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Laparoscopy and Intra-Abdominal Sepsis
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Context: Intra-abdominal sepsis has significant morbidity and mortality. In the developed world, there are many common causes
originating from the lower gastrointestinal tract including diverticular disease, appendicitis, perforated cancers, and inflammatory
bowel disease. It has a high cost and is associated with high levels of significant morbidity and mortality. Management options include
radiologic drainage and surgical options include resection for more widespread sepsis. Laparoscopic surgery has increased and has been
useful in elective setting. Its use in the emergency setting is less evaluated.

Evidence Acquisition: Evidence was acquired by searching online medical databases including Pubmed, Medline and Embase.

Results: Laparoscopic surgery has been shown to have a role in the acute setting. Studies show it has become the gold standard in the
appendicitis. High quality Randomized controlled trials are in short supply but observational and cohort studies have shown equivalence
and with increasing experience complication rates are reduced. Evidence is also increasing in the management of diverticular disease,
crohn’s and ulcerative colitis as well as post-operative complication management and acute presentations of colorectal cancer.
Conclusions: Laparoscopic surgery is feasible in the management of intra-abdominal sepsis. It has become the new accepted standard in
the management of appendicitis, and is safe, feasible and increasing in the management of complex diverticular disease, acute IBD and
colorectal cancer in the emergency and post-operative setting.
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1. Context 2. Evidence Acquisition

Pelvic sepsis is a common problem. There are multi-
tudes of causes leading to this presentation. Common
causes include perforated viscus (appendix, diverticular
disease, and tumors), gynecological diseases (pelvic in-
flammatory disease [PID]), and rare causes such as oppor-

A search of Medline, Embase and Pubmed was under-
taken. All relevant studies were sourced and reviewed to
help undertake this review.

3. Results

tunistic infections (tuberculosis and actinomyces) (Table
1). The detected causative agents depend on the site and
cause, but include gastrointestinal (GI) organism such as
Escherichia coli and bacteroides. Management of sepsis
includes source control; thus, identification of source is
crucial to subsequent management. Diverticular disease
is one of the leading causes of intra-abdominal sepsis in
the developed world, but little evidence and consensus
about its management exists. We examined the evidence
behind presentation and treatment strategies.

3.1. Diverticular Disease

Diverticular disease is a common pathology, is often as-
ymptomatic, and may be detected incidentally on investi-
gation for other pathology. There is also an overlap between
irritable bowel syndrome (IBS) and diverticular disease.
The term diverticulitis should only be used for proven in-
flammation to avoid miscommunication and overtreat-
ment. Indeed, subsequent resection can lead to continuing
symptoms in up to 25% of this patient population (1).

Table 1. Causes of Intra-Abdominal Sepsis

Cause Level Coexisting Pathologies Often Found

Ascites Primary or secondary Liver failure: alcohol, viral hepatitis (hepatitis B and C), and perito-
neal dialysis

Gastrointestinal pathology Lower Acute inflammation: appendicitis, diverticulitis, tumors, and

Trauma Any abdominal organ

Gynecological Pelvic inflammatory disease

inflammatory bowel disease

Usually penetrating wounds, infected hematoma, eg, conserva-
tively managed blunt trauma such as splenic injury

Tuboovarian abscess, rarely tumors
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Most symptomatic patients present as an emergency.
Diverticular disease can present with abscess formation,
free perforation, bleeding, fistula, or stricture and large
bowel obstruction.

Common classifications such as the Hinchey system (Table
2) help assess the degree of complication and stratify treat-
ment of diverticular disease in the United Kingdom (2, 3).

Definitive imaging options include ultrasonography
(USG), water-soluble contrast study, and computed to-
mography (CT); however, CT remains the gold standard
method of diagnosis (4). CT helps to exclude obstruc-
tion and detect malignancy. Following an acute attack,
performing luminal endoscopy with a view to exclude
a cancer/polyp is recommended. This can be technically
challenging; however, CT colonography (CTC) has been
proposed as a viable alternative. Both the SIGGAR (Spe-
cialist Interest Group in Gastrointestinal and Abdominal
Radiology) trial and other studies have shown it to be
comparable to endoscopy and barium enema (5, 6).

