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Abstract

Perforated diverticulitis is an emergent clinical condition and its management is challenging and still debated. The aim of
this position paper was to critically review the available evidence on the management of perforated diverticulitis and gener-
alized peritonitis in order to provide evidence-based suggestions for a management strategy. Four Italian scientific societies
(SICCR, SICUT, SIRM, AIGO), selected experts who identified 5 clinically relevant topics in the management of perforated
diverticulitis with generalized peritonitis that would benefit from a multidisciplinary review. The following 5 issues were
tackled: 1) Criteria to decide between conservative and surgical treatment in case of perforated diverticulitis with peritonitis;
2) Criteria or scoring system to choose the most appropriate surgical option when diffuse peritonitis is confirmed 3); The
appropriate surgical procedure in hemodynamically stable or stabilized patients with diffuse peritonitis; 4) The appropriate
surgical procedure for patients with generalized peritonitis and septic shock and 5) Optimal medical therapy in patients with
generalized peritonitis from diverticular perforation before and after surgery. In perforated diverticulitis surgery is indicated
in case of diffuse peritonitis or failure of conservative management and the decision to operate is not based on the presence
of extraluminal air. If diffuse peritonitis is confirmed the choice of surgical technique is based on intraoperative findings
and the presence or risk of severe septic shock. Further prognostic factors to consider are physiological derangement, age,
comorbidities, and immune status. In hemodynamically stable patients, emergency laparoscopy has benefits over open sur-
gery. Options include resection and anastomosis, Hartmann’s procedure or laparoscopic lavage. In generalized peritonitis
with septic shock, an open surgical approach is preferred. Non-restorative resection and/or damage control surgery appear
to be the only viable options, depending on the severity of hemodynamic instability. Multidisciplinary medical management
should be applied with the main aims of controlling infection, relieving postoperative pain and preventing and/or treating
postoperative ileus. In conclusion, the complexity and diversity of patients with diverticular perforation and diffuse peritonitis
requires a personalized strategy, involving a thorough classification of physiological derangement, staging of intra-abdominal
infection and choice of the most appropriate surgical procedure.
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Introduction

In the past few decades, the complicated diverticular dis-
ease has been an increasing burden on healthcare systems
as its incidence has steadily risen in Western countries
[1-3] including Italy [4]. Moreover, the rate of peritonitis-
related mortality remains high [5].
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The treatment of complicated intra-abdominal infec-
tions, including perforated diverticulitis with peritonitis,
has been changing recently, mainly due to the evolution of
medical/intensive care and the development of multidrug-
resistant bacteria.

Relevant aspects of the management of perforated diver-
ticulitis remain controversial for several reasons: high-
quality data are lacking, and the main guide for therapeutic
choices, the Hinchey classification [6, 7], is proving insuffi-
cient in the age of personalized surgery, with indications and
outcomes being substantially influenced by surgical-teams’
specialization. At the same time, physiological patterns are
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becoming critical in decision-making, challenging surgical
approaches with different clinical scenarios.

To review the current evidence and to rationalize the
management of perforated diverticulitis with peritoni-
tis, four Italian scientific societies (the Italian Society of
Colon & Rectal Surgery [SICCR], the Italian Society of
Emergency & Trauma Surgery [SICUT], the Italian Soci-
ety of Hospital Gastroenterologists & Digestive Endos-
copy [AIGO], and the Italian Society of Medical & Inter-
ventional Radiology [SIRM]) endorsed a project involving
professionals with different clinical expertise, including
surgeons, gastroenterologists, radiologists and intensivists
(see “Methodological notes™).

The aim of this position paper was to critically review the
available evidence on perforated diverticulitis and general-
ized peritonitis, focusing on relevant key points with the
main goal of developing a comprehensive decision-making
pathway for the management of patients with this condition.

Methodological notes

The four scientific societies (SICCR, SICUT, SIRM,
AIGO), identified experts amongst their members to set-up
the Scientific Committee, which defined the methodology
to be followed in the preparation of the position paper.
The methodology adopted to process the recommendations
consisted of four steps. In a Technical Committee meeting,
held at the beginning of 2019, the Scientific Committee
identified 5 clinically relevant issues in the management
of perforated diverticulitis with generalized peritonitis that
would benefit from a multidisciplinary review.

