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Abstract
Background  Evidence is growing about the benefits of laparoscopic resection with primary anastomosis (RPA) in perforated 
diverticulitis. However, the role of a diverting ileostomy in this setting is unclear. The aim of this study was to analyze the 
outcomes of laparoscopic RPA with or without a proximal diversion in Hinchey III diverticulitis.
Methods  This is a retrospective analysis of patients undergoing laparoscopic sigmoidectomy for perforated Hinchey III 
diverticulitis during the period 2000–2019. The sample was divided into two groups: RPA without diversion (G1) and RPA 
with protective ileostomy (G2). Primary outcomes of interest were 30-day overall morbidity, mortality, length of hospital 
stay (LOS), and urgent reoperation rates. Secondary outcomes of interest included operative time, readmission, and anas-
tomotic leak rates.
Results  Laparoscopic RPA was performed in 94 patients: 76 without diversion (G1) and 18 with proximal loop ileostomy 
(G2). Mortality (G1: 1.3% vs. G2: 0%, p = 0.6), urgent reoperation (G1: 7.9% vs. G2: 5.6%, p = 0.73), and anastomotic leak 
rates (G1: 5.3% vs. G2: 0%, p = 0.32) were comparable between groups. Higher overall morbidity (G1: 27.6% vs. G2: 55.6%, 
p = 0.02) and readmission rates (G1: 1.3% vs. G2: 11.1%, p = 0.03), and longer LOS (G1: 6.3 vs. G2: 9.2 days, p = 0.02) and 
operative time (G1: 182.4 vs. G2: 230.2 min, p = 0.003) were found in patients with proximal diversion.
Conclusion  Laparoscopic RPA had favorable outcomes in selected patients with Hinchey III diverticulitis. The addition of 
a proximal ileostomy resulted in increased morbidity, readmissions, and length of stay. Further investigation is needed to 
establish which patients might benefit from proximal diversion.
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Introduction

Over the last years, there has been an increase in hospital 
admissions and emergency room visits for diverticulitis [1]. 
Up to 2% of patients with diverticular disease presents with 
free perforation requiring emergent surgical treatment [2]. 
This scenario is associated with up to 50% of morbidity and 
15–25% of mortality [3–5].

Traditionally, the operation of choice for patients with 
perforated diverticulitis has been the Hartmann’s procedure 

(HP). However, colostomy reversal after HP is a complex 
operation with considerable morbidity. Moreover, only 50 
to 60% of patients undergo Hartmann’s reversal [6, 7]. In 
the last decade, multiple randomized controlled trials and 
meta-analyses have shown the superiority of resection with 
primary anastomosis (RPA) over HP for the management 
of Hinchey III diverticulitis. Most of the RPA in these stud-
ies were performed through a conventional approach and 
with proximal diversion [8–14]. Even though a protective 
ileostomy does not reduce the anastomotic leak rate, it could 
diminish its consequences, when they occur. However, per-
forming a diverting ileostomy prolongs operative time, adds 
morbidity, and requires subsequent admission for reversal 
[15]. Moreover, laparoscopic RPA without diversion has 
been proved to be safe and feasible in selected patients with 
Hinchey III diverticulitis [16, 17].

It is not clear which patients (if any) will benefit from a 
protective ileostomy when RPA is performed. Therefore, the 
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aim of this study was to evaluate the outcomes of patients 
undergoing laparoscopic RPA with or without protective 
loop ileostomy in perforated Hinchey III diverticulitis.

Materials and methods

Study design and population

A chart revision of all patients who underwent laparoscopic 
sigmoid resection for diverticular disease during 2000–2019 
was performed. All laparoscopic sigmoid resections with 
primary anastomosis with or without proximal diversion 
for perforated Hinchey III diverticulitis were included in 
the analysis. Exclusion criteria were as follows: elective 
operations for stenosis, fistula and recurrent diverticulitis, 
open procedures, HP, and Hinchey IV perforated diverticu-
litis. The Institutional Review Board (IRB) of our hospital 
approved the study, and no written informed consent was 
needed due to the retrospective nature of the study.

The sample was divided into two groups: G1: laparo-
scopic RPA without proximal diversion and G2: laparo-
scopic RPA with a diverting loop ileostomy. Patient from 
G1 that underwent reoperation (laparoscopic lavage and 
ileostomy) for anastomotic leak was placed in RPA without 
ileostomy group based on intention to treat.

