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This book is dedicated to all Italian Surgeons,
a group to which I proudly belong.

To Elisabetta, Giuliana and Stefano,
and the whole family,

in particular to my father,
my greatest supporter during the beginning of my career.







It is my great honor and pleasure to write a preface for this new book from
Springer focusing on the role of laparoscopy in emergency surgery.

The work has been edited and supervised by Vincenzo Mandalà, an undis-
puted expert in modern emergency and trauma surgery, and it presents an
excellent overview of the methodologies practiced by the major Italian surgery
schools, which have elevated the mini-invasive approach to a principle govern-
ing their work and, one might add, their overall approach as clinicians.

The book provides an effective summary of many of the already well-estab-
lished techniques as well as other, more innovative ones, all of which are
employed in compliance with the emergency and safety criteria required by
this particular surgical field.

Emergency surgery is one of the most demanding branches of general sur-
gery: time is crucial and any decision must be immediate but nonetheless
agreed upon by a multidisciplinary team of surgeons and anesthesiologists
able to recognize the benefits of mini-invasive surgery not just during the pro-
cedure itself but, above all, during the postoperative period. This is particular-
ly true for the most complex cases. Furthermore, surgeons working in an
increasingly technological setting need to be supported by nursing and med-

tical teams familiar with the sophisticated and constantly changing equipment
and materials.

In this setting, continuing education plays a crucial role, and books like this
one, which summarize techniques, protocols, and evidence, can support sur-
geons in their decision-making when they are dealing with the various clinical
and organizational problems common to both small and large hospitals. 

The work–one could even say, the mission–that Vincenzo Mandalà has
been carrying out in the most important Italian and international scientific
societies makes him an ideal advocate of the approaches underlying this spe-
cific surgical field and so well-presented in this volume.
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What is certain is that emergency laparoscopy has made the transition and
is no longer the last diagnostic step but the first–and, in many cases, the
only–therapeutic step.

Thank you Vincenzo for this very fine job!

Rome, October 2011 Gianluigi Melotti
President, Italian Society of Surgery
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Over the last ten years of my professional activity and particularly since 1999 I
have been working as head of department at “Villa Sofia-CTO Hospital Trust”
in Palermo. The mission of the Hospital Trust is emergency (it has been recog-

fnized as a level III leading regional center and a DEA level II, a Department of
Emergency and Admission of a high level) and since there was no mini-invasive
surgery unit, I decided to make every effort in my daily professional and organi-
zational life towards this new surgical approach. I wanted not only to improve
elective laparoscopic advanced surgery, but also to raise the level of emergency
surgery by introducing standardized emergency surgery protocols.

Since 1992 I have devoted my professional life to laparoscopic surgery.
During a previous experience as the Director of an operative surgery unit in a
suburban Hospital (Cefalù Hospital), we had to enhance the use of diagnostic

flaparoscopy extensively, because of the structural problems and the lack of
radiologic imaging modalities such as CT and MR. The laparoscopic approach

rwas, therefore, used for abdominal emergencies, particularly appendicular
peritonitis caused by acute appendicitis and perforated ulcers, acute cholecys-
titis and emergencies of the abdominal wall.

In that period I realized how important diagnostic laparoscopy was not only
for neoplastic problems but also for intra-abdominal peritonitis and for non-

fspecific abdominal pains that mostly affected young women. I found myself
being a pioneer of laparoscopic surgery, a technique which can sometimes
ensure therapeutic resolutions with all the benefits that we know.

In 1999, I found in the Villa Sofia hospital the structural strength of a large
hospital equipped with spiral CT scanning, MR, angiography (although limit-
ed), the possibility of intraoperative blood recuperation and intensive care
units. For this reason my main aim was to increase emergency laparoscopic

rsurgery, although I have to admit I encountered strong resistance from senior
doctors and inexperience but enthusiasm in younger colleagues.

Peritonitis and other nontraumatic emergencies using a laparoscopic
approach were the first to be carried out, but as my older colleagues opposed
the use of mini-invasive surgery, especially for hemoperitoneum, I had to ded-
icate myself to tackling abdominal traumas.

ix
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tGoing through the literature concerning abdominal trauma, I realized that
laparoscopy had started to be used much earlier than when it actually emerged
as a preferred surgical technique, especially for the most dangerous and neg-

nlected field of trauma. Estes, Gazzaniga, Cuschieri and Bercy’s experiences in
fact go back to the 1970s and 1980s.

The problem was not only the doubts regarding the possible benefits of the
laparoscopic approach, but - as several trauma surgeons have highlighted - also
the dilemma to decide when and if a laparotomy has to be carried out. This
was underlined by many authors who stressed that missed injuries and there-
fore an unacceptable delay in treatment should be considered extremely dan-
gerous for patients. They referred to an axiom: the first rule for emergency
abdominal surgery in general, and in particular for trauma abdominal sur-
gery, is the final treatment of all lesions.

A more recent analysis, although it is not easy to find and elaborate
prospective randomized studies, has highlighted that laparotomy is associated
with mortality, morbidity and a series of complications which become unac-
ceptable especially when exploration proves negative or nontherapeutic; there-
fore, all diagnostic procedures, both invasive and noninvasive, become
unavoidable if they can reduce explorations which are uncomfortable and use-
less. Laparoscopy has, recently, shown that when it is carried out by capable

thands it can, indisputably, reduce useless explorative laparotomies in at least
40-60% of trauma cases, in particular, for the peritoneal evaluation of the tra-
jectory in penetrating injuries, for diaphragmatic ruptures both in open orjectory in penetrating injuries, for diaphragmatic ruptures both in open or
blunt trauma and also for the evaluation of non-active bleeding.

Furthermore, laparoscopy allows the surgeon to wait and provides the pos-
sibility of using interventional complementary therapies. It must also be
stressed that the percentage rate of missed injuries and delayed treatment has
dropped 5-10% in the latest evaluations.

Laparoscopy has reached a wider use also thanks to its therapeutic poten-
tial, which in the past only concerned some treatment for hemoperitoneum
caused by liver and splenic lesions after blunt trauma and for the identification
of peritoneal penetration in penetrating trauma. Recently laparoscopy has been
widely used for minor lesions (moderate bleeding of the mesentery or moder-

tate lesions of hollow viscous) especially when the surgeon is expert at
advanced laparoscopy surgery.

The therapeutic potential of laparoscopy is even more important for emer-
tgency nontraumatic surgery. At the beginning of the 1980s Philippe Mouret

also demonstrated the real advantages of laparoscopy in acute appendicitis,
adhesiolysis and also in peritonitis caused by perforated ulcers.

In the last ten years, as the methodology has undergone increasing
improvement it has been possible to carry out laparoscopy in perforated diver-
ticulitis and small bowel obstruction by adhesion and nonadhesion and the
approach to nonspecific abdominal pain. Acute pancreatitis and mesenteric
ischemia are still to be taken into consideration.
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tOf course in very many situations laparoscopy cannot be resolutive, but
laparoscopic assisted surgery (tailored minilaparotomy) or hand assisted tech-
niques can prove beneficial. Findings in the literature demonstrate that these
two different laparoscopic procedures offer the same advantages as pure
laparoscopy.

This book about laparoscopy in abdominal emergencies which we believe
is the first of its kind has the purpose of underlining the meaning and the
potential of minimally invasive surgery in abdominal emergency in trauma and
nontraumatic fields.

I am convinced that this study, which is meant to be a guide for specialists
and dedicated surgeons, is principally addressed to young internal and trainee
surgeons who are faced with emergencies on a daily basis and may also come
up against medicolegal problems when they have to take rapid and effective
decisions.

Besides being an easy text for consultation, I hope it can stimulate all col-
leagues with an interest in these problems. I am strongly convinced that we can
meet the challenge of putting together guidelines, protocols and records, in
order to standardize topics that are currently only in the planning stage.

rFinally, I am sure that the ever growing technological innovations together
fwith the technical experience of surgical teams will ensure that today’s role of

laparoscopy in emergency abdominal surgery will maintain its continual and
texponential growth. This will make it a diagnostic and therapeutic strong point

in so many decisional algorithms of emergency surgery.
Lastly, I would like to make some acknowledgments: to the board of the

governors of the Italian Society of Surgery and its President Professor Melotti,
tan experienced surgeon in this area, for giving me the opportunity to submit
rthis manuscript on behalf of the Association; to Professor Enrico De Antoni for

considering my request years ago; and to all the professors, colleagues and my
dear assistants who have actively collaborated in the writing of this book and
to the publisher Springer Verlag Italia for the effective book layout, the assis-
tance and the patience during the production of this book.

Palermo, October 2011 Vincenzo Mandalà
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Diagnostic Laparoscopy
in Abdominal Emergencies

Ferdinando Agresta, Antonello Mirabella, Natalino Bedin
and Vincenzo Mandalà

1

F. Agresta (�)
Azienda ULSS 19 di Adria
UOC di Chirurgia Generale, Presidio Ospedaliero di Adria,
Adria (RO), Italy

1.1 Introduction

Acute emergency situations often pose a diagnostic challenge to the general
surgeon. The diagnosis is important due to the different pathologic conditions
that might be responsible for the acute situation and therefore important for
planning the correct abdominal incision or avoiding an unnecessary laparoto-
my. There are several noninvasive diagnostic procedures – such as ultrasono-
graphy and CT scanning − which can be performed along with plain film radi-
ography on patients with an acute abdomen to aid the surgeon in establishing
a preoperative diagnosis [1−12]. In experienced hands, which are not always
available around the clock in every hospital setting, the results of these meth-
ods are quite good, but in general practice they are not completely accurate
and conclusive (partly due to the patients’ physical limitations, e.g. obesity or
massive bowel distension, and partly because, as already stated, they are
dependent on operator skills) and they might be time-consuming and expen-
sive (such as CT scanning) [13−15]. Another factor to keep in mind is that
nowadays the mean patient age is increasing and, as a consequence, there is
an increasing possibility of being confronted with emergency abdominal situ-
ations in the elderly with many co-morbidities which complicate not only the
therapeutic strategy but the diagnostic approach as well. In the imaginary
equilateral triangle which represents the danger signal for every kind of acute
abdomen, the diagnostic side of the triangle and the therapeutic side are
increasingly tied together by the technique which for over twenty years has
been calling the attention of the surgical world: laparoscopy. Once the diag-
nosis is established, laparoscopy in fact can take a further step in many cases,



since therapeutic intervention via laparoscopy is possible for a number of these
conditions without the need to resort to a laparotomy (OP) [1−12].

1.2 Laparoscopy: Once a Revolution, Still in Evolution

In writing about laparoscopy in a book on emergency surgery, it seems impossi-
ble to divide the diagnostic from the therapeutic value of this approach.
Therefore, it is a must to analyze how the attitude towards this approach has
changed regarding indications, morbidity and the kind of pathologic conditions,
based on the available scientific evidence, for wich laparoscopy might be a good
alternative to an open approach – both in terms of diagnosis and treatment.

1.3 Indications

The absolute and relative contraindications to laparoscopy in approaching
abdominal emergencies are the same as for elective procedures [1, 6, 7, 9]. As
for peritonitis, concerns have been raised that the creation of capnoperitoneum
in patients with established peritonitis may be detrimental in terms of worsen-
ing bacteremia, endotoxemia and severe sepsis, and experimental studies have
yielded conflicting data in this regard. In animal models of peritonitis, endotox-
emia and the development of intra-abdominal abscesses do not seem to be
increased by CO2 laparoscopy when compared with control groups [15−20].
Over the past few years there has been an increasing number of series on the
use of laparoscopy in the treatment of peritonitis which have reported favorable
results, especially in the intensive care unit. In this situation in fact diagnostic
laparoscopy (DL) has its main indication for unexplained sepsis, systemic
inflammatory response syndrome, acute acalculous cholecystitis, mesenteric
ischemia and multisystem organ failure [6]. Generally speaking, peritonitis
should not be considered a contraindication to laparoscopy and we do agree

rwith the clinical practice guideline drawn up by the European Association for
Endoscopic Surgery (EAES): Changes in systemic inflammatory and anti-
inflammatory parameters … are less pronounced after laparoscopic surgery
than conventional surgery. Whether this leads to clinically relevant effects
remains to be proven. There is no compelling clinical evidence that specific
modifications of the pneumoperitoneum alter immunologic response… presup-
pposing appropriate perioperative measures and hemodynamic stability, there
are no contraindication to create a pneumoperitoneum when laparoscopic sur-
gery is applicable in cases of peritonitis [20]. Last but not least, we support the
idea of minimizing post-surgical infection, not only with the use of antibiotic
prophylaxis, but also by optimizing the immune response by maintaining homeo-
stasis through nutritional support (especially the via enteral – and the laparas-
copy assuring a faster GI recovery allows for an earlier enteral feeding!) and
reducing surgical trauma (as is done with laparascopy) which consequently

2 F. Agresta et al.



reduces the stress response and immune suppression [21].
Prior abdominal surgery or a known malignancy were thought, by many

and in the beginning, a direct indication for laparotomy. However, these con-
ditions are no longer considered an absolute contraindication to laparoscopic

aexploration for emergency situations, provided the possibility of establishing a
pneumoperitoneum [1−6].

Lastly, the use of emergency laparoscopy in the pediatric arena has been
limited, with contraindications both in terms of local experience and modifica-
tion and availability of pediatric equipment, i.e. mini-instruments. There has
nonetheless been an increasing number of reports of a laparoscopic approach
in children with acute abdominal situations, above all with suspicion of acute

fappendicitis, with good results especially regarding the diagnostic value of
tlaparoscopy [22]. With regard to older patients, it should be born in mind that

they tend to present later in the course of their illness and have more non-spe-
cific symptoms. In addition, a broader differential diagnosis must be consid-
ered in older patients with abdominal pain. Moreover, they often have numer-

rous other conditions that may be responsible for changes in physical status or
laboratory parameters. Therefore, the early diagnosis of abdominal complica-
tions is a clinical challenge, but it is of the utmost importance because early
diagnosis and especially early treatment are the determinant keys of clinical
outcome [23, 24]. If there are no absolute contraindications to the approach,
laparoscopy might offer a change in diagnosis and treatment, reducing the
amount of trauma in patients with “weak” or “border line” general conditions.
Generally speaking we no longer consider age (both in the two extreme peri-
ods: pediatric and old age) as a contraindication to laparoscopy [23, 24].

1.4 Diagnostic Accuracy

The diagnostic accuracy of laparoscopy is reported with a rate of 89−100% in
the international literature [1, 6, 7, 9, 25]. Generally speaking, the most com-
mon cause of acute abdominal pain is non-specific abdominal pain (NSAP)
(22–44% of the study population), followed by acute appendicitis (15–29%),
acute biliary disease (3–10%) and bowel obstruction or diverticulitis in elder-
ly patients. Acute appendicitis represents the cause of surgical intervention in

ftwo-thirds of children with acute abdomen. The high diagnostic yield of
laparoscopy is important especially in the first two situations: patients with
pelvic disease – suspected appendicitis and NSAP, where laparoscopy allows

ffor a more thorough exploration of the abdominal cavity and identification of
rconcomitant diseases than OP. A delay in surgical intervention while further

investigations are performed may increase morbidity and prolong hospital stay
(average delay period of 6.12 days), especially considering that patients admit-
ted with unclear diagnosis – namely with NSAP – might be old, obese, criti-
cally ill and with co-morbid situations (such as diabetes and immunosuppres-
sive therapy) [8− f10]. With regard to preoperative imaging, the accuracy of

1 Diagnostic Laparoscopy in Abdominal Emergencies 3



radiography in these diseases reaches 75%, whereas the accuracy of abdomi-
nal ultrasound is 60–89%. The CT scan is more accurate (84–98%), but it is
not always available in all hospital settings [13−15]. It has been reported in the
literature that with an open approach, such as in suspected appendicitis, the
accurate on-table diagnosis is missed in up to 14.3% of cases and that the sen-

tsitivity for diagnosing normal appendices is low at 51.3%, thus suggesting that
almost half of normal appendices might be misdiagnosed as pathologic, with
the risk of no further exploration for other pathologic conditions [26].

Another main advantage of laparoscopy is the management of generalized
peritonitis, where a better quality of peritoneal washing and an easy cleaning
in the deep abdominal areas (such as the rectouterine pouch), as well as mini-
mal destruction of the abdominal wall, can be done [1, 6, 25]. In addition,
many patients with acute suppurative peritonitis do not have an obvious perfo-
ration, but rather an inflammatory and necrotic zone with edema and abscess

dformation. Therefore they can be safely treated with drainage near the diseased
zone with a broad peritoneal lavage and antibiotic therapy. This procedure may
allow for second-stage laparoscopic treatment of the underlying disease, such
as a resection of sigmoid diverticula in elective conditions [27].

Even though the level of evidence is not particularly high, the large num-
ber of case reports in the literature concerning generally benign rare disease
responsible for cases of acute abdomen which might be not correctly diag-
nosed by laparotomy (and sometimes left in situ with the possibility of a clin-
ical and symptomatic return) has to be taken in consideration.

At the extreme end of the spectrum, diagnostic laparoscopy has been proposed
rfor trauma patients to prevent unnecessary exploratory laparotomies with their

associated higher morbidity and cost. A significant number of patients who sus-
tain penetrating trauma to the anterior abdominal wall do not suffer a peritoneal

rbreach. Therefore, proof that penetration has not occurred negates the need for
laparotomy. Current diagnostic imaging – such as US and CT – are unable to pro-
vide this, due to high false negative rates. Studies of DL for trauma report nega-
tive procedures with a range from 17 to 89% (median 57%), with a range con-

ncerning negative laparotomies after a false positive DL from 0 to 44 % (median
6%). While most authors have converted to open exploration after a positive DL,
some authors have successfully treated the majority of patients (up to 83%)
laparoscopically. Laparoscopy is also an excellent modality to evaluate the
diaphragm in penetrating thoraco-abdominal injuries. Concerning blunt trauma,

talthough stable patients may undergo diagnostic laparoscopy to exclude relevant
injury, its efficacy in this subgroup is still unproven [6, 25].