Each selected topic was assigned to two experts, who
carried out an independent systematic search of the rel-
evant literature using Medline/PubMed, Embase, and the
Cochrane databases. Search outputs were distilled, paying
more attention to systematic reviews and meta-analyses
(where available).

For each topic, a draft was prepared and circulated
amongst all the members of the Scientific Committee. Each
expert then provided his/her input. Following preparation
of the revised draft, each topic was addressed to the Core
Writing Group, who prepared the first draft of the full manu-
script, which was examined during another Technical Com-
mittee meeting in October 2019. During the meeting, each
single topic was thoroughly discussed and each statement
concerning the summary of current evidence refined with
regard to both content and wording.

The Core Writing Group then incorporated all the sug-
gestions raised during the digital meeting and prepared the
final draft. In doing so, an updated literature search was per-
formed and the most recent evidence included. Any changes
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resulting from comments received by the experts were made
on the basis of scientific and editorial merit to produce the
final version of the position paper, which was then sent to
all the members for review and approval.

Key Point 1

What criteria should be used to decide between conservative
and surgical treatment in case of perforated diverticulitis
with peritonitis?

The therapeutic choice should be personalized according
to the severity of peritonitis and sepsis. Further prognos-
tic factors to consider are physiological derangement, age,
comorbidity, and immunocompetence.

Surgery is indicated in case of diffuse peritonitis or failure
of conservative management. Extra-luminal air only is not
an indication for emergency surgery but close monitoring is
mandatory to detect treatment failure early.

Considerations

Generalized peritonitis is the main indication for emergency
surgery for perforated diverticulitis [8]. Nonetheless, several
situations, are now approached non-operatively and eventu-
ally converted to elective surgery [9].

The accuracy of the initial diagnosis of generalised peri-
tonitis is of paramount importance, but clinical evaluations
rely on empirical rationale [10] as the evidence is poor.
They should include physical signs and laboratory meas-
ures, together with parameters of hemodynamic instability,
physiological derangement and organ dysfunction. Classical
physical signs and laboratory markers have low accuracy in
identification and staging of diffuse peritonitis [11, 12]; thus,
the initial evaluation must incorporate a computed tomogra-
phy (CT) scan and sepsis risk assessment.

Even though CT scan is considered the “gold standard” in
diagnosing and staging perforated diverticulitis, the results
are not always reliable [13]. Confirming previous observa-
tions [14], Gielens et al. [15], in a retrospective series of 75
patients, have shown that the combination of extra-luminal
air with free fluid is the CT parameter most strongly associ-
ated with diverticular perforation and generalized peritonitis
(positive predictive value: 80%). In the same study, however,
the authors reported 42% of Hinchey 3 cases under-staged
as Hinchey 1 or 2. Moreover, the CT scan is hardly able to
differentiate between Hinchey 3 and 4 peritonitis (unless
fecal material can be clearly distinguished) with a potential
risk of under-staging [16]. In doubtful cases, a diagnostic
ultrasound (US)-guided peritoneal aspiration might be help-
ful [17].
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As regards extra-luminal air, a recent review [18] of 8
studies including 251 patients with isolated pericolic air
showed an emergency surgery rate of 6%, demonstrating that
conservative therapy is appropriate in such cases. Data on
distant extra-luminal air are more controversial and scarce,
although some retrospective studies have shown that a pro-
portion ranging from one to two-thirds of those who have
this condition are effectively treated with aggressive medical
management [19-21].

Again, the association of distant free air with free fluid
is the most commonly reported predictor of early failure of
the non-operative approach requiring urgent surgery in more
than 80% of cases [22, 23].