3.1.1. Emergency Presentation

Treatment of acute diverticulitis involves the resuscita-
tion, adequate analgesia, and use of broad-spectrum an-
tibiotics. Definite management falls into four categories:

3.1.11. Conservative management

For patients with localized signs or those who are sys-
tematically well, a thorough trial of conservative manage-
ment is appropriate. Initial imaging may show Hinchey
0/1 diverticulitis. CT is still useful as a diagnostic test
and in case of subsequent deterioration. Most abscesses
< 5 cm will resolve with conservative management (7).
The use of antibiotics in treatment has also come under
scrutiny in recent years. A recent Cochrane review (8),
however, found limited evidence in support of the use of
antibiotics for uncomplicated diverticulitis. They did not
stop progression to complicated disease or reduce the
need for intervention. Nonetheless, no meta-analysis was
possible and further studies are required before antibiot-
ics are no longer used or required in the management of
diverticular disease.

3.1.1.2. Radiological Drainage

Percutaneous drainage remains an option for con-
firmed collections around a diverticular phlegmon. It
should be remembered that small collections (less than 5

cm) usually resolve with conservative management and
rarely require intervention (9). Drainage can be done as
a bridge to elective surgery and is feasible and safe, if a
safe passage to the collection is seen on imaging studies
(9). This is a particularly appealing therapeutic option
in patients with high predicted mortality from surgery
or general anesthesia, such as those with severe cardio-
respiratory co-morbidities, but remain stable with a de-
finitive collection (10).

3.1.1.3. Laparoscopic Drainage

Since 2008 (11), laparoscopic washout and drainage is
feasible as a viable emergency option for perforated di-
verticulitis (Hinchey 2/3). Whilst this had been shown to
be possible in selected small case series, it was not accept-
ed as a mainstay of treatment (12, 13). In some centers,
laparoscopic drainage has replaced radiologic drainage
and can lead to lower morbidity and mortality (14). The
LADIES trial and the DILAILA trials are currently looking
at the role of laparoscopic lavage further in both Europe
and Scandinavia (15, 16). The initial and pretrial results
from the Dutch Diverticular Disease Study Group sug-
gest that laparoscopic lavage is feasible, but state overt
sigmoid perforation (with significant contamination or
large defect in the colonic wall) and patient selection is
crucial (17). Some authors advocate the use of on-table
sigmoidoscopy (rigid or flexible) to insufflate to assess
the perforation site if it is not readily visible. However,
this runs the risk of conversion of a localized sealed per-
foration into an open one necessitating resection. It is
also possible to suture a small (less than 1cm) defect lapa-
roscopically or use an omental patch to cover the defect.

The main advantage of lavage however is the ability
to turn the emergency resection into an elective proce-
dure where conversion rates are lower, with reduction
in morbidity (18,19).

3.1.1.4. Definitive Surgery

In those with Hinchey 4 perforated diverticulitis or those
in whom a large perforation or systemic signs are present,
definitive therapy is surgery. The options are open drain-
age +/- diversion (colostomy) and resection +/- anastomo-
sis (+/- defunctioning ileostomy). Anastomosis is prefer-
able for patients and avoids the need for a second major
procedure to re-anastomose. However, in the presence of
sepsis and an acutely unwell patient, a leak can prove fatal.

Table 2. Modified Hinchey Classification of Diverticulitis

Level Symptoms
0 Diverticulitis
A: Confined pericolic inflammation B: Pericolic abscess
2 Pelvic, distant intra-abdominal or retroperitoneal abscess
3 Generalized purulent Peritonitis
4 Fecal Peritonitis
2 Ann Colorectal Res. 2015;3(2):e28983
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A Hartmann’s procedure remains a safe emergency
procedure. There remains morbidity associated with the
formation of a stoma-retraction (especially in the obese
patient), separation, obstruction-as well as the potential
for pelvic sepsis related to blowout from the rectal stump
suture/staple line. Most colorectal surgeons would divide
the rectal stump using a stapler (and then over sew it to
re-enforce the staple line) at a convenient site, usually
close to the pelvic brim (it can be marked with long non-
absorbable sutures) allowing reversal in the future.

