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Abstract:
Objective The purpose of this study was to investigate whether changes occurred in the clinical features of

acute colonic diverticulitis (ACD) over a period of 10 years, to estimate the long-term probability of disease

recurrence and to investigate whether it could be treated in an outpatient setting.

Methods Between January 1998 and January 2009, 488 ACD patients were diagnosed and treated in Saisei-

kai Central Hospital, Tokyo. The diagnoses were made by ultrasonography (US) and/or CT. We investigated

the time-dependent changes in the characteristics of patients with ACD, and we used the Kaplan-Meier

method to estimate the cumulative probability of recurrence, based on information from a questionnaire.

Results The percentage of patients who were diagnosed with left-sided ACD significantly increased over

time in comparison to those with right-side disease (4% in 1998, 36% in 2009). Patients with left-sided ACD

were significantly older and were diagnosed at a more advanced disease stage than those with right-sided

ACD. Among the 212 ACD patients who responded to the questionnaire, the cumulative probability of recur-

rence in 125 patients with no history of ACD at 2.9, 5.9 and 10.1 years was 16.0%, 20.1% and 26.2%, re-

spectively. The probability of recurrence in patients with right-sided and left-sided ACD did not differ to a

statistically significant extent. In addition, outpatient treatability in patients with left-sided to right-sided ACD

did not differ to a statistically significant extent (66.6% vs. 70.1%).

Conclusion The ratio of left-sided to right-sided ACD was found to have increased over the past decade.

Left-sided ACD patients were older and their incidence of complications was higher in comparison to right-

sided patients; however, the rate of recurrence and outpatient treatability in patients with left-sided and right-

sided ACD did not differ to a statistically significant extent.
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Introduction

The clinical features of ACD in Japanese patients have

become similar to those in Western populations, with left-

sided ACD becoming dominant and more severe. However,

the outcome of uncomplicated ACD in the outpatient setting

did not differ between patients with left-sided and right-

sided disease, indicating that left-sided ACD is treatable in

the outpatient setting. Thus, the treatment of uncomplicated

ACD in an outpatient setting should be recommended more

frequently in Japan, regardless of the location of ACD.

Diverticular disease of the colon is becoming widespread

in Japan, in part due to the aging of the country’s popula-

tion and the adoption of Western eating habits (1, 2). While

most affected individuals are asymptomatic, some develop

serious complications, such as acute colonic diverticulitis

(ACD) and colonic diverticular bleeding (3, 4). The clinical
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spectrum of ACD ranges from asymptomatic illness to

symptomatic illness with potentially fatal complications (1).

There are differences in the clinical features of ACD in

Asian and Western countries. One of the most striking dis-

crepancies is in the location of ACD in the colon; while

ACD on the left side of the colon is dominant in Western

countries, right-sided ACD is dominant in Asia (5-7). Previ-

ous reports have shown that right-sided ACD tends to have a

more benign clinical outcome than left-sided ACD (8).

A recent study reported that the clinical features of ACD

worsen over time in patients with left-sided ACD (9). Mean-

while, Manabe et al. recently performed a cross-sectional

study to investigate the population-level characteristics of

ACD (10). Building on these studies, we hypothesized that

the incidence of left-sided ACD is increasing in Japan. It is

important to clarify whether left-sided ACD is increasing-

similarly to Western countries- because we proposed treating

mild-to-moderate ACD in an outpatient setting ACD (11)

based on data from patients with right-sided ACD. More-

over, it is clinically important to determine whether the rate

of recurrence differs between patients with left-sided and

right-sided ACD.

In the present study, we retrospectively reviewed medical

records to determine whether the ratio of left-sided to right-

sided ACD changed at our hospital over a 10-year period.

We also investigated the long-term recurrence of ACD and

the treatability of left-sided ACD in the outpatient setting.

Materials and Methods

Ethical considerations

The study protocol was approved by the review board of

Saiseikai Central Hospital and the study was performed in

accordance with the Declaration of Helsinki.

Inclusion and exclusion criteria

All consecutive patients in our hospital who were given a

final diagnosis of ACD between January 1998 and January

2009 were enrolled in the present study. ACD is suspected

in patients with lower abdominal pain (typically in the right

lower quadrant), abdominal tenderness on physical examina-

tion, and leukocytosis on laboratory testing. The diagnosis is

usually confirmed by US and/or CT. The US criteria for the

diagnosis of ACD include inflamed diverticula, as well as

the presence of pericolitis, abscess formation, and/or free air.

