Techniques in Coloproctology (2020) 24:527-543
https://doi.org/10.1007/s10151-020-02172-2

ORIGINAL ARTICLE q

Check for
updates

Systematic review and meta-analysis comparing primary resection
and anastomosis versus Hartmann’s procedure for the management
of acute perforated diverticulitis with generalised peritonitis

0.K.Ryan'® . Eanna J. Ryan'? . B. Creavin'? - M. R. Boland? - M. E. Kelly'? - D. C. Winter'-

Received: 27 August 2019 / Accepted: 7 February 2020 / Published online: 2 March 2020
© Springer Nature Switzerland AG 2020

Abstract

Background Surgical strategies for acute perforated diverticulitis with generalised peritonitis remain controversial. This
study aimed to meta-analyse trials comparing primary resection and anastomosis (PRA) to Hartmann’s procedure (HP) for
Hinchey III/IV diverticulitis.

Methods A systematic literature search was conducted to identify observational studies and randomised control trials (RCTs)
of patients with Hinchey III/IV diverticulitis undergoing sigmoidectomy that compared PRA to HP. The methodological
quality of the included studies was assessed systematically (Newcastle—Ottawa, Jadad and Cochrane risk of bias scores) and
a meta-analysis was performed.

Results After removal of duplicates, 12 studies including 4 RCTs were identified. The analysis included 918 patients, of
whom 367 (39.98%) underwent PRA. Both the initial stoma rate (risk ratio [RR] persistent stoma 0.43, 95% confidence
interval [CI] 0.26, 0.71, p=0.001; P=99%, p<0.0001) and the rate of permanent stoma after combining the first (emer-
gency surgery) and second (stoma reversal) procedures were lower in the PRA group. There was no difference in in 30-day
mortality; however, PRA resulted in a reduction in overall mortality as well as major complications after the initial operation
(RR 0.67, 95% C10.46, 0.97, p=0.03; I*=22%, p=0.26), stoma reversal (RR 0.48, 95% CI 0.26, 0.92, p=0.03; I>=0%,
p=0.58) and when combining both procedures (RR 0.67, 95% CI10.51, 0.88, p=0.005; I* =0%, heterogeneity p =0.58). A
subgroup analysis of stoma reversal rates using data from only RCTs were consistent (RR permanent stoma, 0.33, 95% CI
0.13,0.85, p=0.02; P=77%, p=0.004) with the findings of the overall analysis.

Conclusions This meta-analysis demonstrates that PRA used in the management of haemodynamically stable patients with
Hinchey grade III/IV diverticulitis leads to a lower overall persistent stoma rate, with reduced morbidity compared with the
traditional management.
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Introduction

Colonic diverticula are a common gastrointestinal pathol-
ogy in Western and industrialised societies [1, 2]. They
occur in up to 70% of the population over 80 years of age
[3] and are associated with a spectrum of clinical issues
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and subsequent management of acute perforated diverticu-
litis is most commonly classified according to the modified
Hinchey staging system [16, 17].

There has been considerable change in and debate
regarding the management of perforated diverticulitis with
generalised peritonitis (Hinchey Stage III and IV). Histori-
cally, a Hartmann’s procedure (HP) was the gold standard
approach for all such cases. However, this has been associ-
ated with considerable morbidity and mortality, and over
half of the patients never have their stoma reversed [18,
19]. As a consequence, primary resection and anastomosis
(PRA) of the colon with or without diverting loop ileos-
tomy has been advocated as an alternative to HP for the
management of Hinchey III/IV peritonitis [15, 20-22].
Alternatively, laparoscopic peritoneal lavage (LPL) has
been proposed as a viable strategy to treat “select” patients
with perforated colonic diverticulitis and purulent perito-
nitis (Hinchey III). A number of studies have suggested it
to be associated with low morbidity, stoma, and mortality
rates [23-25].

In recent years, there have been several observational
studies comparing PRA to HP [26-33] and LPL to HP
[34, 35] in terms of mortality and postoperative morbidity.
However, there have been limited randomised data until
now [36-38]. Contemporary meta-analyses have examined
outcomes from well-conducted, modern randomised con-
trolled trials (RCTs) of LPL and HP [39-41], but there
has been little evidence of this quality comparing PRA
to HP until recently [42-45]. In synthesis, LPL is asso-
ciated with increased risk of reintervention compared to
HP for Hinchey III diverticulitis. The lower rate of stoma
reversal and higher rate of complications after HP suggest
PRA may provide the optimal management of perforated
diverticulitis.

Since these pooled analyses, a further RCT [46] and
the largest observational study [47] comparing outcomes
between PRA and HP have been published. Therefore,
our aim was to compare the outcome of PRA versus HP in
patients with perforated diverticulitis and generalised peri-
tonitis (Hinchey II/IV) to further inform the debate regard-
ing the optimal management of this challenging surgical
emergency.

