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Abstract

Background Right-sided colonic diverticulitis (RCD) is an Asian-centric disease. The optimal treatment for acute uncompli-
cated RCD remains a controversial area. This study aimed to compare the safety and efficacy of laparoscopic diverticulectomy
(LD) with non-operative treatment (NT) in patients with uncomplicated RCD.

Methods A single-center, prospective, non-randomized controlled study ran from 2009 to 2017. Patients with first episode
of uncomplicated RCD were divided into two treatment arms, LD or NT with bowel rest and broad-spectrum antibiotics,
based on their choice. The primary outcome was recurrent diverticulitis during follow-up. Secondary outcomes were treat-
ment success and complications.

Results A total of 155 patients were enrolled, with 81 in the NT arm and 74 in the LD arm. Mean follow-up was 49 months.
The treatment success rate for the NT arm was 90.1% and for the LD arm, 86.5% (P =0.480). There was no significant dif-
ference in the complication rate between the LD arm, 12.2% and the NT arm, 8.6% (P=0.472). LD was better than NT in
preventing recurrent diverticulitis. Nine patients in the NT arm and none in the LD arm had recurrence (P =0.003). The
number needed to treat to prevent recurrence was nine.

Conclusion Non-operative management with bowel rest and antibiotics for uncomplicated RCD is safe and effective. Alter-
natively, LD is also safe and effective, with the added benefit of preventing recurrences. While both treatments could be
reasonably offered for uncomplicated RCD, LD is an appealing option when recurrence is a concern.
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Right-sided colonic diverticulitis (RCD) is more common
in Asian than in Western populations. In Western countries,
RCD constitutes about 1% to 3.6% of all colonic diverticular
diseases [1, 2]. In Asian populations, RCD is more preva-
lent compared to left-sided colonic diverticulitis, accounting

for 70% to 98% of colonic diverticulitis cases [3—5]. The
pathogenesis of right-sided diverticula remains controver-
sial, and the natural history of RCD is not well understood.
Furthermore, there is no clear guidelines on the management
of RCD. Non-operative management with intravenous anti-
biotics and bowel rest in patients with uncomplicated RCD
have been reported to be effective in some studies [6-9].
However, these patients are at risk of disease progression
requiring emergent surgical intervention. The risk of disease
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progression while on non-operative management is not well
reported in the literature. Furthermore, approximately 15%
to 20% of patients with RCD develop recurrence after non-
operative treatments [6, 10]. In contrast, operative manage-
ment for RCD has been advocated as a safe and effective
strategy to reduce recurrence [11-16]. Conventional surgical
approaches for RCD include open diverticulectomy or right
hemicolectomy when multiple diverticuli are found, or when
neoplastic disease cannot be excluded. When technically
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feasible, laparoscopic diverticulectomy is equally effective
to open surgery in outcomes, while offers additional values
to patients such as improved pain control, better patient sat-
isfaction, and shorter hospital stays [14—16]. Given these
additional advantages and equivalent outcome, we chose to
select laparoscopic surgery as an upfront surgical strategy in
this prospective study, comparing the short-term and long-
term outcomes of laparoscopic diverticulectomy (LD) versus
non-operative treatment (NT) in patients with uncomplicated
RCD. We hypothesized that both treatments are equally safe
and effective, and LD has a lower recurrence rate over NT.

Materials and methods
Patients and study design

This was a prospective, single-center, non-randomized con-
trolled study comparing recurrence rate between patients
with uncomplicated RCD who underwent LD versus patients
who underwent NT. The study was performed between 2009
and 2017 at People of Gia Dinh hospital, a tertiary referral
center in Ho Chi Minh City, Vietnam. The protocol was
approved by the local ethic committee. From 2009 to 2014,
patients were consecutively enrolled to the study at the
time radiological diagnosis of RCD became available. All
enrolled patients were managed by the same surgical team.
Written informed consent was obtained from all patients and
relatives before enrollment. Data were analyzed according
to the intention to treat principle.

