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D iverticulitis of the sigmoid colon is a common condition,
responsible for substantial morbidity and ongoing uncer-
tainty about the optimal strategies for surgical manage-

ment. The incidence of diverticulitis has increased in the last
decade,1,2 accounting for nearly 300 000 US hospital admissions3

and $1.8 billion of annual direct medical costs.4 Also in the last de-
cade, treatment algorithms have evolved in response to improved
diagnostic imaging,5,6 greater understanding of the natural history
and disease prognosis,7,8 and increased application of nonoper-
ative management including percutaneous abscess drainage.9 Ur-
gent operations for acute diverticulitis are now less common,2,9 and
national guidelines have begun to question the traditional indica-
tions for elective resection as well.10 Still, per capita rates of elec-
tive surgery for diverticulitis have continued to increase, especially
in patients younger than 65 years.1,11

Treatment goals for diverticulitis, whether for the hospitalized
patient with an acute episode or a stable patient being treated as
an outpatient, are to alleviate symptoms, prevent recurrence, per-
form elective rather than emergency operations when possible, and
maintain intestinal continuity. The high incidence of operative com-
plications, long-term morbidity,12,13 and persistent symptoms such
as pain, bloating, and altered defecatory function after colectomy14-16

all have imparted new uncertainty about optimal strategies for sur-
gical management.

We performed a systematic review of recent primary reports on
the decision making, technical aspects, and outcomes of
surgery for acute, recurrent, and chronic sigmoid diverticulitis. The
specific research questions were the following: (1) What
are the indications for surgical resection? (2) Should a specific
surgical approach or technique be recommended? and (3) What are
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the outcomes of surgical treatment? We consider this
evidence in the context of published clinical practice guidelines10 and
current patterns of care.2,11 A review of the nonoperative aspects of
diverticulitis are concurrently published in JAMA.17

Methods
Search Strategy
We searched the National Guideline Clearinghouse and PubMed be-
tween January 1, 2000, and March 31, 2013, for existing clinical prac-
tice guidelines addressing surgical management of sigmoid diverticu-
litis. The only relevant guideline identified was the practice parameter
published by the American Society of Colon and Rectal Surgeons in
2006 (which was based on literature up to 2005).10 With this guide-
line as a starting point, we conducted a focused literature search using
the MEDLINE and Cochrane databases for studies pertaining to the di-
agnosis and management of chronic and recurrent diverticulitis and
published from January 1, 2000, to March 31, 2013. Our search terms
and algorithm are provided in the eAppendix in the Supplement. We
supplemented this automated search by reviewing additional refer-
ences identified from included studies and from cited references
searches in the Web of Science Citation Index.

Study Selection
We were interested in studies addressing surgical decision making,
technical considerations, and outcomes for sigmoid diverticulitis. We
included English-language studies reporting primary data on surgi-
cal treatment of diverticulitis of the descending and/or sigmoid co-
lon in human adults. Three evidence domains were considered: (1)
the indications for resection; (2) elements of surgical approach and
technique; and (3) outcomes of surgical treatment. Review articles
only reporting information present in other articles that we re-
viewed as well as case series with fewer than 30 patients were ex-
cluded. We also excluded studies with data accrued exclusively be-
fore 2000 because clinical practice guidelines18 and trends in surgical
management of diverticulitis changed significantly at that time,2,11

and we sought to evaluate contemporary data derived primarily from
patients treated after these changes.

Data Extraction
Studies selected for inclusion were reviewed according to guide-
lines from the Meta-analysis of Observational Studies in Epidemi-
ology Group.19 We graded the level of evidence and classified rec-
ommendations by size of treatment effect according to the
guidelines process from the American College of Cardiology/
American Heart Association Task Force on Practice Guidelines.20 We
then compared the resulting recommendations with those of the
most recent clinical practice guidelines on management of diver-
ticulitis from the American Society of Colon and Rectal Surgeons.10

Results
The database search elicited 2123 published articles, of which 740
were duplicates, leaving 1383 unique abstracts. Our manual review
of references identified an additional 30 nonduplicate studies for
abstract evaluation. Of these 1413 abstracts, we eliminated 1265 dur-

ing abstract review and an additional 85 after full-text review based
on the defined exclusion criteria described earlier. The remaining 63
studies serve as the basis for the systematic review. The selection
process, based on the Preferred Reporting Items for Systematic Re-
views and Meta-analyses (PRISMA) schema,21 is detailed in the
Figure. The included studies and key findings are presented sequen-
tially for each section in Table 1, Table 2, and Table 3.