Early recognition of frail patients at risk of sepsis or fail-
ure of a non-operative approach is mandatory so that a lower
threshold for timely surgical control of the source of infec-
tion can be set. Risk of sepsis may be defined according
to the Sequential Organ Failure Assessment (SOFA) score
(formerly known as the Sepsis-related Organ Failure Assess-
ment score), or by simplified, but less sensitive, scores such
as the quick SOFA (qSOFA) [24]. Assessment of septic
shock is detailed in the next key point.

Further prognosticators of poor outcome in abdominal
infections are advanced age, severe chronic cardiovascular
and kidney disease, coexistent malignancy and immuno-
deficiency [25, 26]. In perforated diverticulitis, however,
high American Society of Anesthesiologists (ASA) score
[20], severity of sepsis [23] and intraabdominal parameters
[19-23] seem more relevant predictors of failure of con-
servative management. All these factors must be carefully
weighed to maintain a low threshold for surgery or conver-
sion in the most frail patients.

Key Point 2

What criteria or scoring system should be applied to
choose the most appropriate surgical option when diffuse
peritonitis is confirmed?

In case of confirmed diffuse peritonitis, there is no single
staging or scoring system that alone can suggest the most
appropriate surgical procedure. A stepwise decision-making
approach must be applied weighing risk of septic shock,
patient conditions, and the intraoperative abdominal find-
ings (Fig. 1).

Considerations
Up to now, the Hinchey classification has been guid-

ing surgical choices according to the type of peritoneal
contamination [3]. The evolution of knowledge and the

increased variety of surgical options mandate a more artic-
ulated and tailored approach. Previous scoring systems
[27-29] had limited spread in clinical practice.

When generalized peritonitis is diagnosed and an emer-
gency surgical procedure is required, we suggest a step-
wise decisional approach.

Step 1 is an early assessment of septic shock. According
to the SEPSIS-3 definition [24], septic shock is a “sub-
set of sepsis in which underlying circulatory and cellular/
metabolic abnormalities are profound enough to substan-
tially increase mortality. Patients with septic shock can be
identified with a clinical construct of sepsis with persist-
ing hypotension requiring vasopressors to maintain mean
arterial pressure > 65 mm Hg and having a serum lactate
level > 2 mmol/L despite adequate volume resuscitation”.
In a trauma setting, the Advanced Trauma Life Support
(ATLS) manual [30] recommends that “patient’s response
to initial fluid resuscitation is the key to determining sub-
sequent therapy” and the emergency team modifies the
treatment strategy accordingly.

According to ATLS, response to initial fluid administra-
tion can be divided into three patterns:

e Rapid responder group patients respond to the initial
fluid load restoring hemodynamic normality,

e Transient responder group patients respond initially,
but quickly hypotension and tachycardia return,

e Not responder group patients remain unstable in spite
of appropriate fluids.

In generalized peritonitis and septic shock, the defi-
nition of hemodynamic responsiveness versus unrespon-
siveness may offer guidance for timing (urgent versus
emergent), type of primary approach (laparoscopic versus
open-resuscitative), and choice of surgical procedure (see
“Key-Point 4”). Depending on clinical settings, different
screening tools, such as gSOFA, may also be added, bear-
ing in mind their low sensitivity.

Step 2 defines the overall fitness to surgery, investigating
general performance and comorbidity. Severe comorbidities,
immune deficits, advanced age and physiological status are
longtime predictors of poor outcome for non-resective [31,
32] or restorative [33—-35] procedures. Accordingly, they
must be incorporated in preoperative decision-making of
procedure selection in stable patients (see “Key-Point 3”),
possibly by means of score systems [36-38].

Step 3 is the intraoperative assessment of peritonitis
severity and of perforation features. No available classifica-
tion offers evidence-based guidance for procedure selection.
Diffuse fecal contamination in the Hinchey classification is
predictive of postoperative admission to the intensive care
unit (ICU) and mortality [25, 29, 39, 40] but the choice of a
non-restorative procedure, in this case, is made on empirical
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Perforated diverticulitis

1. Initial evaluation

Suspect of generalized peritonitis
Suspect of septic shock

Patient performance

2. Diagnostic confirmation

CT scan
(when hemodinamically possible)

v

3. Intraoperative staging

] R
Laparoscopy

Main diagnostic criteria

Rigidity, rebound tenderness, or
guarding in all 4 quadrants

(SBP <90mmHg or MBP <65mmHg)
1 Serum lactates (> 2mmol/L)