Eligibility criteria

Patients older than 18 years with clinical diagnosis of right-
sided abdominal pain suspicious for RCD were assessed
for eligibility. These patients subsequently underwent fur-
ther clinical and radiological assessment with either ultra-
sound (US), computerized tomographic (CT) scan, or both.
Only patients with clear radiological evidence of RCD are
included in the study. Criteria for RCD in US were: (1) sur-
rounding echogenic fat, (2) diverticular wall thickening, (3)
adjacent lymph node enlargement, (4) intra-diverticular or
peri-diverticular fluid collection, and (5) intra-diverticular
echogenic material. Criteria for RCD in CT images were: (1)
presence of a diverticula, (2) thickening of the cecal wall, (3)
peri-colonic fat infiltration, (4) intramural air bubbles, and
(5) anormal appendix. Patients with signs of appendicitis on
imaging (inflamed appendix larger than 6 mm in diameter,
thickened wall more than 2 mm (target sign), peri-appen-
diceal inflammation, presence of fecalith) were excluded.
Other exclusion criteria were presence of hemodynamic
instability and/or multi-organ failure, American Society of
Anesthesiologists (ASA) classification III or higher, severe
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ileus, generalized peritonism on examination, perforation,
abscesses, fistula, intestinal obstruction on imaging, and
failure to give consent.

Study interventions and description of surgical
technique

The study had two arms: the LD arm and the NT arm. In the
LD arm, surgery was performed within 12 h of study enroll-
ment. Three ports were used: one 10-mm camera port at the
umbilicus, and two 5-mm instrument ports at the suprapubic
and the left iliac fossae. We used a combination of sharp
and blunt dissection to separate and visualize the terminal
ileum, the appendix, the cecum, and the diverticulum. A
laparoscopic resection of the diverticulum was performed
with dissection of diseased tissue down to the base of the
diverticulum, subsequently followed by intracorporal suture
repair with Monosyn 3-0, a synthetic absorbable monofila-
ment (B-Braun, Vietnam) (Fig. 1). Post operation, patients
were kept nil by mouth and on intravenous antibiotics until
clinical and laboratory improvements were evident. Treat-
ments for patients in the NT group included bowel rest and
intravenous broad-spectrum antibiotics, including a beta
lactamase and metronidazole, followed by a week of oral
antibiotics after discharge, most often amoxicillin/clavu-
lanic acid (Augmentin, GlaxoSmithKline) or ciprofloxacin
(Cipro, Bayer) in patients with Augmentin allergy. Oral
intake resumed when patient was afebrile and non-tender.
Study members provided enhanced patient education on
compliance to antibiotics to patients and family members
upon discharge and verified compliance to treatment during
follow-up.

Study endpoints

All patients in both groups were followed up for at least
12 months. Outpatient visits were performed after dis-
charge 1 week, 1 month, 6 months, and 12 months. After
12 months, patients were followed up via telephone bian-
nually. During this follow-up period, if patients had signs
and symptoms suggestive of recurrence of RCD, they were
recalled for CT scan. The primary endpoint was recurrence
after one month of discharge, which was defined as CT evi-
dence of recurrent RCD. Recurrence within one month from
discharge was considered as treatment failure. Secondary
endpoints included treatment success and complications.
Complications were classified using the Clavien-Dindo clas-
sification [17], based on the therapy required to treat them.
There are five main grades. Grade I complication does not
require any intervention, pharmacological or procedural.
Grade II requires pharmacological treatments. Grade III
requires surgical, endoscopic, or radiological interventions.
Grade IV consists of life-threatening complications, and
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Fig. 1 Major steps in laparoscopic diverticulectomy for right-sided
diverticulitis. A Identification of the inflamed diverticulum (trian-
gle), cecum (asterisk), terminal ileum (thin arrow) and appendix (not
shown). Note the inflamed fatty tissue surrounding the diverticu-
lum. The cecum and terminal ileum are normal; B dissection of the

death results in Grade V [17]. In the NT arm, treatment
success was defined as clinical improvement and discharge
without progression of disease requiring surgical interven-
tion. In the LD arm, treatment success was defined as suc-
cessful completion of laparoscopic diverticulectomy without
conversion to open surgery.

Sample size calculation

Analysis of available data in the literature during protocol
development suggested that the recurrence rate would be
15% in the NT group [6, 10]. In the LD group, we assumed
that this proportion would be lower than 1%. To achieve
statistical power of 80% to detect difference using a 5%
two-sided significance level with Pearson’s Chi square test,
the target sample size was 116 patients with 58 patients in

diverticulum. Noted the inflamed adipose tissue are being dissected
off the diverticulum; C, D The neck of the diverticulum (thick arrow)
is being divided close to the cecal base. All inflamed tissues were
removed as seen in (D); E Suture line after intracorporeal laparo-
scopic repair

each arm. With the estimated lost to follow-up of 25%, the
required number of patients in each group was 74 patients.

