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This Journal feature begins with a case vignette highlighting a common clinical problem. Evidence
supporting various strategies is then presented, followed by a review of formal guidelines, when they exist.
The article ends with the author’s clinical recommendations.

An otherwise healthy 57-year-old man presents with a 48-hour history of pain in the
left lower quadrant. He has had three previous episodes of sigmoid diverticulitis that
were confirmed by computed tomographic (CT) scan and treated nonsurgically. He
has localized tenderness in the left lower quadrant. The body temperature is 101.8°F
(38.8°C), the heart rate 110 beats per minute, and the white-cell count 15,600 per
cubic millimeter. A CT scan of the abdomen and pelvis with oral and intravenous
contrast material shows microperforation of the middle portion of the sigmoid colon,
air bubbles in the adjacent colonic mesentery, thickening of the sigmoid wall, and
pericolonic fat stranding, without free fluid. How would you manage this patient’s
condition?

C

The Cl inic a l Probl em

olonic diverticulitis is an inflammatory process that most
commonly affects the sigmoid colon. A colonic diverticulum is a pouchlike
protrusion in which mucosa and submucosa herniate through the muscle
layer at points of weakness where blood vessels traverse the colon wall (Fig. 1).
The term diverticulosis describes asymptomatic diverticula, whereas diverticulitis
indicates diverticula associated with inflammation and can be either complicated
(i.e., associated with abscess, fistula, stricture, or perforation and peritonitis) or
uncomplicated. All manifestations are covered by the term diverticular disease.
Diverticular disease is the eighth-most-frequent outpatient gastrointestinal diagnosis in the United States, with 2.7 million associated health care visits annually.1
The economic burden is high2: in a study of data from the National Inpatient
Sample, 216,000 hospital admissions for diverticulitis in 2012 were found to cost
$2.2 billion.1
The prevalence of diverticulosis has seemingly increased over the past century:
in contrast to autopsy studies in the early 1900s that suggested prevalences of
2 to 10%, more recent reviews, based largely on administrative data, indicate that
the prevalence ranges from 5% among patients younger than 40 years to 50%
among patients older than 60 years.3 Rates of diverticulitis have also risen. In a
population in the U.S. Midwest, the incidence of diverticulitis rose by more than
60%, from 115 cases per 100,000 person-years in the period from 1980 through
1989 to 188 per 100,000 in the period from 2000 through 2007, and the increase
was greater among younger people.4
According to an analysis of data from the National Inpatient Sample,5 between
1998 and 2005, the rates of hospital admission for acute diverticulitis increased by
n engl j med 379;17
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Key Clinical Points

Diverticulitis
•
•
•
•
•
•
•

Rates of diverticulitis are increasing in association with increasing rates of obesity.
Evidence does not support the idea that seeds, nuts, and popcorn cause diverticulitis.
Antibiotic agents are routinely used for outpatient management of diverticulitis in the United States,
although limited data from randomized trials have called into question their role in this context.
Patients who have diverticulitis that is successfully managed medically in the outpatient or inpatient
setting are at low risk for undergoing an emergency colostomy in the future.
The severity of recurrent episodes of diverticulitis is generally similar to that of the initial episode.
When elective surgery is indicated, a laparoscopic approach results in better patient outcomes and
lower health care costs than open surgery.
Sigmoid resection with colostomy creation remains the safest and most widely used surgical procedure
for perforated diverticulitis.

A

B

Figure 1. Colonoscopic View of an Incipient Diverticulum (Panel A) and Two Diverticula Associated with a Blood Vessel (Panel B).