Acute Diverticulitis
We identified 6 studies that met the inclusion criteria and specifi-
cally reported data relevant to surgical decision making regarding
urgent colectomy for diverticulitis (Table 1).5,22-24,26,27

In patients presenting with acute diverticulitis, urgent surgery is
performed for those with sepsis and diffuse peritonitis or those who
fail to improve despite medical therapy and/or percutaneous
drainage.10 Recognizing the substantial morbidity associated with ur-
gent colectomy for complicated diverticulitis, however, there is a trend
in favor of medical therapy, even in severe acute diverticulitis, when-
ever it can be achieved successfully.2,11 In the absence of severe clini-
cal signs of sepsis, 2 single-institution studies suggest the potential for
nonoperative treatment even for patients with complicated, perfo-
rated acute diverticulitis. Dharmarajan et al24 reviewed 136 patients
with extraluminal air, fluid, and/or abscess and found that only 5 re-
quired urgent operation and another 12 failed expectant manage-
ment. However, 28% underwent percutaneous drainage and 27% re-
ceived parenteral nutrition. In a series reported by Costi et al,23 7%
required surgery and an additional 18% needed percutaneous
drainage.23,24 Nevertheless, in observational series, about 15% to 20%
of patients with acute diverticulitis still undergo urgent colectomy dur-
ing their index hospitalization.2,26,30,38

Patients with complicated acute diverticulitis—that is, with ex-
traluminal abscess or pneumoperitoneum—are more likely to
undergo urgent operation than those with colonic inflammation

Figure. The Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) Flowchart Detailing the Selection of Studies
for Systematic Review

2123 Studies identified
through database searches

30 Additional studies
identified from references

148 Full-text articles
assessed for eligibility

63 Studies included in
systematic review

740 Duplicates removed

1413 Abstracts evaluated

1265 Studies excluded
402 Case series <20

151 Other

554 Did not address questions
158 No primary data

85 Studies excluded
45 No primary data
32 Did not address questions
8 Other
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Table 1. Included Studies on Indications for Colon Resection for Diverticulitis

Source Study Focus Study Designa Patients, No. Findings
Level of
Evidence

Acute Complicated Diverticulitis

Ambrosetti,5 2012 Need for operation Prospective 542 Severe diverticulitis per CT scan: 26% urgent
surgery, 47% complications; moderate
diverticulitis per CT scan: 4% urgent surgery,
19% complications

B

Ambrosetti et al,22 2005 Need for operation Prospective 465 Surgery required in 51% with mesocolic abscess,
71% with pelvic abscess

B

Costi et al,23 2012 Need for operation Retrospective 39 92% With perforation did not require urgent
surgery

C

Dharmarajan et al,24 2011 Need for operation Retrospective 136 91% With complicated diverticulitis did not
require urgent surgery

C

Gaertner et al,25 2013 Need for operation Retrospective 36 After percutaneous abscess
drainage followed by nonoperative management,
58% had freedom from recurrence and no late
colectomy

C

Kaiser et al,26 2005 Need for operation Retrospective 511 Operation required in 7% with simple
diverticulitis, 22% with abscess

B

Poletti et al,27 2004 Need for operation Retrospective 168 Abscess (63% with vs 28% without abscess)
and free air (57% with vs 29% without free air)
predict need for operation

B

Recurrent Diverticulitis

Chapman et al,28 2005 Risk of perforation Retrospective 337 Most patients with perforation had history
of diverticulitis

C

Boostrom et al,29 2012 Recurrence Retrospective 684 Resolution of symptoms in 93% with atypical
diverticulitis and 89% with smoldering
diverticulitis

C

Broderick-Villa et al,30 2005 Recurrence Retrospective 3165 13% With recurrence after nonoperative
management

B

Chapman et al,31 2006 Risk of perforation Retrospective 150 More common among patients with 1-2 episodes
(17%) vs >2 episodes (0%)

C

Eglinton et al,32 2010 Recurrence Retrospective 502 19% With recurrence, 5% with multiple
recurrence; 5% with complicated recurrence

B

Hall et al,33 2011 Recurrence Retrospective 672 36% With recurrence; 4% with complicated
recurrence

B

Horgan et al,34 2001 Recurrence Retrospective 47 77% Of patients with smoldering diverticulitis
had resolution with surgery

C

Issa et al,35 2009 Risk of perforation Retrospective 96 Peritonitis more common in first episode C

Pittet et al,36 2009 Need for operation Retrospective 271 More common with first episode (16%) than
with recurrence (6%)

B

Ritz et al,37 2011 Perforation Prospective 934 More common with first episode (25%) than
second (13%) or more (<5%) episodes

B

Shaikh and Krukowski,38

2007
Need for operation Prospective 232 19% Of conservatively managed patients undergo

resection, 5% emergency
C

Patient Factors

Anaya and Flum,39 2005 Need for operation Retrospective 25 058 Young patients more often emergency
(7.5% younger vs 5% older)

B

Biondo et al,40 2002 Recurrence, need
for operation

Prospective 327 No difference by age in recurrence (25% younger
vs 22% older) or emergency operation
(26% younger vs 23% older)

B

Biondo et al,41 2012 Recurrence,
perforation

Prospective 931 Immunosuppressed patients had no more risk than
immunocompetent patients

B

Faria et al,42 2011 Recurrence Retrospective 157 More recurrence in young patients (26% younger
vs 11% older) but lower rate of emergency surgery
(3% younger vs 14% older)

B

Guzzo and Hyman,43 2004 Recurrence,
perforation

Retrospective 762 More elective resections in young patients
(40% younger vs 26% older) but only 1 with
perforation

B

Hjern et al,44 2008 Recurrence, need
for operation

Retrospective 234 No difference with age
(25% younger vs 20% older)

B

Klarenbeek et al,45 2010 Perforation Retrospective 291 Immunosuppression, renal failure, collagen
vascular disease increase risk