- Immunocompetence
l Comorbidity, ASA score
Em——  Free extraluminal air and free fluid ‘

peritonitis, type of contamination,

Accessory criteria

No vomiting, fever, TNCRP, TTWBC

Persistent hypotension despite

adequate i.v. fluids
qSOFA score

‘ Contrast free extravasation ‘

Extension and severity of

visible perforation

Fig. 1 Multi-Step Decisional Approach for patients with diverticular perforation and diffuse peritonitis. SBP systolic blood pressure, MBP mean
blood pressure, gSOFA quick Sequential [Sepsis-related] Organ Failure Assessment; MPI Mannheim Peritonitis Index

grounds. Among the newer and more detailed prognostic
tools, the Peritonitis Severity Score [19] and the Man-
nheim Peritonitis Index (MPI) have been validated for scor-
ing left colonic peritonitis according to mortality risk [41]
but include few intraoperative parameters. However, in the
absence of specifically validated systems, at present time the
MPI is a simple score with an acceptable balanced evalua-
tion of general and local derangements including time from
the onset of the disease, diffusion and type of exudate.

Further intraabdominal visual parameters that have a sig-
nificant association with procedure-specific adverse events
are emerging [40]. For example, a visible free perforation
[32] reduces the rate of sepsis control after laparoscopic
peritoneal lavage (LPL).

Key Point 3

What type of surgical procedure and approach is appropri-
ate in hemodynamically normal or normalized patients with
diffuse peritonitis?

a. In hemodynamically stable patients, confirmation and

staging of diffuse peritonitis may be obtained by lapa-
roscopy (Fig. 2). In centers with adequate expertise,
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selected cases may be handled by emergency laparo-
scopic procedures, either resective or non-resective.

Considerations

In stable patients with perforated diverticulitis and diffuse
peritonitis, the initial laparoscopic approach has both diag-
nostic and therapeutic roles.

As stated previously, intra-abdominal vision makes it
possible to confirm or rule out the CT diagnosis of general-
ised peritonitis, while allowing its staging. In selected cases
(see “Key Point 3b”) LPL remains a feasible option when
appropriate. Otherwise, even the resective procedure may be
completed laparoscopically by surgeons and in centers with
adequate expertise.

A few favourable outcomes of emergency laparoscopic
resection for perforated diverticulitis have emerged. A meta-
analysis [42] of experimental/observational studies compar-
ing laparoscopic and open sigmoidectomy in acute settings
showed reduced morbidity after a laparoscopic approach,
although differences between the two groups in the rate
of Hartmann’s procedure (HP) vs primary resection and
anastomosis (PRA), operating time, reoperation rate and
postoperative 30-day mortality were not detected. Caution
is advised when considering these data since lack of hemo-
dynamic data and reasons for operative approach suggests
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Diffuse peritonitis

{
Hemodynamically stable

| Laparoscopy |

|

!
Hemodynamically unstable See Figure 3

Immunecompetent

Fit, Low ASA

Immunedeficient

Unfit, High ASA

Purulent, low MPI

No free perforation

Primary resection &
anastomosis w/out
protective stoma

Laparoscopic
peritoneal lavage

=

Hartmann
procedure

Fig.2 Treatment algorithm for hemodinamically stable patients. MPI Mannheim Peritonitis Index

a potential selection bias. Lately, a large retrospective study
concluded that postoperative morbidity and mortality after
emergency laparoscopic sigmoid resection for diverticular
perforation and purulent peritonitis has morbidity (including
leakage rate) and mortality rates similar to those of elec-
tive sigmoidectomy [43]. Moreover, in stable patients with
unfavorable risk assessment, laparoscopic HP might be an
attractive option because the risk of incisional hernia is min-
imized and the adhesion formation is reduced, facilitating
reversal [44].