1.5 Conversion, Morbidity and Mortality

The results of several experiences show the feasibility of DL in abdominal
emergencies with acceptable morbidity and mortality rates (0–24% morbidity
and 0–4.6% mortality) comparable to those reported for OP. The complications
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treported are various and different and mainly concern general and local patient
conditions, the underlying disease and the technique itself (iatrogenic morbid-
ity such as injury to vascular and parenchymal structures and so on). Since the
procedure has been applied to patients with variable disease acuity and opera-
tive risk, complications are higher in studies which include sicker patients and
the majority of reported deaths are associated with multiple organ failure sec-
ondary to sepsis [1, 6, 25].

fWith regard to conversion, the most frequent causes are the presence of
dense adhesions and unclear anatomy, or the lack of skill and experience on
the part of the surgeon in facing the single and specific cause of the acute
abdomen. What is important to point out is that converted procedures have
similar hospital stays compared with open ones [1, 6, 25].

Surgical timing is another relevant issue which influence diagnostic/thera-
peutic efficacy, conversion, morbidity and mortality: the earlier the better. As
shown mainly in acute cholecystitis and perforated gastroduodenal ulcers, the
degree of inflammation is strictly related to the time from the onset of symp-
toms [28−30].

1.6 Treatment Options

Laparascopy offers the possibility of undertaking the same surgical procedures
as open surgery, or even scheduling the appropriate medical therapy in the
presence of concomitant diseases [1, 6, 7, 9, 25]. The length of surgery is
almost equal (and in some cases is undoubtedly shorter) than open surgery, due
to improvements in both equipment and the surgeon’s learning curve. The time
spent for treatment of diseases incidentally found at laparoscopy should be
weighed against the economic impact of a missed diagnosis [1, 6, 7, 9, 25].

1.7 Hospital Stay

rAlthough the available evidence seems to be mixed concerning hospital stay after
DL (due to several biases), it is becoming increasingly shorter when compared
with open and observational controls, and patients experience a faster and

funeventful recovery. The reduced length of hospital stay is particularly evident if
we do not split the diagnostic value of laparoscopy from its therapeutic one in
patients operated on for pelvic disease, small bowel obstruction (SBO) and chole-
cystitis [1, 6, 7, 9, 25].

1.8 Costs

No evidence exists on the general cost-effectiveness of DL for the acute
abdomen. But we do believe that the advantage of laparascopy does not only
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consist of cosmesis but also of a decrease in operative trauma. So it might be
right to say that the costs are balanced by the fact that the laparoscopic proce-
dure reduces the time needed to make the diagnosis and provide treatment,
thereby saving money on imaging studies and shorter hospital stay with
decreasing morbidity from progressive disease [1, 6, 7, 9, 25]. As a conse-
quence – although the exact economic impact of laparascopy is difficult to
assess, namely if direct costs are taken into account – the earlier patients recov-
er and return to work does benefit society as a whole. Another point to keep in
mind: with the already existing equipment, there is no better way to achieve a
more cost-effective and full utilization of these facilities than by expanding
them to emergency procedures – even if only for a diagnostic purpose.

1.9 The Surgeon

The profile of the surgeon and the surgical team is still a crucial issue. A well-
trained and experienced surgeon together with a well-trained team is a neces-
sary prerequisite for laparascopy – both diagnostic and therapeutic. To under-
take emergency laparoscopic operations, the surgeon must be experienced [1,
6, 7, 9, 25]. A possibly small operating theatre, together with the wide variety
of therapeutic findings, require a well-trained and experienced surgeon as well
as a well-trained surgical team. Good judgment is needed for a timely decision
to convert the procedure (and plan a “target” incision) in order not to jeopard-
ize and prolong the attempts to complete the operation laparoscopically. We
believe that general surgeons are rapidly rather than gradually becoming expe-
rienced in laparoscopy, especially in those hospital situations where the
laparoscopic approach is not confined to elective procedures and where diag-
nostic laparoscopy has a used and useful role in the acute abdomen. We think
that it is in this area where many junior staff, under supervision, might learn
the basic insufflation techniques, become used to handling the laparoscope and
instruments as well as becoming orientated in the peritoneum and learning
how to perform operative techniques, from the simplest to the most advanced
[31, 32]. We can say that laparoscopy in emergency situations will not only
benefit the patient but will also benefit many trainee surgeons who will be
introduced to this general surgical adjunct this way.

The evidence available to date clearly demonstrates the superiority of a
laparoscopic approach in various emergency situations (cholecystitis, gastro-
duodenal perforated ulcers, appendicitis, gynecologic disorders, NSAP: all
grade of recommendation A), but laparoscopy offers lesser or unclear benefits
in other acute conditions (small bowel obstruction, acute diverticulitis, incar-
cerated hernias, mesenteric ischemia – grade of recommendation C; abdomi-
nal trauma and pancreatitis: grade of recommendation B) [32−40].

Therefore, a policy of laparoscopy for all patients with acute abdominal
pain does not seem justified. The initial usage of diagnostic procedures and

timaging should aim to identify those patients who probably would not benefit
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from laparoscopy. On the other hand, it usually carries only minor disadvan-
tages for a patient if a diagnostic laparoscopy has to be converted to an open
procedure.

This enabled us to conclude that in the proper setting, laparoscopic emer-
gency is feasible, effective, safe and beneficial for patients to be a part of com-

rmon surgical practice, as long as adequate training is obtained and proper
preparation observed when more advanced procedures are attempted in criti-
cally ill patients. Laparoscopy provides a continuous superior diagnostic accu-
racy as well as wider therapeutic potentials. The diagnostic and therapeutic
versatility afforded by the laparoscopic approach avoids extensive preopera-
tive studies, averts delay in operative intervention and minimizes morbidity

aand shortens postoperative hospitalization. This approach appears to play a
crucial role in the diagnostic and therapeutic algorithm for reproductive-age
women, obese patients, and in almost every abdominal emergency. We do
think that laparoscopy should be incorporated into the general surgeon’s arma-
mentarium for the management of patients with acute abdomen as another tool
to be used selectively when indicated and, on the grounds of our data and the
data reported in the literature, we advocate a wider adoption of laparoscopy
and are confident it will become more relevant in common surgical practice, as
it is in our own. Laparoscopy, however, must not be used as an alternative to
good clinical judgment.

Our algorithm in patients with acute abdomen is as follows: if there are no
contraindications to laparoscopy and if informed consent is obtained, in the
presence of a well trained surgical team in minimally-invasive surgery we
always approach the abdomen with a laparoscope! We do think that every diag-
nostic laparoscopy is a spared nontherapeutic laparotomy and it is not rhetoric
to state that laparoscopy might at the same time be the last diagnostic step and
the first therapeutic act.
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2.1 Introduction

The advent of more effective and tolerable drugs (H2 antagonists, proton pump
inhibitors, antibiotics for Helicobacter pylori, HP, infection) in the treatment
of the peptic ulcer has brought about a radical change in the surgical approach
to ulcer disease. In fact we can observe an increasing election for minor sur-
gery and a progressive increase in the treatment in emergency for perforating
complications. This figure is likely to be attributed on the one hand to the
number of surgical indications and on the other to the increasingly widespread
use of nonsteroid anti-inflammatory drugs (NSAIDs), especially in the elder-
ly, where surgery has progressively increased in recent years. The peptic ulcer
remains the most common cause of gastroduodenal perforation with an inci-
dence ranging from 2% to 10% of the patients with a peptic ulcer [1] and, con-
sequently, the treatment of a perforated peptic ulcer (PPU) remains today the
most frequent indication for gastric emergency surgery [2]. The progress of
medical treatment, and in particular the radical treatment of HP, has gradual-
ly decreased the use of major gastric surgery. Resective treatment (so-called
acid-reduction treatment) has decreased as have recurrences of ulcerative dis-
ease, and consequently the need for re operation. Considering these conditions
the mini-invasive technique, as in other fields, has been adopted to treat a per-
forated peptic ulcer. This behavior allows us to couple the advantages of
laparoscopic surgery (better tolerability for the patient) and the possibility of
a definitive treatment of the underlying disease with a relatively simple surgi-
cal procedure. After the first report published in 1990 by Mouret et al. [3],
which described the technique of the closing of the PPU through an omental



patch maintained in situ by fibrin glue in 5 patients, in the same year,
Nathanson et al. [4] reported the first laparoscopic surgical treatment of a per-
forated duodenal ulcer by direct suturing.

2.2 Materials and Methods

We present our experience in the treatment of laparoscopic PPU between April
1999 and December 2010. The results were compared with those present in the
literature in the period from 1990 (year of the first work shown on this issue

r[3, 4]) to 2010. After an electronic search on PubMed, using as key words for
the search laparoscopy, repair, and perforated peptic ulcer, more than 100
publications were found. Of these the most relevant are represented by 3 sys-
tematic reviews [5-8] and 3 randomized controlled trials (RCTs) [9-11].
During the above mentioned period we performed suture repair for PPU in 98
patients, 65 males and 33 females aged between 23 and 78 years (average 54
years). In 40 patients, the repair of the ulcer was performed with laparoscopic
technique (15 females and 25 males, aged between 23 and 75 years, average
50 years). Over the course of time we gradually preferred the mini-invasive
treatment to the traditional one. The latter was reserved for patients with unfa-
vorable prognostic factors (state of shock on hospitalization, presence of seri-
ous co-morbidity, duration of symptoms >24 h), on the basis of the already
known pattern of Boey score [5].

Other contraindications to laparoscopy were previous multiple surgery,
patient age >70 years (if associated with poor health) and the limited experi-
ence of the surgeon in the field of minimally invasive surgery. The laparoscop-
ic technique we used is the positioning of the patient in Trendelenburg posi-
tion of 15-20°, with the operator positioned between the legs of the patient.
The first optical 10 mm trocar system is positioned in the infra- or supra-

fumbilical cord, generally with an open technique. After the establishment of
the pneumoperitoneum (usually at an intra-abdominal pressure of 12 mmHg)
and under visual control, the other trocars are positioned, usually 3 and each
with a diameter of 5 mm. One trocar is placed in the epigastric zone to sepa-
rate the liver. The other two trocars are usually positioned respectively in the
left and right abdominal quadrant line and above the transverse umbilical.

dThe first therapeutic act is to the repair the ulcer. In 34 patients we carried
out suture repair with reinforcement of the greater omentum; in six patients
with friable and edematous lesions we used a technique with omental patches
(Figs. 2.1-2.3). In all cases the suture was performed with the intracorporeal
technique. Lastly, we performed a thorough and repeated washing of the entire
peritoneal cavity with a saline solution, (generally 2-6 L) depending on the
seriousness of the peritonitis. At the end of the operation we usually position
a single drainage tube in the subhepatic space and near the lesion.

In no patient did we need to revert to open surgery, nor was a re-interven-
tion necessary. We had no mortalities. In one 75-year-old man who had a per-
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forated gastric cancer with early peritoneal cancers (not diagnosed preopera-
tively), a simple suture repair of the greater omentum was carried out. In 7
patients (>65 years) the laparoscopic biopsy of the lesion was performed
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Fig. 2.1 Large perforated piloro-duodenal ulcer, wider than 10 mm in diameter (red arrow)

Fig. 2.2 Laparoscopic repair by positioning of omental patch (tension-free technique avoids the
risk of stenosis)



because of a suspected perforated gastric cancer. The results were negative.
The average operating times were higher for laparoscopy than for open treat-
ment: 70 min vs. 45 min. There were six cases of serious postoperative com-
plications, consisting of two cases of leakages of sutures with a low-flow fis-
tula which healed spontaneously within 15 days after surgery, one case of gas-
tric bleeding (treated successfully with antacid drugs and repeated blood trans-
fusions) and four cases of lung infections (which responded positively to
antibiotic treatment). There was no mortality during the postoperative course,
neither in the short or medium term. There were no significant differences

fbetween open and laparoscopic surgery in terms of timing of the removal of
the nasogastric tube, suspension of parenteral therapy, the resumption of oral
diet and the timing of hospitalization (average of 8 days after laparoscopy and
10 days after open treatment).

2.3 Results

2.3.1 Patient Characteristics

A review of the literature reveals a progressive increase in the age of patients
with PPU. This data is confirmed by our findings and appears to be due first-

fly to the effectiveness of anti-ulcer drugs and to the more widespread use of
NSAIDs and acetylsalicylic acid in the elderly [2, 12]. As the review by

tBertleff and Lange [13] of 54 published articles on the subject over the last
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Fig. 2.3 Duodenal ulcer. Laparoscopic repair with reinforcement of the greater omentum



twenty years shows, patients with PPU are on average 48 years old. Of these
20% used NSAIDs regularly, a third had a history of peptic ulcer and in 80%
of the cases a HP infection was confirmed. The role of a HP infection in the
etiopathogenesis of PPU is, however, still not clearly defined, given that the
rates of HP infection in the patients who undergo an operation compared to
those under medical treatment are identical [12].

2.3.2 Diagnostic Laparoscopy

The clinical suspicion of a perforated peptic ulcer is based on patient history
n(history of ulcer disease, taking NSAIDs) and on clinical examination

(absence or reduction of the hepatic obtuse area during clinical examination).
However, sometimes the clinical examination may not be decisive, especially
when the leakage from the gastric cavity and the spread of free air in the peri-
toneum are contained. Generally, laboratory tests are of little use in the acute
phase and nonspecific, even if the association of leukocytosis, metabolic aci-
dosis, and hyperamylasemia may be present in the case of duodenal gastric
perforation [14]. An indication for surgical exploration is the evidence of sick-
le air at the base of the right hemidiaphragm on the radiograph (direct radi-
ograph of the abdomen and thoracic bases), associated with a history of peptic

fulcer and, on clinical examination, a clear picture of peritonitis [15]. Even if
dthe first instrumental examination used is radiography, this does have limited

sensitivity (50-70%) for the confirmation of pneumoperitoneum [16-18].
Experimental studies [16] have shown that to be able to be seen at radiog-

raphy, the minimum quantity of intraperitoneal gas must be at least 1 mL.
Furthermore, the capability of radiography to determine the perforation site is
nil [19]. The most reliable examination for the confirmation of free intraperi-
toneal air is the computed tomography (CT) scan [20, 21]. However, few stud-
ies have evaluated the reliability of CT to specify the location of the perfora-
tion. Chen et al. [22] in a retrospective study of 14 patients with PPU report-
ed a 100% reliability of a CT scan to determine a pneumoperitoneum, but only
36% in determining the perforation site. In a study of 11 patients with PPU
who underwent CT scanning with an oral contrast medium, Fultz et al. [23]

fcorrectly localized the lesion in 3 patients (which showed the spreading of
contrast medium in the abdomen). In a prospective study of 85 patients with a
gastrointestinal perforation (of which 34 with PPU), Hainaux et al. [24]
showed an 86% accuracy of CT in specifying the site of the lesion. The extra-

rluminal air bubbles around the stomach (sometimes in the mesentery or near
athe sigma) or in the duodenum (rarely in the front right pararenal space), a
dparietal gastric defect or duodenal ulcers, thickening of the mesenteric fat and

a segmental thickening of the bowel wall are the most important predictive fac-
tors in determining the lesion site [23, 25]. The localization of free peritoneal
air around the round ligament [17, 18], the sickle ligament [26] or in the peri-

fportal space (the latter considered a far more reliable sign) [27] is evidence of
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a perforation in the upper gastrointestinal tract.
Today, thanks to the introduction of the modern multidetector CT, the abil-

ity to locate the gastrointestinal perforation is high (82-90%) [23, 25], regard-
less of the use of oral contrast medium, which puts into doubt the real sensi-
tivity benefits concerning the possible adverse effects (risk of complications
from aspiration, delay in diagnosis) [28, 29].

rMany different studies have reported the use of abdominal ultrasound for
the confirmation of free abdominal air. The advantages of this method - the rel-
ative ease and repeatability and almost absent invasiveness - justify its use in
certain categories of patients such as children and pregnant women, where the
risk of exposure to ionizing radiation should always be limited (0.1-4.0 mSv
for direct abdominal radiography; 10 mSv for CT) [30]. Although it is able to
obtain satisfactory results (sensitivity 85% and specificity 100% in the
prospective study by Moriwaky et al. [31]), the technique is unable to reach the
level of reliability of a CT and above all is unable to identify the perforation
site [32].

In a review by Bertleff and Lange [13] of 54 published articles on the sub-
jject over the last twenty years, the diagnosis of a perforation with the presence
of free air in the abdomen was possible in 85% of the cases. In addition, as the
RCT carried out by the authors themselves shows, in 8 out of 109 patients
examined (7%) the laparoscopic diagnosis was different from that of a PPU
undertaken prior to the operation [9]. This underlines the importance of the
role of laparoscopy, to confirm the diagnosis, to define the location, size and
nature of the perforation (a differential diagnosis from other diseases which
can cause perforations of the visceral cavity), when the preoperative instru-

fmental investigations have not been positive [8, 10, 33, 34]. For the purpose of
a final diagnosis in 93-98% of patients with acute abdomen an exploratory
laparoscopy is performed. In 86-100% of cases, mini-invasive treatment is
possible during the same operation [33, 35] or, alternatively, a targeted laparo-
tomy based on the evidence seen on the laparoscopic examination may be
undertaken.

2.3.3 Selection of Patients/Prognostic Factors

tIt is clear from the data in the literature that the laparoscopic technique cannot
be used in all patients with PPU. In an attempt to pre operatively select the
patients suitable for mini-invasive surgery based on objective criteria, several
clinical parameters have been defined.

