mail: lisa_cannon @urmc.rochester.edu

A. Fichera
Colon and Rectal Surgery, Baylor University Medical Center,
Department of Surgery, Dallas, TX, USA

© Springer Nature Switzerland AG 2022

IBDologists” working in the context of a specialty medical
home (SMH). It has been shown that an IBD SMH signifi-
cantly reduces unplanned care and disease activity and
increases patient quality of life [1].

Changing Trends in the Surgical
Management of Crohn’s Disease

Crohn’s disease is not cured by surgery; however, surgery
retains an important role in disease management. The goals
of a well-timed surgical intervention are to relieve symptom-
atic complications such as obstruction or fistula, improve
quality of life, preserve small bowel, and minimize treatment
interruptions in order to reduce risk of surgical recurrence.

Significant advances in medical therapy including the
advent of immunomodulators and biologic therapies have
altered the natural history of Crohn’s disease. The need for
surgery based on time from diagnosis has declined compared
to patients managed in earlier decades. For example, in a
population-based cohort of patients diagnosed with Crohn’s
between 1955 and 1989, 73% of patients overall required
surgery: 44% at 1 year, 61% at 5 years, and 71% at 10 years
after the diagnosis [2]. In a cohort of patients diagnosed from
2003 to 2004 and followed to 2011, 29% of patients required
surgery: 14.6% at 1 year, 24.6% at 5 years, and 28.5% at
7 years after diagnosis [3]. Comparably numbers are seen in
other studies based on decade. Interestingly, the largest drop
in need for surgery predates the introduction of biologics and
appears reflective of the increased use of corticosteroids.
Immunomodulators and biologics have likely decreased the
need for surgery, but the attributable impact is hard to mea-
sure. Improved diagnostic modalities in this same timeframe
have led to earlier diagnosis and initiation of therapy, and
treatment paradigms have shifted to individualized and risk-
stratified medical management algorithms. Both of these
evolutions have likely decreased the rate of complicated sur-
gical disease.
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After recovery from intestinal resection, health-related
quality of life improves as early as 2 weeks after surgery and
remains high in the long term. Postoperative complications
and disease recurrence may limit improvement in quality of
life [4]. Overall, patients are satisfied with their surgery and
generally wish they had undergone surgery earlier in their
disease course [5].

Indications for Surgery

The indications for operative management of Crohn’s dis-
ease are varied and listed in Table 48.1. Free perforation,
toxic colitis, and major hemorrhage are true surgical emer-
gencies; these are far less common than the host of nonemer-
gent Crohn’s complications that require individualized
surgical decision-making.

Failed Medical Therapy

Despite the introduction of entirely new classes of Crohn’s
therapies in the past decade, failure of medical manage-
ment remains a common indication for surgical interven-
tion. The phrase “failure of medical therapy” carries
multiple meanings. Some patients are unable to achieve
acceptable symptom control despite aggressive medical
therapy; the patient is transitioned to the next medical agent
or combination of agents until all options have been
exhausted. Other patients may be able to achieve good
symptom control but suffer side effects or reactions to the
medications. In pediatric inflammatory bowel disease,
growth retardation is a manifestation of failure of medical
therapy as well. Steroid-refractory patients are those who
have active disease despite prednisolone up to 1 mg/kg/day
for a period of 4 weeks. Steroid-dependent patients are
those who are unable to reduce their steroid dose below the
equivalent of prednisolone 10 mg/day without disease reac-
tivation or who have relapse within 3 months of stopping
steroids [6].

Table 48.1 Operative indications for Crohn’s disease

Failure of medical management
Pediatric growth retardation

Bowel obstruction

Free perforation
Penetrating disease/fistula/phlegmon/abscess
Cancer/dysplasia

Toxic colitis

Bleeding

Bowel Obstruction

Several Crohn’s phenotypes can lead to bowel obstruction;
taken together, about one-quarter of Crohn’s disease surgery
is secondary to obstructive symptomatology. Untreated and
poorly controlled Crohn’s disease causes progressive trans-
mural intestinal injury. Histologic examination of a Crohn’s
stricture reveals thickening of the muscularis mucosa and
muscularis propria with fibrotic change, as well as increased
volume and density of the submucosa [7]. There is a slow
evolution, and the bowel slowly accommodates to the pro-
gressive obstruction. The patient experiences intermittent
abdominal pain, bloating, and progressive food intolerance.
Eventually intervention is necessary due to acute on chronic
obstruction or intolerable symptoms as the occlusive dis-
ease progresses. Currently no antifibrotic therapies for stric-
turing disease exist. Other etiologies of Crohn’s
disease-related obstruction include anastomotic stricture
and neoplasm.

Once the diagnosis of obstruction has been established,
the relative contribution of fibrosis and inflammation is
assessed. CT or MR enterography is the current standard for
assessing the small intestine. CT enterography findings of
tissue inflammation include mucosal hyperenhancement,
mesenteric fat stranding (“comb sign”), and mesenteric
hypervascularity. However, CT enterography is not as suc-
cessful at identifying degree of fibrosis, and upstream dila-
tion is not reliable at distinguishing inflammation from
fibrosis. On multivariate analysis, mesenteric hypervascular-
ity was the only CT radiologic finding that predicted fibrosis.
This highlights the pathophysiologic continuum between
inflammation and fibrosis [8]. MRI findings indicative of
inflammation include T2 hypersignal, mucosal enhance-
ment, presence of ulceration, and blurred margins. A homog-
enous pattern of enhancement, and the percent of
enhancement gain over time, can discriminate severe fibrosis
deposition. Again, most lesions have a mixed pattern of
fibrosis and inflammation [9].

Inflammatory stenoses are likely to respond to medical
therapy, while fibrotic strictures typically require surgery.
For localized ileocecal disease with obstruction, surgery is
indicated if the patient does not respond to a trial of medi-
cal management with bowel rest and intravenous cortico-
steroids; upfront surgical management is indicated if
clinical and radiologic findings suggest marked fibrosis
with low levels of inflammation (Fig. 48.1). Ileocecectomy
for Crohn’s disease has a high rate of disease control.
Retrospective studies performed even prior to the era of
biologic therapy indicated that over half of patients never
require another surgery [10]. Though postoperative endo-
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Fig. 48.1 (a, b) Crohn’s-related bowel obstruction (a). Active inflam-
mation with creeping fat, mural thickening, and luminal narrowing rep-
resenting active disease which may respond to medical therapy. (b)

scopic recurrence is the rule, aggressive postoperative med-
ical management paradigms based on endoscopic,
disease-related, and patient-related risk stratification enable
many patients to avoid the disease progression that led to
their initial operation [11].

Endoscopic balloon dilation is an alternative therapeutic
option for bowel obstruction due to stricturing disease in
some patients and has been shown to delay and even prevent
the need for surgery when successful. The ideal candidate for
this procedure is a patient with a single short-segment
(<4 cm) fibrostenotic stricture or a patient with an anasto-
motic stricture. The stricture should not be associated with
marked angling of the bowel lumen and be without associ-
ated fistula or abscess [12]. Dilation diameter should be at
least 14 mm; dilation to 16—-18 mm is associated with the
need for less frequent follow-up procedures; dilation of small
bowel strictures to greater than 20 mm may contribute to
increased rates of perforation and bleeding [12, 13].
Multifocal stricturing disease is an independent risk factor
for clinical failure of balloon dilation [14].