26% and the rates of elective surgery for this
condition increased by 38%. During that period,
the mean age of patients hospitalized for acute
diverticulitis decreased from 64.6 to 61.8 years.
Risk factors for diverticulitis include smoking,6 the use of nonsteroidal antiinflammatory
drugs,7 and physical inactivity and obesity.8 Diets
low in fiber9,10 and high in refined carbohydrates11
and red meat12 have also been associated with an
increased risk of diverticulosis or diverticulitis.
The pathophysiology of diverticulosis and di1636
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verticulitis is uncertain, but it may involve altered
gut motility and intraluminal pressure.13 One
theory about diverticulitis postulates that the
narrow neck of the diverticulum leads to bacterial overgrowth and tissue ischemia,14 but colonoscopic images do not show narrow necks
(Fig. 1B). Alternatively, stool particles may accumulate in diverticula, become inspissated and
hardened, and erode through the diverticular
wall. If a diverticulum perforates freely into the
abdominal cavity, diffuse peritonitis results,
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whereas diverticula covered by mesentery are
contained, creating a phlegmon or abscess, as
well as localized peritoneal signs. Adjacent organs (e.g., the bladder and small bowel) may be
drawn into the inflammatory process, resulting
in fistula formation.

may not require surgery (e.g., treatment with
antibiotic agents may be sufficient for a small
abscess that is not amenable to drainage).
The Hinchey staging system classifies abscesses and free perforation (Fig. 2A and 2B). Its
clinical utility is limited, but it is helpful for the
classification of severity and homogeneity in

Di agnosis a nd E va luat ion
Diverticulitis typically manifests as pain in the
left lower quadrant, fever, and leukocytosis. In
patients with a redundant sigmoid colon and in
Asian patients, pain is more often in the right
lower quadrant or suprapubic area. Altered bowel
habits (diarrhea or constipation) and pelvic pressure may occur.
Multislice CT imaging with intravenous and
luminal contrast material has excellent sensitivity and specificity for the detection of diverticulitis (98% and 99%, respectively)15,16 and is the
preferred test for diagnosis. CT should generally
be performed for all first episodes and for subsequent episodes that are treated with percutaneous drainage or that contribute to a decision
for surgical intervention.
Findings consistent with diverticulitis on CT
include thickening of the colonic wall, pericolonic
fat stranding (indicating edema or inflammation), abscesses, localized air bubbles, and free
air or fluid. A “microperforation” is a radiologic
diagnosis reflecting localized perforation and
inflammation (Fig. 2A). Free perforation is a surgical diagnosis made on the basis of sepsis and
diffuse peritonitis — that is, an acute abdomen.
The combination of CT findings (thickening of
the colonic wall plus the presence of a complication) and an assessment on an overall scale of the
severity of CT findings also predicts the risk of
recurrence.17

A

B

C

Classification

Diverticulitis is classified as simple (uncomplicated) or complicated. Complicated diverticulitis
refers to abscess, fistula, stricture, or free perforation, and simple diverticulitis describes inflammation without these features.
This classification does not predict severity or
the need for surgery. Simple diverticulitis does
not necessarily mean that surgical intervention
will not be indicated (e.g., a microperforation
may not become “walled off” in an immunosuppressed patient), and complicated diverticulitis
n engl j med 379;17

Figure 2. CT Images of the Colon in Patients
with Diverticulitis.
Panel A shows uncomplicated diverticulitis with pericolic
fat stranding. Panel B shows Hinchey stage I diverticulitis, with a small pericolic abscess and a bubble of extraluminal air (arrow). Panel C shows Hinchey stage IV
diverticulitis with feculent peritonitis and a defect in the
integrity of the colon wall (arrow).
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clinical trials. Stage I disease is characterized by
small pericolic or mesenteric abscesses. In stage
II disease, the abscess is larger but is confined
to the pelvis. Stage III disease indicates purulent
peritonitis, and stage IV disease indicates fecal
peritonitis (Fig. 2C). Higher stage numbers are
associated with higher morbidity and mortality.18
After the specific manifestations of diverticulitis and the severity of disease are determined,
the following issues need to be addressed: whether the patient needs to undergo surgery immediately (i.e., whether emergency intervention is indicated); if not, whether surgery will be needed
during the hospital stay (i.e., whether urgent intervention is indicated); and, if not, whether the
patient would benefit from elective surgery.
Emergency Intervention