Materials and methods

This systematic review (CRD42019139160) was performed
according to the guidelines of the preferred reporting items
for systematic reviews and meta-analyses (PRISMA) [48]
and meta-analyses and systematic reviews of observational
studies (MOOSE) checklists [49]. Institutional review board
approval was not required.
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Search strategy

An electronic search for relevant publications was per-
formed using the PubMed, Embase, Scopus, and the
Cochrane Collaboration databases. Each of the relevant
publication reference section and Google Scholar was also
screened for other applicable publications. The function
“related article” in PubMed was also used to identify arti-
cles. In addition, clinicaltrials.gov was searched for pro-
posed or ongoing trials. The search of the databases was
performed by combining the following search terms using
the Boolean AND/OR operators: "Primary Anastomosis",
“Resection”, "Hartmann’s Procedure", "Hartmann Proce-
dure", "Diverticulitis". Publications were limited to those
published in the English language. All titles were initially
screened, and appropriate abstracts were reviewed. The
last date of search was June 31, 2019.

Inclusion criteria and exclusion criteria

To be included in the analysis, studies had to (1) have an
RCT or a prospective or retrospective observational cohort
study design 92) report the operative results on the “colon”
or use the words “splenic flexure”, “descending colon” or
“sigmoid colon’’ to describe the study group; (3) compare
PRA and HP operations; (4) have at least ten patients in
each treatment arm; (5) reported on at least one of the
outcome measures mentioned below; and (6) contain a
previously unreported group (where two studies were
reported by the same institution, the analysis included the
highest quality publication). Studies were excluded from
the analysis if they: (1) reported on diseases other than
diverticulitis of the colon; (2) did not report on the out-
come measures mentioned below; or (3) contained a pre-
viously reported group. The historic three-step approach
(diversion by colostomy, followed by colonic resection and
closure of the colostomy) was excluded due to strong evi-
dence for superiority of primary resection [21].

Outcomes of interest

The primary end points of this review were stoma forma-
tion, reversal and persistent stoma. Secondary outcomes
were 30-day and overall mortality, and major morbidity.
Specific morbidities including abdominal sepsis, anasto-
motic leak, wound infection and stoma complications were
examined independently. Continuous outcomes including
operating time, length of stay (LOS) in the intensive care
unit (ICU) and length of inpatient stay were also recorded.
Complications were assessed according to the widely used



Techniques in Coloproctology (2020) 24:527-543

529

Clavien—Dindo classification [50]. Complications grades
IIIa-IVb were defined as major complications.

Study selection and data extraction

The bibliographical details of all retrieved articles were
stored in an Endnote file and duplicate records were
removed. Two reviewers (EJR, OKR) independently
assessed all identified citations and recorded details of
selected studies including bibliography, study design, inter-
ventions, patient and outcome measures in a predefined
form. In the case of disagreement, resolution was by a third
reviewer (MK).

Risk of bias and quality assessment

An independent reviewer (BC) assessed the risk of bias in
the included studies as either high, low or unclear, using
the Cochrane’ Risk of bias’ tool [51]. With regard to differ-
ences between surgical strategies, the quality of the evidence
was assessed according to the Grading of Recommendations
Assessment, Development and Evaluation (GRADE) criteria
[52]. The quality of RCTs and observational studies was also
assessed using the Jadad criteria and the Newcastle—Ottawa
scale (NOS), respectively. The quality score rating was
determined for each publication, with a Jadad scale of 3
out of 5 and a NOS of 7 or more stars representing studies
deemed to be of higher quality.

Statistical analysis

Statistical analysis was performed using Review Manager
(RevMan) [Computer program] Version 5.3. Copenhagen:
The Nordic Cochrane Centre, The Cochrane Collaboration,
2014. Outcome measures (mean and standard deviation
and median and interquartile range) were recorded. Binary
outcome data were reported as risk ratios (RR) and 95%
confidence interval (95% CI) were estimated using the Man-
tel-Haenszel method. OR of < 1 favoured PRA. Weighted
mean differences (WMD) were calculated for the effect size
of PRA on continuous variables. Where means and stand-
ard deviations were not available, estimates were derived
from study data by the methods described by Hozo et al.
[53], as well as Luo et al. [54] and Wan et al. [55] for stud-
ies reporting interquartile range [55]. Pooled estimates of
differences were calculated, using random effects models
if necessary to account for potential interstudy heterogene-
ity. Heterogeneity was assessed by I-squared statistics (I%),
with > 50% being considered as considerable heterogeneity.
Sensitivity analyses were carried out where appropriate. p
values < 0.050 were considered significant.

Results
Search overview

Figure 1 shows the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) flowchart of our
search strategy. A total of 251 potential studies remained
after the removal of duplicates. One hundred and thirty-
two studies were removed after title and abstract screen.
We identified 119 full-text articles of potential relevance,
107 of which were excluded for the following reasons: non-
English language (n=283); did not differentiate based on
Hinchey stage (n=14); did not pertain to perforated diver-
ticulitis (n=06); study other than RCT or observational study
(n=2); inadequate numbers (n=2). Twelve studies [26-32,
46, 56-59], including 4 RCTs met the predefined inclusion
criteria [46, 56-58].

