
American Journal of Gastroenterology ISSN 0002-9270
C© 2008 by Am. Coll. of Gastroenterology doi: 10.1111/j.1572-0241.2008.01879.x
Published by Blackwell Publishing

Diverticular Disease and Diverticulitis
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Diverticular disease is one of the most prevalent medical conditions to affect Western populations. Symptomatic
diverticular disease can range from mild, low-level symptomatology similar to that seen in irritable bowel syndrome
to acute bouts of diverticulitis complicated by abscess or frank perforation. This review discusses the epidemiology,
pathophysiology, clinical presentation, and management of the spectrum of diverticular disease, including mention
of recent advances in the treatment of chronic diverticular disease with aminosalicyclates and probiotics.

(Am J Gastroenterol 2008;103:1550–1556)

INTRODUCTION

Despite its prevalence, there remains a shroud of mystery sur-
rounding the various aspects of diverticular disease. While
epidemiologic studies have identified dietary factors as a
cause for the western predominance of diverticulosis, there is
much to be learned about the pathophysiology and treatment
of diverticular inflammation (1, 2).

Diverticulitis is a wide-ranging disease that runs the spec-
trum from isolated, mild, acute attacks to severe, recurrent
disease (3) (see Table 1). Even asymptomatic patients may
have low-grade inflammation associated with colonic diver-
ticula (4). Once thought to be a distinct clinical entity, emerg-
ing data suggest a possible overlap between chronic diver-
ticular inflammation and inflammatory bowel disease (IBD)
(5). This association has gathered more support with greater
understanding of the entity known as segmental colitis as-
sociated with diverticula (SCAD) and the recent reports of
therapeutic success with aminosalicylates (6, 7).

While the mainstays of diverticulitis treatment remain an-
tibiotics and surgery, important questions remain with regard
to the indications and timing of surgery both in the acute set-
ting and for recurrent disease. Newer therapeutic strategies,
including the use of oral aminosalicylates and probiotics, are
making their way into the diverticulitis treatment algorithm
(6, 8, 9).

This review will focus on the emerging evidence regarding
the pathophysiology, diagnosis, and management of diverti-
culitis.

EPIDEMIOLOGY

Diverticulosis is one of the most common conditions in west-
ern countries, but only a fraction of patients will ever expe-
rience an episode of diverticulitis (10). The prevalence of
diverticular disease varies by study, with some quoting rates
as high as 60% in those patients over the age of 70 (1). It
is thought that approximately 20% of patients with divertic-
ulosis will experience an inflammatory complication of the
disease, ranging in severity from a single, mild, acute at-

tack of diverticulitis to more severe attacks characterized by
perforation and abscess formation, occasionally resulting in
chronic complications such as obstruction and fistula forma-
tion. Bleeding is another known complication of diverticular
disease, but will not be addressed in this review.

There is a profound geographic variation between Asian
and western countries with regard to the prevalence and
pathophysiology of diverticular disease (11). Diverticulosis
is much less common in Asian patients and is more likely
to be found in the proximal colon when compared to their
western counterparts, in whom the sigmoid colon is the most
commonly affected segment. Several factors have been pro-
posed to account for this difference, but observations that
Asians who adopt a western-style diet have increased rates
of diverticulosis lend support to the role of dietary fiber in
diverticular formation.

PATHOPHYSIOLOGY

In western populations, colonic diverticula are “pseudodi-
verticula” because herniation involves only the mucosal and
submucosal layers (12). Observations by Burkitt and Painter
lead to the theory that low-fiber diets played a role in the
pathogenesis of diverticulosis (13). Subsequent epidemio-
logic studies of Asian populations and vegetarian diets have
confirmed this association (14).

Diverticula form at weak points in the bowel wall, typically
at sites where the vasa recta penetrate the colonic smooth
muscle (15). Although not the focus of this review, it warrants
mention that proximal colonic diverticula, most commonly
seen in Asians, are true diverticula involving all layers of
the colonic wall. Some have explained the colon’s propensity
for diverticular formation by its less muscular wall (12). In
contrast to the two layers of smooth muscle (inner circular and
outer muscular) found in other portions of the gastrointestinal
tract, the colonic wall contains only a single complete layer
of inner circular muscle; the outer longitudinal layer being
divided into three bands, the taenia coli.
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Table 1. Stages of Diverticular Disease

Stage 0 Development of diverticular disease
Stage I Asymptomatic disease
Stage II Symptomatic disease

a. Single episode
b. Recurrent
c. Chronic (pain, diarrhea, IBD overlap/SCAD)

Stage III Complicated
Abscess
Phlegmon
Obstruction
Fistulization
Bleeding
Sepsis
Stricture

