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Monograph In Brief

For a disease process that affects so many, we continue to struggle to define optimal care for
patients with diverticular disease. Part of this stems from the fact that diverticular disease requires
different treatment strategies across the natural history- acute, chronic and recurrent.

To understand where we are currently, it is worth understanding how treatment of diverticular
disease has evolved. Diverticular disease was rarely described in the literature prior to the 1900’s.
In the late 1960’s and early 1970’s, Painter and Burkitt popularized the theory that diverticulosis is
a disease of Western civilization based on the observation that diverticulosis was rare in rural
Africa but common in economically developed countries. Previous surgical guidelines focused on
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early operative intervention to avoid potential complicated episodes of recurrent complicated
diverticulitis (e.g., with free perforation) that might necessitate emergent surgery and stoma
formation. More recent data has challenged prior concerns about decreasing effectiveness of
medical management with repeat episodes and the notion that the natural history of diverticulitis is
progressive. It has also permitted more accurate grading of the severity of disease and permitted
less invasive management options to attempt conversion of urgent operations into the elective
setting, or even avoid an operation altogether.

The role of diet in preventing diverticular disease has long been debated. A high fiber diet appears
to decrease the likelihood of symptomatic diverticulitis. The myth of avoid eating nuts, corn,
popcorn, and seeds to prevent episodes of diverticulitis has been debunked with modern data.
Overall, the recommendations for “diverticulitis diets” mirror those made for overall healthy
lifestyle — high fiber, with a focus on whole grains, fruits and vegetables.

Diverticulosis is one of the most common incidental findings on colonoscopy and the eighth most
common outpatient diagnosis in the United States. Over 50% of people over the age of 60 and over
60% of people over age 80 have colonic diverticula. Of those with diverticulosis, the lifetime risk
of developing diverticulitis is estimated at 10-25%, although more recent studies estimate a 5%
rate of progression to diverticulitis. Diverticulitis accounts for an estimated 371,000 emergency
department visits and 200,000 inpatient admissions per year with annual cost of 2.1-2.6 billion
dollars per year in the United States. The estimated total medical expenditure (inpatient and
outpatient) for diverticulosis and diverticulitis in 2015 was over 5.4 billion dollars. The incidence
of diverticulitis is increasing.

Besides increasing age, other risk factors for diverticular disease include use of NSAIDS, aspirin,
steroids, opioids, smoking and sedentary lifestyle. Diverticula most commonly occur along the
mesenteric side of the antimesenteric taeniae resulting in parallel rows. These spots are thought to
be relatively weak as this is the location where vasa recta penetrate the muscle to supply the
mucosa. The exact mechanism that leads to diverticulitis from diverticulosis is not definitively
known.

The most common presenting complaint is of left lower quadrant abdominal pain with symptoms
of systemic unwellness including fever and malaise, however the presentation may vary widely.
The gold standard cross-sectional imaging is multi-detector CT. It is minimally invasive and has
sensitivity between 98% and specificity up to 99% for diagnosing acute diverticulitis.
Uncomplicated acute diverticulitis may be safely managed as an out-patient in carefully selected
patients. Hospitalization is usually necessary for patients with immunosuppression, intolerance to
oral intake, signs of severe sepsis, lack of social support and increased comorbidities. The role of
antibiotics has been questioned in a number of randomized controlled trials and it is likely that we
will see more patients with uncomplicated disease treated with observation in the future

Acute diverticulitis can be further sub classified into complicated and uncomplicated
presentations. Uncomplicated diverticulitis is characterized by inflammation limited to colonic
wall and surrounding tissue. The management of uncomplicated diverticulitis is changing. Use of
antibiotics has been questioned as it appears that antibiotic use can be avoided in select groups of
patients. Surgical intervention appears to improve patient’s quality of life. The decision to proceed
with surgery is recommended in an individualized manner.
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Complicated diverticulitis is defined as diverticulitis associated with localized or generalized
perforation, localized or distant abscess, fistula, stricture or obstruction. Abscesses can be treated
with percutaneous drainage if the abscess is large enough. The optimal long-term strategy for
patients who undergo successful non-operative management of their diverticular abscess remains
controversial. There are clearly patients who would do well with an elective colectomy and a
subset who could avoid an operation all together however, the challenge is appropriate risk-
stratification and patient selection. Management of patients with perforation depends greatly on
the presence of feculent or purulent peritonitis, the extent of contamination and hemodynamic
status and associated comorbidities. Fistulas and strictures are almost always treated with
segmental colectomy.

After an episode of acute diverticulitis, routine colonoscopy has been recommended by a number
of societies to exclude the presence of colorectal cancer or presence of alternative diagnosis like
ischemic colitis or inflammatory bowel disease for the clinical presentation. Endoscopic evaluation
of the colon is normally delayed by about 6 weeks from the acute episode to reduce the risk
associated with colonoscopy. Further study has questioned the need for endoscopic evaluation for
every patient with acute diverticulitis. Colonoscopy should be routinely performed after
complicated diverticulitis cases, when the clinical presentation is atypical or if there are any
diagnostic ambiguity, or patient has other indications for colonoscopy like rectal bleeding or is
above 50 years of age without recent colonoscopy.

For patients in whom elective colectomy is indicated, it is imperative to identify a wide range of
modifiable patient co-morbidities. Every attempt should be made to improve a patient’s chance of
successful surgery. This includes optimization of patient risk factors as well as tailoring the
surgical approach and perioperative management. A positive outcome depends greatly on
thoughtful attention to what makes a complicated patient “complicated”.

Operative management remains complex and depends on multiple factors including patient age,
comorbidities, nutritional state, severity of disease, and surgeon preference and experience.
Importantly, the status of surgery, elective versus urgent or emergent operation, is pivotal in
decision-making, and treatment algorithms are divergent based on the acuteness of surgery.
Resection of diseased bowel to healthy proximal colon and rectal margins remains a fundamental
principle of treatment although the operative approach may vary.

For acute diverticulitis, a number of surgical approaches exist, including loop colostomy,
sigmoidectomy with colostomy (Hartmann’s procedure) and sigmoidectomy with primary
colorectal anastomosis. Overall, data suggest that primary anastomosis is preferable to a
Hartman’s procedure in select patients with acute diverticulitis. Patients with hemodynamic
instability, immunocompromised state, feculent peritonitis, severely edematous or ischemic bowel,
or significant malnutrition are poor candidates. The decision to divert after colorectal anastomosis
is at the discretion of the operating surgeon. Patient factors including severity of disease, tissue
quality, and comorbidities should be considered. Technical considerations for elective cases
include appropriate bowel preparation, the use of a laparoscopic approach, the decision to perform
a primary anastomosis, and the selected use of ureteral stents.

Management of the patient with an end colostomy after a Hartmann’s procedure for acute
diverticulitis can be a challenging clinical scenario. Between 20 — 50% of patients treated with
sigmoid resection and an end colostomy after an initial severe bout of diverticulitis will never be
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reversed to their normal anatomy. The reasons for high rates of permanent colostomies are
multifactorial. The debate on the best timing for a colostomy takedown continues. Six months is
generally chosen as the safest time to proceed when adhesions may be at their softest allowing for
a more favorable dissection. The surgical approach will be a personal decision by the operating
surgeon based on his or her experience. Colostomy takedown operations are challenging surgeries.
The surgeon should anticipate and appropriately plan for a long and difficult operation. The patient
should undergo a full antibiotic bowel preparation. Preoperative planning is critical; review the
initial operative note and defining the anatomy prior to reversal. When a complex abdominal wall
closure is necessary, consider consultation with a hernia specialist. Open surgery is the preferred
surgical approach for the majority of colostomy takedown operations. Finally, consider ureteral
catheters, diverting loop ileostomy, and be prepared for all anastomotic options in advance.

Since its inception in the late 90’s, laparoscopic lavage has been recognized as a novel treatment
modality in the management of complicated diverticulitis; specifically, Hinchey 111 (purulent)
diverticulitis. Over the last decade, it has been the subject of several randomized controlled trials,
retrospective studies, systematic reviews as well as cost-efficiency analyses. Despite being the
subject of much debate and controversy, there is a clear role for laparoscopic lavage in the
management of acute diverticulitis with the caveat that patient selection is key.

Segmental colitis associated with diverticulitis (SCAD) is an inflammatory condition affecting the
colon in segments that are also affected by diverticulosis, namely, the sigmoid colon. While SCAD
is considered a separate clinical entity, it is frequently confused with diverticulitis or inflammatory
bowel disease (IBD). SCAD affects approximately 1.4% of the general population and 1.15 to
11.4% of those with diverticulosis and most commonly affects those in their 6th decade of life.
The exact pathogenesis of SCAD is unknown, but proposed mechanisms include mucosal
redundancy and prolapse occurring in diverticular segments, fecal stasis, and localized ischemia.
Most case of SCAD resolve with a high-fiber diet and antibiotics, with salicylates reserved for
more severe cases. Relapse is uncommon and immunosuppression with steroids is rarely needed.
A relapsing clinical course may suggest a diagnosis of IBD and treatment as such should be
initiated. Surgery is extremely uncommon and reserved for severe refractory disease.

While sigmoid colon involvement is considered the most common site of colonic diverticulitis in
Western countries, diverticular disease can be problematic in other areas of the colon. In Asian
countries, right-sided diverticulitis outhnumbers the left. This difference seems to be secondary to
dietary and genetic factors. Differential diagnosis might be difficult because of similarity with
appendicitis. However accurate imaging studies allow a precise preoperative diagnosis and
management planning. Transverse colonic diverticulitis is very rare accounting for less than 1% of
colonic diverticulitis with a perforation rate that has been estimated to be even more rare. Rectal
diverticula are mostly asymptomatic and diagnosed incidentally in the majority of patients and
rarely require treatment. Giant colonic diverticula (GCD) is a rare presentation of diverticular
disease of the colon and it is defined as an air-filled cystic diverticulum larger than 4 cm in
diameter. The pathogenesis of GCD is not well defined.

Overall, the management of diverticular disease depends greatly on patient, disease and surgeon
factors. Only by tailoring treatment to the patient in front of us can we achieve optimal outcomes.
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Introduction

Regardless of how the problem is examined, diverticular disease is a significant burden both
patients and health care systems. In Western and industrialized nations, diverticulosis of the
sigmoid colon, defined by the sac-like protrusion of the colonic wall, has prevalence rates
between 5 and 45%, depending on the age and method of diagnosis. 1 Approximately 4 to
15% of patients with diverticulosis develop diverticulitis. 24 Complications lead to
substantial morbidity and mortality. For perforation alone, the 1-year mortality is 19%. ® In
2004, diverticular disease was responsible for 313,000 hospitalizations, 1.9 million
ambulatory care visits, and 3365 deaths in the United States. 8 Spending on diverticular
disease in the United States has been estimated at 2.5 billion dollars per year. 7 In 2004,
there were an estimated 2.8 million prescriptions at a cost of $100 million filled at retail
pharmacies for diagnosis of diverticular disease. ® Between 1998 and 2005, US hospital
admissions for diverticulitis increased by 26% and elective operations by 29%. 8

An attempt to capture the entire spectrum of management of diverticular disease is an
ambitious one. A disease process that spans both the acute and chronic, the mild and severe
and the young and the old is difficult to define in a single reading. But in this paper, we lay
the foundation for the management of the breath of diverticular disease. Decades of research
inform our current best practices. Details on these follows below.

Diverticulitis: a historical perspective

Introduction

The precise underlying etiologies of diverticular disease, risk factors for acute episodes, and
diets that may prevent disease occurrence have long been the subject of debate. Diverticular
disease was rarely described in the literature prior to the 1900’s. In the late 1960’s and early
1970’s, Painter and Burkitt popularized the theory that diverticulosis is a disease of Western
civilization based on the observation that diverticulosis was rare in rural Africa but common
in economically developed countries, %10 though critics will note that in their original paper
they assessed neither diet nor presence of diverticulosis to support this claim. Their
subsequent studies on colonic pressure, 11 stool weight, and colonic transit times 12 to
substantiate their hypotheses have also been challenged.

The first description of surgical management of diverticulitis was by Mayo, who outlined the
operations and pathologic findings for a series of five patients in 1907. 13 In his initial
papers, Mayo also briefly outlined surgical options for diverticulitis including abscess
drainage, and staged operations such as diverting colostomy with or without subsequent
resection and eventual colostomy closure. 14 This was followed by the three-stage operation
proposed by Rankin and Brown 13, which subsequently has been superseded by the two-
stage operation eponymous with Henri Hartmann, who first proposed the procedure in 1921
for the management of sigmoid carcinoma. 16

The evolution in our understanding of the natural history of diverticulitis has altered medical
and surgical management recommendations over the course of the last 50 years. Despite the
debunking of old surgical dogma, modern perspectives have yet to completely translate to
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the realm of public knowledge. In this section common myths and misconceptions will be
discussed.

Diverticulitis: when to cut it out?

Previous surgical guidelines focused on early operative intervention to avoid potential
complicated episodes of recurrent complicated diverticulitis (e.g., with free perforation) that
might necessitate emergent surgery and stoma formation. This included recommendations
for routine elective resection after two attacks in patients over 50 years of age and after one
attack in patients younger than 50 years of age. The premise of these recommendations had
underlying assumptions that include the following: 1) patients who had already experienced
more than one prior episode would be less responsive to medical therapy, lead to
complicated diverticulitis, need for emergent operation/stoma, and thus have a higher
mortality risk, and 2) young patients would have a longer potential time to experience a
recurrence and its associated sequelae.

How many episodes is too many episodes?

In the late 1960’s, Parks found that in a cohort of 455 patients admitted for treatment of
diverticulitis, 317 were treated medically on the first admission. Patients included in this
series had clinical and radiologic evidence of diverticulitis on barium enema and/or evidence
of local diverticular inflammation at the time of operation or necropsy. Of patients treated
medically, 24.6% (78 patients) were subsequently readmitted with a second attack, 3.8%
with a third attack, and 1.6% with a fourth attack. Of these recurrent episodes, 46% occurred
within the first year. Because 20 of the 78 patients (25.6%) with recurrent attacks ultimately
needed surgery, and the mortality rate associated with the second attack was 7.7% compared
to only 3% in the first attack, Parks concluded that medical treatment of repeat episodes was
less likely to be successful. 17 This observation formed some of the basis for recommending
early surgery after one or two episodes to prevent future attacks.

As of the 1990’s, both the American Society of Colon and Rectal Surgery 18 as well as the
European Association for Endoscopic Surgery 19 supported the recommendation for elective
resection after two episodes of uncomplicated diverticulitis. However, criticism of this
recommendation began to build as newer studies challenged dogma founded on the limited
data from more than 20 years prior. “Modern” series have been published in the era of more
advanced diagnostic imaging usually with computed tomography (CT) scanning, routine use
of image-guided percutaneous drainage, and advances in the medical management of sepsis.
This more recent data has challenged prior concerns about decreasing effectiveness of
medical management with repeat episodes and the notion that the natural history of
diverticulitis is progressive. It has also permitted more accurate grading of the severity of
disease and permitted less invasive management options to attempt conversion of urgent
operations into the elective setting, or even avoid an operation altogether.

The role of “early surgery” to prevent future complicated diverticulitis

Contrary to prior dogma, complicated diverticulitis appears to present more commonly in
patients who had only had one or two attacks, 20 and patients with more than two episodes
were not at increased risk for poor outcomes. In other words, patients who had experienced
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more than two episodes were actually less likely to experience free perforation, had a lower
rate of requiring diverting ostomy, and higher rates of successful resection with primary
anastomosis. 2! Therefore, in the absence of feculent peritonitis, when patient physiology,
comorbidities, and local technical expertise permits, non-operative management of
perforated diverticulitis presenting with abscess or even locules of free air has been
demonstrated to be highly successful and feasible in the majority of patients. 22

The decision to offer surgery for other manifestations of complicated diverticulitis such as
free perforation, fistula, or obstruction, is generally straightforward. However, some debate
still remains about what to do with the diseased colonic segment following resolution of an
episode of complicated diverticulitis with abscess treated with or without percutaneous
drainage. Data that supports the recommendation for elective colectomy after diverticulitis
with abscess is based on concerns that recurrence rates can be as high as 40%. 2324 A recent
review of a statewide database in New York suggests that many patients could be
successfully managed non-operatively without routine colectomy after their first
presentation of diverticular abscess. Based on more than 10,000 admissions for initial
diverticular abscess, observation without elective colectomy was associated with lower
stoma rates, fewer inpatient hospital days, but higher costs. Of this cohort, 31% failed initial
non-operative management, 16% underwent elective colectomy within 6 months of
discharge, and 52% of patients continued with nonoperative management. In this latter
group, overall recurrence at 5 years was 25% (and only 13% if the patients made it beyond 1
year without recurrence).

Role of routine elective resection for young patients

Routine elective resection based on age <50 is no longer recommended. More recent studies
have allayed concerns that diverticulitis is more virulent in younger patients, 2° and therefore
routine resections are no longer recommended to prevent the possibility of recurrence
requiring emergency colectomy and/or colostomy. However, in a large statewide database
study by Anaya and Flum in 2005 that included more than 20,000 patients treated without
initial operation, the overall recurrence rate was 19%, but the rate was 27% in patients under
50 years of age versus 17% in those over 50 (p<0.001). While the overall rate of emergency
colectomy or colostomy was only 5.5%, it was also significantly more common in younger
patients (7.5 vs. 5.0%, p<0.001). 20 However, a contemporary study in 2004 by Guzzo and
Hyman demonstrated that the risk of requiring surgery at the initial admission was similar
between older (22%) and younger patients (24%, p=0.8). There was a low rate of recurrence
following successful medical management, with perforation risk of only 0.5%, suggesting
that the role of performing routine resection in young patients to prevent emergent
colectomy in the future may not be warranted. 26 While virulence appears the same across
age groups, the potentially longer time course over which disease can recur should still be
taken into consideration when discussing surgery with young patients.

Cost-benefit modeling has been performed in both patients over and under 50 years of age,
and also speak against the prior recommendation to routinely offer resections to young
patients. One study utilizing Markov modeling of elective resections after two episodes
versus medical therapy show lower quality adjusted life years associated with routine
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resection after two episodes. 27 When similar modeling was performed looking at deferring
elective colectomy until after a fourth attack, the finding was that expectant management
was the dominant strategy in both young (age 35) and older (age 50) hypothetical cohorts.
Notably, a very small proportion (0.3%) of patients would actually develop a fourth attack of
diverticulitis. Deferring surgery until the fourth episode in patients over 50 resulted in only a
marginal decrease in mortality of 0.5%, 0.7% fewer colostomies, and cost savings of
approximately US $1000 compared to colectomy after the first episode. 28 Similarly in
younger patients, colectomy after the fourth episode resulted in 0.1% fewer deaths, 2%
fewer colostomies, and cost savings of US $5429 per patient.

Overall, the practice of recommending elective colectomy to prevent future recurrence
(regardless of age) out of the fear of need for emergency surgery and associated stoma
formation is generally discouraged as the available data does not support this practice. The
estimated rate of requiring urgent Hartmann’s procedure is 1 in 2000 patient-years of follow
up. 29 Given that elective surgery carries its own set of complications and risks, more recent
evidence has therefore led to a modification in the ASCRS guidelines stating that the “...
decision to recommend elective sigmoid colectomy...should be individualized”, depending
on the medical condition of the patient, frequency and severity of attacks, and persistence of
symptoms. 30

Let food be thy medicine—fiber, seeds, nuts, and other diverticular diet lore

The role of diet in preventing diverticular disease has long been debated. Even 40 years ago,
there was some postulation that high fiber diets may actually reduce the incidence of
diverticular disease. This has been supported by observational studies noting that
populations that adopted more “Western” diets with refined grains and decreased fiber had
higher rates of diverticular disease. 1912 Specifically, researchers have tried to establish the
relationship between high fiber diets and the development of diverticulosis, the role of
specific foods such as nuts and seeds in the precipitation of diverticulitis, and the role of
specific diets in the management and treatment of diverticulitis during an acute episode.

Fiber — an ounce of prevention?

