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Abstract
Purpose of Review While few diseases are limited solely to the elderly, diverticular disease is clearly more prevalent with
increasing age and therefore the aim of this review is to focus on the clinical implications of diverticular disease in the elderly.
Recent Findings Diverticulitis in the elderly is best managed with an individualized treatment approach including considerations
for selective antibiotic usage even in uncomplicated disease. Furthermore, due to the increased prevalence of ischemic colitis in
the elderly and the similarities in presentation with diverticular hemorrhage, there needs to be a high index of suspicion and
appropriate evaluation for ischemic colitis in patients with hematochezia, particularly if they have abdominal pain.
Summary The elderly are a vulnerable population where the index of suspicion for complications of diverticular disease should
be high.
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Introduction

Diverticulosis is defined by the presence of sac-like herniation
of the colonic mucosa through the muscularis mucosa at sites
of vascular weakness (Image 1) [1]. Diverticular disease of the
colon is the most common incidental lesion found on routine
colonoscopy [2]. It is ranked in the top 10 leading diagnoses in
the outpatient setting and 11th as the leading cause of death
[3••]. Diverticulitis ranks 6th as the most common gastroin-
testinal diagnoses in US hospitals in 2014 [3••]. According to
Peery et al., in 2015, the total annual US expense due to
diverticulosis and diverticulitis was more than $5 billion
[3••], the majority of which is due to inpatient hospital stay
with emergency room visits ranked second [3••]. Diverticular
disease is the most common disease of the colon affecting the
Western world without an overall gender bias [4].

Although diverticulosis is often asymptomatic (Fig. 1) and
incidentally found, a subset of patients will present with clinical
manifestations including acute uncomplicated diverticulitis,
complicated diverticulitis with perforation, abscess, strictures
or fistulas, symptomatic uncomplicated diverticular disease
(SUDD), and diverticular bleeding and segmental colitis asso-
ciatedwith diverticulosis (SCAD) (Fig. 1) [1, 3••, 5–7]. Overall,
about 80–85% of individuals with diverticulosis will remain
asymptomatic [2]. Acute diverticulitis occurs in about 4–5%
of those with diverticulosis [7, 8], of which 85% will manifest
as uncomplicated disease [9]. The prevalence of diverticulosis
increases progressively with age, affecting about 60% of adults
over 60 years of age [5, 6]. The prevalence of diverticular
disease in those under 40 is about 5% [4, 10]. The main aim
of this review is to understand the clinical implications of di-
verticular disease, with attention to the elderly patient.

Pathogenesis

The pathogenesis of colonic diverticulosis remains largely un-
known and likely multifactorial and complex. Several factors
have been postulated to play a role including colonic motility
and wall structure, genetics, diet, inflammation, and the
microbiome.

Colonic diverticula form between the taeniae coli in areas
of weakness in the muscularis mucosa where blood vessels
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penetrate the colonic wall [1]. In 1971, Burkitt first described
the etiology of diverticular disease [11, 12] and postulated that
fiber-depleted diets cause increased intracolonic pressures and
also slow transit time through the colon [11]. This hypothesis,
accepted as dogma for decades, was recently challenged by a
report that hard stools, less frequent stools, and straining or
sense of incomplete evaluation were not associated with di-
verticulosis [13]. The precise role of fiber in the pathogenesis
of diverticulosis (as compared with its role in complications,
as per below) remains unclear.

Genetics

Along with environmental factors, recent data now also point
to genetic factors playing a role in the pathogenesis of diver-
ticular disease. This has been supported by various epidemio-
logical data on twins, migrants living in high prevalent re-
gions, and anatomic location of disease. In terms of location
of disease, it has been observed that while in the Western
world, the primary location of diverticular disease is in the left
colon 90% of the time, Asian patients present with diverticular
disease in the right colon 55–71% of the time [14–16]. Twin
studies in Swedish and Danish registries both show that the
development of diverticulosis in twin siblings is significantly
higher than the general population and greater in monozygotic
than dizygotic twins [17, 18•]. Both studies reported a 40–
50% contribution from heritability to the development of di-
verticular disease [17, 18•]. Lastly, specific single nuclear
polymorphisms in the TFNSF15 gene have been found to be
a marker of diverticulitis severity requiring surgical interven-
tion [19], also supporting a genetic component.