Statistical analysis

The primary endpoint is the recurrence rate in each arm.
The cumulative proportion of recurrent diverticulitis was
calculated by Kaplan—Meier estimate and illustrated by
the Kaplan—Meier curves with the number of patients at
risk indicated below the plot at specific time points. Two-
sided log-rank test was used to compare the recurrence rate
between the two treatments. Secondary outcomes, including
treatment success and complications, were analyzed using
two-sided Fisher’s exact test. Other variables were com-
pared between the two groups using Mann—Whitney test
for numeric variables and Fisher’s exact test for categorical
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variables, where appropriate. Statistical significance was
defined when P value was less than 0.05. All analyses were
performed with R statistical software (Version 3.2.3, Aus-
tria) [18].

Results
Patients’ flow

During the study recruitment period from 2009 to 2014,
416 patients were screened for eligibility at our institution,
of which 261 patients were excluded and 155 patients with
diagnosis of uncomplicated RCD were enrolled and followed
up. Laparoscopic diverticulectomy versus non-operative
treatment options were discussed with patients. Patient was
enrolled to each respective study arm depends on their treat-
ment preference (Fig. 2). In the LD group, 74 patients under-
went LD, out of which ten patients required conversion to
open surgery. In the NT group, 81 patients received NT, out
of which eight patients required surgical interventions. There
were 40 patients lost to follow-up after outpatient visits at

one month; among these patients, 18 patients were in the LD
group and 22 patients were in the NT group.

Baseline data

Patient’s characteristics are shown in Table 1. The two
groups did not differ significantly in terms of age, gender,
body mass index, current smoking, ASA status, previous
abdominal surgery history, comorbidities, and white blood
cell counts (Table 1).

Treatment success and complication rates

There was no significant difference in the treatment success
and the complication rate between the two groups (Table 2).
In the LD group, 64 patients (86.5%) were successfully
treated with laparoscopic diverticulectomy; ten patients
(13.5%) required conversion to open diverticulectomy and
were considered failure of therapy. In the NT group, 73
patients (90.1%) were treated successfully; eight (9.9%) had
signs and symptoms of disease progression after 24-h period
of the NT, and thus required surgical interventions, out of
which six cases were operated using laparoscopic technique.

Assessed for eligibility

n=416
Excluded: n =261
- Recurrent diverticulitis: n = 38
- Complicated diverticulitis: n = 47
- Hemodynamic instability: n = 12
- ASA lll or above: n =43
- Failure to give consent: n = 121

Enroliment
n=155

l [ Alocation | |

Non-operative treatment
n=281

Received allocated intervention: n =73
Conversion to surgery: n=8

- Laparoscopic diverticulectomy: n =4  j«—i
- Colectomy: n=3

- Appendectomy: n = 1*

Follow-up

Laparoscopic diverticulectomy
n=74

Received allocated intervention: n = 64
Conversion to open surgery: n = 10

- Open diverticulectomy: n = 10

- Open colectomy: n =0

Lost to follow-up: n =22

Had recurrent diverticulitis: n=9
- Conservative treatment:n =7
- Laparoscopic colectomy: n =2

L

Analysis )

Lost to follow-up: n =18
Had recurrent diverticulitis: n =0

Analyzed
n=281

Fig.2 Study’s flowchart. In this patient, diverticulitis was confirmed
intraoperatively. However, there was no perforation and the inflam-
mation was minimal. Decision was made to not perform diverti-
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Analyzed
n=74