C

Kotzampassakis et al,46

2010
Recurrence, need
for operation

Retrospective 271 Young patients had less urgent surgery
(6% younger vs 20% older), less colostomy
(1.4% younger vs 9% older)

B

Lahat et al,47 2006 Recurrence, need
for operation

Prospective 207 Young patients had more
recurrence (72% younger vs 45% older), more
surgery (38% younger vs 13% older)

B

(continued)
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alone in reported case series.5,26 They are also more likely to
experience complications and perforation after nonoperative
management.22,26,27 In a series of more than 500 patients treated
in a single academic medical center, Kaiser et al26 found that pa-
tients with pelvic abscess, for example, had more than 3 times greater
risk of recurrence after nonoperative treatment than after opera-
tion (41% vs 13%, respectively). These findings were corroborated
in another single-institution series of 465 patients22 in which 51%
of patients with mesocolic abscesses and 71% of those with pelvic
abscesses eventually required surgery, either acutely or in follow-
up. To codify this additional risk, Ambrosetti et al6 defined a sever-

ity grading system (Table 4), based on the presence of an abscess
or extraluminal air or on contrast on computed tomography, that pro-
vides useful guidance on the likelihood of acute resolution and free-
dom from recurrence. Patients who recover from acute inflamma-
tion with nonoperative management in the presence of perforation
are typically encouraged to undergo elective resection because of
a higher incidence of late complications.5,10,22,26 However, some au-
thors have questioned the need for surgery even in this setting.25,30

In a retrospective, single-institution study, Gaertner et al25 de-
scribed 36 patients managed nonoperatively after percutaneous
drainage of colonic diverticular abscess, of whom fewer than half had

Table 2. Included Studies on Technical Factors in Colon Resection for Diverticulitis

Source Study Focus Study Design Participants, No. Findings
Level of
Evidence

PA vs HP

Vermeulen et al,53

2009
Reversal after HP
or PA with DLI

Retrospective cohort 158 Reversal of ostomy: HP 45% vs PA and DLI 74%;
morbidity of reversal: HP 44% vs PA and DLI 15%

C

Maggard et al,54 2004 % of HPs that are reversed Population-based
retrospective cohort

11 582 Emergency HP: 41.7% of patients who had
surgery; HP reversal: 65%

B

Gawlick and Nirula,55

2012
Outcomes of HP vs PA Population-based

retrospective cohort
2018 Type of surgery not predictive of outcome in

multivariate analysis
B

Stumpf et al,56 2007 Outcomes of HP vs PA Retrospective cohort 36 Low-risk patients underwent PA without
complications

C

Tabbara et al,57 2010 Predictors of PA Retrospective cohort 194 Patients with PA were younger with lower
Hinchey score

C

Trenti et al,58 2011 Outcomes of HP vs PA Retrospective cohort 87 PA associated with fewer
complications in multivariate analysis

C

Vermeulen et al,59

2007
Outcomes of HP vs PA Retrospective cohort 200 Type of surgery not predictive of mortality in

multivariate analysis
C

Oberkofler et al,60

2012
Outcomes of HP vs PA
with DLI

Randomized trial 62 Reversal of ostomy: PA with DLI 90% vs HP 57%;
serious complications: PA with DLI 0% vs HP 20%

B

Laparoscopic Peritoneal Lavage

Karoui et al,61 2009 Morbidity, LOS, subsequent
operation

Retrospective cohort 59 Lower morbidity in patients with lavage:
16% vs 37.5% for matched patients with
resection

C

Liang et al,62 2012 Subsequent operation Retrospective cohort 47 3 Early failures, 21 elective operations C

Myers et al,63 2008 Secondary intervention,
recurrent diverticulitis

Case series 100 2 Percutaneous drainage,
2 readmissions with diverticulitis

C

Rogers et al,64 2012 Morbidity and mortality Retrospective cohort 427 Lower mortality in patients with lavage:
4% vs 10% and morbidity: 14% vs 25%

C

White et al,65 2010 Subsequent operations Retrospective cohort 35 8 Early failures, 8 late failures,
8 elective resections,
11 no operation

C

Franklin et al,66 2008 Subsequent operations Retrospective cohort 40 20 Elective resection,
20 no further surgery; no acute
complicated diverticulitis

C

Abbreviations: DLI, diverting loop ileostomy; HP, Hartmann procedure; LOS, length of stay; PA, primary anastomosis.

Table 1. Included Studies on Indications for Colon Resection for Diverticulitis (continued)

Source Study Focus Study Designa Patients, No. Findings
Level of
Evidence

Lopez-Borao et al,48 2012 Recurrence Retrospective 686 No difference by age (24% younger vs 18% older) B

Mäkelä et al,49 2009 Recurrence,
perforation

Retrospective 1081 No difference in rates by age category B

Nelson et al,50 2006 Recurrence, need
for operation

Retrospective 411 Young patients had low risk of
recurrence and emergency surgery

C

Ritz et al,51 2011 Perforation, need
for operation

Prospective 1019 Young patients were no more likely to have
perforation or emergency surgery for recurrence
than older patients (5% younger vs 4% older)

B

Yoo et al,52 2008 Operation Retrospective 112 Low albumin level, steroid use,
and COPD predict need for surgery

C

Abbreviations: COPD, chronic obstructive pulmonary disease; CT, computed tomography.
a All were cohort studies.
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recurrent diverticulitis, all managed without resection. Broderick-
Villa et al30 likewise found that patients with percutaneously drained
abscesses were no more likely than those with simple acute diver-
ticulitis to have future recurrence or complication.