The Dietary Guidelines for Americans (2015-2020) recommends a dietary fiber intake of 14
grams per 1,000 calories consumed. For example, for a 2,000-calorie diet, the fiber
recommendation is 28 grams per day. 31 However, it is difficult to find the originating source
for these recommendations. The exact role that fiber plays in the pathogenesis of
asymptomatic and symptomatic diverticular disease is still a subject of debate. While
population-based studies such as the Million Women Study (MWS) 32 and the European
Prospective Investigation into Cancer and Nutrition (EPIC) 33 suggest that a high fiber diet
protects against diverticula becoming symptomatic, cross-sectional studies looking at
asymptomatic diverticula identified on colonoscopy did not demonstrate that lower fiber
diets or constipation were risk factors for developing diverticulosis 34 and did not identify a
protective role of a high fiber diet. I It is possible that the reason for this conflicting evidence
is due to study design and the variation in endpoints measured. Interestingly, there are no
studies that clearly address whether fiber supplements (as opposed to dietary fiber) reduces
the risk of diverticulitis attacks. 3> However, as many people find it difficult to obtain the
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recommended intake of fiber through diet alone, supplementation is a low-risk method of
increasing intake. On balance, given that a high fiber diet appears to decrease the likelihood
of symptomatic diverticulitis, and may confer other health benefits beyond the management
of diverticular disease, the recommendation is for patients to adhere to a high fiber diet.

Fiber intake and diverticular disease

Multiple prospective, population-based studies have looked at aspects of diets and their
association with diverticular disease. Supporting the comments above, the MWS, based out
of the UK, surveyed 1.3 million women aged 50-65 years regarding social, demographic,
and lifestyle factors and were then linked to hospital records to confirm rates of symptomatic
diverticular disease. 32 This study demonstrated that high intake of dietary fiber was
associated with a reduced risk of diverticular disease. Particularly, a diet high in fruit and
cereals was most protective. The relative risk of diverticular disease per 5 g/day of fiber
intake was 0.86 (95% CI, 0.84-0.88). The mean total intake of dietary fiber was 13.8 grams
per day, which is still less than half the current recommended daily intake of 25-30 grams
per day.

Similarly, the EPIC-Oxford study examined the association between fiber intake and
admission to hospital or death from diverticular disease in more than 47,000 people over an
average period of 11.6 years. Participants in the highest quintile of fiber intake (=25.5 g/day
for women and =26.1 g/day for men) had a lower relative risk (0.59, 95% CI 0.46-0.78,
P<0.001) of both complicated and uncomplicated diverticular disease compared with those
in the lowest quintile (<14 g/day for both women and men). Vegetarians made up 33% of the
subjects and demonstrated an additional 31% lower risk of diverticular disease compared to
meat eaters, 36

Nuts, seeds, and diverticulitis

Patients with diverticular disease commonly ask whether they should avoid eating nuts, corn,
popcorn, and seeds to prevent episodes of diverticulitis. The rationale for this was that these
substances tend to pass through the gastrointestinal tract almost intact and would therefore
be of the perfect shape and size for getting lodged in a diverticulum, presumably resulting in
diverticulitis. 37 In reality, the precise mechanism for precipitating diverticulitis is likely
more complex and still not completely understood. While this recommendation seems to
make theoretical sense, this dietary urban legend has essentially been debunked. 38 In the
Health Professionals Follow-up Study (HPFS), a cohort of more than 47,000 men were
surveyed regarding food intake frequency. There was actually an inverse association between
nut and popcorn assumption and risk of diverticulitis, defined as abdominal pain and one of
the following: 1) fistula, abscess, perforation, or obstruction; 2) treatment with antibiotics,
hospitalization, or surgery; or 3) severe or acute or presenting with fever, requiring
medication, or evaluated with CT scan. Self-reports of these symptoms were then
corroborated with medical records. Men who ate these foods at least twice per week were
actually less likely to develop diverticulitis, even when controlling for other potential risk
factors including age; body mass index; dietary fat, fiber, and red meat consumption;
physical activity; cigarette smoking; and NSAID and acetaminophen use. There was no
association between the development of diverticular bleeding or uncomplicated
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diverticulosis. In particular, insoluble fiber or cellulose appeared to have the strongest
protective effect. 39

Low fiber/low residue diets and acute diverticulitis

Summary

Traditionally, many caregivers have advocated for a low residue diet during an acute episode
of diverticulitis once a liquid diet has been tolerated without pain or alteration in clinical
status. The term “low residue” diet has fallen out of favor as the term is non-specific and
difficult to quantify. 40 Instead, the suggested terminology is a “low fiber” diet, generally
defined as <10 g/day. 4142 Currently in the literature the terms low residue and low fiber
may be used interchangeably, however. Conceptually, this dogma of low fiber diets with
diverticulitis would be based on a low fiber diet theoretically reducing the frequency and
volume of stools to ease passage through the inflamed segment allowing the inflammation to
improve more quickly. Once the acute episode has resolved, the general recommendation, as
described above, would be to then gradually resume a high fiber diet to minimize further
attacks. However, the evidence for adhering to a low fiber diet during an acute episode is
based on scant evidence, 43 so this dogma remains without scientific evidence.

Overall, the recommendations for “diverticulitis diets” mirror those made for overall healthy
lifestyle — high fiber, with a focus on whole grains, fruits and vegetables. Many people who
develop asymptomatic diverticulosis will not develop diverticulitis and its potential
associated sequelae. In those who do develop symptoms, the attitude towards early surgical
management is shifting to more expectant management with delay of definitive surgery.
Furthermore, the focus of surgical decision-making is moving away from dogmatic
recommendations in favor of shared decision-making between patient and surgeon,
balancing severity of symptoms, patient lifestyle, age, and morbidity.

Epidemiology/Classification/Pathophysiology of Diverticulitis - Janet Lee

Epidemiology

Diverticulosis is one of the most common incidental findings on colonoscopy 8 and the
eighth most common outpatient diagnosis in the United States. 44 Over 50% of people over
the age of 60 and over 60% of people over age 80 have colonic diverticula. 4445 Of those
with diverticulosis, the lifetime risk of developing diverticulitis is estimated at 10-25%, 46
although more recent studies estimate a 5% rate of progression to diverticulitis. 2
Diverticulitis accounts for an estimated 371,000 emergency department visits and 200,000
inpatient admissions per year with annual cost of 2.1-2.6 billion dollars per year in the
United States. 4447 The estimated total medical expenditure (inpatient and outpatient) for
diverticulosis and diverticulitis in 2015 was over 5.4 billion dollars. 47

Painter and Burkitt first observed that diverticulosis is more common in urbanized/
industrialized areas than rural Africa. 1° The paucity of fiber in the Western diet has been
linked to higher rates of diverticulosis. A low fiber diet results in less stool volume,
decreased colon diameter, increased intraluminal pressure and increased formation of
diverticula. Increased industrialization and urbanization and greater spread of the Western
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diet have led to higher rates of diverticular disease in other parts of the world such as Asia
and Africa. 4849 White people have the highest prevalence of hospitalization for
diverticulitis (62/100,000) versus African Americans or Hispanics (30/100,000) and Asians
(10/100,000). 9 In large database studies of diverticulitis, Whites comprise 60—-70% of
hospitalized patients with diverticulitis. 8 In Asian countries, diverticulitis is much less
common that in Western countries, but when it does occur, it more frequently affects the
right side of the colon. If Asian patients move to Westernized areas, however, the risk of
diverticular disease and left sided disease increases. Autopsy studies have shown a 1%
prevalence of diverticulosis in Japanese who live in Japan, but a 50% prevalence of Japanese
living in the United States. 51

The incidence of diverticulitis is increasing. Wheat and Strate 30 performed a retrospective
review of the Nationwide Inpatient Sample from 2000 through 2010 analyzing trends in
hospitalization for diverticulitis and diverticular bleeding. Over the 10-year study period
there were over 2.1 million hospitalizations for diverticulitis with an average of 195,000 per
year. The number of admissions for diverticular bleeding decreased over the study period
while admissions for diverticulitis increased over the 10 years, with a peak in 2008. 50

Lee et al>2 also performed a retrospective review to identify trends in diverticulitis. Using
data from the Rochester Epidemiology Project, they looked at changes in demographics of
patients between 1980 and 2007 who developed diverticulitis. They found a significant
increase in incidence of diverticulitis between decades (1980-1989 vs. 1990-1999 vs. 2000—
2007, p<0.001). The authors estimate an increase of 50% between 1990-1999 and 2000—
2007. The authors also found that visceral and subcutaneous adipose tissue were
independently associated with diverticulitis, suggesting that distribution of body weight and
fat (ie central obesity) was more closely responsible for increasing rates of diverticulitis. 52

Diverticular disease is more common in middle-aged to older individuals, and its prevalence
increases with age as well. By age 40, 5% of the population has diverticulosis, while the
prevalence may be as high as 60-80% by age 80. Recent studies have shown that rates of
diverticulitis in young people is increasing as well. Bharucha et al >3 found that individuals
aged 40-49 have had a 132% increase in incidence from 1980 through 2007. Etzioni et al 8
also performed a retrospective review of the changing demographics of patients hospitalized
for diverticulitis between 1998 and 2005. Among patients aged 18-44, the rates of
admission for diverticulitis increased by 82% and number of elective operations increased by
73% over the study period. In contrast, rates of admission for diverticulitis in the 65-74
year-old group remained stable, and rates of admission for diverticulitis decreased in the 75+
year old group. 8

In younger age groups, diverticular disease is more common in men than women, with an
estimated 2-3:1 ratio. After the 6th decade, however, the prevalence is more similar. 0:53
Women make up a higher proportion of hospitalized diverticulitis patients 850 and have a
higher incidence of fistula formation. Men are more likely to have bleeding from diverticular
disease.
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Other risk factors for diverticular disease include use of NSAIDS, aspirin, steroids, opioids,
smoking and sedentary lifestyle. Family history and genetics is also an important risk factor
for development of diverticulitis. Twin studies have shown that the odds of developing
diverticular disease if a co-twin has the disease is much higher in monozygotic twins than
dizygotic twins. 45 Using statistical modeling, studies have shown that genetics accounts
for 40-50% of risk for diverticular disease while environmental effects account for 50-60%
of the trait variability. 54:55

Classification

Diverticulitis may be classified as either uncomplicated or complicated. The vast majority of
patients will have uncomplicated diverticulitis (~90%) with a typical presentation of fever,
abdominal pain and/or leukocytosis. Complicated diverticulitis may present with abscess,
fistula, perforation, stricture, or peritonitis. Abscess (70%) is the most common
manifestation of complicated diverticulitis. >3

Diverticulitis can also be classified as acute or chronic. Chronic diverticulitis can present as
recurring, intermittent episodes of acute disease, or persistent, symptomatic inflammation;
so-called smoldering diverticulitis. The 10-year risk of recurrence of diverticulitis is 20%
after one episode. After 2 episodes of diverticulitis, the 1-year risk is 20%. Hall et al 56
performed a retrospective review of all diverticulitis patients over a 6-year period with a CT-
documented episode of diverticulitis and analyzed risk factors for recurrence. In this study of
672 patients, the mean follow-up was 42.8 +/- 24 months. The vast majority of patients had
uncomplicated diverticulitis while 8.9% presented with complicated disease. The overall
recurrence rate at 5 years was 36%. Complicated recurrence was 3.9%. Risk factors for
recurrent diverticulitis included irritable bowel syndrome, complicated presentation,
previous hysterectomy, and family history of diverticulitis. Family history, length of involved
colon and retroperitoneal abscess were independently statistically significant risk factors for
recurrent disease. 26

Other newer terms have been used to classify diverticular disease including segmental colitis
associated with diverticulosis (SCAD) and symptomatic uncomplicated diverticular disease
(SUDD) 5758 (Table 3). SCAD is different than diverticulitis in that a nonspecific
inflammation of the colon is seen in an area of diverticula, but the diverticular orifice itself is
not involved. 59 SCAD is typically benign and self-limited. It may present with rectal
bleeding, diarrhea or abdominal pain. Histologically and endoscopically, SCAD may
resemble inflammatory bowel disease. SUDD is characterized by chronic abdominal pain in
absence of acute symptoms, radiographic evidence, or endoscopic evidence of diverticulitis
or colitis. 8 SUDD is similar to irritable bowel syndrome as both involve visceral
hypersensitivity and changes in colonic motility. 6

The most well-known classification schema for acute diverticulitis is the Hinchey criteria
(Table 1). First described by Hinchey et al in 1978, the Hinchey criteria classify the disease
based on extent of inflammatory complications. 61 These classification schema help identify
patients that are more likely to have recurrent attacks or require surgical intervention after
the initial presentation of diverticulitis. Ambrosetti 23 developed radiologic criteria to help
guide clinical management based on CT findings (Table 2a). Using this criteria, moderate
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diverticulitis is defined by localized wall thickening and inflammation of pericolic fat.
Severe diverticulitis is defined by wall thickening as well as inflammation, abscess,
extraluminal air or contrast. The modified Hinchey classification (Table 3) has been applied
to preoperative CT findings as well to help guide management. 52 The modified Hinchey
criteria correlates with postoperative morbidity and mortality and is also predictive of
recurrence when managed nonoperatively. 24 The Hinchey classification, however, is
limited, however, as the presence of purulent or feculent peritonitis can only be determined
at the time of surgery.

Pathophysiology

Diverticula most commonly occur along the mesenteric side of the antimesenteric taeniae
resulting in parallel rows. These spots are thought to be relatively weak as this is the location
where vasa recta penetrate the muscle to supply the mucosa. Colon diverticula are false
diverticula and contain only mucosal and muscularis mucosal layers. The reason behind
their formation is unclear with the most common theories involving structural abnormalities
of the colon wall, disordered motility and fiber deficiencies. Studies have shown thickening
of the circular muscle, shortening of the taenia, and narrowing of the lumen in patients with
diverticular disease compared with those with normal colons. 83 The thickened circular
muscle in patient with diverticular disease is the result of increased elastin deposition as
opposed to muscular hypertrophy or hyperplasia, with over 200% increase of elastin in
patients compared with controls. 54 Studies have also shown that patients with diverticular
disease have greater rates of collagen cross-linking. 8 Increased collagen cross-linking may
cause the tissues to become stiffer leading to a loss in compliance of the colonic submucosa,
making it more susceptible to injury. Collagen cross-linking increases with age, and thus,
may explain why the prevalence of diverticular disease increases with age. Changes in
collagen cross-linking and elastin deposition may also explain why patients with connective
tissue disorders are also more prone to diverticulosis earlier in life.

In addition to changes in structure and composition of colonic tissue, patients with
diverticulosis also have higher intraluminal pressures in the sigmoid colon versus controls.
66 This can lead to increased risk of injury to the mucosa with high intraluminal pressures.
Studies have also shown that patients with diverticular disease have disordered colonic
motility in the descending and sigmoid colon with disorganized, frequent retrograde
propagation of propulsions. 80 In a high fiber diet, motility is faster and intraluminal
pressures are lower, which may explain why a high fiber diet is protective against
diverticular disease.

The exact mechanism that leads to diverticulitis from diverticulosis is not definitively
known. Diverticulitis is commonly believed to be caused by obstruction of a diverticulum,
leading to stasis, ischemia, microperforation and infection. 87 The microperforation then
leads to a characteristic inflammatory response of varying degrees. Development of an
abscess, phlegmon, fistula or free perforation may then follow. Inflammation in the
surrounding tissues can then lead to altered gut function and change in bowel function.

More recent studies suggest other potential contributing factors including chronic
inflammation, the gut microbiome, and genetics. 54:55.68-72 Risk factors for other known
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chronic inflammatory diseases such as cardiovascular disease and diabetes are also risk
factors for diverticulitis. Increased dietary fiber may be protective against diverticulitis by
altering the microbiome. Patients with diverticular disease have a different composition in
the intestinal microbiome than controls, with higher levels of Bifidobacterium. 7* Other
studies have found differences in composition of patients with active diverticulitis compared
with controls with diverticulosis. 6970 The correlation or causation these potential
contributors to the development of diverticulitis is unknown.

Schafmayer et al 72 recently performed a genome-wide association study looking at genetic
risk factors for diverticulosis and diverticulitis. Using genotypes from a large Biobank of
patients of European descent, they compared loci of cases and controls. They found that
candidate genes in case with diverticulosis were related to intestinal neuromuscular function
and impaired connective fiber support. Identified candidate genes for cases with
diverticulitis were related to epithelial dysfunction. This study suggests a genome-specific
reason for the development of diverticular disease and diverticulitis and may help identify
those at higher risk of developing symptoms or complications

The incidence of diverticulitis is increasing, and the age of the average patient is decreasing.
The change in the Western diet, inflammation, and perhaps gut microbiome may have some
relation to the evolution of the disease. Understanding the exact mechanism of diverticular
formation or transformation from diverticulosis to diverticulitis may help guide future
disease prevention and treatments.

Presentation, Preferred Imaging and Criteria for Outpatient Management

Introduction

The epidemiology of diverticular disease has been evolving over the past century. /3
Currently, 70% of patients over the age of 80 years have diverticulosis, and there is an
increasing incidence of younger patients with symptomatic disease. 7 Findings from
screening colonoscopy suggest a progressive disorder, supported by the increased prevalence
and density of diverticula with age. ’> Of those with diverticular disease, recent studies
suggest 3-7% may develop acute diverticulitis (AD). 276

National database studies suggest a continuing increase in emergency presentations for AD
and the associated costs over the past two decades.”3:7477.78 The aging population may
explain some of this, however an exponential rise in the prevalence in younger age
categories and other demographic groups (specifically women) have also been implicated.

In the western population diverticulosis is predominantly left sided (86%), particularly
affecting the sigmoid colon, with the right side or whole colon less commonly affected, and
symptomatic disease also following this distribution. 7> In Asian communities however right
sided disease predominates, and may be confused with appendicitis. Acute diverticulitis may
be defined as uncomplicated or complicated (approximately 15-35% of presentations) in the
presence of perforation, abscess, fistulisation or obstruction. 7-81 The vast majority (>80%)
of acute presentations with AD are now managed non-operatively. 7782
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Presentation

The most common presenting complaint is of left lower quadrant abdominal pain with
symptoms of systemic unwellness including fever and malaise, however the presentation
may vary widely. The differential diagnosis is broad and includes appendicitis and
malignancy (among others). Initial assessment aims to establish the diagnosis of AD, the
presence of (or risk of developing) complications and the best course of treatment.

A routine history should focus on duration and details of illness and risk factors for
malignancy or other differential diagnoses. Clinical examination should establish the
presence and degree of sepsis and the presence and extent of peritonism. Standard laboratory
testing includes a complete blood count, urea, electrolytes and inflammatory markers,
looking for evidence of inflammatory response and effect on other organ systems, 3083
However, normal laboratory testing does not preclude a diagnosis of AD. 8 Clinical
assessment in conjunction with laboratory testing can be reasonably accurate, 85 however
there is considerable overlap of symptoms with other diseases 2%and as such radiologic
investigation is essential for an accurate diagnosis.

Preferred Imaging

Plain Film—aPIlain radiography of the abdomen may demonstrate gross free air or
obstruction, however it lacks sensitivity and specificity and therefore does not have a routine
role in the evaluation of AD. 86 A plain radiograph of the chest may be diagnostically useful
if the differential diagnosis includes pneumonia or as part of the peri-operative work-up if
surgery is deemed necessary.

Contrast Enema—The initial investigation of choice prior to the advent of computed
tomography (CT) was contrast enema. While many earlier studies linked the presence of left
iliac fossa symptoms and subsequent barium enema showing diverticulosis as evidence the

patient had diverticulitis, subsequent reviews cast doubt on the reliability of this assumption.
29

Barium enema is not often used in the acute situation as barium can cause peritonitis and
obscure views if a subsequent CT is required. Water soluble contrast has been used as an
adjunct to primitive CT, 87 however it is not now commonly used to diagnose AD as it has
been surpassed in sensitivity and speed by the latest iterations of CT technology.

Contrast enema gives good luminal images but does not reflect the peri-colonic process. It
may have a role in the identification and anatomic mapping of structuring or fistulous
disease, however this has largely been surpassed by the use of CT with rectal contrast. 88

Ultrasound—Ultrasound (US) has been proposed as an alternative or adjunctive imaging
modality without the potential harm of radiation exposure. 8990 Proponents advocate a role
in diagnosis and monitoring of uncomplicated diverticulitis 8 and possibly in intervention
for complicated disease. The German guidelines recommend a ‘Qualified abdominal US’ as
the first line imaging investigation for uncomplicated AD. 86 The defining features of AD on
US depend on the stage of the disease and include colonic wall thickening and peri-
diverticular inflammation appearing as non-compressible, hyperechoic fat which is tender to
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probe pressure. 89:90 Complicated disease such as abscesses may be demonstrated on US and
this used to guide drainage.

Ultrasound is user dependent, has a tendency to underestimate the stage of the disease and
sensitivity may depend on the location of the disease (for example deep mesenteric and
pelvic disease is better imaged by CT) and patient body habitus. In experienced hands using
a targeted approach, sensitivity and specificity approach 98%. 86 A meta-analysis found it
comparable to CT in the accuracy of diagnosis of AD, however it is less likely to identify
other sources of pathology. °1 It may be used as alternative initial investigation to CT in
patients in which a CT may be contraindicated (for instance pregnancy). 30

While in some parts of Europe US has gained acceptance as first line of investigation, this is
in contrast to the general situation in most of the western world, where CT has become the
preferred technique.