In arecent pooled analysis, Bettenworth evaluated 1463
patients with Crohn’s disease who underwent over 3000
balloon dilation procedures. Overall technical success was
achieved in 89% of cases. Anastomotic strictures com-

Fibrotic change with luminal narrowing and upstream dilation, repre-
senting fibrotic stricture that is unlikely to respond to medical therapy

prised 62% of the procedures. At 2-year follow-up, three-
quarters of patients had required re-dilation, and half had
undergone surgical resection. Major adverse events includ-
ing perforation, bleeding, and sepsis occurred in 2.8% of
patients and highlight the need for a skilled and capable
endoscopist in close communication with the surgical team
[15].

Perforation

Free perforation in Crohn’s disease is a rare occurrence. It is
typically associated with toxic colitis or complete obstruc-
tion due to multifocal small bowel stricturing disease. If the
perforation is associated with small bowel strictures, it is
usually immediately proximal to a completely obstructing
stricture, when a more proximal stricture has created a rela-
tive closed loop obstruction. This is best treated with resec-
tion and primary anastomosis if the patient’s condition
allows. In the setting of an obstructing colonic stricture, the
site of perforation is more commonly the cecum; this is best
treated with total abdominal colectomy and ileostomy. The
extent of distal resection may be tailored somewhat to the
site of the stricture if the distal colon and rectum are free of
disease. Toxic colitis leading to perforation is managed with
total abdominal colectomy and ileostomy.
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Penetrating Disease: Fistula and Abscess

Formation

Approximately 11-16% of adult patients have penetrating
intestinal disease manifestations [16—18]. Risk factors for
penetrating disease include a number of serologic and genetic
markers and tobacco [19]. Transmural inflammation of the
bowel wall promotes phlegmon, abscess, or fistula formation
to a nearby organ or viscera. Hirten characterized the relative
frequency of fistula formation by location; 29% are entero-
colonic, 18-24% enteroenteric, 6—16% enterocutaneous,
4-9% rectovaginal, and 2-8% enterovesical, and rarely
enterosalpingeal and enterogastric. The originating site is
usually the ileocecal region and terminal ileum [17]. Only
fistulas that are symptomatic require intervention (Fig. 48.2).
When surgery is indicated, the diseased segment of bowel
requires resection, but often the targeted organ or bowel can
be primarily repaired or a small patch excision and trans-
verse closure performed. Penetration to the retroperitoneum
can cause a psoas abscess, which requires special mention.
These cavities are prone to epithelialize and become a recal-
citrant source of recurrent abscess and usually require surgi-
cal intervention. After resection of the diseased bowel, the
psoas abscess cavity may be unroofed and curetted; an
omental pedicle flap may facilitate healing.

Patients with small abscesses or phlegmon should typi-
cally be initiated on antibiotic therapy. When a phlegmon is
associated with active inflammatory disease, it is safe to
administer antibiotics in combination with corticosteroids.
Felder examined 24 patients with Crohn’s disease and pal-
pable inflammatory mass treated with high-dose corticoste-
roids. Two-thirds of patients resolved their phlegmon
completely, and in the remaining 1/3, it reduced in size by
greater than 50%. Though 58% of the patients did require
resection for persistence or recurrence of symptoms, most
were performed in the elective setting [20].

Fig. 48.2 Enteroenteric fistula. The targeted loop of otherwise normal
bowel is in the foreground. (Reproduced with permission from F
Michelassi, MD)

Fig. 48.3 Crohn’s interloop abscess found during operative explora-
tion. (Reproduced with permission from F Michelassi, MD)

Intra-abdominal abscess in the setting of active disease
often presents a management dilemma (Fig. 48.3). Patients
with accessible abscesses greater than 3 cm in average diam-
eter should usually undergo percutaneous drainage and be
initiated on antibiotic therapy. The technical success of per-
cutaneous drainage is >90% [21, 22]. A meta-analysis by
Clancy performed in 2016 of 333 patients from 6 studies
compared the outcomes of primary surgery versus percuta-
neous drainage alone. Intra-abdominal abscess was defined
as extra-luminal fluid collections identified on various imag-
ing modalities [23]. Primary surgical resection was per-
formed in 184 (55%) patients, and percutaneous drainage
was performed in 149 patients (45%). There was a signifi-
cantly higher rate of recurrent abscess in the percutaneous
drainage group (OR 6.54), and the pooled proportion of
these patients requiring subsequent surgery was 70.7%. The
proportion of patients who underwent initial surgery and
required surgery for recurrence was 17.9%.

Patients whose abscess resolves both clinically and radio-
logically with percutaneous drainage may present more of a
therapeutic dilemma; it is unclear whether they should all
proceed to elective resection. There is much interest in iden-
tifying patients who may be able to avoid surgery in the set-
ting of successful percutaneous drainage or medical
management. The prior meta-analysis suggested that up to
30% of patients undergoing percutaneous drainage can avoid
surgery [23]. The MICA trial is prospectively examining pre-
dictive factors of anti-TNF response in luminal Crohn’s dis-
ease complicated by abscess formation. This trial is
sponsored by the Groupe d’Etude Therapeutique des
Affections Inflammatoires Digestives (GETAID).

There are a number of studies that have examined percu-
taneous drainage as a bridge to surgery for Crohn’s-related
abscess. Miiller-Wille examined the influence of preopera-
tive percutaneous abscess drainage on postoperative septic
complications. Twenty-five of the patients with spontaneous
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intra-abdominal abscess were treated with percutaneous
abscess drainage (48%) on average 37 days (range 6—83 days)
before surgery. The rate of postoperative septic complica-
tions was significantly lower in the group who underwent
preoperative intra-abdominal abscess drainage (25% versus
69%) [24].

Similarly, Zhang demonstrated that intra-abdominal
abscess, not penetrating behavior, is associated with poorer
outcome after resection. In this study, 288 patients, 180 of
whom had penetrating behavior including 54 with intra-
abdominal sepsis, underwent surgical resection. Patients
with intra-abdominal sepsis, not penetrating behavior alone,
were more likely to have postoperative septic complications,
superficial surgical site infection, and stoma formation [25].
Percutaneous drainage may improve the nutritional and gen-
eral medical conditional of the patient and enable a less inva-
sive operation. Given that penetrating disease is a risk factor
for recurrence, initiation of prophylactic therapy is typically
recommended after intestinal resection [6].

Cancer and Dysplasia

Patients with Crohn’s disease are at increased risk of devel-
oping both intestinal and non-intestinal cancers, compared to
the general population. Colorectal cancer is the cause of 1 in
every 12 deaths of patients with inflammatory bowel disease
[26]. Colitis-associated cancer has many of the molecular
alterations also found sporadic colorectal cancer, but with
different timing and frequency. For example, loss of adeno-
matous polyposis coli (APC) functions occurs early in spo-
radic colon cancer and late in colitis-associated cancer. In
contrast, loss of p53 function occurs early in colitis-
associated cancer [27]. Development of cancer in chronic
colitis is accelerated by inflammatory activity [26]. Patients
with Crohn’s disease have a twofold to threefold increase in
colorectal cancer compared to the general population. The
mean age at diagnosis is 51.5 years, about 20 years earlier
than the general population [28]. The risk of cancer is also
associated with disease duration; the cumulative risk of
colorectal cancer in Crohn’s disease is 2.9% at 10 years,
5.6% at 20 years, and 8.3% after 30 years with the disease
[27]. With equivalent disease duration, the risk of colorectal
cancer in Crohn’s disease appears to be lower than that of
ulcerative colitis, but this may be informed by differences in
disease distribution [28].

