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Abstract

Background Acute colonic diverticulitis is a common clinical condition. Severity of the disease is based on clinical,

laboratory, and radiological investigations and dictates the need for medical or surgical intervention. Recent clinical

trials have improved the understanding of the natural history of the disease resulting in new approaches to and better

evidence for the management of acute diverticulitis.

Methods We searched the Cochrane Library (years 2004–2015), MEDLINE (years 2004–2015), and EMBASE (years

2004–2015) databases. We used the search terms ‘‘diverticulitis, colonic’’ or ‘‘acute diverticulitis’’ or ‘‘divertic*’’ in com-

bination with the terms ‘‘management,’’ ‘‘antibiotics,’’ ‘‘non-operative,’’ or ‘‘surgery.’’ Registers for clinical trials (such as the

WHO registry and the https://clinicaltrials.gov/) were searched for ongoing, recruiting, or closed trials not yet published.

Results Antibiotic treatment can be avoided in simple, non-complicated diverticulitis and outpatient management is

safe. The management of complicated disease, ranging from a localized abscess to perforation with diffuse peri-

tonitis, has changed towards either percutaneous or minimally invasive approaches in selected cases. The role of

laparoscopic lavage without resection in perforated non-fecal diverticulitis is still debated; however, recent evidence

from two randomised controlled trials has found a higher re-intervention in this group of patients.

Conclusions A shift in management has occurred towards conservative management in acute uncomplicated disease.

Those with uncomplicated acute diverticulitis may be treated without antibiotics. For complicated diverticulitis with

purulent peritonitis, the use of peritoneal lavage appears to be non-superior to resection.

Introduction

Acute diverticulitis is among the top 10 diagnoses of

patients presenting to the general physician or at the

emergency department with acute abdominal pain [1]. The

role of the clinician is to establish the severity of the dis-

ease, based on the clinical findings and results of appro-

priate investigations. This will then determine the

subsequent need for medical or surgical intervention. As

evident from a number of guidelines issued in the past,

there has been considerable variation in recommendations

and approaches to patients with acute diverticulitis [2–8].

Much of the variation has been based on a weak or com-

plete lack of evidence for which to make recommenda-

tions. Also, considerable variation in strategies and

management choices still exist between and within regions
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[9, 10]. As our understanding of this disease has evolved,

so have the available strategies for managing it. As a

consequence, a less invasive approach to the medical and

surgical treatment of acute diverticulitis has emerged.

In this contemporary review, we report on the recent

understanding of acute diverticulitis as a spectrum between

simple, self-resolving disease to the need for medical,

radiological, and surgical intervention. We aimed to review

the best evidence for a stratified management of patients

with either acute uncomplicated or complicated

diverticulitis.

Methods

We aimed to identify studies which reported on the diag-

nosis of acute diverticulitis along with its subsequent

medical and surgical management. The databases including

the Cochrane Library (years 2004–2015), MEDLINE

(years 2004–2015), and EMBASE (years 2004–2015) were

searched. We used the search terms ‘‘diverticulitis, colo-

nic’’ or ‘‘acute diverticulitis’’ or ‘‘divertic*’’ in combina-

tion with the terms ‘‘management,’’ ‘‘antibiotics,’’ ‘‘non-

operative,’’ or ‘‘surgery.’’ We included systematic reviews

and meta-analyses pertinent to the topics, along with

reported randomised controlled trials (RCTs) and cohort

studies. Registers for clinical trials (such as the WHO

registry and the https://clinicaltrials.gov/) were searched

for ongoing, recruiting, or closed trials not yet published.

We largely selected publications from the search period in

the English language, but did not exclude commonly ref-

erenced and highly regarded older publications. We also

searched the reference lists of articles identified by this

search strategy and selected those we judged relevant by

the above criteria.

A formal grading of all evidence, such as by the Oxford

Evidence-Based Medicine or Grading of Recommenda-

tions Assessment, Development and Evaluation , was not

systematically done, unless already performed and reported

in identified studies. However, the type of study or col-

lective data were specifically cited where applicable and,

where evidence is weak or even lacking, this has been

commented on in each specific section.