Dietary Fiber

As mentioned above, the role of dietary fiber in the pathogen-
esis of diverticular disease is controversial. The previous para-
digm that low dietary fiber intake resulted in higher intracolonic
pressures and therefore diverticulum formation has been more
recently challenged [5, 20]. Peery et al. studied the relationship
between dietary fiber intake and bowel habit and found that
constipation was not associated with diverticulosis and further
that there was no association between dietary fiber intake and
risk of diverticulosis development [5, 13]. This single study has
methodologic limitations, however, andwe believe this remains
an unanswered question, although the role of dietary fiber in-
take in the development of diverticular disease complications
has been more defined. Several studies have now shown low
dietary fiber intake increases the risk of developing symptom-
atic diverticular disease, and increases hospital admissions and
death from diverticular disease [21–23]. Therefore, the
American Gastroenterology Association (AGA) guidelines on
the management of diverticulitis strongly suggest a high-fiber
diet in patients with a history of acute diverticulitis [24•].

Role of Microbiome

The gut microbiome has been implicated in numerous disease
states and it has been hypothesized that gut microbiota could
be involved in the development of symptoms and complica-
tions associated with diverticular disease as well [25]. The
mechanism hypothesized is that dysbiosis of luminal microbi-
ota together with mucosal barrier breakdown and bacterial
translocation leads to an inflammatory response [25].
Barbara et al. examined the microbiome and the metabolome
of patients with diverticular disease and found that patients
with diverticula had a greater than 70% increase in colonic
macrophages (an indicator of mucosal inflammation) and also
found a depletion of Clostridium Cluster IV in patients with
diverticular disease [25]. Clostridium Cluster IV is a group of
anti-inflammatory and butyrate-producing bacterial species
which have also been implicated in the pathogenesis of IBD
and IBS [26, 27]. This result highlights that patients with
diverticular disease may have depletion of anti-inflammatory
gut bacteria, which is associated with an increase in mucosal
inflammation [25]. Other descriptive reports have cataloged
various associations, but causality is difficult to establish.

Role of Inflammation

One postulated theory for the pathogenesis of diverticular
disease is chronic inflammation. However, studies evalu-
ating the role of low-grade inflammation in the patho-
genesis of diverticular disease have been conflicting [6,
28–33]. There is evidence that suggests that neuromus-
cular dysfunction which plays a role in the pathogenesisImage 1. Diverticulosis on colonoscopy
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of diverticular disease is the end result of low-grade in-
flammation [34]. However, Peery et al. evaluated 619
patients undergoing screening colonoscopy with sigmoid
biopsies and found that there was no association between
colonic diverticulosis and mucosal inflammation [33].
They specifically found that patients with diverticulosis
were less likely to express IL-6 which is an inflammato-
ry cytokine [33]. Furthermore, Jarbrink-Sehgal et al.
found that there was no association between symptomatic
diverticulosis and serologic or mucosal inflammation [6].
Other studies, however, have demonstrated evidence for
subclinical inflammation in patients with symptomatic
disease, by way of downregulation of cyclooxygenase-
2/PGE2 and upregulation of 15-PGDH in colonic mucosa
[35]. This, like the role of fiber, is another area of un-
certainty [36, 37].

Natural History

The true natural history of diverticular disease remains un-
known, largely due to the fact that diverticulosis is silent and
often an incidental finding on screening colonoscopy. In ad-
dition, the few studies conducted to evaluate the natural his-
tory of diverticular disease are limited to the colorectal cancer
screening age population of 50–75 years [38]. The suggested
lifetime risk of acute diverticulitis was thought to be around
10–25% [38]. However, more recent analysis shows that this
risk is about 4–5% [8, 39, 40]. Recent studies suggest that
acute diverticulitis occurs in about 1.5–6 per 1,000 person-
years and diverticular bleeding occurs in about 0.46 per
1,000 person-years. The risk of diverticulitis and recurrent
diverticulitis was found to be higher in younger patients [8,
41]. Age ≥ 70 and bilateral diverticulosis were found to be risk
factors for hemorrhage [39].

