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Abstract
AIM: To compare the outcome of the surgical manage-
ment of left-sided and right-sided diverticular disease. 

METHODS: The medical records of 77 patients who 
were surgically treated for diverticular disease be-
tween 1999 and 2010 in a tertiary referral hospital 
were retrospectively reviewed. The study population 
was limited to cases wherein the surgical specimen 
was confirmed as diverticulosis by pathology. Right-
sided diverticula were classified as those arising from 
the cecum, ascending colon, and transverse colon, 
and those from the descending colon, sigmoid colon, 
and rectum were classified as left-sided diverticulosis. 
To assess the changing trend of occurrence of diver-
ticulosis, data were compared with two previous stud-
ies of 51 patients.

RESULTS: The proportion of left-sided disease cases 

was significantly increased compared to the results 
of our previous studies in 1994 and 2001, (27.5% vs  
48.1%, P < 0.05). Moreover, no differences in gender, 
body mass index, multiplicity of the diverticula, fever, 
or leukocytosis were noted between patients with right-
sided and left-sided disease. However, patients with 
right-sided disease were significantly younger (50.9 
year vs  64.0 year, P < 0.01). Furthermore, left-sided 
disease was significantly associated with a higher inci-
dence of complicated diverticulitis (89.2% vs  57.5%, P 
< 0.01), combined resection due to extensive inflam-
mation (21.6% vs  5.0%, P < 0.05), operative compli-
cations (51.4% vs  27.5%, P < 0.05), and in-hospital 
mortality (10.8% vs  0%, P < 0.05), along with longer 
post-operative hospitalization duration (21.3 ± 10.2 d 
vs  10.6 ± 8.1 d, P < 0.05). 

CONCLUSION: Compared with right-sided diverticular 
disease, the incidence of left-sided disease in Korea has 
increased since 2001 and is associated with worse sur-
gical outcomes. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Colonic diverticulosis; Diverticular bleeding; 
Diverticulitis; Poor surgical outcome; Left-sided diver-
ticulitis

Core tip: In Asian countries, including South Korea, di-
verticulosis is relatively rare and usually detected on the 
right side of the colon. In the present study, the outcome 
of the surgical management of left-sided and right-sided 
diverticular disease was assessed. The results demon-
strate that the incidence of left-sided diverticular disease 
in South Korea is increasing. Furthermore, left-sided 
disease is generally more severe than right-sided disease 
and associated with worse surgical outcomes. 
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INTRODUCTION
Diverticulosis is prevalent in Western countries, and pri-
marily involves multiple pseudo-diverticula, with second-
ary causes, in the sigmoid colon on the left side[1]. How-
ever, diverticula are less common in Asian populations, 
including Koreans, and develop 10-20 years earlier than 
in Western populations. These diverticula usually occur 
as single, congenital, true forms involving the right colon 
around the appendix[2,3]. The incidence of  diverticulosis 
has recently increased in Asian populations, nearing that 
of  Western countries[4,5], which may be due to a more 
westernized diet, aging population, increase in colono-
scopic screening, and better diagnostic methods.

Although colonic diverticulosis is usually asymptom-
atic, 10%-20% of  patients develop diverticulitis[6]. Patients 
with uncomplicated diverticulitis generally respond well 
to outpatient, conservative treatment, such as oral antibi-
otics. However, surgical treatment may be required for re-
current cases, those with recurrent diverticular bleeding, 
and for diverticulitis complicated by abscess formation, 
perforation, intestinal obstruction, or fistula formation[7]. 
Western countries have developed guidelines for the man-
agement of  diverticulosis, primarily for left-sided disease, 
and have recommended the use of  surgical techniques, 
such as colostomy and multistep resection. Percutaneous 
abscess drainage and elective surgical techniques, includ-
ing laparoscopy, have also been used[8]. However, no clear 
guidelines have been established for right-sided disease, 
and it is not known whether the guidelines for left-sided 
disease can also be applied.

Studies evaluating the incidence of  colonic diver-
ticulosis in South Korea have largely focused on right-
sided disease and included relatively small numbers of  
subjects[9-11]. Previous studies by our group reported in 
1994 and 2001 also revealed a relatively high incidence 
of  right-sided diverticulosis[12,13]. Therefore, to provide a 
more thorough and current assessment, the present study 
compared the outcomes of  surgical management of  
right-sided and left-sided diverticular diseases and related 
these findings to those of  our previous studies.