The CT criteria included localized thickening of the colon

wall to �5 mm and signs of pericolic fat inflammation, with

or without abscess formation and/or extraluminal air.

The exclusion criteria were as follows: patients in whom

a differential diagnosis could not be made between appendi-

citis and right-sided diverticulitis, and patients with a history

of colonic surgery or coexisting colon cancer.

Data collection

A retrospective case series study was conducted using

medical records of patients who were treated at Saiseikai

Central Hospital, Tokyo. We reviewed the medical records

of 486 consecutive patients who were diagnosed with ACD

and who were treated at Saiseikai Central Hospital, Tokyo

from January 1998 to December 2009.

The demographic features included age, sex, ACD loca-

tion, medical history of ACD comorbidities, status of com-

plications and surgical status. The location of ACD was

classified as follows: left-sided ACD involved the descend-

ing colon and/or sigmoid colon; right-sided ACD involved

the cecum and/or ascending colon and/or hepatic flexure. In

our study, the indications for surgery were as follows: perfo-

ration associated with generalized peritonitis, large ab-

scesses, and a lack of response to conventional treatments

and progression to peritonitis. Furthermore, complicated di-

verticulitis was defined based on the presence of an abscess

of >2 cm in diameter, perforation, obstruction or fistula.

ACD was classified according to a US-based classification

system (11). Grade I is defined by an inflamed diverticulum

without large (>2 cm) abscesses or perforations. Grade I is

further classified into the following sub-grades are applied:

Grade Ia, an inflamed diverticulum (in which the inflamma-

tion is limited to the diverticulum); Grade Ib, an inflamed

diverticulum with pericolitis (the inflammation clearly ex-

tends to the pericolic tissue surrounding the diverticulum);

and Grade Ic, an inflamed diverticulum with an abscess of

�2 cm in diameter.

Grade II is defined by an inflamed diverticulum with an

abscess of >2 cm in diameter, or perforation. Clinically,

Grade I (Ia-c) corresponds to mild-to-moderate ACD, which

can be treated on an outpatient basis, while Grade II corre-

sponds to severe ACD, which requires inpatient care (11).

Uncomplicated diverticulitis is defined as diverticulitis with-

out any of the complications noted in the present report.

Patients who were considered to be treatable as outpa-

tients (because US and/or CT indicated uncomplicated ACD)

were treated according to a 10-day treatment protocol (11).

Outpatients with any of the following conditions were ex-

cluded: complicated ACD, bacteremia, or any severe comor-

bidity (such as uncontrolled diabetes mellitus, heart failure,

renal failure or end-stage cancer). In addition, patients who

had undergone pre-treatment involving the use of broad-

spectrum antibiotics (within 24 hours prior to presentation in

the outpatient clinic) and those who were deemed unable to

understand the protocol or manage self-care were excluded

from the study.

Follow-up

In June 2013, all patients were contacted by mail, and

data on recurrent ACD, the time of recurrence, the lesion

site (if possible), and the type of therapy (conservative or

surgery) were collected. Recurrence was defined as a new

episode of ACD at least 30 days after initial successful con-

servative or surgical treatment.

In patients with recurrence, the ACD-free period was cal-

culated from the date of the hospital visit to the date of
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Figure　1.　The time-dependent changes in the clinical characteristics of ACD A). The time-depen-
dent changes in the location of ACD. B) Trends in the first episode of ACD with stratification by age 
(≥65 years and <65 years).

ACD recurrence. In patients without recurrence, the ACD-

free period was calculated from the date of the patient’s first

study-site hospitalization to the date on which the patient

was contacted.

Statistical analysis

All statistical analyses were performed using the SPSS

software program (version 22.0, IBM SPSS, Tokyo, Japan).

Significant differences among the categorical data or be-

tween two groups were assessed using the chi-squared test

or Student’s t-test, respectively. The cumulative probability

of recurrence was calculated by the Kaplan-Meier method,

and significant differences between the two groups were de-

termined using a generalized Wilcoxon test. p values of

<0.05 were considered to indicate statistical significance.

Results

The changing colonic location of ACD and the clini-

cal characteristics of left-sided ACD in Japan

Fig. 1A shows the time-dependent changes in the ratio of

left-sided ACD to right-sided ACD. The number of patients

with ACD increased year by year. The proportion of patients

who presented with left-sided ACD showed a significant in-

crease (4% in 1998 vs. 36.7% in 2009, p<0.05). The trends

in the first episode of ACD stratified by age (�65 years and

<65 years) are shown in Fig. 1B. The increase in left-sided

ACD was predominantly observed in patients who were �65

years of age.