Clinical Presentation

Diverticular disease is usually an asymptomatic disease or
becomes clinically overt and manifests as acute diverticulitis
[42, 43•]. About one-fourth to one-fifth of patients with
asymptomatic diverticulosis will develop symptoms without
any complications, which is a manifestation of SUDD [37].
SUDD presents with nonspecific abdominal pain, abdominal
bloating, and change in bowel habits without otherwise any
evidence of macroscopic inflammatory process [37]. The pre-
sentation of SUDD makes it difficult to distinguish it from
irritable bowel syndrome (IBS) [43•]. However, patients with
SUDD appear to have microscopic inflammatory infiltrates as
compared with healthy controls [44].

The evaluation of patients with acute presentation of ab-
dominal pain and fever often involves risk stratification.
Patients who have a low risk presentation are those without
leukocytosis, elevated CRP or temperature, and without any
signs of sepsis [43•]. Conversely, high risk presentations in-
clude patients with leukocytosis, high fever and CRP, and
presence of complications of acute diverticulitis and comor-
bidities [43•]. This assessment and stratification will aid in
determining which patient populations require antibiotics,
hospitalization, and frequent evaluation of hemodynamic
stability.

Diagnosis

Diverticular disease can be diagnosed clinically or endoscop-
ically, or with the aid of radiographic imaging. The use of
endoscopic and radiographic modalities is often needed in
order to rule out other diagnoses that are in the differential
and can have an overlap in presentation. These include ische-
mic colitis, colorectal carcinoma (CRC), and NSAID-induced
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colitis especially in the elderly, in addition to infectious colitis
and inflammatory bowel disease (IBD) [45•]. Therefore, be-
sides the use of stool studies to rule out infectious etiologies,
the use of endoscopic and radiologic modalities is paramount
to obtaining the most accurate diagnosis and ultimately
treatment.

Acute Diverticulitis

Barium enema had historically been widely used for the diag-
nosis of diverticular disease [46, 47]. There are, in fact, studies
reporting the therapeutic benefits of barium enema in diver-
ticular hemorrhage [48–50]. Adams explained that due to the
massive bleeding associated with diverticular bleeding, the
fragility of the patient population, and high operative risk,
therapeutic barium enema is an effective mechanism to not
only control bleeding but to be able to select appropriate pa-
tient populations that may require surgery [48]. The 2 postu-
lated mechanisms underlying the therapeutic effects of barium
enema are thought to be pressure by the barium solution pro-
ducing a tamponade effect and direct hemostasis from the
barium solution [48]. Nonetheless, this is not a currently rec-
ommended modality.

More recently, computed tomography (CT) has become the
standard for diagnosing diverticular disease due mainly to its
reproducibility, high diagnostic accuracy, and ability to have a
comprehensive evaluation that includes severity grading and
complication detection [46, 51]. CT and CT colonography
(CTC) are effective in diagnosis, determination of extent of
disease, and complications of diverticular disease [48, 51].
CTC and barium enema, however, are contraindicated in the
setting of suspected acute diverticulitis due to pressure insuf-
flation [52••]. CT of the abdomen and pelvis serves as the
main modality to diagnose diverticulitis and its complications
[52••]. In general, CT should be done with IV contrast for the
diagnosis of diverticulitis in order to confirm and grade the
severity of complications such as abscesses [52••]. However,
where expertise is available, ultrasound is comparable in ac-
curacy for the evaluation of diverticulitis and is likely advan-
tageous in female patients of childbearing age [52••, 53, 54].
MRI is a radiologic modality that does not currently play a
role in the evaluation of patients with acute diverticulitis ex-
cept perhaps in the case of pregnancy in order to reduce radi-
ation exposure [52••].