Colorectal strictures in the setting of Crohn’s disease are
particularly associated with an increased risk of cancer.
Yamazaki analyzed 132 patients with 175 strictures identi-
fied between 1959 and 1980. A total of ten malignant stric-
tures were identified in nine patients, three with ileocolic and
six with colonic disease. The frequency of cancer in patients
with a stricture was 6.8% [29]. The authors further observed
that all of the malignant strictures were short-segment. A
group out of Hungary similarly analyzed 640 patients with

Crohn’s disease over a 30-year period, including 62 patients
with ileocolic or colonic strictures. The group observed a
6.5% rate of colorectal cancer in those patients with stricture.
The authors observed that all four patients with stricture-
associated colorectal cancer were male smokers [30].

The surgical management of colitis-associated dysplasia
in Crohn’s disease follows the same principles as ulcerative
colitis and is reviewed elsewhere in this textbook.

Toxic Colitis

Up to 50% of cases of toxic colitis from IBD may be attrib-
uted to Crohn’s colitis. Severe colitis is defined by Truelove
and Witt as six or more bloody bowel movements daily, tem-
perature greater than 37.8 °C, heart rate greater than 90 beats
per minute, anemia with a hemoglobin less than 10.5 g/dL,
and an elevated erythrocyte sedimentation rate greater than
30 mm/h. These criteria, combined with imaging demon-
strating dilation of the colon and a disturbed or absent haus-
tral pattern, constitute toxic megacolon. The medical
management of toxic colitis is covered in another section of
this textbook. When surgery is required due to clinical dete-
rioration or failure to respond to rescue therapy, total abdom-
inal colectomy with end ileostomy is indicated, with or
without mucous fistula. The extent of resection and surgical
management in the setting of medically refractory colitis is
reviewed later in this chapter, under operative considerations
for colonic and rectal disease.

Bleeding
Acute severe gastrointestinal hemorrhage is a rare complica-
tion of Crohn’s disease, with an incidence of 1-2%. There
are few studies that describe the epidemiology of this condi-
tion. Bleeding does not always correlate with disease activ-
ity. The site of bleeding can be duodenal, jejunoileal,
ileocolic, or colic. Surgery is typically successful when the
site of bleeding has been localized. In those that resolve
without surgery, recurrent hemorrhage is not rare [31-33].
A patient with Crohn’s disease presenting with acute gas-
trointestinal bleeding should be initially managed using the
usual resuscitative algorithms for gastrointestinal bleeding,
including nasogastric lavage to begin the process of source
localization. In contrast to ulcerative colitis where bleeding
is due to widespread mucosal ulceration, hemorrhage in the
setting of Crohn’s disease is more often due to a focal ero-
sion into an intestinal vessel or occasionally an inflammatory
pseudopolyp. Source localization therefore is extremely
important to minimize unnecessary bowel resection should
surgery be required. Up to 30% of patients with Crohn’s dis-
ease and hemorrhage will have a bleeding duodenal ulcer
and positive gastric lavage should trigger upper endoscopy
[34]. Colonoscopy within 24 hours of bleeding can success-
fully locate the bleeding source 60—78% of the time [31, 32];
endoscopic control is not often successful, but will localize
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Fig. 48.4 Contrast extravasation (arrow) seen on angiography from an
intestinal segment in a patient with Crohn’s disease. (Reproduced with
permission from F Michelassi, MD)

the site for guided resection. CT angiography and traditional
mesenteric angiography have also been successfully utilized
for source localization (Fig. 48.4). When mesenteric angiog-
raphy localizes bleeding, methylene blue injection can be
used to identify the segment of involved bowel so that it may
be readily identified during operative exploration. This
approach will typically stain a 10-40 cm segment of bowel
for resection [35].

Surgical Considerations

Crohn’s disease cannot be cured by surgical therapy, and
thus surgery, like medical treatment, should be considered
palliative. It is paramount to keep in mind the recurrent and
chronic nature of the disease that is typically diagnosed in a
young patient population with a long life expectancy. The
pendulum has swung from an emphasis on margin-negative
resection to bowel-sparing approaches largely based on a
landmark paper from Fazio. The authors randomized 152
patients undergoing ileocolic resection to 2 groups in which
the proximal line of resection was 2 cm (limited resection) or
12 cm (extended resection) from the macroscopically
involved area. They showed that there was no difference in
recurrence rates between the two groups; further, recurrence
rates did not increase when microscopic disease was present

at the resection margins [36]. Similar to medical treatment,
the goal of surgical treatment of Crohn’s disease is to provide
long-lasting symptomatic relief while avoiding excessive
morbidity. Complete extirpation of microscopic disease
should not be the primary goal of surgery, as this does not
produce cure and is frequently counterproductive. Rather,
treatment of complications and relief of disease-related
symptoms coupled with bowel preservation should be the
main aims of surgical treatment.

To avoid excessive loss of small intestine, nonresectional
techniques such as strictureplasty may be required. On the
other hand, in patients with isolated Crohn’s colitis, espe-
cially if multifocal and associated with perianal disease, a
more aggressive approach is often indicated [37-39].
Understanding the natural history of different patient cohorts
is key to optimal decision-making.

Nutritional Support and Total Parenteral

Nutrition

Exclusive enteral nutrition has been shown to induce remis-
sion in the pediatric Crohn’s population and to be as effective
as systemic corticosteroids in inducting remission both in
newly diagnosed and established patients. In fact, intestinal
healing was significantly more likely among patients receiv-
ing exclusive enteral nutrition compared to corticosteroids
(OR = 4.5 [95% CI 1.64,12.32]) in a recent meta-analysis
[40]. In the adult patient population, exclusive enteral nutri-
tion is not as effective in inducing remission, but it may be
useful for maintaining remission in patients with quiescent
Crohn’s disease [41].

In the adult literature, nutritional support has been evalu-
ated primarily for preoperative optimization. Crohn’s
patients are at increased risk for malnutrition, which can
result in adverse clinical outcomes. In a recent study from
China, 59.0% of screened patients were deemed to be at risk
for malnutrition [42]. If we consider that surgical patients
have failed medical management, that percentage is proba-
bly even higher in the operative cohort. Crohn’s disease
patients with serious nutritional deficits, based on weight
loss >10% in the last 3-6 months, body mass index
<18.5 kg/m, or albumin levels <30 g/L, have been shown to
benefit from intensive enteral or parenteral nutritional sup-
port, thereby reducing the risk of surgical site infections and
postoperative septic complications [43]. Malnutrition has
been shown to be an independent risk factor for postopera-
tive morbidity and mortality irrespective of immunosuppres-
sive and biologic therapy [44]. The duration of preoperative
nutritional support depends on the urgency of the operation
and the suitability of the gastrointestinal tract for enteral
administration [45, 46].
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Overview of Operative Considerations

Minimally Invasive Surgery

Crohn’s disease may present both real and perceived chal-
lenges to a minimally invasive surgical approach. A Crohn’s-
related inflammatory mass and secondary phlegmon can
increase the risk of bowel injury during minimally invasive
manipulation and dissection. Thick, inflamed mesentery may
be difficult to divide with a vessel-sealing device. With lim-
ited tactile feedback, it may be difficult to determine whether
a fistula requires resection versus debridement and repair.
Despite these challenges, evidence has accumulated in favor
of a tailored approach to minimally invasive surgery (MIS)
in Crohn’s disease.