Table 1 shows the characteristics of left-sided and right-

sided ACD across all cases. The age of patients with left-

sided disease was significantly higher (p<0.01) in compari-

son to patients with right-sided disease. Furthermore, the

percentage of patients with a history of ACD (left-sided,

42.2% vs. right-sided, 19.2%) and a more severe grade of

ACD (Grade II: 10.9% vs. 2.8%) was higher among patients

with left-sided ACD. Among the 127 patients with left-sided

ACD, the site of disease development was the descending

colon in 70 patients, and the sigmoid colon in 57 patients.

Among the 359 patients with right-sided ACD, the site of

development was the ascending colon and/or cecum in 351

patients and the hepatic flexure in 8 patients.

Complicated ACD and surgical and/or drainage

therapies

Among the 359 cases of right-sided ACD and 127 cases

of left-sided ACD, 24 patients with complicated ACD [right-
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Table　1.　Patient Characteristics of Acute Colonic Diverticulitis.

Right side Left side

(n=359) (n=127) p

Age: mean (SD) 46.0 (13.7) 54.9 (13.2) <0.001

Sex : men:women (% of men) 243:116 (67.7) 83:44 (65.4) ns

WBC (/mm3) [mean(SD)] 10,741 (3,356) 10,5443 (3,917) ns

CRP (mg/dL) [median (IQR)] 4.6 (7.7) 4.3 (8.8) ns

Past history of ACD (%) 69 (19.2) 54 (42.2) <0.001

Stage Ia 50 (13.9) 22 (17.2)

Ib 262 (73.0) 83 (64.8)

Ic 37 (10.3) 9 (7.0)

II 10 (2.8) 14 (10.9) 0.002

Surgical treatment 6 (1.7%) 4 (3.1%) ns

WBC: white blood cell, CRP:C-reactive protein, ACD: acute colonic diverticulitis, SD: standard 

deviation, IQR: interquatar range

Table　2.　Patient Characteristics of Complicated Acute Colonic Di-
verticulitis.

Right side Left side

(n=10) (n=14) p

Percentage of all ACD cases 2.8% 10.9% <0.01

Presenting features

Age: mean (SD) 47.9 (11.4) 53.6 (12.8) ns

Sex : men:women (% of men) 7:3 (70%) 8:6 (57.1%) ns

WBC (/mm3) [mean (SD)] 12,900 (3,355) 12,600 (3,833) ns

CRP (mg/dL) [median (IQR)] 7.8 (29.3) 16.9 (19.2) ns

Past history of ACD (%) 2 (20) 2 (14.3) ns

Treatment ns

Medical 7 8

Percutaneous Drainage 2 2

Surgical 1 4

WBC: white blood cell, CRP:C-reactive protein, ACD: acute colonic diverticulitis, SD: 

standard deviation, IQR: interquatar range

sided ACD, n=10 (2.8%); left-sided ACD, n=14 (11.0%)]

were treated as inpatients. Table 2 summarizes the patient

characteristics. Among the 10 cases of complicated right-

sided ACD, 6 cases involved small abscesses (size, <5 cm),

and 3 involved large abscesses (size, �5 cm). In contrast,

among the 14 cases of complicated left-sided ACD, 4 cases

involved small abscesses (size, <5 cm), 2 cases involved

large abscesses (size, �5), 3 cases involved perforation, and

1 case involved peritonitis. The right-sided cases were

treated with antibiotics (n=7), percutaneous drainage under

US guidance (n=2) or surgical resection (n=1). The left-

sided cases were treated with antibiotics (n=8), percutaneous

drainage under US guidance (n=2) or surgical resection (n=

4). No ACD-related deaths occurred in either the left-sided

or right-sided groups.

Outpatient treatment

We tracked the results of the 464 patients with uncompli-

cated ACD who were treated as outpatients (right-sided/left-

sided, 350/114). We diagnosed uncomplicated ACD accord-

ing to the US (and/or CT)-based classification. Among the

350 patients with right-sided ACD, 233 (66.6%) were

treated as outpatients. Among the 114 patients with left-

sided ACD, 80 (70.1%) were treated as outpatients. There

were no significant differences between the patients with

right-sided and left-sided ACD in terms of the outpatient

treatment outcomes.