Emergency surgery is indicated for sepsis or
peritonitis, and urgent surgery is indicated if the
patient’s condition fails to improve despite medical therapy or percutaneous drainage. Free perforation causes sepsis and peritonitis, with severe diffuse abdominal pain, fever, tachycardia,
and leukocytosis. A CT scan should be obtained
in hemodynamically stable patients in order to
localize perforation and rule out other diagnoses.
Emergency surgical intervention may be laparoscopic or open. Potential contraindications to a
laparoscopic approach include hemodynamic instability, suspected feculent peritonitis, distended
abdomen, obesity, and known extensive adhesions,
as well as a lack of laparoscopic experience on
the part of the surgeon. Commonly, sigmoid resection is performed, removing the perforated
segment and leaving a rectal stump and end
colostomy (Hartmann procedure). Because more
than 30% of these procedures result in a permanent colostomy, two alternative approaches that
might reduce this risk have been proposed —
laparoscopic lavage and resection with primary
anastomosis.
After early uncontrolled studies reported good
outcomes with laparoscopic lavage,19 the technique was rapidly disseminated, reflecting its
ease and simplicity as compared with emergency
resection. Subsequent randomized trials comparing lavage with emergency resection, however,
yielded inconsistent results. One trial was prematurely halted because of a higher rate of complications with lavage than with resection,20 another showed a shorter hospital stay with lavage
1638
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but similar morbidity in the two groups,21 and a
third reported more unplanned reoperations with
lavage but lower stoma rates.22 Laparoscopic lavage of perforated diverticulitis remains controversial and should not be performed outside a
randomized trial.
Resection and primary anastomosis with loop
ileostomy require two operations (resection of
the perforated sigmoid, anastomosis, and diverting ileostomy first, followed by closure of the
ileostomy). However, loop ileostomy is more likely
to be reversed than end colostomy, and the reversal requires reentry into an abdominal cavity
that may have extensive adhesions.23,24 The procedure has not been widely adopted. A review
of the National Inpatient Sample from 1998
through 2011 showed that more than 90% of
patients had end colostomy and that patients
with primary anastomosis and diversion had
higher morbidity and mortality.25 A randomized
trial comparing these approaches showed similar mortality in the two groups but higher rates
of stoma reversal in the primary-anastomosis
group.26
Overall, 14 to 20% of patients with acute diverticulitis undergo emergency and semiurgent
surgical procedures during the same hospitalization.5,27 Slightly more than half of these patients
receive a colostomy,5 and 30% of these will be
permanent. Reversal of the stoma depends on
coexisting conditions and surgical expertise; not
all surgeons who create stomas can reverse them.
Localized Perforation — Uncomplicated
Diverticulitis