Recurrent and Chronic Diverticulitis
Eleven studies met inclusion criteria and provided data informing
decisions about elective surgery for recurrent or chronic diverticu-
litis (Table 1).28-38

Table 3. Included Studies on Outcomes of Colon Resection for Diverticulitis

Source Study Focus Study Design Participants, No. Findings
Level of
Evidence

30-d Outcomes

Antolovic et al,67 2009 Postoperative morbidity Prospective cohort 168 Postoperative infection 20%;
urgent reoperation 9.5%;
mortality 4%

B

Ince et al,68 2012 Postoperative morbidity,
Hartmann procedure

Retrospective cohort 199 Postoperative complication 51%;
urgent reoperation 10%;
mortality 15%

B

Larson et al,69 2010 Postoperative morbidity,
enhanced recovery
protocol

Retrospective cohort 334 Traditional vs enhanced recovery
protocol: postoperative complication
25% vs 15%; urgent reoperation
2% vs 4%; readmission 7.6% vs 2.9%

B

Lidor et al,70 2010 Postoperative morbidity,
elderly patients

Population-based
retrospective cohort

53 316 Urgent vs elective operation:
readmission 21% vs 11.9%; mortality
8% vs 1.8%

B

Lidsky et al,71 2012 Postoperative mortality,
acute surgery, elderly
patients

Retrospective cohort 2264 Nonelderly mortality 1.6%; elderly
mortality 9.7%; super elderly
(aged >80 y) mortality 17.8%

B

Morks et al,72 2010 Postoperative morbidity,
elective vs acute surgery

Retrospective cohort 299 Acute vs elective surgery: minor
complications 20% vs 17%; major
complications 40% vs 20%; mortality
16% vs 1%

B

Pendlimari et al,73

2011
Postoperative morbidity,
laparoscopic surgery

Retrospective cohort 361 Complicated vs uncomplicated
diverticulitis: postoperative
complications 27.9% vs 19.6%;
readmission 11% vs 5.3%; reoperation
3.7% vs 3.1%

B

Sheer et al,74 2011 Postoperative morbidity,
elective surgery, elderly
patients

Retrospective cohort 22 752 Postoperative complications
22.1%; mortality 1.2%; mortality
among patients with congestive heart
failure, odds ratio = 3.5 (95% CI,
2.59-4.63)

B

Long-term Outcomes

Andeweg et al,75 2008 Risk factors for recurrence Retrospective cohort 183 Recurrence rate = 8.7%; risk
factors include younger age
(P < .02), persistence of postoperative
pain (P < .005); chronic abdominal pain
22%; recurrent diverticulitis not
associated with higher proportion of
emergency procedures

B

Binda et al,76 2012 Risk of recurrent acute
diverticulitis

Multicenter cohort study 242 Recurrence rate = 5.8%;
mortality = 0.6%

B

Thaler et al,77 2003 Laparoscopic vs open
surgery recurrence rates

Retrospective cohort 155 Recurrence rate 6.5%; median time
of recurrence after surgery, 29 mo;
2 of 11 recurrences after 5 y

B

Patient-Reported Outcomes

Ambrosetti et al,78

2007
Long-term functional
outcomes

Cross-sectional survey 43 Bowel function better 56%,
unchanged 37%, worse 7%; new
postoperative abdominal pain 9%

B

Egger et al,16 2008 Incidence and risk of chronic
symptoms

Cross-sectional survey 124 Elective vs emergency operation:
chronic abdominal pain 25% vs 24%;
neither Hinchey stage nor technique
were associated with chronicity

B

Pasternak et al,79 2012 Quality of life after
laparoscopic sigmoidectomy

Cross-sectional regard-
ing preoperative and
postoperative states

120 Preoperative vs postoperative:
quality of life score 95 vs 114;
recurrence 7.5%

B

Levack et al,80 2012 Incidence and predictors
of postoperative bowel
dysfunction

Cross-sectional survey 249 Fecal incontinence 24.8%; urgency
19.6%; incomplete emptying 20.8%

B

Forgione et al,81 2009 Functional outcomes,
elective laparoscopic
sigmoidectomy

Longitudinal survey
(baseline and 3, 6, and
12 mo)

46 Most functional scores improved and
were sustained; 19 patients improved
by >20%; 3 patients decreased by 20%
for unclear reasons

B

Käser et al,82 2012 Postoperative symptoms Cross-sectional survey 117 Complete resolution 54%; marked
improvement 34%; some improvement
10%; no improvement 2%

C
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Elective resection was recommended after 2 episodes of un-
complicated diverticulitis (or a single episode in young patients).83

This practice was based on the idea that such patients demon-
strated, by virtue of recurrence and age at onset, a more “virulent”
syndrome at greater risk for rerecurrence. Thus, elective interven-
tion was deemed necessary to prevent future complicated epi-
sodes, emergency operation, and/or colostomy.84 These assump-
tions have been recently challenged.