Milsom and Maartense both conducted prospective ran-
domized trials in selected Crohn’s patients undergoing ileo-
cecectomy, concluding that MIS patients enjoy improved
postop pulmonary function, morbidity, and reduced length of
stay [47, 48]. Analysis of long-term outcomes in these two
trial populations supported improved body image perception
and cosmesis, as well as a decreased risk of bowel obstruc-
tion and hernia [49, 50]. Evidence does not support the con-
cern that diminished tactile feedback will lead to missed
strictures or increased disease recurrence due to incomplete
resection [51]. MIS approaches for complex Crohn’s dis-
ease, defined as reoperative disease, presence of phlegmon,
abscess and/or fistula, or immunosuppressed state, can be
accomplished with acceptable outcomes, albeit with gener-
ally higher conversion rates [52-55].

Robotic MIS for Crohn’s disease is technically feasible.
Like the laparoscopic approach, morbidity and length of stay
are reduced compared to open approach [56], but operative
times are longer [57]. The conversion rate is lower than with
laparoscopy in some series [58]. All in all, there is not yet a
clear demonstrated advantage of robotic over laparoscopic
MIS in Crohn’s disease [59].

The general advantage of MIS versus open approach in
Crohn’s disease is no longer disputed. Widespread accep-
tance of MIS approach is cultivating advanced near-term
technologies and techniques, such as single-incision surgery
and intracorporeal anastomosis. Inability to deliver a fore-
shortened Crohn’s mesentery through a small extraction site
in order to perform an extracorporeal anastomosis makes
intracorporeal anastomotic technique enticing and may
reduce the surgical site infection rate [60]. Heimann demon-
strated that it may be possible to decrease and possibly elimi-
nate incisional hernia in Crohn’s disease patients undergoing
bowel resection using an intracorporeal anastomosis and
small (<4 cm) transverse extraction incision [61]. Tou
described a robotic-assisted strictureplasty, and Scaringi
illustrated a robotic approach to stricturing disease that is in

essence a nonresectional, intracorporeal, side-to-side isope-
ristaltic anastomosis [62, 63]. Further studies and long-term
analysis are needed to understand how these techniques may
influence disease recurrence.

Single-incision laparoscopic surgery utilizes only one
abdominal incision and an incisional platform through which
a 5-mm camera and two working instrument ports are
inserted. A number of small studies support the safety of this
approach in Crohn’s disease, but there is no clear benefit over
conventional laparoscopy [64].

IBD surgeons should tailor the approach to the individual
patient and be willing to utilize a hybrid or open approach if
there is a lack of progress in complex cases. The hybrid
approach is attractive when circumstances prohibit a fully
MIS procedure. If a Crohn’s terminal ileal phlegmon is fixed
to the retroperitoneum, the surgeon can mobilize the proxi-
mal bowel and distal colon in order to limit the incision
required to complete the procedure. If the mesentery is noted
to be too thick and unwieldy for laparoscopic vessel sealers,
it may be possible to perform minimally invasive mobiliza-
tion and then divide this mesentery extracorporeally using
more traditional clamp and suture ligature technique [65].

Enhanced Recovery Pathways

Very little disease-specific data exists supporting the applica-
tion of enhanced recovery pathways (ERPs) after colorectal
resection in inflammatory bowel disease. A recent review
identified only a dozen English-language studies on ERPs
that included any proportion of patients with IBD in their
analysis, and only 28.9% of the total number of patients
within these studies had a stated surgical indication of IBD
[66]. Most studies did not provide important IBD-specific
demographic information such as biologic therapy, steroids,
or immune modulations. Still, all available evidence to date
suggests that application of ERPs to patients undergoing
colorectal surgery for IBD is safe and likely leads to
decreased length of stay without an increase in the rate of
readmission or morbidity. Inflammatory bowel disease is a
known risk factor for prolonged length of stay, and this
should be taken into account when setting postoperative
expectations for recovery [67].

Perioperative Medical Management

In steroid-treated and steroid-dependent patients, concern
over postoperative adrenal insufficiency and adrenal crisis
has traditionally led to the liberal utilization of stress-dose
steroids in the perioperative setting. Truong noted that much
of the evidence around dosing, duration, and indications for
steroid supplementation is poorly supported and anecdotal
[68]. The dose and duration of steroid therapy do not corre-
late with the degree and duration of hypothalamic-pituitary-
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adrenal (HPA) axis suppression. Recovery of HPA axis
function after cessation of steroid therapy can be as short as
2 days and as long as 1 year, which is the basis for recom-
mending stress-dose steroids for a patient who has required
steroid therapy within the past year [69].

As perioperative high-dose steroids are associated with
impaired wound healing, reducing or omitting stress-dose
steroids in Crohn’s disease surgery is desirable. In a small
pilot study, Zaghiyan did not administer any perioperative
steroids to IBD patients who had received steroids within
the year but were not on steroids at the time of surgery. All
cases of hypotension, bradycardia, and tachycardia sponta-
neously resolved without the need for fluid bolus, vasopres-
sor, or steroid administration [70]. Further studies support
the notion that steroid-treated patients can be maintained on
their usual preoperative steroid dose in the perioperative
period. Patients who have been treated with steroids within
the year probably do not need precautionary perioperative
steroid supplementation at all. High “stress-dose” perioper-
ative steroids are unnecessary and may increase periopera-
tive risk [71, 72].

There is a dose-dependent relationship between steroid
use and infectious complications. The highest risk of
complications occurs in patients on >40 mg prednisolone or
equivalent [73, 74]. If the surgery is elective or semi-elective,
an attempt to wean steroids should be undertaken, with the
goal to have patients off steroids for 1 week prior to surgery
[75]. If complete cessation is not possible, an attempt to
wean to their lowest possible dose, with a target of less than
20 mg prednisolone or equivalent, is recommended [6].

There have been few studies examining whether immuno-
modulator use leads to increased complications. Patients on
6-mercaptopurine/azathioprine (6-MP/AZA) alone do not
have an increase in complication rates, and concurrent use of
6-MP/AZA and corticosteroids does not further elevate com-
plication rates as compared to the known risk of corticoste-
roids alone [73]. In a recent review, Rosen did not find any
literature suggesting an increased complication rate with
methotrexate. Discontinuing immunomodulator therapy
prior to surgery appears unnecessary. These medications are
typically held on the morning of surgery and resumed as per
the gastroenterologist treatment plan [76].

Since the approval of infliximab in 1998 for treatment of
inflammatory bowel disease, biologic therapy has vastly
advanced medical treatment options for Crohn’s disease. The
influence of biologic therapy on surgical timing, morbidity,
and intraoperative surgical decision-making is a ripe area of
clinical interest. Tumor necrosis factor-o (TNFa) is a central
cytokine in the pathogenesis of IBD, and anti-TNFa thera-
pies including infliximab, adalimumab, and certolizumab
pegol are some of the most successful Crohn’s therapies
available.