culectomy; incidental appendectomy was performed to prevent future
diagnostic uncertainty. ASA American Society of Anesthesiologists
physical status classification
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Tab]e 1 Char acte.ristics of the Characteristics LD group NT group P value
patients enrolled in the study (n=74) (n=381)
Age (year), mean+ SD 349+132 36.2+12.5 0.476%
Gender male, n (%) 52 (70.3) 51 (63.0) 0.396°
BMI (kg/m?), mean +SD 22.8+4.4 22.4+6.1 0.661%
Current smoking, n (%) 17 (23.0) 21 (25.9) 0.712°
ASA physical status classification, n (%) 0.187°
ASA 1 33 (44.6) 27 (33.3)
ASATI 41 (55.4) 54 (66.7)
Previous abdominal surgery, n (%) 5(6.8) 9(11.1) 0.409°
Comorbidities, n (%) 0.796°
None 67 (90.5) 72 (88.9)
Ischemic heart disease or heart failure 4(54) 5(6.2)
Pulmonary tuberculosis history 1(1.4) 0(0.0)
HIV infection 0(0.0) 1(1.2)
Others 2(2.7) 3(3.7)
White blood cell count (x 10°/mL), mean +SD 123+£2.8 12.6+£3.2 0.779*
Operating time (min), mean +SD 108.1+24.5 120+27.4% 0.334*
Hospital stay (day), mean+SD 6.8+2.4 49+1.8 <0.001*
Time of follow-up (month), mean=+SD 51.7+33.1 46.4+31.0 0.0342

ASA American Society of Anesthesiologists, BMI body mass index, HIV human immunodeficiency virus,
LD laparoscopic diverticulectomy, min minute, NT non-operative treatment, sd standard deviation

*Calculating among four patients converted to laparoscopic diverticulectomy

*Mann-Whitney U test
PFisher’s exact test

Table2 Treatment success and complications across treatment
groups

Characteristics LD group NT group P
(n=174) (n=381)

Treatment success, 1 (%) 64 (86.5) 73(90.1) 0.617*
Conversion to open surgery 10 (13.5) 2(2.5)
Conversion to laparoscopic surgery — 6(7.4)

Any complication, n (%) 9(12.2) 8(9.9) 0.4212
Abscess and worsening colitis 0(0.0) 2(2.5)

Spreading peritonitis 0(0.0) 5(6.2)
Fecal peritonitis 0(0.0) 1(1.2)
Wound infection 34.1) 0(0.0)
Bowel injury 1(1.4) 0(0.0)
Paralytic ileus 1(1.4) 0(0.0)
Surgical sites bleedingb 1(1.4) 0(0.0)
Acute kidney injury 1(1.4) 0 (0.0)
Urinary tract infection 1(1.4) 0(0.0)
Pneumonia 1(1.4) 0(0.0)
Mortality, n (%) 0(0.0) 0(0.0) -

LD laparoscopic diverticulectomy, NT non-operative treatment
Fisher’s exact test

bBleeding from surgical sites in one patient who was anticoagulated.
Bleeding complication stopped once anticoagulation was suspended

Complications occurred in nine patients (12.2%) in the LD
group and seven patients (8.6%) in the NT group. There
was one Clavien-III complication in the LD group in which
the small bowel was inadvertently injured, requiring lapa-
roscopic repair on the second postoperative day. All other
complications in the LD group were Clavien-I. There was
no mortality within the two groups.

Recurrence rate

The Kaplan—Meier curve of recurrence rate across the two
treatment groups is shown in Fig. 3. There was no recur-
rence in the LD group despite a longer length of follow-
up (51.7+33.1 months) compared to nine recurrences
found in the NT group (mean length of follow-up was
46.4 +31.0 months). The number needed to treat (NTT)
to prevent recurrence was nine. Among these recurrences,
seven patients continued to have successful non-operative
treatments; two cases had complications and were treated
by laparoscopic colectomy. The Kaplan—Meier estimated
recurrence rate was significantly higher in the NT group
compared to the LD group (16.6% and 0%, respectively,
P=0.003). Additionally, six of these nine recurrences
occurred after 12 months of follow-up, and three occurred
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Fig.3 Kaplan—Meier analysis of recurrence rates across treatments.
The Kaplan-Meier estimates with 95% confidence intervals of recur-
rence of diverticulitis for all patients. Solid line indicates patients in
NT group and dashed line indicates patients in LD group. The num-

within the first 12 months. The mean recurrence interval
after the first attack was 38 months.