In 1987 Boey and Wong [36] had already established a scale of surgical risk
(from 0 to 3) in the treatment of perforated peptic ulcer, according to the pres-
ence of three parameters: state of shock on hospitalization (SAP < 90 mmHg),
ASA III-V (presence of severe co-morbidity) and duration of symptoms (>24
h). Laparoscopic management would be safe enough for classes 0 and 1, while
it should be avoided in those of a higher degree [2, 37]. The conclusions of the
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meta-analysis by Lau [7] in 2004 favors the use of laparoscopy in PPU in
patients with no risk factors (Boey score = 0). In higher risk classes, the con-

tversion rate as well as the mortality rate is significantly higher. This is evident
in some studies where there was a high proportion of patients at risk.

Katkhouda et al. [38] present 10 patients in a state of shock (equal to 22%
of the total); Robertson et al. [39] present 17 patients (47% of cases) with ASA
III-IV, of which 11 underwent laparoscopy. The systematic review by
Lunevicius and Morkevicius [8] reached the same conclusions that the laparo-
scopic approach, which involves an extended operating time compared to the
open technique, was not recommended for patients with high risk factors.

Studies by Bertleff et al. [9, 13] have shown how the preoperative classifi-
cation of risk factors according to the Boey score is highly reliable in deciding
the choice of technique to use. However, the limited number of patients pres-

tent in the study with a high Boey-score (2-3) above all those who underwent
laparoscopic treatment make it difficult to find a definitive confirmation of this

tstatement. In conclusion, the authors add that although laparoscopic treatment
should represent the treatment of choice in the perforated peptic ulcer, the
presence of a Boey score of 3, patient age of 70 years or above and persistent
symptoms for more than 24 h, associated with a higher incidence of morbidi-
ty and mortality, should be considered contraindications for the use of the
mini-invasive technique.

The problem of the duration of the symptoms and a delayed diagnosis is
connected to the possibility that the PPU may become an unrecognized peri-

atonitis which is also responsible for a generalized sepsis. In this situation a
laparoscopy could play an important role in favoring the migration of bacteria,
thanks to the action of CO2, as has been shown in animal studies [39].
However, such experimental results have not been confirmed by clinical expe-
rience. In contrast, a study by Vaidya et al. [40] suggests that the mini-invasive
treatment is safe even in patients with peritonitis and a delayed diagnosis. No
mortality was recorded out of 31 patients treated laparoscopically for peritoni-
tis caused by PPU and with symptoms for more than 24 h. Several studies have
shown the reliability of the Mannheim peritonitis index (MPI score) as a prog-

rnostic factor in patients with peritonitis [52, 71]. Patients with a score under
r21 have a mortality rate which varies from 0% to 2.3%, in those with higher

scores, mortality is nearly 100% [41, 54]. In other experiences the Apache II
score has been used to identify patients at risk. The latter is not widely used
because many consider it not easily applicable.

Lunevicius and Morkevicius [8] include in the risk factors of a laparoscopy
advanced high Boey score, patients over 70 years of age, ApacheII=5 and last-
ly the surgeon’s skill in laparoscopic surgery. However, even these authors
underline that a conclusive opinion on the matter cannot be given yet because
of the lack of sufficient quantitative data concerning the high risk patients who
undergo laparoscopic surgery.
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i l h i2.3.4 Surgical Technique

Placing the patient in the Trendelenburg position at 15−20° is generally recom-
mended. The surgeon can stand between the patient’s legs or at the patient’s side.
From the review by Berleff and Lange [13] it has been shown that 44% of surgeons

fprefer the first option (even in our experience this is the preferred option), 33% of
surgeons carry out the operation from the left side, 16% choose either position and

r6% operate from the right side of the patient. The assistants are positioned on either
rside of the patient. The number, position and the section of trocars may also differ

according to the surgeon’s habits and experience and in relationship to the patient’s
build. Generally the first 10 mm optic trocar is positioned between or over the
umbilical area using the open technique. Once the pneumoperitoneum has been
insufflated (alternatively the Verres needle can be used) the whole of the abdomi-
nal cavity can be explored using a 30° optic.

rThe other trocars (usually three) are positioned visually. One 5 mm trocar
is positioned in the epigastric site to lift the liver and if necessary the gall blad-
der. The other two trocars are usually positioned in the left abdominal quad-
rant, on the mid-clavicular line above the umbilical transverse line and on the
right side in a position which is diametrically opposite on the projection of the
abdominal wall of the transpyloric region. There are other variants in the posi-
tioning of the trocars, but the one described seems to best satisfy the require-
ments of ergonomics and triangulation between optics and trocars which are
responsible for the uneventful outcome of the laparoscopy.

fIt is usually easy to identify PPU, even if the missed localization is one of
the most frequent reasons for conversion. In the event that the perforation is
situated in a difficult rsite (lateral wall of the descending duodenum, posterior
gastric wall), some other maneuvers need to be performed, i.e. the mobiliza-
tion of the duodenum or the section of the gastrocolic ligament in order to
reach the retro cavity of the greater omentum.

2.3.5 Closure of the Perforation

The closure of the perforation is probably the most demanding moment of the entire
operation and, together with the subsequent extensive washing of the abdominal
cavity, is responsible for the longer operating times for the laparoscopy than for the
traditional technique. The choice of method of closure depends on the characteris-
tics of the lesion. If the margins are infiltrated, friable and consequently not mobile,
the repair should be carried out by positioning an omental patch. For easily joined
margins without any tension, a simple suture is sufficient with a possible omental
flap. In the latter 2 or 3 sutures are suggested to close the lesion to which in the sec-
ond moment an omental patch is secured.

tAs shown in the review by Bertleff [13], ulcer closure is mainly carried out
in 66% of cases using the omental patch, less frequently (24%) with the mixed

ttechnique (patch + direct suturing) and a small part (10%) with simple direct
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suturing. The latter is generally used with the intracorporeal techniques (64%),
extra-corporeal techniques being used less (14%) or mixed (14%).

The need to principally perform omental patch repair has been emphasized
in several studies, in order to reduce the risk of suture line rupture or the
enlarging of the lesion (this is possible especially in the case of the ulcer with
edematous and friable margins) [9, 13, 41]. Schein [15] even went so far as to
state that if omental patch repair is impossible, then gastric resection is
required. Walsh et al. [42] have proposed that when on laparoscopic explo-
ration the perforation has been plugged, to leave the omentum in situ and only
perform a simple cleaning of the abdominal cavity. As an alternative to classi-
cal suturing, several changes have been proposed to simplify the method: sin-
gle-stitch laparoscopic repair [10]; use of a clip to tighten the suture (avoid-
ing a knot in the suture) [43, 44]; using an automated stapler [45] ( dstapled
omental patch repair) [46]; reverting to laparoscopic-endoscopic (gas-
troscopy-aided repair) [47].

In order to make the repair of PPU less complex and consequently reduc-
ing operating time, the so-called sutureless technique has been proposed,
which avoids suturing of the perforation (particularly where the margins are
friable and edematous). The lesion may be repaired by means of an omental

fflap placed in situ using fibrin glue (as described by Mouret in the first case of
laparoscopy repair in 1990), or by using a plug shaped to the size of the per-
foration [11, 48, 49]. As demonstrated experimentally by Bertleff et al. [50],
this would overcome the problem of the size of the ulcer, which is the draw-
back of laparoscopic treatment. Nevertheless, there is still an open question
whether the reduction of operating time made possible by simpler procedures
does not reduce the safety of the laparoscopic technique at the expense of the

rpatient, promoting a greater incidence of postoperative sequelae (in particular
leakage) [7, 13].

In this respect, Lee et al. [41] have shown, although without achieving sta-
tistical significance, a higher incidence of leakage when sutureless techniques
are used (only plug with fibrin glue), especially in the case of ulcers more than
5 mm in diameter. These findings were not confirmed by Lau et al. [11] who
compared the two techniques (sutures and sutureless) and suggested that the
sutureless technique reduces operating times without any difference in terms
of morbidity.

2.3.6 Drainage/Lavage

This technique is a fundamental moment during the operation and is performed
both in the laparoscopic approach and the open technique. It ensures cleansing
of the peritoneal cavity after PPU repair. The withdrawal of intra-abdominal
fluids, in particular septic fluids, reduces the occurrence of dangerous postop-
erative intra-abdominal infections which are often responsible for re-interven-
tion. In this way, compared to the traditional technique laparoscopy offers the
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advantage of easier access to various intraperitoneal recesses (spaces above
and below the liver, left subdiaphragm region, pelvic cavity) without the need
to perform extensive and destructive exploratory laparotomies.

There is no agreement in the literature about the amount of saline to use
for more importantly whether the lavage is effective in preventing the risk of

sepsis (2-6 L of saline are generally recommended, but others recommend
using larger quantities, up to 30 L) [7, 13]. However, it is reasonable to per-
form irrigation only if necessary and, in any case, proportional to the quanti-
ty and quality (in particular in the presence of food) of the fluids found in the
peritoneal cavity.

rThere is incomplete agreement on the usage of drainage. It is used only for
prophylactic purposes, by the majority of authors [51, 52], positioned in the
hepatic region or in the vicinity of the lesion. Only a minority of authors con-
sider it unnecessary [10, 53], seeing it as a possible source of contamination

fof the peritoneal cavity, as suggested by Petrowsky et al. in a meta-analysis of
2004 [54].

2.3.7 Conversion

In different case studies the percentage of conversion ranges from 0 to 29% [7,
13]. The extreme variability of this figure is probably attributable to the differ-
ent degree of experience reached by the various surgical teams involved in the
studies.

The LAMA randomized, multi-center trial by Bertleff et al. [9] in 2009
shows a conversion rate of about 8%. According to the authors this figure is
due to the decent laparoscopic experience acquired by the 9 centers involved
in the research (at least 50 previous laparoscopic procedures) and confirms
that this type of surgery should only be undertaken by surgeons expert in the
field of mini-invasive surgery.

The most common causes for postoperative conversion are due to the size
of the perforation (for some authors >6mm [38], for others >10 mm [10]),
missed diagnosis, friable margins of the lesion, while localization is predomi-
nantly duodenal in 35-65 %, or pyloric in 25-45% contingency [10, 12, 13, 51,
55]), and the severity of peritonitis.

A special condition (which will be discussed below) is suspicion of malig-
nant changes in the ulcer, which is often missed intraoperatively. Regarding
this point, performing the biopsy of the ulcer during the same laparoscopic
repair of PPU is paramount [56, 57]. For the possible consequences that the
conversion involves, it would appear desirable to prevent such a possibility,
preferring biopsy rather than resorting to the traditional treatment (undertak-
ing a wide laparotomy with an increase in costs, operating times and morbid-
ity of the abdominal wall). Other risk factors for conversion include the state
of shock at the time of hospitalization (risk of conversion up to 50% vs. 8% in
patients not in shock) and the time elapsed between the onset of the perfora-
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tion and diagnosis >24 h (conversion rate up to 33% vs. 0% of patients with no
diagnostic delay) [2, 38].

2.3.8 Operating Times

In the meta-analysis by Lau [7] of 2004, operating time was significantly high-
er for laparoscopy in 5 studies. In a further 5 studies there was no time differ-
ence between laparoscopy and open treatment, while only in the RCT by Siu
et al. [10] was the operating time lower (42 min for laparoscopy vs. 52.3 min

ffor open treatment). The results obtained in these authors, who are in favor of
the laparoscopic approach, is attributed to the particular technique used. This
technique uses a single suture point (single-stitch laparoscopic repair) for the
closure of the PPU and subsequent omental patch [10].

Contrasting results have been reported in the other 2 RCTs by Lau et al.
[11] and Bertleff et al. [9], where the results are more favorable for open sur-

tgery. The variability of these results can be attributed mainly to the different
dlevels of experience and organization achieved by the surgical teams involved

in the study, as well as the technological improvement (in particular the laparo-
scopic irrigation/drainage system) [7, 10]. These aspects are also emphasized
in the systematic review by Lunevicius and Morkevicius [8]. The review states
that starting from works published after 2001, the duration of the operation,

tgenerally longer in laparoscopy than in open surgery, has undergone a constant
and progressive reduction. The authors suggest this is due to technical progress
and a better organization acquired over time by the surgical teams. In a retro-
spective study by the same author in 2005, five independent risk factors
responsible for the lengthening of the operating times were identified: These
are conversion, a wide perforation, widespread peritonitis, laparoscopy and the
patient’s state of shock on admission [37].

The LAMA trial of 2009 [9], which shows an average operating time of 50
min for the open technique and 75 min for laparoscopy, justifies such results
because of the major technical difficulties with the laparoscopic suturing,
especially in the case of an ulcer with friable margins. In this context it is has
been highlighted that the use of easier techniques such as sutureless repair can
help to reduce the operating time, as has already been shown by the 1996 RCT
by Lau et al. [11]. In the same trial, another reason responsible for the length-
ening of the operation was identified, i.e. the washing procedure and aspiration
of peritoneal recesses, due to the decrease of the pneumoperitoneum and the
consequent reduction of operating space [9].

2.3.9 Reintervention

The systematic review conducted by Lunevicius and Morkevicius [8] on seven
fstudies revealed no statistically significant difference between the incidence of
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reoperation between the laparoscopic approach and the open technique,
although the incidence is almost double after laparoscopy (5.3% vs. 2.1%).
Also in the meta-analysis by Lau [7] the incidence of reoperation is signifi-
cantly higher after laparoscopy (3.7 %) than after traditional surgery (1.6%).
The most frequent complication which requires re operation is suture leakage
(7 cases).

2.3.10 Postoperative Pain

The meta-analysis conducted by Lau in 2004 [7] was the first on this topic
and included 13 trials (with 2 RCTs [10, 11]) for a total of 658 patients.
These patients all underwent laparoscopic repair of a PPU (with the excep-
tion of sutureless techniques). One of the parameters for the laparoscopic
approach was postoperative pain. Out of 10 studies reviewed, Lau et al. [11]
showed a significant reduction in the dose of analgesics. Three other studies
[10, 11, 58] where the VAS pain score was being used confirmed that the val-
ues are significantly reduced after laparoscopy. Only in the trial by Siu et al.

t[10] was a statistically significant difference shown, in particular in the first
3 post-op days.

In contrast, in the RCT by Lau the earlier measurements (first 24 h postop-
erative) can overlap in the two techniques (open and laparoscopic) [11].
Probably in these situations, because the pain is caused mainly by peritoneal
inflammation the positive effect is temporarily reduced through reduced dam-
age to the parietal wall by the use of the laparoscopic approach [55]. These
results were confirmed in a later LAMA trial [9] and in systematic reviews car-
ried out by Lunevicius and Morkevicius [8] and Sanabria et al. [5, 6].

2.3.11 Complications

In the evaluation of postoperative morbidity, the parameters most frequently
ftaken into consideration are sepsis sequelae (generalized sepsis, infection of

the wall, intra-abdominal abscesses, lung infections), complications of the per-
forated lesion (rupture of suturing, hemorrhage, recurrence of the ulcer), sys-
temic complications (e.g. cardiovascular) or other conditions such as pro-
longed dynamic ileus.

The first RCT on the use of laparoscopy in PPU by Lau et al. [11] pub-
lished in 1996 compared the different surgical techniques (open vs.

flaparoscopy and sutures vs. sutureless repair), pointing out that in terms of
mortality and morbidity there were no statistically significant differences
between the two methods of mini-invasive and traditional, nor between sutures
and sutureless repair techniques.

These results have since been confirmed by other studies, including a fur-
ther 2 RCTs available on the subject. They reaffirm the excellence of the
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tlaparoscopic option in terms of security and feasibility [9, 10]. A more recent
dmeta-analysis by Lau [7] and a systematic review by Lunevicius and

Morkevicius [8] reported significantly lower mortality rates (even if not statis-
tically significant) compared to those recorded after open treatment (respec-
tively 4.8% vs. 10.2% in Lau and 3.9% vs. 11.0% in Lunevicius). The patients
who are most at risk are those in poor general health with at least one of the

fBoey risk factors present. In the two studies [7, 8] the overall incidence of
complications can also be overlapped for laparoscopy and open surgery.

fIn a more detailed analysis of the individual complications, the authors of
fboth studies show no statistically significant difference between the two types of
rintervention in the incidence of intra-abdominal abscesses (which are higher

after laparoscopic treatment), postoperative ileus (more frequent after open
treatment) or lung infections (considered the most frequent cause of morbidity).

rHowever, the rate of abdominal wall sepsis is greatly reduced after
laparoscopy than after traditional surgery (respectively 2.1 vs. 6.9; p=0.036 in
Lau and 2.5% vs. 6.9%; p a=0.006 in Lunevicius and Morkevicius [8], with a

aconsequent reduction in the incidence of an incisional hernia. In contrast, a
higher incidence of suture leakage after laparoscopy has been demonstrated:
3.9% vs. 2.6% of traditional surgery in Lau [7] and 6.9% vs. 1.3% in
Lunevicius and Morkevicius [8]. This figure is not statistically significant, par-
ticularly when separately examining the results of the 2 RCTs [10, 11] includ-
ed in reviews. In particular, Siu et al. [52] stress the incidence of leakage in
relation to the size of the ulcer: low incidence (< 2%) if the diameter of the
lesion is <10 mm.

rLee et al. [41] has identified APACHE II (>5 points) and ulcer diameter
(>10mm) as factors independent of the risk of post-op leakage in patients
undergoing sutureless (plug with fibrin glue) laparoscopic repair of PPU. The
importance of the experience gained by the surgeon in the field of mini-inva-
sive surgery was emphasized in this case. In a study by Lunevicius and
Morkevicius [37], all cases of suture leakage are reported when the interven-
tion is carried out by surgeons with limited learning curves (less than 10
laparoscopic suturings). The most recent studies, as the 2010 review by
Bertleff and Lange shows [13], confirm the previous data concerning equiva-
lence of the rate of complications between the two methods and a lower inci-
dence of mortality after laparoscopy: 14.3% and 3.6% vs. 28.3% and 6.4%,
respectively after laparoscopy and open surgery. The review by Sanabria et al.

a(recently updated to 2010) [5, 6] is also an indication of the trend towards a
decrease in some complications such as abdominal infections, post-op ileus,
pulmonary infections, as well as the mortality rate, after laparoscopic surgery,
although none of these results are statistically significant.