Table 48.2 Risk factors for postoperative septic complications in
patient with Crohn’s disease undergoing surgical resection [79, 154,
155]

Corticosteroid use

Malnutrition/hypoalbuminemia

Anemia/acute blood loss

Emergency surgery
Anti-TNFa therapy
Vedolizumab therapy

Penetrating disease/fistula/intraoperative abscess
Recurrent disease
Smoking

Several studies had sought to describe the relationship
between anti-TNFa therapy and postoperative outcomes,
with mixed results. Interpretation of the impact of biologics
is complicated by drug pharmacokinetics and associated
drug levels, as these medications are typically protein-bound
and prone to be lost in the stool in patients with active dis-
ease. One study showed that 50% of patients on anti-TNFa
at the time of surgery did not have detectable drug levels
immediately preoperatively [77]. Complications do not
appear to correlate with anti-TNFa serum trough levels [78].
There are several, heterogeneous, retrospective, and prospec-
tive studies that either support or refute the hypothesis that
anti-TNFa therapy leads to a significant increase in postop-
erative complications. Thought leaders in this area recom-
mend considering biologic therapy as one of the several risk
factors (Table 48.2) that negatively influence postoperative
complications.

A reasonable elective strategy is to delay surgery by
4 weeks (allowing for washout period of two half-lives) from
the last anti-TNFa dose. If this is not possible due to the
patient’s clinical circumstances, temporary diversion may be
considered if the patient has two or more risk factors [79].

Vedolizumab, a monoclonal antibody to a4f7 integrin,
has been approved for medical treatment of Crohn’s disease
since 2015. Literature is also conflicted regarding the influ-
ence of postoperative septic complications in patients receiv-
ing vedolizumab therapy. Vedolizumab has been associated
with an increased rate of postoperative surgical site infec-
tions [80]. A reasonable strategy is to delay surgery by
6 weeks (two half-lives) from the last vedolizumab dose and,
if this is not possible, consider temporary diversion if the
patient has additional risk factors for septic complications.
Ustekinumab, a monoclonal antibody targeting interleukin-
12 and interleukin-23, does not appear to increase the risk of
postoperative septic complications [81].

Anastomotic Type

Different anastomotic techniques in Crohn’s disease may be
compared based on safety (i.e., anastomotic leak rates) and
risk of recurrence. When looking at leak rates, one very
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important component that is hard to factor in is the surgeon’s
experience with the applicable technique. With the advent
and wide acceptance of the surgical staplers, many are less
facile at sewing the anastomosis, and that may result in
higher complication rates for the hand-sewn technique.

Despite anastomotic construction being a critical aspect
of Crohn’s disease management, there is limited level 1 evi-
dence in the literature. Mufioz-Judrez [82] performed the
first case-controlled comparative analysis of 138 patients
divided evenly into wide-lumen stapled side-to-side anasto-
moses and hand-sewn end-to-end anastomoses. Clinical
recurrence occurred in 16 (24%) of the side-to-side anasto-
mosis group and in 39 (57%) of the end-to-end anastomosis.
The cumulative surgical recurrence rates at 5 years were
11% after side-to-side anastomosis and 20% after conven-
tional end-to-end anastomosis (p = 0.017). A 2007 meta-
analysis [83] comprising only 8 studies with 661 patients
who underwent 712 anastomoses compared the outcomes of
end-to-end anastomoses (53.8%) and other types of anasto-
motic configurations (46.2%), including stapled side-to-side
in the vast majority. There were no significant differences
between the groups regarding overall complications, anasto-
motic recurrence, or surgical anastomotic recurrence. When
comparing only side-to-side and end-to-end anastomosis, a
lower leak rate as well as reduction in postoperative compli-
cations was demonstrated in the side-to-side anastomosis
group. However, there was no difference in overall recur-
rence or surgical recurrence rates. These data were confirmed
in a subsequent Cochrane review by Choy [84].

Two more recent systematic reviews [85, 86], however,
demonstrated no difference in anastomotic leak rates between
side-to-side and end-to-end anastomotic configurations. In
terms of surgical recurrence, Guo [85] reported no differ-
ences between the two anastomoses, while Feng [86]
reported superiority of the side-to-side anastomosis. The
results from these reviews should be interpreted with caution
given the retrospective nature of most studies included in
each analysis.

In 2009, the first randomized study comparing anasto-
motic type, the CAST trial [87], was published. Patients
were randomized to either side-to-side anastomosis or end-
to-end anastomosis. A total of 139 patients were included,
and after a mean follow-up of 11.9 months, the endoscopic
recurrence rate was 37.9% in the side-to-side anastomosis
group and 42.5% in the end-to-end anastomosis group
(p =0.55). The symptomatic recurrence rate was also similar
between the two groups (22.7% and 21.9%, p = 0.92). In
2013, another prospective, randomized trial from Germany
was planned with a primary endpoint to investigate whether
stapled side-to-side anastomosis resulted in lower recurrence
rates compared to hand-sewn end-to-end anastomosis. The
secondary endpoint was early postoperative complications.
The study was terminated early due to insufficient patient

recruitment; while they did not have an adequate number of
patients to draw conclusion for the primary endpoint, there
was no difference in terms of postoperative complications,
length of surgery, and length of hospital stay between the
two techniques [88].

In 2011, Kono [89] developed a new hand-sewn antimes-
enteric functional end-to-end anastomosis with the intent of
reducing surgical recurrence in CD. The rationale behind
this anastomotic configuration is centered on preservation of
the mesenteric vascularization and innervation and a poste-
rior supporting column created by suturing the two staple
lines together in order to maintain the three-dimensional
structure. In the original paper, the authors performed
Kono-S anastomosis in 69 CD patients and compared this
group with a historical cohort of 73 CD patients. They found
significantly lower endoscopic recurrence rates in the Kono
group than in the conventional one, with a lower probability
of anastomotic surgical recurrence in the Kono group at
5 years (0% vs 15%; P < 0.0013) [89].

In brief, a small window in the mesentery is created at the
level of the proximal and distal resection margins. The mes-
entery is divided using a tissue -device close to the intestinal
wall to preserve vascularization and innervation [89]. At this
point, the bowel is divided transversely, placing the stapler
perpendicular to the intestinal lumen and the mesentery, so
that the mesentery is located in the middle of the staple lines.
The corners of the two stapled lines are imbricated and rein-
forced with 4/0 silk Lembert sutures, and the two stumps are
approximated by tying together the corresponding corner
sutures. The two stapled lines are now sewn together with
interrupted 4/0 silk sutures spaced apart, thus creating the
so-called supporting column. At this point, an antimesenteric
longitudinal enterotomy (or colotomy) is performed on each
stump to allow a transverse lumen of 7 cm on the small
bowel or closer to 8 cm on the colon, starting no more than
1 cm away from the staple line. The anastomosis is now
completed by closing the longitudinal opening transversely
in two layers (Fig. 48.5).

This anastomotic configuration has been evaluated in two
large multicenter studies [90, 91] and more recently in a pro-
spective randomized trial [92]. Kono reported only 2 surgical
anastomotic recurrences in the Kono group with a follow-up
of 65 months and a 5 and 10 years’ surgical recurrence-free
survival rate of 98.6% [90]. Shimada reported a surgical
recurrence rate of 3.4% in the Kono-S group versus 24.4% in
the end-to-end group, as well as an increased risk of anasto-
motic leak in the end-to-end group (17.3% vs 5.1%). Kono-S
anastomosis had a significantly lower risk of anastomotic
surgical recurrence at 1 year (OR 0.14). The 5-year surgery-
free survival rate on the anastomosis site (95.0%) was sig-
nificantly higher with the Kono-S than with the end-to-end
anastomosis (95% vs 81.3%; P < 0.001) [91]. The first pub-
lished randomized controlled trial (RCT) [92] confirmed the
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Fig. 48.5 Kono-S
anastomosis. (a) Resection of
diseased segment preserves
mesentery at resection
margin. (b) Transverse
division of bowel with
orientation of mesentery
perpendicular to staple line.
(c) Creation of supporting
column. (d) Longitudinal
enterotomy. (e, f) Transverse
two-layer anastomosis. (g, h)
Posterior and antimesenteric
view of completed Kono-S
anastomosis. (Courtesy of

T. Kono, MD)
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early reports showing lower rates of endoscopic recurrence,
reduced severity of endoscopic scores, and lower rate of clin-
ical recurrence in favor of the Kono-S anastomosis.