Characteristics of included studies and patient
population

Characteristics of included studies

The included studies were conducted in multiple centres
throughout Europe and the USA, over a time period that
ranged from 1990 to 2019. The number of participants in
the included trials ranged from 40 (PRA n=21 [52.5%] and
n=19 [47.5%]) to 130 (PRA n=64 [49.2%] and HP n=66
[50.8%]) patients. All the studies had an observational,
retrospective [26, 29, 59] or prospective [27, 28, 30-32]
cohort study design, except the aforementioned four RCTs
[46, 56-58]. The RCTs had a Jadad score of 3 of 5, while
in the non-randomised studies, NOS rating ranged from 6
to 9, and all but one of the studies were considered to have
a high rating (NOS >7). The characteristics and findings of
the included studies are shown in Tables 1, 2 and 3.

Characteristics of included patients

A total of 918 patients were included in the qualitative and
quantitative analysis (Table 2). There were 367 patients
(39.98%) in the PRA group as compared to 551 partici-
pants in the HP group (60%). The mean age of the groups
was 63.8+11.6 SD and 67.3 +11.6 SD in the PRA and HP
groups, respectively, while the distribution of the sexes
between the groups was broadly similar {sex, female
(PRA n=159 [43.32%] and HP n=279 [50.64%])}. Of
the studies, a significant proportion (44%) of the patients
who underwent both procedures had an American Society
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During Data Extraction

12 Articles Included

Fig. 1 Preferred reporting items for systematic reviews and meta-analyses flow diagram of systematic search

of Anesthesiologists (ASA) score of III/IV, with a higher
proportion of such patients in the HP group (PRA n =65
[40%] and HP n=212 [67.1%]). The rate of Hinchey
IV patients within the included studies varied from 3.7
to 37%, with the HP group having a higher preponder-
ance of Hinchey IV patients (PRA n=48 [28.7%] and HP
n=123 [71.9%]). With regard to the degree of peritoneal
contamination, the Manheim peritoneal index (MPI) was
also higher in the HP group (PRA 20.5+5.7 SD versus
HP 21.7+6.7 SD).

Characteristics of RCTs and included randomised patients

The four RCTs yielded a total of 387 patients for inclusion
in the analysis (Table 4). The PRA group contained 181
patients (46.77%) compared to 206 HP patients (53.23%).
The mean ages of the groups were 64.2+ 11 SD and
64.3 +£9.3 SD, respectively. Lambrichts et al. [46] was
the only study to report the number of patients with an
ASA score of III/IV, with a higher proportion of patients
in the HP group (PRA n=14 [24%] and HP n=22 [37%]),
although in general the HP group had higher ASA grades
compared to the PRA group [46, 56-58]. The proportion
of Hinchey IV patients within the RCTs varied from 16.7
to 30.1%, with the HP group having a higher preponder-
ance of Hinchey IV patients (PRA n =38 [20.99%] and
HP n=50 [24.27%]). The MPI was also higher in the HP
group (PRA 21.2+5.4 SD versus HP 20.8 +5.5 SD).

@ Springer

Primary outcome
Stoma reversal rates

There was a reduced incidence of stoma formation after
the first operation (RR 0.43, 95% C10.26, 0.71, p=0.001,
?=99%, p<0.0001) (Fig. 2). The lower rate of patients
with a stoma remained after combining the first and second
procedures, and the stoma non-reversal rate was 11.8% in
the PRA group and 37.3% in the HP group. The overall
analysis shows that the RR of having a persistent stoma
was 0.34 in favour of PRA (95% CI10.24, 0.49, p <0.001,
’=65%, p=0.009) (Fig. 3).

Subgroup analysis of RCT data only

In contrast to the main analysis, there was no difference
in RR with regard to initial stoma formation rate between
the two procedures (RR 0.89, 95% CI 0.75, 1.06, p=0.19,
’=93%, p= <0.0001) (Fig. 4). However, the reduced
incidence of persistent stoma with PRA remained con-
sistent in this subgroup analysis. The stoma non-reversal
rate was 13.7% in the PRA group and 37.5% in the HP
group (RR .0.33, 95% CI 0.13, 0.85, p=0.02, *=77%,
p=0.004) (Fig.5).
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8 582808295 g mortality rates after both (emergency and soma reversal)
= s 9 g o ©w 7 ,.g O O . Yy
3 s B 2SS Hg | EEE operations
A= = B . . . -
% = g* ”E : E 2‘2 < 5z ? E é g While there was no difference in the overall morbidity
Elg Sl 82af45£8/E484 (RR 1.11,95% CI 0.84, 1.48, p=0.45, =73%, p=0.01)
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Table 4 Pooled risk ratios for binary outcome data of observational studies and randomised controlled trials