Eighteen patients (5.7%) with right-sided ACD were un-

successfully treated as outpatients and required hospitaliza-

tion due to a worsening of their abdominal symptoms with-

out obvious changes in their US results. These patients all

showed mild C-reactive protein (CRP) elevation. Upon ad-

mission, they were treated with intravenous antibiotics; all

of these patients improved. Four patients (5.0%) with left-

sided ACD were unsuccessfully treated as outpatients, and

showed an exacerbation of their abdominal symptoms with-

out changes that were detectable by US, and with a mild

CRP elevation. They were also treated in hospital with intra-
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Table　3.　Patient Characteristics of Acute Colonic Diverticulitis who 
Responded to the Questionneir.

Right side

(n=156)

Left side

(n=56)
p

Response rate to the questionnaire 

survey

43.6% 43.8% ns

Observation period year

[mean (SD)]

6.7 (4.2) 5.4 (3.2) <0.05

Presenting features

Age: mean (SD) 49.9 (13.6) 62.2 (12.3) <0.001

Sex : men:women (% of men) 112:44 (71.8) 39:17 (69.6) ns

WBC (/mm3) [mean(SD)] 10,635 (3,206) 10,181(4,001) ns

CRP (mg/dL) [median (IQR)] 4.6 (8.0) 3.1 (4.4) ns

Past history of ACD (%) 25 (16.0) 13 (23.2) ns

Recurrence (%) 42 (26.9) 11 (19.6) ns

WBC: white blood cell, CRP:C-reactive protein, ACD: acute colonic diverticulitis, SD: 

standard deviation, IQR: interquatar range

venous antibiotics. None of these patients required surgical

treatment.

Follow-up

Two hundred twelve ACD patients (right-sided, n=156,

left-sided, n=56) responded to the questionnaires (response

rate, 43.6%). The patients’ characteristics are summarized in

Table 3. In this study population, the left-sided ACD pa-

tients were older in comparison to the right-sided patients.

Among the 212 ACD patients who responded to the ques-

tionnaires, 53 (25%) reported having an additional episode

of ACD. A greater proportion of right-sided patients experi-

enced a second episode after treatment for ACD (right-sided,

42/156; 26.9% vs. left-sided, 11/53; 19.6%). The mean

[standard deviation (SD)] observation period was 6.4 (4.0)

years (range, 0.1-14.8). Using data from all patients, the cu-

mulative probability of recurrence, as determined by a

Kaplan-Meier analysis, at 5.2 and 10.1 years was 22.2% and

29.8%, respectively (Fig. 2A). There was no significant dif-

ference in the location of ACD in the recurrent cases (p=

0.462; generalized Wilcoxon test) (Fig. 2B). Among the pa-

tients without a preceding episode of ACD, the cumulative

probability of recurrence at 2.9, 4.2 and 10.1 years was

16%, 18.7% and 26.2%, respectively. Among the patients

who had a preceding episode of ACD, the cumulative prob-

ability of recurrence at 1.6 and 4.3 years was 28.9% and

32.3%, respectively (p=0.085; generalized Wilcoxon test)

(Fig. 2C).

Discussion

This retrospective study provides evidence of the recent

trends in ACD in Japanese patients, and shows that the ratio

of left-sided ACD to right-sided ACD has been increasing.

The estimated probability of recurrence within 10 years was

20-30%, with no significant difference between right-sided

and left-sided ACD. In addition, mild-to-moderate left-sided

ACD could be treated on an outpatient basis, similarly to

right-sided ACD; however, left-sided ACD patients were

older and exhibited complications more frequently in com-

parison to patients with right-sided ACD.

The acquired form of diverticular disease is extremely

common in Western societies, in which it affects approxi-

mately 5-10% of the population over 45 years of age and al-

most 80% of the population >85 years of age. Up to 20% of

patients with ACD are <50 years of age (7). In Western so-

cieties, symptomatic ACD has been reported to account for

approximately 20% of all ACD, with 15-24% of cases re-

quiring surgical treatment (12, 13). Although 85% of cases

of diverticulitis in Caucasians occur in the sigmoid and de-

scending colon, diverticula may be found throughout the co-

lon (14, 15). In contrast, right-sided diverticulitis is more

common in Asians (16), including Japanese, and tends to

follow a more benign course than left-sided ACD (10). The

etiological and pathophysiological causes of this difference

in the clinical features of colonic diverticulosis between

Asians and Caucasians are largely unknown.

In Japan, the annual incidence of diverticulitis has been

increasing rapidly, and the clinical features have been chang-

ing (10, 17). Moreover, our present results and a previous

report (11) demonstrate that ACD in Japanese patients in-

creasingly tends to present on the left side of the colon.