There are several radiologic scoring systems that are used
to classify patients into either uncomplicated or complicated
disease, an important distinction in frail elderly patients. These
CT-based scores include the Hinchey, Ambrosetti, Buckley,
and Neff classifications (Table 1) [55–58]. Most of these clas-
sifications grade the complications based on bowel wall thick-
ening, fistula, stenosis, and abscess/phlegmon and its location
within the abdomen and lastly peritonitis [55–58].

CTC requires the administration of room air or carbon di-
oxide and is therefore contraindicated in acute diverticulitis
due to concern for extension of a microperforation [52••].
Similarly, colonoscopy is contraindicated in the acute setting
in patients with acute diverticulitis for the same reasons [52••].

The role of colonoscopic evaluation after the resolution of
acute diverticulitis is somewhat controversial, but most au-
thorities, including the recent AGA guidelines, advocate for
a colonoscopy electively after an attack of acute diverticulitis,
if not recently done, to exclude a perforated cancer mimicking
diverticulitis, in patients of appropriate risk profile [24•,
59–61].

Diverticular Hemorrhage

In cases of suspected diverticular bleeding, prompt diagnostic
colonoscopy within 12–24 h after an effective prep is sug-
gested [62]. When performed within 48 h of an acute presen-
tation along with an adequate bowel preparation, the diagnos-
tic yield of colonoscopy is about 48 to 90% in addition to
shortening hospital stays [63]. When endoscopically visual-
ized, hemostasis can be achieved with the aid of thermal con-
tact therapy, epinephrine injection, or clip placement [64]. If
there is delay associated with either bowel preparation or pa-
tient stability especially in the elderly population or difficulty
with visualization of the bleeding source due to hemorrhage,
CT angiography can aid in localization of bleeding source
followed by catheter-based angiography for the treatment of
bleeding [65–68].

Therapy

Antibiotics

It has long been felt that acute diverticulitis was due to ob-
struction of the neck of a single diverticulum, with a resulting
localized microperforation. As such, antibiotics were felt to be
an obligate foundation of acute diverticulitis treatment [69].
However, this paradigm has somewhat shifted with numerous
studies including two large randomized trials showing no
worse outcomes in patients with antibiotics withheld in acute
uncomplicated diverticulitis [70–73]. Based on these studies,
the AGA guidelines along with others now recommend the
selective use of antibiotics in patients with acute diverticulitis,
although the authors believe in erring on the side of caution in
elderly patients with significant comorbidities [24•, 74].

Fiber

Dietary fiber does appear to play a role in the prevention of
diverticular disease complications more than in the pathogen-
esis of diverticulosis itself [22], and as such, the AGA strongly
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recommends the use of a high-fiber diet after an episode of
diverticulitis [24•].

Mesalamine

Mesalamine, an anti-inflammatory medication, has been in-
vestigated both to prevent recurrent diverticulitis and as a
therapy for the treatment of patients with SUDD [75].
However, a large, phase 3 randomized, double-blind,
placebo-controlled multicenter trial of 1,182 patients found
that mesalamine did not reduce the rate of diverticulitis recur-
rence episodes, time to recurrence, or surgical intervention
requirements [76]. This was confirmed by a meta-analysis that
also found no evidence that mesalamine use can prevent the
recurrence of diverticulitis [77]. In accordance with these find-
ings, the AGA guidelines recommend against the use of
mesalamine for diverticulitis prevention [24•]. Its role in
SUDD is undefined.

Rifaximin

Rifaximin, a nonabsorbable, locally effective oral antibiotic,
has been investigated mainly for its role in symptom relief in
SUDD [24•, 78, 79]. The mechanism by which this is
achieved is believed to be reduction of gut microbiota prolif-
eration and therefore improving bacterial overgrowth [80]. A
large meta-analysis of 1,660 patients found that the majority
of patients on rifaximin were able to have symptomatic im-
provement [80]. However, the role of rifaximin in disease
modification and prevention of complications including diver-
ticulitis is unclear. Therefore, the AGA guidelines suggest
against the use of rifaximin in SUDD [24•].