Computed Tomography—The gold standard cross-sectional imaging is multi-detector
CT. It is minimally invasive and has sensitivity between 98% and specificity up to 99% for
diagnosing AD. 23:30.9293 |n the absence of contra-indications, intravenous contrast is
typically used. In addition, oral or rectal water-soluble contrast can be added as adjuncts to
enhance sensitivity and specificity depending on the clinical scenario. Multiple phases
(including non-contrast and portal venous) are recorded.

Typical CT findings include the presence of diverticula, segmental, symmetrical wall
thickening, hyper-enhancement and pericolic inflammation. In complicated disease,
abscesses, localised or free intra-peritoneal gas, fistulisation or evidence of obstruction may
be seen. %4

Computed tomography has a role in confirming the diagnosis, but also predicting failure of
non-operative management; extra-colonic contrast and distant free intraperitoneal gas are
associated with the need for surgery. 929 In order to enable more standardised reporting and
prognostication, numerous classification systems have been proposed. The most recent is a
modification of the previously described Hinchey classification of operative findings, 61 in
which AD is classified as ‘Uncomplicated’ or ‘Complicated’, and the latter subdivided from
pericolic air through to diffuse fluid and distant free air depending on the degree of
radiologic evidence of contamination (see Table 1). 9 The authors proposed an algorithm
for management based on a combination of the radiologic and clinical features of the
individual case.

One of the concerns in the liberal use of CT, particularly in the increasing younger cohort of
AD patients, is radiation dose. Walter et al have shown that lowering the dose of radiation by
50% may still provide sufficient diagnostic accuracy. 97

Magnetic Resonance Imaging—Magnetic resonance imaging (MRI) is a radiation free
alternative to CT (where CT is contraindicated) and provides good sensitivity and specificity
(up to 94 and 92% respectively).88 It is less user-dependent than US and may be more
sensitive and specific than US in patients with a higher body mass index or where another
pathology is possible or suspected. 30
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Criteria for Outpatient Management

Historically acute diverticulitis has been managed in a hospital setting with intravenous
antibiotics and “‘gut rest’. Increasingly, this paradigm has been challenged and the value of
antibiotics and hospitalisation questioned. The combination of an aging population and the
increased prevalence of diverticular disease will drive an increase in presentations of AD and
put pressure on limited in-patient systems. Hospital admission may be necessary for
treatment or monitoring purposes however, early risk stratification can now be performed
with a combination of clinical, laboratory and radiologic assessment and a decision made on
the safety of out-patient management or the need for intervention.

Summary of Evidence on Outpatient Management

There has been increasing interest in the out-patient management of AD over the past 2
decades. The majority of data comes from prospective and retrospective cohort studies,
however there is also one randomised controlled trial. ° The DIVER Trial was a
prospective, multicentre randomised clinical trial (RCT) which compared hospitalisation and
out-patient management in terms of treatment failure, the subsequent need for re-admission,
quality of life and cost. 9 While this trial showed no significant difference in treatment
failure, readmission or emergency surgery requirement, it may have been underpowered as
only one hundred and thirty-two patients were randomised (66 to each group). There was no
significant difference seen in terms of quality of life assessment at 14 and 60 days but costs
for the out-patient group were significantly lower at a third of the cost of in-patient treatment
(savings of €1124.70 per patient). Moya et al also described savings of €1600 per patient
managed as an outpatient and other studies have shown similar findings.100.101

This is generally consistent with the remaining literature. Pooled rates from a recent
metaanalysis including 21 studies and 1781 patients show an overall failure rate of 4.3%,
where failure is defined as emergency admission to hospital within 60 days for AD. %
Subgroup analysis was not able to show an association between recurrent diverticulitis, co-
morbidities, peri-colic air, abscess or antibiotic type and treatment failure. However,
previous studies have suggested that co-morbidity may predict readmission. 102

Current consensus guidelines agree that there is a potential role for the out-patient
management of AD although, the nature of what this entails is less clear.30.83.103-105 At
present, much of the mild disease is managed in the community by non-specialists, however
a subset of those referred to hospitals will be able to be managed as out-patients once they
are appropriately assessed.

Typical Outpatient Regimen

The majority of the studies on out-patient management establish the initial diagnosis based
on clinical assessment and cross-sectional imaging with CT. Eligible patients were then
given antibiotics in most protocols and started on a liquid only diet, which was gradually
progressed over the following days. The most commonly prescribed antibiotics were
Amoxicillin-Clavulanic acid or Ciprofloxacin and Metronidazole in penicillin-allergic

patients. Duration of antibiotic therapy ranged from 7-14 days in those who gave antibiotics.
82,99,101,106,107
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Non antibiotic treatment for diverticulitis

Although this is covered in more detail elsewhere, this review would not be complete
without mentioning the recent evidence against the routine use of antibiotics in
uncomplicated AD. Administration of antibiotics has been standard of care for treatment of
acute uncomplicated diverticulitis. However, recent data from two RCTs suggest antibiotics
do not influence outcomes significantly and the role of antibiotics in otherwise healthy
individuals is under question. A Swedish RCT of 623 patients found antibiotic treatment for
acute uncomplicated diverticulitis neither accelerated recovery nor prevented complications
or recurrence. 108 A similar RCT from the Netherlands with 528 patients with CT proven
AD found that observational treatment without antibiotics did not prolong recovery and can
be considered appropriate in patients with uncomplicated diverticulitis. 19° Both these trials
were conducted in an inpatient setting. It is likely that we will see more patients with
uncomplicated disease treated with observation in the future and this concept will need to be
incorporated into outpatient management.

The role of further investigation after an episode of acute diverticulitis treated as an

outpatient

Clinical follow up is important to ensure that the episode of AD has settled. Most recurrence
is early and due to failure of the initial episode to settle. ”® Ongoing follow up however is
likely of little value, as there is little evidence of any active treatment reducing a further
attack. It has been common practise for many patients to have a colonoscopy after an
episode of diverticulitis to exclude an underlying colon cancer. Such investigation has a cost
and risk (e.g. systemic effects of bowel perforation, colonoscopic perforation) associated
with it. Recent evidence suggests that patients who have no pre excising symptoms (e.g.
prior change in bowel habit, rectal bleeding and iron deficiency or anaemia ) and who have a
good quality CT scan showing uncomplicated diverticulitis are at no greater risk of having a
colon cancer that the general community, 110111

Suggested Exclusion Criteria for Outpatient Management

Based on the exclusion criteria used in the above studies, the following criteria for selecting
the appropriate patients for out-patient management are proposed and summarised in the
algorithm in Figure 1.

Radiologic Diagnosis of Complicated disease

The majority of studies exclude patients with radiologically complicated disease including
the DIVER Trial and a number of the prospective cohort studies. 99101106 A few studies
included patients with small pericolic abscesses (defined as <2cm) with acceptable treatment
failure rates.112.113 However, given the conflicting evidence on the value of perforation in
predicting treatment failure, it is proposed to exclude those with complicated disease. Better
standardisation of radiologic classification may improve the ability to predict treatment
failure based on imaging more consistently. 93
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Immuno-compromised

Immuno-compromise has consistently been used as an exclusion criterion in studies on AD
due to the higher morbidity and mortality associated with AD in this population. 114 It has
been suggested that immune-compromise may result in a discrepancy between imaging and
outcomes where free intra-peritoneal gas may not be associated with the typical pericolic
inflammatory appearances that may therefore be missed or under-estimated

Intolerant to Oral Intake

In a survey of Australasian General Surgeons and New Zealand Colorectal Surgeons,
intolerance to oral intake was considered an absolute indication for admission in 90 and 86%
of respondents respectively. 103

Signs of Severe Sepsis

Hypovolaemia was deemed an absolute indication for admission in 95% NZ Colorectal
Surgeon respondents, although simple observations such as a temperature over 38 degrees, a
heart rate over 90 beats per minute or a respiratory rate over 20 per minute were less likely
to warrant admission in isolation, 103

Lack of Social Support

This is an intuitive exclusion criterion that has been used in all of the studies. Inadequate
social support is associated with a higher readmission rate in general surgery. 115

Comorbidity Score

In some of the out-patient protocols, patients with co-morbidities were excluded from out-
patient management, while in others (including DIVER) these patients were included
regardless. 989 Rueda included only those with American Anaesthesiology Association
Score of | or 11, 102 while Alonso et al excluded patients with diabetes, heart failure, renal
insufficiency or obstructive pulmonary disorder. 196 It is likely that it is the frail patients that
are the common at risk group for failure of outpatient care.

A systematic review of the predictors of the severe AD identified a Charlson score of 3 or
greater as an independent risk factor, 116 a finding echoed in another similar meta-analysis
of risk factors for complicated AD. 117 However, in the radiologically diagnosed
uncomplicated AD, the evidence is less apparent. 98 Juang et al showed that a Charlson
score of 3 or greater did not predict the need for procedural intervention, prolonged
admission or readmission in a prospective study of patients with uncomplicated AD. 18 Yoo
et al showed no association between the presence of diabetes and need for surgery in their
retrospective review of 117 patients with AD. 119 For these reasons comorbidity score is not
considered an absolute contra-indication to the out-patient management of uncomplicated
AD, but clinical judgement should be used.

Age Criteria

Some studies included age criteria greater than 18 years, 99 others less than 80 102 or 90
years. 101 This appears to be a relatively arbitrary parameter with no actual evidence to
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support it formally and frailty may be a more meaningful measure, given its association with
poorer outcomes in acute general surgery. 120121

In summary, AD is a common presentation and is increasing in prevalence. Presentation may
be suspected based on clinical and laboratory findings and is routinely investigated with
cross sectional imaging (usually CT). Uncomplicated AD may be safely managed as an out-
patient in carefully selected patients.

Uncomplicated Diverticulitis

Acute diverticulitis is a common clinical manifestation of colonic diverticula. Diverticular
disease has been increasing in prevalence and it is estimated that lifetime risk of developing
diverticulitis is around 20%.30 The disease is more common in developed countries and has
been associated with dietary habits with high intake of meats and refined sugars and low
intake of fiber. 36:122The prevalence also increases with age from around 5% at age 40 to
about 65 % by the age of 80. 123 Alcohol has been shown to increase risk of diverticulitis.
124 smoking is associated with increased risk of developing complications from
diverticulitis. 125 Obesity has been increasing in prevalence and studies continue to show
association between obesity and risk of developing diverticulitis. 52:126

Acute diverticulitis can be further sub classified into complicated and uncomplicated
presentations. Uncomplicated diverticulitis is characterized by inflammation limited to
colonic wall and surrounding tissue. Complicated diverticulitis is characterized by colonic
inflammation and associated perforation, abscess formation, fistulation or stricture
formation. The management of complicated and uncomplicated diverticular disease differs.
Most patients with complicated diverticular disease are managed surgically in both elective
and emergent settings. Uncomplicated diverticulitis however has been managed successfully
non-operatively for decades. Recently there are new data which challenge conventional
clinical practice in the management of uncomplicated diverticulitis. This includes use of
antibiotics with an acute attack, role of routine endoscopy after uncomplicated diverticulitis
and also role of elective surgery after uncomplicated disease. This article will review recent
data relevant to these topics.

Antibiotics in Uncomplicated Diverticulitis

Since the advent of antibiotic therapy, antibiotics have been used routinely in the
management of patients with acute diverticulitis both in inpatient and outpatient settings.
30,127,128 Recently, investigators have proposed that acute uncomplicated diverticulitis may
be an ongoing inflammatory rather than infectious process. 129 This may suggest that the
need for antibiotics in management of diverticulitis may be limited. Recent randomized
controlled trials support this practice. The AVOD trial (Swedish acronym for “antibiotics in
uncomplicated diverticulitis) was a Swedish multicenter, randomized controlled trial. 108
The study included 623 patient with CT confirmed left-sided acute uncomplicated
diverticulitis. The patient were divided into two groups. The first group were admitted and
received antibiotics. The second group were admitted but only received 1V fluids and no
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antibiotics. Patients with small pericolic abscesses were excluded. The rate of complications
of colon perforation and abscess formation was comparable in both groups (No antibiotics
vs Antibiotics: Perforation 3 vs 3%: P-value 0.985, Abscess formation 3 vs 0%: P-value
0.080). Seven patients required sigmoid colectomy either during index admission or during
follow up in no antibiotics group vs 5 patients in antibiotics group (P-value 0.541). Risk of
recurrent disease was 16.2 % in no antibiotics group which was comparable to 15.8 % in
antibiotics group (P-value 0.881).

Another trial (DIABOLO) examining this subject was published in 2017. 199 Patient were
included from 22 different sites in Netherlands. All patient had CT proven, acute
uncomplicated left sided diverticulitis. The primary outcome was recovery during a 6
months follow up period. Secondary outcomes included readmission rate, complicated
diverticulitis within 6 months, ongoing and recurrent diverticulitis, need for sigmoid
resection and mortality. Median time to recovery was 14 days in observation group
compared to 12 days in antibiotics group. The negative secondary outcomes were higher in
number in observation group compared to antibiotics group but this was not statistically
significant (Complicated diverticulitis: 3.8% vs 2.6% [P-value 0.337], ongoing diverticulitis:
7.3% vs 4.1% [P-value 0.183], recurrent diverticulitis 3.4% vs 3% [P-value 0.494], sigmoid
resections: 3.8% vs 2.3% [P-value 0.323], readmissions: 17.6% vs 12% [P-value 0.148],
mortality: 1.1% vs 0.4% [P-value 0.432]). However, the authors recognized the possibility of
selection bias in the study and possibility of type Il error. The study may not be powered to
detect possible differences in the secondary outcomes.

In 2018, 2 year follow-up of DIABOLO study was published. 139 There was no difference
between groups in terms of recurrent diverticulitis (15.4% in the observational group versus
14.9% in the antibiotic group: P-value 0.885), risk of subsequent episode of complicated
diverticulitis (4.8 % vs 3.3 %: P-value 0.403) and need for sigmoid resection (9% vs 5 %: P-
value 0.085). Since the DIABOLO trial was not powered for secondary outcomes, these
results need to be interpreted and applied in clinical practice with caution. Van Dijk et al
looked at quality of life and persistent symptoms after management of uncomplicated
diverticulitis with observation versus antibiotics. About one third of patients in each group
had persistent symptoms at 1 or 2 years of follow up. No difference was seen in quality of
life indices between the two groups. 130 At this time it does appear that there are select
patients who can be treated without the use of antibiotics however, further studies are needed
to delineate groups that will benefit from this new approach to practice.

Mesalamine, Rifaximin, and Probiotics

As the role of microperforation in the pathophysiology of diverticular disease has come into
question, there has been increased interest in the use of immunomodulatory agents in the
management of diverticular disease. 5-ASA products and sulfasalazine alter DNA synthesis
and cell cycle progression in lymphocytes. Because a low grade proinflammatory state is the
proposed mechanism underlying chronic diverticular disease, a number of small trials have
evaluated the effectiveness of mesalamine-like compounds. Earlier studies showed some
promise of using these agents in management of diverticulitis patients. Trespi et al.
demonstrated that patients treated with antibiotics and mesalamine had decreased
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symptomatology. 13 Another study randomized patients with diverticulitis to a rifaxmin
only arm versus a rifaximin/mesalamine arm. 132 Patients in the rifaximin/mesalamine arm
demonstrated significantly improved bowel habits. They also had less recurrent episodes and
demonstrated lower symptom severity.

However more recent placebo controlled trials have failed to demonstrate clinical
effectiveness of these products 133134, This was confirmed by recent meta-analysis by
Urushidani et al. 135 8 RCTs were reviewed in the study which demonstrated that 5-ASA
products were not superior to controls in preventing recurrent diverticulitis (RR 0.86, 95%
Cl1 0.63-1.17) or decrease the incidence of adverse events (RR 0.97, 95% CI 0.84-1.11).

The role of the gut microbiome is another topic of recent interest. Agents like rifaximin and
probiotics are being investigated alone or in combination with fiber supplements. A meta-
analysis from 2011 demonstrated that combination of rifaximin and fiber supplements were
effective in reducing symptoms and preventing complications at 1 year. 136 Regarding
probiotics, a systematic review in 2016 showed that insufficient data is available currently to
comment on role of probiotics in managing diverticular disease. 137 More recent review
however demonstrate that certain probiotics may have a role in all stages of diverticular
disease and further research is needed to examine its role in management if diverticulitis
patients. 138

Surgery for Uncomplicated Diverticulitis

Acute uncomplicated diverticulitis is successfully managed conservatively in majority of
patients. However the recurrent nature of disease, risk of potential chronic complications and
effect of the disease on the quality of life continues to impact patients at multiple levels. The
disease is also a recurrent healthcare burden. Recurrence after an episode of uncomplicated
diverticulitis has been reported from 13-67 % in studies with variable follow up periods.
53,56,139-141 Review of literature shows that clinical practice guidelines have gone through
multiples changes regarding appropriate surgical managements of these patients.

Clinical practice guidelines in 2000 recommended surgery after two attacks of
uncomplicated diverticulitis. 142 In 2006, it was suggested that number of attacks in not
necessarily the most important factor in deciding need for surgery and may be younger
patients should be considered for surgery due to their higher cumulative risk for recurrent
disease. 128 In 2014 individualized approach was recommended for surgery after recovery
from uncomplicated acute diverticulitis. 30

Investigators have been interested in identifying appropriate groups of patients to intervene
on surgically and the optimal timing of a surgical approach. A single institution retrospective
review by Hall et al showed the family history of diverticulitis, length of affected colon > 5
cm and presence of retroperitoneal abscess at index presentation were associated with risk of
recurrent disease. %6 Other authors have demonstrated that the risk of recurrence increases
with each episode of diverticulitis. Bharucha et al showed the rate of recurrence after first
and second episodes of diverticulitis is 22% and 55 % at ten years respectively. 53 At the
same time, risk of subsequent complicated disease after an episode of uncomplicated
diverticulitis is less than 5 %.96:108.109 Chapman et al showed similar findings where patient
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with >2 episodes of diverticulitis were not at higher risk of complications compared to
patients with 1 or 2 episodes of diverticulitis challenging the idea of offering elective
resection after certain number of episodes of uncomplicated diverticulitis. 22 On the other
hand, complicated diverticular disease has a higher recurrence rate and recurrent episodes
are usually more severe compared to the index presentation. 143 Hence the decision to
recommend surgery should not depend on number of episodes of recurrent diverticulitis.

Another area of recent research interest is to compare quality of life in patients receiving
conservative management with those undergoing elective sigmoidectomy. One such trial is
the DIRECT trial (Surgery versus conservative management for recurrent and ongoing left
sided diverticulitis). This study compared surgery versus conservative management for
recurrent and ongoing left-sided diverticulitis.144 This is a multicenter randomized
controlled trial from Netherlands. Patients aged 18—75 with three recurrent episodes or
ongoing symptoms of diverticulitis were randomly assigned to either conservative
management or surgical intervention groups. The primary end point of the study was quality
of life measured by the Gastrointestinal quality of life index (GIQLI). Secondary end points
included additional quality of life assessments and also risk of morbidity and mortality
associated with each approach. Mean GIQLI score in surgical group was higher at 6 months
compared to conservative management group (P-value 0.0001). Secondary outcomes were
also found to be better in surgical group. 23 % of patients in conservative group ultimately
required surgical intervention. This trial concluded that surgical intervention, despite its
risks, lead to better quality of life compared to patients managed conservatively. Another
ongoing trial is Comparison of surgery and medicine on the impact of diverticulitis
(COSMID) trail. This is a large scale, randomized controlled trail that will compare
outcomes of surgery with best medical management for quality of life limiting diverticulitis.
The study will report both patient related and clinical outcomes.