The incidence of recurrent diverticulitis may be lower than was
previously assumed. In 6 observational studies evaluating recur-
rence rates after a first episode of uncomplicated diverticulitis, the
recurrence rates ranged from 10% to 35%,5,30,32,33,38,39 meaning that
most patients never had another episode and would have no op-
portunity to benefit from surgery. We identified 11 studies eligible
for review that addressed recurrence rates by age, but there was in-
complete consensus. Some retrospective studies reported higher
recurrence rates in younger patients.30,39,42,43,47 However, in most
case series, the likelihood of recurrence was affected not by age at
onset but rather by the severity of the initial episode.31,35-37,39,83,84

Second, after 2 bouts of diverticulitis, the likelihood of rerecur-
rence may be modestly higher,30 but the severity of attacks gener-
ally does not increase.28,31 Instead, most patients’ recurrent epi-
sodes will mimic their earlier, uncomplicated ones. For example, in
retrospective single-institution reviews with relatively long follow-
up, only 3% to 5% of patients experienced a complicated recur-
rence after nonoperative management of an episode of acute
diverticulitis.32,33 About 5% of patients managed conservatively in
a single-institution series from Shaikh and Krukowski38 and a state-
wide cohort reported by Anaya and Flum39 went on to require emer-
gency surgery. Further, the likelihood of free perforation seems to
be far greater in patients with no history of diverticulitis than those
who have recovered from 1 or more episodes.28,35-37 In a retrospec-
tive cohort of more than 1300 patients, Ritz et al37 found that free
perforation occurred in 25% of patients presenting with their first
episode of acute diverticulitis, but only 12% with their second, 6%
with their third, and 1% thereafter.

We included 14 studies evaluating patient-specific risk factors
for recurrence and complications (Table 1).39-52 Age at onset had tra-
ditionally been a point of emphasis, but the importance of age is in-
creasingly downplayed, as discussed earlier. Observational studies
have identified family history, retroperitoneal abscess, and length
of the colon segment involved as factors associated with increased
risk of recurrence,33 but it is not clear how well these factors can iden-
tify those with enough increased risk to justify prophylactic sur-
gery. There is increased concern for complications of diverticulitis
among patients with substantial comorbidity. Patients with immu-
nosuppression, collagen vascular disease, glucocorticoid use, and
malnutrition45,52 are at increased risk for recurrence and perfora-
tion with recurrent episodes, in some41,44 (though not all41) series,
and might therefore have a lower threshold to consider elective re-
section. On the other hand, their operative risk may be substan-
tially greater as well.71,74,85

The collective evidence supports an individualized approach to
consideration of elective resection, which takes into account the se-
verity of prior episodes, patient-specific risk factors, ongoing symp-
toms, and patients’ preferences. The number of episodes and age
at onset should be considered secondary to these other factors. For
those with recurrent diverticulitis who experience complete recov-

ery between episodes, colectomy is intended to prevent future epi-
sodes of diverticulitis of similar severity as those they have already
experienced. The data suggest that prophylactic surgery to pre-
vent severe septic complications in asymptomatic patients with a
history of diverticulitis is not necessary in most cases. Rather, pa-
tients may choose elective operation if the frequency and severity
of their episodes is sufficient to justify the burden of surgery.

There are other patients who have atypical, chronic, or so-
called smoldering diverticulitis in which symptoms are protracted
and subacute.86 These patients may choose surgery as a remedy for
their ongoing symptoms, not merely for prophylaxis. In these pa-
tients, it is particularly important to consider and exclude other di-
agnoses such malignant neoplasm and functional bowel disorders,
which increase the likelihood of persistent symptoms after
resection.15 In 2 reports of nonoverlapping series of patients from
the same institution diagnosed as having chronic diverticulitis, re-
section relieved symptoms in 77% to 89% of cases, with persistent
symptoms mostly related to comorbid irritable bowel syndrome.29,34

Thus, the decision to perform elective surgery for chronic sigmoid
diverticulitis will be made on a case-by-case basis,10 weighing the
severity of the ongoing syndrome and the likelihood of improve-
ment against the short-term morbidity and long-term functional con-
sequences of sigmoid colon resection.

Technical Considerations
Three randomized trials have compared laparoscopic and open co-
lon resection for diverticular disease. In the Sigma trial, 100 pa-
tients with recurrent sigmoid diverticulitis were randomized to lapa-
roscopic vs open sigmoid resection in 5 European centers. Patients
randomized to laparoscopy experienced decreased incidence of ma-
jor complications, reduced hospital stay and postoperative pain,87

and improved subjective quality of life at 6 months after surgery.88

A similarly designed and powered French study mostly replicated
the short-term benefits but concluded that the only long-term ad-
vantage of laparoscopic resection was cosmesis.89,90 A third trial in
Germany found no meaningful differences in short- or longer-term
outcomes but was underpowered owing to difficulty with
enrollment.91 Indeed, recruiting patients to participate in random-
ization for diverticulitis has proven difficult, often because of pa-
tients’ prejudged preference for laparoscopic surgery.92