The mesentery has been thought by some to be involved
with the initiation and recurrence of the disease as early
ulcers develop typically on the mesenteric side of the bowel
with the corresponding “creeping fat.” A recent report from
Ireland [93] compared wide excision of the mesentery with
the conventional closer division in 64 patients. They reported
surgical recurrence rates of 40% and 2.9% in favor of the
wide excision group (p = 0.003). This study has several lim-
itations. The conventional group was a historical control
with longer follow-up, postoperative medical prophylaxis of
recurrence was not standardized, and there is no data on
anastomotic technique. In summary, there is no definitive
evidence supporting superior safety of one anastomotic
technique over the other. In regard to the risk of recurrence,
the role of radical mesenteric excision and the promising
results reported with the Kono-S anastomosis will require
further study.

Disease Recurrence Trends and Surveillance

After an ileocolic resection with an anastomosis, recurrent
Crohn’s disease at the anastomotic site is noted in 70-90% of
patients within 1 year on endoscopy [94], and 20-30% of
these patients will require additional operations within
5 years [95]. Many factors have been cited as potential cul-
prits in the recurrence of the disease at the anastomotic site,
including fecal stasis, alteration in the microbiome, and local
ischemia, just to mention a few [96, 97].

Over the years, a number of strategies to prevent postop-
erative recurrence have been proposed. On the medical side,
postoperative biologic therapy has been shown to be effec-
tive [98, 99]. Regueiro [100] in a small prospective random-
ized trial comparing early administration of infliximab
(5 mg/kg), for 1 year versus placebo, showed that the rate of
endoscopic recurrence at 1 year was significantly lower in
the infliximab group (1 of 11 patients, 9.1%) compared with
the placebo group (11 of 13 patients, 84.6%) (P = 0.0006). In
a larger multicenter follow-up study, the PREVENT trial
[101], the primary endpoint of lower clinical recurrence was
not met, but patients on infliximab had lower endoscopic
scores and recurrence. The questions of optimal patient
selection and timing of administration for prophylaxis
remain unanswered.

Attempts at risk stratification based on clinical disease-
specific factors and early colonoscopy findings have been
proposed to guide postoperative medical management. De
Cruz [102] randomized 174 high-risk patients to early colo-
noscopy vs standard clinical observation and noted that treat-
ment based on clinical risk of recurrence, including early

colonoscopy and treatment step-up for recurrence, is better
than conventional drug therapy alone for prevention of post-
operative recurrence. Selective therapy, adjusted for risk of
early recurrence rather than routine use, leads to disease con-
trol in most patients. The authors also noted that although
clinical risk factors predicted recurrence, patients at low risk
also should undergo monitoring and early remission did not
preclude the need for ongoing surveillance.

Operative Considerations for Specific
Locations

Gastroduodenal Disease

Clinically significant Crohn’s disease of the foregut is rare,
affecting 0.5-4% of patients [103]. Advances in digestive
endoscopy have improved detection of this entity; 30-50%
of patients with Crohn’s disease have macroscopic UGI dis-
ease, and 40-70% have histologically visible UGI disease
[104-106]. At least 2/3 of these patients are asymptomatic,
and over 90% have coexisting Crohn’s in the more distal GI
tract [107, 108]. Patients may note insidious gastritis-like
symptoms [109]. Early satiety, postprandial pain or emesis,
and weight loss can indicate stricture, by far the most com-
mon pathology of gastroduodenal Crohn’s disease. Fecal cal-
protectin is not a reliable indicator of gastroduodenal disease
[105].

Aphthous erosions, longitudinal ulcers, and bamboo
joint-like appearances in the cardia are characteristic of gas-
tric Crohn’s, while longitudinal and notch-like erosions of
Kerckring folds characterize duodenal disease [106]
(Fig. 48.6). Dynamic radiologic studies may reveal a rigid
antrum or reduced duodenal peristalsis, while CT or MR
enterography may demonstrate disease activity and strictur-
ing (Fig. 48.7). Therapy for symptomatic gastroduodenal
Crohn’s mirrors that of more distal disease, with the addition
of acid suppression [110].

Surgery for gastroduodenal Crohn’s is uncommon and
comprises <1% of surgery for Crohn’s at tertiary centers
[111]. Indications for surgery include obstruction and fistula.
Almost all instances of gastroduodenal fistula result from
penetration of the gastric or duodenal wall originating from
another site, such as the terminal ileum or transverse colon.
Fistula takedown requires thorough exposure, including
Kocherization of the duodenum. The defect can be repaired
primarily in one or two layers with low morbidity. A jejunal
serosal patch is used for larger defects [112].

Strictures are the most common indication for intervention
in gastroduodenal Crohn’s disease. Successful endoscopic
hydrostatic balloon dilation is feasible for short-segment
strictures with a low rate of perforation. Patients are often
able to avoid surgery, but multiple dilations are required, and
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Fig. 48.6 Gastroduodenal disease. (a) Bamboo joint-like appearance in the gastric cardia. (b) Duodenal notching of Kerckring folds. (Courtesy

of A. Sakuraba, MD)

Fig. 48.7 T2-weighted MRI demonstrating a duodenal stricture
(arrow). (Courtesy of A. Oto, MD)

recurrence is the rule. Surgical intervention for duodenal
stricture includes strictureplasty and bypass. Both procedures
are effective with low morbidity. Pancreaticoduodenectomy
should be reserved only for instances of severe ampullary
dysfunction and/or cholangitis.

Duodenal strictureplasty is a good option for short-
segment strictures or if proximal jejunal inflammation pro-
hibits consideration for gastrojejunostomy. After Kocherizing
the duodenum, the stricture is assessed by visual inspection

and palpation. A Heineke-Mikulicz or Finney strictureplasty
is then performed in two layers. These techniques are
described in the next section. A 20-mm Foley balloon may be
floated in to trawl for more distal strictures. In instances of
dense scarring around the stricture, stricturing in the first or
fourth portion of the duodenum, or more than two strictures,
bypass is preferred [111, 113].

Bypass procedures include gastroduodenostomy, gastro-
jejunostomy, and duodenojejunostomy predicated on the site
of stricture. These procedures are safe with low morbidity.
One-quarter to one-third of patients require reoperation for
marginal ulceration or disease recurrence [114, 115].
Vagotomy does not decrease the rate of marginal ulceration
in this population and need not be performed.