The indication for emergency surgery was based on clini-
cal (persistent pain with signs of peritonitis) and imaging 
findings (computed tomography with diffuse pneumoperi-
toneum or fluid). Laparoscopic approach was used when 
the patient was hemodynamically stable. Patients who were 
hemodynamically unstable underwent open HP. Hinchey 
grade was assessed after exploratory laparoscopy. All 
patients received intravenous prophylactic antibiotics during 
anesthetic induction. Because of the emergent presentation, 
none of the patients underwent mechanical bowel prepara-
tion. The decision to perform a RPA and subsequent proxi-
mal diversion was based on the surgeon’s criteria.

Variables and outcomes

Data collected included age, gender, comorbidities, Ameri-
can Society of Anesthesiologists (ASA) classification, body 
mass index (BMI), previous episodes of diverticulitis, his-
tory of previous abdominal surgeries and laboratory find-
ings. Operative variables such as operative time, conversion 
rate, intraoperative complications, and resident and colorec-
tal specialist participation were also registered. Postoperative 
variables such as length of hospital stay (LOS), morbidity 
scored as per the Clavien–Dindo classification, anastomotic 
leak rates, re-intervention, and hospital readmission were 
also considered for analysis. Major morbidity was defined 
as complications ≥ 3a according to the Clavien–Dindo 

classification. Anastomotic leak was defined radiologically 
(peri-anastomotic air or contrast medium leak or on CT 
scan) and/or surgically (peritonitis at reoperation). Labo-
ratory and imaging studies were performed when a post-
operative complication was suspected. LOS was measured 
both after emergent operation and after including ileostomy 
reversal admission. In addition, long-term complications and 
non-reversal stoma rates were also registered.

Statistical analyses

The χ2 and Fisher tests were used to compare categorical 
variable, whereas Student’s t test was used for continuous 
variables. A probability (p) value of < 0.05 was considered 
statistically significant.

Results

During the study period, 1829 patients underwent laparo-
scopic colorectal resections in our institution. Laparoscopic 
colectomy for diverticular disease was performed in 434 
patients. After exclusion criteria were applied, 94 patients 
with RPA for perforated Hinchey III diverticulitis were ana-
lyzed: 76 (80.9%) without proximal diversion (G1) and 18 
(19.1%) with proximal ileostomy (G2) (Fig. 1).

Demographics and preoperative variables were com-
parable between groups (Table 1). Mean operative time 
(G1:182.4 vs. G2:230.2 min p = 0.003) was significantly 
longer in G2. Conversion rate (G1:17.1% vs. G2:27.8% 

Fig. 1   Flowchart of patients who underwent laparoscopic colorec-
tal resections between 2000 and 2019. RPA Resection with primary 
anastomosis, HP Hartmann’s procedure
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p = 0.30), intraoperative complications (G1: 3.9% vs. G2: 0% 
p = 0.30), and the presence of a certified colorectal surgeon 
(G1:67.1% vs. G2:55.5% p = 0.35) were similar between 
groups (Table 2).

Overall postoperative morbidity (G1: 27.6% vs. G2: 
55.6% p = 0.02) was significantly higher in patients with 
proximal diversion. However, major morbidity (G1: 10.5% 
vs. G2: 11.1% p = 0.92), anastomotic leak rate (G1:5.3% 
vs. G2:0% p = 0.32), and mortality (G1: 1.3% vs. G2: 0%, 
p = 0.6) were comparable between groups. Urgent reopera-
tion rate (G1: 7.9% vs. G2: 5.6%, p = 0.73) was also simi-
lar between groups. Six patients underwent re-intervention 
in G1: four laparoscopic lavage and loop ileostomy for 

anastomotic leak and two abdominal wall repairs for evis-
ceration. Only one patient in G2 underwent reoperation for 
evisceration. No patient required conversion to HP. Patients 
with proximal ileostomy experienced higher readmission 
rates (G1: 1.3% vs. G2: 11.1%, p = 0.03), mainly due to 
dehydration.

Mean LOS after primary surgery (G1: 6.3 vs. G2: 
9.2 days, p = 0.02) and when considering ileostomy rever-
sal admission (G1: 6.4 vs. G2: 11.7 days, p < 0.001) was 
considerably longer in the G2 group (Table 3).