However, emergency laparoscopic resection for large
bowel perforation may be a challenging procedure and the
quality of present evidence remains inadequate to suggest
a liberal use of this approach. Accordingly, we recommend
that only experienced laparoscopic surgeons in laparoscopic
centres of excellence perform it.

b. LPL may be effective in the management of purulent
peritonitis reducing the rate of ostomy in selected
patients. Its non-selective use results in high rates of
unresolved sepsis and unplanned surgery.

Considerations

LPL was proposed in 1996 [45] with initial favorable results
[46-48] encouraging its unselective use in perforated diver-
ticulitis with peritonitis [49]. Three subsequent randomised
controlled trials (RCTs) comparing LPL to sigmoidectomy

obtained different results [S0-52] Recent meta-analyses also
reached different conclusions on the 30-day and 90-day reop-
eration risk, possibly due to methodological flaws [53—-60].

Some findings are conclusive: resolution of sepsis and
early morbidity and mortality rates after LPL are similar to
those after sigmoidectomy, rates of abscesses and unplanned
reoperations at index admission are higher after LPL, and
total reoperation rate (including planned stoma closure), per-
manent stoma rate and costs [61-63] are lower after LPL
than after resective surgery.

A large retrospective multicenter study analysed LPL out-
comes utilizing a detailed database on patient and disease
characteristics and surgical technique [32]. LPL emerged
as an adequate treatment for stable patients with diffuse
purulent peritonitis, with low ASA and MPI scores and no
visible free perforation. According to this study, most free
perforations were discovered after an extensive adhesiolysis
conducted by some surgeons to search for infected collec-
tions; for this reason, adhesiolysis has to be avoided or kept
to a minimum during LPL.

These data highlight the need for a prospective large mul-
ticenter study to confirm or improve the selection of patients
to be treated with LPL. Recurrent symptoms and need for
further surgery after LPL at two years compare well with
Hartmann’s resection and subsequent closure [64, 65], but
no studies have compared LPL with primary resection and
anastomosis.
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c. When LPL is judged inappropriate, primary resection
and anastomosis with or without protective ostomy,
and non-restorative resection are both adequate. In the
absence of solid evidence, selection criteria should be
based on general and local predictors of the risk of the
unsafe anastomosis.

Considerations

RCTs comparing PRA with HP found no significant dif-
ference in mortality and overall morbidity after the index
procedure, but all studies were prematurely terminated due
to slow patient recruitment or for safety reasons [66—68].
Likewise, meta-analyses of experimental/observational stud-
ies and RCTs reported similar rates of major complications
and postoperative mortality both for Hinchey III and IV dis-
ease [58, 69-71].

More recently, the LADIES trial found no significant
differences in short-term outcome both in Hinchey III and
IV patients, although this study also ended prematurely
confirming the trial’s vulnerability to discontinuation in
the emergency setting, a feature that potentially leads to an
overestimation of treatment benefits [72].

Studies have shown that the permanent stoma rate is
higher after HP whereas the likelihood of stoma rever-
sal is higher after PRA [58, 66, 70]. In the LADIES trial,
12-month stoma-free survival was significantly better after
PRA with a significantly shorter median time to reversal
[72]. Furthermore, reversal is associated with a significantly
lower morbidity in PRA than after HP [58, 72, 73].

Although many surgeons are reluctant to consider a pri-
mary anastomosis in the acute setting and the frequency of
HP has remained unchanged over the last years [74-77],
these results suggest that PRA is the optimal resective pro-
cedure in physiologically normal and immunocompetent
patients with either purulent or fecal peritonitis. However,
there is no gold standard to determine the indication for a
non-restorative versus a restorative procedure, and as stated
in previous key points, patient-related factors and severity of
intraoperative findings, as well as surgeon expertise, should
be the main criteria for tailoring surgical decision-making in
this setting. A diverting stoma does not prevent clinical anas-
tomotic leakage after PRA but can mitigate its detrimental
effects [78]. In most RCTs a diverting stoma was performed
according to the study design [66, 68] whilst it was left to
the surgeon’s discretion in the LADIES trial [72]. In the
latter, morbidity was not significantly different between the
patients with (27%) vs without (73%) a stoma but a selec-
tion bias cannot be ruled out. In a retrospective analysis of
a series of patients who had laparoscopic sigmoidectomy
without diversion, Dreifuss et al. found a leakage rate of
5.7% and 5.4% in the elective and emergent setting, respec-
tively [43]. No recommendations can be made concerning
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intraoperative colonic lavage before PRA in acute diverticu-
litis as only small not randomized series are reported in the
literature [79-81].