Results

In patients with acute abdominal pain presenting to the

emergency department, reliance on clinical diagnosis of

diverticulitis can result in too many missed diagnoses of

diverticulitis (up to 36 %) or incorrect suspicion of diver-

ticulitis [11–13]. A simplified clinical decision rule has

been proposed with an excellent positive predictive value

(81–100 %) for diagnosis of acute diverticulitis in patients

who present with the complete triad of ‘absence of vom-

iting,’ ‘tenderness in the left lower quadrant,’ and ‘CRP of

more than 50 mg/L.’ However, the triad alone identifies

only up to 25 % of patients with diverticulitis [13].

Imaging is thus important to increase diagnostic accuracy

and allow risk stratification early in the clinical course.

Diagnostic imaging

In studies with selected patients, computed tomography

(CT) demonstrates high accuracy for the diagnosis of acute

diverticulitis with a sensitivity of 94 % (87–97 %) and a

specificity of 99 % (90–100 %) [14, 15]. CT is better than

ultrasound (US) in performing an alternative diagnosis in

patients with clinical suspicion of diverticulitis and allows

better detection of complicated disease. In a large

prospective cohort of unselected patients, presenting with

acute abdominal pain, sensitivity for the diagnosis of acute

diverticulitis was somewhat lower (81 % (74–88 %)) than

that in selected patients but specificity remained high

(99 % (98–99 %)) [14]. US had a moderate sensitivity

(61 % (52–70 %)) but a good specificity (99 %

(99–100 %)) for the diagnosis of acute diverticulitis in an

unselected population [14].

As treatment strategies have become less aggressive and

more tailored to the stage of diverticulitis, accurate staging

of the disease has become increasingly important

(Table 1). Hinchey’s traditional classification (Fig. 1) for

perforated diverticulitis from 1978 was based on clinical

and surgical findings [16, 17]. The modern Hinchey clas-

sification is a fully CT-based modification of the original

Hinchey classification [18]. Ambrosetti defined a further

classification based on CT imaging [19]. Both classifica-

tions do not specify the various stages of complicated

diverticulitis. A new CT-based classification focuses on

complicated diverticulitis only, which is an important

extension of existing classifications (Table 2) [20]. Clas-

sification may help compare patients across cohorts and

identify patients at risk of further complications, such as

those with small abscesses. It may also allow identification

of patients for successful conservative treatment of com-

plicated diverticulitis.

Treatment strategies

The treatment of acute diverticulitis is stratified and should

be considered either as a treatment of a mild and non-

complex inflammatory disease (which is often self-limit-

ing), or a treatment of a severe and complex disease with

systemic affection. Traditionally, patients were put nil by

mouth, prescribed intravenous antibiotics, and admitted to

hospital as part of the treatment regimen.
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Uncomplicated acute diverticulitis

Outpatient management

Outpatient management of patients with simple uncom-

plicated acute diverticulitis is feasible in those with toler-

ance to oral intake, no severe comorbidity, and with

appropriate social support [5]. There is no published evi-

dence that dietary alterations (e.g. high-fiber diets) or lax-

atives have any effect on disease outcome [5].

Indications and role of antibiotics

Simple acute diverticulitis is in the majority of cases a self-

limiting process. Antibiotics are still routinely prescribed in

many cases of uncomplicated disease and continue to be

recommended in some guidelines [21]. A Cochrane sys-

tematic review from 2012 concluded that the role of

antibiotics in uncomplicated acute diverticulitis is not

adequately investigated [22]. However, recent studies on

the best treatment for CT-proven mild, uncomplicated

diverticulitis demonstrate that these patients can be man-

aged expectantly without antibiotics, either as inpatients or

as outpatients according to the severity of the complaints

(Table 2) [23]. One randomized controlled trial (AVOD

trial) demonstrated no benefit of routine use of antibiotics

over no antibiotics in terms of complications, need for

emergency surgery, hospital stay, or recurrence at

12 months in 623 patients with mild diverticulitis [24].

Unfortunately, 40 % of the included patients in this trial

had a recurrent episode of diverticulitis rather than a pri-

mary episode. A long accrual period and no standardized

antibiotic treatment may also have resulted in a perfor-

mance bias. A second RCT, with a multicenter, random-

ized, controlled, pragmatic, non-inferiority design

(DIABOLO), found no difference in median time to

recovery, readmission rates, complications, recurrent

diverticulitis, or need for sigmoid resection in 528 patients

with a CT-proven first episode of acute, left-sided,

uncomplicated diverticulitis, between antibiotic treatment

and simply observation [25].