The most widely accepted theory of dietary fiber’s role in
diverticular formation states that smaller-volume stool results
in alterations in colonic motility that produce increased in-
traluminal pressures (16). High intraluminal pressures are
generated when the sigmoid colon undergoes “segmenta-
tion,” a process during which smooth muscle contraction
separates the colon into functionally distinct compartments
(17). This normal physiologic process becomes exagger-
ated in those with low-volume stools, thereby generating
markedly elevated intrasegmental colonic pressures that are
then transmitted to the colonic wall. The law of LaPlace
(P [pressure] = kT [wall tension]/R[radius]), which states
that intraluminal pressure is inversely related to lumen diam-
eter, has been used to explain the role of low-volume stools
in the generation of increased luminal pressures and devel-
opment of diverticula (12).

Examination of surgical and postmortem specimens has
offered insight into the structural changes found in patients
with diverticular disease. The term mychosis has been used
to describe the contracted, thickened appearance of the colon
folds (18). Originally thought to be secondary to circular mus-
cle hypertrophy, the colon’s corrugated appearance is now
known to be a secondary effect of bowel shortening and in-
creased elastin deposition (19). The exact reason for elastin
deposition in patients with diverticular disease is unknown,

Table 2. EAES Clinical Classification

Clinical Description Recommended Diagnostic Testing

Grade I
symptomatic, uncomplicated disease

Fever, crampy abdominal pain Colonoscopy vs barium enema to rule out malignancy, colitis

Grade II
recurrent, symptomatic disease

Recurrence of above CT scan vs barium enema

Grade III
complicated disease

Abscess CT scan
Hemorrhage
Stricture
Fistula
Phelgmon
Purulent and fecal peritonitis
Perforation
Obstruction

although some have implicated increased uptake of proline
from Western diets (12). Further support for the role of con-
nective tissue changes in the pathophysiology of diverticu-
losis comes from the finding that patients with Marfan and
Ehlers–Danlos syndromes develop diverticula at an early age.

Although much has been learned about the development
of diverticula, much less is known about the pathogenesis of
diverticular inflammation. As discussed earlier, only a minor-
ity of patients with diverticulosis will develop symptomatic
disease.

Initial theories of diverticulitis focused on diverticular ob-
struction by a fecalith or food particle followed by increased
intradiverticular pressure and perforation. Interest has been
generated in the role of altered peridiverticular colonic flora
and low-grade chronic inflammation leading to periods of
symptomatic disease, similar to periods of exacerbation and
remission in IBD (20).While altered colonic flora and low-
grade inflammation may account for mild, chronic diverticu-
lar disease such as SCAD, the true triggers of an acute episode
of diverticulitis remain unknown.

CLINICAL FEATURES

Acute diverticulitis has long been classified as uncomplicated
or complicated based on the severity of clinical presentation
and radiologic findings. On the other hand, the manifesta-
tions of chronic diverticular inflammation can be quite var-
ied, ranging from asymptomatic disease to mild, intermittent
abdominal pain mistakenly attributed to irritable bowel syn-
drome (IBS) to a clinical picture similar to that of IBD with
chronic abdominal pain and hematochezia. Further compli-
cating the picture of chronic diverticular inflammation is the
clinical entity termed SCAD.

Acute Diverticulitis
Acute diverticulitis typically presents with fever, left lower
quadrant abdominal pain, and leukocytosis. While the diag-
nosis of acute diverticulitis is often easily established, es-
pecially in those with a prior history of similar episodes,
determining the severity of an attack is significantly more
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Table 3. Buckley Classification

CT Findings

Mild Bowel wall thickening, fat stranding
Moderate Bowel wall thickening >3 mm, phlegmon or small

abscess
Severe Bowel wall thickening >5 mm, frank perforation with

subdiaphragmatic free air, abscess >5 cm

difficult. This assessment carries great importance as some
patients can be easily treated with oral antibiotics in the outpa-
tient setting, while others require hospitalization, intravenous
(IV) antibiotics, and close observation for complications.

The European Association for Endoscopic Surgeons
(EAES) has devised a clinical classification scheme to strat-
ify patients with acute diverticulitis (21) (see Table 2). This
classification based on clinical presentation can help guide
subsequent steps in diagnostic testing. The addition of com-
puted tomography (CT) findings to the clinical presentation
allows clinicians to accurately determine the need for hospi-
talization and surgical intervention.

Although not relevant to acute bouts of diverticultis, sev-
eral recent studies have utilized symptom scores in pa-
tients with chronic diverticular disease to assess responses
to therapy (6, 7). Questionnaires assigned quantitative scores
with regard to symptoms such as pain, bloating, fever, diar-
rhea/constipation, and general well-being.