Key Point 4

What surgical option is adequate for patients with general-
ized peritonitis and septic shock?

In generalized peritonitis associated with septic shock, an
open surgical approach is mandatory. Non-restorative resec-
tion and/or damage control surgery appear to be the only
viable procedures, to be applied according to the severity of
hemodynamic instability (Fig. 3).

Considerations

In septic shock from secondary generalized peritonitis, the
primary goals are controlling the source of abdominal infec-
tion and restoring organ perfusion and tissue oxygenation.
As in traumatic shock [30], surgical treatment must be mod-
ulated according to hemodynamic conditions.

In the Rapid Responder group, after the restoration of
hemodynamic stability, surgery is carried out immediately
and the choices among approaches and procedures are made
according to principles and criteria mentioned in key point
3.

In the Transient Responder group, the temporary return
of hemodynamic instability restricts surgical options to HP
or to damage control surgery (DCS), which are chosen based
on the evolution of the physiological derangement and sec-
ondarily on intra-abdominal severity assessment.

In Not-Responder group, DCS is the most rationale
immediate approach, due to the extreme exhaustion of the
patient’s physiological reserves.

DCS is a three-stage approach typically involving:

e Stage I an abbreviated initial operative procedure with
temporary abdominal closure;

e Stage Il ICU resuscitation and management of physi-
ological derangement;

e Stage 111 definitive treatment and closure of the abdomi-
nal wall, as soon as physiology is restored.

In major trauma, where it was initially described, the
main goal of DCS is the prevention of the ’lethal triad’:
acidosis, hypothermia, and coagulopathy [82]. In second-
ary peritonitis, DCS aims at controlling the source of infec-
tion in the fastest and least invasive way, leaving completion
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Diffuse peritonitis

See Figure 2 Hemodynamically stable

Hemodynamically unstable
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Laparotomy or

laparoscopy
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Primary resection
or Hartmann

procedure
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Transient
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Laparotomy Laparotomy
Hartmann Damage Control
procedure Surgery

criteria in Figure 2

Fig.3 Treatment algorithm for hemodinamically unstable patients

surgery for a subsequent phase after adequate patient stabi-
lization in the ICU [83].

In the subgroup of patients, in which the response to
shock is strongly conditioned by the use of sympathomi-
metic amines, the synergy of behavior, intent, and timing
among specialists is crucial. Monitoring the efficacy and
side effects of vasoactive and inotropic pharmacologic sup-
port is also of paramount importance [84]. In fact, amines,
especially norepinephrine, may lead to perfusion defects due
to vasoconstriction of microcirculation, especially in the
splanchnic circulation. On the other hand, failure to maintain
an adequate cardiovascular balance during sympathomimetic
support is associated with a higher risk of multi-organ insuf-
ficiency syndrome and unfavorable prognosis [85].

Key Point 5
How should medical therapy support patients with gener-
alized peritonitis from diverticular perforation before and

after surgery?

Careful multidisciplinary medical management should be
adopted with the main aims of:

e Controlling infection
e Relieving postoperative pain
e Preventing and/or treating postoperative ileus (POI)

Considerations

A key component of the first-line management of the septic
patient with peritonitis is the administration of intravenous
antimicrobial therapy, before and after surgery. Antimicro-
bial therapy plays a pivotal role in the management of intra-
abdominal infections, preventing multiple organ dysfunction
caused by the ongoing peritoneal triggers. Indeed, an insuf-
ficient or otherwise inadequate antimicrobial regimen is one
of the variables more strongly associated with unfavorable
outcomes in critically ill patients [86].