Whether open or laparoscopic, options for definitive surgery in
acute or chronic diverticulitis include resection of the affected colon
segment with or without anastomosis and/or upstream diversion, de-
pendingonthehealthoftheremainingbowel,extentofperitonealcon-

Table 4. Computed Tomography–Based Severity Grading and Outcomesa

Severity
Grading CT Findings Outcomes
Moderate Localized thickening of the

colonic wall of ≥5 mm and
signs of inflammation of the
pericolic fat

4% Failure of medical treat-
ment at index episode; 17%
initially nonoperative at index
episode have recurrence or
complication

Severe Findings above plus ≥1 of
abscess, extraluminal air,
and extraluminal contrast

26% Failure of medical treat-
ment at index episode; 36%
initially nonoperative at index
episode have recurrence or
complication

Abbreviation: CT, computed tomography.
a Based on the study by Ambrosetti et al.6
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tamination, overall condition of the patient, and baseline defecatory
function. The data supporting each of these therapies consist pre-
dominantly of retrospective comparisons, limiting the conclusions that
can be drawn about procedure choice for any given patient.

Because operations to close a colostomy incur substantial rates
of major morbidity,52,71 as many as 45% of patients who undergo a
Hartmann procedure with end colostomy and rectal stump closure
may never attempt colostomy closure.53,54 There is therefore in-
creased recent interest in strategies to maintain intestinal continu-
ity with urgent surgery for diverticulitis. We included 8 studies that
addressed this question (Table 2).53-60

In a series of retrospective reviews comparing the Hartmann pro-
cedure against primary colorectal anastomosis with or without divert-
ing loop ileostomy, short-term outcomes were similar and authors con-
cluded that primary anastomosis in carefully selected patients
undergoing urgent operations for acute diverticulitis is reasonable and
safe.55-59,93 Conclusions drawn from these retrospective trials are lim-
ited importantly, however, by selection bias in the choice of opera-
tion. In a small, underpowered trial comparing these approaches,
Oberkofleretal60 randomized62patientstoprimaryanastomosiswith
diverting ileostomy vs Hartmann procedure. Rates of mortality (9%
vs 13%, respectively) and complication (75% vs 67%, respectively)
were high but not different between groups. However, the likelihood
of stoma closure was far greater with primary anastomosis than with
the Hartmann procedure (90% vs 58%, respectively) and major com-
plication rates for patients who underwent stoma closure were lower
(0% vs 20%, respectively). These data suggest some preference for
primaryanastomosiswithproximaldiversionintheacutesetting,when
clinical conditions allow. However, the clinical factors to inform deci-
sion making in this setting are not well defined, leaving surgeons to
make case-by-case decisions according to the suitability of the rec-
tum for anastomosis, the clinical condition of the patient in the oper-
ating room, and the degree of pelvic and peritoneal inflammation
around the intended anastomosis.

Regardless of the reconstruction or diversion method chosen, the
margins of resection must be the same, as they appear to be the most
important contributor to the likelihood of recurrent diverticulitis after
resection.Specifically, inthepresenceofacolocolonicanastomosiswith
retained distal sigmoid colon, the odds of recurrent diverticulitis in-
creased 4-fold compared with creation of a colorectal anastomosis.94

The distal resection margin therefore should extend below the recto-
sigmoid junction, beyond the point at which the taeniae coli coalesce.
Proximally, the resection should include the thickened and chronically
inflamed or fibrotic colon segment but need not remove all of the co-
lonic diverticula. Thus, when the inflammation and fibrosis are limited
to the sigmoid colon, an anastomosis from descending colon to rectum
is adequate, whereas involvement up to the proximal descending co-
lon would necessitate extended left colectomy.

Recognizing that resectional approaches to urgent colectomy in-
cur substantial associated morbidity, there is increasing discussion of
nonresectional operations for acute diverticulitis. Laparoscopic perito-
neal lavage has been proposed as a damage-control operation to
containcontaminationandgivepatientswithacuteperforationandpu-
rulent peritonitis a bridge to elective resection with primary anastomo-
sis. We found 6 studies reporting results of this procedure that met
inclusioncriteria(Table2).61-66Theywereuniformlyobservational,small,
single-institution studies that demonstrated fewer complications in
patients who underwent lavage compared with primary resection.

However, recognizing the substantial selection bias as patients con-
verted from lavage to resection were typically analyzed with the resec-
tion group, it is difficult to draw firm conclusions from these compara-
tive data. In addition, skeptics have argued that many of the patients
“successfully”managedwithlavagemayhaveotherwisebeenamenable
to nonoperative medical therapy with or without percutaneous drain-
age anyway, as many had localized abscesses and lacked substantial
comorbidity.95 Thus,until resultsofexpectedrandomizedtrials96,97 be-
comeknown,thereis insufficientevidencetorecommendlaparoscopic
lavage as an alternative to resection in patients who fail nonoperative
management.