Simple diverticulitis reflects localized inflammation and accounts for approximately 75% of cases
of diverticulitis. In the absence of high fever,
clinically significant laboratory or radiologic abnormalities, or immunosuppression, the condition can be managed on an outpatient basis.
Randomized trials have shown no significant
benefit of intravenous over oral antibiotics.28,29
Moreover, two trials evaluating routine antibiotic treatment as compared with no antibiotic
treatment have shown no significant difference
in outcomes.30-32 Despite the lack of data to confirm benefits, oral antibiotics are routinely prescribed in the United States. Common outpatient
regimens are oral ciprofloxacin (500 mg twice a
day) plus metronidazole (500 mg three times
a day), or amoxicillin–clavulanate (875 mg twice
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a day), for 7 to 10 days. Traditionally, an oral diet
of clear liquids is advocated until pain resolves.
Inpatient management is indicated for high
fever (body temperature >101.5°F [>38.6°C]), leukocytosis, complicated disease on CT, immunosuppression, serious coexisting conditions, a lack of
home support, a need for pain control, or an
inability to receive oral intake. Standard management includes bowel rest, pain control, and
antibiotics, usually administered intravenously
because of an inability to receive oral intake.
Antibiotic therapy should cover gram-negative
and anaerobic bacteria; typical regimens include
ceftriaxone plus metronidazole, single-agent therapy with a β-lactam or β-lactamase inhibitor, or
meropenem.
Symptoms typically improve within 2 to 3 days
after the initiation of treatment, at which time
the diet is commonly advanced to clear liquids
and then to a low-residue diet, although data
from randomized trials to guide dietary management are limited. Deterioration or a lack of improvement should prompt repeat imaging. In the
absence of a treatable cause of a poor response
(i.e., a drainable abscess), surgical intervention
is indicated. Patients with coexisting conditions
that may mask the clinical presentation (e.g.,
immunosuppression or dementia) are at higher
risk for deterioration.
Abscesses smaller than 3 to 4 cm in diameter
are not amenable to percutaneous drainage and
are treated with antibiotics. Larger abscesses are
less common and may be managed by percutaneous drainage on initial presentation or if medical management fails; failure of medical management alone is more likely in patients with
abscesses larger than 5 cm in diameter.33 Whereas some studies have reported that up to 70% of
patients with abscesses ultimately undergo surgery, others have shown that fewer than half the
patients had recurrent diverticulitis and that recurrences were effectively managed nonsurgically.34,35
Before colonoscopy became widely performed
(and covered by insurance) for screening purposes, this procedure was routinely recommended 6 to 8 weeks after resolution of an acute episode of diverticulitis, to rule out colon cancer.
With current CT imaging, confusion between
uncomplicated diverticulitis and cancer is rare;
in a review, cancer was found in only 5 of 1497
patients who had CT evidence of uncomplicated
n engl j med 379;17

diverticulitis.36 Colonoscopy is currently recommended after the resolution of acute diverticulitis if a high-quality examination has not been
performed recently37; although “recently” is not
defined, colonoscopy should be considered if
more than 2 to 3 years have elapsed since the
last examination.
Recurrence

The risk of recurrence after an episode of diverticulitis varies widely among studies and depends on the study cohort (inpatient or population-based)4,35 and the definition of recurrence
(readmission or antibiotic treatment).4,35 A systematic review showed recurrence rates of 10 to
35% after a first episode of uncomplicated diverticulitis.27 After two episodes, the risk of rerecurrence was higher, but the severity of the
recurrent episodes was similar to that of earlier
episodes.27,38 Free perforation is more likely in
patients who have no history of diverticulitis than
in those with a previous episode (25% vs. 12%).27,39
Limited and inconsistent evidence (from small
randomized trials and a case–control study) has
suggested that a high-fiber diet after acute diverticulitis may reduce the risk of recurrence.40 Patients are often advised to avoid popcorn, seeds,
and nuts after an episode of diverticulitis, although a prospective cohort study of male health
professionals showed no association between
intake of corn, seeds, and nuts and the risk of
diverticulitis over 18 years of follow-up.41
Elective Surgery for Recurrent
Uncomplicated Diverticulitis