In contrast, although not statistically significant, the incidence of intra-
abdominal abscesses and reintervention in comparison with traditional surgery

rhas increased. Lastly, no conclusion has been reached with regard to other
fcomplications, such as the incidence of a ruptured suture line or the risk of

incisional hernia.
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i li i2.3.12 Hospitalization

All studies have reported favorable results for laparoscopy in terms of post-
op hospitalization period or at any rate no worse than those after traditional
surgery [7-11]. This is highlighted in the 3 most important systematic reviews
by Lau (3 studies out of 13 favorable and 10 with comparable results) [7],
Lunevicius and Morkevicius (4 studies out 15 favorable and 11 comparable)
[8] and Sanabria et al. (1 study out of 3 favorable and 2 comparable) [6]. Siu
et al. [10], while highlighting that no significant differences between the two
methods are evident (the timing of the removal of the nasogastric tube, sus-

apension of parenteral therapy and the resumption of oral diet), does report a
reduction in hospitalization (6 vs 7 days; p= <0.001) and consequently an ear-
lier return to normal activities (10.4 vs. 26.1 days, p=0.001) by the patient
treated laparoscopically than those treated traditionally. The LAMA multi-
center trial conducted by Bertleff et al. [9] reports a reduced hospital stay
after laparoscopy: 6.5 vs. 8.0; p=0.235. In confirming the overlapping of the
two methods in terms of postoperative hospitalization and resumption of nor-
mal activities on the part of the patient, Lunevicius and Morkevicius [12]
stress that these aspects are also linked to factors outside the medical field,
pertaining to the cultural habits of the patient and the different health policies
followed by the various surgical centers involved. In addition, the benefits do
not appear as evident as in the treatment of other diseases (e.g. VL cholecys-
tectomy), because the patients treated have peritonitis and are often elderly,
so they require a longer hospital stay.

2.3.13 Definitive Surgery of the Peptic Ulcer

The introduction of drugs able to control hyperacidity and the radical treat-
ment of HP made possible by antibiotics have led on the one hand to a reduced
need for acid-reductive surgery and on the other hand a reduction of ulcerative
recurrences (and so the need for re-intervention surgery) [43, 44, 59]. Nevertheless,
up to 35% of patients who have undergone PPU may require definitive surgi-
cal treatment, which may be conducted laparoscopically in relation to the
degree of the surgeon’s skill, considering also the overlapping results which
compare the open technique: recurrence of the ulcer from 4 to 11%; post-op
complications 1–2% [12, 13].

The indications for acid-reductive surgery, (vagotomy, gastric resection)
should be reserved for non-responders (ineffectiveness of the drug, the inabil-
ity of the patient to comply with treatment over the medium- to long-term,

fcosts of medicines, relapse after discontinuation of therapy), in the presence of
fPPU complicated by hemorrhage, or in the presence of complications of
achronic PPU like stenosis. The possibility of a perforated gastric cancer is a

particular condition, which we will discuss in the next section [12].
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f d i2.3.14 Perforated Gastric Cancer

Due to various diagnostic and therapeutic problems we refer to this situation
fseparately. Gastric cancer is diagnosed with difficulty (only about 30% of

cases) and often during the operation it is indistinguishable from a benign
ulcer unless a biopsy of the ulcerative lesion is performed. This is recommend-
ed as routine by some authors for all gastric perforations [56, 57]. In addition,
no definitive conclusions can be reached in terms of treatment strategy. The
perforation of a gastric cancer is rare (1% of gastric cancers and about 10–16%
of gastric perforation should be suspected in patients over 65) [56]. The stud-
ies available consist of a limited number of cases which only refer to open
treatment and significant results on the treatment of this disease in emergency
surgery cannot be obtained.

From the initial experiences by Rubh Aird [60] in 1935 until the early 1980s
the most frequent type of intervention was the simple closure of the ulcer, pos-
sibly associated with omental patch repair. Despite the associated high mortali-

rty, the intervention was justified by the conviction that the spreading of tumor
cells secondary to the perforation was the expression of advanced disease with
serosal invasion (55-82%) and lymph node metastases (57-67%) [60].

Several studies have shown that a perforation can complicate the gastric
cancer, even in the early stages [56]. In addition, recent data suggest that a per-
foration and consequent peritoneal spread of tumor cells does not necessarily
affect survival in patients undergoing resective surgery. This has been shown
by several studies where the survival at 5 years in patients with a perforated
gastric cancer is the same as a non-complicated gastric cancer [57, 60-65]. A
multivariate analysis has shown that the degree of lymph node invasion is the
only factor related to long-term survival of patients with perforated gastric

acancer [66]. All this has meant that in recent years, even in the presence of a
perforated gastric cancer, resective surgery has gained ground, with increas-
ingly encouraging results on selected patients, in terms of surgical mortality
and long-term survival rates [61, 62, 66].

In 2002 Lehnert et al. [62] proposed a two-phase operation: the first, a sim-
ple repair of the perforation; the second a radical gastrectomy. This approach
would fully meet two fundamental requirements: avoid major surgical proce-
dures in a frail patient because of peritonitis and cancer; improve the patient’s

tclinical condition and after appropriate cancer staging perform the correct
oncologic procedure.

2.3.15 Nonoperative Management

Studies by Taylor [67] in the first half of the 20th century have shown that at
least half of the patients with PPU are buffered by the positive effects of the
adjacent organs, in particular by the greater omentum. This has tended to sug-
gest that nonoperative management (NOM) is a possible valid alternative to
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surgery for PPU in selected cases. In the past, high rates of morbidity and mor-
tality in PPU surgery have in certain situations convinced several surgeons to
give priority to conservative treatment.

Today, thanks to the latest progress made by laparoscopic surgery, the indi-
cation for this option has been greatly reduced. It has been shown that the mor-
tality rates of NOM have remained stable (from 5.2% of the initial experience
by Taylor in 1957, to rates ranging between 0 and 8% in recent publications),
while the percentage of procedure failure with possible septic shock, multiple

torgan failure or development of intra-abdominal abscesses is significant
(between 13 and 46% in the literature) and these patients are in their turn
exposed to the risk of delayed surgical treatment, with its associated increased
mortality (3-50% of cases) [68, 69].

Compared to the initial experience by Taylor, who had restricted NOM to
patients in good health, other authors have reported good results in a selected
category of patients. According to Croft [68] and Marshall [69] possible indi-
cations for NOM are the onset of symptoms of less than 24 hours, the presence
of slight abdominal pain with minimal peritoneal irritation, hemodynamic sta-
bility with no signs of sepsis in patients under the age of 70 years. The CT scan
of the abdomen or a gastroduodenography with a water soluble contrast medi-
um is mandatory to quantify the presence and extent of loss of intraperitoneal
gastroduodenal liquid. Patients with minimal perforations and no leakage are
nominated for NOM. In contrast, patients with unstable hemodynamics, symp-
tom duration of more than 24 hours, severe peritonitis, diffuse sepsis and age
>70 years should undergo emergent surgery [68, 69].

The positioning of a nasogastric tube, instauration of parenteral therapy,
administration of proton pump inhibitor (PPI) therapy together with an ade-
quate antibiotic therapy (the so-called Taylor method), should lead to a rapid
improvement (within 12 hours) in the patient’s clinical condition. NOM should
be interrupted opting for surgical treatment if no significant improvement has
been seen during this time. The RCT by Croft, where conservative and surgi-
cal treatment are compared, shows similar results in terms of morbidity and
mortality. Two aspects are different: (1) a longer hospital stay in the group who
underwent NOM; (2) the rates of failure of conservative treatment significant-
ly higher in patients >70 years compared to <40 years (respectively by 67%
and 0%) [68].

rBucher et al. [70] performed NOM on inoperable patients because of their
poor clinical condition. The authors pointed out that the eradication of HP and

fespecially the introduction of PPI drugs can positively influence the results of
conservative treatment (mortality by 64% in the group of patients with H2-

rblockers, compared to 11% of the patients in therapy with PPI). On the other
hand, shock is the greatest predictive criterion for the failure of NOM (while
no influence would be given to the advanced age of the patient), so patients

twho are hemodynamically unstable should be candidates for surgery without
fdelay [70]. Lagoo et al. [2] in virtue of their progress in the field of

laparoscopy, restrict the use of NOM to patients with a buffered perforation
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who are unable to undergo surgery because of their poor general health and
terminal septic shock.

2.4 Conclusions

In the light of the most recent studies, the laparoscopic approach can be seen
as a possible alternative to traditional treatment in the correction of the PPU,
and a feasible and sufficiently secure method if conducted by expert hands in
properly selected patients.

The results of the most recent literature confirm that, compared to tradi-
tional surgery, the use of laparoscopy decreases postoperative pain and sever-
al complications (infection of the abdominal wall, prolonged post-op ileus,
pulmonary infections and mortality rates). None of these results is statistical-
ly significant. In contrast, an increase (also not statistically significant) in the
incidence of intra-abdominal abscesses and recurrences caused mostly by
suture leakage has also been reported. The operating times for laparoscopy are
higher, despite the experience obtained over the last decade which has led to

dits progressive reduction. This is probably due to the greater experience gained
rby the surgeon as a result of technical progress and organization acquired over

time by the surgical teams.
It is widely believed that such data, far from being able to be considered as

definitive, deserve further evaluation, and, especially, require wider and more
tnumerous trials of quality (randomized prospective studies). The best and most

recent systematic review by Sanabria et al., updated to 2010 [6], involves only
3 RCTs [9-11] (evaluated of acceptable quality), for a small diversified sam-
ple of just 315 patients.

rThe best definition of prognostic criteria able to identify patients at higher
risk for laparoscopic surgery as well as the determination of predictive factors
of laparoscopy-to-open conversion are some of the priority objectives to be
pursued. Currently the most important reference criteria are a high Boey score
and patient age >70 years. In the presence of these conditions, the laparoscop-
ic option should be contraindicated due to the high risk of morbidity and mor-
tality. However, given the limited experience in the use of laparoscopy in these
high-risk patients, it is not possible to make definitive judgments on the selec-
tion of patients who could undergo mini-invasive treatment of PPU and, in par-
ticular, on those patients where the use of laparoscopy should be categorically
ruled out. There is a certain degree of variability in the techniques used in
laparoscopy for the repair of the PPU. The ideal technique should meet some
fundamental requirements, such as the relative ease of implementation with
reduction of operating time (and consequently the risk for the patient and the
costs of the procedure) and reliability, in terms of reduced morbidity (in par-
ticular for a reduction in the risk of leakage). The criterion of choice for the

fclosure method depends fundamentally on the characteristics of the lesion. If
lesion margins can be easily joined without tension, a simple suture is suffi-
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cient with possible omental patch. If the margins are edematous or not mobile,
the repair must be performed by affixing an omental patch. The use of the
sutureless technique aims to facilitate the closure of the PPU, avoiding the use

rof sutures and consequently reducing the operating time. However, further
studies are needed to verify whether these benefits are not offset by reduced
safety for the patient in terms of increased morbidity (suture leakage).

The degree of experience achieved by surgical teams who use the laparo-
rscopic technique to treat PPU is one of the most relevant prognostic factors for

the purposes of the end result, even if to date this is extremely difficult to
determine. Some data, such as the progressive reduction of operating times and
conversion rates, together with the increase in the number of patients undergo-
ing laparoscopy for PPU, can be considered as indicative parameters for the
purposes of assessing the level reached by the surgeons in this type of surgery.
However, further studies are needed in the future to better define this aspect,
with particular reference to laparoscopic learning curves, necessary to envi-
sion in relative safety this type of disease.

No reference is present in the literature about the costs of laparoscopic sur-
gery. However, it seems reasonable to assume that the reduction in operating

ftime, linked to the greater experience and improved organizational capacity of
the surgical teams, as well as the progress in the field of technology, can in the
near future lead to a reduction in operating costs closely related to the opera-
tion. On the other hand, an overall estimate of the costs, including post-op hos-
pital stay and return to work or daily activities appears to be more complex.
The progressive increase in the elderly suffering from PPU, often in the pres-
ence of a clinical picture of peritonitis, may in fact represent an obstacle to a
more rapid discharge and consequently to an immediate resumption of normal
activities on the part of the patient.
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3.1 Introduction

Acute cholecystitis is an acute inflammatory disease of the gallbladder, often
due to gallstones. Between 3% and 10% of all patients with abdominal pain
have acute cholecystitis [1] (Fig. 3.1).

Cholelithiasis accounts for more than 90% of causes of acute cholecystitis
[2, 3], the remaining 10% (acalculous cholecystitis) are generally associated
with trauma, burns, recent surgery, multisystem organ failure, parenteral nutri-
tion, AIDS or ischemia [4-6].

About 10-15% of the adult population of Western countries have gallstones
[7-10]. In the USA a prevalence of 20 million people with cholelithiasis is
estimated [11]. Each year 1-4% become symptomatic [12] and cholecystecto-
my is the most common operation performed on the digestive system. About
700,000 cholecystectomies are performed annually in the US [13]. In Italy
about 102,000 cholecystectomies were performed in 2009 [14]. Between 70
and 90 per cent of all cholecystectomies are operated on laparoscopically [14,
16] and about 10-30% for acute cholecystitis [16, 17].

The laparoscopic approach was initially considered to be contraindicated
for acute cholecystitis was but it adopted later, as experience increased, grad-
ually overtaking open cholecystectomy as the preferred procedure even in an
acute setting.

The severity of the disease may range from a mild, self-limited illness to a
severe, potentially life-threatening illness.

Between 50 and 70% of the cases of acute cholecystitis occur in aged
patients [18] and a steady increase in life expectancy during the past years will



make the problem even more relevant in the future. High prevalence of co-
morbidities in the elderly, as well as increased incidence of complications,
sepsis and severe forms of cholecystitis in this particular population often
causes a serious surgical emergency.

Several international guidelines have addressed the issue of diagnosis and
treatment of acute cholecystitis [19-23].

3.2 Diagnosis and Staging

Diagnosis of acute cholecystitis relies on a combination of local clinical signs,
systemic signs of inflammation and imaging findings. Very similar sets of cri-
teria able to achieve almost 100% specificity have been suggested in the
European Association of Endoscopic Surgery (EAES) guidelines of 2006 [19]
and in the Tokyo Consensus Meeting Guidelines [20] and both can be used in
clinical practice.

In the EAES guidelines a set of criteria validated by a systematic review
(EL1a) has been adopted: (a) acute right upper quadrant tenderness for more
than 6 h and ultrasound evidence of acute cholecystitis (the presence of gall-
stones with a thickened and edematous gallbladder wall, positive Murphy’s
sign on ultrasound examination, and pericholecystic fluid collections) or (b)
acute right upper quadrant tenderness for more than 6 h, an ultrasound image
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Fig. 3.1 Acute purulent cholecystitis. Previous aspiration of the gallbladder



showing the presence of gallstones, and one or more of the following: temper-
rature above 38° C, leukocytosis [24], and/or C-reactive protein level greater

than 10 mg/L.
The criteria of the Tokyo Consensus Meeting Guidelines are summarized in

Tables 3.1 and 3.2.
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Table 3.1 Diagnostic criteria for acute cholecystitis

(A) Local signs of inflammation

Murphy’s sign

RUQ mass/pain/tenderness

(B) Systemic signs of inflammation

Fever

Elevated CRP (>3mg/dL)(EL 1b) [25]

Elevated WBC count

(C) Imaging findings

Imaging findings characteristic of acute cholecystitis

Definitive diagnosis

(1) One item in A and one item in B are positive

(2) C confirms the diagnosis when acute cholecystitis is suspected clinically. NB: acute hepati-
tis, other acute abdominal diseases and chronic cholecystitis should be ruled out

Table 3.2 Imaging findings of acute cholecystitis

Ultrasonography findings (EL 4)

Sonographic Murphy sign (tenderness elicited by pressing the gallbladder with the ultra-
sound probe)

rThickened gallbladder wall (>4 mm; if the patient does not have chronic liver disease and/or
ascites or right heart failure)

Enlarged gallbladder (long axis diameter >8 cm, short axis diameter >4 cm)

Incarcerated gallstone, debris echo, pericholecystic fluid collection

Sonolucent layer in the gallbladder wall, striated intramural lucencies, and Doppler signals

Magnetic resonance imaging findings (EL 1b-4)

Pericholecystic high signal

Enlarged gallbladder

Thickened gallbladder wall

Computed tomography findings (EL 3b)

Thickened gallbladder wall

Pericholecystic fluid collection

Enlarged gallbladder

Linear high-density areas in the pericholecystic fat tissue



fUltrasound (US) is the preferred initial modality in the investigation of
right upper quadrant pain [26]. It is more sensitive than computed tomography
(CT) in the diagnosis of acute cholecystitis. Magnetic resonance imaging
(MRI) is playing an increasing role in the evaluation of acute abdominal pain,
particularly for pediatric and pregnant patients. MRI has sensitivity of 95%
and specificity of 69% for the detection of acute cholecystitis [27]. Magnetic
resonance cholangiopancreatography (MRCP) is more sensitive than US (sen-
sitivity 100%, specificity 93% and accuracy 97% vs. sensitivity 62%, speci-

rficity 100% and accuracy 77%) in the depiction of cystic duct and gallbladder
neck calculi and the evaluation of cystic duct obstruction [28].

A prospective randomized study showed that the association of elevated C-
reactive protein (3mg/dL or more) and US findings suggesting acute cholecys-
titis has a sensitivity of 97%, specificity of 76%, and positive predictive value
of 95% [25].