There are two radiologic classifications that attempt to
assess the severity of acute diverticulitis. Both the Buck-
ley and Hinchey systems use CT scanning to stage dis-
ease (see Tables 3 and 4). While neither scoring system has
been prospectively validated against clinical outcomes, a sin-
gle retrospective study found good correlation between the
Hinchey CT classification and intraoperative findings in cases
of perforated diverticulitis requiring surgery (22).

Another retrospective study assessed the role of CT in pre-
dicting the need for surgery and found that patients with CT
evidence of abscess more often failed conservative treatment
and were more likely to develop recurrent disease. The au-
thors suggest that CT can be used to stratify patients who
should be referred to early surgical intervention (23).

Complicated Diverticulitis
Acute diverticulitis can result in both immediate and long-
term complications. Immediate complications include ab-
scess formation, peritonitis, obstruction, fistula formation,
and, rarely, hemorrhage. Infection can spread locally to in-
volve nearby structures such as the ovary and hip joint, or
travel via the portal vein to cause hepatic abscesses. Rarely,

Table 4. Hinchey Classification (Perforated Diverticulitis)

CT Findings

Stage I Pericolic abscess or phlegmon
Stage II Pelvic, intra-abdominal or retroperitoneal abscess
Stage III Generalized purulent peritonitis
Stage IV Generalized fecal peritonitis

recurrent infection of the hip joint with enteric bacteria can
be the presenting sign of otherwise asymptomatic chronic
diverticular disease (24).

Fistulas occur in 12% of patients with diverticulitis, most
commonly involving the bladder (25). Other common fistulas
include colovaginal, colocutaneous, and enterocolic fistulas.
Some authors have attributed the increasing incidence of the
fistulizing disease to the overall lower rates of surgical inter-
vention in diverticulitis (26). Recurrent attacks of divertic-
ulitis can also result in colonic stricture formation requiring
periodic dilatation or surgical resection.

Immunocompromised Patients
It is not clear that immunocompromised patients have a higher
rate of diverticulitis, but studies do support that their episodes
are more likely to be complicated (27). Patients who have
received organ transplants, or are receiving chemotherapy or
taking chronic immunosuppressive medications, are at higher
risk for perforation and abscess formation. The clinical pre-
sentation of these patients is further complicated by the often
indolent, smoldering nature of acute episodes of diverticulitis
and the lack of usual signs of the disease such as fever and el-
evated white blood cell count. Some authors have advocated
surgical intervention after the first episode of diverticulitis,
but caution should be used as immunocompromised patients
have increased perioperative mortality (28).

Chronic Pain
Many patients with diverticulosis suffer from chronic ab-
dominal pain, typically located in the left lower quadrant.
Many of these patients are labeled as having IBS. A review
by Horgan et al. suggests that a subset of patients has marked
improvement in symptoms with sigmoid resection. In this se-
ries, three-fourths of resected specimens contained acute and
chronic inflammatory changes (29).

Visceral hypersensitivity may account for symptoms in pa-
tients with chronic pain and diverticular disease (30). Ani-
mal studies have shown that chronic colonic inflammation
can result in altered nerve regeneration and neurotransmitter
release, resulting in increased sensitivity to stimuli (31).

Altered colonic motility plays a role in the pathogenesis of
chronic diverticular pain. Several studies have demonstrated
an increase in sigmoid intraluminal pressure in patients with
symptomatic diverticular disease, especially after adminis-
tration of provocative agents (32). However, in a study by
Bassotti et al., there was no difference in the amplitude or
frequency of colonic contractions between symptomatic pa-
tients and controls (33). Interestingly, despite this lack of
difference, there was a marked increase in the reported symp-
tomatic contractions in patients with diverticular disease as
compared to controls. This may further support the role of
visceral hypersensitivity in the pathophysiology of chronic
pain in diverticular disease.

Finally, low-level mucosal inflammation may cause
chronic diverticular symptoms such as abdominal pain
and diarrhea (3, 5, 7). Increase in the relative levels of
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proinflammatory cytokines (IL [interleukin]-1, TNF [tumor
necrosis factor]), triggered, in part, by altered peridivertic-
ular microflora, can give rise to mucosal inflammation and
result in symptoms such as lower abdominal pain/discomfort,
bloating, tenesmus, and diarrhea (34). Further evidence for
this association comes from the recent studies demonstrat-
ing the efficacy of 5-ASA (aminosalicyclate) compounds in
achieving symptom relief (discussed under “Management”)
(6–8).