Probiotics

Alterations of the microbiome causing an inflammatory re-
sponse have been postulated to be involved in the

pathogenesis of diverticular disease. However, the
microbiome alterations have not been fully characterized nor
have causal associations been established. Further, data on the
use of probiotics in the treatment of diverticular disease has
only occasionally shown reduction in abdominal symptoms
and not in the prevention of complications or future recurrent
diverticulitis episodes [81]. Accordingly, the AGA guidelines
recommend against the use of probiotics after acute uncom-
plicated diverticulitis [24•].

Complications

Diverticulitis

As mentioned, diverticulitis is felt to develop from inflamma-
tion of a diverticulum [82], likely due to fecalith obstruction of
the diverticular sac, which leads to low-grade inflammation
and obstruction [83]. It is the most common complication of
diverticulosis occurring in about 4% of those with diverticu-
losis [24•]. Diverticulitis can occur in either an acute or chron-
ic process and is categorized as either uncomplicated or com-
plicated. As mentioned previously, complicated diverticulitis
presents with abscesses, fistulas, stenosis, obstruction, or per-
foration (Fig. 1) [83]. The decision-making process in the
management algorithm of complicated diverticulitis includes
consideration for hospitalization and antibiotic initiation.
American Society for Colon and Rectal Surgery (ASCRS)
has made several recommendations on this issue. They rec-
ommend hospitalization admission and initiation of intrave-
nous antibiotics and IV hydration in patients who do not tol-
erate oral intake and have relevant comorbidities, and those
who do not have adequate home support [84•]. Furthermore,
immunosuppressed patients, patients with chronic kidney dis-
ease, and those with collagen vascular disease also have a
higher risk of recurrent complicated diverticulitis; and there-
fore, special consideration for use of antibiotics and operative

Table 1 CT classification of diverticulitis

Classification
type

Hinchey classification Ambrosetti classification Buckley classification Neff classification

I Abscess Localized sigmoid wall
thickening (< 5 mm)

Wall thickening and/or fat stranding Wall thickening and/or fat stranding

II Contained pelvic abscess Pericolic fat stranding Wall thickening >3 mm and/or
small abscess

Locally complicated diverticulitis

III Purulent peritonitis Abscess Wall thickening >5 mm and/or
perforation with free air and/or
abscess > 5 mm

Localized pneumoperitoneum

IV Fecal peritonitis Extraluminal air Abscess (< 4 mm)

V Extraluminal contrast Abscess > 4 mm in the pelvis

VI Abscess in the abdominal cavity

VII Significant pneumoperitoneum
and/or intra-abdominal free liquid
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intervention should be taken in these patient populations [84•,
85]. Lidor et al. evaluated a large cohort of patients with a
mean age of 77.8 years and found that in the inpatient setting,
only about 14% of the elderly presenting with diverticulitis
underwent surgery and that the majority of elderly patients
(82.5%) did not have any further recurrences of their disease
[86]. Moreover, in the outpatient setting and even in patients
80 years of age or older, even fewer had recurrence of diver-
ticulitis and required surgical intervention [86]. These findings
are further supported by the fact that older patients undergoing
elective surgery for diverticulitis have an increased risk of
mortality, intestinal diversion, and 30-day readmission [87].

Hemorrhage

Diverticular bleeding is one of the most common etiologies of
acute lower gastrointestinal bleeding especially in the elderly
[52••]. Diverticular bleeding spontaneously ceases in most
cases with a recurrence rate of about 14–38% of cases [88,
89]. Most diverticular bleeding occurs in the left colon; how-
ever, about 50% of large-volume hemorrhagic episodes origi-
nate from the right colon [90, 91]. The pathogenesis of diver-
ticular bleeding entails the rupture of an artery at the base of the
diverticulum due to vessel wall injury [92]. The risk factors
associated with first diverticular hemorrhage include advanced
age, anticoagulation use, nonsteroidal anti-inflammatory drug
(NSAID) use, right-sided diverticulosis, obesity, hypertension,
and atherosclerosis [90, 93•, 94–96]. In the elderly population,
Bokhari et al. showed that the success of diverticular hemor-
rhage treatment does not depend on the initial hemoglobin
level, number of blood transfusions, or a history of previous
diverticular bleeding [97]. Given the common use, avoidance
of NSAIDs is arguably the most important intervention in el-
derly patients after an episode of diverticular hemorrhage.