There is evidence that primary resection and anasto-
mosis leads to lower mortality (7.4% vs. 15.6% for Hart-
mann’s procedure) (14). However, these trials are both
heterogeneous and no difference existed at levels
Hinchey 2 and above. Further work is still required. The
decision to anastomosis remains a personal one with
experience and status of the patient, considering pre-
morbid and disease-related status. Improvements in
postoperative care, nutrition and perioperative man-
agement with intensive care means that the decision
to anastomosis can be made in those undergoing re-
section. Where Hinchey 4 peritonitis, i.e. an unstable
or frail patient is present, a Hartmann'’s procedure re-
mains the best option. Both of these options in experi-
ence hands can be performed laparoscopically when
possible; however, conversion to open procedure is of-
ten required. The SIGMA trial showed that in the elec-
tive setting laparoscopy is feasible (20), and advocates
have advanced this to the emergency setting as well.

The issue of providing a covering ileostomy when anas-
tomosing again remains a personal choice. The anas-
tomosis is usually high and the proximal colon is un-
prepped. If an ileostomy is proposed, it may be prudent
to lavage the proximal colon, either using the appendix
or caecum or milking from the distal end.

3.1.2. Appendicitis

Appendicitis is one of the most common general sur-
gery emergencies. It has a lifetime incidence of 7 to 12%
in the United States and Europe (21-23), and is commoner
in males whilst a higher appendectomy rate is noted in
females (often undergoing surgery with other identified
pathologies) (21). The highest incidence is noted between
19 to 30 years old (21-23).

Appendicitis is triggered by bacterial infection due
to obstruction of the appendix orifice in the caecum.
Commonly, this is caused by a fecalith, but can be trig-
gered by other pathology such as parasite infections
(helminths), tumors (carcinoid), lymphoid aggregates,
and post-pneumocolon in colonoscopy. The disease
progresses and full-thickness inflammatory responses
are seen. This can lead to ulceration, necrosis, and sec-
ondary perforation. In turn, it can lead to peritonitis or
localized abscess formation.

Classically, appendicitis presents with migratory
midget (central) to right iliac-fossa pain over 12 to 24
hours. Associated symptoms include anorexia, nausea,
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and fevers. The location of the appendix varies and pel-
vic appendicitis can be associated with urinary or GI
disturbance. In the presence of abscess formation, a
mass may be palpable.

The use of laparoscopy as a diagnostic testhas changed
management of suspected appendicitis. Blood tests in-
cluding increased white cell count (leukocytosis), el-
evated inflammatory markers (CRP), and liver function
test such as bilirubin have been shown to have a role,
particularly in perforated appendicitis (24, 25). Procal-
citonin, a newer blood test, has been shown to be useful
in detecting those with complicated appendicitis, but
is not used widely (26).

The diagnosis of appendicitis mainly remains a clinical
orradiologic one, but two scoring system exist to help cli-
nicians. The Alvarado score gives a score on a ten-point
scale (Table 3). Scores < 5 strongly suggests another diag-
nosis whilst a score of > 7 is a strong predictor (27, 28). A
lesser-known system, incorporating the use of USG, is the
Tzanakis system (Table 4). This gives a score on a 15-score
scale, with more than 96% predictive value (29).

Table 3. The Alvarado Scoring System for Acute Appendicitis

Sign/Symptom Score, points
Migratory pain 1
Anorexia 1
Nausea or vomiting 1
RIF tenderness 2
Rebound tenderness 1
Fever more than 37.3°C 1
Leukocytosis >10000 cells/uL 2
Neutrophilia/shift to the left 1
Total 10

@ Abbreviation: RIF, Right Iliac Fossa.

Table 4. Tzanakis Scoring System for Acute Appendicitis &

Sign/Symptom Score, points
RIF pain 4
Rebound tenderness 3
white cells >12000 cells/pL 2
+ve USS 6
Total 15