Young patients

Several authors have proposed that patients younger than 40 to 50 years of age present with
a move virulent form of diverticulitis. 145146 Historical recommendations have advocated
sigmoid resection for young patients after one well established attack of diverticulitis
however, this dictum has been called into question by recent evidence. Data suggest that
young age is not necessarily associated with worse clinical outcomes. In a study by Guzzo et
al., risk of requiring surgery on initial presentation was similar in patients younger than 50
compared with older population group. 26 One patient out of 196 young patients (< 50 years)
had a free perforation after medical management of diverticulitis. Review of large
administrative dataset suggested that young patients may indeed have a higher risk of
recurrence (27%) but have low and comparable rates of emergency surgical intervention
(7.5% vs 5 %). 20 Another retrospective study showed that young patients with CT
diagnosed diverticulitis respond well to medical management and have low subsequent risk
of emergency surgery and need for colostomy. 147 Given the current level of evidence there
is no clear mandate to treat patients with young patients with diverticulitis differently than
other age groups.
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Clinicians agree now that decision of surgery for uncomplicated diverticulitis is not
dependent of factors like age of the patient or number of previous episodes. Rather the
decision should be individualized to each patient. Imaging from prior episodes should be
reviewed to ensure that prior episodes were properly staged. Attention should be paid to
factors like how severe were the prior episodes, how long the antibiotics were needed before
resolution of symptoms and whether patient had full resolution of symptoms or still has
smoldering symptomatology. The decisions should be based on evaluating risk of surgery
with patient’s risk of recurrent disease and persistent symptoms affecting quality of life. 148

Surgical Technique

As role of surgical intervention continues to evolve in management of acute diverticulitis,
the role of standardized surgical technique to compare outcomes is becoming equally
significant. Laparoscopic surgery is becoming increasingly prevalent in clinical practice. The
Sigma trial was a prospective, double blinded, multicenter, randomized controlled trial. 1491t
compared 104 patients with diverticular disease undergoing either laparoscopic or open
surgery. The rate of conversion was 19.4 % in the laparoscopic group. The short term
outcomes showed 15.4 % reduction in complication rates, lower post-operative pain,
improved quality of life and shorter hospitalization rate in the laparoscopic group of patients.
Operating time was longer for laparoscopic surgery. Follow up study of the trial showed that
this difference in outcomes between open and laparoscopic approaches decreases over time
and at 6 months there was no significant difference between the two groups in terms of
mortality and late complications like incisional hernias, bowel obstructions, abscess
formation and enterocutaneous fistulas. 10

Authors have also compared the level of proximal and distal transection during the primary
operation as it relates to disease recurrence. The purpose of surgery is to remove disease
segment of colon and to reestablish intestinal continuity and not to remove all diverticula
bearing colon. Proximal resection margin is decided intra-operatively based on anatomy.
This is up to area of proximal non inflamed, non-hypertrophied and compliant colon.
However since diverticulum is an area of weakening in the colon, care should be taken not to
incorporate them in the anastomosis. Distal margin is of great importance in decreasing
incidence of recurrent disease. Report from Mayo clinic compared 501 patients undergoing
sigmoid colectomy with either colo-sigmoid or colo-rectal anastomosis. Recurrent disease
was 12.5 % in colo-sigmoid anastomosis group compared to 6.7 % in colo-rectal
anastomosis group. 151 Similar findings were reported by Thaler et al who demonstrated a 4
times higher risk of recurrence if distal sigmoid colon was used for anastomosis compared to
upper rectum. 152

Anastomotic leak after colectomy has significant morbidity and mortality. High ligation of
inferior mesenteric artery (IMA) is considered important step in oncologic resection for
sigmoid and rectal cancers. However this is not considered mandatory in sigmoid resections
for diverticular disease. Studies have examined the role of inferior mesenteric artery (IMA)
preservation on the rate of anastomotic leak. A retrospective review of 130 patients by
Lehmann et al showed no increase in leak rate when IMA was sacrificed. 153 Similar results
were reported in a meta-analysis by Cirocchi et al. No statistically significant difference was
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found in rate of anastomotic leak when IMA was preserved or sacrificed during sigmoid
colectomy. 154 This finding has been confirmed in recent studies and meta-analysis. Recent
studies are in agreement with these earlier studies. A recent study looked at role of IMA
preservation in regards to functional outcomes after sigmoid colectomy. The idea was that
more proximal vascular transection will lead to colonic denervation and worse functional
outcomes. The study results confirmed that in 54 out 107 patients in whom IMA was
preserved, defecatory function and overall quality of life indices were better compared to
those in whom IMA was sacrificed. 1°° This study highlights the possible role of IMA
preservation in improving functional outcomes after diverticular surgery. Overall, currently
there is not enough evidence to support routine preservation of IMA in surgical management
of diverticular disease.

Tension at colorectal anastomosis is an important technical factor with risk of higher rates of
anastomotic strictures and leaks. Splenic flexure mobilization (SFM) is one of the
maneuvers undertaken to decrease tension at anastomosis. Cadaveric study showed an
additional colon length of 10.7 cm achieved with SFM. This is increased to 28.3 cm with
distal transverse colon mobilization. 156 However there is no consensus regarding need for
routine SFM for left sided colectomy. Studies in patients with rectal cancers have shown that
routine SFM is associated with longer operative time with no difference in anastomotic
complications, local recurrence and postoperative morbidity and mortality. 157.158 Recent
review on SFM in colon resection for diverticulitis also showed no benefits of routine
mobilization and showed a trend towards more minor post-operative complications. 19
Hence while there has been an increase in the use of SFM in patients undergoing
laparoscopic surgery for diverticulitis, there appears to be no benefit with routine use of this
approach. The decision to perform SFM should be individualized based on intra-operative
findings.

Leak test should be routinely performed after colectomy for sigmoid diverticulitis. This will
identify suboptimal anastomosis and allow for recreation or repair of anastomosis and guide
decision for need to divert proximally. Ricciardi et al showed that rate of clinical leaks was
higher in patients with positive intra-operative leak test. He also showed that suture repair
after positive leak test was associated with higher postoperative leak rate compared with
recreation of anastomosis or proximal diversion. 160

The management of uncomplicated diverticulitis is changing. Use of antibiotics has been
questioned. It appears that antibiotic use can be avoided in select groups of patients. Surgical
intervention appears to improve patient’s quality of life. The decision to proceed with
surgery is recommended in an individualized manner. Meticulous adherence to standard
surgical techniques will help to improve outcomes for patients with this disease.

Complicated Diverticular Disease

Complicated diverticulitis is defined as diverticulitis associated with localized or generalized
perforation, localized or distant abscess, fistula, stricture or obstruction. The Hinchey
classification system has been used to compare and stratify patients with complicated
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diverticulitis. Hinchey Stage | diverticulitis is associated with pericolic abscess, Stage Il with
more distant abscess like pelvic or retroperitoneal abscess, Stage 111 with purulent
diverticulitis and Stage IV patients include those with feculent peritonitis. Modified Hinchey
Classification was proposed by Warsavary et al., but the original Hinchey Classification is
still the most used clinical classification in practice. (Table 1) Another modification based on
CT findings was proposed as well. 161 (Figure 2)

Diverticular abscess

Diverticular abscess can occur in about 10 — 15% of cases. 162 The incidence of diverticular
abscess has increased over the last decade likely due to increased utilization of cross-
sectional imaging in the last 10 — 20 years. These cases can present either locally around the
sigmoid colon (pericolic, mesocolic or pelvic) or at more distant sites in the form of
subhepatic abscess. Clinical symptomatology depends on the location of the abscess and the
extent of inflammation and peritoneal contamination. Radiological cross-sectional imaging
with CT scan is the most effective way to diagnose diverticular abscess. Clinical exam along
with the information from cross sectional imaging would help with formulating treatment
plans for patients with diverticular abscess. The size of the abscess, its location, presence of
loculation and the extent of the peritoneal contamination or presence of peritonitis has been
used to decide the treatment algorithm for the individual patient.

Perforated Diverticulitis

Complicated diverticulitis presenting as free perforation occur in about 1% of patients
presenting with diverticulitis. Patients may manifest with symptoms of generalized or
localized peritonitis at the time of presentation in the emergency room or during the first 24
— 48 hours after admission to the hospital. Free perforation usually occurs on the first attack
of diverticulitis and is not usually seen in patients who have had multiple attacks of
diverticulitis. Clinical presentation may include signs of localized peritonitis or generalized
peritonitis. Generalized peritonitis may present with hemodynamic instability. The presence
of feculent or purulent peritonitis, the extent of contamination and hemodynamic status and
associated comorbidity decide the treatment options for the patients. 162

Diverticular Fistulas

Fistulas complicating diverticular disease occurs in about 2% of the patients. The localized
inflammatory process associated with the colon decompressing into the adjacent viscera
leads to the formation of the fistulous process. Fistulous process associated with diverticular
disease is usually a chronic presentation and symptomatology associated with the fistula is
related to the type of fistula with usually fewer abdominal signs and symptoms. Colo
cutaneous fistula could be a sequel of peri colonic abscess. Colo vesical, Colovaginal,
coelenteric, Colo colonic, Colo uterine or other common fistulation process. Colo
appendiceal, Colo gastric, Colo venous, Colo perineal, Colo perianal, and Colo ureteral are
other uncommon internal / external presentations associated with complicated acute
diverticulitis. 163-166
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Colovesical fistula

Colovesical fistula is the most common type of (65%) of internal fistulation process
associated with complicated diverticulitis. It is usually a mature fistula and occurs usually in
association with chronic diverticulitis. Colo vesical fistulas are more common in men with a
male-to-female ratio of 2 to 3:1 likely due to intervening broad ligament and uterus between
the urinary bladder and sigmoid colon. More than 50% of women with colovesical fistula
have had previous hysterectomy which supports the above theory. The mean age at the time
of presentation is between 55 and 75 years. 166-168 patients with Colo vesicular fistula
typically present with pneumaturia, fecaluria, dysuria and recurrent urinary tract infections.
Most patients have urinary tract infections and dysuria. Pneumaturia and fecaluria are
pathognomonic symptoms of colovesical fistula and seen in 75% and 50% only respectively.
Poppy seed test is diagnostic in 94.6% patients, CT in 60.0%, MRI in 60.0%, retrograde
colonic enema in 35.7%, Cystogram in 16.7%, Cystoscopy in 10.2%, and Colonoscopy in
10.2% patients. 164 (Figures 3)

Recurrent urinary tract infections could be presenting symptoms without any associated
prior episodes of diverticulitis. CT scan of the pelvis is helpful in the diagnosis with
inflammation usually localized to the dome of the bladder, with or without air within the
lumen of the bladder. Cystoscopy when performed shows inflammation at the dome of the
bladder and on occasion, food material like vegetable matter could be seen in the urine.

Colovaginal and Colouterine fistula

Colovaginal fistulas are the most common diverticular fistula to the female genital organ and
most commonly occur in older women with history of prior hysterectomy. History of
diverticulitis preceding colovesical fistula diagnosis is noted in only a third of the patients.
Presenting symptoms include vaginal discharge (95%), passage of air or stool through the
vagina. Abdominal pain is reported in only 50% of patients. 166:169 These patients usually
present to their primary physicians or were seen by their gynecologist. Cross sectional
imaging would help with the diagnosis with the inflammatory process involving the colon
over the vaginal cuff. (Figure 4) An opening seen at the apex of the vagina is seen in 30—
87% patients, and most commonly on the left side. 169170

Colouterine fistulas are rare phenomenon and literature about them is limited to case reports
only. It is more likely that colouterine fistulas are likely from non-diverticulitis related
etiology like secondary to obstetric trauma, pelvic malignancy and effects of radiation
therapy.

Colocutaneous fistula

Colo cutaneous fistula is uncommon and result from inadvertent incision and drainage of
abdominal wall abscess associated with acute complicated diverticulitis associated with
parietal wall abscess. (Figures 5&6) Patients who have had percutaneous drainage of
diverticular abscess may also present with Colo cutaneous fistula prior to their elective
resection. Patients who have had sigmoid colectomy for diverticular disease with
anastomosis to the distal sigmoid rather than proximal rectum are at higher risk for
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Colocutaneous fistula with recurrent diverticulitis involving the distal sigmoid colon.
Patients with Colocutaneous fistula may also have unsuspected Crohn’s disease. 171

Coloenteric Fistula

Coloenteric fistulas are uncommon fistulas and comprise between 3 to 7% of all diverticular
fistulas. 166:172 |t js usually between a redundant sigmoid colon and terminal ileum and less
commonly with jejunal loops. Presenting symptoms include diarrhea, which presents as
sudden development of severe watery diarrhea. Abdominal pain and weight loss secondary
to diarrhea are other common presenting symptoms. CT scan may help with the diagnosis
and malignant fistula should be excluded with colonoscopy. 173 Coloenteric fistula may be
accompanied by distal sigmoid stricture as well. 174

Colonic Stricture and obstruction

Colonic stricture and obstruction can have either an acute or may have a more chronic
clinical presentation. (Figure 5) Complicated diverticulitis with significant inflammation can
present with an inflammatory stricture or phlegmon can present with partial or complete
large bowel obstruction. These patients would require more urgent surgical intervention.

Patients who have had multiple episodes of diverticulitis over many years treated
conservatively may present with chronic left lower quadrant cramping abdominal pain.
Barium enema or flexible sigmoidoscopy may demonstrate the obstruction and usually
mandate surgery to address obstruction. Colon cancer and ischemic strictures are important
differential diagnosis when large bowel obstruction is the presentation.

Diverticular hemorrhage

Diverticular bleeding accounts for nearly 200,000 hospital admissions in the United States
annually and occurs in 3-5% of patients with diverticulosis. It usually presents as painless,
intermittent and large volume lower Gl bleeding. 174 Diverticular bleeding is the most
common cause of lower gastrointestinal bleeding, accounting for 20.8 to 41.6% of cases of
lower gastrointestinal bleeding. 175

Advanced age, NSAID, anticoagulant as well as antiplatelet use are the most common risk
factors for the incidence diverticular bleed. 176 The nature and color of the bleeding depends
on the intensity of the bleeding, with right sided diverticular bleeding presenting more like
Malena and left sided diverticular bleeding present as bright red bleeding per rectum. In
stable patients, colonoscopy remains the gold standard in diagnosis and treatment of
diverticular bleeding. Stigmata of bleeding, including active hemorrhage, visible vessel,
adherent clot to the diverticulum are diagnostic of diverticular hemorrhage. 177 Patient
factors, such as the use of oral anticoagulants or antiplatelet agents, hemorrhagic shock on
presentation and major stigmata of bleeding in colonoscopy are risk factors for rebleeding.
178,179 patients who remain hemodynamically unstable after initial resuscitation and are
unable to tolerate a bowel preparation for colonoscopy, should get a CT angiography,
followed by embolization if an active bleeding source has been identified. 180
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Immunocompromised Patients

Patients with immunocompromised status and acute diverticulitis are a special category of
patients and managed differently. This group of patients include those with
immunocompromised disease like untreated HIV, organ transplant recipients on
immunosuppressants, systemic steroids, diabetes mellitus, renal failure, cirrhosis and
underlying malignancy patients on chemotherapy or radiation therapy. Immunocompromised
patients are more likely to present with free perforation due to inability to mount appropriate
inflammatory response to the acute events. These patients are likely to require emergency
surgery with resultant increased risk of perioperative complications. 181

Role of Colonoscopy—After an episode of acute diverticulitis, routine colonoscopy has
been recommended by ACPBGI and ASCRS. Colonoscopy is advocated to exclude the
presence of colorectal cancer or presence of alternative diagnosis like ischemic colitis or
inflammatory bowel disease for the clinical presentation. Endoscopic evaluation of the colon
is normally delayed by about 6 weeks from the acute episode to reduce the risk associated
with colonoscopy. The World Society of Emergency Surgery recommends early colonoscopy
(4-6 weeks) after an acute episode after a diverticular abscess treated conservatively
(Recommendation 1C) but recommend only age appropriate colon cancer screening for
patients with uncomplicated diverticulitis treated conservatively with appropriate response.

The need for early colonoscopy is based on the premise that colon cancer can mimic
diverticulitis, and colon cancer or advanced adenoma may be associated with the current
episode of diverticulitis. But this historical clinical concern must be viewed taking into
consideration the advances in cross sectional imaging technology and also the diagnostic
criteria used to make the diagnosis of acute diverticulitis. With the use of CT criteria of
inflamed diverticula, pericolic fat stranding, fluid at mesentery and preserved bowel
enhancement pattern, the overall diagnostic accuracy of CT scan for acute diverticulitis has
been shown to be approximately 99%. 182 Studies have shown CT findings of diverticulitis
and colon cancer is so high that an unequivocal diagnosis can be made with 100% accuracy
for both diseases. 183

Colonoscopy, although routinely very safe generally, is also associated with serious
complications, including colorectal perforation, and has a higher failure rate of cecal
intubation in the background of acute diverticulitis. 184

Multiple retrospective studies and meta-analysis have evaluated the incidence of colon
cancer diagnosed during a follow up routine colonoscopy after an episode of acute
diverticulitis. Meta-analysis by Sai et al. showed a higher prevalence (2.1% vs 0.68%) of
colon cancer in patients with recent diverticulitis compared with general population. But this
has been attributed more due to selection bias and inappropriate design of the study to
address this question, than true incidence. The Meta-analysis using SEER database to
compare the results and found slightly higher rate of calculated prevalence of colorectal
cancer in the diverticulitis group compared with population of comparable age. 185

Multiple other studies have also been very critical of routine consideration of colonoscopy
after an episode of acute uncomplicated diverticulitis. A prospective study by Lahat et al.
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evaluated the clinical utility of routine colonoscopy and showed that colonoscopy performed
immediately after an episode of acute diverticulitis added no clinical value, except for those
with a more protracted course of acute diverticulitis. Their study also evaluated the utility of
waiting 6 weeks after an acute episode of diverticulitis. The authors performed colonoscopy
after medical treatment of acute diverticulitis in the same admission prior to discharge.
Colonoscopy was performed 4-12 days after admission (median 5.8 days). Complete
colonoscopy was achieved in 82% of patients, with colonic stricture at the site of
diverticulitis, malignant obstruction, and poor colonic perforation being the reason for the
incomplete colonoscopy in 18% of patients. The authors reported a higher risk (16.6%) of
colonic perforation with early colonoscopy in patients whose index CT scan showed air
around the colon associated with diverticulitis. 188 A retrospective study by Lam et al.
showed that in fact the prevalence of colon cancer in patients with diverticulitis is lower than
the lifetime risk of colon cancer and diverticulitis is not a risk factor for development of
colorectal cancer and adenomas. 187 Another retrospective study by Lau et al. evaluated the
results of routine colonoscopy after acute diverticulitis in 319 patients, and reported 26%
incidence of polyps, 2.8% incidence of colorectal cancers. The odds of a diagnosis of
colorectal cancer were 6.7 times (95% CI 2.4-18.7) in patients with an abscess reported on
the initial CT, 4 times (95% CI 1.1-14.9) in patients with local perforation, and 18 times
(95% CI 5.1-63.7) in patients with fistula compared with patients with uncomplicated
diverticulitis. The authors recommended routine colonoscopy after left sided diverticulitis in
patients who have not had recent colonoscopy. The rate of associated cancer is higher in
patients with associated abscess, local perforation or fistula. 188 Multiple other studies
showed poor yield with routine colonoscopy after acute uncomplicated diverticulitis but did
recommend interval colonoscopy after complicated diverticulitis. Similar results are also
reported by multiple other studies. 111.185.189

But, another study from the United Kingdom reported 2.1% of colon cancer with follow up
colonoscopy after acute diverticulitis, compared with 1.6% in asymptomatic screened
population. The authors of this study were skeptical about missing colon cancer despite
good cross-sectional imaging and recommended repeat CT imaging or CT colonography,
should the patients be not offered or not elected to have a follow up colonoscopy. 190

A recent meta-analysis by Rottier et al, included nine studies, and included a total number of
2,490 patients with uncomplicated diverticulitis. Subsequent colonoscopy after
uncomplicated diverticulitis was performed in 1,468 patients (59 %). Seventeen patients
were diagnosed with CRC, with a prevalence of 1.16 % (95 % confidence interval 0.72-1.9
% for CRC). Hyperplastic polyps were seen in 156 patients (10.6 %), low-grade adenoma in
90 patients (6.1 %), and advanced adenoma was reported in 32 patients (2.2 %). The results
of this review demonstrated that unless colonoscopy is indicated for screening needs in
individuals aged 50 years and older, routine colonoscopy in the absence of other clinical
signs of CRC is not required in patients following an episode of acute uncomplicated
diverticulitis. 191 Similar results were also reported from another systematic review and
meta-analysis evaluating the role of routine colonic evaluation after radiologically confirmed
acute diverticulitis was published in 2014. 110 This study included eleven studies from 7
countries, with 1970 patients, and reported a pooled proportional estimate of colorectal
malignancy was 1.6% (95% confidence interval [CI], 0.9%—2.8%). There was significant
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difference between uncomplicated and complicated diverticulitis with proportional estimate
of risk 0.7%; Cl, 0.3%-1.4%), after uncomplicated diverticulitis and proportion estimate of
risk 10.8%; ClI, 5.2%-21.0%) after complicated diverticulitis. These authors as well reported
forgoing colonoscopy after routine uncomplicated diverticulitis and routine reported
significant risk of colon cancer during follow up colonoscopy after copmiciated
diverticulitis. Another systematic review published in 2014 by de Vries et al. also opined
higher confidence in definitive diagnosis of acute diverticulitis without need for routine
diagnostic colonoscopy. Patients with other indications for colonoscopy like age more than
50 without recent prior colonoscopy, rectal bleeding, complicated diverticulitis should be
considered to have higher risk for colorectal cancer and should be offered follow up
colonoscopy. 192 Another metanalysis by Assad et al. also showed similar results. Their
metanalysis included studies from 4 different countries (Netherlands, France, South Korea
and United Kingdom) with 3082 cumulative patients, with 1022 in the diverticulitis group
and 3437 in the screening group. It did not show any difference in the risk of polyps,
advanced and non-advanced adenomas and cancer between the two groups. 193

The concern about different recommendation for patients based on their age (<50 vs. >50
years of age) based on increasing risk factors for colon cancer with advancing age has also
been evaluated in various studies. Studies by Lecleire et al. showed lower utility of routine
colonoscopy in less than 50-year-old patients after an uncomplicated episode of diverticulitis
compared with age and sex-matched average-risk population undergoing a screening
colonoscopy. 194 Similarly, the role of routine colonoscopy after acute right sided
diverticulitis in younger Asian men also showed no increased benefit with routine follow up
colonoscopy. 195 The recently published SAGES and EAES 2018 consensus conference on
acute diverticulitis management do not recommended routine colonoscopy in the absence of
high risks features, after an episode of uncomplicated acute diverticulitis. 196

The authors recommend the following from the available evidence:

1. Routine colonoscopy after an episode of acute diverticulitis characterized by
typical clinical symptoms and radiological imaging, is shown to have low yield.