Outcome Pts (n) Study (n) Pooled RRs for all studies Pts (n) Study (n) Pooled RRs for RCT data
only
RR  95% CI P RR  95% CI p value
Perioperative Morbidity (Operation 1) 666 8 0.9 0.68,1.21 0.5 387 4 0.98 0.73,1.32 0.90
Leak/Abdominal Sepsis (Operation 1) 626 8 0.38 0.21,0.68 0.001* 387 4 0.27 0.11,0.62 0.002*
SSI (Operation 1) 630 8 0.77 0.54,1.11 0.16 286 3 096 0.62,1.49 0.87
Wound Dehiscence (Operation 1) 429 5 1.19 0.60,2.35 0.63 286 3 1.27 0.61,2.67 0.52
Unplanned Reoperation (Operation 1) 508 6 0.68 0.35,1.31 0.25 320 3 0.82 0.29,2.29 0.7
Major Morbidity (Operation 1) 489 6 0.67 0.46,097 0.03* 387 4 0.78 046,132 0.35
Postp Mortality (Operation 1) 666 8 0.65 0.40,1.06 0.09 387 4 049 0.19,1.24 0.13
Major Morbidity (Operation 2) 291 4 0.48 0.26,0.92 0.03 291 4 0.48 0.26,0.92 0.03
SSI (Operation 2) 413 6 0.65 0.23,1.85 0.42 226 3 0.28 0.07,1.06 0.06
Leak/Abdominal Sepsis (Operation 2) 291 4 041 0.12,141 0.16 291 4 041 0.12,141 0.16
Leak/Abdominal Sepsis Overall 291 4 0.30 0.15,0.61 0.001* 291 4 0.30 0.15,0.61 0.001*
Wound Complications Overall 469 6 090 0.70,1.14 0.38 387 4 091 0.68,1.21 0.51
Uro-Gynaecological Complications Overall 388 4 1.32  0.39,4.39 0.66 387 4 1.32  0.39,4.39 0.66
Stoma Complications Overall 196 2 0.26 0.08,0.80 0.02* 196 2 0.26 0.08,0.80 0.02*
Cardiopulmonary Complications Overall 286 3 0.61 0.23,1.61 0.31 286 3 0.61 0.23,1.61 0.31
Unplanned Reoperation Overall 508 6 0.55 0.31,0.98 0.04* 320 3 0.52 0.23,1.14 0.10
RR risk ratio, RCT randomised controlled trial, 95% CI 95% confidence interval, SSI surgical site infection
*p value < 0.05
PRA HP Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI

Hokl 1890 5 16 31 31 10.5% 0.33 [0.17, 0.65] 1990 —

Thaler 2000 0 20 &2 &2 2.7% 0.02 [0.00,0.37] 2000 +—

Schilling 2001 0 13 42 42 2.7% 0.04 [0.00,0.55] 2001 +—F—

Gooszen 2001 21 21 18 18 12.9% 1.00 [0.91, 1.10] 2001 T+

Regenet 2003 0 27 33 33 2.7% 0.02[0.00,0.28] 2003 +—

Richter 2006 4 k1] 5 5 0.2% 0.13 [0.05, 0.33] 200& E—

Trentl 2010 2 27 &0 &0 7.6% 0.09 [0.03, 0.29] 2010

Oberkofler 2012 28 32 30 i 12.9% 0.91 [0.80, 1.03] 2012 -

Binda 2012 34 34 56 56 13.0% 1.00 [0.95, 1.05] 2012

Brkloux 2017 4B 52 48 48 12.0% 0.92 [0.85, 1.01] 2017 -

Lambrichts 2019 46 &4 &6 66 12.BX 0.72 [0.62, 0.84] 2019 -

Total (95% CI) 342 452 100.0% 0.43 [0.26, 0.71] <

Total events 189 452

Heterogenelty: Tau® = §0.52; ChE = 1020.98, df = 10 {P < 0.00001); F = 00X bo1 o1 ] 1o 100

Test for overall effect: Z = 3.29 (P = 0.001)

Fig. 2 Forest plot of pooled odds ratios for avoidance of initial stoma formation

between the two procedures, PRA was associated with
a reduced incidence of severe complications (RR 0.67,
95% CI 0.51, 0.88, p=0.005, P=0%, p=0.58) and over-
all unplanned reoperation rates (RR 0.55, 95% CI 0.31,
0.98, p=0.04, ’=0%, p=1.0) when compared to HP.
This translated into reduced overall mortality (RR 0.64,
95% C10.43,0.93, p=0.02, F=29%, p=0.17). However,
these differences were lost in subgroup analysis of RCT

data (Fig. 10).
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Continuous secondary outcomes