2 Abbreviations: RIF, Right Iliac Fossa; and +ve USS, positive ultrasound.
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The use of imaging for diagnosis of acute appendicitis
has increased. The USG is cheap, simple, and easily acces-
sible in most hospitals. It is used not only to diagnose ap-
pendicitis but also to detect other pathology including
gynecological pathologies in females. The USG for GI pa-
thology in the United Kingdom relies predominantly on
Glsonographers or consultants with a dedicated interest.
However, it can have a sensitivity of 44 to 99% and specific-
ity of 47 to100%. CT has a higher diagnostic rate with sen-
sitivity of 92.5% and specificity of 89% (30, 31). Concerns
exist over the use of ionizing radiation and increased
future cancer risk with CT. There has been an increasing
move to utilize magnetic resonance imaging (MRI). The
OPTIMAP study group showed MRI to be comparable to
USG with conditional CT use in diagnosis. However, both
sets of imaging could under-stage complicated appendi-
citis as simple appendicitis, which can affect subsequent
treatment (32). The greatest population who benefit in
UK practice are pregnant females or children. Its use has
been validated with high negative predictive value, but
variable sensitivity (33).

3.1.3. Emergency Presentation

Treatment of appendicitis involves the use of analgesia,
fluid resuscitation, and antibiotics. There are a number of
definitive management strategies.

3.1.3.1. Conservative Management

Until recently, conservative management was re-
served for those deemed unfit for surgical intervention,
where a trial of antibiotics alone would be used. In re-
cent years, a shift to nonoperative management is seen
and a number of trials has demonstrated its efficacy
in the management of uncomplicated appendicitis. A
recent Cochrane review (34) demonstrated that whilst
some studies found positively in favor of antibiotics,
the overall results are inconclusive. A recent meta-anal-
ysis (35) demonstrated that antibiotics had a 63% suc-
cessrate and a 20% recurrent appendicitis rate of which
20% had complicated appendicitis. However, one of the
major problems with this strategy remains the correct
identification of complex appendicitis versus simple
appendicitis in imaging studies.

3.1.3.2. Laparoscopic Versus Open Appendectomy

Laparoscopic appendectomy has become the gold stan-
dard and mainstay of surgical treatment of appendicitis.
Its main advantages include the ability to identify the
appendix as the primary pathology, recognizing other
pathologies, especially pelvic pathology in females, and
excellent obtainable views of the whole abdomen. The
laparoscopic view also enables through washout of the
whole abdomen. There are a number of trials and meta-
analyze demonstrating shorter length of stay, reduced
wound infections, reduced postoperative bowel obstruc-
tion (36-40), and less pain, but a slightly higher rate of

intra-abdominal abscesses. There is also evidence that
show fewer patients are re-admitted postoperatively (41).
An updated Cochrane review in 2010 recommends lapa-
roscopy as first-line operation (42).

In the early 1990s, initial results were treated with
skepticism and indeed high rates of complications
including abscess were recorded. Recent studies (43)
have shown reduction in these rates. Whilst complica-
tion rates are noted, these are lower than previously
thought. Earlier studies had small numbers and short
follow-up period, and were indeed heterogeneous and
underpowered to look at postoperative septic compli-
cations. The upsurge in laparoscopy has undoubtedly
raised standards and training programs have accentu-
ated this. Rates of intra-abdominal abscesses remain
high in studies (x3), but it may be over-represented by
trial powering. The benefits in females of childbearing
age and obese patients are increased (42).

Apart from intra-abdominal abscess, the other main
concern with laparoscopic appendectomy was stump
appendicitis. As technique has improved this has been
found to be an extremely rare phenomena. Recent stud-
ies and reviews show similar rates in laparoscopic and
open appendectomies (43-45). If this occurs, the diagno-
sis is often clouded by a history of prior appendectomy
and CT is often indicated. Treatment can be with either
laparoscopic or open appendectomy, but prevention and
proper ligation are the keys (45).

Appendectomies are increasingly performed using fur-
ther minimally invasive techniques including single port
incision laparoscopic surgery (SILS) and natural orifice
transluminal endoscopic surgery (NOTES) (46, 47). A re-
cent meta-analysis of SILS surgery found better cosmetic
satisfaction, with similar results for complications and
length of stay. However, conversion rates and operating
times were longer, reflecting the complexities and possi-
bly the learning curve of newer techniques (46).