Outcomes of Surgery
We identified 8 recent articles that fit the inclusion criteria and spe-
cifically discussed 30-day postoperative outcomes (Table 3).67-74

Most studies reported a postoperative infection rate of about 10%
to 20%. Some reported substantially higher postoperative complica-
tion rates,72,73 likely related to the relative proportion of urgent rather
thanelectiveoperationsevaluated.Mortalityratestendedtobelessthan
5% and were associated strongly with patients’ comorbid conditions
and severity of presentation.68,71,74 Historical recommendations for
management of acute and recurrent diverticulitis were based on the
poor medical and surgical outcomes of the time. Today, the benefit of
an elective operation to avoid the risk of future sepsis must be weighed
against the risk of perioperative complications, especially among elder-
ly patients and those with extensive comorbid disease.71,74,85

Studies examining long-term outcomes after colectomy for diver-
ticulitis addressed 1 or both of the following: (1) risk of recurrent diver-
ticulitis, and/or (2) patient-reported outcomes, including persistence
or recurrence of symptoms. For the former outcome, 3 articles fulfilled
our selection criteria (Table 3).75-77 In these studies, imaging-confirmed
postoperative recurrence rates ranged from 5.8% to 8.7%. Time to re-
currence tends to be prolonged—29 months was the median and 2 of
5 recurrences were diagnosed more than 5 years after the index diag-
nosis.Thaleretal77 evaluated155patientswhounderwentelectivelapa-
roscopic or open sigmoid colectomy and reported that postoperative
recurrence was not related to the urgency of the initial operation or to
surgical approach, a finding corroborated in a slightly larger survey by
Andeweg et al75 in which there was no association between an index
emergency procedure and subsequent recurrent disease.

Six survey studies that examined patient-reported outcomes con-
sistently noted that most patients had some relief of symptoms.16,78-82

However, a substantial proportion of patients also experienced chronic
or persistent symptoms of abdominal pain78,81,82 and, in 1 cohort study,
poorpostoperativecontinence.80 InthestudybyAndewegetal,75 22%
of patients reported ongoing diffuse, chronic abdominal pain that per-
sisted after the operation. Overall, 2% to 20% of respondents re-
ported no real long-term relief of their symptoms postoperatively and
between 5% and 10% actually reported worse abdominal pain or gas-
trointestinal function.

Summary Recommendations
Based on the findings of this systematic review, we compared our
interpretation of the evidence and consequent recommendations
with those in the most recent practice parameters published by the
American Society of Colon and Rectal Surgeons.10 These recom-
mendations and their class of treatment effect20 are presented in
Table 5 for comparison.
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Discussion

Reviewing the published literature on surgical management of diver-
ticulitis since the turn of the millennium, we found substantial changes
in contemporary evidence that have reduced the use of urgent sur-
gery for acute diverticulitis,1,2 restricted the indications for prophylac-
tic surgery in recurrent diverticulitis,10,31,98 and led a movement to-

ward generally less invasive and morbid approaches to this disease.99

Because of the rapid pace of recent changes in practice patterns, we
focused this review on studies with data predominantly since 2000.
At that time, the practice parameters of the American Society of Co-
lon and Rectal Surgeons continued to recommend elective surgery af-
ter 2 uncomplicated episodes of diverticulitis, until the 2006 practice
guideline that acknowledged the need to individualize timing of
surgery.10,18,83

Table 5. Systematic Review of Evidence Regarding Surgical Decision Making, Compared With Practice Parameters From the American Society of Colon
and Rectal Surgeonsa

Indications and
Considerations

Current Review ASCRS

Decision Making

Level of
Recommendation
(Class) Practice Parameters

Level of
Recommendation
(Class)

Indications for Surgery, Acute

Sepsis Urgent surgery is performed for those with
sepsis and diffuse peritonitis or those who
fail to improve despite medical therapy
and/or percutaneous drainage

B (I) Urgent colectomy should be
performed for diffuse peritonitis or
failure of nonoperative management
of acute diverticulitis

B (I)

Free air on CT In absence of severe clinical signs of sepsis,
2 single-institution studies suggest potential
for nonoperative treatment even for patients
with complicated, perforated acute diverticulitis

B (IIb) Not addressed Not applicable

Failure to improve with
medical management

Urgent surgery is performed for those who
fail to improve despite medical therapy
and/or percutaneous drainage

B (I) Urgent colectomy should be performed
for diffuse peritonitis or failure of
nonoperative management of acute
diverticulitis

B (I)

Indications for Surgery, Elective Setting

Abscess drained at
acute presentation

Patients who recover from acute inflammation
with nonoperative management in presence
of perforation are typically encouraged to
undergo elective resection because of higher
incidence of late complications

B (IIa) Elective colon resection should
typically be recommended after an
episode of complicated diverticulitis
is treated by percutaneous drainage

B (IIa)

Recurrent disease Evidence supports an individualized approach
to consideration of elective resection, which
takes into account severity of prior episodes,
patient-specific risk factors, ongoing
symptoms, and patients’ preferences

B (IIa) Number of attacks of uncomplicated
diverticulitis is not an overriding
factor in defining appropriateness
of surgery

B (IIb)

Chronic symptoms Elective surgery is decided on a case-by-case
basis, weighing risks and benefits of expectant
and surgical treatment

C (IIa) Decision to recommend surgery
should be influenced by whether
there are persistent symptoms
after acute episode

C (I)

Patient age Age at onset of diverticulitis should
be considered secondary to severity
and frequency of episodes