MATERIALS AND METHODS
Patient selection
Patients who were surgically treated with open colectomy 
for symptomatic diverticular disease at the Department 
of  Surgery in Seoul National University Hospital from 
November 1999 to July 2010 were retrospectively inves-
tigated. The medical records were reviewed to collect 
data concerning patient characteristics, disease complica-
tions, operative procedures, morbidity, and mortality. The 

study population was limited to cases where diverticulosis 
(with or without inflammation) was confirmed by pathol-
ogy from a surgical specimen. Diverticula arising from 
the cecum, ascending colon, and transverse colon were 
classified as right-sided, and those from the descending 
colon, sigmoid colon, and rectum were classified as left-
sided diverticulosis. Colonic diverticulitis was categorized 
into three groups according to the clinical manifestations: 
diverticular bleeding, uncomplicated diverticulitis, and 
complicated diverticulitis. Complicated diverticulitis was 
further divided into four grades of  severity according to 
the Hinchey classification system[14]. This study was ap-
proved by the Institutional Review Board of  the Seoul 
National University Hospital (IRB No. H-1104-025-357).

Statistical analysis
All analyses were performed with SPSS version 18.0 for 
Windows (SPSS Inc., Chicago, IL, United States). Statisti-
cal analysis of  nominal variables was performed with the 
χ 2 test or Fisher’s exact test, where appropriate. Student’s 
t-tests were used to analyze continuous variables. P-values 
less than 0.05 were considered to indicate statistically sig-
nificant differences. 

RESULTS
Gender and age distribution of patients
A total of  77 patients were treated for symptomatic di-
verticular disease during the study period, including 49 
men and 28 women with a mean age of  57.2 years (range: 
19-87 years). The largest number of  patients was in the 
60-69 years age group (18; 23.4%) (Figure 1).

Symptoms and signs
Nine patients (9; 11.7%) had diverticular bleeding without 
clinically significant inflammation and 68 (68; 88.3%) had 
diverticulitis. Fifty-six cases (56; 72.7%) were classified 
as complicated diverticulitis. The most common surgical 
indication was colonic perforation (26; 33.8%), treated 
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Figure 1  Incidence of colonic diverticular disease according to age group. 
The mean age of the patients was 57.2 years (range: 19-87 years). After the 
patients were divided into age groups with 10-year intervals, the 60-69 years 
age group had the largest number of patients (n = 18, 23.4%).



by emergency operation. Intraperitoneal abscess was the 
second most common indication (17; 22.1%), for which 
preoperative percutaneous drainage was performed in six 
cases (6; 35.3%). Recurrent abdominal pain occurred in 
14 patients (14; 18.2%) with symptom duration ranging 
from 3-74 mo. Seven of  these patients were operated 
on for a second attack, five patients were operated on 
for a third attack, and two were operated on for more 
than four attacks. Additional indications included lower 
gastrointestinal bleeding (9; 11.7%) and sigmoidovesi-
cal intraperitoneal fistulae (7; 9.1%). Four preoperatively 
undiagnosed abdominal masses (4; 5.2%), previously 
misdiagnosed as colon cancer or locally invasive blad-
der cancer, were eventually diagnosed as diverticulitis by 
pathologic examinations.

Comparison of right- and left-sided diverticulosis
Right-sided diverticulosis (40; 51.9%) was slightly more 
common than left-sided diverticulosis (37; 48.1%). The 
sigmoid colon was the most frequently involved site (35; 
45.5%), followed by the ascending colon (22; 28.5%), ce-
cum (18; 23.4%), descending colon (1; 1.3%), and upper 
rectum (1; 1.3%). Compared with the combined results 
of  our previous studies in which 27.5% of  cases had 
left-sided diverticulosis, the proportion of  patients with 
left-sided disease was significantly higher in the present 
study (P < 0.01) (Table 1). The age of  patients with left-
sided disease was significantly older than for right-sided 
disease (P < 0.01), but there were no significant differ-
ences between the right- and left-sided disease groups in 
terms of  gender, body mass index, multiplicity of  diver-

ticula, fever, or leukocytosis (Table 2). All nine patients 
who had diverticular bleeding had right-side diverticu-
losis, whereas complicated diverticulitis was more com-
monly associated (33/37; 89.2%) with left-sided disease 
(P < 0.01) (Table 2). 

Classification of surgical operations
Hemicolectomy (n = 24) was more commonly performed 
for right-sided disease, followed in frequency by ileocecal 
resection (n = 13) and subtotal colectomy for bleeding 
(n = 2). Hartmann’s operation (n = 19) was frequently 
performed for left-sided disease, and in 18 cases, colonic 
anastomosis was possible after sigmoid colectomy. Left-
sided diverticulosis was significantly associated with lon-
ger postoperative hospitalization, combined resection of  
the small intestine or bladder, operative complications, 
and higher mortality (all P < 0.05) (Table 3).