3.1.3.3. Appendix Abscess: Radiological Treatment, Con-
servative Management, and Surgery

Appendix abscess is the result of the natural walling-
off of the inflammatory change around the appendix.
Options for management include surgery (open or
laparoscopic) and percutaneous drainage. CT-guided
drainage is a safe and effective treatment modality (48).
It can allow the inflammatory component to settle with
an entirely conservative approach or for interval ap-
pendectomy to be performed in patients with on-going
or recurrent symptoms. Depending on the age, comor-
bidity, initial imaging, and length of history, clinicians
will be guided to decide whether an operative or drain-
age approach is required; abscess size is often helpful.
A drainage route often treats abscesses with diameter
of > 4 cm in stable patients. A large meta-analysis dem-
onstrated that drainage failure rates are around 7% and
immediate surgery is associated with higher morbidity

Ann Colorectal Res. 2015;3(2):e28983
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than nonsurgical treatments. Malignant disease was
identified in 1.2% of such cases (49).

3.2. Tumors

Colorectal Cancer is common in the developed world.
It is the fourth most common cause of cancer death on a
global scale (50). Unfortunately, despite access to health-
care, emergency presentation is common and is linked
to poorer patients’ outcome (51). There are excess cancer-
related and inter-current deaths related to those present-
ing as an emergency (51).

There has been an increasing change in elective practice
to minimally invasive surgery including laparoscopic,
SILS, and robotic surgery, Studies have found no-inferior-
ity of oncological outcome and improvements in length
of stay, less postoperative pain, reduced blood loss, and
earlier return to function (52-54). Initial concerns regard-
ing lymph node yield addressed port-site recurrence.
Initial experience showed that T4 tumors (including per-
forations) were a contraindication to laparoscopy, but
as experience has increased, surgeons are successfully
able to tackle emergency cases successfully. However,
Evidence is scant at present, but some observational level
studies have shown no inferiority and a shorter length of
stay. Long-term data is currently unavailable (55). As with
other forms of surgery, progress is not abated. There are
cases reports of emergency robotic colectomies for hem-
orrhage (56) and over the next 10 to 20 years, this field is
likely to expand. Perforated tumors are by definition T4
in origin and a source of pelvic and abdominal sepsis.
Laparoscopic management is possible.

3.3. Inflammatory Bowel Disease

Crohn’s disease (CD) and ulcerative colitis (UC) are com-
mon diseases throughout Europe. Surgery is an impor-
tant management option, especially in the emergency
presentation. The incidence of UC and CD are 10.4 per
100000 and 5.6 per 100000 persons, respectively (57).

For UC, guidelines for the management in its acute
phase are available (58). For those failing medical ther-
apy or those with perforation, mega colon/obstruction
surgery has the main role. A number of papers (59-61)
compare laparoscopic with open resection and man-
agement. Overall, while operating times are longer,
complication rates are similar. The main advantage of
laparoscopic surgery is in the further operations that
may be required, such as the completion proctectomy
and formation of an ileo-anal pouch.

The CD is a transmural inflammatory condition that
can affect anywhere in the GI tract. Laparoscopy in the
elective setting has become the mainstay of resectional
treatment. Itis also feasible in the emergency setting. The
most thorough meta-analysis concluded that laparos-
copy for ileocolic CD is associated with a faster recovery
and shorter length of stay with equivalent morbidity and
mortality (62, 63) as well as reduction in reoperation and
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hernias (63). Laparoscopy has also been shown to be safe
in reoperation for CD (64, 65).

Acute inflammatory bowel disease (IBD) flares can often
be due to superimposed infections such as acute gastro-
enteritis (Campylobacter, E coli, Salmonella) and viral infec-
tions such as cytomegalovirus (CMV) as well as Clostridi-
um difficile. Stool cultures should be taken in all patients
with acute colitis prior to surgery unless the clinical situ-
ation dictates otherwise (e.g. perforation). In patients for
whom stool or biopsies confirm superimposed infection,
treatment is usually medical.

IBD (both UC and especially CD) can present with intra-
abdominal perforation and abscess formation. CD may
also present with enterocutaneous fistula. Laparoscopy
has been shown to hold advantages of benign internal
fistula compared with open surgery in carefully selected
patients, and itis certainly nota contraindication as once
thought. Rates of conversion are higher in those with
vaginal or duodenal involvement suggesting more com-
plex disease (66). The advantages would seem more ob-
vious in CD where multiple surgeries within a patient’s
lifetime are often encountered, especially with fistulat-
ing disease. Enteric fistula management is possible in CD
(67); however, further studies are required for this area.