B (IIa) No clear consensus regarding whether
younger patients (aged <50 y) are at
increased risk for complications;
however, they are probably at increased
risk for recurrent diverticulitis

B (IIa)

Comorbid disease Patients with immunosuppression,
collagen vascular disease, glucocorticoid use,
and malnutrition are at increased risk for
recurrence and perforation with recurrent
episodes and might therefore have lower
threshold to consider elective resection

C (IIa) Immunocompromised patients
are more likely to present with
perforation and to fail medical
management, so a lower threshold
for urgent and elective surgery
should be applied to them

C (IIa)

Technical Considerations

Ostomy formation Data suggest some preference for primary
anastomosis with proximal diversion in acute
setting when clinical conditions allow

B (IIa) For emergency surgery, anastomosis
(with or without intraoperative colonic
lavage) may be considered depending
on patient status and Hinchey
classification; primary anastomosis with
diverting ostomy is an alternative to
Hartmann procedure

C (IIb)

Margins of resection Proximally, resection should include thickened
and chronically inflamed or fibrotic colon
segment, but need not remove all of the colonic
diverticula; a colorectal anastomosis, not a
colocolonic anastomosis, should be performed

B (I) Resection should be carried proximally
to compliant bowel and distally to
upper rectum

B (I)

Laparoscopic
peritoneal lavage

Insufficient evidence to recommend
laparoscopic lavage as alternative to
resection in patients who truly fail
nonoperative management

C (III) Not addressed Not applicable

Abbreviations: ASCRS, American Society of Colon and Rectal Surgeons;
CT, computed tomography.

a The practice parameters from the ASCRS are from the article by Rafferty
et al.10
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In this review, we found further evidence to support the practice
of individualizing decisions about surgery based on particular charac-
teristics of the patient and his or her presentation. Patients may pur-
sue an operation out of fear of emergency colectomy resulting in co-
lostomy. However, the likelihood of such an event after an
uncomplicated episode of diverticulitis in average-risk patients is quite
low.31,33,36,37 Thus, each patient must consider the frequency and se-
verity of his or her recurrent episodes and the degree to which they
limit quality of life. Patients who experience complications of diver-
ticular disease, including perforation, fistula, and stricture, often do re-
quire surgical intervention. Thus, rather than relying on a number of
episodes to guide surgical decision making, clear, patient-specific risk
factors are needed to identify those at highest risk for morbidity with
expectant management of recurrent diverticulitis. Outcomes regis-
tries have improved our recognition of patient factors contributing to
operative morbidity and may help with the evaluation of surgical risk,
but prognostic tools to predict the course of diverticular disease and
the likelihood of important complications are lacking.

For postacute patients who recover with nonoperative therapy
for an initial episode of diverticulitis, many authors have recom-
mended endoscopic and/or fluoroscopic evaluation to confirm the
diagnosis of diverticulitis and exclude other common causes of seg-
mental colitis such as neoplasm, Crohn disease, and ischemic
colitis.30,100,101 This recommendation remains controversial, how-
ever, as the yield and cost-effectiveness of colonoscopy have not
been established in this setting. Malignant neoplasms are detected
in 0% to 3% of patients with presumed diverticulitis6,102-105 but per-
haps as many as 13% of those with a protracted or otherwise atypi-
cal subacute clinical course.101 Some have argued that all of the pa-
tients with important endoscopic findings would have had other
clinical indications for colonoscopy.105 However, practice para-
meters from surgical societies endorse routine flexible endoscopy
to confirm the diagnosis of diverticulitis for any patient who has not
recently undergone appropriate colorectal cancer screening.10,106

Another important component of these decisions is the patient-
reported long-term functional outcomes of colectomy for diverticu-
litis. Most patients assume that surgery will be curative when they
evaluate their options. We did find low rates of recurrent diverticu-
litis after resection with colorectal anastomosis.77,94 However, per-
sistent gastrointestinal symptoms were common, perhaps suggest-
ing overlap between chronic or recurrent diverticulitis, inflammatory
bowel disease, and irritable bowel and other functional gastrointes-
tinal syndromes that are not improved with resection.16,86,107 A chal-
lenge for future research is differentiating the symptoms of irri-
table bowel syndrome and inflammatory bowel disease from those
of chronically symptomatic diverticulitis—this is particularly diffi-
cult because these conditions are so common in Western cultures.

The primary limitation of this study is that the overall quality of the
evidence was limited. Retrospective observational trials and epide-
miologicstudiesaccountfornearlytheentireevidencebasefromwhich
current practice standards are derived. Trials comparing modes of
therapy were largely observational and subject to selection bias. Wide
variability in surgical technique, diagnostic criteria, and complete-
ness, duration, and method of follow-up made comparisons be-
tween studies difficult.

Conclusions
Diverticulitisremainsacommon,morbid,andcostlyconditionforwhich
optimal surgical management remains controversial across a number
of domains. However, recent evidence suggests the safety of avoid-
ing elective colectomy for most patients with uncomplicated disease
and opens the door to modern approaches such as selective anasto-
mosis with proximal diversion in the acute setting and laparoscopic col-
ectomy in the elective setting. Ongoing prospective assessments of
these emerging strategies are needed to continue to improve surgi-
cal management of diverticular disease in the 21st century.
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