Surgery for diverticular bleeding
All nine cases of  colonic resection due to diverticular 
bleeding without inflammation involved patients who 
had right-sided diverticulosis. The surgical indications 
included recurrent bleeding in six cases, hemodynamic 
instability due to massive bleeding in two cases, and the 
need for continuous transfusion in one case. The mean 
age was 64.2 years (range: 43-74 year), which was slightly 
higher than that of  the diverticulitis group (mean: 56.3 
year). Seven cases were surgically treated with right hemi-
colectomy, and two patients underwent subtotal colecto-
my, as the bleeding site could not be identified. The mean 
duration of  postoperative hospitalization was 9.2 d (range: 
4-20 d). There were no mortalities among these patients, 
with three postoperative complications noted: pneumo-
nia, wound infection, and re-bleeding. 

Surgery for diverticulitis according to the Hinchey 
classification
Cases of  complicated diverticulitis were classified by se-
verity according to the Hinchey classification (Table 4). 
Eight of  68 patients were immunocompromised due to 
immunosuppressive therapy after kidney transplantation, 
chemotherapy, hematological cancer, or long-term steroid 
use (Table 5). Although the incidence of  postoperative 
morbidity in the immunocompromised patients was not 
significantly different from that in the immunocompetent 
patients, the mortality rate was significantly higher (P < 
0.01). Death in all of  the immunocompromised patients 
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Table 1  Diverticular disease distribution  n  (%)

Site Number of cases according to study periods

1982.3-1993.6[12] 1993.7-1999.9[13] 1999.10-2010.7

Right colon 18 (75.0) 13 (48.1)    40 (51.9)
Left colon   3 (12.5) 11 (40.7)    37 (48.1)
Bilateral   3 (12.5)   3 (11.1) 0 (0)
Total 24 27 77

Table 2  Clinical characteristics according to the site of 
diverticular disease  n  (%)

Variables Right (n  = 40) Left (n  = 37) P value

Age (yr)1 50.9 ± 15.0 64.0 ± 14.0 < 0.01
Gender (M/F) 29/11 20/17    0.09
Disease category < 0.01
   Diverticular bleeding   9 (22.5) 0 (0)
   Uncomplicated diverticulitis   8 (20.0)     4 (10.8)
   Complicated diverticulitis 23 (57.5)   33 (89.2)
Smoking 14 (35.9)     8 (21.6)    0.19
Alcohol consumption 21 (52.5)     7 (18.9) < 0.01
BMI1 23.8 ± 2.5 23.2 ± 3.0    0.35
Fever 14 (35.0)     8 (21.6)    0.19
Leukocytosis 14 (35.0)   17 (45.9)    0.33
Multiple sites 22 (55.0)   28 (75.7)    0.06

1Date are expressed as mean ± SD. BMI: Body mass index. 

Table 3  Postoperative outcomes according to the site of 
diverticular disease  n  (%)

Variables Right (n  = 40) Left (n  = 37) P  value

Operation time (min)1 122.4 ± 41.6 141.9 ± 51.1    0.07
Combined resection    2 (5.0)   8 (21.6)    0.04
Postoperative hospital stay (d)1 10.6 ± 8.1   21.3 ± 10.2    0.01
Complications    11 (27.5) 19 (51.4)    0.03
Mortality 0 (0)   4 (10.8) < 0.05
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Table 5  Postoperative outcomes of diverticulitis according to 
the preoperative immune status  n  (%)

American Society of  Colorectal Surgery[8]. The clinical 
manifestations of  diverticulitis include fever, abdominal 
pain, and tenderness. In some cases, a tender abdominal 
mass, colonic obstruction, and diffuse peritonitis may be 
present[7]. However, in a case of  complicated diverticulitis 
with fistula, adhesion, or abscess, surgical intervention is 
recommended even if  conservative treatment is tempo-
rarily successful, as long-term resolution of  the disease is 
unlikely. The symptoms of  colonic diverticulitis differ ac-
cording to the location of  the involved site, and right-sid-
ed diverticulitis is often difficult to distinguish from acute 
appendicitis[27]. Although there are no surgical guidelines 
for the management of  right-sided disease, right hemi-
colectomy or ileocecal resection is usually performed, 
depending on the extent and severity of  the diverticulitis.

Although Welch et al[28] recommended a one-stage 
operation with resection of  the involved site, a two-stage 
operation with Hartmann’s procedure is performed if  
severe contamination of  the peritoneum is present. This 
was the technique of  choice in 19 cases in the present 
study, whereas primary anastomosis was possible after 
colonic resection in the remaining cases. Left-sided dis-
ease frequently required a multi-stage operation and was 
more often associated with postoperative morbidity and 
mortality than right-sided diverticular disease, likely due 
to the progression of  the disease to a more complicated 
form. It has been argued that the higher complication 
rate and recurrence in younger patients is a result of  de-
layed diagnosis[29]. However, it has also been suggested 
that this increased disease severity warrants a more ag-
gressive surgical treatment[30]. In the present study, surgi-
cal procedures did not vary according to patient age or 
gender, or location of  the diverticulosis. However, among 
immunocompromised patients, diverticulitis manifested 
as colonic perforation in 40% of  cases, of  which the 
majority required an emergency operation, which is con-
sistent with previous reports[31-33]. The rapid progression 
of  diverticulitis due to impaired control of  inflammation 
is likely to be responsible for the high mortality rate[34]. 
Therefore, a two-stage operation with resection of  the 
involved site is preferred over a primary anastomosis. 