Discussion

The optimal treatment for uncomplicated RCD remains con-
troversial and deficient in prospective data. We aimed to
address this gap with this prospective series comparing the
outcome of LD versus NT in patients with uncomplicated
RCD. Data from this study suggest that both LD and NT
are efficacious in treating uncomplicated RCD with no sig-
nificant difference in perioperative complications (Table 2).
However, LD has two additional benefits over NT. Firstly,
LD limits the morbidity of sepsis and perforation with dis-
ease progression and secondly, it reduces recurrence risk
(Fig. 3). Eight patients (9.9%) in the NT group experienced
disease progression with abscess formation, worsening
peritonitis requiring emergent surgical intervention. Three
of these eight patients required more extensive surgery in
which right-sided colectomy were performed. No patient
in the LD group experienced disease progression and only
one experienced Clavien-III complication secondary to
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bers of patients at risk are shown below the graph at baseline and
each year of follow-up. LD laparoscopic diverticulectomy, NT' non-
operative treatment

preventable technical error. Additionally, there was no recur-
rence in the LD group.

Distinction between RCD and appendicitis is challeng-
ing based on signs and symptoms alone [19]. The patients
who were initially screened for study eligibility had subtle
historical features atypical of appendicitis: longer yet more
indolent course of right iliac fossa pain without toxicity, less
nausea and vomiting, and low Alvarado score (0-3) [20].
These patients subsequently underwent further radiologi-
cal evaluation before being enrolled. Both US and CT have
high specificity and sensitivity in the diagnosis of RCD. In
particular, CT performed with 98% sensitivity and specific-
ity in distinguishing RCD from acute appendicitis [21, 22].
Abdominal US, on the other hand, has a diagnostic accuracy
rate of 99.5% for diverticulitis in a study of 934 patients
who presented with right-sided abdominal pain [23]. Only
patients with clear radiological features of RCD were fur-
ther enrolled. Any patient with equivocal radiological fea-
tures and in whom appendicitis cannot be excluded were
not enrolled. We understand that our inclusion and exclu-
sion criteria were strict and restrictive which may limit the
external validity of the study results. However, we inten-
tionally designed them to be restrictive to limit the possi-
bility of inadvertently including patients with appendicitis
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to the study groups, particularly in the NT group. Eighty-
two patients underwent surgery (74 in the LD group and
8 in the NT group) and none of these patients had appen-
dicitis diagnosed intraoperatively and on pathology. There
was one patient in the NT group who developed general-
ized peritonitis required surgical exploration. Intraopera-
tive findings showed a mildly inflamed diverticulum and a
normal appendix. The operating surgeon decided to perform
appendectomy to avoid future diagnostic uncertainty and left
the diverticulum alone in view of minimal inflammation.
Patient recovered well under antibiotics coverage and was
discharged on postoperative day 1.

This prospective study offers compelling evidence to
consider LD as upfront treatment for RCD in appropriate
circumstance. Right colonic diverticulitis has significant
recurrence rate, between 8 and 20% during follow-up of up
to 60 months [8—10, 24-26], of which 5% to 33% of the
recurrent cases have significant complications of perfora-
tion, peritonitis, and sepsis that required surgical interven-
tions [9, 10, 25, 26]. This study, with a mean follow-up of
46.4 months, showed a recurrence rate of 16.6%. Two out
of nine recurrences required surgical intervention. Fur-
thermore, RCD occurs in relatively younger patient demo-
graphic. In this study, the mean age is 35.5 years old. Exist-
ing literatures report similar trend of younger patients with
RCD, with a mean age of 32.9 to 43.9 years [25-28]. The
NNT to avoid recurrence is nine. Thus, given the good safety
profile and lower recurrence rate, LD could be discussed and
offered to patients, especially in younger patients, or patients
who live in remote, underserved areas, or those with higher
risks of recurrence such as multiple diverticula, diverticula
not limited to the right colon, and intraperitoneally located
peritonitis [10, 25]. Additionally, the risk of disease pro-
gression must also be communicated clearly to patients who
opted for NT as the risk of disease progression is approxi-
mately 10% in patients managed conservatively.