In most patients who have diverticulitis-associated perforation of the bowel, the perforation
occurs during their first attack.42 The decision to
pursue elective surgery after an episode of diverticulitis that was treated nonsurgically is challenging. Many patients will not have another
attack after an initial episode of uncomplicated
diverticulitis,27 and only 3 to 5% have complicated recurrence after uncomplicated diverticulitis.4 Among patients who undergo segmental
resection, recurrent diverticulitis in the remaining colon after resection is uncommon (5% of
cases) and leads to repeat surgery only in rare
cases (0.4% of cases).43
In the DIRECT trial, patients with three or
more proven attacks of diverticulitis or persistent symptoms after one confirmed attack were
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randomly assigned to undergo surgery or receive
conservative management.44 The trial was stopped
early by the data and safety monitoring board
owing to slow recruitment (only 109 patients
were recruited over a period of 4 years in 24
centers). The Gastrointestinal Quality of Life
Index score at 6 months (the primary outcome)
was significantly better in the surgery group,
and severe adverse events appeared to be less
common overall with surgery than with conservative management. However, the rate of anastomotic leak in the surgery group (in the form of
abscess or a more serious condition, peritonitis)
was high, at 15%.
Whereas older guidelines from the American
Society of Colon and Rectal Surgeons (ASCRS)
recommended surgery after two attacks of uncomplicated diverticulitis, current guidelines45 recommend that decisions regarding elective surgery
should not be driven by the number of episodes
but rather should be individualized. A decisionanalysis model suggests that elective resection
after a fourth episode is not associated with a
higher risk of death or colostomy formation than
earlier resection.46 Considerations include the severity and frequency of attacks, coexisting conditions, patient preference (or aversion) regarding
surgery, and quality of life. It is helpful to compare the estimated risk of perforation from another attack (which is likely to be similar in severity to previous episodes) with the risk of surgical
complications (estimated on the basis of coexisting conditions). Patients who have complicated
diverticulitis with fistula or stricture may not
require emergency surgery but may require elective surgical intervention. Patients with immunosuppression, collagen vascular disease, glucocorticoid use, malnutrition, or obesity are at increased
risk for recurrence and perforation47-49 but also
have increased surgical risks, and tailored decision making is necessary.45
Elective surgery can be laparoscopic or open.
Although a Cochrane review of three randomized
trials comparing laparoscopic and open surgery
for diverticulitis was inconclusive,50 the quality
of the available data was considered to be low,
and a meta-analysis of 25 randomized trials comparing open and laparoscopic colon resection for
any indication showed superior outcomes with
laparoscopy (i.e., less pain, lower rates of hospitalization and complications, lower costs, and
better quality of life).51
1640
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A r e a s of Uncer ta in t y
What we thought we knew is no longer what we
know. The mainstay role of oral antibiotics for
outpatient management of diverticulitis has been
challenged. Data from large-scale studies will be
required in order to achieve practice change with
regard to the prescription of oral antibiotics. The
role of antibiotics as compared with percutaneous
drainage for medium-size abscesses (3 to 5 cm
in diameter) requires further study.
Further investigation is necessary for an understanding of the pathogenesis of diverticulitis. A
major area of uncertainty is when resection is
indicated for recurrent disease to prevent future
complications.
Given the data confirming the benefits of
laparoscopic surgery over open resection,51 barriers to laparoscopy should be evaluated. However, clear indications for resection need to be
better defined.
As the incidence of diverticulitis increases
among patients who are becoming more obese
and have additional coexisting conditions, the
patients are less able to undergo resection safely
to obviate the source of their symptoms, and alternative medications have been sought. Rifaximin (a poorly absorbed oral antibiotic) and mesalamine (an antiinflammatory agent that exerts
topical effects) have been proposed as possible
agents to reduce the recurrence of diverticulitis,
but the available data do not suggest a substantive benefit.52-54 More data on medications that
may reduce the need for surgical intervention are
needed.

Guidel ine s
The ASCRS and the American Gastroenterological Association37 have published guidelines
for the management of diverticulitis. The level of
consistency between the sets of guidelines is
exemplary, and the recommendations in this
article are generally consistent with those in the
guidelines, other than my emphasis on urgent
bedside decision making.
45

C onclusions a nd
R ec om mendat ions
The patient described in the vignette has signs of
systemic inflammatory response syndrome with
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localized abdominal tenderness and uncomplicated diverticulitis on CT scan; the microperforation
that was seen on CT is the localized inflammatory process around the causative diverticulum.
He should be hospitalized, receive nothing by
mouth, and be treated with intravenous fluids
and broad-spectrum antibiotics; after the tenderness resolves, I would switch to oral antibiotics
and advance his diet. If his condition does not
improve or deteriorates over the next 24 to 48
hours, repeat CT is warranted and may show an
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