Most patients with acute cholecystitis present with a mild form of the disease,
although about one third of them progress to a possibly life threatening severe
form [29]. The worsening of the inflammatory process and bacterial colonization
of the gallbladder wall can cause the formation of necrosis or purulent collections
and, through the action of mediators, can impair the function of distant organs, up

ato sepsis and death. Several factors have been associated with progression to a
severe form of cholecystitis (empyematous, gangrenous or perforated): age, male
gender, cardiovascular disease and diabetes (Fig. 3.2).
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Fig. 3.2 Despite the spillage of pus, the rapid aspiration and sequential washing avoided postop-
erative abscesses in the abdominal cavity and abdominal wall. Observation V. Mandalà



Most authors stage the severity of the disease on the basis of local findings
only (severe cholecystitis = empyematous, gangrenous or perforated) [29]);
recent guidelines (Tokyo Guidelines, 2007) [20]) include criteria concerning
organ dysfunction and suggest a staging system based on three grades: dmild

nacute cholecystitis (Grade I) is an acute form in a healthy patient with no organ
dysfunction and only mild inflammatory local changes; the more severe forms

nare further divided in two grades, based on the presence or absence of organ
dysfunction: moderate acute cholecystitis (Grade II) if marked local inflam-
mation (biliary peritonitis, pericholecystic abscess, hepatic abscess, gan-
grenous cholecystitis, emphysematous cholecystitis) is demonstrated, or if pre-
operative findings suggest marked inflammation (WBC count >18 000/mm3,

 palpable tender mass in the right upper quadrant or duration of symptoms
>72 h); severe acute cholecystitis (Grade III) if distant organ dysfunction is
demonstrated (cardiovascular, neurologic, hematologic, respiratory, hepatic,

rrenal). These staging systems can be used to better evaluate the indications for
surgical treatment.

3.3 Treatment

Cholecystectomy has been the gold standard treatment for acute cholecystitis
for many years, and traditionally it was accomplished several weeks after res-
olution of the acute phase (Figs. 3.3-3.7).

At the end of the 1970s the performance of cholecystectomy in the acute
tphase, during the same hospital admission, within 36-72 hours from the onset

of symptoms (early cholecystectomy) gained the favor of many surgeons and
in the following years several randomized controlled studies showed the ben-
efits of this early approach, in terms of morbidity and mortality [30]. Reduced
blood loss and operation time, lower complication rates and shorter hospital
stay were also shown [31-33].

Early after the introduction of laparoscopic surgery, acute cholecystitis was
considered a contraindication for laparoscopic cholecystectomy: the perform-
ance of a laparoscopic operation in the acute phase of a cholecystitis required
experience and skills that were not common in the surgical community during
those years, and a higher incidence of complication was found [34-36]. The
difficulties related to the severe adhesion of the gallbladder to the surrounding
tissues, thickness of the gallbladder wall limiting the handling of the organ,
fibrosis of the gallbladder bed, identification and dissection of Calot’s triangle
structures in the presence of edema and adhesions could lead to several com-
plications uncommon in the pre-laparoscopic era such as common bile duct,
liver and bowel injuries.

Increased experience, gradual acquisition of the specific required skills, the
awareness of the complications associated with laparoscopic cholecystectomy

ras well as the improvements in surgical instrumentation allowed us, in later
tyears, to perform a laparoscopic cholecystectomy even in the most difficult
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Fig. 3.3 A 62-year-old male patient. Pain in the right hypochondrium and fever (39.5°). Acute
cholecystitis with filtration and bile collection (bilioma). Abdominal CT and MR: gallbladder per-
foration and collection under Glisson’s capsule. Laparoscopic surgical treatment. Observation V.
Mandalà

Fig. 3.6 Subtotal colecystectomy and
transcystic drainage

Fig. 3.5 Lavage and removal of the wall bilomaFig. 3.4 Evacuation and opening of the
bilioma



acute setting. Today laparoscopic cholecystectomy has proven to be safe and
earlier reports of increased incidence of complication have not been con-
firmed. Two randomized trials [37, 38] and several comparative studies
demonstrated faster recovery and shorter hospital stay after laparoscopic sur-
gery for acute gallbladder disease. Recent population-based studies confirm

rthat laparoscopic cholecystectomy is associated with lower morbidity, lower
mortality, and shorter hospital stay [39, 40].

All available guidelines recommend laparoscopic cholecystectomy as the
preferred approach for acute cholecystitis [19, 21, 23].

The best timing for laparoscopic cholecystectomy in acute cholecystitis is
a relevant topic. During recent years several studies have compared early ver-
sus delayed laparoscopic cholecystectomy. In particular 5 meta-analyses [16,
30, 41-44,] examined the issue.

Even if the definition of the time interval for early or delayed surgery
varies among the studies taken into consideration, all reviews reach the same
conclusions: early laparoscopic cholecystectomy does not increase complica-
tion or conversion rates and reduces total hospital stay. The most feared com-
plication in the earlier years – bile duct injury – was showed to be even high-
er in the delayed treated patients, but the difference was not statistically sig-
nificant due to the limited statistical power of the trials.

The reviews also showed that 17.5% (range 13.9-25%) of patients included
in the delayed surgery groups required urgent surgery during the interval peri-
od, for failure of conservative treatment or recurrent symptoms after discharge,
and the overall conversion rate of this group was 45%. 

One case series review addressed the issue of the amount of delay between
onset of symptoms and surgery and examined its relation to the conversion
rate, showing that the earlier the operation, the lower the risk of conversion.
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Fig. 3.7 Postoperative view



The incidence of conversion is lowest (9.5%) if surgery is performed within 2
days from the onset of symptoms, and rises to 16.1% if surgery is done with-
in 4 days. After that term the conversion rate is similar to that of delayed sur-
gery (38.9%) [40]. However it needs to be pointed out that even though one
recent observational study confirmed these findings [46], others did not [47-
49] and one of the systematic reviews examined above [43] performed a sub-
group analysis comparing data from the trials which included only patients
treated less than four days from the onset of symptoms to those of the studies
also including patients with a longer delay, and could not demonstrate a statis-
tically significant difference between the two groups. Further studies could
clarify this issue. 

To what extent the findings discussed above and the related recommenda-
tions include also the severe forms of the disease (empyematous, gangrenous

tor perforated) is not clearly defined. The rate of severe cholecystitis is not
specified in most studies and higher conversion rates have been reported when
severe cholecystitis was treated by early laparoscopic surgery [50]; factors
predicting the probability of conversion and complications have been ana-
lyzed, suggesting approaches based on a stricter selection of patients to sub-
jject to laparoscopic surgery or early conversion to open surgery [50, 51].
Alternative treatment modalities have also been proposed, such as subtotal
cholecystectomy or cholecystostomy. The question whether laparoscopic treat-

rment is related to a higher rate of complication in this particular setting or
poses only a technical challenge with a higher conversion rate needs to be
answered. One systematic review of available observational studies analyzed
the surgical outcomes of laparoscopic cholecystectomy for severe acute chole-
cystitis and concluded that laparoscopic surgery is an acceptable indication
even in the severe forms and no increase in local postoperative complications
was shown. A threefold conversion rate has to be expected when approaching

fa severe cholecystitis [29]. However the review is limited by the absence of
available controlled studies, and the need to include only those observational

rstudies which clearly reported results of surgical treatment separately for
severe acute cholecystitis and milder forms. It is likely that the conversion rate
is at least partially related to the experience acquired by the surgical team and
the probability of complications depends on a sound decision to convert to
open surgery when the situation on the field is too difficult for the technical
skills available. After all an adequate laparoscopic ability with extensive expe-
rience may overcome the limitation imposed by the angle of dissection and
confined range of movements of the instruments, and by the reduced tactile
feeling, and make the best use of the closer and more detailed operative laparo-
scopic view.

The overall increased complication rate, despite the absence of differences
in local complications, observed in the examined studies about severe chole-
cystitis has been related to the systemic diseases associated with the severe

rform. This finding introduces the issue of laparoscopic cholecystectomy for
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acute cholecystitis in the presence of compromised general conditions and
severe co-morbidity.

In fact patients with more co-morbid conditions and a high ASA classifica-
tion are often excluded from receiving laparoscopic treatment fearing that the
pathophysiologic changes due to laparoscopy and induction of CO2 pneu-
moperitoneum could adversely affect the final outcome. On the other hand this
particular subset of patients could receive larger benefits from the reduced sur-
gical trauma, improved immunosuppression and postoperative respiratory
function.

A particular group with a high incidence of co-morbid conditions is the
aged population. The issue is relevant because the prevalence of gallstones sig-
nificantly increases with age and cholelithiasis complications are also more
common in this age group. The number of elderly patients with acute chole-
cystitis has been increasing over the years and earlier reports suggested a high-
er conversion rate for laparoscopic cholecystectomy in the elderly [52] and
increased morbidity. Management of acute cholecystitis in the elderly is a real
challenge due to significant co-morbidities, delayed presentation and
increased morbidity associated with surgery. While delayed treatment can still
be a viable option in these cases, omitted definitive surgery in the elderly has
been associated with a 38% gallstone-related readmission rate in two years, as
opposed to only 4% observed in patients who had cholecystectomy [53].

Alternative methods have been suggested for emergency treatment in high
risk patients unfit for emergency surgery: conservative treatment [54], tube
cholecystostomy followed by early laparoscopic surgery [55, 56], or by
delayed surgery [18], and cholecystostomy not followed by surgery [57]. A
systematic review of 53 observational studies about cholecystostomy in acute
cholecystitis could find no evidence to support the recommendation of percu-
taneous drainage rather than straight early emergency cholecystectomy even in
critically ill patients, and actually suggested that cholecystectomy seems to be
a better alternative for treating acute cholecystitis in the elderly and/or critical-

fly ill population [58]. In their paper the authors examined a large number of
studies, they warn about the low level of evidence of each of them and suggest
that randomized controlled studies should be undertaken to clarify the issue.
However, they found that therapeutic failure, recurring cholecystitis or proce-
dural complications of percutaneous cholecystostomy led to emergency sur-
gery in 4.5% of patients and overall mortality rates were much worse for
patients treated with percutaneous cholecystostomy when compared to the out-
comes for acute cholecystectomy published in series with similar populations.

While the above described review does not make a specific distinction
between laparoscopic and open cholecystectomy in the elderly or critically ill,

rsome comparative studies examined laparoscopic versus open surgery for
acute cholecystitis in these patients and showed a reduction in the hospital stay
[59-61] and morbidity either unchanged [59] or improved [60, 61] in the
laparoscopic treatment groups.
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i l h i3.4 Surgical Technique

rA traditional retrograde infundibular laparoscopic approach has been used for
the dissection of Calot’s triangle and separation of the gallbladder from the
liver bed in acute cholecystitis. However, the critical-view-of-safety technique
described by Strasberg has been increasingly used and has replaced the
infundibular approach in many surgical practices [64, 65] in particular in the
acute setting.

If the identification and dissection of the Calot’s triangle structures has
been made difficult by adhesions or inflammation, a laparoscopic tfundus first

tanterograde approach used by many surgeons to avoid common bile duct
injury [65, 66].

Selective use of intraoperative cholangiography is commonly adopted to
clarify the anatomy or a suspicion of common bile duct stone. Modifications
of the procedure are included when necessary (decompression of the gallblad-
der, introduction of an additional cannula, sutures to control the cystic duct).

Variations of the technique have been proposed including three-port tech-
nique [67], and single port [68], however no controlled trials comparing these
techniques to standard laparoscopy for acute cholecystitis have been pub-
lished. A randomized trial of mini-laparoscopy versus conventional laparo-
scopy showed no significant difference between the two techniques [69].

In cases where the local conditions are particularly hostile due to intense
inflammation and increased risk of damage to Calot triangle structures, subto-

ttal cholecystectomy has been advocated as an alternative solution [70] and it
thas been included in the surgical strategies to reduce conversion rates without

increasing complications [71].
Many surgeons find the use of ultrasonic dissection particularly useful to

face the challenge of laparoscopic cholecystectomy for acute cholecystitis: the
ability of this particular technology to divide tenacious adhesions, intense fibro-

rsis and to achieve hemostasis in the areas of neovascularization, allow for safer
dissection in the acute setting. A randomized clinical trial of traditional electro-
cautery versus ultrasonic dissection demonstrated that operative time in laparo-
scopic cholecystectomy performed for acute cholecystitis is significantly short-
er if ultrasonic technology is used [72]. A prospective observational study con-
firmed this finding and showed a reduction in conversion rates for acute chole-
cystitis operated laparoscopically with ultrasonic dissection [73]. An Italian ran-
domized trial is being conducted on this topic to clarify these observations [74].

3.5 Authors’ Surgical Series

We analyze the experience of two Italian surgical centers with different types
of patient recruitment: a ten year data report from a large urban area hospital

–(Palermo) and a series from a smaller suburban hospital (Civita Castellana –
Viterbo).
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In Villa Sofia Hospital (Palermo, Dept of General and Emergency Surgery)
r1487 patients underwent cholecystectomy from January 2000 to December

2010, in 412 cases surgery was done for acute cholecystitis. The age of the
patients ranged from 20 to 86 years, the mean age was 62.9 (>80 years old: 35
patients, 8.5%), and the sex distribution was 233 females (56.7%) and 179
males (43.3%). 

Laparoscopic cholecystectomy (VLC) was performed in 354 patients
(84.9%) as follows: VLC: 304 (85.8%), robotic assisted laparoscopy:
11(3.1%), subtotal VLC: 39 (11.1%).

Open procedures were performed in 45 patients (11.3%) with 6 sub total
open cholecystectomies; 9 VLC procedures were converted to open cholecys-
tectomy. A subhepatic drain was left in all patients.

Nine patients underwent US-guided percutaneous cholecystostomy (2.3%)
and 4 video-assisted cholecystostomy (1.2%). The following complications
occurred in the open procedure: 6 cases of sub phrenic abscess (13.3%), 12
cases of surgical wound infections (26.6%) and 3 cases of pneumonia (6.6%).
In the sub total laparoscopic cholecystectomy series there were 3 cases of sub-
phrenic abscesses (7.7%), 1 case of pneumonia (2.6%), 1 bile leak (2.6%) and
6 surgical wound complications (15.3%). There was one death from myocar-
dial infarction (0.28%) after VLC.

From January 2010 to April 2011, 111 patients underwent laparoscopic
cholecystectomy at the Andosilla Hospital (Civita Castellana, VT - Italy). A
total of 56 VLC were performed for acute cholecystitis. There were 6 patients
>80 years of age (10%). No procedure was started as open cholecystectomy
and only in one case was a conversion from laparoscopic to open surgery nec-
essary (1.7%). No percutaneous cholecystostomy was done. One elderly
patient (83 years old) with multiple cardiac and respiratory co-morbidities
died from myocardial infarction (mortality rate 1.7%) on the fourth postoper-
ative day.

tIn the series from Villa Sofia in Palermo, open procedures were prevalent
in the first three years while laparoscopic procedures were increasingly repre-
sented in the last five years. Open procedures showed a higher complication
rate. The conversion rate decreased with increasing surgical expertise and in
the last year there were no cases of conversion. The nine laparoscopic chole-

tcystectomies converted to an open procedure were performed during the first
six years of this data collection.

The hospital in Civita Castellana is a community-based suburban hospital
serving a district with a population of about 55,000. The surgical team is small

rbut well trained. About one half of the cholecystectomies were performed for
acute cholecystitis. All cholecystectomies were laparoscopic. This unselected
consecutive series shows a very low conversion rate. A small, well motivated,
expert laparoscopic team can achieve excellent results in a small community
hospital.
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l i3.6 Conclusions

Laparoscopic surgery for acute cholecystitis may be challenging due to tech-
nical reasons as well as higher incidence of co-morbid disease in the affected
population. The more severe forms of the disease imply difficult technical
issues and specific risks related to sepsis and distant organ dysfunction.
Longer life expectancy along with a prevalence of cholelithiasis sharply
increasing with age does not allow us to ignore the request for minimally inva-
sive treatment in the elderly and the concern for appropriate therapeutic strate-
gies in this age group will grow in the future. The increasing awareness of pos-
sible complications of laparoscopic surgery along with the acquisition of skills
and experience in the surgical community have made laparoscopic cholecys-
tectomy to be considered the gold standard for acute cholecystitis even in crit-
ical situations and the literature supporting the evidence of laparoscopic indi-
cations is becoming increasingly available.
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4.1 Introduction

4.1.1 Epidemiology

The incidence of acute pancreatitis (AP) has increased over the last two
decades to become a growing problem both in the United States and Europe
[1, 2]. Between 1994 and 2001, the incidence of first-time attack in California
increased from 33 to 44 per 100,000 adults [2] and at present AP accounts for
more than 200,000 hospital admissions every year in the USA [3]. Data from
the Italian Ministry of Health register show a total of 20,174 admissions for
AP in Italy in 2005.

Apart from the increasing overall incidence, the rate of severe acute pan-
creatitis (SAP) has remained stable. In 80% of patients, AP is mild and
resolves without serious morbidity, with a brief hospitalization, but up to 20%
of patients develop a severe form, complicated by substantial morbidity and
mortality [4]. This distribution was confirmed in a recent multicentre survey
involving 1,173 patients from 56 Italian hospitals equally distributed through-
out the country. Considering the Atlanta classification system [5], 1,006
patients (85.8%) were defined as having mild AP and 167 (14.2%) as experi-
encing the severe form. In the same survey mortality for AP occurred in 3.1%
of the patients, mostly from multiple organ failure due to infected pancreatic
necrosis [6].



f i4.1.2 Assessment of Severity

fA crucial aspect in the management of this disease is a prompt assessment of
severity. Although most patients have a mild episode of AP, it is difficult to
identify patients who are at risk of developing severe disease on admission to
the hospital. Severity of AP is defined by the presence or absence of organ fail-
ure, local complications, or both. Recognized markers of the risk of SAP
include specific laboratory values that measure systemic inflammatory
response (e.g. C-reactive protein) and multi-factorial scoring systems based on
clinical and laboratory findings which assess inflammation or organ failure

d(such as Ranson’s score, Glasgow Score and the Acute Physiology and
Chronic Health Evaluation score - APACHE II). Furthermore, contrast-
enhanced CT scan imaging performed at least 48 hours after the onset of AP is

fuseful for evaluating disease severity, as it gives an indication of the degree of
tnecrotic tissue [7]. Once a predicted SAP has been identified, the patient

should be referred to a specialized centre for pancreatic diseases [8]: in these
cases patients could require intensive care support, while decision-making
about invasive treatment (adequate timing and choice of treatment) requires
special expertise (Tables 4.1, 4.2).