3.4. Pelvic Inflammatory Disease

Laparoscopy remains the gold standard tool for diag-
nosis and management of complex PID. It allows both
diagnosis and treatment of pelvic conditions in chronic
and acute pelvic pain. Samples can be taken for culture
and management of tuboovarian abscess is possible us-
ing similar techniques to laparoscopic appendectomy
and lavage in diverticulitis. Young females presenting as
an emergency with lower abdominal pain should have
considered it as a possible diagnosis if a history with risk
factors such as unprotected sex is present. High vagina
swabs for candida and bacterial vaginitis and endocer-
vical swabs for gonorrhea and chlamydia (using poly-
merase chain reaction [PCR]) are often used; however,
urine PCR can be used for chlamydia.

Laparoscopic treatment for PID can utilize a number
of treatment modalities. Irrigation of infected and pu-
rulent fluid can act as treatment and allow targeted
antimicrobial management. The results of vaginal and
abdominal swabs are often different and isolated or-
ganisms vary (68); thus, laparoscopy has a diagnostic
role. However, laparoscopy also has a therapeutic role.
treatment options include adhesiolysis, drainage of
pyosalpinx, drainage of tuboovarian abscesses, and ex-
tirpation of disease (69).

3.5. Rare Infections

In endemic areas, infections such as tuberculosis and
actinomyces can repent with abdominal abscesses or in-
fections. These can be detected prior to or during surgery
with subsequent infection picked up on culture. In non-
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endemic areas, the key to diagnosis remains a high index
of suspicion. Patients at higher risk such as those with a
relevant travel or exposure history or immunosuppres-
sion should lower the diagnostic threshold and swabs
and cultures should be sent from any abscess drained.

3.6. Complications

Anastomotic leak is a dreaded complication of colorec-
tal surgery. Rates of anastomotic dehiscence varied from
2.4 to 19% with higher rates for low pelvic anastomosis
and irradiated rectum (70). Gross contamination and an
unstable patient often preclude a laparoscopic approach,
but in selected patients, lavage, laparoscopic repair,
drainage, and de-functioning can have a role. Vennix et
al. highlighted this in 38 patients (71). However, further
studies are required. Early results have been promising
with higher long-term stoma closure rates, reduced com-
plications and mortality, and reduced infection (72).

3.7. The Future

3.7.1. Single Incision Laparoscopic Surgery

SILS surgery uses a transumbicially-placed incision
(around 5 cm). Then a specially designed port is placed.
The same technique has been used in both ileocecal
resection and total colectomy procedures. It is increas-
ingly used for appendectomy and has the advantage
of facilitating a learning curve for more complex pro-
cedures. However, results have been mixed with some
studies demonstrating no difference (73). A recent
meta-analysis showed better cosmetic results without
short-term complications (46), but results on outcomes
including post-operative herniation rates are awaited.
Similar improved cosmetic results have been shown for
colectomies without increasing complication rates and
equivalent oncologic results, but a large multicenter
randomized clinical trial has not been conducted yet
(74, 75). It has been shown to be of use particularly in
young patients with IBD (76).

3.7.2. Natural Orifice Transluminal Endoscopic Surgery

NOTES utilizes natural orifices (vagina or stomach) to
extract the specimen and endoscopic instruments to
perform the procedure. Hybrid approaches are possi-
ble using a combination of standard laparoscopic and
NOTES approaches. It has been shown to be feasible in
colon resection (77). There are current case series, but
no randomized clinical trial has demonstrated advan-
tages; however, its application is increasing. A recent
article in the British Journal of Surgery (78) showed its
increasing use and acceptance.

4. Conclusions

Intra-abdominal sepsis is common. It can be devastat-
ing and lower GI sources are commonplace. Laparoscopy

is increasingly used in the management of diverticulitis,
appendicitis, and acute presentation of IBD and cancer
and its use is developing and growing. In many centers, it
has become the gold standard and mainstay of treatment.
Longer follow-up results are required, but the evolution of
surgery is already pushing the boundaries of what is possi-
ble. Reduced surgical trauma and minimally invasive tech-
niques are being refined to shift the paradigm of surgical
management to limit and restrict further trauma rather
than to add to it-laparoscopy is one such modality.
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