Complicated acute diverticulitis

The management of complicated diverticulitis continues to

be debated. Complicated diverticulitis includes acute

diverticulitis with abscesses (Hinchey II), purulent peri-

tonitis (Hinchey III), and fecal peritonitis (Hinchey IV).

Clearly, patients who are septic after perforated divertic-

ulitis or have diffuse peritonitis with evidence of free air

Table 1 Classification for acute diverticulitis

Original Hinchey

classification [16]

Modified Hinchey

classification (Wasvary)

[17]

Modified Hinchey classification with CT

finding [18]

Ambrosetti CT

classification [19]

Dharmarajan

complicated diverticulitis

[20]

0 Mild clinical

diverticulitis

0 Diverticulae ± colonic wall thickening Moderate

diverticulitis

-Localized sigmoid

wall thickening

([5 mm)

-Pericolic fat

stranding

1 Localized free air

(mesocolic) without

abscess

I Pericolic abscess

or phlegmon

Ia Confined pericolic

inflammation or

phlegmon

1a Colonic wall thickening with pericolic

soft tissue changes

2 Collection of free air

(\2 cm) or Abscess

(\4 cm)

1b Pericolic or mesocolic

abscess

1b changes ? pericolic or mesocolic

abscess

Severe

diverticulitis

-Abscess

-Extraluminal air

-Extraluminal

contrast

3 Collection of free air

([2 cm) or Abscess

([4 cm)

II Pelvic,

intraabdominal,

or

retroperitoneal

abscess

II Pelvic, distant

intraabdominal, or

retroperitoneal abscess

II changes ? distant abscess (generally

deep in the pelvis or interloop regions)

4 Free air with non-

localized free fluid in the

peritoneal cavity

III Generalized

purulent

peritonitis

III Generalized purulent

peritonitis

III Free gas associated with localized or

generalized ascites and possible

peritoneal wall thickening

IV Generalized

fecal

peritonitis

IV Generalized fecal

peritonitis

Same findings as III
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require an immediate operation with appropriate resusci-

tation if deemed fit for surgery. On the other hand, those

who are non-septic and have contained perforations may be

managed operatively or non-operatively, depending on

subtle clinical details and the evolution of the course of the

disease.

Table 2 Summary of trial protocol and results for AVOD and DIABOLO studies

AVOD [6]

N = 623

DIABOL [43]

N = 570

Population M:F = 1:2

Primary (60 %) and recurrent (40 %) diverticulitis

M:F = 1:1

Primary diverticulitis only

RCT Y/N Yes—multicenter, pragmatic Yes—multicenter, pragmatic

Diagnosis CT-proven diverticulitis: Ambrosetti mild (no abscesses) CT-proven diverticulitis: Hinchey 1a and 1b (small abscesses)

Intervention Broad spectrum antibiotics, various regimens, 7 days Amoxicillin/clavulanic acid

4 9 1200 mg i.v. for a minimum of 48 h, then 3 9 625 mg

oral; a total of 10 days

Controls No antibiotics

Admission for i.v. fluid

No antibiotics

Observation, no admission demanded

Placebo Y/N No No

Primary endpoint Recovery without complications at 12-month follow-up Time to full recovery at 6-month follow-up

Fig. 1 Hinchey classification.

The classical Hinchey

classification of a mesocolic/

pericolic inflammation and/or

abscess, b a (larger) pelvic

abscess, c perforation with

localized or generalized

purulent peritonitis, and

d perforation with fecal

contamination and generalized

peritonitis Reproduced with

permission from BJSS, John

Wiley
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In the absence of compelling symptoms and signs,

Hinchey grade I or II diverticulitis is usually managed

without surgery. Hinchey II disease is frequently treated

with antibiotics and percutaneous drainage (for abscess

size[5 cm). Hinchey III and IV disease typically requires

an operation. The controversy concerns the need for

resection with a diverting stoma (so-called Hartmann’s

procedure) versus resection with a primary anastomosis.