4.2 The Role of Surgery in Acute Pancreatitis

There are three potential indications for surgery in acute pancreatitis, here list-
ed in order of frequency: (1) the presence of gallstones; (2) pancreatic necro-
sis (mainly infected necrosis); and (3) abdominal compartment syndrome
(ACS). Minimally invasive surgery plays different roles, according to the dif-
ferent indications and the severity of the acute attack: most cholecystectomies
can be performed laparoscopically, and even in the setting of necrosectomy,
minimally invasive surgery is gaining increasing surgical attention. On the
other hand, laparoscopy is formally contraindicated in cases of ACS.
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Table 4.1 Ranson’s criteria for severity of acute pancreatitits

At admission During initial 48 h

Age > 55 yrs Hematocrit decrease of more than 0.10

White blood cell count < 16 × 109/L Blood urea nitrogen increases by > 5 mg/dL

Lactate dehydrogenase > 350 U/L Calcium < 8 mg/dL

Aspartate aminotransferase > 250 U/L PaO2 < 60 mmHg

Glucose > 200 mg/dL Base deficit > 4 mEq/L

Fluid sequestration > 6 L

Predicted severe acute pancreatitis indicated by a total score ≥3, with 1 point for each positive factor.  



ll i d i i4.2.1 Gallstone-Associated Acute Pancreatitis

Biliary tract disease is the most common etiology for AP in the Western world.
In the recent multicentre study performed by the Italian Association for the
Study of the Pancreas (AISP) biliary forms accounted for 69.3% of cases [6].

In gallstone-associated AP, the pancreatitis is usually mild and self-limited.
The treatment should initially be supportive with subsequent laparoscopic
cholecystectomy to prevent recurrent attacks. Although available guidelines do
not address the issue whether cholecystectomy should be performed by open
or laparoscopic approach, they all suggest that surgery should be performed as
soon as the patient has recovered and during the same hospital admission [9,
10]. A recent randomized controlled trial (RCT) found that laparoscopic chole-
cystectomy performed within 48 hours of admission, regardless of the resolu-
tion of abdominal pain or laboratory abnormalities, resulted in a shorter hos-
pital length of stay with no apparent impact on the technical difficulty of the
procedure or perioperative complication rate [11]. Furthermore there is evi-
dence to suggest that delaying cholecystectomy increases technical difficulties
during dissection [12]. Nonetheless the actual timing of surgery often contra-
dicts the suggestions of the guidelines. In clinical practice there is a tendency
to delay cholecystectomy until after complete resolution of pain and normal-
ization of laboratory values; patients are frequently discharged after the acute
attack and readmitted at a later time to undergo elective cholecystectomy,
increasing the risk of gallstone-related events including recurrent AP [13]. A
recent prospective multicenter study on the surgical treatment of acute pancre-
atitis in Italy confirmed poor compliance of clinical practice with published
guidelines: of 593 patients with mild pancreatitis of biliary origin and indication
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Table 4.2 Balthazar’s CT severity index

CT grade CT finding Points

A Normal pancreas 0  

B Pancreatic enlargement 1 

C Pancreatic inflammation and/or peripancreatic fat 2

D Single peripancreatic fluid collection 3

E Two or more fluid collections and/or retroperitoneal air 4

Necrosis Points

None 0

< 30 % 2

30–50 % 4

> 50% 6

CT severity index (CT grade + necrosis score) Complications Mortality

0−3 8% 3%

4−6 35% 6%

7−10 92% 17%



to cholecystectomy, only 36% underwent the operation during the same admis-
sion [14].

In addition, clearance of potential common bile duct (CBD) stones is cru-
cial to prevent further recurrent attacks. Ideally, when CBD stones are suspect-
ed, this should be confirmed preoperatively by either endoscopic ultrasonogra-
phy (EUS) or magnetic resonance cholangiography (MRC). Both techniques
carry high sensitivity and specificity (over 90%) preventing the risk of compli-
cations due to unnecessary CBD exploration by either endoscopic retrograde

fcholangiopancreatography (ERCP) or intraoperatively [15, 16]. If diagnosis of
CBD stones is confirmed, it can be managed both by preoperative ERCP [17],
and laparoscopic CBD clearance during cholecystectomy [18]. Two meta-
analyses showed no differences when preoperative ERCP was compared to
intraoperative removal of CBD stones [19, 20]. The choice of treatment should
be determined by local availability and expertise, since laparoscopic CBD
exploration requires significant surgical skill.

fIn cases of severe acute biliary pancreatitis, patients are at a high risk of
organ failure and death, especially in the early phase of the disease. There is
consensus that cholecystectomy in severe forms should be delayed until the
pancreatitis has resolved with normalization of the inflammatory response and
clinical recovery, since early operation is associated with a higher complica-
tion rate [8, 10, 21, 22].

Though it is not among the aims of this chapter, here is a short note on the
indication to early ERCP in severe forms: while it is clear that cholangitis

fshould always be treated by endoscopic drainage of the bile duct, the role of
ERCP for the treatment of cholestasis in SAP is still controversial [23]. In
accordance with the American College of Gastroenterology guidelines [24],
we suggest that ERCP and biliary sphincterotomy be performed (preferably
within 24 h of admission) for patients with predicted severe biliary pancreati-
tis in the presence of cholangitis and/or retained common bile duct stones. In
a recent RCT by the Dutch Acute Pancreatitis Group, early ERCP was associ-
ated with a significantly reduced risk of clinically relevant complications in
patients with predicted SAP with concurrent cholestasis, whereas in patients
without cholestasis, there were no beneficial effects [25].

4.2.2 Necrotic Pancreatitis

fRecently published data report that the severe form accounts for about 15% of
d272,000 patients hospitalized each year due to acute pancreatitis in the United

States [3]. SAP, as defined by the Atlanta Symposium criteria [5], is character-
tized by organ dysfunction, which is usually associated with the development

of pancreatic necrosis which reaches its maximum extent within the first 4
days after the onset of symptoms.

The presence of necrosis is associated with a high mortality rate, around
17%. Initially, the necrosis is sterile, and if it remains so, mortality is approx-
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imately 12%, but when necrosis infection occurs, it carries a high risk of sep-
nsis and multiple organ failure, raising the mortality rate to 30% [24]. Infection

of necrotic tissue usually takes place 2 to 3 weeks after the onset of symptoms
[26, 27], and occurs in 40 to 70% of cases [21]. When infection of necrotic tis-
sue is suspected due to deterioration of clinical conditions, increase of inflam-
mation markers or persistent organ failure, CT-guided percutaneous aspiration
of necrotic tissue with Gram’s stain and culture is recommended [8, 21, 25].
Alternatively, even direct CT evidence of gas in the retroperitoneum may be
diagnostic of infected pancreatic necrosis [21, 24, 28].

Since Bradley first introduced the concept of conservative treatment in
rnon-infected pancreatic necrosis in 1991, showing that the mortality rate for

nonoperative management of patients with sterile necrotizing pancreatitis was
inferior to surgical mortality rates [29], the indications for surgical interven-
tion in sterile pancreatic necrosis has dropped consistently. Currently, as rec-
ommended by all available guidelines, patients with sterile pancreatic necrosis
should be managed conservatively and undergo intervention only in selected
cases, such as those patients with multiorgan failure who do not improve
despite maximal therapy in the intensive care unit [8].

In patients with infected necrosis there is agreement that surgical interven-
tion directed toward mechanical removal of as much necrotic tissue as possi-
ble, with debridement of all cavities containing necrotic material, is mandato-
ry. However, the timing of intervention is crucial, since an early operation does
not allow a complete demarcation of the tissues to be removed. Postponing
surgical intervention allows the immune system to encapsulate the necrotic tis-
sue, thus technically facilitating necrosectomy and potentially reducing mor-
tality. This strategy is supported by evidence from a RCT comparing interven-
tion within 72 h of onset with operation after 12 days, showing a reduction in
mortality from 56% to 27% in patients who underwent late operation [30]. A

rlater retrospective study demonstrated that necrosectomy for documented or
suspected infected acute necrotizing pancreatitis performed after 29 days is
associated with even lower mortality when compared with interventions in the
first 2 weeks and from weeks 2 to 4 [31]. However, in these patients an
increase in fungal colonization and resistant microorganisms is to be expected,
owing to the increased use of antibiotics. Consequently, current guidelines rec-

tommend delaying surgery in patients with infected pancreatic necrosis at least
until the third week after admission [8, 21].

Despite consensus on optimal timing for surgical intervention in SAP,
adherence to these guidelines in clinical practice is poor. In the above cited
Italian multicentre trial, 29 out of 167 patients (17.4%) with SAP were oper-
ated. Surprisingly, surgery was performed at a median of 2 days (range 0–64
days) after the onset of pancreatitis. MOF and infected necrosis were reported
to be the main indications for surgery; mortality was higher in patients with
early surgery (during the first 5 days after onset of symptoms), confirming the
need for delaying intervention [14].

When invasive treatment of necrosis is indicated, the open approach has
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been considered the gold standard until very recent times. Over the years dif-
ferent techniques have been employed including necrosectomy with closed
continuous irrigation of the lesser sac and retroperitoneum via indwelling
catheters [26, 32], necrosectomy with open packing and planned re-laparoto-
my [33] or necrosectomy with closed drainage without irrigation [32, 34].
Although there has been a reduction in mortality rates especially with the

fdevelopment of open packing with repeated re-laparotomies and the use of
prolonged postoperative lavage techniques, even in specialist units the mortal-
ity rate for infected necrosis is reported to be as high as 39% [24, 35−38].
Moreover, this invasive approach carries high rates of complications, up to
95%, and a risk of long-term pancreatic insufficiency [32, 36].

In this scenario, since the late 1990s, due to rapid advances in technology
and the application of laparoscopy in an increasing number of surgical proce-
dures, minimally invasive approaches to necrotic tissue with different drainage
and necrosectomy techniques have been developed. These techniques were ini-
tially adopted in patients with infected pancreatic necrosis unfit to undergo
prompt open surgical debridement [38], but in recent years their use has began
to be extended to all patients because of the persistently high mortality and

rmorbidity rate of the traditional open approach. These approaches find their
rationale in the evidence that minimally invasive surgery provokes less surgi-
cal trauma and reduced activation of the inflammatory response than equiva-
lent open surgery, and experimental studies suggest that local sepsis and the
inflammatory response may be lessened by a minimally invasive rather than an
open technique [31, 39].

In 1998 Freeney et al. [40] first reported a series of patients with infected
necrotizing pancreatitis treated by CT-guided percutaneous drainage with
encouraging results: in 47% of the patients drainage was successful, with no
need of further intervention, while in another 27% of the patients the drain
allowed sepsis to be controlled and surgery to be delayed, thus avoiding an
emergency procedure in a group of critically ill patients. Mortality was low
with an overall rate of 12%. Since then, several studies have reported the use
of percutaneous drainage alone or in association with the use of accessories
such as snares and baskets for debridement [41]. Although most studies report-
ed a high success rate with low mortality, a common drawback was the high
rate of fistula formation and the need for frequent catheter care and repeated

rprocedures. In addition, single institution expertise intuitively plays a major
role in determining the feasibility of the drainage.

Another approach described in recent years is the endoscopic (transgastric
or transduodenal) access for drainage/debridement of necrosis in carefully
selected patients [42, 43]. Recently the introduction of EUS guidance and
Doppler imaging in order to avoid blood vessels has provided a safer approach.
Endoscopic treatment may avoid the formation of external fistulae, but the
need for necrosis to be organized (walled-off) and the inability to evacuate
large areas of non-liquefied necrotic debris represent limitations for this tech-
nique [44].
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Laparoscopic debridement and necrosectomy was first proposed in 1996 by
Gagner [45], who used three alternative laparoscopic approaches: transgastric,
retrogastric-retrocolic debridement, and a full retroperitoneoscopic technique.
Other reports using similar techniques followed [46− f49]. The largest series of
transperitoneal laparoscopic debridement is reported by Parekh [47], who
adopted a hand-assisted laparoscopic technique for pancreatic necrosis
debridement in nineteen patients. He described an infracolic approach to
access the lesser sac through the transverse mesocolon with an 81% success
rate, low mortality (11%) and no major wound complications or external bowel
fistulae.

rThe traditional transperitoneal laparoscopic approach compared to other
minimally invasive techniques has the advantage of allowing access to areas

tinaccessible by a percutaneous drainage or an endoscope, including the right
and the left paracolic gutters, the perinephric space, the retroduodenal space,
and the root of the mesentery, permitting complete removal of the sequestrum.
On the other hand we can argue that induction of pneumoperitoneum may have
adverse effects in critically ill patients with hemodynamic instability.
Furthermore the procedure carries a higher risk of infection transmission
through the peritoneal cavity and bowel injury during surgery.

To avoid such risks, retroperitoneal videoassisted approaches have been
developed. Necrotic tissue may be approached directly with a retroperitoneo-
scope or by intraoperative dilation of a drain tract, previously placed under CT
guidance. In 1998 Gambiez et al. [50] first described the results of necrosec-
tomy performed through a small (6 cm) left flank incision under visualization
with a mediastinoscope in a series of 20 patients. Alternatively Carter [51]
reported the use of a sinus tract endoscopy, which obviated the need for an
incision. In this technique a percutaneous catheter drain tract is serially dilat-
ed to 30F under fluoroscopic guidance in the operating room and necrosecto-
my is performed under continuous irrigation using a nephroscope and a long
grasping forceps in a piecemeal fashion. Connor et al. [52] applied the same
technique in a series of 24 patients and reported a median of 3−4 procedures
to completely remove all infected necrosis. Notably, this approach has the
great advantage of avoiding peritoneal contamination, but it is limited in
necrosis extraction, and the need for repeated sessions is quite common.

To obviate these limitations, in 2001 Horvath et al. [53] described a video-
scopic assisted retroperitoneal debridement (VARD), in which a small (5 cm)
subcostal flank incision was made to access the retroperitoneal space through

twhich a videoscope was inserted via a single laparoscopic port. Debridement
was performed through hydro-dissection and with the aid of long laparoscop-
ic forceps inserted through a second port. In VARD, the small incision enables
the surgeon to remove larger pieces of necrosis, with a shorter operating time
and less need for repeat procedures. Complete necrosectomy, though, is not the
ultimate aim of this procedure; only loosely adherent pieces of necrosis are

aremoved, thereby keeping the risk of tearing underlying blood vessels to a
minimum [54].
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The results of this minimally invasive approach were recently published in
two prospective studies, one single-arm [55] and one randomized [56]. When

rpancreatic necrosis required treatment as first step they used percutaneous or
nendoscopic drainage to mitigate sepsis (Fig. 4.1), in order to postpone or even

obviate surgical necrosectomy. If drainage did not lead to clinical improvement,
the percutaneous drain was used as a ‘guidance drain’ for VARD. Open surgery
was left as the last step, to be performed in case of failure of more conservative
treatment. This strategy, when compared to open surgery as first step, has been

dassociated with a significantly lower morbidity (diabetes, incisional hernias and
need of pancreatic enzyme) and lower new-onset multiple organ failure [56].

At present, none of the available guidelines provide precise recommenda-
ttions for the use of minimally invasive techniques in clinical practice, but
arecent published guidelines (such as the Italian ones) suggest considering a

less invasive approach than open surgery: dthe presence of well-demarcated
necrosis could be treated using percutaneous drainage; in selected cases, this
approach can be combined with a minimally invasive surgical approach
(videoscopic assisted retroperitoneal debridement) [8].

Following the results of the recent prospective studies with high level of evi-
tdence, the authors’ opinion is that the step-up approach will become the next

gold standard when pancreatic necrosis requires treatment. Open surgery should
be reserved to patients who fail to respond to minimally invasive treatment.

4.2.3 Abdominal Compartment Syndrome

tFor patients with SAP, this is the only actual indication for surgery in the first
days after onset. ACS is a clinical condition consisting of intra-abdominal
hypertension and organ dysfunction [57]. It occurs early in the course of SAP
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Fig. 4.1 This is the first step of a minimally invasive treatment of infected pancreatic necrosis: a
CT-guided percutaneous drainage of pancreatic necrosis. This procedure should be performed
through a retroperitoneal approach to allow a subsequent VARD when necessary



and is estimated to affect around 30% of patients admitted to the intensive care
unit [58]. Recent studies report a 50−75% mortality rate in patients who devel-
op ACS, but it is not clear how interventions may have played a role in deter-
mining the outcome [58]. Management of ACS in severe acute pancreatitis
requires conservative treatment such as avoiding excess fluid intake, and using
bowel decompression techniques to reduce intra-abdominal volume, but in
most patients surgical decompression is needed. Usually a midline laparosto-
my is performed; alternatively a bilateral subcostal approach may be used. The
treatment leads to reduction of intra-abdominal pressure, but there is still no
evidence that this technique impacts on patient outcome.

4.3 Conclusions

tIn gallstone pancreatitis, laparoscopic cholecystectomy is indicated to prevent
disease recurrence. In mild pancreatitis, it should be performed during the
same hospital admission, as soon as the patient has recovered. 

In case of severe pancreatitis, when pancreatic necrosis requires treatment,
a minimally invasive approach should be considered whenever possible. The
first step should be percutaneous drainage, followed, if necessary, by minimal

rinvasive retroperitoneal debridement, with open surgery being reserved for
patients who fail to respond to more conservative treatments.