Intraoperative and postoperative continuous data for both
the initial operation and the combined operations, includ-

ing derived data, are shown in Table 5.
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PRA HP Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
Hokl 1980 3 16 20 31 13.9% 0.29 [0.10, 0.83] 1990
Schilling 2001 0 13 10 42 5.3%  0.15 [0.01, 2.34] 2001 ¢+
Regenet 2003 0 27 ] 33 B.EX 0.06 [0.00, 1.05] 2003 +
Oberkofler 2012 3 32 15 30 15.8% 0.19 [0.06, 0.58] 2012 —_—
Binda 2012 12 34 22 56 17.0% 0.90 [0.51,1.57] 2012 ——
Brkloux 2017 2 52 17 48 1B.1¥ 0.11 [0.03, 0.45] 2017
Lambrichts 2019 B 64 21 66 21.1% 0.39[0.19, 0.82] 2019 -
Total (95% CI) 238 306 100.0% 0.34 [0.24, 0.49] .
Total events 2B 114
Hetwrogenehty: ChE = 17.16, df = & (P = 0.000); ¥ = 65X ' t } !
Test for overall effect: Z = 5.88 (P < 0-00001} h.ol oF.a];rours PRA lFavou{s H]F;D 100
Fig. 3 Forest plot of pooled odds ratios for overall stoma non-reversal rate
PRA HP Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Schilling 2001 1 13 5 42 1.8% 0.65 [0.08, 5.04] 2001 —_—
Regenet 2003 10 27 26 33 2B.2% 0.47 [0.28, 0.79] 2003 ——
Bingla 2012 ] 34 23 56 1B.7% 0.64 [0.34, 1.22] 2012 —
Oberkofler 2012 14 32 15 30 27.3% 0.8B8 [0.51, 1.49] 2012 —m—
Brkioux 2017 ] 52 B 48  10.2% 1.04 [0.44, 2.47] 2017 —t
Lambrichts 2019 ] 64 15 66 13.7% 0.62 [0.29, 1.31] 2019 T
Total (95% CI) 222 275 100.0% 0.67 [0.51, 0.88] L 2
Total events 52 92
Heterogenehy: Tauw® = 0.00; ChE = 3.77, df = 5 (P = (.58); P = 0% ; } : !
Test for overall effect: Z = 2.83 (P = 0.005} 0.01 oF.a1v e PRA LFavours H}’o 100
Fig.4 Forest plot of pooled odds ratios for major morbidity overall
PRA HP Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
Hoki 1990 3 1& & 31 6.8 0.97[0.28, 3.37] 1800
Thaler 2000 4 20 22 62 1B.0X 0.56[0.22, 1.44] 2000 —
Gogszen 2001 5 21 & 19 10.6% 0.75[0.27, 2.07] 2001 —
Schilling 2001 1 13 5 42 4.0% 0.65 [0.08, 5.04] 2001 e —
Regenet 2003 3 27 4 33 60X 0.92[0.22,3.75] 2003 . —
Richter 2006 2 27 27 60 28.1% 0.16 [0.04, 0.64] 2006 . E—
Trentl 2010 3 5 ] 33 40% 2.20 [0.80, 5.45] 2010 —
Bingla 2012 2 34 7 56 B.OX 0.47[0.10, 2.14] 2012 e
Oberkofler 2012 3 3z 4 30 60X 0.70[0.17, 2.B8] 2012 —_—
Brkloux 2017 1 52 2 4B 3.5% 0.46 [0.04, 4.03] 2017
Lambrichts 2018 4 &4 2 66 3.3%  2.06 [0.39, 10.87] 2019 —
Total (95% CI) 311 480 100.0% 0.64 [0.43, 0.93] <5
Total events 31 94
Heterogenelty: ChE = 14.00, df = 10 (P = 0.17); F = 20% 'b o1 0:1 ] 1:0 100:

Test for overall effect: Z = 2.30 {P = (.02}

Fig.5 Forest plot of pooled odds ratios for overall mortality

Operating time, ICU stay and initial LOS of the first

operation only

Favours PRA Favours HP

—4.09, 95% CI — 8.36, 0.17 min), after the emergency
procedure PRA was associated with a shorter ICU stay
(WMD, - 1.00, 95% CI — 1.30, — 0.69 days). Subgroup

The pooled, weighted data demonstrated that while there  analysis of RCT data only again demonstrated a reduced
was no significant difference in operating time (WMD,
0.30, 95% CI — 0.21, 0.81 min) or initial LOS (WMD,
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PRA HP Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Oberkofler 2012 29 3z 30 30 24.2x 0.91 [0.8D), 1.03] 2012
Bingla 2012 3a 34 56 56 27.1% 1.00 [0.95, 1.05] 2012
Brkloux 2017 4B 52 4B 48 25.0% 0.92 [0.85, 1.01] 2017
Lambrichts 2019 46 64 &6 66 22.7% 0.72 [0.62, 0.54] 2018 *
Total (95% CI) 182 200 100.0% 0.89 [0.75, 1.06]
Total events 157 200
Heterogenely: Taw® = 0.03; ChE = 42.78, df = 3 {P < 0.00001); ¥ = 93% ; } |
Test for overall effect: Z = 1.32 (P = 0.15) 0.01 ‘}-alvours PRAiFavours H}’o 100
Fig.6 Forest plot of pooled odds ratios for avoidance of initial stoma formation
PRA HP Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% ClI
Bingdla 2012 12 34 22 56 30.3% 0.90 [0.51, 1.57] 2012
Oberkofler 2012 3 3z 15 30 226X 0.19 [0.06, 0.58] 2012 —
Brkloux 2017 2 52 17 48 19.0% 0.11 [0.03, 0.45] 2017 —_—
Lambrichts 2019 B 64 21 66 2B8.0% 0.39 [0.19, 0.52] 2018 —a—
Total (95% CI) 182 200 100.0% 0.33 [0.13, 0.85] -‘—
Total events 25 75
Heterogenelty: Taw® = 0.66; ChE = 13.13, df = 3 (P = 0.004); F = 77X ! f t :
Test for overall effect: Z = 2.32 (P = 0.02) o.o1 gitours PRAiFavours i-:ll}? 100
Fig. 7 Forest plot of pooled odds ratios for overall stoma non-reversal rate using data from randomised controlled trials only
PRA HP Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
Binda 2012 1 34 3 56 B.3%  0.55 [0.06, 5.07] 2012
Oberkofler 2012 & 32 & 30 22.7% 0.04[0.34, 2.50] 2012 —a—
Brkioux 2017 1 50 3 52 10.8% 0.35[0.04, 3.22] 2017
Lambrichts 2019 ] &3 15 56 5B.2¥% 0.53[0.25,1.12] 2019 ——
Total (95% CI) 179 194 100.0% 0.61 [0.35, 1.06] -
Total events 17 27
Heterogenelty: ChE = 1.07, df = 3 (P = 0.7B); F = 0X b0t o ] 1 100