However, some clinical features of left-sided ACD in Japan

are different from left-sided ACD in Caucasians. First, the

present results and a previous study (10) show that the in-

crease in left-sided ACD in Japan is not uniform across all

ages; rather, it is predominant in older patients. Second, in

Caucasians, ACD is more common in women (18-20),

whereas men were more commonly affected in the Japanese

population.

Conversely, Japanese and Caucasian patients share some

similar features. The clinical course of ACD in left-sided

cases is more severe than that in right-sided cases, and the

incidence of surgery for complicated ACD is accordingly

higher in left-sided ACD (7, 18). This observation could be

explained by colon anatomy. The ascending colon is fixed to
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Figure　2.　The cumulative probability of recurrence of ACD 
as estimated by the Kaplan-Meier method. A) Using the data 
from all ACD patients, B) Stratified based on a history of ACD. 
The solid line represents the ACD patients without a history of 
ACD. The broken line represents the ACD patients with a his-
tory of ACD. C) Stratification based on the location of ACD. 
The solid line represents right-sided ACD. The broken line rep-
resents left-sided ACD. | indicates censored cases.

the retroperitoneum; thus, inflammation may be restricted to

a small area. In contrast, the sigmoid colon is not attached

to the retroperitoneum, so inflammation may be more wide-

spread.

With respect to the observed etiological differences, previ-

ous studies have shown primarily anatomical differences be-

tween right-sided and left-sided diverticula (21). Right-sided

diverticula are congenitally formed by the outpouching of an

entire layer of the weakened intestinal wall. In contrast, left-

sided diverticula are acquired, possibly as a result of diet,

habitual constipation, increased colonic pressure and ag-

ing (7); accordingly, left-sided diverticulitis is more common

in elderly populations. This hypothesis is consistent with our

present results and previous findings (10). Notably, the life-

style changes in Japanese may predispose elderly people to

left-sided ACD. In addition, complicated ACD was more

often observed in left-sided ACD than in right-sided ACD,

indicating that right-sided ACD tends to have a more benign

clinical outcome than left-sided ACD. However, the rate of

recurrence in right-sided ACD was not significantly different

from that in left-sided ACD, and patients with mild-to-

moderate left-sided ACD could be treated in an outpatient

setting-similarly to patients with right-sided ACD.

A recent population-based study of ACD in Americans by

Bharucha et al. (22) revealed that the incidence of recurrent

ACD at 5 years was 17% among patients with a single prior

episode of the disease. Moreover, the incidence of ACD in

2000-2007 was 50% higher than that in 1990-1999 (23).

These findings are comparable to our results; however, a no-

table difference is that left-sided ACD was more prevalent in

younger Caucasian populations (23), while left-sided ACD

was more prevalent in the elderly Japanese population. Al-

though we did not directly compare the clinical features of

left-sided ACD between Japanese and Western patients, the

authors hypothesized that the prevalence of potent risk fac-

tors for diverticulitis, namely a low dietary fiber intake and

obesity, have markedly increased in younger Caucasian

populations.

In the present study, left-sided ACD patients had second

and third episodes of ACD more frequently than right-sided

patients. In our follow-up analysis, however, the probability

of recurrence in the right-sided and left-sided ACD cases

(among the 212 patients who responded to the question-

naire) did not differ to a statistically significant extent. The

ACD-free periods of the left-sided ACD cases were not sig-

nificantly shorter in comparison to the right-sided cases.

Thus, further large-scale follow-up studies are needed to

evaluate the difference in the probability of recurrence be-

tween right-sided and left-sided ACD in Japan.

The present study is associated with several limitations.

First, our study might have included a bias because it was a

hospital-based observational study that was conducted in a

single institution, and hence was not representative of ACD

in the Japanese population as a whole. Second, information

on recurrence was obtained from a questionnaire; thus, the

definition of ACD was not clear, and an element of self-

selection and a recall bias might have been involved. How-

ever, our study included a large number of ACD patients

(approaching 500 cases), and our findings were consistent

with previous studies that have evaluating the clinical fea-

tures of left-sided ACD in Japanese patients (10).
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Conclusion

The ratio of left-sided to right-sided ACD has been in-

creasing over the past decade. Left-sided ACD patients were

older and exhibited complications more frequently in com-

parison to patients with right-sided ACD; however, the rates

of recurrence and outpatient-treatability in the two groups

did not differ to a statistically significant extent.

The authors state that they have no Conflict of Interest (COI).
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