References

1. Yadav D, Lowenfels AB (2006) Trends in the epidemiology of the first attack of acute pan-
creatitis: a systematic review. Pancreas 33:323-330

2. Frey CF, Zhou H, Harvey DJ, White RH (2006) The incidence and case-fatality rates of acute
biliary, alcoholic, and idiopathic pancreatitis in California, 1994-2001. Pancreas 33:336-344

3. Everhart JE, Ruhl CE (2009) Burden of digestive diseases in the United States. Part III: liv-
er, biliary tract, and pancreas. Gastroenterology 136:1134-1144

4. Lund H, Tonnesen H, Tonnesen MH, Olsen O (2006) Long-term recurrence and death rates
after acute pancreatitis. Scand J Gastroenterol 41:234-238

5. Bradley EL 3rd (1993) A clinically based classification system for acute pancreatitis. Sum-
mary of the International Symposium on Acute Pancreatitis, Atlanta, Ga, September 13 1992.
Arch Surg 128: 586-590

6. Uomo G, Pezzilli R, Gabbrielli A et al (2007) Diagnostic assessment and outcome of acute
pancreatitis in Italy: results of a prospective multicentre study. Dig Liver Dis 39:829-837

7. Balthazar EJ (2002) Acute pancreatitis: assessment of severity with clinical and CT evalua-
tion. Radiology 223:603-613

8. Pezzilli R, Zerbi A, Di Carlo V et al (2010) Working Group of the Italian Association for the
Study of the Pancreas on Acute Pancreatitis (2010). Practical guidelines for acute pancreati-
tis. Pancreatology10:523-535

t9. Working Party of the British Society of Gastroenterology; Association of Surgeons of Great
Britain and Ireland; Pancreatic Society of Great Britain and Ireland; Association of Upper GI
Surgeons of Great Britain and Ireland (2005) UK guidelines for the management of acute pan-
creatitis. Gut 54:1-9

4 Acute Pancreatitis 57



10. Sauerland S, Agresta F, Bergamaschi R et al (2006) Laparoscopy for abdominal emergencies:
evidence-based guidelines of the European Association for Endoscopic Surgery. Surg Endosc
20:14-29

11. Aboulian A, Chan T, Yaghoubian A et al (2010) Early cholecystectomy safely decreases hos-
npital stay in patients with mild gallstone pancreatitis: a randomized prospective study. Ann

Surg 251:615-619
12. Sinha R (2008) Early laparoscopic cholecystectomy in acute biliary pancreatitis: the optimal

choice? HPB (Oxford) 10:332-335
13. Nebiker CA, Frey DM, Hamel CT et al (2009) Early versus delayed cholecystectomy in pa-

tients with biliary acute pancreatitis. Surgery 145:260-264
14. De Rai P, Zerbi A, Castoldi L et al (2010) Surgical management of acute pancreatitis in Italy:

lessons from a prospective multicentre study. HPB 12:597-604
15. Petrov MS, Savides TJ (2009) Systematic review of endoscopic ultrasonography versus en-

doscopic retrograde cholangiopancreatography for suspected choledocholithiasis. Br J Surg
96:967-974

16. Acosta JM, Katkhouda N, Debian KA et al (2006) Early ductal decompression versus con-
servative management for gallstone pancreatitis with ampullary obstruction: a prospective ran-
domized clinical trial. Ann Surg 243:33-40

17. Ayub K, Imada R, Slavin J (2010). Endoscopic retrograde cholangiopancreatography in gall-
stone-associated acute pancreatitis. Cochrane Database Syst Rev 1:CD003630

18. Rogers SJ, Cello JP, Horn JK et al (2010) Prospective randomized trial of LC+LCBDE vs ER-
CP/S+LC for common bile duct stone disease. Arch Surg 145:28-33

19. Clayton ES, Connor S, Alexakis N, Leandros E (2006) Meta-analysis of endoscopy and sur-
gery versus surgery alone for common bile duct stones with the gallbladder in situ. Br J Surg
93:1185-1191

20. Martin DJ, Vernon DR, Toouli J (2006) Surgical versus endoscopic treatment of bile duct stones.
Cochrane Database Syst Rev 2:CD003327

21. Uhl W, Warshaw A, Imrie C et al (2002) International Association of Pancreatology: IAP guide-
lines for the surgical management of acute pancreatitis. Pancreatology 2:565-573

22. Kelly TR, Wagner DS (1988). Gallstone pancreatitis: a prospective randomized trial of the tim-
ing of surgery. Surgery 104:600-605

23. Petrov MS, van Santvoort HC, Besselink MG et al (2008) Early endoscopic retrograde cholan-
tgiopancreatography versus conservative management in acute biliary pancreatitis without

cholangitis: a meta-analysis of randomized trials. Ann Surg 247:250-257
24. Banks PA, Freeman ML, and the Practice Parameters Committee of the American College

of Gastroenterology (2006) Practice guidelines in acute pancreatitis. Am J Gastroenterol
101:2379-2400

25. van Santvoort HC, Besselink MG, de Vries AC et al (2009) Early endoscopic retrograde cholan-
rgiopancreatography in predicted severe acute biliary pancreatitis: a prospective multicenter

study. Ann Surg 250:68-75
t26. Büchler MW, Gloor B, Müller CA et al (2000) Acute necrotizing pancreatitis: treatment

strategy according to the status of infection. Ann Surg 232:619-626
27. Besselink MG, van Santvoort HC, Boermeester MA et al (2009) Timing and impact of infec-

tions in acute pancreatitis. Br J Surg 96:267-273
28. Banks P, Gerzof S, Langevin R et al (2005) CT-guided aspiration of suspected pancreatic in-

fection: bacteriology and clinical outcome. Int J Pancreatol 18:265-270
29. Bradley EL 3rd, Allen K (1991) A prospective longitudinal study of observation versus sur-

gical intervention in the management of necrotizing pancreatitis. Am J Surg 161:19-24
30. Mier J, Luque-de León E, Castillo A et al (1997) Early versus late necrosectomy in severe

necrotizing pancreatitis. Am J Surg 173:71-75
31. Besselink MG, Verwer TJ, Schoenmaeckers EJ et al (2007) Timing of surgical intervention

in necrotizing pancreatitis. Arch Surg 142:1194-1201
32. Fernandez-del Castillo C, Rattner DW, Makary MA et al (1998) Debridement and closed pack-

ing for the treatment of necrotizing pancreatitis. Ann Surg 228:676-684

58 C. Staudacher et al.



33. Bradley EL III, Fulenwider JT (1984) Open treatment of pancreatic abscess. Surg Gynecol
Obstet 159:509-513

34. Rodriguez JR, Razo AO, Targarona J et al (2008) Debridement and closed packing for ster-
ile or infected necrotizing pancreatitis: insights into indications and outcomes in 167 patients.
Ann Surg 247:294-299

35. Connor S, Alexakis N, Raraty MG et al (2005) Early and late complications after pancreatic
necrosectomy. Surgery 137:499-505

36. Tsiotos GG, Luque-de León E, Sarr MG (1998) Long-term outcome of necrotizing pancre-
atitis treated by necrosectomy. Br J Surg 85:1650-1653

37. Howard TJ, Patel JB, Zyromski N et al (2007) Declining morbidity and mortality rates in the
surgical management of pancreatic necrosis. J Gastrointest Surg 11:43-49

38. Werner J, Feuerbach S, Uhl W et al (2005) Management of acute pancreatitis: from surgery
to interventional intensive care. Gut 54:426-436

39. Jacobi CA, Zieren HU, Sabat R et al (1997) Local and systemic inflammation after laparotomy
versus laparoscopy in a sepsis model in rats. Langenbecks Archiv Chirurgie 382[Suppl 1]:9-13

f40. Freeny P, Houptmann E, Althaus S et al (1998) Percutaneous CT-guided catheter drainage of
infected acute necrotizing pancreatitis: techniques and results. Am J Roentgenol 170:969-975

41. Echenique AM, Sleeman D, Yrizarry J et al (1998) Percutaneous catheter directed debride-
ment of infected pancreatic necrosis: results in 20 patients. J Vasc Interv Radiol 9:565-571

42. Papachristou GI, Takahashi N, Chahal P et al (2007) Per oral endoscopic drainage/debride-
ment of walled-off pancreatic necrosis. Ann Surg 245:943-951

43. Gardner TB, Chahal P, Papachristou GI et al (2009) A comparison of direct endoscopic necro-
sectomy with transmural endoscopic drainage for the treatment of walled off pancreatic
necrosis. Gastrointest Endosc 69:1085-1094

44. Navaneethan U, Vege SS, Chari ST, Baron TH (2009) Minimally invasive techniques in pan-
creatic necrosis. Pancreas 38:867-875

45. Gagner M (1996) Laparoscopic treatment of acute necrotizing pancreatitis. Semin Laparosc
Surg 3:21-28

46. Zhu J, Fan X, Zhang X (2001) Laparoscopic treatment of severe acute pancreatitis. Surg En-
dosc 15:146-148

r47. Parekh D (2006) Laparoscopic-assisted pancreatic necrosectomy: a new surgical option for
treatment of severe necrotizing pancreatitis. Arch Surg 141:895-902

48. Cuschieri A (2002) Pancreatic necrosis: pathogenesis and endoscopic management. Semin La-
parosc Surg 9:54-63

49. Bucher P, Pugin F, Morel P (2008) Minimally invasive necrosectomy for infected necrotiz-
ing pancreatitis. Pancreas 36:113-119

50. Gambiez LP, Denimal FA, Porte HL et al (1998) Retroperitoneal approach and endoscopic
management of peripancreatic necrosis collections. Arch Surg 133:66-72

d51. Carter R (2003) Management of infected necrosis secondary to acute pancreatitis: a balanced
role for minimal access techniques. Pancreatology 3:133-138

52. Connor S, Ghaneh P, Raraty M et al (2003) Minimally invasive retroperitoneal pancreatic necro-
sectomy. Dig Surg 20:270-277

53. Horvath K, Koo L, Ali A et al (2001) Laparoscopic assisted percutaneous drainage of infect-
ed necrosis. Surg Endosc 15:677-682

54. Van Santvoort HC, Besselink MG, Horvath KD et al (2007) Videoscopic assisted retroperi-
toneal debridement in infected necrotizing pancreatitis. HPB (Oxford) 9:156-159

55. Horvath K, Freeny P, Escallon J et al (2010) Safety and efficacy of video-assisted retroperi-
toneal debridement for infected pancreatic collections: a multicenter, prospective, single-arm
phase 2 study. Arch Surg 145:817-825

56. van Santvoort HC, Besselink MG, Bakker OJ et al (2010) A step-up approach or open necro-
sectomy for necrotizing pancreatitis. N Engl J Med 362:1491-1502

57. Cheatham ML, Malbrain ML, Kirkpatrick A et al (2007) Results from the International Con-
ference of Experts on Intra-abdominal Hypertension and Abdominal Compartment Syn-
drome, II: recommendations. Intensive Care Med 33:951-962

4 Acute Pancreatitis 59



58. McKay CJ, Evans S, Sinclair M et al (1999) High early mortality rate from acute pancreati-
tis in Scotland, 1984-1995. Br J Surg 86:1302-1305

Suggested Readings

Sauerland S, Agresta F, Bergamaschi R, Borzellino G, Budzynski A, Champault G, Fingerhut A,
Isla A, Johansson M, Lundorff P (2006) Laparoscopy for abdominal emergencies. Evidence-
based guidelines of the European Association for Endoscopic Surgery. Surg Endosc 20:14–29

Agresta F, Ansaloni L, Baiocchi L, Bergamini C, Campanile FB, Carlucci M, Cocorullo G, Cor-
radi A, Franzato B, Lupo M, Mandalà V, Mirabella A, Pernazza G, Piccoli M, Staudacher C,
Vettoretto N, Zago M, Lettieri E, Levati A, Pietrini D, Scaglione M, De Masi S, De Placido
G, Francucci M, Rasi M, Scaramuzza G, Del Favero AL (2011) Consensus Development Con-
ference of the Società Italiana Chirurgia Endoscopica e nuove tecnologie (SICE); Associazione

aChirurghi Ospedalieri Italiani (ACOI); Società Italiana di Chirurgia (SIC); Società Italiana
aChirurgia d’Urgenza e Trauma (SICUT), Società Italiana Chirurghi dell’Ospedalità Privata

(SICOP) and the European Association for Endoscopic Surgery (EAES). In press

60 C. Staudacher et al.



V. Mandalà, The Role of Laparoscopy in Emergency Abdominal Surgery,
© Springer-Verlag Italia 2012

61

Acute Appendicitis 

Antonino Mirabella, Nereo Vettoretto, Massimo Lupo,
Fausto Di Marco and Vincenzo Mandalà

5

A. Mirabella (�)
Department of General and Emergency Surgery
“Villa Sofia – Cervello” Hospital Trust
Palermo, Italy

5.1 Introduction

Acute appendicitis is the leading cause of emergency surgery (250,000 opera-
tions every year in the United States), accounting for approximately 10% of
inpatient admissions, with an incidence of 1/500−600 inhabitants, most com-
monly occurring in individuals less than 30 years of age and females
(1.3−1.6/1). At a distance of a century from the first appendectomy codified
by McBurney [1], in 1977 the Dutch surgeon Hans de Kok [2] performed the
first laparoscope assisted appendectomy. Nonetheless, the technique remained
almost unknown due to the local diffusion of his paper, until Semm [3], a
German gynecologist, published the first laparoscopic appendectomy (LA)
five years later.

Since then, despite the rapid diffusion of mini-invasive surgery (laparo-
scopic cholecystectomy for example was executed only two years after LA,
but became the gold standard for the NIH in 1992), the laparoscopic approach
to appendicular disease is still debated.

An initial explanation for this can be found in the difficulty to shift from
performing open appendectomy (OA), a procedure which is universally con-
sidered safe, effective and with low morbidity. Furthermore, the conventional
limitations to the laparoscopic approach should not be underestimated, which
include longer operative times and a greater burden for the organizational
structure, and thus have slowed the diffusion of LA.

Systematic reviews on the topic including contributions from the Cochrane
collaboration and clinical evidence studies published in the British Medical
Journal state that only moderate to low quality evidence support the advantage



of laparoscopy in terms of lowering wound infections, reducing postoperative
pain, length of hospital stay and time to return to work. This is counterbal-
anced by a higher rate of intra-abdominal abscesses, and a slightly but statis-
tically significant longer operative time (14 min). Indeed, when comparing the
pre-2000 to the post-2000 period, we can note an improvement in postopera-
tive ileus and operative time, but still the rate of postoperative abdominal
abscesses remains high. Differences in costs do not seem to be significant,
unless the surgeon chooses to use hi-tech dissection instruments, disposable
trocars or mechanical staplers routinely [4−7].

Only in recent years have several surgical centers come to use this
approach more often than in the early days of laparoscopic appendectomy.
Also in our experience over a period from 1999 to 2010 we report an increase
in LA vs. OA. We also report an increase in LA in complex cases such as eld-
erly or obese patients, as well as in cases when clinical and instrumental find-
ings show a complicated acute appendicitis (perforated, gangrenous with local
or general peritonitis).

5.2 Materials and Methods

We report our experience in the surgical management of acute appendicitis
from January 1999 to December 2010.

For OA, we make a right para-rectal incision which varies from less than
2−3 cm to longer depending on patient build and the severity of clinical find-
ings, such that a median laparotomy is performed where necessary when
patient presents findings of peritonitis.

For LA, we usually use the standard three-trocar technique, as described by
Novellino [8]. A 10 mm umbilical trocar is positioned for the camera (30°), a 5
mm trocar is placed in the left iliac fossa and another 5 mm trocar in a supra-
pubic site. This technique is the best way to meet the ergonomic needs of the sur-
geon and achieve triangulation of the optical and operative trocars which always
represents the basis for a good laparoscopic operation (in Figures 5.1-5.3 the
main steps of procedure). With the trocars in this position the appendix can be
extracted under optical vision from the same optical trocar, when possible. In
other conditions (large appendix, use of an endo-GIA to cut appendicular base,
need for an endo-Catch to remove the appendix), we use a 10−12 mm trocar in
the left iliac fossa instead of a 5 mm trocar. This trocar, when necessary, enables
the camera position to be varied in the left iliac fossa (Figs. 5.4-5.8).

5.3 Results

fWe performed 697 total appendectomies, of which 333 (47.8%) were LA. Of
these, 136 were males and 197 were females with a mean age of 22.8 years
(range 8−76 years). A total of 109 (32.7% of LA) were emergent procedures
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due to acute complicated appendicitis: 41 cases of gangrenous appendicitis, 25
perforated appendicitis, 43 local or diffuse peritonitis. Twenty-four out of 55
elderly patients (>65 years) underwent total LA (43.6%). Five of these
(20.8%) had a complicated acute appendicitis. Forty-two LA were performed
in obese patients (BMI >25). 

The analysis of the eleven-year period shows an increase in the mini-inva-
sive technique and a decrease in the traditional procedure (Fig. 5.9) Indeed in
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Fig. 5.1 Appendectomy begins with
diathermy coagulation and dissection
of the mesoappendix to the appendix
down to its base. Once cleared to the
cecum, the base of the appendix is
ligated using one endoloop ligature

Fig. 5.2 Sometimes, after its 
dissection, the mesoappendix (with
appendicular artery) can be secured
by endoloop ligature (or haemostatic
clip)
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Fig. 5.3 The appendix is divided from
the base and the mucosa is cauterized

Fig. 5.4 A 32-year-old male patient.
Abdominal pain in right iliac fossa
and fever. Diagnostic laparoscopy:
phlegmonous appendicitis.
Skeletonization of the meso-appendix
with ultrasonic dissector (ACE
ETHICON)

Fig. 5.5 Complete dissection to the
base of cecal appendix
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Fig. 5.7 Cecal appendicu-
lar stump

Fig. 5.6 Appendix section at the
base with endo-GIA



f2010 a total of 100% of appendectomies were LA, even in the presence of
complicated acute appendicitis (Fig. 5.10).