2. The outcomes from routine colonoscopy after diverticulitis in different age group
(<50 and >50 years of age) are not very different. Also, the results have been
same for both right side and left sided diverticulitis.

3. Studies have shown more yield (increased rate of advanced adenomas) from
colonoscopy after an acute complicated diverticulitis (Hinchey’s classification 111
& 1V). Authors recommend routine colonoscopy prior to elective surgery for
diverticular disease, as these clinical scenarios are usually secondary to complex
or complicated diverticular disease process.

4, Colonoscopy should also be routinely performed after complicated diverticulitis
cases, when the clinical presentation is atypical or if there are any diagnostic
ambiguity, or patient has other indications for colonoscopy like rectal bleeding or
is above 50 years of age without recent colonoscopy.
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Resection after Diverticular Abscess Management — is it necessary?

Approximately 10 —20% of patients with acute diverticulitis will present with complicated
diverticulitis in the form of an associated abscess and this presentation was historically an
indication for surgical resection. {Hall, 2010 #659} Controversy now exists on the optimal
treatment of diverticulitis with abscess and specifically, those who resolve with initial non-
operative management of their abscess.

Improvements in both medical and radiographic management and technology have greatly
reduced the rates of resection for those who present with a diverticular abscess at the index
presentation. Kumar and colleagues demonstrated that non-operative management with
either antibiotics alone or antibiotics plus percutaneous drainage was successful in over 90
percent of patients presenting with abscess thus avoiding an urgent operation in an inflamed,
scarred and hostile environment likely to require an ostomy. {Kumar, 2006 #660} Risk
factors for those requiring surgery were size of an abscess =5cm or pelvic location.
{Ambrosetti, 2005 #661;Kumar, 2006 #660} Accordingly, in 2014 the American Society of
Colon and Rectal Surgeons released practice parameters on the management of diverticulitis
stating that, ‘ Following successful medical treatment of mesocolic abscesses of =5¢cm or
pelvic abscesses with or without percutaneous drainage, elective colectomy should typically
be advised’. {Feingold, 2014 #219} However, elective resection after successful abscess
treatment without persistent fistula is debated due to emerging knowledge regarding the
natural history of diverticulitis such that it is not a progressive disease and the severity of
recurrent disease mirrors that of the index presentation. {Strate, 2012 #569} This begs the
question that if diverticular disease is not a progressive disease, do we really need to operate
after successful treatment of a diverticular abscess or asked in another way, will operating
electively after successful abscess treatment decrease subsequent episodes and/or emergency
surgery?

In 2013, Gaertner et al published their 5-year data of over 200 patients who underwent initial
non-operative treatment for diverticular abscess with either antibiotics alone or combined
with percutaneous drainage. {Gaertner, 2013 #662} In their study 32 patients (15%) did not
undergo subsequent elective colectomy after successful non-operative treatment of their
abscess and the overall risk of recurrence was 31% with a recurrence free survival rate of
58% at 7.4 years. The biggest risk factor for recurrence was an abscess =5cm, regardless of
location, and if they did recur, they presented in a similar or more mild fashion than the
index episode, keeping with what we know about the non-progressive nature of the disease.
Additionally, none of the patients with recurrence required operative intervention suggesting
that non-operative management of a diverticular abscess without subsequent elective
colectomy is acceptable and safe. This data is consistent with other published reports where
over 50% of patients who had successful treatment of their mesocolic abscess at index
presentation were able to avoid subsequent elective operative intervention at a mean follow-
up of 43 months. {Ambrosetti, 2005 #661} Conversely, data from Kaiser et al suggest that
elective colectomy after nonoperative treatment of a diverticular abscess is still
recommended as 42% of patients who did not undergo elective colectomy after index
presentation had a recurrence and this was associated with an increased probability of
colostomy creation (40%). {Kaiser, 2005 #17}
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However, these studies fall victim to significant limitations as most are small, single
institution, retrospective in nature with limited follow-up and most importantly, have
significant patient selection bias. In nearly all series, the patients who did not undergo
elective colectomy after successful non-operative management of their diverticular abscess
were considered poor operative candidates due to significant comorbidities such as
immunosuppressed or transplant status, or severe cardiopulmonary disease. Interpreted
another way, this data suggests that even in the highest risk patient population, the only risk
of not undergoing elective colectomy after abscess is the risk of recurrence and operation at
a later date. This implies that a healthier patient population might have better results. To
overcome this selection bias, Garfinkle and colleagues published data on 73 patients who
were overall healthy and who presented with diverticular abscess treated with non-operative
intent both at index presentation and longterm. {Garfinkle, 2016 #663} Due to limited
operating room availability in their healthcare system, non-operative long-term management
has been their standard approach for those who were asymptomatic after successful
treatment of a diverticular abscess regardless of health status. Their data show that after
successful treatment of the initial episode, approximately 30% experienced a recurrence at a
mean of 23 months of which only 2 required urgent operative intervention. Additionally,
87% of patients avoided an operation all together despite one-third having a recurrence
requiring hospitalization. They conclude that long-term non-operative intent is safe with a
low failure rate and low rate of urgent operative intervention. A meta-analysis by Lamb et al
attempted to summarize the data and showed that 38% of those waiting for their elective
resection and 17% of patients not considered for surgery experienced a recurrence. {Lamb,
2014 #6647} Only 28% of patients avoided surgery and/or a recurrence all together
suggesting that while elective surgery is not mandatory, routine non-operative intent is
associated with high recurrence and need for an operation.

The optimal long-term strategy for patients who undergo successful non-operative
management of their diverticular abscess remains controversial. There are clearly patients
who would do well with an elective colectomy and a subset who could avoid an operation all
together however, the challenge is appropriate risk-stratification and patient selection.
Therefore, until more high quality, prospective data becomes available, the decision for
surgery in asymptomatic patients after non-operative treatment for diverticulitis with abscess
should be individualized.

Complicated patient with diverticulitis: what is the medical and operative
plan?

Introduction

As with treatment of any other disease, success or failure of treatment for diverticulitis is
influenced greatly by both patient factors as well as surgical management. A number of
patient factors can increase risk for complications and death. Many of these are modifiable
and the goal is to address and improve these patient factors prior to surgery. Risk
modification can occur in the both the short and long term. The benefits of improving the
preoperative health of patients is gaining in popularity (https://www.facs.org/quality-
programs/strong-for-surgery). Additionally, optimization of both surgical and peri-operative
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care has been shown to improve patient outcomes. Collectively, these interventions seek to
mitigate the burden of co-morbidities and increase the chances of successful medical and
surgical treatment of diverticulitis.

Immunosuppression

Obesity

Immunosuppression can be the end results of a number of different disease processes,
including transplant immunosuppression, long-term glucocorticoid therapy, or from chronic
medical conditions such as renal failure, diabetes, collagen-vascular disorders such as lupus,
or malnutrition. Patients with human immunodeficiency virus (HIV) infection or acquired
immunodeficiency syndrome (AIDS) are also to be considered immunosuppressed. But as
the mechanism of immunosuppression differs, they are not normally included under the
classic definition of immunosuppression for the purpose of this paper.

Immunosuppression has long been identified as a complicating factor in the treatment of
diverticulitis. Contrasted to the general population, patients who are immunosuppressed are
more likely to develop acute diverticulitis, more likely to require emergency surgery if they
developed diverticulitis (10-25% versus 40%), and have increased mortality if they undergo
emergency surgery for diverticulitis (<5% versus 30%).197-199

Because of the greatly increased risk of emergency surgery, most surgeons should maintain a
low threshold to recommend elective resection after a single episode of diverticulitis in an
immunosuppressed patients. This rational also extends to patients being considered for
transplantation given the need for long term immunosuppression. However, this should only
be considered in the instance where the underlying disease process is controlled (ie a end
stage renal disease patient on dialysis).

Long term corticosteroid use has been shown to increase the risk of anastomotic leak. 290
Therefore, anastomoses should be protected by a diverting stoma or a Hartmann procedure
should be considered to avoid the morbidity of an anastomotic leak.

For patient with HIV or AIDS, there is insufficient evidence to recommend a more
aggressive elective colectomy. However, optimization of antiretroviral therapy (ART) should
be employed prior to any elective surgical resection. 201

Worldwide, the overweight/obese population has been steadily increasing. According to the
WHO, with 1.3 billion overweight (25 < body mass index [BMI] < 30) people and 600
million obese (BMI > 30) people in the world, the obesity rate exceeds 10% for both genders
and has more than doubled during the past 40 years. 292 Compared with those with normal
BMI, morbidly obese patients have a significantly increased risk of postsurgical
complications. 293 Especially in the elective setting, controlled weight loss should be a goal
for all obese patients. A target weight should be set and consultation to a nutritionist or a
medical weight loss clinic should be strongly considered
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Rather than age, the concept of frailty has evolved to describe the state of increased
vulnerability resulting from a decline in physiological reserve and function across multiple
organ systems, such that the ability to withstand stressors is impaired. Multiple studies have
shown a strong association between frailty and adverse peri-operative outcomes. 11.204.205
Frailty can be assessed using a wide range of scales 296 and tests, including the timed up and
go 297 and the six minute walk test 208, As the incidence of diverticulosis and diverticulitis
increases with age, a large number of patients considered for sigmoid resection for
diverticulitis will be found to be frail. Small studies are supportive of multimodal
interventions. 299 These include preoperative consultation with physical and occupational
therapist, better known as “re-hab” as well as geriatric consultation in the perioperative
period.

Preoperative malnutrition in the patient with diverticulitis can be a significant issue. The
disease process can induce anorexia and fear of food, as it exacerbates symptoms. Patients
being considered for sigmoid resection should be assessed for malnutrition. Based upon
expert consensus, a diagnosis of malnutrition requires that the patient exhibit two or more of
the following: Insufficient energy intake, weight loss, loss of muscle mass, loss of
subcutaneous fat, localized or generalized fluid accumulation that may sometimes mask
weight loss, and/or diminished functional status as measured by handgrip strength. 219 In
any patient with suspected malnutrition, protein status should be assessed with serum
albumin, transferrin and prealbumin. Low serum albumin (<2.2 g/dL) is a marker of a
negative catabolic state and a predictor of poor outcome. 211 For any patient with identified
malnutrition, supplementation should be initiated. The first choice for supplementation is
enteral. Perioperative immunonutrition seems to be the best approach to support
malnourished patients with cancer, with an observed reduction in complications and length
of stay. 212 Consultation with a nutritionist is recommended. Patients with identified
malnutrition who need to undergo urgent or emergent surgery, avoidance of an anastomosis
(via Hartmann’s procedure) or protection of the anastomosis (via diverting loop ileostomy)
should be strongly considered. This group of patients should be screened early for post-
operative total parenteral nutrition (TPN).

Smoking has long been identified as a risk factor for post-operative wound infection,
pneumonia and other post-operative complications.213:214 While previous studies have
suggested increased complication in patients quitting less than 8 weeks before surgery, this
has been disproven in more recent studies. 215 Cessation of smoking at any time point
outside 72 hours is beneficial for all smokers. But smoking cessation is no easy task. A
combination of smoking cessation counseling, behavioral therapy and medical therapy are
all important in helping patients quit. Urinary cotinine testing can be employed to confirm
smoking cessation in select patients where self-reporting is questioned. {Connor Gorber,
2009 #22}
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Diabetes Mellitus—Diabetes mellitus is a common chronic disorder, affecting over 9% of
the United States population. Poor perioperative glucose control may be the most important
risk factor for development of SSI as well as other surgical complications, including death.
216,217 Because of this, glucose management in the pre-operative setting as well as the peri-
operative setting is paramount. In preparing patients for surgery, a baseline HJBA1C should
be obtained. Consultation with the patient’s endocrinologist or PCP should be conducted to
endure that glucose control is optimized before surgery. In the peri-operative period, tight
glucose control with either an insulin drip or a sliding scale of insulin should be achieved.

Congestive Heart Failure—Heart failure (HF) is a common diagnosis requiring
evaluation and treatment in patients undergoing abdominal surgery. The high burden of
hypertension, diabetes, and coronary artery disease in the general population has increased
the prevalence of HF. HF is a major risk factor for adverse cardiac events, including death as
well as readmission in patients undergoing noncardiac surgery. 218 Furthermore, elderly
patients with HF undergoing noncardiac surgery have substantially higher risks of
postoperative mortality and hospital readmission. Functional status, along with other signs
and symptoms of HF, including exertional dyspnea, fluid retention, and fatigue, should be
assessed in the preoperative evaluation. While routine preoperative testing is not generally
indicated, preoperative tests such as an electrocardiogram or echocardiogram should selected
based upon clinical indication and likelihood of testing changing the decision to proceed
with surgery and perioperative management. Cardiology consultation is an important part of
preoperative management. Intraoperative management includes fluid management and
hemodynamic monitoring and communication with the anesthesia team is critical. In the
post-operative period, physicians should pay close attention to volume infusion and be
vigilant for pulmonary edema.

Hepatic Dysfunction—The incidence of liver cirrhosis is increasing, and thoughtful
perioperative management of these patients is crucial. Colorectal surgery in a patient with
cirrhosis is associated with 26% mortality. Postoperative complications such as stoma
complications and anastomatic leaks are unique to this cohort of patients. Patient with liver
dysfunction should be risk stratified, usually with the assistance of a hepatologist. The two
most widely used scoring systems to help predict the morbidity and mortality of patients
with cirrhosis undergoing various types of surgeries are Child-Turcotte-Pugh (CTP) and
Model for End-Stage Liver Disease (MELD) score. 219:220 A higher MELD score of 15 or
more is an independent predictor of mortality. 221 Colorectal surgeries in patients with CTP
class A are safe; however, patients with CTP classes B and C had higher morbidity and
mortality especially if emergency surgery is needed. 222 In the perioperative setting, special
attention needs to be paid to nutrition, coagulopathy & thrombocytopenia, fluid
management, infection and ascites. 223 Transjugular intrahepatic portosystemic shunt may
improve sequelae of liver cirrhosis and should be considered prior to elective or semi-
elective surgery.

Pulmonary dysfunction—Pulmonary complications are well known to contribute
significantly to overall operative morbidity and mortality. In an analysis of the NSQIP
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database, postoperative pulmonary complications occurred in 6 percent of 165,196 patients
who underwent major abdominal surgery. 224 Underlying pulmonary disease, including
COPD, obstructive sleep apnea, and pulmonary hypertension need to be identified in the
perioperative assessment. If patients do not have a preexisting pulmonologist, consultation is
recommended. In the peri-operative period, fluid restriction, lung protective ventilation and
hemodynamic monitoring are extremely important. In the post-operative period, strategies
such as incentive spirometry, early mobilization and multimodal pain control should be
employed to reduce complications.

Surgical Management

Summary

In the past decade, Enhanced Recovery after Surgery (ERAS) pathways have standardized a
number of best practices in the perioperative period. These include a minimal invasive
surgical approach when appropriate, multimodal analgesia, restricted fluid administration,
early feeding and early mobilization. Implementation of these bundles has been shown to
decrease overall complications. 22

There is high-quality evidence that, in appropriate cases, when performed by properly
trained personnel, laparoscopic treatment of colorectal conditions is beneficial compared
with open surgery. In two separate multicenter RCTs laparoscopy was found to be superior
to open resection in terms of short term outcomes (quicker return of bowel function, less
blood loss, less postoperative pain, and shorter hospital lengths of stay). 226:227 Several other
RCTs have shown the benefit of a laparoscopic approach including reduced perioperative
morbidity, including total morbidity, wound morbidity, nonsurgical morbidity, decreased
time to pulmonary recovery, reduced use of narcotics, and improved short-term quality of
life. 228-230 | appropriately selected patients operated on by trained surgeons, a
laparoscopic approach should be the operation of choice.

There are other important elements of an ERAS pathway. A standardized pathway for
multimodal analgesia should be agreed upon by both the anesthesia and surgery teams. A
number of well-done studies have demonstrated that minimizing opioids is associated with
earlier return of bowel function and shorter length of stay. 231233 A number of techniques
are available to limit opioid intake. Avoiding patient controlled narcotic analgesia pumps,
utilizing epidurals and regional blocks, and scheduling narcotic alternatives, such as oral
acetaminophen, nonsteroidal anti-inflammatory drugs (NSAIDs), and gabapentin, rather
than giving them on an as-needed basis are all useful ways to decrease narcotic dependence.
Early feeding, as defined by less that 24 hours after surgery should be offered to all patients.
Early feeding has been shown to accelerate Gl recovery and decrease length of stay. 234In
addition, early mobilization should be employed in appropriate patients. Early and
progressive patient mobilization is associated with shorter length of stay. 23

In treating the patient with diverticulitis, it is imperative to identify a wide range of
modifiable patient co-morbidities. Every attempt should be made to improve a patient’s
chance of successful surgery. This includes optimization of patient risk factors as well as
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tailoring the surgical approach and perioperative management. A positive outcome depends
greatly on thoughtful attention to what makes a complicated patient “complicated”.

It’s time to operate — what do you do?

Despite a recent shift in the trend in management strategies, surgery for diverticular disease
is increasingly common.{Bharucha, 2015 #31;Etzioni, 2009 #37} Operative management
remains complex and depends on multiple factors including patient age, comorbidities,
nutritional state, severity of disease, and surgeon preference and experience. Importantly, the
status of surgery, elective versus urgent or emergent operation, is pivotal in decision-making,
and treatment algorithms are divergent based on the acuteness of surgery.

Despite multiple operative approaches, there are important core principles of a surgical
resection for diverticulitis. It is imperative that the entire sigmoid colon be resected, with the
distal margin extending to at least the proximal rectum and possibly more distal in the case
of secondary rectal inflammation, to ensure a negligible risk of recurrence. {Thaler, 2003
#601} The proximal margin on the descending colon should also be without inflammation or
thickening. While it is unnecessary to chase diverticula proximal to the sigmoid, the tissue
incorporated into the anastomosis should be without diverticula due to an increased risk of
anastomotic leak. Lastly, although high ligation of the inferior mesenteric artery is a central
tenant of resection for malignancy, this technique diminishes the blood supply to the rectum
and may increase the risk of anastomotic complications in a sigmoid resection for
diverticulitis. {Tocchi, 2001 #625} This is especially true in older patients in whom
compensation of blood flow from the middle and inferior hemorrhoidal arteries may be
compromised.

Acute surgical management

Investigation into the appropriate surgical treatment of acute diverticulitis has grown and
evolved as the incidence of diverticulitis has increased over the past century. Historically,
surgery consisted of a three-stage approach: diverting loop colostomy followed by resection
of the diseased segment and lastly colostomy reversal. In the 1970’s, the advantages of a
primary sigmoid resection at the first operation were recognized, and a two-stage approach
became the most common surgical approach, leaving a colostomy and a long Hartmann’s.
As there was increasing attention given to high rates of a permanent colostomy and
morbidity with a two-stage procedure, there has been increased interest in a sigmoid
resection with primary anastomosis with or without a diverting loop ileostomy at the first
operation.