Added to the debate is the approach of laparoscopic lavage

(with no resection) for perforation and generalized peri-

tonitis (Hinchey grade III) without fecal contamination.

Evolving treatment strategies

The treatment of diverticulitis has evolved towards a more

conservative and minimally invasive approach (Fig. 2).

The standard of care for complicated or perforated diver-

ticulitis has evolved from a Hartmann’s procedure, to

resection and primary anastomosis, then to treatment with

antibiotics and percutaneous drainage in a carefully

selected subset of patients (Hinchey II).

Two randomized trials have demonstrated the safety and

efficacy of primary anastomosis in complicated divertic-

ulitis. The first trial by Binda et al. was stopped prema-

turely after inclusion of only 90 out of the targeted 600

patients, because of slow accrual [26]. Being underpow-

ered, the mortality (2.9 vs 10.7 %; P = 0.247) and mor-

bidity (35.3 vs 46.4 %; P = 0.38) were not significantly

different between the patients undergoing resection with

primary anastomosis and those with Hartmann procedure.

The second trial of Oberkofler et al. reported a comparable

overall complication rate when both resection and stoma

reversal operations were evaluated (84 vs. 80 %,

P = 0.813), but with more serious complications in the

Hartmann’s group [27].

The choice of performing either a Hartmann’s procedure

or a primary anastomosis in the individual patient needs

careful clinical evaluation of the perceived risks and ben-

efits. Recommendations are still largely based on case

studies and expert opinion [28]. Results from the resection

arm in the LADIES trial will likely provide some answers

in the future (Fig. 2) [29]. The level of training of the

operating surgeon also dictates which treatment strategy is

used.

Laparoscopic lavage

The use of laparoscopic lavage for perforated purulent

diverticulitis has gradually increased since its introduction

in 1996. Prospective and retrospective data have shown

that evacuating the pus and lavaging the peritoneal cavity

through the laparoscope is enough to treat selected patients

with perforated diverticulitis. The proponents of this

method believe in its simplicity and effectiveness, whereas

the skeptics argue that too many patients need urgent sur-

gery afterwards. Four trials have been undertaken in recent

years and early results from three of these have now been

published (Fig. 2). The LADIES trial is a four-arm RCT

from the Netherlands, investigating the surgical treatment

of complicated diverticulitis [29]. The LOLA arm,

designed to investigate whether laparoscopic lavage and

drainage is a safe and effective treatment for patients with

purulent peritonitis was stopped prematurely after recruit-

ment of 90 patients, due to a significantly increased number

Fig. 2 Evolving management

strategies for acute complicated

diverticulitis. Evolving concept

in surgical management with the

development of adjunct

therapies and development of

supportive disciplines. A more

tailored, personalized treatment

is being developed. Results

from ongoing RCTs will further

provide risk–benefit estimates

for appropriate decision making
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of adverse events in the lavage group compared to the

sigmoidectomy group in interim analysis. Need for in-

hospital surgical re-interventions accounted for most of the

adverse events with 18 occurring in the lavage group

compared to two in the sigmoidectomy group

(P = 0.0011). The authors have concluded that laparo-

scopic lavage was not superior to sigmoidectomy in terms

of major morbidity and mortality at 12 months following

surgery and that re-intervention rates are higher in the

laparoscopic arm [29]. They also note that in 75 % of those

in the laparoscopic arm initial lavage does allow source

control but better measures are required to identify those

with persistent perforations and perforated cancers.

The results of a second study, the SCANDIV trial, have

recently been reported. The authors found an increase in

reoperations in those treated with lavage without fecal

peritonitis compared to colonic resection (20.3 % (15/74)

vs 5.7 % (4/70) P = 0.01). The authors conclude that

laparoscopic lavage does not reduce severe short-term

post-operative complications and has led to worse out-

comes such as higher reoperation rates and therefore could

not support the use of lavage for perforated diverticulitis

[30]. However, the long-term results comparing the need

for future events (stoma take-backs, new diverticulitis

episodes, need for elective procedures) are awaited for

overall morbidity and outcome comparison.