All patients in G2 underwent stoma reversal after an 
average of 82.3 (60–150) days. Similarly, the four patients 
in G1 who underwent urgent reoperation and ileostomy 

Table 1   Demographics and 
preoperative variables

BMI body mass index; p < 0.05 are denoted in bold

RPA
(G1)

RPA + ileostomy
(G2)

p

n 76 n 18

Gender
 Female, n (%) 21 (27.6) 7 (38.9) 0.34
 Male, n (%) 55 (72.4) 11 (61.1)

Mean age, years (range) 59.6 (30–87) 61.7 (43–82) 0.51
Mean BMI, kg/m2 (range) 25.9 (19.4–40.6) 25 (21–32.1) 0.45
ASA, n (%)
 I 15 (19.7) 3 (16.7) 0.76
 II 51 (67.1) 13 (72.2) 0.67
 III 10 (13.2) 2 (11.1) 0.81
 IV 0 (0) 0 (0) 1

Previous abdominal surgery, n (%) 12 (15.8) 3 (16.7) 0.92
Previous episodes of diverticulitis, n (range) 1, 2 (0–6) 1 (0–3) 0.63
Hypertension, n (%) 26 (34.2) 6 (33.3) 0.94
Smokers, n (%) 20 (26.3) 6 (33.3) 0.55
Diabetes, n (%) 6 (7.9) 0 (0) 0.21
Coronary heart disease, n (%) 3 (3.9) 0 (0) 0.39
Respiratory disease, n (%) 4 (5.3) 1 (5.5) 0.96

Table 2   Operative variables

p < 0.05 are denoted in bold

RPA (G1) RPA + ileostomy (G2) p
n 76 n 18

Operative time, min (range) 182.4 (80 – 360) 230.2 (135 – 390) 0.003
Conversion rate, n (%) 13 (17.1) 5 (27.8) 0.30
Intraoperative complications, n (%) 3 (3.9) 0 (0) 0.39

1 Iatrogenic colonic perforation
1 Mesenteric vein lesion
1 Bladder injury

Surgeon – –
Resident, n (%) 43 (56.6) 14 (77.8) 0.09
Attending, n (%) 33 (43.4) 4 (22.2)
Colorectal surgeon participation, n (%) 51 (67.1) 10 (55.5) 0.35
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for anastomotic leak had their ileostomy reversed after a 
mean of 86.2 days (64–118). After ileostomy reversal, four 
patients had superficial wound infections that required drain-
age in outpatient clinic. Moreover, three (16.7%) patients 
from G2 required an incisional hernia repair in the ostomy 
reversal wound.

Discussion

The aim of this study was to analyze the outcomes after 
laparoscopic RPA with or without a proximal ileostomy 
in patients with perforated Hinchey III diverticulitis. We 
found that (a) reoperation, anastomotic leak, and mortality 
rates were comparable; (b) operative time, overall morbid-
ity, readmission rate, and LOS were significantly higher in 
patients with proximal diversion; and (c) a considerable pro-
portion of patients developed incisional hernia at ileostomy 
reversal’s wound.

Even though most patients hospitalized for acute diver-
ticulitis can be managed by non-operative treatment, 15 to 
32% of patients may require an emergency operation [18]. 

Current guidelines state that laparoscopic sigmoidectomy 
has benefits and is feasible in selected patients treated by 
experienced surgeons. Moreover, RPA with or without 
proximal diversion was recommended as the treatment of 
choice for Hinchey III diverticulitis in stable patients without 
significant comorbidities. Conversely, HP is still the pre-
ferred approach for patients with hemodynamic instability 
or multiple comorbidities [18–20]. However, many surgeons 
still believe that HP is the safer strategy when treating a 
patient with a diverticular perforation. A study that analyzed 
the national surgical quality improvement program data-
base from 2012 to 2016 found that almost 92.4% of patients 
undergoing emergency surgery for acute diverticulitis had 
a HP and only 7.6% a RPA [21]. Moreover, the minimally 
invasive approaches are not widely implemented. Data from 
the National Health System Foundation Trusts of England 
have shown a significant increase in the use of laparoscopic 
resection through 2002 to 2016. Still, only 9.6% of operated 
patients underwent laparoscopic resection in the last 5-year 
period [22]. As previously published, in the last 5 years 
between 60 and 90% of perforated diverticulitis patients 

Table 3   Postoperative variables

p < 0.05 are denoted in bold

RPA
(G1)

RPA + ileostomy
(G2)

P

n 76 n 18

Clavien–Dindo
I, n (%) 11 (14.5) 6 (33.3) 0.06

2 Vomits/ileus 3 Vomits/ileus
4 Fever 2 Fever
5 Wound infection 1 Wound infection

II, n (%) 2 (2.6) 2 (11.1) 0.10
1 Parenteral nutrition 1 Urinary tract infection
1 Blood transfusion 1 TEP

IIIa, n (%) 1 (1.3) 1 (5.6) 0.26
1 Colonoscopy for anasto-

motic bleeding
1 Abdominal collection drain

IIIb, n (%) 5 (6.6) 1 (5.6) 0.87
3 Anastomotic leak 1 Evisceration
2 Evisceration

IV, n (%) 1 (1.3) 0 (0) 0.62
1 Anastomotic leak

V, n (%) 1 (1.3) 0 (0) 0.62
1 Acute respiratory 

distress
Total, n (%) 21 (27.6) 10 (55.6) 0.02
Anastomotic leak, n (%) 4 (5.3) 0 (0) 0.32
Urgent reoperation, n (%) 6 (7.9) 1 (5.6) 0.73
Length hospital stay, n (range) 6.3 (3–31) 9.2 (3–20) 0.02
Hospital readmission, n (%) 1 (1.3) 2 (11.1) 0.03
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were managed by laparoscopic approach in our institution 
[23].