Loop colostomy

Operative treatment for acute diverticulitis was described as early as 1910. Initially, an
abdominal washout and drainage with oversewing of the colonic perforation was advocated.
{Cirocchi, 2017 #626} However, due to challenges in performing colonic repair secondary
to difficult visualization of the perforation and poor quality of surrounding inflamed tissue,
fecal diversion with a proximal colostomy as an initial operation became the gold standard.
{Smiley, 1966 #628;Staunton, 1962 #627}
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Although a loop colostomy has the potential advantage of short operative time and
avoidance of significant bowel edema and adhesions in the pelvis, it does not remove the
septic source. Multiple randomized controlled trials (RCTs) have demonstrated that primary
resection of the sigmoid has superior outcomes compared to diversion alone, and has
therefore been replaced by the Hartmann’s procedure as the most common operative
treatment. {Kronborg, 1993 #630;Zeitoun, 2000 #629}However, there are some
circumstances when diversion without resection can still be considered. These include
unstable patients, surgeon comfort in the operating room, a hostile operative field in which
safe resection cannot be performed, or concern for locally advanced colon cancer.

Technical considerations—Most commonly a transverse colostomy is created, although
some advocate for use of the sigmoid colon due to concern for residual fecal residue in the
descending colon. The operation is generally performed via a midline incision. The
peritoneum is irrigated, and if gross perforation from the colon is identified, attempt at
primary repair can be performed. The colon is then mobilized, and only if necessary, the
hepatic or splenic flexure may also be taken down to allow the selected area of colon to
reach the abdominal wall; preservation of the lateral attachments and splenic flexure will
facilitate the next stage of sigmoid resection and primary anastomosis. A window is made at
the mesenteric border of the colon. An appropriate area to make the stoma is chosen, if the
patient was not marked preoperatively, and after incision through the skin and fascia, the
loop of bowel is delivered through the abdominal wall. There should be no tension during
this part of the procedure to avoid mesenteric tears and later retraction of the ostomy. Some
advocate for use of a stoma support rod, although this step has not been shown to reduce
postoperative complications. {Franklyn, 2017 #632;Whiteley, 2016 #631} A drain is
frequently placed in the pelvis. The midline incision is then closed followed by maturation
of the colostomy.

Sigmoidectomy with colostomy (Hartmann’s procedure)

The current standard of care in the surgical treatment of acute diverticulitis is
sigmoidectomy. {Feingold, 2014 #219} Although first described by Mikulicz in the early
1900s for treatment of cancer, sigmoid resection with terminal colostomy and rectal stump
left in situ is most commonly referred to as a Hartmann’s procedure (HP). {Cirocchi, 2017
#6263} This operation gained in popularity in the 1980s after a systematic review in 1984
showed decreased mortality with primary sigmoid resection compared to colostomy without
resection. {Krukowski, 1984 #633} The additional potential benefit of resecting an
incidental cancer was also noted. This review was further supported by two RCTSs.
{Kronborg, 1993 #630;Zeitoun, 2000 #629} The HP is now the benchmark to which
alternative procedures for diverticulitis are compared.

After the initial resection for septic source control, colostomy reversal to restore intestinal
continuity can be performed. This usually occurs 2—6 months after the first operation. The
risk of morbidity and mortality after the second procedure is not trivial and frequently
requires re-do laparotomy. {Aydin, 2005 #88} For these reasons, careful consideration of the
patient’s initial severity of disease and overall condition must be taken.
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Technical considerations—Conventionally, the operation is approached via a midline
incision. The abdomen is first explored to confirm the diagnosis and assess the severity of
disease. The diseased bowel is then mobilized. Mobilization is best facilitated by starting the
dissection at proximal, non-diseased bowel to best identify the appropriate tissue planes.
Care must always be taken to identify and avoid injury to the ureter. The proximal and distal
resection margins are identified, and the bowel divided. The rectum is most commonly
divided with a stapler, and the stump may be oversewn if there is concern about the staple
line. The mesentery is divided, which may be difficult due to thickening and inflammation.
Division with small bites close to the bowel may be helpful. The proximal end of colon is
then brought up through the abdominal wall after incision through the skin and fascia.
Frequently a drain is placed in the pelvis. The midline incision is closed and colostomy
matured.

Sigmoidectomy with primary colorectal anastomosis

Up to 45% of patients will never undergo attempt at colostomy reversal after HP
{Vermeulen, 2009 #634}, and those who do are at significant risk of major morbidity
including surgical site infection and anastomotic leak. {Aydin, 2005 #88} Due to these risks,
the possibility of primary resection and colorectal anastomosis with or without a diverting
ileostomy has more recently been proposed. Most studies addressing this question have been
retrospective and limited by selection bias, but have largely supported primary anastomosis
in select patients. {Constantinides, 2007 #635;Salem, 2004 #23} A small multicenter RCT
comparing primary anastomosis (PA) with diverting ileostomy to HP for patients with
Hinchey 111 or 1V diverticulitis has been performed. {Oberkofler, 2012 #636} Patients were
randomized to 2 groups; 30 underwent HP and 32 PA. There were no differences in
mortality (13% vs 9%, respectively) or overall complications (67% vs 75%, respectively),
but diverting ileostomies were more likely to be reversed than end colostomies (90% vs
57%). There were also no major complications after ileostomy reversal, compared to 20%
after colostomy reversal, and hospital costs and length of stay were also significantly
reduced following ileostomy reversal versus colostomy reversal. A more recent larger RCT,
the DIVERTI trial, enrolled 102 participants and had similar results. {Bridoux, 2017 #637}
There were no differences in mortality (7.7% HP vs 4% PA) or major morbidity (39% HP vs
44% PA), but more PA patients (96%) underwent stoma reversal compared to HP (65%).

These data suggest that PA is preferable to HP in select patients with acute diverticulitis.
Patients with hemodynamic instability, immunocompromised state, feculent peritonitis,
severely edematous or ischemic bowel, or significant malnutrition are poor candidates.
Although most studies evaluated PA in combination with diverting ileostomy, one third of
patients in the DIVERT] trial were not diverted. Given the paucity of evidence, the decision
to divert after colorectal anastomosis is at the discretion of the operating surgeon. Patient
factors including severity of disease, tissue quality, and comorbidities should be considered.

Technical considerations—In addition to the general principles of resection listed
above, there are several additional considerations when creating a colorectal anastomosis.
The anastomosis must be tension-free, which usually requires mobilization of the splenic
flexure and sometimes rectal mobilization. A stapled anastomosis is most frequently
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performed but may also be hand-sewn. In both circumstances, intraoperative air testing by
occluding the proximal bowel and inflating the anastomosis while under saline should be
completed to reduce the risk of anastomotic leak. {Beard, 1990 #638} If air bubbles are
seen, the anastomosis should be revised or diverting stoma created.

Other considerations

Laparoscopic colon resection—The role of laparoscopy in the acute setting remains
controversial. A small retrospective review studied 42 patients who underwent laparoscopic
or open surgery. {Letarte, 2013 #639} Both Hartmann’s procedures and resection with PA
were included. There were no significant differences in baseline characteristics between the
laparoscopic and open groups. Open operations were on average 36 minutes shorter but
associated with significantly increased overall morbidity and length of hospital stay. A
recent Cochrane review, however, concluded that urgent laparoscopic surgical resections
take longer and show no benefit with regards to major and minor complications, post-
operative morbidity or mortality, reoperations, and time to diet. {Abraha, 2017 #641}
Additional evidence to determine the safety and effectiveness of laparoscopic surgery for
acute diverticulitis is needed.

Ureteral stents—Routine use of ureteral stents is not recommended. {Feingold, 2014
#219} Ureteral stenting aids in the detection of ureteral injury but does not prevent injury.
{Pokala, 2007 #647} Placement increases costs and operative times, and there is risk of
injury during instrumentation. Selective use may be beneficial in certain patients, such as
those who are morbidly obese, who have had prior abdominal operations or radiation, and in
those in whom preoperative imaging suggests abnormal anatomy.

Elective surgical management

Technical considerations

In contrast to acute operations, approximately 95% of elective resections are performed with
PA. {Masoomi, 2011 #648} Additionally, the laparoscopic approach is preferred when
feasible. {Feingold, 2014 #219} Multiple RCTS have shown laparoscopy in the elective
setting decreases blood loss, post-operative pain, complications, and hospital length of stay
after colon resection. {Gervaz, 2011 #642;Klarenbeek, 2011 #599} Surgical decision-
making still depends on patient factors, notably the indication for surgery. The presence of
active inflammation, colovesical, colovaginal, colocutaneous, or coloenteric fistula, and
colonic dilation secondary to diverticular stricture should be considered when deciding to
take a minimally invasive approach or perform an anastomosis.

Minimally invasive surgery—In conventional or “straight” laparoscopy, all portions of
the case, including the anastomosis, are performed with small 5-12mm trocars. One of these
trocar sites is expanded to allow extraction of the specimen. A hand-assisted technique is
also commonly utilized. A hand port is placed through either a lower midline or Pfannenstiel
incision to assist in dissection, and the specimen is subsequently extracted via this incision.
These approaches yield similar outcomes, although hand assistance may decrease operative
time and conversion rate. {Chang, 2005 #650;Marcello, 2008 #649} More recently, robotic
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surgery has been increasingly utilized due to its theoretical advantages including three-
dimensional high definition optics, stable platform, and availability of articulating
instruments in 7 degrees of freedom. These enhancements may be especially beneficial
when handling hard and inflamed tissue. Outcomes are comparable to laparoscopic surgery
and may also decrease the risk of conversion. {Maciel, 2014 #651} These potential
advantages must be weighed against the increased costs and operative times associated with
robotic assistance. Until further data is available, the choice of minimally invasive approach
should be based on surgeon preference.

Dissection can be carried out in either a lateral-to-medial or medial-to-lateral approach. In
the latter, a plane is made below the IMA, and the retroperitoneum is swept downward. After
identification of the ureter, the bloody supply is divided. The attachments between the
mesocolon and the retroperitoneum and Gerota’s fascia are further separated. The lateral
attachments are divided, extending to the splenic flexure as necessary. Once mobilized, the
appropriate margins are chosen and resection performed.

Complicated diverticulitis

Fistulizing disease—The presence of a fistula, most commonly a colovesical fistula, can
significantly increase the difficulty of an operation. Frequently the sigmoid colon is tethered
into the pelvis. In these cases, the fistulas can be divided with either sharp or blunt
dissection. It is often not necessary to close a bladder or vaginal wall defect or to excise the
surrounding fibrotic area given these areas commonly heal once the inflamed colon is
removed. However, a methylene blue test by instilling 600 cc of normal saline with
methylene blue into the bladder can be useful to see if the fistula tract has a large enough
diameter that requires closure. In this case, a primary two-layer closure with absorbable
suture should be performed, and a Foley catheter left in place for at least two weeks for
maximal drainage. An omental flap can also be used to cover the region.

Stricture—Patients with strictures secondary to recurrent inflammation may present with
either acute or chronic large bowel obstruction. A primary anastomaosis can frequently be
performed, but a Hartmann’s procedure should be considered when the colon is significantly
dilated or has signs of ischemia.

Other considerations

Bowel preparation—Oral mechanical bowel preparation alone does not affect the rate of
wound infection or anastomotic leak after open colon surgery. {Guenaga, 2011 #652} Bowel
preparation for laparoscopic surgery lacks sufficient data, and the utility of its use is inferred
from literature on open surgery. Mechanical bowel preparation is still commonly prescribed
pre-operatively; the decision to implement is per surgeon preference.

The literature does support use of non-absorbable oral antibiotics, such as erythromycin,
neomycin, and metronidazole. A large Veteran Affairs study assessed rates of surgical site
infection in nearly 10,000 patients. {Cannon, 2012 #653} Those who received no bowel
preparation (18.1%), or mechanical bowel preparation only (20%) had significantly more
post-operative infections than those who received either oral antibiotics alone (8.3%) or in
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combination with mechanical bowel preparation (9.2%). Other studies have shown that oral
antibiotic preparation may also decrease organ space infections, ileus, and hospital length of
stay. {Englesbe, 2010 #655;Toneva, 2013 #654} Non-absorbable oral antibiotics do not
increase risk of clostridium difficile infection. {Krapohl, 2011 #657} The most current
guidelines recommend combined mechanical and oral antibiotic bowel preparation for
elective colon and rectal resections. {Migaly, 2019 #658}

Ureteral stents—Ureteral injury occurs in less than 1% of elective colon surgeries.
{Masoomi, 2011 #648} Routine use of ureteral stents is not currently recommended due to
increased operative times, cost, and lack of evidence demonstrating usage prevents injury.
{Feingold, 2014 #219;Pokala, 2007 #647} Placement is at the discretion of the surgeon but
may be beneficial in patients who are morbidly obese, have had prior abdominal operations
or radiation, or have abnormal anatomy on preoperative imaging.

Summary—Surgical management of diverticular disease continues to evolve as incidence
increases. Resection of diseased bowel to healthy proximal colon and rectal margins remains
a fundamental principle of treatment although the operative approach may vary. Multiple
patient and disease factors must be considered, and the advent of new technology has made
operative decision-making even more complex. Careful preoperative planning and
perioperative choices are critical for successful post-operative outcomes.

Colostomy Closure after Hartmann’s for Diverticulitis: Minimizing the

Misery

Background

Sadly, between 20 — 50% of patients treated with sigmoid resection and an end colostomy
after an initial severe bout of diverticulitis will never be reversed to their normal anatomy.
{David, 2009 #81;Horesh, 2017 #78;Mealy, 1996 #80;Mosdell, 1991 #77;Resio, 2018 #79}
The reasons for high rates of permanent colostomies are multifactorial. {Horesh, 2017
#78;Roque-Castellano, 2007 #82} While many variables are related to the clinical status of
each patient, the morbidity and surgical challenges of a colostomy reversal cannot be
trivialized. {Horesh, 2017 #78} There are, however, a number of tips that are worth
reviewing to help obviate the challenges of colostomy reversal, from the initial presentation
to the colorectal anastomosis. Our aim is to provide a roadmap for safe and efficient
colostomy reversal.

The Initial Presentation of Acute Diverticulitis

During the acute inflammatory phase of diverticulitis, avoidance of surgery should be the
primary goal. This is intuitive, yet segmental resection with an end colostomy is performed
all too frequently; 64% of surgeries are performed in the acute presentation of in one
population-based study. {Li, 2014 #83} Conversely, non-operative management may be the
less conservative option. In all cases of complicated diverticulitis, fluid resuscitation, bowel
rest, and IV antibiotics are the staple of initial medical management. If an associated fluid
collection is present, consultation with an interventional radiologist should be initiated early
in an admission. There is low-level, but growing, evidence suggesting that antibiotics may
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not be necessary in all cases, even with Hinchey 1b diverticulitis, although this is currently
not standard of care. {Daniels, 2017 #341;Tandon, 2018 #85} Parenteral nutrition should be
considered early, recognizing that the process likely started days before the hospital
presentation.

Unless clear signs of peritonitis are present, a trial of non-operative management should be
considered with the aim of performing a single-stage operation at a later date if indicated.
Patients with localized signs of peritonitis can often be managed with 1V antibiotics and
resuscitation plus bowel rest. Conversely, hemodynamic unstable patients and nonresponders
to initial resuscitation will require emergent operative intervention.

If the initial CT scan does not show a drainable fluid collection and the patient is in a
holding pattern, with minimal signs of improvement, after 5-7 days, reimaging to assess for
evolution of their disease with a possible drainable fluid collection should be considered.

Surgery at the Initial Presentation of Acute Diverticulitis

There is mounting evidence that primary colorectal anastomosis with or without a diverting
loop ileostomy is safe with Hinchey 111 and 1V diverticulitis at the initial operation. {Acuna,
2018 #87;Lambrichts, 2019 #86} Studies report conflicting results. {Aydin, 2005 #88;Aydin,
2006 #89;Resio, 2018 #90} Each case is unique, and there are no clear guidelines on this
practice. The operating surgeon must balance the benefit of avoiding another major
operation with the risk of an anastomotic leak. Thus the decision to perform a Hartmann’s
procedure is at the surgeon’s discretion.

When exploration and resection are necessary, there are several key steps to consider that
reduce the difficulty of future colostomy reversal. When possible, leave a long rectal stump
even if it means a leaving a segment of distal sigmoid; rarely is it necessary to go below the
pelvic brim. If the rectum is divided too distal, it will retract, atrophy, and reperitonealize,
rendering future recognition of the stump and anastomosis challenging. Mark the rectal
stump with one or two permanent monofilament sutures on either side of the staple line.
Leave these sutures long to assist with identification of the rectal stump during the reversal.
Lastly, if possible, consider tacking the rectum to the peritoneum to prevent retraction into
the pelvis.

There is good data to support the use of Seprafilm [Genzyme Corp., Cambridge, MA] in the
prevention of post-operative abdominal adhesions. {Becker, 1996 #91;Kumar, 2009 #92}
However, the data may not be generalizable to acute diverticulitis with contamination of the
peritoneal cavity.

Avoid mobilization of the splenic flexure at the initial operation. Adhesions that develop
increase the complexity of future splenic flexure mobilization. Similarly, avoid removing
more colon than necessary, as doing so increases the difficulty of performing a tension-free
anastomosis.

One challenge of a colostomy reversal is the unknown regarding the first operation.
Frequently, the operating surgeon is not the same surgeon who performed the initial surgery.
To avoid surprises, the surgeon should remain diligent in their investigation of the patient’s
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anatomy, pathophysiology, comorbidities, and prior medical care. Review of prior operative
notes, pathology reports, CT scans, and colonoscopy reports is paramount. The initial
pathology report should confirm the expected disease process.

A flexible sigmoidoscopy is recommended to evaluate for additional pathology and to verify
the rectal stump length and condition. Alternatively, a gastrografin enema provides similar
information. Either study is useful to evacuate retained feces or scybala, thereby easing the
passage of the EEA stapler at the future operation. The proximal colon should be cleared
endoscopically prior to colostomy closure except when a patient is up-to-date with their
screening.

A preoperative CT scan can help plan the best operation. Of particular interest is the location
and configuration of the rectal stump, Figure 6, and the presence of hernias — parastomal or
midline — which may influence the approach to closure and whether a herniologist’s
assistance will be necessary.

Timing of Colostomy Takedown

The debate on the best timing for a colostomy takedown continues. The lack of prospective
studies and the inherent bias of retrospective reviews continue to fuel the discussion.

An early takedown of a colostomy has important disadvantages. Acute inflammatory
adhesions contribute to a difficult dissection with increased risks of enterotomies and stump
identification. As the inflammatory process moves to the remodeling phase, adhesions
soften, generally leading to a straightforward and safe adhesiolysis. Conversely, waiting too
long may increase the fibrotic adhesions encountered, making rectal stump identification and
mobilization more challenging. {Roberts, 2014 #93}

Six months is generally chosen as the safest time to proceed when adhesions may be at their
softest allowing for a more favorable dissection. There are retrospective studies supporting
both early and delayed reversal, all of which are subject to selection and timing bias.

Early Reversal—Using a recent multistate claims database, Resio et al. found improved
outcomes with earlier reversal in selected patients, however, there were also disparities in
timing by insurance-status and race confounding the study’s results. {Resio, 2018 #79}
Another population-based study in Washington state reported early reversal was associated
with a decrease risk of a second stoma. {Salem, 2005 #94} Both studies have limited
granular information that is inherent when using insurance claims data.

Delayed Reversal—A single center review of 48 patients who underwent a Hartmann’s
takedown found no difference between early and late operations regarding anastomaotic leaks
or morbidity, however, they noted a significantly higher number of accidental enterotomies
in the early reversal group. {Keck, 1994 #95} Another single center review found a striking
difference in anastomotic leaks in reversals before vs. after six-months from the initial
operation, 13/40 vs. 0/40, respectively. {Pearce, 1992 #96} The list of small studies
advocating one direction or the other is seemingly endless. {Albarran, 2009 #97;Horesh,
2017 #78;Khan, 1994 #98;Mosdell, 1991 #77}
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Wait Six Months!—One of the advantages of waiting at least six months prior to reversal
is the opportunity to optimize comorbidities and nutritional status prior to colostomy
takedown. In general, these patients are septic at initial presentation necessitating an
emergent exploration. Upon discharge, they often require admission to an acute
rehabilitation facility and may be functionally impaired. Similarly, they may require
optimization of their cardiopulmonary and endocrine status prior to any planned
intervention. Additionally, modifiable factors may need correction, i.e. tobacco abuse has
strong associations with complications after colostomy reversal. {Fleming, 2009 #99}
Prehabilition should be considered, especially for the frail patient. {Gillis, 2018 #100}

Surgical Approach

Studies evaluating the surgical approach for a colostomy takedown procedure are
retrospective and inherently flawed by selection bias. {Arkenbosch, 2015 #102;Cellini, 2013
#104;De’angelis, 2013 #106;Guerra, 2019 #101;Holland, 2002 #105;Kwak, 2018 #103}
Two studies using NSQIP, not limited to diverticulitis patients, showed a decrease in
morbidity with the laparoscopic approach compared to open surgery. {Arkenbosch, 2015
#102;Cellini, 2013 #104} In a small series of Korean patients, laparoscopic reversal was
associated with an earlier return of bowel function and less blood loss in the OR. {Kwak,
2018 #103}

Laparoscopic-assisted transanal Hartmann’s colostomy reversal has been reported by a
single center with modest success. {Bravo, 2016 #107;Trepanier, 2017 #108} In the first ten
patients reported, a diverting loop ileostomy was created and iatrogenic enterotomies were
made in 5 and 4 patients, respectively. The authors indicate this is a new approach that may
help with challenging cases, i.e. hostile pelvis or difficult rectal stump identification.
{Trepanier, 2017 #108} Likewise, the technique of robotic-assisted surgery for a colostomy
takedown has been described with a stapled {De’angelis, 2013 #106} and hand-sewn
anastomosis. {Kudsi, 2019 #110} Results using robotic-assistance are limited to case
reports.