Broad-spectrum antimicrobial therapy, including cover-
age against anaerobic microorganisms, is needed [87]. The
empirically designed antimicrobial regimen (be it single or
combined) is based on the underlying severity of infection,
the pathogens presumed to be involved, and the risk factors
indicative of major resistance patterns. Subsequent modi-
fication of the initial regimen may be possible later, on the
basis of culture results (if available) and the patient’s clini-
cal status. Indeed, the pathophysiological changes occur-
ring during sepsis as well as the patient’s immunological
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status may significantly affect drug disposition in critically
ill patients [88].

It has not yet been established which antimicrobial regi-
men is the best. A Cochrane systematic review [89] included
40 studies with 5094 patients and compared 16 different
antibiotic regimens. All antibiotics showed equivocal com-
parability in terms of clinical success. As a consequence, no
specific recommendations can be made for first-line treat-
ment. Other factors such as local guidelines and preferences,
ease of administration, costs and availability must, therefore,
be taken into consideration when deciding on the antibiotic
regimen. The most widely recommended dosing regimens
(and their modifications according to renal function) are dis-
cussed in detail in the WSES position paper [90].

The spread of antimicrobial resistance is one of the lead-
ing public health problems worldwide and has been acceler-
ated by the overuse and misuse of antimicrobial drugs [91].
According to guidelines, the diagnostic algorithm for a range
of bacterial infections comprises a measurement of serum
procalcitonin to identify sepsis [92] and to guide antimicro-
bial therapy [93].

Poorly controlled acute postoperative pain is associated
with increased morbidity, functional and quality-of-life
impairment, delayed recovery time, prolonged duration of
analgesic drug use, and higher healthcare costs.

Conventional opioids remain the standard of care for the
management of acute postoperative pain; however, the risk
of opioid-related adverse events can limit optimal dosing,
leading to poor pain control. To this end, multimodal anal-
gesia should be applied [94] to improve analgesic effect, to
reduce the doses of any single agent, and to minimize risks
of untoward effects [95, 96].

Intravenous patient-controlled analgesia (PCA) is rec-
ommended over healthcare provider-initiated intermittent
bolus dosing of opioids since current evidence shows greater
effectiveness and patient satisfaction. Intravenous boluses of
opioids might be considered during the first several hours
after surgery for faster pain relief and analgesic titration
[97]. Paracetamol, pro-paracetamol and nonsteroidal anti-
inflammatory drugs (NSAIDs) are recommended as compo-
nents of multimodal analgesia. A systematic review found
that paracetamol and COX-2 selective and non-selective
agents, added to PCA, significantly reduced morphine con-
sumption [97].

Alarmingly, 4 recent meta-analyses [98—101] found that
NSAID use is significantly associated with a higher risk of
anastomotic leakage. This effect seems to be molecule-spe-
cific (diclofenac is associated with the highest risk) [101]
and class-specific (being non-significant with COX-2 selec-
tive agents) [100, 101]. Furthermore, the risk varies with
the duration of the treatment, and it is higher after 3 or more
days of NSAID treatment than after 1 or 2 days only [102].
Although the balance of benefit versus risk (analgesic effect/
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risk of anastomotic disruption) may be acceptable in elec-
tive surgery, perioperative NSAIDs (especially given for
more than 48 h) in emergent colorectal surgery should be
evaluated carefully and on an individual basis, taking into
account the presence of risk factors for anastomotic leak-
age (i.e. advanced age, malnutrition, severe comorbidities,
intraoperative difficulties and complications).

Amongst regional anesthetic techniques, epidural analge-
sia remains the golden standard for postoperative pain con-
trol in patients undergoing open abdominal surgery [102,
103], allowing for a faster recovery of gastrointestinal transit
and reducing the length of hospital stay [104].

POI has a multifactorial etiology and can deeply affect the
patient’s recovery, lengthening hospital stay and increasing
costs [105, 106]. The incidence of POI after colorectal sur-
gery ranges from 15 to 19% [107, 108] and 60% of patients
have a severe clinical presentation [82]. Intraoperative blood
loss, administration of any intravenous opioids in the first
48 h, postoperative epidural analgesia and non-compliance
with intraoperative fluid management protocols are predic-
tors of POI [109].