SCAD and IBD
SCAD is a unique form of chronic colitis limited to areas of
the colon with diverticular formation (4, 35). Gore et al. first
reported on the presence of an entity they termed “diverticular
colitis” in 1.5% of colonoscopies/flexible sigmoidoscopies
(36). Often mistakenly diagnosed as either ulcerative colitis
or Crohn’s disease, patients typically present with pain and
intermittent rectal bleeding. Colonoscopic evaluation reveals
friable mucosa in the region of diverticular disease, with a no-
table absence of the aphthous ulcerations typically found in
Crohn’s disease. The inflammatory reaction is characterized
pathologically by a focal chronic colitis without granulomas
and characteristically involves the interdiverticular colonic
mucosa, sparing the diverticula themselves (37). Rectal spar-
ing, when present, can help distinguish SCAD from ulcera-
tive colitis. Small studies have shown benefit to both medical
therapy with antibiotics and 5-ASA compounds as well as
surgical resection (38).

It is generally accepted that SCAD is a distinct clinico-
pathologic entity that has much in common with the idio-
pathic IBDs, Crohn’s disease, and ulcerative colitis (4, 39, 40).
Not only do these entities share similar histologic changes,
but also numerous case reports have described patients ini-
tially diagnosed with SCAD who go on to develop either
ulcerative colitis or Crohn’s disease months to years after
resection of the affected segment (41). Indeed, an “overlap
hypothesis” has been proposed to explain the similarity in
clinical features between diverticular disease-associated col-
itis and IBD (5, 12, 42). The pathophysiology is unknown,
but some have theorized that a “blind pouch effect” may play
a role in the development of both IBD and SCAD (43). This
hypothesis states that chronic inflammation develops in areas
such as the appendix, surgically-created J pouches, and seg-
ments with diverticular disease because of fecal stasis and re-
sultant alteration in bacterial microflora. This, in turn, causes
dysregulation of inflammatory mediators and increased lev-
els of proinflammatory cytokines.

MANAGEMENT

Acute Diverticulitis
Several society guidelines have been published regarding the
management of diverticulitis (44,45). The mainstay of treat-
ment of acute uncomplicated diverticulitis is antibiotic ther-
apy, usually consisting of agents that broadly cover aerobic
and anaerobic Gram-negative organisms. The decision on

whether to hospitalize patients is based on clinical criteria
such as the severity of the episode as assessed by physical
examination and laboratory testing, the ability to tolerate oral
antibiotics and hydration, and the presence or absence of sig-
nificant comorbid conditions.

The diagnosis of complicated diverticular disease is based
on clinically evident generalized peritonitis or CT evidence
of abscess, phlegmon, perforation, fistula, obstruction, or
hemorrhage. Treatment in these situations is initiated with
IV antibiotics, bowel rest, and pain control, but defini-
tive management usually requires more invasive techniques
such as percutaneous drainage or surgery (46). Percutaneous
drainage has been advocated for peridiverticular abscesses
measuring greater than 4 cm in diameter (Hinchey stage 2)
(47).

The timing and type of surgery for acute complicated di-
verticulitis is controversial (21, 46, 48). The major dilemma
is whether or not primary colonic anastomosis can be safely
performed in the acute setting (49). Traditionally, double- or
triple-staged procedures were performed for complicated di-
verticulitis. Diverting or end colostomies were created over
concern that primary anastomoses would break down and
that operative complications would be greater (50, 51). The
2006 American Society of Colon and Rectal Surgeons prac-
tice guidelines reflect the ongoing uncertainty regarding the
optimal surgical procedure in complicated diverticulitis; “the
precise role and safety of primary anastomosis, especially
without proximal diversion, remain unsettled” (44).

While some patients especially those with frank fecal peri-
tonitis and sepsis (Hinchey stage 4) still receive sigmoid re-
section with the Hartmann’s pouch and end colostomy, recent
studies have called into question this strategy for patients with
less fulminant presentations (52, 53). The ability to perform
CT-guided drainage of diverticular abscesses allows for de-
lay in surgical resection, thereby increasing the chances of
a single-stage procedure. Several studies have demonstrated
the safety of single-stage operations in the setting of peri-
colonic abscesses and even in selected cases of frank peri-
tonitis (49, 54). Another study highlighted the feasibility in
performing laparoscopic resection and anastomosis when un-
dertaken in the “inflammation-free” period after treatment
with antibiotics (55).

Chronic Symptoms
It is now appreciated that the spectrum of diverticular disease
includes patients with chronic, low-level symptoms. Patients
with chronic symptomatology have favorable long-term out-
comes, but impaired quality of life (56). As discussed above,
chronic inflammation, similar to that occurring in the chronic
idiopathic IBDs, can give rise to low-level symptomatology in
patients with diverticular disease, and this suggests that some
patients may benefit from treatment with anti-inflammatory
medications (3, 5, 7).