Upper Small Bowel Disease

The jejunum and ileum, not including the terminal ileum, are
affected by Crohn’s disease in 3—10% of patients [116, 117].
The two most common indications for surgical treatment of
patients with disease in these locations are obstruction and
sepsis; massive hemorrhage and carcinoma are much less
common. The approach to small bowel Crohn’s disease has
shifted from extensive resections, with the intent to achieve
negative microscopic surgical margin, to the resection of
only the macroscopically diseased bowel segment [36], and/
or to perform bowel-sparing strictureplasty to preserve intes-
tinal length [6, 118, 119]. In the last decade, attention has
been directed to the type of anastomosis as an important vari-
able from the standpoint of endoscopic and surgical recur-
rence [120].
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In very general terms, resection of grossly involved bowel
segments remains the most common approach when dealing
with an inflammatory or penetrating phenotype. On the other
hand, strictureplasty is often preferred for quiescent strictur-
ing disease and in patients at risk of developing short bowel
syndrome. Patients with jejunoileitis typically have disease
recurrence and a need for a second operation in as many as
30% of patients; short bowel syndrome has been reported in
8.5% of cases 20 years after the index surgery [121].

A significant proportion of small bowel strictures are not
identified on preoperative workup, and the entire small bowel
should be examined at exploration. When dealing with mul-
tifocal small bowel disease, assessment of bowel lumen can
be done by running a calibration sphere through the bowel
or, more simply, by inserting a cuffed catheter. Fibrostenotic
strictures with a luminal diameter less than 20 mm are clear
indications for strictureplasty or resection, although these
cutoffs may vary depending on patient size and normal bowel
diameter. Less critical strictures, especially in patients with
previous resections and extensive disease, may not mandate
operative treatment in an era of effective medical therapy.
Strictures may be marked with metal clips for future refer-
ence; measurements of remaining intestinal length and loca-
tion of the strictures in the operative report are important for
long-term management.

In an attempt to preserve bowel length and function, Lee
and Papaioannou in 1982 and, subsequently, Alexander
Williams and Haynes in 1985 described the use of stricture-
plasty techniques, which had been previously described in
India to correct tuberculous stricture of the terminal ileum
and cecum [95, 122]. Currently, the most commonly per-
formed strictureplasty techniques are the Heineke-Mikulicz,
Finney, Jaboulay, and the side-to-side isoperistaltic stricture-
plasties. Strictureplasty procedures were adopted from the
experience of treating peptic ulcer disease of the duodenum
and were initially thought to be risky procedures for Crohn’s
patients.

However, after Lee [123] published their report proving
the safety of strictureplasties, the Heineke-Mikulicz has
become the most commonly performed strictureplasty per-
formed in Crohn’s patients. It is particularly suited for short-
segment (<10 cm) chronic intestinal strictures [124]. A single
longitudinal incision is made over the antimesenteric side of
the affected small bowel, extending 2 cm beyond both proxi-
mal and distal thickened portions, and is closed transversely
to create a wide lumen (Fig. 48.8). Finney strictureplasty is
used for strictures that are longer than 10 cm but shorter than
25 cm (Fig. 48.9) [124]. Strictures longer than 25 cm if
treated with this technique would result in a functional large
blind loop leading to bacterial overgrowth and blind loop

syndrome [124]. The segment of diseased is folded on itself,
and a long, longitudinal enterotomy is made over the
antimesenteric border. The anterior and posterior walls of the
long enterotomy are sutured separately to create a wide
lumen. The Jaboulay strictureplasty is also used for medium-
sized (>10 and <25 cm) strictures. With this technique, bowel
length is spared; however, there is the creation of a lateral
diverticulum with resulting blind loop and potential for stasis
in the strictured segment [124]. This short-segment “bypass”
was also described in Lee’s 1982 report [123], in which a
shorter length of small bowel was involved. Both Jaboulay
and Finney have the potential for stasis and bacterial over-
growth potentially resulting in a need for revision [125].

Michelassi proposed an isoperistaltic side-to-side stric-
tureplasty for significantly long-segment strictures (>20 cm)
or a long portion of bowel containing multiple short stric-
tures in tandem, making the creation of multiple Heineke-
Mikulicz strictureplasties unsafe [126]. The procedure
involves dividing the bowel and its mesentery in the mid-
point of the strictured bowel segment. The two loops are then
approximated by a layer of interrupted seromuscular Lembert
stitches, using nonabsorbable sutures. A longitudinal enter-
otomy is performed on both loops, with the intestinal ends
tapered to avoid blind stumps. The outer suture line is rein-
forced with an internal row of running full-thickness 3-0
absorbable sutures, continued anteriorly as a running Connell
suture; this layer is reinforced by an outer layer of inter-
rupted seromuscular Lembert stitches using nonabsorbable
3-0 sutures (Fig. 48.10) [127]. This technique avoids sacri-
ficing long segments of bowel and has achieved excellent
long-term results [118, 119, 128]. With follow-up extending
to 7.5 years in 20 patients, it has provided radiographic,
endoscopic, and histopathologic evidence of regression of
previously active Crohn’s disease with restoration of intesti-
nal function (Fig. 48.11) [129].

Several studies have confirmed the safety and efficacy of
both short and longer strictureplasties [125, 128, 130-133].
Early postoperative complications, like bleeding and sepsis,
have been reported in between 8% and 15% of cases [125].
Mucosal biopsies and marking the site with a metal clip
should be considered, especially in long-standing disease, as
cases of cancer at the strictureplasty site have been reported
[125, 134, 135]. Reese [131] compared recurrence rates
between patients undergoing strictureplasty or resection and
found that surgical recurrence was more likely after stric-
tureplasty (p = 0.09), and there was a significantly longer
recurrence-free interval after resection (p = 0.01). Overall
recurrence rates have been reported to be between 18% and
29% [130, 136, 137], but with only 4.6% of them at the pre-
vious strictureplasty site in one study [136].
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Fig. 48.8 (a) Heineke-Mikulicz strictureplasty. (b) The longitudinal incision (dashed line) is made over the antimesenteric border and closed
transversely. (Courtesy of F. Michelassi, MD)
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Fig. 48.9 Finney strictureplasty

on both loops. (e) The anastomosis is completed with the circumferen-
tial luminal layer of suture followed by an outer layer of interrupted
seromuscular Lembert stitches. (Courtesy from F. Michelassi, MD)

Fig. 48.10 Michelassi isoperistaltic side-to-side strictureplasty (a).
The bowel is divided at the midpoint of the strictured segment. (b) The
two loops are approximated. (¢) A layer of interrupted seromuscular
Lembert stiches is placed. (d) A longitudinal enterotomy is performed



828

L. M. Cannon and A. Fichera

Fig.48.10 (continued)

Colonic and Rectal Disease

The operations used to treat Crohn’s disease of the colon and
rectum include total proctocolectomy, total abdominal colec-
tomy with ileostomy or ileorectal anastomosis, and segmental
resection. Patients who present with toxic colitis typically
require total abdominal colectomy with end ileostomy irre-
spective of rectal involvement. If the rectum has significant
inflammation, there are several options to mitigate against
rectal stump leak. If the stump is left intraperitoneally, a rectal

tube may be added for decompression. The rectal staple line
can also be buried extraperitoneally in the left lower quadrant
or fixed above the fascia in the lower midline; as such, the
staple line leak will manifest as an abdominal wall, rather
than pelvic abscess. The rectal stump may also be matured as
a mucus fistula. A systematic review of rectal stump manage-
ment, albeit in ulcerative colitis, reports that subcutaneous
placement is associated with the lowest morbidity [138]. The
decision to ultimately perform an ileorectal anastomosis or
completion proctectomy can be determined at a later date.
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The best operation to perform for a patient with medi-
cally refractory Crohn’s colitis is less clear. Patients who
present with rectal involvement in addition to their colitis
are not good candidates for limited resection as there is no
good distal target to establish an anastomosis; total procto-
colectomy with end ileostomy is typically the indicated pro-
cedure. If the patient has poor nutritional status or is on
high-dose steroids, a near-total proctocolectomy with an
ultralow Hartmann pouch and end ileostomy may be per-
formed to avoid the high risk of perineal wound sepsis. In
this instance, the rectum is divided at the anorectal junction;
a completion perineal proctectomy can be performed at a
later date via perineal approach. Alternatively, a total
abdominal colectomy with end ileostomy can be performed
and the completion proctectomy accomplished at a later
date.