Test for overall effect: Z = 1.76 {P = (.08}

Favours PRA Favours HP

Fig.8 Forest plot of pooled odds ratios for major morbidity for stoma reversal rate operation using data from randomised controlled trials only

PRA HP Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
Binda 2012 1 22 3 34 9.7% 0.52 [0.06, 4.64] 2012
Oberkofler 2012 0 26 3 15 180X 0.08 [0.00, 1.54] 2012 +¢
Brkloux 2017 1 3z 3 33 121X 0.34 [0.04, 3.13] 2017
Lambrichts 20189 ] &3 15 66 &€0.2% 0.63 [0.30,1.33] 2019 —
Total (95% CI) 143 148 100.0%  0.48 [0.26, 0.92] S
Total events 11 24
Heterogenehty: ChiE = 1.05, df = 3 (P = 0.58); F = 0X 'h o1 051 ] 150 1005

Test for overall effect: Z = 2.21 {P = .03}

Favours PRA Favours HP

Fig.9 Forest plot of pooled odds ratios for major morbidity overall using data from randomised controlled trials only
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PRA HP Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI

Bingla 2012 2 34 7 56 303X 0.47[0.10, 2.14] 2012 ——

Oberkofler 2012 3 3z 4 30 30.7% 0.70 [0.17, 2.88] 2012 —a—

Brkloux 2017 1 52 i 48 154X 0.46 [0.04, 4.93] 2017

Lambrichts 20189 4 64 2 66 146X 2.06[0.39, 10.87] 2019 D

Total (95% CI) 182 200 100.0% 0.77 [0.35, 1.70] -

Total events 10 15

Heterogenehty: ChE = 1.05, df = 3 (P = 0.58); F = 0X 'h o1 0%1 ] 1%0 100:

Test for overall effect: Z = .64 (P = ).52}

Favours PRA Favours HP

Fig. 10 Forest plot of pooled odds ratios for overall mortality using data from randomised controlled trials only

ICU stay (WMD, — 0.98, 95% CI — 1.29, — 0.67 days),
but also a reduced inpatient LOS (WMD, — 1.87, 95% CI
— 3.39, — 0.35 days) in favour of PRA.

Operating time and LOS in the second (stoma reversal)
operation only

While there was no difference in operating time for stoma
reversal between the two procedures in the main (WMD,
— 1.25,95% CI — 2.6, 0.10 mins) and subgroup analyses
(WMD - 1.13, 95% CI — 2.85, 0.60, p=0.2), PRA was
associated with a shorter LOS (WMD, — 3.38, 95% CI
— 5.53, — 1.23 days) compared to HP when using only data
from the included RCTs.

Operating time, ICU stay and initial LOS of the first
operation and second (stoma reversal) operation combined

There was no difference in overall operating time between
the two procedures in the main (WMD — 0.90, 95% CI
— 3.85, 2.05, p=0.55) and subgroup analyses (WMD
—0.90,95% CI — 3.85, 2.05, p=0.55). However, PRA was
associated with a shorter overall ICU stay (WMD 0.99, 95%
CI10.67, 1.31 days) and overall LOS (WMD — 1.83,95% CI
—3.48, — 0.17, p=0.03) compared to HP using data from
the included RCTs.

Risk of bias

The grade criteria for the prespecified main outcomes are
shown in Table 6. Using these criteria for RCT data only, the
pooled data demonstrating a reduced rate of persistent stoma
with PRA represents a high level of evidence. A risk of bias
summary and graph for the included studies are included in
Fig. 11. There was a low risk of reporting, attrition and other
bias. Graphical exploration of the results with funnel plots
did not demonstrate any remarkable asymmetry or publica-
tion bias (Fig. 12).