Several studies have shown the advantages of RPA, 
mostly with proximal diversion, over HP [8–14]. For 
instance, a recent meta-analysis of RCT that analyzed 382 
patients (180 RPA vs. 204 HP) found that morbidity rates 
following the emergency operations did not differ, but organ/
space surgical site infection (RPA 3.3% vs. HP 11.3%, 
p = 0.009) and morbidity rates following ostomy reversal 
(OR 0.31, 0.15–0.64, p = 0.001) were significantly lower 
after RPA [12]. Moreover, pooled ostomy non-reversal rates 
were higher after HP (RPA 16% vs. HP 35.5%). Similarly, 
another meta-analysis that analyzed 918 patients undergo-
ing RPA or HP for Hinchey III/IV diverticulitis found lower 
stoma non-reversal rates following RPA (RPA 11.8% vs. HP 
37.3%) and a reduction in overall mortality and major com-
plications after the initial operation, stoma reversal and when 
combining both procedures [14]. In our series, all patients 
had their ileostomy reversed. Laparoscopic sigmoidectomy 
without proximal diversion is a procedure that combines the 
benefits of minimally invasive surgery and those related to 
the avoidance of an ostomy and its complications. When 
used in a selected population, this procedure has been proved 
to be safe and feasible [16, 17].

Scarce information is available regarding the role of a 
protective ileostomy in the setting of RPA for perforated 
diverticulitis. It seems that performing a RPA with ileos-
tomy is an intermediate option between the most morbid 
HP and the one-step RPA without diversion. Although a 
diverting ileostomy may not reduce mortality or anastomotic 
leak (AL) rates, it lessens the magnitude of sepsis, morbid-
ity, and the need for urgent reoperation if an AL develops 
[24]. Moreover, reversing a loop ileostomy is less complex 
than HP reversal. In our series, mortality and AL rates were 
similar between groups. Conversely, even though perform-
ing an ileostomy is technically simple, an additional stoma 
(and its reversal) prolongs operative time and carries their 
own morbidity. Anastomotic leakage, wound infections, 
skin irritation, parastomal herniation, dehydration, and 
readmissions are possible complications [25]. For instance, 
we found longer operative times (G1: 182.4 vs. 230.2 min, 
p = 0.003) and higher overall morbidity (G1: 27.6% vs. G2: 
55.6%, p = 0.02) in patients with proximal ileostomy. Longer 
operative time could be explained by the addition of the 
ileostomy itself. However, it could be hypothesized that a 
more complex operation resulting in longer operative time 
was the reason for adding a protective ileostomy. A study 
by Wise et al. analyzing 15602 patients undergoing elec-
tive surgery for diverticular disease found that 2.2% had a 
proximal diversion and this was associated with increased 
risk of surgical site infection, acute renal failure, readmis-
sions, and prolonged length of hospital stay [26]. Similarly, 
we found that patients with proximal ileostomy had higher 

readmission rates and longer LOS, even without consider-
ing the ileostomy reversal hospital stay. Although no major 
complications occurred after stoma reversal in our series, 
16.7% of patients underwent surgery for an incisional hernia 
in the stoma reversal wound.

Limitations of this study include its retrospective nature, 
which is the main limiting factor. Moreover, the relatively 
low number of patients in group 2 might explain the lack of 
statistical significance in some analyses. It is possible that 
case selection or selection bias has influenced our results 
since the decision to perform a proximal ileostomy was at 
individual surgeon’s discretion. However, as RPA was only 
considered in stable patients without significant comorbidi-
ties, we believe that this bias was lower than in studies com-
paring RPA with HP. To our knowledge, this is one of the 
largest series of laparoscopic RPA in perforated Hinchey III 
diverticulitis, and the first study that challenges the benefits 
of a proximal diversion in this setting.

Conclusions

Laparoscopic RPA for perforated diverticulitis is safe and 
feasible in selected patients. The use of proximal diversion 
resulted in higher morbidity, readmission rates, and longer 
LOS without reducing mortality or anastomotic leak rates. 
Further investigation is required to define which patients 
might benefit from this procedure.
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