For patients with short-segment Crohn’s colitis and rectal-
sparing, segmental resection is an option. Numerous retro-
spective studies have evaluated the outcomes of segmental
resection for short-segment Crohn’s colitis as compared to
total colectomy or total proctocolectomy, reporting on recur-
rence rates, need for further surgery, and permanent stoma

CVP:A1/4
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Fig. 48.11 Endoscopic evidence of regression of previously active
Crohn’s disease after Michelassi strictureplasty. (Courtesy of
F. Michelassi, MD)

formation. The perioperative complication rate is similar,
with no approach emerging with clear benefit. The range of
recurrence rate, reoperation rates, and permanent stoma for-
mation are shown in Table 48.3.

Patients undergoing segmental resection or total abdomi-
nal colectomy with anastomosis experience relatively high
rates of colon or rectal recurrence. Up to half of patients will
ultimately require a permanent stoma in the long term.

The correct operation for Crohn’s colitis remains intrinsi-
cally dependent on the distribution of disease. The initial sur-
gical approach should usually be to resect colonic segments
that are grossly involved with disease. Patients with two con-
tiguous intestinal segments with disease involvement should
undergo resection of these segments in continuity, not two
separate segmental resections.

Smoking appears to be associated with the need for fur-
ther intestinal surgery and need for eventual proctectomy
[38]. Patients with isolated distal disease are significantly
more likely to require a permanent stoma than patients with
isolated proximal disease. Perianal disease, young age, and
female sex are independent risk factors for disease recur-
rence and eventual permanent stoma, and these may inform
the consent process [139, 140].

Though it is true that some patients require completion
proctectomy after a more limited colonic resection, for many,
this can be deferred for several years [38]. The only opera-
tion that minimizes risk of disease recurrence is total procto-
colectomy with end ileostomy. However, even after total
proctocolectomy with end ileostomy, there is an up to 39%
rate of recurrence in the small bowel, with up to 32% of
patients requiring surgical intervention at 10 years [38, 139,
141-143].

It is important to again note that these recommendations
are for Crohn’s colitis with rectal-sparing, and not applicable
to patients with dysplasia.

lleal Pouch-Anal Anastomosis in Crohn’s
Disease

Because of the difficulty in distinguishing Crohn’s disease
from ulcerative colitis in various settings, some patients with

Table 48.3 Rates of disease recurrence, need for further intestinal surgery, and permanent stoma formation in patients with Crohn’s colitis under-
going segmental resection, total abdominal colectomy, and total proctocolectomy

Colon or rectal disease Small bowel disease Further intestinal Permanent
recurrence recurrence surgery stoma
Segmental resection [38, 156—160] 26-55% 4-14% 11-66% 5-44%
Total abdominal colectomy [38, 24-66% 8-21% 30% 25-50%
161-163]
Total proctocolectomy [38, 139, 141, |n/a Up to 39% 9-32% Up to 100%
143]
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Crohn’s disease inevitably undergo a restorative ileal pouch-
anal anastomosis (IPAA). Older retrospective studies analyz-
ing patients who were thought to have ulcerative colitis but
were subsequently proven to have Crohn’s disease demon-
strated high complication and pouch failure rates; up to 56%
required pouch excision, and a further proportion underwent
indefinite diversion [144-146]. Patients with preoperative
features suggestive of Crohn’s, such as subtle perianal dis-
ease or discontinuous inflammation, do very poorly with no
meaningful symptom-free intervals after ileal pouch forma-
tion. The authors of these studies did observe that a propor-
tion of patients with Crohn’s disease who underwent IPAA
did well and enjoyed similar functional results as those
patients with ulcerative colitis undergoing IPAA.

Two more recent studies suggest lower rates of pouch loss
or indefinite diversion. A large prospective series of pouch
patients from the Cleveland Clinic published in 2013 reported
a 13.3% rate of pouch failure in Crohn’s patients, versus only
5.1% in those with ulcerative colitis [147]. Li evaluated
intentional IPAA and ileorectal anastomosis for Crohn’s,
noting that these two patient populations have distinctly dif-
ferent disease characteristics. They reported a 15.5% rate of
indefinite diversion in the IPAA group [148]. Taking the
above data into consideration, highly selected patients with
Crohn’s colitis with no perianal disease and no small bowel
disease may consider restorative IPAA, provided the risk tol-
erance and shared decision-making priorities of both the
patient and surgeon are aligned.

Special Considerations
lleosigmoid Fistula

Ileosigmoid fistula is a common complication of perforating
Crohn’s disease of the terminal ileum. Typically, the inflamed
terminal ileum adheres to the sigmoid colon that is otherwise
normal and free of primary involvement with Crohn’s dis-
ease. Most ileosigmoid fistulas are small, may be asymptom-
atic, and do not in and of themselves require operative
management. On the other hand, large ileosigmoid fistulas
can result in bypass of the intestinal contents from the termi-
nal ileum to the distal colon and thus give rise to debilitating
diarrhea. Such symptomatic fistulas often fail to respond to
medical therapy and should be managed surgically.

More than half of the ileosigmoid fistulas from Crohn’s
disease are not recognized prior to surgery despite imaging
and endoscopic evaluation [149]. For this reason, the sur-
geon should be prepared to deal with this complication in
any case of Crohn’s disease that involves the terminal ileum.
Ileosigmoid fistulas can be managed by simple division of
the fistulous adhesion and standard resection of the ileal dis-

ease [150]. The defect in the sigmoid colon is then debrided,
and simple closure is undertaken; 75% of ileosigmoid fistu-
las can be thusly managed [149, 151]. The remainder requires
resection of the sigmoid colon. Sigmoid colon resection is
necessary when primary closure of the fistula is at risk for
poor healing. This is the case either when the sigmoid is also
involved with Crohn’s disease, when the fistulous opening is
particularly large, or when there is extensive fibrosis extend-
ing along the sigmoid colon. Also, fistulous tracts that enter
the sigmoid colon in proximity to the mesentery may be dif-
ficult to close and often require resection and primary
anastomosis.

Complex Perineal Wounds

Perianal Crohn’s disease is common and occurs in one-third
of the patients who suffer from intestinal Crohn’s disease;
this is covered in the chapter on perianal Crohn’s disease.
Complicated and active rectal disease significantly increases
the need for proctectomy [152]; aggressive medical manage-
ment with antibiotics and biologics [153] is a mainstay along
with drainage of local sepsis when required in the attempt to
avoid proctectomy.

Conclusion

Management of Crohn’s disease is complex and requires a
multidisciplinary team approach. Surgical intervention is
reserved for refractory disease or complications of the dis-
ease. While significant progress has been made over the past
30 years and new medications are changing the course of
treatment, much more work remains to be done including
understanding how these medications will shift surgical
treatment and whether specific surgical techniques lower the
risk of recurrent disease.
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