Discussion

The results of the present meta-analysis demonstrate that
PRA leads to a significantly reduced incidence of initial
stoma formation, as well as permanent stoma rate, and con-
sequently stoma complications when compared to HP. There
was also a reduced incidence of abdominal sepsis, major
morbidity, and overall mortality rates compared with the
standard management. Subgroup analyses using data from
only RCTs of stoma reversal rates, major morbidity for
stoma reversal, stoma complications and abdominal sepsis
remained consistent with the findings of the overall analysis,
and PRA was also associated with a shorter overall ICU stay
and inpatient LOS (all level 1a evidence).

Eliminating the source of contamination and control-
ling sepsis are the immediate management steps in acute
perforated diverticulitis. LPL may avoid the formation of a
stoma in select cases [36—39]; however, due to the degree
of contamination and the clinical status of the patient, many
are left with an end colostomy following an HP. The extent
of reversing an end colostomy and the morbidity, mortality
and quality of life (QOL) issues associated with this are
significant [60, 61]. This ultimately impacts stoma reversal
rates, with > 50% of patients not having their stoma reversed
after HP [18, 19]. Improved stoma reversal rates are encoun-
tered when a PRA and defunctioning loop ileostomy (DLI)
are performed, with reversal rates as high as 90% reported
[62]. This is consistent with the results of the present meta-
analysis. Furthermore, the associated morbidity of ileostomy
reversal is known to be lower than that of an end colostomy
[63] and this is reflected in the finding of reduced major
morbidity after stoma reversal with PRA.

While permanent stoma is associated with considerable
morbidity [60, 61], there is little patient-reported outcome
(PROM) data on QOL outcomes after HP reversal or PRA
for diverticulitis, and restoration of intestinal continuity may
be associated with under-appreciated morbidity. A short rec-
tal stump (<7.5 cm) appears to be the main independent
risk factor for long-term persistent stoma after attempted HP
reversal, and low anterior resection syndrome (LARS) may
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Table 5 Pooled weighted mean differences for continuous outcome data of observational studies and randomised controlled trials
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Study (n) Pooled WMDs for RCT data only

Pts (n)

Pooled WMDs for all studies

Study (n)

Pts (n)

Outcome

95% CI

OR

95% CI

WMD

0.66
<0.00001*

—0.52,0.83

0.15
-0.98
-1.87
-1.12
—3.50
—0.90

387
294

0.25
<0.00001*

—0.21,0.81

0.30
- 1.00
- 4.09
-1.25
—-3.50
—-0.90

531
529
608
275

Operating Time (1st Operation), hours

ICU Stay (1st Operation), days

—1.29, - 0.67

-3.39,-0.35
—2.86,0.62

- 1.30, — 0.69

—8.36,0.17
—-2.6,0.10

0.02%*
0.21

164
235

0.06
0.07

Hospital LOS (1st Operation), days

Operating Time (Stoma Reversal), hours

LOS Stay (Stoma Reversal), days
Combined Operating Time, h
Combined ICU Stay, days
Combined LOS, days

0.001*

0.55
<0.00001*

—5.58,—-142
—3.85,2.05

0.67, 1.31

106
164

0.001*
0.55
<0.00001*

—5.58,—-1.42
—3.85,2.05

0.67, 1.31

106

164

0.99
- 1.83

164
279

99

0.
- 1.83

164
279

0.03*

—3.48,-0.17

0.03*

—3.48,-0.17

WMD weighted mean difference, RCT randomised controlled trial, 95% CI 95% confidence interval, SSI surgical site infection, ICU intensive care unit, LOS length of stay

*p value < 0.05

affect up to one-third of reversed patients [64]. Similarly,
PRA patients should be warned about the risk of low ante-
rior resection syndrome (LARS) and bowel dysfunction pre-
operatively [65]. Interestingly, the formation of a DLI does
not appear to be associated with the development of LARS,
suggesting this should be performed if clinically indicated
[66]. In the present study, the DLI reversal rate was almost
90%%, as compared to approximately 60% stoma reversal
rate in the HP group, although no data on the functional
status of reversed patients were available. Greater PROM
data are required to help inform management decisions,
especially in patients that are at high risk for LARS, and to
allow an increased appreciation of the patient’s perspective
and what drives their decision-making processes.

Apart from stoma formation, the morbidity and mortality
associated with Hinchey III/IV diverticulitis is significant
[67]. Minimally invasive surgery helped to minimise mor-
bidity, but studies examining its role in perforated diver-
ticulitis have yielded conflicting results. While the clinical
effectiveness of LPL seems to be equivalent, higher rein-
tervention rates have been observed with a lavage approach
[39]. However, this appears to be primarily due to interven-
tional radiological drainage, and mortality at both 30 and
90 days is similar to HP. Historically, HP was associated
with considerable morbidity and mortality (70% and 28%
respectively) [31, 56]. Initial PRA study results demon-
strated better rates of morbidity and mortality; however,
patients were highly selective [68]. Pooling of data from
RCTs in the present meta-analysis showed a significant
reduction in major morbidity for stoma reversal with PRA.
Surprisingly, the operative time for stoma reversal in the two
groups was similar, as in the authors’ experience it takes
longer to re-establish bowel continuity after HP compared to
loop-ileostomy closure. However, PRA was associated with
areduced incidence of initial and overall abdominal sepsis.
The explanation for this is unclear, but may be related to rec-
tal stump leak in the HP group, as well as a higher incidence
of anastomotic leak after HP reversal.