Although many different options (nasogastric tube, fluid
restriction, colloid versus crystalloid combinations, early
feeding, prokinetics) are available, management of POI is
still a matter of debate, albeit rapidly evolving [110].

Chewing gum as a form of sham feeding is an inexpen-
sive and well-tolerated means of promoting gastrointestinal
motility following major abdominal surgery. A recent meta-
analysis [111] found that the incidence of POI is signifi-
cantly reduced in patients using chewing gum.

Till now the use of prokinetics in the treatment of POI has
been disappointing even if prucalopride, a highly selective
5-HT4-receptor agonist, can shorten POI and improve recov-
ery time, as well as reduce intestinal inflammation [110].

A meta-analysis [112], evaluating both the efficacy and
safety of the currently available drugs for prevention of POI,
concluded that, despite study inconsistency (due to hetero-
geneity of endpoints) and lack of head-to-head studies,
there is enough evidence to recommend the use of alvimo-
pan, a peripherally-acting mu-opioid receptor antagonists
(PAMORA) in major gastrointestinal surgery. Two further
meta-analyses [113, 114] confirmed that- after open abdomi-
nal surgery this PAMORA can accelerate recovery of gastro-
intestinal function, shorten the length of hospital stay, and
reduce POI-related morbidity without compromising opioid
analgesia, resulting in a cost-saving approach [115].

Limitations and controversies

The lack and poor quality of scientific data for relevant
aspects of the management of patients with diverticular
perforation and generalized peritonitis are the most obvious
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limitation to the construction of a comprehensive evidence-
based strategy.

Feasibility of randomized studies in this surgical sce-
nario remains questionable [116], as demonstrated by the
premature interruption of the 4 trials comparing PRA and
HP [66-68, 72] and by the conflicting results of the 3 trials
comparing resection techniques and LPL [50-52]. Possibly,
a well-designed and powered prospective cohort trial could
be a more realistic and efficient alternative in these settings.

In other instances, the limitation is the near-total absence
of adequate studies. The diagnostic and staging framework
of diverticular perforation with peritonitis is a good example
of that, with the accuracy of clinical and radiological mark-
ers rarely investigated so far.

Another constraint on the applicability of general recom-
mendations for the surgical management of perforated diver-
ticulitis with peritonitis is the different attitude of colorectal
surgeons and non-colorectal specialists, who perform the
vast majority of procedures for complicated diverticulitis
[117, 118] but with significantly lower rates of PRA [117,
118] and LPL [118]. A recent US nationwide analysis on
2729 emergency surgeries found only 7.6% were PRA [119].
The surgeon’s expertise and specialization is an important
factor in the decision-making process and leads to disparities
not only in the choice of the procedure but also procedure-
specific outcomes, such as ostomy rate, morbidity and even
mortality [117, 118, 120].

Future perspectives

Among the topics for future investigation, we believe that
five deserve the highest priority.

First, the role and accuracy of physical, laboratory and
radiological parameters for diagnosing and staging diver-
ticular peritonitis need better definition with adjustment
benchmarks according to the general and physiological sta-
tus of patients. Validated criteria with cut-offs will allow
better triage between medical and surgical approach.

Second, intraoperative findings should offer additional
guidance to choose the most effective and safe procedure.
However, the exact meaning of intra-abdominal visual fea-
tures, including purulent or fecal contamination, awaits fur-
ther investigation and incorporation into validated scoring
tools.

Third, prospective studies are advisable to demonstrate
the efficacy of damage control laparotomy in the most fragile
patients with septic shock.

Fourth, the few available data on Enhanced Rehabili-
tation protocols after emergency colorectal surgery show
that compliance may be lower than in the elective setting
[121]. Accordingly, their feasibility and efficacy in patients

undergoing surgery and eventually intensive care for diver-
ticular peritonitis remain to be addressed.

Fifth, functional and patient-reported outcomes are
mostly overlooked goals in emergency settings and need
further dedicated insights.
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