Currently, the LapLAND study (NCT01019239) from

Ireland and the DILALA (ISRCTN82208287) are com-

paring laparoscopic lavage versus resection for Hinchey 3

diverticulitis. The DILALA short-term results in 83 per-

forated Hinchey III diverticulitis patients randomized

between laparoscopic lavage and Hartmann procedure have

demonstrated the feasibility of lavage [31]. Long-term

outcomes are now needed to evaluate the overall benefit

such as avoidance of stoma formation, mortality, and

reoperation rates for recurrent symptoms or attacks. Cur-

rent evidence from RCTs therefore suggests a higher short-

term reoperation rate in those treated with laparoscopic

lavage and no evidence of a reduction in major

complications.

Outcomes and follow-up

Recurrence

Reported recurrence rates following an episode of acute

diverticulitis requiring hospital admission for medical treat-

ment vary from 13.3 to 42 %, depending on the diagnostic

criteria used for acute diverticulitis and the follow-up period

reported. The largest of these retrospective series reported

data on 2366 medically treated patients with a median follow-

up of 8.9 years with a recurrence rate of 13.3 % [32]. The

majority of recurrences reported in these studies occurred

early following the initial presentation. The true burden of

recurrent disease may be greater as none of these studies

reported episodes of recurrence treated in the community.

Recent studies have proposed that the majority of

patients do not recur and that, if they do, the severity of the

disease is not likely to be higher than that in the previous

uncomplicated episodes [33]. In fact, as demonstrated in

the DIVER trial, the frequency of perforation nearly halves

with each subsequent episode, from 25 % in the first epi-

sode to 12 % with the second, to 6 % with the third, and to

1 % with further episodes [34]. Other factors, such as age,

severity of the disease, immuno-compromising co-mor-

bidities, family history, or extent of the involved colon,

have not been clearly proven as risk factors for recurrence.

Recurrent diverticulitis does not seem to be age

dependent. There are conflicting data regarding the risk of

recurrence for younger (age\50 years) versus older

patients. In a systematic review, disease recurrence rates in

younger patients were significantly higher than those of

elderly patients (RR 1.70, 95 % CI 1.31–2.21) [35].

However, the included studies did not report their follow-

up period per group clearly, thus potentially introducing a

follow-up bias. More recent data suggest that recurrence

rate and outcome are not worse in younger patients. In a

recent large retrospective cohort, recurrence rate after a

median follow-up of 22 months is comparable among

groups (25.6 % (111 of 463) for younger patients versus

23.8 % (208 of 978) in patients over 50 years of age [36].

Mortality

The largest studies reporting the mortality associated with

hospital admission for acute diverticulitis have used data

from the NIS and reported in-hospital mortality only. These

studies have reported a reduction in mortality following

hospital admission over time with a reduction from 1.6 %

in 1998 to 1.0 % during 2004–2005 and a 55 % relative

reduction in-hospital mortality from 4.5 to 2.5 % during

2002–2007 with a reduction in mortality following surgery

for acute diverticulitis from 5.7 to 4.3 % across the same

period [37].

Need for colonoscopy at follow-up

Current guidelines still recommend routine follow-up

colonoscopy after a first attack of acute diverticulitis to

confirm the diagnosis and exclude malignancy [38]. The

recommendation for colonoscopy after an episode of

acute diverticulitis is merely based on expert opinion and

dates back to the time before widespread use of CT to

diagnose acute diverticulitis. Colonoscopy is burdensome,

costly, and time-consuming and has the risk of procedure-

related morbidity. The yield of colonoscopy after acute
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diverticulitis diagnosed by adequate imaging techniques is

questionable.

There are two different issues posed by those in favor of

colonoscopy: (a) the need to exclude malignancy (fear of

misdiagnosis) and (b) a presumed higher risk of colorectal

carcinoma (CRC) in patients who encountered acute

diverticulitis. Patients with diverticulosis or diverticulitis

have no higher incidence of polyps or CRC when using

age-stratified analysis [39]. The yield of advanced colonic

neoplasia during colonoscopy after acute diverticulitis is

equivalent to that detected in asymptomatic average-risk

screening participants. A systematic review has found an

estimated pooled prevalence of 5.0 % (CI 3.8–6.7 %) for

advanced colonic neoplasia and 1.5 % (CI 1.0–2.3 %) for

CRC at follow-up after an episode of CT-confirmed acute

diverticulitis [40]. Follow-up colonoscopy may be needed

in patients with an equivocal diagnosis at CT or with a

protracted clinical course. Patients presenting with rectal

bleeding or with change in bowel habit prior to their initial

episode may also warrant a colonoscopy. A recent study

has compared colonoscopy and CTC in the follow-up of

108 diverticulitis patients: CTC is better tolerated but the

detection accuracy of small polyps is poor, and no

advanced neoplasia was found in this cohort [41].