Minimally invasive techniques can be considered if expecting minimal adhesions, i.e.
successful laparoscopic approach {Celentano, 2018 #111} or minimal contamination at
initial surgery, and when a long rectal stump is intra-peritoneal. Frequently, however, the
initial presentation, which required an emergent surgery, is better approached open due to
the nature of expected adhesions and the status of the rectal stump. Ultimately, the surgical
approach will be a personal decision by the operating surgeon based on his or her
experience.

The Operation

Colostomy takedown operations are challenging surgeries. The surgeon should anticipate
and appropriately plan for a long and difficult operation. The patient should undergo a full
antibiotic bowel preparation. It may be necessary to mark pre-operatively for a potential
ileostomy in the event of a hostile pelvis, or when there is a contracted and coiled rectal
stump.
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Placement of ureteral stents should be considered, especially if the surgeon anticipates a
difficult dissection due to a history of severe pelvic sepsis, hydronephrosis, or unclear
anatomy on CT scan. Stents do not prevent ureteral injury but do facilitate recognition of the
ureters and early identification of injury facilitating repair. Regardless of the presence of
stents, both ureters should be identified in all cases as early as possible. {Roberts, 2014 #93}

After ensuring the patient is appropriately padded and in lithotomy position, a rectal
washout may be necessary if pre-operative endoscopic or barium enema evaluation was not
performed.

The operation can be broken down into five steps: 1) adhesiolysis, 2) mobilization of the
rectal stump, 3) mobilization of stoma and proximal colon, 4) the anastomosis, and 5)
abdominal wall closure.

Step 1) Adhesiolysis

Not too much to advise for the trained surgeon. Starting the operation fresh, use good
lighting, including a headlight, and having senior-level help is essential.

Step 2) Define and mobilize the rectal stump.

Rectal stump identification can, at times, be the most challenging portion of the case. Prior
adhesions, a contracted and coiled stump, abscess or a fixed, indurated pelvis can all
contribute to making this a challenge. Marking sutures at the first operation facilitate stump
identification, as the prior staple line is not reliable. Other options for stump location
include: 1) uterine manipulators; 2) ureteral catheters; 3) identification pre-sacral plane and
mobilization of the rectum; and 4) define the rectum with EEA sizers or a proctoscope.

After the rectal stump identification, the length, tortuosity, and degree of rectal stump
atrophy need to be addressed. Frequently, the top of the rectal stump near the old staple line
is fibrotic, and non-pliable, i.e. not adequate for an anastomosis. The posterior midline is
generally the safest approach to initial rectal dissection. When the stump is contracted,
mobilization below the peritoneal reflection may be required. The rectum should be
mobilized until it is noticeably soft and pliable. Finally, the old staple line should be excised
down to healthy rectum.

Step 3) Evaluate the status of the proximal colon and ostomy takedown.

Once the rectum is appropriately prepared, and suitable for an anastomosis, attention is
turned to the colostomy and proximal colon. The stoma is released from its mucocutaneous
junction and brought into the peritoneal cavity. Frequently, the distal 3—-4 cm of the colon is
not suitable for anastomosis and needs to be resected. It is not necessary to resect all
proximal diverticula only to ensure no diverticula are present within and distal to the
anastomosis.

Step 4) The Anastomosis.

Part 1: Will it reach?—There are critical steps to consider when assessing for adequate
length for a tension-free anastomosis. These include:
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1. Splenic flexure mobilization and omental dissection off the transverse colon;

2. Inferior mesenteric artery (IMA) ligation. Proximal division of the superior
hemorrhoidial artery, first, to avoid ischemia to the left colon vis-a-vis the left
colonic artery, and only if necessary, the IMA.

3. Inferior mesenteric vein (IMV) ligation at the inferior border of the pancreas;
4. Mobilization of the rectum (previously discussed); and
5. Preservation of marginal artery of Drummond.

Part Il: What if the colon will not reach?—When excess colon was resected, either
inadvertently or due to the disease process, two additional options remain for creating an
anastomosis — retroileal pull-through and the Deloyers Procedure. The retroileal pull-
through is a maneuver that involves creation of a ileal mesenteric window to facilitate a
transverse colorectal tension-free anastomosis, Figure 7. {Rombeau, 1978 #1123} The
Deloyers Procedure can be utilized when a retroileal pull through is not feasible. The
technique involves complete mobilization of the right colon and small bowel mesentery to
the duodenum, division of all the middle colonic vein branches, rotation of the colon
counterclockwise, and + appendectomy, Figure 8. {Deloyers, 1964 #113} For both of these
maneuvers it is essential to preserve the marginal artery in order to prevent ischemia to the
colon conduit.

Part Ill: The Anastomosis.—There are a number of different techniques available for
performing a colorectal anastomosis. A single stapled, double purse-string end-to-end
anastomosis is our preferred technique as there are no crossing staple lines, Figure 9. A
purse-string on the rectal stump may be impractical when a short stump is deep in the pelvis.
In select cases, stapled rectal stump with a Contour [Ethicon Inc., Somerville, NJ] or TA
stapler [Covidien, Dublin, Ireland] is the better choice, Figure 10. If there is a size mismatch
between the rectum and colon, a side-to-end anastomosis, i.e. Baker technique, is a possible
option. The anvil can be placed on the colonic or rectal side of the anastomosis. The upside-
down technique can be utilized when there is significant atrophy of the rectum, which may
cause perforation with passage the EEA stapler [Covidien, Dublin, Ireland], Figure 11.

Assessing the rectal stump lumen caliber and length with sizers can help determine if the
rectum needs further mobilization to allow passage of the EEA stapler without difficulty.
Progressively larger sizers are used to gently dilate the rectum but care is taken to avoid
“cracking” the rectal wall. If endoluminal resistance is a concern, consider downsizing to the
25 mm EEA stapler. One can consider passing the stapler with the anvil attached to ease the
passage to the top of the rectal stump when the stump is open, e.g. during the double purse-
string technique.

Passing the stapler through the anterior rectal wall for anastomosis should be avoided due to
the risk of incorporating anterior structures including the bladder, seminal vesicles, prostate,
or vaginal wall. When the surrounding anatomy is unclear, consider filling the bladder and
using vaginal manipulators. Furthermore, tension and ischemia should be avoided to prevent
leak and stricture.
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After the EEA stapler is gently removed, the tissue rings, i.e. “donuts,” are inspected for
thickness and integrity. There is no exception for not testing the anastomosis for leaks. The
lumen should be visualized for bleeding and integrity at the anastomosis staple line. If there
is a positive leak test, proximal diversion or anastomotic reconstruction should be
considered. Positive leak test managed by suture repair-only was associated with a 9% leak
rate compared to 0% for the diversion or reconstruction group in a recent series of patients.
{Mitchem, 2018 #114} The size and location of the leak and ease of access to the
anastomosis are factors which will influence the decision for primary repair versus
reconstruction and a covering stoma.

Closed suction drainage should be considered for a low anastomosis; however, there is no
data to support this practice.

Step 5: Closing the abdomen.

It is not uncommon for this patient population to have a midline and/or a parastomal hernia.
Providing a durable hernia repair during the same operation as the colostomy takedown can
be challenging. The adage, mesh should not be placed in an infected field, still rings true.
Newer slowly absorbable biosynthetic meshes, i.e. BIO-A [Gore and Associates, Inc.,
Flagstaff, A] or Phasix [Davol, A Bard Company, Warwick, RI] are options, and they
provide an intermediate option between biologic and permanent mesh. For complex closure
of the abdominal wall, involving a hernia specialist in the preoperative planning is
encouraged.

Summary

Colostomy takedown is an under-appreciated and challenging operation. Restoration of
bowel continuity is not performed in up to 50% of patients after their initial surgery for
diverticulitis. It is essential to wait six months after the initial operation to minimize the risk
of enterotomies and other complications. Preoperative planning is critical; review the initial
operative note and defining the anatomy prior to reversal. When a complex abdominal wall
closure is necessary, consider consultation with a hernia specialist. Open surgery is the
preferred surgical approach for the majority of colostomy takedown operations. Finally,
consider ureteral catheters, diverting loop ileostomy, and be prepared for all anastomotic
options in advance.

Is there a role for laparoscopic lavage in diverticulitis?

Introduction

Since its inception in the late 90’s, laparoscopic lavage has been recognized as a novel
treatment modality in the management of complicated diverticulitis; specifically, Hinchey Il
(purulent) diverticulitis. Over the last decade, it has been the subject of several randomized
controlled trials, retrospective studies, systematic reviews as well as cost-efficiency analyses.
Despite being the subject of much debate and controversy, there is a clear role for
laparoscopic lavage in the management of acute diverticulitis with the caveat that patient
selection is key.
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Surgical Technique

It is interesting to note the variation and evolution of the lavage technique over the last 10
years. Gregori at al recently conducted a comprehensive review of the available data
regarding surgical technique for laparoscopic lavage. {Gregori, 2019 #665} Twenty-eight
studies were included in the analysis. All studies commenced antibiotics pre-operatively
according to local protocols and were continued for 5-7 days post operatively. In terms of
operative technique, an open Hasson entry was used in most institutions. Trocar placement
and number of trocars vary as would be expected according to surgeon preference. The
major technical question is whether the sigmoid colon should be mobilized and any
adhesions or omentum dissected in order to identify a perforation. This option allows the
surgeon to wash any interloop abscesses or pockets of fluid that may otherwise remain
inaccessible. In addition, identification of a perforation allows for a definitive procedure
such as conversion to a colonic resection or over-sewing the perforation and placing an
omental patch. {Sorrentino, 2015 #499;Swank, 2013 #498;White, 2010 #500} On the other
hand, some recommend leaving the sigmoid colon and any adhesions alone in order to
encourage a perforation to seal. In the context of purulent peritonitis, it stands to reason that
there is no overt perforation as there is absence of fecal contamination. This concept is key
to the success of laparoscopic lavage as an unsealed colonic perforation requires some form
of intervention (colporrhaphy or resection). Uncertainty regarding the presence or absence of
feculent peritonitis and the management of an obvious colonic perforation at laparoscopy
may be responsible for the higher rates of complications seen in some studies. {\ennix,
2015 #486} It is worthwhile to note the variation in surgical technique between the most
recent studies. For example, the LADIES trial protocol advises a laparoscopic assessment of
the whole abdomen with an attempt to identify the site of the diverticular perforation by
careful dissection of omentum or small bowel away from the sigmoid colon. {Swank, 2010
#485} However, they so comment that any adhesions should be left in place if clearly
adherent. In the SCANDIV trial, {Schultz, 2015 #497} two drains are placed whereas the
DILALA trial advises a saline washout with placement of a drain but also avoided
identification of a perforation. {Angenete, 2016 #4963}

The LLO study (multicenter but retrospective) is one of the largest studies to scrutinize
surgical technique. {Binda, 2018 #495} From their analysis, extensive adhesiolysis was a
risk factor for failure of laparoscopic lavage. Again, they suggest that adhesiolysis may
transform a covered perforation into a free perforation. Indeed, in their cohort, if a free
perforation was identified at laparoscopy, patients were converted to an open operation in a
very small number the perforation was sutured. In this study, nearly 75% had a successful
early outcome.

In one of the original reports of laparoscopic lavage, the abdomen was irrigated only and
adhesions or a search for a perforation was not performed. {O’Sullivan, 1996 #666} This is
based on the premise that this subset of patients presents with acute abdominal sepsis
without feculent peritonitis. Clearly, any variation in surgical technique creates difficulties
when attempting to compare the outcomes from various studies and trials.

In terms of the actual lavage procedure, the volume of fluid used varies in all studies ranging
from 3L to over 20L. Most studies report irrigating until the effluent runs clear. In addition,
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the use of abdominal drains differed between studies. Drains were placed close to the
sigmoid to identify a fecal leak or in the pelvis to avoid a pelvic collection. Duration of
drainage and number of drains were according to surgeon preference. {Schultz, 2017 #484}
In terms of post-operative management, most patients were kept fasted and enteral nutrition
introduced on the 4t or 5t post-operative day. Average length of stay in this review was
approximately 8 days. {Gregori, 2019 #665}

The overall evolution of the lavage technique consists of an abdominal washout with
warmed saline, avoidance of searching for an overt perforation if not immediately obvious,
avoidance of dividing sigmoid adhesions or dissecting omentum from the sigmoid colon.
Most surgeons place a non-suction drain although this is not completely necessary.

Clinical failure of laparoscopic lavage

Failure of laparoscopic lavage failure can be indicated by lack of clinical improvement,
worsening sepsis, development of peritonitis and requirement for re-intervention. The most
common reasons for failure of laparoscopic lavage are likely incorrect selection of patients
(Hinchey 1V) as well as inappropriate management of overt colonic perforation (perhaps
attempted primary closure rather than progressing to resection). There is a cohort of patients
who develop an intra-abdominal collection post-operatively that can be treated with
radiological guidance rather than re-operation.

Evidence for laparoscopic lavage in the management of acute diverticulitis

From a patient perspective, a minimally invasive procedure with avoidance of a stoma is
obviously a favorable outcome in the context an emergency presentation with intra-
abdominal sepsis. Benefits of such an approach include shorter hospital and ICU stay,
avoidance of a stoma and avoidance of a colonic resection. {Rogers, 2012 #491;Rossi,
#493;Toorenvliet, 2010 #492} Initial single center retrospective studies confirmed the
feasibility of a laparoscopic technique while demonstrating promising outcomes. {Myers,
2008 #490} A multicenter Dutch study of 38 patients however, suggested that laparoscopic
lavage although successful in most patients, certain contra-indications must be recognized in
order to avoid adverse outcomes. {Swank, 2013 #498} These include evidence of overt
perforation, feculent peritonitis and high ASA grade or significant co-morbidities.
Considering conflicting reports and a need to validate a new minimally invasive technique,
several randomized controlled trials were undertaken to evaluate the optimal management of
acute perforated diverticulitis.

Three European randomized controlled trials were established to investigate the use of
laparoscopic lavage in the management of acute purulent diverticulitis. Unfortunately, these
trials used different study protocols, different endpoints and therefore are not directly
comparable. Several systematic reviews and meta-analyses of these trials were subsequently
published also producing conflicting conclusions. Therefore, over the last decade no
concrete consensus has been reached regarding the use of laparoscopic lavage in
diverticulitis and expert opinions still advise treating patients on a case by case basis.

DILALA The DILALA trial was designed as a prospective, randomized, controlled trial
(1:1) of laparoscopic lavage versus open Hartmann procedure from Sweden and Denmark.
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Eighty-three patients were randomized (LL=39, HP=36). {Angenete, 2016 #496;Thornell,
2016 #488} There was no difference in morbidity or mortality between groups. Re-operation
and re-intervention rates between the groups were similar. The LL group had shorter
operating times and shorter LOS. Interestingly, patients were randomized after the
diagnostic laparoscopy which helped to avoid misdiagnosis and allowed for accurate
Hinchey staging. It is also important to note that the surgeons involved in this study did not
receive any training. The two-year results of the DILALA trial affirm the safety and efficacy
of LL. {Kohl, 2018 #487}

LADIES—This a multicentre, parallel-group, randomised, open-label trial in 34 teaching
hospitals and eight academic hospitals in Belgium, Italy, and the Netherlands. {\Vennix, 2015
#486} The trial was set up with two arms- after laparoscopy, those with purulent peritonitis
are treated with laparoscopic lavage and drainage, Hartmann’s procedure or sigmoidectomy
with primary anastomosis in a ratio of 2:1:1 (LOLA-arm), or if there is evidence of feculent
peritonitis, patients will be randomised to Hartmann’s procedure or resection with primary
anastomosis in a ratio of 1:1 (DIVA-arm). {Swank, 2010 #485} This trial was terminated
prematurely due to safety concerns at ineterim analysis. There was a higher complication
rate in the LL arm compared to the resection arm (39% vs 19%) although drainage of
abscess was included as an intervention. In addition, surgical reintervention was required for
feculent peritonitis and overt perforation in 6/46 patients suggesting that this had been
missed at the index laparoscopy. One of the issues with this study is that the surgical
technique was not standardised and there is no mention as to the experience and skill of the
operating surgeons. The study protocol advised gentle mobilisation of the sigmoid colon but
this is likely too vague a description for a surgical technique. Also, the numbers per
institution is small; 46 patients were recruited from 28 different hospitals. There is no
breakdown as to how many individual surgeons were involved and what their surgical
background is (colorectal specialist vs emergency surgeon vs trainee). Ultimately, 76% of
patients undergoing LL were treated successfully and were stoma free in the short term.
Perhaps, if there had been a pre-trial training protocol for surgeons then missed perforations
would not have been an issue during the trial.

SCANDIV—SCANDIV was designed as a two- armed, open- labelled, randomized,
clinical, pragmatic, superiority, multicenter study based in Sweden and Norway. {Schultz,
2017 #484;Schultz, 2015 #497} Hartmann’s procedure was performed in all patients with
fecal peritonitis (Hinchey grade 1V), including those with a visible defect in the colon wall.
Randomization occurred pre-operatively rather than based on intra-operative findings. There
were 101 patients in the LL group and 98 in the colonic resection (CR) group. The primary
outcome was severe postoperative complications within 90 days. The study found no
significant difference between the groups in this regard (30.7% (LL) vs 26% (CR)).
Mortality did not significantly differ between the groups either. There was a higher rate of
intra-abdominal abscess in the LL group as well as an increased rate of re-operation.
Overall, there was a 15% rate of stoma formation in the LL group vs 75% in the CR group.

LLO study—This was a retrospective multicenter international study included consecutive
patients from 24 centres who underwent laparoscopic lavage from 2005 to 2015. {Binda,

Curr Probl Surg. Author manuscript; available in PMC 2021 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Hawkins et al.

Page 53

2018 #495} Although this study has limitations in view of the fact it is retrospective, it
includes the largest number of patients. In this study, up to 14% of patients required further
surgery. Of the 231 patients treated with LL, 75% were treated successfully. Factors
associated with failure of LL were higher values of MPI (peritonitis score), a high ASA
grade, identification of a free perforation and extensive adhesiolysis.

In an effort to collate the evidence from the aforementioned trials, several meta-analyses and
systematic reviews have been conducted. {Acuna, 2018 #87;Angenete, 2017 #480;Binda,
2018 #495;Cirocchi, 2019 #318;Marshall, 2017 #481;Penna, 2018 #483} Interestingly,
although the same studies were included in the analysis by these different groups, the
conclusions are not the same. Overall, there is no difference in mortality between patients
undergoing laparoscopic lavage and some form of colonic resection (most commonly
Hartman’s procedure). It is evident that laparoscopic lavage has a higher complication rate
and a surgical re-intervention rate of approximately 15%—-20% across the studies. Despite
the higher incidence of re-intervention, this does not equate to adverse outcomes in this
subgroup. On the contrary, there is a 75% success rate with laparoscopic lavage as an index
procedure with a stoma formation rate of only 15%. The merits of laparoscopic lavage are
very much dependent on the surgeon and patient outlook. A re-intervention may appear to be
a failure of the technique. However, one could view laparoscopic lavage as an initial
temporizing surgical option with the chance that a patient can avoid a stoma. If this
treatment fails, then a surgical resection is required.