The optimal choice of surgery for RCD remains unclear,
especially when RCD is diagnosed intraoperatively. Options
range from open to minimally invasive, from diverticulec-
tomy to colonic resection with primary anastomosis. The
results from our study add to the existing body of evidence
that advocate for laparoscopic diverticulectomy and appen-
dectomy as first-line surgical treatment [7, 13, 14]. Laparo-
scopic diverticulectomy can be safely performed, without
special equipment, in patients whose inflamed diverticulum
can be visualized without difficulty. In our surgical group,
10.8% of the patients had minor complications (Clavien-
I) and one experienced Clavien-III complication of bowel
injury from preventable technical error. There was no mor-
tality in the LD arm. This is consistent with the low compli-
cation rate reported in the literature [11, 13, 28, 29]. There
were ten conversions to open in our LD group (13.5%),
which were mainly due to technical difficulties encountered

with severe inflammation, contamination, bowel edema,
and dilation. Monari et al. [28] reported a conversion rate
of 35.7%, when big abscess or small bowel dilatation was
encountered. However, their retrospective series probably
included patients with complicated RCD which explained
the higher conversion rate. In their subgroup analysis,
patients underwent laparoscopic diverticulectomy also had
no recurrence after a mean follow-up of 30.6 months [28].
Other retrospective data [15] reported a 92.7 months RCD-
free period after surgery with a recurrence rate between 1
and 3% in surgically treated RCD patients [6, 26, 27, 30].
Laparoscopic diverticulectomy is a minimally invasive sur-
gical procedure with low complication rate and a very low
recurrence rate when compared to right colectomy [14-16,
21]. Given the advantages of low complication and compa-
rable recurrence rate to colonic resection, LD is an attractive
surgical treatment for uncomplicated RCD over colectomy
[13, 28].

Results from our study suggest that patients who are
treated non-operatively should be followed up for longer
than 12-month period. In our study, of the nine recurrences
in the NT groups, six occurred long after 12 months with
the mean recurrence interval of 38 months. In a series
of 152 RCD patients managed non-operatively [26], ten
patients (6.6%) experienced recurrence within 12 months,
four (2.6%) between 24 to 36 months and one (0.7%) at
105 months. Another study from Korea [10] reported a
mean recurrence interval of 29 months after the first attack.
Despite the difference in the recurrence interval reported in
these two Korean studies and this series, all data seem to
suggest that most recurrences are amenable to non-operative
treatments.

During follow-up after the first episode of RCD, it
remains unclear whether a colonoscopy should be offered.
In our current practice, we do not offer colonoscopy if the
history is not significant for risks of colorectal cancer. Chan
and Tan concluded that colonoscopy is not required during
follow-up in Asian patients in Singapore less than 50 years
of age who are recently diagnosed with diverticulitis [31].
Given that all enrolled patients were under the age of 50 in
our study and there was no significant red flag in their his-
tory, we did not offer any colonoscopy during the follow-up
period. An additional consideration to be made when follow-
ing up patients who are treated non-operatively is whether
elective surgery should be offered to avoid recurrence. This
is an interesting topic for future investigations.

A major limitation in our study is the lack of randomi-
zation. However, randomization was difficult given the
nature of local patient’s preference and belief system. A
patient preference randomized control trial could in the-
ory, addresses the issues of patient’s preference; however,
it would be difficult, complex, and costly to carry this out
in the resource-limited environment where we practice.
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Furthermore, very often in our setting, patients would, for
socioeconomic reasons, change decision about surgery at
the last moment, making randomization difficult. We hoped
to mitigate the shortcomings of our lack of randomization
by offering a large, prospective set of data that were col-
lected over a decent length of longitudinal follow-up to offer
new insights on the management of uncomplicated RCDs.
Another limitation to our study is that the enrolled popula-
tion is entirely Vietnamese. Whether the results can be gen-
eralized to non-Asian ethnicities remains a topic of future
research with our series providing the initial data on the
safety and outcome of both non-operative and LD approach.
With RCDs being more common in the Asian population,
the results of this study can be generalized to other ethnici-
ties that share similar genetic background to Vietnamese
such as the Han Chinese, the Koreans, and related ethnicities
in the Indochina regions.

In conclusion, for patients with uncomplicated RCD, both
LD and NT are good treatment strategies with equivalent
profile in safety and efficacy. However, patients managed
non-operatively are at higher risks of disease progression
and higher recurrence risks than patients treated with LD.
Thus, NT with antibiotics and bowel rest could be an ini-
tial option for the treatment of uncomplicated RCD if both
patients and physicians understand and accept these risks.
In contrast, LD is safe and effective in patients who are con-
cerned about disease progression and recurrence.
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