A limitation of  the present study is that it was of  a 
retrospective design. In addition, the patients were oper-
ated on at a tertiary referral hospital and were therefore 
likely to have therapeutically nonresponsive diverticulitis. 

was associated with perforated diverticulitis.

DISCUSSION
Autopsy and radiologic findings indicate that colonic 
diverticulosis is present in 35%-50% of  the population 
in Western countries, rarely in the right side, and most 
commonly involving the sigmoid colon[15-17]. Although 
diverticulosis is relatively rare in Asian countries, usu-
ally detected in the right side of  the colon, the inci-
dence in patients undergoing colonoscopy is increasing 
(12.1%-9.7%)[4,18]. In most cases, right-sided diverticula 
are congenitally formed as a result of  the out-pouching 
of  the whole layer of  the weakened intestinal wall[19]. 
In contrast, left-sided disease is usually associated with 
secondary causes, including diet, constipation, increased 
colonic pressure, defecation habits, and irritable bowel 
syndrome. Consequently, left-sided diverticulosis more 
commonly occurs in older patients in South Korea[20,21], 
as indicated by the present study.

Diverticulosis without inflammation is usually asymp-
tomatic, though right-sided diverticulosis is associated 
with massive bleeding due to the presence of  a relatively 
thinner intestinal wall[22]. Diverticular bleeding is the most 
common cause (30%-40%) of  lower gastrointestinal 
bleeding among the elderly, particularly with comorbidi-
ties[23]. It rarely occurs as a complication of  diverticulitis. 
Although more than 80% of  cases of  diverticular bleed-
ing spontaneously resolve with conservative treatment, 
surgical treatment may be required for recurrent bleeding, 
hemodynamic instability due to massive bleeding, and 
require continuous transfusion[24]. The risk for postopera-
tive recurrent bleeding following a segmental resection 
for a localized bleeding site is reported to be approxi-
mately 14%[25,26]. If  the bleeding site cannot be localized, 
a subtotal colectomy can be indicated. In the present 
study, one patient underwent a subtotal colectomy be-
cause of  re-bleeding 18 d after a right hemicolectomy was 
performed for bleeding identified in the ascending colon 
by preoperative colonoscopy.

The indications for colectomy after conservative 
treatment of  acute diverticulitis should be based on 
the clinical manifestations rather than the number of  
recurrences, in accordance with the guidelines of  the 
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Table 4  Postoperative outcomes of diverticulitis according to 
Hinchey’s criteria  n  (%)

No peritonitis 
(n  = 43)

Peritonitis 
(n  = 25)

P value

Right/left 25/18 6/19    0.01
Emergency    4 (9.3) 24 (96.0) < 0.01
Two-stage operation    1 (2.3) 20 (80.0) < 0.01
Operation time (min)1 125.1 ± 46.3 144.8 ± 44.2    0.09
Complications      8 (18.6) 19 (76.0) < 0.01
Mortality 0 (0)   4 (16.0)    0.02

1Date are expressed as mean ± SD. The no peritonitis group includes 
patients with uncomplicated diverticulitis or complicated diverticulitis 
classified as Hinchey grade 1 or 2. The peritonitis group includes patients 
with complicated diverticulitis classified as Hinchey grade 3 and 4.

Immunocompetent 
(n  = 60)

Immunocompromised 
(n  = 8)

P 
value

Right/left 29/31 2/6    0.28
Symptom duration (d)1 238.2 ± 66.3 7.0 ± 1.8 < 0.01
Hinchey grade 3, 4    19 (31.7)    6 (75.0)    0.04
Emergency operation    22 (36.7) 6 (75)    0.06
Two-stage operation    14 (23.3)    7 (87.5) < 0.01
Complications    22 (36.7)    5 (62.5)    0.25
Mortality 0 (0)    4 (50.0) < 0.01
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Thus, the conclusions of  this study may not apply to the 
general population. However, to the best of  our knowl-
edge, this is the only study comparing the surgical out-
comes of  right-sided and left-sided colonic diverticular 
disease from a single institute. 

In conclusion, the proportion of  left-sided diverticu-
losis is increasing in South Korea. Because left-sided co-
lonic diverticular disease is associated with older age and 
with more complicated disease expression with worse 
outcomes, surgeons should be particularly attentive in as-
sessing surgical indications. 
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