Decision making and guidelines on the best approach
to the treatment of perforated diverticulitis have previ-
ously been limited to single centre retrospective studies,
ultimately leading to selection bias [57]. With recent pub-
lication of RCTs on the various surgical techniques (HP,
PRA, LPL) for Hinchey III/IV diverticulitis management,
opinions on the best approach appear to be changing.
Although the latest American Society of Colon and Rectal
Surgeons guidelines still recommend an HP for the man-
agement of perforated diverticulitis, the European Asso-
ciation of Endoscopic Surgery is now favouring resection
with PRA in select cases [69]. Despite this, many sur-
geons have been hesitant to perform PRA in the setting
of peritoneal contamination for fear of anastomotic leak-
age. A recent study using the National Surgical Quality
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Table 6 Methodological quality
of all included studies assessed
using the grade criteria

Outcome

Risk of Bias Incon-

Indirectness Imprecision Report- Rating
sist- ing bias

ency

Initiial stoma formation

Persistent stoma -
rate

Initial major morbidity
Overall major morbiditv —
30-dy mortality -
Overall mortality -

- - —1! - Moderate +++0+

- High +++++

- - -1 - Moderate +++0+
Moderate +++0+
Moderate +++0+

Moderate +++0+

_ _ —1! _
_ _ —1! _
— — —1! _

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias
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Fig. 11 Risk of bias summary (left) and risk of bias graph (right) of all included studies

Improvement Program database from 2012 to 2016 found
that a minority of patients undergoing an emergency sig-
moidectomy for perforated diverticulitis have PRA (7.6%
versus 92.4% receiving HP) [47] Unfortunately data from
this, the largest observational study on the topic, could not
be included in the analysis as no breakdown of included
Hinchey grades was provided [47]. It must also be noted

that the present study observed differences in a number
of adverse features, such as higher ASA grade, Hinchey
IV and MPI between the groups in the overall analysis,
highlighting the selection biases inherent in many of
the studies favouring PRA. Consequently, sound clini-
cal judgement should be used regarding the appropriate
operative approach for patients who are haemodynamically
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unstable and severely septic, because such patients were
not included in the trials.

Our study has a number of limitations. The inclusion
of non-randomised studies increases the risk of selection
bias. However, the groups are broadly similar and sensi-
tivity analysis, including analysis of RCT data exclusively,
was undertaken to account for this heterogeneity [18, 40].
Despite this, it must be noted that all four of the RCTs were
prematurely terminated due to logistical reasons and only
about a third (n=387/1218) of the proposed sample size
was reached. Moreover, recruitment of patients was hindered
by decision making and enrolling patients into a research

@ Springer

trial in life-threatening situations, reluctance of surgeons
to change practice and the implementation of less invasive
surgical techniques [46, 56, 57, 70]. No study reported on
the number of patients who refused consent or were deemed
unfit for enrolment in the study suggesting surgeon influ-
ence was a factor. One RCT alluded to the interest of LPL
while patients were being recruited for the study, with sur-
geons reluctant to randomise their patients into alternative
management regimes [57]. Furthermore, although three of
the four RCTs claimed that participants were randomised
preoperatively, there is no mention of patients that went on
to have other diagnoses, such as a lower Hinchey grade or
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malignancy as there was in the LPL RCTs, raising concerns
of attrition bias. One RCT, while claiming consecutive
enrolment, enrolled 68 of 90 patients within 2 years while
the remaining patients from 14 centres were recruited over
seven more years [58]. Binda et al. even highlighted the limi-
tations of blinding and sample size in RCTs of emergency
surgical presentations, concluding that conducting an RCT
in the acute setting for diverticulitis was ‘practically unfea-
sible’ [58].

The issues highlighted above are extremely pertinent to
all studies investigating the management of surgical emer-
gencies. While RCTs provide the best level of evidence,
they are not without significant limitations especially in the
acute setting. It is unclear whether premature termination
of the RCTs influenced their results and all were conducted
at academic and referral centres. Larger hospitals may have
the capacity to have specialist colorectal expertise on call
[71], but this may not be possible in smaller regional/rural
hospitals. Future prospective cohort studies with short- and
long-term follow-up will help improve the understanding of
the role of PRA in Hinchey III/IV diverticulitis. Any pos-
sible cost-effectiveness analyses arising from the DIVA arm
of the LADIES Trial [46] and the recent RCT by Bridoux
et al. [57] are also eagerly awaited. However, the conclusion
of three RCTs and this as well as previous meta-analyses are
favourable for PRA with regard to stoma reversal [42, 43].
Ultimately, careful patient selection, with clear discussion
and counselling may increase the rates of PRA in the acute
setting. This is likely to have a positive impact on patients’
QOL, by reducing permanent end-colostomy rates with
reduced associated morbidity.
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