Uncontrolled studies have examined the potential ben-
efit of 5-ASA compounds in the treatment and preven-
tion of symptomatic diverticular disease. Three Italian stud-
ies examined the role of mesalamine (+/– rifaximin) in
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the treatment of uncomplicated diverticular disease (7, 8,
57). These studies assessed patient symptoms during and
following attacks of diverticular disease, finding that
mesalamine significantly improved patients’ symptoms and
global sense of well-being. These studies also demonstrated
a decrease in recurrent episodes of diverticulitis, suggesting
that low-level chronic inflammation does play a role in the
development of acute diverticulits.

Given the possible role of altered peridiverticular mi-
croflora in the development of chronic mucosal inflamma-
tion, two studies have been performed to evaluate the role
of probiotic therapy in symptomatic, uncomplicated diver-
ticular disease (6, 58). The first study of 15 patients with
recurrent, symptomatic diverticular disease found that pa-
tients treated with Escherichia coli Nissle 1917 had a longer
period of remission than those receiving standard therapy
(14.10 months vs 2.43 months, P < 0.001) (58). A second
study by Tursi et al. found that patients who received a com-
bination of meslamaine and Lactobacillus casei were more
likely to remain in remission (based on the Global Symptom
Score) after 1 yr when compared to patients who received
either treatment alone (6). While these results appear promis-
ing, it should be noted that both studies were small in sample
size and neither included a placebo arm.

SPECIAL SCENARIOS

Recurrent Diverticulitis
Approximately 25% of patients will suffer more than one at-
tack of acute diverticulitis (59). A landmark study by Parks
et al., published in 1969, showed that recurrent diverticulitis
was a more virulent disease, with subsequent attacks being
more likely to fail medical therapy and require emergency
surgery (60). This study had formed the basis for the ma-
jor surgical societies’ recommendations to perform sigmoid
resection after the second episode of uncomplicated acute di-
verticulitis in patients over the age of 50 and after the initial
episode in patients under the age of 50. More recent data sug-
gest that patients with recurrent diverticulitis (>two episodes)
do not have higher morbidity and mortality when compared
to patients with less than two attacks (61).

There is a lack of randomized data on the optimal tim-
ing for colectomy and this has resulted in reliance on obser-
vational data, as summarized in expert opinion pieces and
various professional society practice guidelines (20). While
some authors recommend elective sigmoid resection after two
episodes of diverticulitis, others favor a more conservative ap-
proach (62–64). The American Society of Colon and Rectal
Surgeons amended their previous guidelines by commenting
in their 2006 report that “The decision to recommend elective
colectomy after recovery from acute diverticulitis should be
made on a case-by-case basis” (44). A decision analysis sug-
gests that surgical resection should be postponed until after
the fourth attack of uncomplicated diverticulits (53). When
compared to colectomy after the second episode, this strategy
would result in 0.5% less deaths and 0.7% less colostomies.

Young Patients
Previously thought to be uncommon, there is now an increas-
ing incidence of diverticular disease in patients under 40 yr of
age (65). Rising rates of obesity in this population may be a
contributing factor to the earlier development of diverticular
complications (66).

Similar to recurrent diverticulitis, diverticulitis in the
young (age <40 yr) has historically been thought of as a more
virulent disease and, therefore, has been more aggressively
managed by surgical resection (67). Recent data suggest that
rates of frank perforation and surgical resection during the
initial attack of diverticulitis are lower in younger patients
(68).

The optimal management of young patients with diver-
ticular disease, particularly those presenting without frank
perforation, remains unclear. A retrospective review of pa-
tients with diverticular disease who were less than 50 yr of
age found that only 1 of the 196 medically managed patients
presented with frank perforation during a median 5 yr of
follow-up (69). The higher lifetime rate of surgery in young
patients with diverticulitis may by due to their longer life
expectancy and, therefore, the statistically greater risk of re-
currence (70).

CONCLUSIONS

Our understanding of diverticular disease has greatly in-
creased in the past five decades since Parks’ initial charac-
terization of the disease. This increasingly common afflic-
tion now encompasses mild, chronic symptomatology often
attributed to IBS and overlap syndromes similar to the id-
iopathic IBDs. The mainstays in management still include
age-old medical and surgical therapies, but ever-evolving
guidelines with regard to the optimal timing of surgical inter-
vention and newer medical treatments including aminosali-
cylates and probiotics will hopefully continue to improve the
management of this most challenging clinical condition.
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