Elective colectomy after resolved acute diverticulitis

Routine elective (segmental) colectomy after two attacks of

diverticulitis was once considered standard of care, but this

has changed with new evidence [42]. The risk of perfora-

tion and peritonitis decreases with each attack, contrary to

previous beliefs [43]. The outcomes following elective

surgery in patients having undergone successful non-op-

erative management indicate that patients have more

complications and higher costs than those following

resection for cancer with up to one in five patients having

persistent symptoms [44, 45]. Results from the DIRECT

trial (NTR1478), a randomized comparison of elective

resection for recurrent diverticulitis versus non-operative

treatment, are expected following the interruption of the

trial after interim analysis [46]. Given the relative confu-

sion that exists about the natural history of uncomplicated

diverticulitis, it is recommended that the decision to offer

an elective colectomy should be individualized.

Discussion

This review presents current available evidence on the

diagnosis and the medical and surgical treatment of

patients with acute diverticulitis and its complications.

Current evidence supports a stratified approach to man-

agement based on clinical and radiological features. Due to

the broad nature of this review, we were unable to follow

standard methodologies for systemic review. However, we

have reported our search strategy and only included articles

which were relevant to the current management of acute

diverticulitis and its complications.

The diagnosis of acute diverticulitis is made on clinical

suspicion; however, to allow appropriate risk stratification

diagnostic imaging is essential. The modality of choice for

radiological investigation is CT. It allows stratification of

patients into those with uncomplicated simple acute

diverticulitis and those with complicated disease. This

distinction is imperative if current best evidence is to be

applied to this group of patients. Current guidelines suggest

that all patients with a clinical suspicion of acute diverti-

culitis and no prior history should have the diagnosis

confirmed by radiological imaging on that admission [47].

Antibiotic therapy has been mandated in patients with

acute diverticulitis; however, there is now evidence from

two RCTs and a Cochrane review, which suggest that in

those patients with CT-confirmed uncomplicated acute

diverticulitis antibiotics can be safely withheld [24, 25].

The full results of the DIABOLO trial will be required

before firm recommendations on the use of antibiotics in

this group of patients can be issued; however, the currently

reported results are encouraging.

In cases of complicated disease with free perforation and

purulent peritonitis, the current trend towards the use of

laparoscopic lavage has not been supported by two recently

published trials [29, 30]. Laparoscopic lavage in the short

term was associated with increased morbidity and mortality

with higher re-intervention rates when compared to sig-

moid resection. Long-term results from these studies will

be required to determine if any long-term advantages to

minimally invasive treatments such as stoma avoidance

and long-term need for surgical intervention are apparent.

In patients undergoing an open procedure, there is no

strong evidence to support the use of a Hartmann’s pro-

cedure or primary anastomosis with only two small trials

completed to date both of which lacked power [26]. The

choice between the two procedures often comes down to

the level of experience of the operating surgeon along with

patient specific risk factors such as comorbidity, sepsis, and

degree of contamination. Results from the resection arm of

the LADIES trial may help inform current practice in this

area.

Following admission with acute diverticulitis, recur-

rence rates are low and current evidence suggests no

increase in risk of recurrence in younger patients. Man-

dated elective resection after two episodes of acute diver-

ticulitis is no longer supported given the low risk of

recurrence and subsequent development of complicated

disease; therefore, decisions regarding elective resection

should be made on an individual patient basis.

World J Surg (2016) 40:2537–2545 2543

123



Current understanding of acute diverticulitis permits a

diversified management plan, and a stratified approach

tailored to the disease severity. Most mild episodes can be

treated as an outpatient without the need for antibiotics or

dietary restrictions (Table 3). The optimal surgical strategy

is to be further refined.
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