Long Term Outcomes—Laparoscopic lavage was originally instigated as an emergency
procedure to deal with acute intra-abdominal sepsis in a minimally invasive manner. The
long term outcomes are secondary endpoints that don’t hold much clinical relevance to the
patient with peritonitis. However, at 12 month follow up, patients undergoing laparoscopic
lavage have a reduced need for operative intervention and a lower rate of stoma formation
compared to those undergoing a colonic resection. {Angenete, 2017 #480}

Cost Analysis

A health economic analysis of the DILALA trial demonstrated a significant cost reduction in
the laparoscopic lavage group compared to the patients undergoing a Hartman’s procedure.
{Gehrman, 2016 #478} Vennix et al conducted a cost-utility analysis as part of the Ladies
trial, reporting outcomes in quality adjusted life years (QALYS) however, no difference was
shown for either primary clinical outcome or QALY between groups. {\ennix, 2015 #486}

Predictors of failure of laparoscopic lavage

Ideally, laparoscopic lavage is successful when it can be completed technically with control
of sepsis obviating the need for re-intervention or a stoma. Efforts have been made to
identify factors predictive of failure of this technique. Patient factors include high ASA
grade {Liang, 2012 #477%} and use of immunosuppressants. {Greilsamer, 2017 #476}
Surgical factors such as feculent peritonitis or overt colonic perforation should be a
contraindication to laparoscopic lavage and should prompt definitive resection.
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It is important to focus on the clinical reasoning behind the development of this technique in
order to consider and evaluate its success. When faced in an emergency situation with intra-
abdominal sepsis patients would prefer the least invasive but safest option. It could be
suggested that the longer term outcomes at 3 months and even up to 2 years following the
index event are not so relevant at a point in time of life threatening disease. When put into
perspective, if laparoscopic lavage can ideally treat but otherwise temporize intra-abdominal
sepsis from diverticulitis it most certainly has a role.

Segmental Colitis Associated with Diverticulitis versus Diverticulitis — How

to Tell the Difference?

Segmental colitis associated with diverticulitis (SCAD) is an inflammatory condition
affecting the colon in segments that are also affected by diverticulosis, namely, the sigmoid
colon. While SCAD is considered a separate clinical entity, it is frequently confused with
diverticulitis or inflammatory bowel disease (IBD). SCAD affects approximately 1.4% of
the general population and 1.15 to 11.4% of those with diverticulosis and most commonly
affects those in their 61 decade of life. {Imperiali, 2000 #668;Tursi, 2011 #667} The exact
pathogenesis of SCAD is unknown, but proposed mechanisms include mucosal redundancy
and prolapse occurring in diverticular segments, fecal stasis, and localized ischemia. {Tursi,
2011 #669} The histopathology of SCAD has been compared to that of ulcerative colitis
(UC), with both sharing features such as an inflammatory infiltrate, cytoarchitectural
distortion, crypt abscess formation. {Lamps, 2007 #670} Less commonly, histopathologic
findings can mimic Crohn’s disease (CD). A mechanism of bacterial stasis within the colon
segment affected by diverticulosis has been suggested similar to fecal stasis occurring in the
rectum in ulcerative colitis or terminal ileum in CD. {Shepherd, 1996 #671}

Since SCAD always involves a segment of colon with diverticulosis, distinguishing this less
common condition from diverticulitis can be challenging. Astute attention to the unique
clinical, endoscopic, and histopathologic findings in SCAD can help make the correct
diagnosis. Clinically, SCAD can present with rectal bleeding, diarrhea, or abdominal pain
and up to one third of patients will have more than one symptom at the time of diagnosis.
However, systemic features such as fever, leukocytosis and weight loss are rare. {Harpaz,
2006 #672} Diverticulitis, on the other hand, frequently features abdominal pain, with severe
cases presenting with fever and leukocytosis, while hematochezia and diarrhea are rare.
Laboratory tests (complete blood count, C-reactive protein, erythrocyte sedimentation rate,
fecal calprotectin and stool bacterial, ova, and parasite tests) and cross-sectional imaging are
generally non-specific but may be ordered to help rule out other diagnoses such as
infections, ischemic colitis and malignancy. Further, since SCAD generally affects older
individuals, those who are young are less likely to fit the clinical profile.

Endoscopy is the mainstay of SCAD diagnosis. {Tursi, 2010 #673} The key feature of
SCAD that helps distinguish it from diverticulitis is sparing of diverticular orifices. On the
contrary, in diverticulitis, the typical endoscopic feature is either complete resolution of
inflammation or inflammation surrounding the diverticular orifice. Endoscopically, SCAD
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can appear similar to IBD, however, limited to the diverticular segment of colon. Four
subtypes of SCAD have been established based on endoscopic features. Type A, crescentic
fold disease, affects the mucosal colonic folds but spares the diverticular orifice.
Histopathology shows active inflammation with neutrophil and lymphocyte infiltrate limited
to the crypt epithelium without crypt architectural distortion. Type B, mild-to-moderate UC-
like disease, has endoscopic features similar to UC with diffuse loss of vascular pattern,
edema, hyperemia and erosions. Histopathologic features include chronic inflammation and
crypt architectural distortion similar to UC. Unlike UC however, the rectum is spared. Type
C, CD-like disease features isolated aphthous ulcers endoscopically and transmucosal
inflammation and microfissures on histopathologic evaluation. Type D, severe UC-like
disease is similar to type B but more severe with diffuse ulceration with histologic findings
of crypt abscess and goblet cell depletion. Unlike UC, SCAD features rectal sparing on
initial endoscopy. The remainder of the gastrointestinal tract should be evaluated to rule out
other areas of disease suggesting CD.

Most case of SCAD resolve with a high-fiber diet and antibiotics, with salicylates reserved
for more severe cases. Relapse is uncommon and immunosuppression with steroids is rarely
needed. A relapsing clinical course may suggest a diagnosis of IBD and treatment as such
should be initiated. Surgery is extremely uncommon and reserved for severe refractory
disease.

Unusual Location of Diverticular Disease

Abstract

Diverticular disease is a frequent disease affecting nearly 50% of adults over 50 years old in
Western countries. The sigmoid colon involvement is considered the most common.
However, in the Asian countries, right-sided diverticulitis outhumbers the left. This
difference seems to be secondary to dietary and genetic factors. Differential diagnosis might
be difficult because of similarity with appendicitis. However accurate imaging studies allow
a precise preoperative diagnosis and management planning. Transverse colonic diverticulitis
is very rare accounting for less than 1% of colonic diverticulitis with a perforation rate that
has been estimated to be even more rare. Rectal diverticula are mostly asymptomatic and
diagnosed incidentally in the majority of patients and rarely require treatment. Giant colonic
diverticula (GCD) is a rare presentation of diverticular disease of the colon and it is defined
as an air-filled cystic diverticulum larger than 4 cm in diameter. The pathogenesis of GCD is
not well defined even though several theories have been described.

In this article we describe the characteristic and the management of unusual locations of
diverticulitis: right colonic-, transverse- and rectal-diverticulitis as well as GCD.

Right Colonic Diverticulitis

Right colonic diverticulitis (RCD) is a rare disorder in Western countries 238 with a reported
incidence of 1-5% in Western populations, as opposed to 76% in Asian countries, 237

In particular, Kim et al 236 reported that 76% of diverticulitis occurred in the right side of the
colon meanwhile only 24% on the left side. This difference seems to be secondary to dietary
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and genetic factors. 238 Interestingly, the location of the diverticula in the right colon is more
predominant in blacks than in whites supporting the role of genetic factors.

The RCD differ from the left-sided diverticulitis (LCD) for several aspects. First, right-sided
diverticula, even though there are still some concerns regarding the origins, are usually
solitary true diverticula with a congenital nature. 239 Conversely, when they are multiple, i.e.
acquired and false diverticula, increased intraluminal pressure and abnormal right-colon
motility contribute to the pathogenesis. 240 Second, patients with RCD are significantly
younger and with a more benign course than patients with LCD. 241 242 |n fact, differently
from LCD, only 20% of patients with RCD will have a second episode of diverticulitis
within 5 years. 243

Third, considering that most of right diverticula are located in the cecum, close to ileocecal
valve, RCD is usually confused with acute appendicitis (AA) 244 with a RCD/AA ratio of
about 1/200. 245 In this case a CT scan can help to rule out the diagnosis especially when a
normal appendix is visible. 246 Furthermore, patients with RCD are older than those affected
by AA (20-40 vs 10-19 years) 247 excluding also the possibility of an appendiceal
diverticulitis. 248

Regarding the clinical presentation, most patients with RCD are asymptomatic and the
diagnosis is rarely done before surgery. According to Cristaudo et al 249 right abdominal
pain is present in 84.6% of patients. The pain is similar to AA but the duration is generally
longer and the location more lateral and superior to McBurney’s point. 249

Furthermore, nausea, vomiting and fever are less frequent in comparison to patients with
AA. Moreover, the differential diagnosis should include several other conditions, such as
cholecystitis, pancreatitis, gastritis, and peptic ulcer disease, that could mimic RCD. 250
Patients with RCD are more likely to bleed and according to Faucheron et al 251 this
localization was associated with a high-risk of bleeding.

In RCD, CT has a 98% sensitivity and specificity and has become the first diagnostic exam
of choice increasing the preoperative diagnostic rate. 252 In case of suspicious
indistinguishable mass, barium enema and colonoscopy should be performed in order to rule
out a colonic carcinoma.

Ultrasounds is a widely used imaging test for abdominal pain of the right lower quadrant and
when performed by a skilled operator can reach a 91.3 sensitivity and a 99.8% specificity.
253 To date, the treatment of RCD remains controversial and no therapeutic guidelines have
been established 254 with the exception of caecal diverticulitis in which excisional treatment
prevents the recurrence of symptoms. 244

Conservative management with antibiotics has been suggested for the uncomplicated RCD.
In this context, Oudenhoven et al 255 retrospectively reviewed 44 patients diagnosed with
RCD over an 11-year period. Forty-one over 44 patients were successfully treated
conservatively while 3 patients received diverticulectomy. Recurred diverticulitis developed
only in 5 patients that responded well to a further conservative management.
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These results were consistent with what had been described by several authors 256-258
stating that recurrent RCD should be initially treated with conservative treatment.

If medical treatment fails and the inflammation is minimal a diverticulectomy is
recommended. Right colectomy is strongly recommended in case of extensive inflammation,
perforation or masses suspicious for cancer 259 with a 5.8% malignancy rate reported by
Poon et al. 260 Appendiceal diverticulitis should be treated with a simple appendectomy.

Laparoscopic surgery can be advantageous also in case of complicate RCD with a longer
operative time and a similar rate of postoperative complications. 261

Giant colonic diverticulum

Giant colonic diverticulum (GCD) is a rare presentation of diverticular disease of the colon
262 with almost 200 cases reported so far in the literature 263, and it is defined as an air-
filled cystic diverticulum larger than 4 cm in diameter. 264

GCD mostly arise from the antimesenteric border of the sigmoid colon in about 90% of
cases and have a diameter ranging from 4 to 9 cm 264, with a record diameter of 40 cm. 26°
The wall thickness ranges from of 0.1 cm to 2 cm and the communication between the GCD
and the colonic wall is demonstrated in only 30% of the cases 266, There is equal gender
distribution and usually present after the sixth decade of life. 238267

GCD was first described in 1946 by Bonvin and Bonte 268 and later, in 1953 by Hughes and
Green. 289 Since the first description several names have been used to describe this
condition, including giant colon cyst, giant air cyst or solitary air cyst but the term GDC was
the preferred one in the scientific literature. 270 Histopathological classification of GCD was
first proposed by McNutt et al 271 in 1988.

GCD can be divided in three distinct entities:

. Type 1 (22%): pulsion or pseudo-diverticula containing remnants of the
muscularis mucosa and muscularis propria;

. Type 2 (66%): inflammatory diverticulum, secondary to local (mucosal-
subserosal) perforation and resulting in a walled-off abscess. It is located on the
anti-mesenteric border and contains reactive scar tissue without normal intestinal
layers;

. Type 3 (12%): true diverticulum, usually located on the mesenteric border, that
contains all four typical bowel layers and is in continuity with the gut lumen. It
may have congenital origin and belongs to the category of digestive tract
duplications, from which they differ for the communication with the colonic
lumen.

Based on this classification, most of giant diverticula are acquired (88%).

The pathogenesis of GCD is not well defined even though several theories have been
described.
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. The Ball-Valve mechanism is one of the most popular theory. 272 According to
this mechanism the influx of air into a diverticulum through a narrowed inflamed
neck, acting as a communicating ostium allowing a unidirectional influx, causes
trapping of gas, pressure elevation and gradual enlargement of the diverticulum.

. The inflammatory mechanism is the most accepted theory for the giant
inflammatory diverticula’s origin. In this case, pseudocyst formation is
secondary to a microperforation of the subserosa layer with the progressive
dilation of a walled-off abscess cavity until a GCD in formed. The enlargement
of the cavity can lead to a progressive destruction of the mucosal and serosal
layers with fibrosis and granulation tissue proliferation.

. The infection with gas-forming bacteria is not widely accepted because of the
absence of any bacterial growth in the cultures.

. The pathogenesis of true congenital diverticulum is similar to other intestinal
duplications 273274,

The clinical presentation of GCD may be variable. In fact, approximately 10% of patients
are asymptomatic with GCD discovered incidentally meanwhile some patients can present
non-specific symptoms like constipation, nausea, vomiting, tenesmus, fever or anemia.
Furthermore, acute and chronic presentation affect approximately one-third of patients. 263
The most common symptom is abdominal pain (69%), followed by constipation (17%) and
the presence of abdominal mass (17%) 263 referred as a “phantom tumor” 275,

The risk of malignant transformation is estimated around 2% 238 with some cases of
adenocarcinoma and MALT lymphoma that have been reported in the literature, 276-278
Complications such as bleeding, volvulus, bowel obstruction, perforation or fistula (small
bowel, bladder) occur in 15%-35% of the cases. 279

There is no gold standard diagnostic test for GCD even if CT scan seem to be the main
imaging modality. A CT scan is the preferred imaging technique for confirming the
diagnosis of GCD evaluating size, location, characteristic of the bowel wall as well as
accompanying complications. Moreover, is considered to be useful in the differential
diagnosis. 263.280 Barium enema and colonoscopy are less effective than CT in identifying
communication between the GDC and the large bowel lumen 270 but they may show a
coexistent diverticular disease and help to rule out a possible carcinoma. Barium enema
should be avoided in case of risk of perforation.

Diverticulectomy or partial colectomy of the involved colonic segment, including the
diverticulum, with primary anastomosis is the gold standard treatment for uncomplicated
GCD. 280 Unfortunately, diverticulectomy alone should be avoided due to the high-risk of
dehiscence as well as for the possibility of recurrence of GCD 264, In complicated cases, a
two-stage resection with a mucosal fistula with terminal colostomy might be necessary. 280
Conservative treatment is recommended in asymptomatic high-risk elderly patients 281 and
percutaneous drainage should be considered in case of well localized abscess. 282
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Transverse colonic diverticulitis

Transverse colonic diverticula represent only 6% of all gastrointestinal tract diverticula 7>
and they are usually detected as asymptomatic findings on endoscopic examination. The
pathogenesis of these diverticula is multifactorial and they can be true or false diverticula.
Transverse colonic diverticulitis (TCD) is very rare accounting for less than 1% of colonic
diverticulitis 283 with a perforation rate that has been estimated to be even more rare.284

Thompson and Fox in 1944 were the first to publish a case of perforated solitary
diverticulum of the transverse colon. 285 Rao et al. 286 described the first case of
spontaneous transverse colocutaneous fistula. Patients with TCD are 15-20 years younger
than patients with LCD with a predominance of females (85%). 287289

Symptoms, diagnosis and treatment are similar of those described for RCD. In fact, in one of
the most recently published case-series considering 4 patients with TCD the diagnosis was
made preoperatively with a CT scan that allowed a conservative treatment. Only one patient
developed sigmoid diverticulitis after the treatment. 283

Rectal Diverticulitis

Rectal diverticula are more rare than other colonic diverticula with an estimated incidence of
less than 0.08% of the cases. 290:291 The first cases of rectal diverticulitis were described in
the early part of the 20" century by Giffin. 292 After that, Spriggs and Marxer 293 and
Wallstad and Sahibzada 2%4 reported 4 cases of rectal diverticulitis among 166 and 192
patients, respectively, with colonic diverticulosis establishing the highest incidence reported
so far (2%).

Rectal diverticula are typically true diverticula (Figure 2), as opposed to the colonic
diverticula, suggesting the possibility that they arise at points of focal weakness located
along the lateral walls of the rectum due to congenital or acquired causes. 2%4 In fact, the
complete longitudinal layer of the rectum is thinner on the lateral wall if compared with the
anterior and posterior side. 295

Recently, rectal diverticula after stapled transanal rectal resection have been described. 296
Even if they are usually isolated 2%0 the most frequent number per patient ranges from one to
three with a diameter >2 cm or more, significantly larger than sigmoid diverticula, which are
0.5 to 1 cm 2%, and their size may vary with changes in intrabdominal pressure. 297

The origin of rectal diverticula is unknown but there are several predisposing factors that
may be linked with the disease. These factors include congenital anomalies (i.e. weakness of
the rectal wall), absence of supporting structure such as the coccyx, muscle wall atrophy
291,294 and other acquired causes such as weakness of the rectovaginal septum, rectal trauma
or infections, constipation or recurrent faecal impaction which causes an intraluminal
pressure increase of the rectum with a subsequent dilatation. 290298

Two theories to explain the pathogenesis of rectal diverticula have been proposed. According
to the first theory the anatomical disposition of the muscle fibers of the taenia coli, which
surround the rectum, may promote a major resistance to intraluminal pressure changes. 299
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The second theory suggests that the less intense rectal pressure and lesser peristaltic activity,
compared with the sigmoid colon, can explain the low incidence of rectal diverticula. 298:300

Rectal Diverticula are asymptomatic and diagnosed incidentally in the majority of patients
and do not require treatment. Complications associated with rectal diverticula may include
diverticulitis with rectal strictures, perforation, abscess or rectovaginal fistulas. 290:301
Furthermore, rectal diverticulitis can also occur due to fecal impaction and can be clinically
confused with rectal carcinoma. 299 In case of complications, surgical treatment is necessary
and should include, depending on the severity and the extension of the disease, local
drainage, diverting colostomy, diverticulectomy or abdominoperineal amputation. 290.292

Conclusion

While we have some far in our understanding of diverticular disease, much remains to be
discovered. The progression from normal sigmoid colon to diverticula to diverticulitis is
poorly understood. Likewise, appropriate patient selection for surgical intervention for those
with recurrent diverticulitis is a work in progress. We look forward to an update of this
manuscript in a decade’s time and hope that we will be in a better place to help those with
this disease.
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Figure 2.
Thickened sigmoid colon with adjacent mesenteric stranding consistent with acute

uncomplicated sigmoid diverticulitis.
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Figure 3.
Thickened bladder with air, consistent with colovesicular fistula.
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Figure 4.
Colovaginal fistula on a female patient with prior history of hysterectomy. Arrow marks

fistulous tract.
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Figures 5&6.
Colocutaneous fistula secondary to diverticular disease. Arrow marks fistulous tract and

colocutaneous fistula.
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Figure 7.
Marked sigmoid colon thickening with luminal narrowing secondary to chronic sigmoid

diverticulitis.
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Figure 8.
CT scan, sagittal view. Red arrow marks the rectal stump.
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Figure 9.
Retroileal pull-through:

A) Anatomic Configuration
B) X-ray Contrasted Depiction of Anatomy.
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Figure 10.
The Deloyers Procedure
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Figure 11.
Single stapled, double purse-string, end-to-end colorectal anastomosis.
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Figure 12.
The double stapled colorectal anastomosis.
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Figure 13.
The Upside Down stapled side-to-end colorectal anastomosis.
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Table 1:

Hinchey Classification of Diverticulitis

Class CT Findings

Stage | Localized abscess (pericolic abscess/phlegmon)
Stage 11 Pelvic intraabdominal or retroperitoneal abscess
Stage Il | Generalized purulent peritonitis

Stage IV | Generalized feculent peritonitis
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Table 2:

Ambrosetti Classification of Diverticulitis

Class

CT findings

Moderate disease

Localized sigmoid wall thickening (<5mm)
Pericolic fat stranding

Severe disease

Abscess
Extraluminal air
Extraluminal contrast
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Table 2b.

Modified Hinchey Classification of Diverticulitis

Class CT Findings

Stage 0 Mild clinical diverticulitis

Stage la | Confined pericolic inflammation/phlegmon

Stage Ib | Confined pericolic abscess (within sigmoid mesocolon)
Stage 11 Pelvic, distant intra-abdominal or intraperitoneal abscess
Stage Il | Generalized purulent peritonitis

Stage IV | Fecal peritonitis
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