Surgical Management in the Elderly

Conventionally, surgical interventions were recommended af-
ter the second attack of acute diverticulitis as it was thought
that patients with recurrent episodes of diverticulitis have more
severe episodes and therefore likely to require more emergent
surgical resection [84•, 98]. However, there is a shift in this
paradigm as well. The AGA guidelines and the ASCRS guide-
lines both now suggest an individualized approach (and later
interventions) to the surgical management of patients with
acute uncomplicated diverticulitis [24•, 84•]. This paradigm
shift was in part due to several studies showing a lower risk
of recurrent diverticulitis and complications. Recurrence rate
of diverticulitis in acute diverticulitis is about 13–23%
[99–101]. A decision analysis by Salem et al. suggests that in
both younger and older patients, performing colectomy after
the fourth episode of diverticulitis resulted in fewer deaths and

fewer colectomies and was more cost effective [102]. This
data, along with those showing that the risk of recurrent diver-
ticulitis persists even after colectomy at a rate of about 2.6–
10.4% [103–107] and that the risk of mortality and colostomy
with elective colectomy is as high as 2.3–11.4% [108], further
supports the AGA guideline’s recommendation to individual-
ize the approach to surgical management [24•].

The notion of earlier elective surgery in younger patients
has historically been more accepted as several studies show
that younger patients experience more virulent forms of diver-
ticulitis with a 5-fold increased risk of complications
[109–112]. In fact, a population-based study demonstrated
that younger patients < 50 years were more likely to have a
recurrence of diverticulitis than older patients and younger
patients were also more likely to have recurrent hospitaliza-
tions with emergent colectomy/colostomy placement [100].
However, recurrence of diverticulitis even in young patients
only occurred in a minority of patients, and even in those, only
about 7% ever required emergency colectomy/colostomy
[100]. Therefore, even though the time to surgery in the elder-
ly is unclear, the above data show that even with higher viru-
lence in the young, expectant medical management in both the
young and old is the best strategy for most patients at this time.

Considerations in the Elderly

In evaluating diverticulosis and its association with colonic
symptoms, Jarbrink-Sehgal et al. found in a population-
based study in 2016 that patients with diverticulosis are more
likely to report symptoms of loose stools with urgency, fre-
quency, and passage of mucus. In addition, diverticulosis with
associated abdominal pain and diarrhea-predominant IBS was
more commonly seen in patients older than 60 years [6].

Although the role of antibiotics in the treatment of diver-
ticulitis has become more individualized, Peery et al. recom-
mend that uncomplicated diverticulitis should still be treated
with antibiotics in patients who are immunosuppressed, preg-
nant, septic, and with significant comorbid disease [45•]. As
comorbidities increase in the elderly, strong consideration
should be given to the elderly when it comes to the use of
antibiotics.

In terms of medication reconciliation in the elderly, it is
important to consider which medications increase the risk of
diverticular disease and which are protective. For example,
NSAIDs commonly used in the elderly are linked to an in-
creased risk of diverticulitis and bleeding and therefore should
be avoided if possible [93•]. Conversely, calcium channel
blockers (CCB) and statins may be somewhat protective in
patients with diverticular disease [113].

Elderly patients are at an increased risk of ischemic colitis,
which often presents with symptoms of abdominal pain and
hematochezia [10, 114]. Since this same population is also at a
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higher risk of developing diverticular bleeding, there should
be a high index of suspicion so that patients are diagnosed and
managed appropriately. Of note, diverticular bleeding usually
presents with painless hematochezia [10]. Lastly, elderly pa-
tients with atherosclerosis are at a higher risk of developing
diverticular bleeding as compared with patients without ath-
erosclerosis [10].

Conclusion

Diverticulosis is the most common incidental finding on co-
lonoscopy with a prevalence that increases progressively with
age. As such, it is expected that the elderly experience com-
plications associated with diverticulosis more frequently and
more severely, and therefore a high index of suspicion and
great care should be taken into account when taking care of
this vulnerable population.
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