The average operative time was 64 min and ranged from 25 to 110 min. The
roperative time for LA was longer than OA but decreased progressively in later

years thanks to increased skill of the surgical team (surgeons, anesthetist, OR
nurses).
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Fig. 5.9 Surgical management of all acute appendicitis from Jan 1999 to Dec 2010. LA, Laparo-
scopic Appendectomy; OA, Open Appendectomy

Fig. 5.8 Hemostasis of the
appendicular mesentery is
completed with endoloop
(ETHICON Endo-suture
system)



No significant differences between the two procedures in terms of postop-
erative hospital stay, oral intake and postoperative pain are reported.

The same data instead showed a better performance in terms of a diagnosis
of complicated acute appendicitis in obese patients (when matched with larg-
er laparotomies than McBurney incision) and in elderly patients in whom post-
operative rehabilitation was more rapid.

In five patients a preoperative CT scan showed a pericecal suppurative
mass likely from an acute perforated appendicitis. Two of these were treated

fby drainage, one percutaneous US-guided and one laparoscopic after failure of
the US-guided percutaneous attempt. In the latter case the laparoscopic
approach was unable to identify the appendix due to a serious intra-abdominal

hinflammatory condition and to an extensive pattern of pericecal adhesions with
reduced work space. Drainage was removed after the 7th and 9th post-proce-
dure day, respectively, after a regular clinical outcome and after US and CT

dcontrols. Interval appendectomy was planned after a strictly clinical and
instrumental follow-up, but patients denied consent to the operation due to
optimal clinical conditions. Follow-up at 12 and 36 months showed complete
recovery.

One patient went into clinical remission after 24 hours of medical therapy
and refused surgery, so continued antibiotic and infusive treatment under clin-
ical, laboratory (WB, CRP), US and CT controls. Currently, at 13 months from
clinical presentation, the patient is totally asymptomatic, and this condition
has been confirmed by instrumental examinations.
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Fig. 5.10 Surgical management of acute complicated appendicitis from Jan 1999 to Dec 2010.
LA, Laparoscopic Appendectomy; OA, Open Appendectomy



One patient with a suppurative collection of the right psoas muscle was
treated with medical therapy (antibiotic and infusive treatment) with remission
of symptoms and CT evidence of a resolved suppurative collection. About 3
months later he suffered from abdominal pain and fever and underwent laparo-
scopic interval appendectomy with drainage of the residual collection.

The last patient of this series underwent drainage after an emergent xipho-
pubic laparotomy. About 20 days later, abdominal pain, with fever, leukocyto-
sis and CT finding of suppurative collection in the right iliac fossa prompted a
re operation. An interval LA with drainage of residual suppurative collection
was performed with success and the patient was discharged after 6 days from
the repeat procedure.

In a patient that underwent LA, histologic findings showed a mucinous cis-
toadenoma. There was no evidence of appendicular perforation and the resec-

ftion margin was intact. After 36 months of follow-up there was no evidence of
recurrence.

fEight patients (2.4%) had major complications after LA: four cases of
abdominal collection, one case of hemoperitoneum, two cases of bowel perfo-
rations and one leakage from the appendicular stump.

Hemorrhagic complications occurred in one 26-year-old patient 12 hours
dafter LA due to acute catarrhal appendicitis. A repeat procedure was performed

and about 1000 mL of blood was evacuated from the abdomen due to left epi-
gastric vessel lesion. Hemostasis was performed by two trans-parietal sutures

rat the trocar site. The patient had a good outcome and was discharged after
four days.

Of four patients with post-LA abscess (all operated for complicated acute
appendicitis), two underwent laparoscopic evacuation of the collection (one
pericecal and one located in the pelvis); one case of a small pericecal collec-
tion was resolved with antibiotic therapy; the 4th patient underwent laparo-
tomic drainage after 3 weeks from LA. All cases had complete recovery.

fIn two patients who had undergone previous laparotomies, the insertion of
the optic trocar by open technique at the site of umbilical scar caused a bowel
loop lesion due to the massive adherence of the bowel loops with the previous
laparotomic scar. In one patient the lesion was recognized and treated during
LA. In the other the lesion went unrecognized and in the early postoperative
period caused a periumbilical collection, as the abdominal CT showed, with
clinical evidence of a low-flow enterocutaneous fistula on the umbilical scar,
fever, leukocytosis and no bowel viability. Earlier laparotomy (2nd postopera-
tive day) with direct suture of the bowel lesion solved the problem with a good
patient outcome.

One patient with a leakage from the appendicular stump (histologic finding
of appendix showed suspected Crohn disease) was successfully treated with
medical therapy alone (antibiotic and infusive treatment).

Minor complications occurred in 11 patients: three trocar site incisional
rhernias and eight umbilical trocar site infections (respectively in two and four

obese patients).
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The conversion rate was 3.6% (12 patients), and was particularly high in
complicated acute appendicitis (4.6% − five patients). This elevated the mean
hospital stay (about 7 days), with a negative effect on postoperative outcomes
(pain, oral intake, and return to job) and with an increase in parietal complica-
tions (scar infection in obese patient). 

The causes of conversion were anatomical (no recognized appendix, bowel
adhesions, extensive acute inflammation due to complicated appendicitis) and
in one case an unforeseen perforated sigmoid diverticulum.

5.4 Discussion

Even though the laparoscopic approach has in recent times become widely
used in several fields of abdominal surgery, it cannot be stated that LA is cur-
rently widely accepted as the approach of choice for acute appendicitis in pref-
erence to the traditional operation by all surgeons.

A survey carried out by ACOI in Italy in 2009 [7] regarding the diffusion
of LA shows that only 23% of surgical divisions widely perform LA (>90%
operated patients); 22% of surgical centers perform LA between 50 and 90%
of cases; 48% of centers use LA for <50% of cases and another 7% never use
LA. Only 48% of the surveyed centers make wide use of LA regardless of the
type of patient or the presence of acute appendicitis.

rThis technique has several limitations: longer operative times, greater
engagement of the organization (it requires a skilled surgical team – surgeons,

rnurses, anesthetist – especially in emergent procedures and at night), higher
costs (due to longer operative times and for the technology of materials need-

fed for the operation). Furthermore, although there is a significant number of
studies in the literature which compare the two procedures (OA vs. LA) (thou-
sands of indexed papers, many randomized studies, a number of meta-analy-

tses, several case-control studies, retrospective studies and reviews), in contrast
to other fields of laparoscopic surgery these studies are of limited use. They
report discordant data, in part due to the poor quality of the methodological
and statistic criteria used [9].

Despite the lack of significant, evidence-based advantages in the general
comparison with OA, LA has become widespread in recent years, probably

tdue to the increasing acquaintance with laparoscopy in other fields, in most
surgical practices, in teaching hospitals as well as in district hospitals.

In our experience too, at the beginning, the technique was used for the
learning curve of the surgeon in laparoscopic surgery training, but now we can
say that we use the mini-invasive technique in all cases, even in complicated
acute appendicitis, except when laparoscopy is generally contraindicated.

fWith the passing of time, thanks to better work organization (better skill of
surgical teams in emergent laparoscopic procedures performed right around
the clock, shorter operative times and lower costs of laparoscopic materials)

rand moreover thanks to of the large number of procedures performed over
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these years, the drawbacks of LA have been minimized and the advantages
have been enhanced, such as better diagnostic accuracy with complete explo-
ration of the abdominal cavity, diagnosis and treatment of associated diseases,
better postoperative performance, lower morbidity, better comfort of the
patients and shorter hospital stay. This is especially true for women in pre-

fmenopausal age, in whom there is solid evidence of the advantages of
laparoscopy. As for cases of complicated acute appendicitis and obese patients,

rin whom the alternative is not a small incision in the right iliac fossa, but rather
a large and destructive laparotomy, the advantages are evident to those practic-
ing LA, although they are not supported by evidence. In fact, the demonstrat-
ed reduction of wound and pulmonary infections is counterbalanced by a high-
er rate of intra-abdominal abscesses, and as reported in some recent RCTs by
higher costs when compared to open access [10, 11].

A correct diagnosis of acute appendicitis is based on a thorough history and
clinical examination (in the case of reproductive-age women a gynecologic
examination is useful) and on laboratory work-up (WBC and serum CRP [12])
and on some instrumental examinations (first-line abdominal US [13] and sec-
ond-line abdominal CT scan [14]).

tThe use of the mini-invasive technique, i.e. always a surgical technique that
requires general anesthesia, is justified for diagnostic purposes only when
there is a strong diagnostic doubt. We can consider two clinical patterns:
• clinical evidence of acute appendicitis with positive laboratory tests and

rpositive US examination: emergent laparoscopic appendectomy. Particular
fattention should be paid to elderly patients in whom there is a high risk of

perforation. In these cases an emergent abdominal CT examination is use-
ful and surgery should be performed as soon as possible;

• in those atypical clinical cases and/or when laboratory tests and US fails to
confirm clinical suspicion, we retain that active observation (AO) [15] is
the best way to reach a diagnosis. This consists of close follow-up of the
patient with clinical and instrumental controls (every few hours), gyneco-
logic examination for young reproductive-age women in whom gynecolog-
ic disease could mimic an acute appendicitis, while an abdominal CT scan
would be considered a second-line examination. However, when AO proves
unable to clarify the clinical pattern, especially in female patients, a diag-
nostic laparoscopy may be indicated.
Our experience over recent years and the results we have obtained have

convinced us to always perform LA except when the mini-invasive approach is
impossible due to general contraindications. Therefore, we have broadened the
use of mini-invasive surgery not only to patients with typical indications
(reproductive-age women, doubt and prolonged AO), but also to the elderly,
obese subjects, and cases of complicated acute appendicitis (gangrenous
appendicitis, perforated appendicitis, local or generalized peritonitis).

Some of the advantages in young patients can also be found in the elderly
with acute appendicitis, although reaching a correct diagnosis is crucial given
the high risk of complicated forms.
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In our small clinical series (LA in 24 patients >65 years – five with com-
plicated forms) we obtained good results in line with those in the literature
[16, 17], especially in terms of a quicker return to normal activities than in

dOA, particularly in the complicated forms (three gangrenous, one perforated
and one pelviperitonitis).

The advantages of laparoscopic surgery in obese patients have been amply
described. These include better exploration of the abdominal cavity and less
parietal injury than in larger laparotomies. The advantages of the laparoscop-
ic technique are particularly notable in obese patients: less postoperative pain,
less parietal septic complications, less incidence of incisional hernias, less
adhesive syndrome [11]. These advantages seem more evident in obese

rpatients particularly when the appendicitis is complicated, given the lower
incidence of complications (from 27% to 18%) and lower costs than open sur-
gery in obese patients with a diagnosis of perforated appendicitis [18].

In our experience overall parietal morbidity was 14.2% in 42 obese patients
rwho underwent LA (two incisional trocar site hernias, two hematomas, four

trocar site infections).
This morbidity was lower than in OA, which was 32% in 156 patients (24

suppurations, 10 hematomas/seromas of the scar and 16 incisional hernias).
All of these had a larger laparotomy than McBurney’s incision.

The rate of parietal infections in the obese patients was 9.5% (4 cases) in
LA vs. 15.3% (24 cases) in OA.

Currently the use of LA in acute complicated appendicitis is debated.
Several authors report a greater number of visceral lesions and particularly
related to intra-abdominal abscess in LA than in OA [19−21], so these authors
advise against the mini-invasive technique in complicated acute appendicitis.

In our reports there was an overall rate of intra-abdominal abscess of 1.4%
after LA (4 patients). This figure increases to 4.2% in cases of LA for compli-
cated appendicitis, whereas the rate of parietal infections was 2.8% (8

fpatients). These figures are similar to those of Cochrane Database of
Systematic Reviews [22].

This large database from a review of 54 controlled randomized trials, with
about 5000 patients, shows an intra-abdominal infection rate of 0.6% in OA

–and of 1.8% after LA. However, parietal infection is higher in OA than LA –
7.6% vs. 3.8%.

tThese results have been criticized for the quality of the studies and have not
been confirmed by the experiences of other authors. In fact in their opinion the
problem of intra-abdominal abscess post-LA is lower [23].

Given their experience, they consider the technique to be safe and useful
even in more complex situations, where laparoscopy is unable to offer reduced
parietal damage or a complete exploration of the abdominal cavity and exten-
sive lavage of the peritoneal recesses [24, 25]. Indeed, peritoneal lavage is

tscarcely standardized in the literature. Apart from a retrospective paper that
suggests extensive lavage as a possible cause of contamination and postopera-
tive abscesses, there is an experimental study that relies on at least 6 L of lavage
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to lower the bacterial concentration in children with appendicitis [26, 27].
Particularly in these circumstances the surgeon’s skill and a well codified

technique are fundamental for achieving an optimal result and for reducing the
overall complication rate and the overall conversion rate to open surgery. The
decision to convert a LA in an open procedure is a delicate choice that should

rbe taken with great care. In fact, although it is often a mandatory choice for
patient safety, it is also true that it can have negative consequences on postop-
erative outcomes (overall hospital stay, postoperative pain, oral intake and

freturn to work) and on parietal complications (increased risk of infection of
the laparotomic scar).

More frequent causes of mandatory conversion include anatomic condi-
tions, especially in complicated cases, such as reduced abdominal working
space, failure to identify the appendix and dense visceral adhesions.

The number of laparoscopic procedures performed by a surgeon over the
years seems to play a decisive role in the frequency of conversion, as shown
by Hellberg et al. [28], who report an extremely varied rate of conversion
(from 17% to 71%) related to the surgeon’s level of experience. Our overall
conversion rate after LA for total procedures (3.6% − 12 patients) and after LA
in complicated appendicitis (4.6% − r5 patients) relates to the early years of our
experience (the last case in 2005). This seems to confirm that conversion is
strictly related not only to the severity of the clinical and anatomopathologic
pattern, but also to experience acquired by the surgeon in laparoscopic surgery.

fA particular case is the treatment of appendicular mucocele. The type of
procedure to be performed is a matter of debate: a simple appendectomy
(laparoscopic, after immediate conversion or if open appendectomy is manda-
tory?) in initial forms, or a large colic resection, associated with complemen-
tary therapies (hyperthermic intraperitoneal chemotherapy, peritonectomy,
post operative chemotherapy) in advanced phases, as proposed by Dhage-
Ivatury and Sugarbaker [29].

In our experience only one patient with initial phase mucocele was treated
with LA associated with a large resection of the cecal cap by endo-GIA sta-
pler. In this case, we think that the uninjured resection margins of the speci-
men with no perforation signs (benign mucocele f) and a gentle manipulation of
the appendix enabled mini-invasive treatment to be performed safely enough
to avoid the possible iatrogenic spread of the disease to the peritoneum
(pseudomyxoma peritonei( ) [29, 30].

Five patients with a peri-appendicular abscess underwent conservative
treatment (simple drainage of the collection without appendectomy): one US-
guided abdominal drainage; one laparoscopic abdominal drainage; two cases

tof antibiotic therapy and clinical-instrumental follow-up and one emergent
umbilical-pubic laparotomy and peri-collection drainage.

We obtained complete remission of the clinical condition in three patients
and appendectomy was not necessary. In two patients (one underwent laparo-
tomy and drainage; one was treated with medical therapy) a laparoscopic inter-
val appendectomy with drainage of the residual collection was necessary due
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tto a recurrence of symptoms and an increase in the residual collection seen at
abdominal CT.

Currently there is no global consensus as to whether this treatment is cor-
rect because many questions remain unanswered, such as the risk of recurrence
of the collection, the incidence of complications, potentially underestimated
neoplastic lesions and the indication and timing for definitive treatment [31−
34]. However, we agree with Meshikhes [35], who considers conservative

ftreatment a possible alternative to emergent appendectomy in the presence of
an appendicular mass.

Interval appendectomy could prove useful, especially in children, but gen-
erally not as definitive treatment. The indications and timing of the procedure
would need to be evaluated on the basis of clinical and instrumental findings.
A recent systematic review concerning conservative treatment versus early
appendectomy in patients with inflammatory appendicular masses seems to
reserve a role for interval appendectomy also in the adult setting [36].

Another question is whether increased use of the mini-invasive technique
would modify the approach to a patient with a possible appendicular colic,
thus reducing the number of false positives and therefore the number of use-
less appendectomies. There is no clear answer because the decision taken can
vary from one surgeon to the next in the presence of a macroscopically healthy
appendix. In fact more often than not an appendectomy is performed instead
of leaving the healthy appendix in situ.

As in the open technique, we too have always performed an appendectomy
after previous explorative laparoscopy. There are some justifications for this

fbehavior: the risk of a false negative at the anatomopathologic examination of
the appendix (up to 26% of endoappendicitis [37]), and no increased morbid-
ity and no increased postoperative hospital stay with respect to diagnostic
laparoscopy [38]. A recent case series shows that a particular benefit (in terms
of recurrent symptoms) might be found for those patients affected by fecoliths,
which might cause appendicular colicky pain [39].

In contrast to this treatment approach other surgeons prefer a conservative
approach because the incidence of acute appendicitis after diagnostic
laparoscopy and conservation of the appendix is the same as control cases
[40]. A recent clinical evidence review reports up to 12% of emergent surgery
and 35% of appendectomies in the following year in those treated conserva-
tively [5].

aHowever, a conservative approach may be applied in the presence of a
healthy appendix when others intra-abdominal conditions (gynecologic dis-
ease) can justify the symptoms.

5.5 Conclusions

The choice of preferring LA seems to be justified for several reasons:
• better diagnostic accuracy thanks to complete abdominal exploration;
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• diagnosis and treatment of possible associated diseases (particularly gyne-
cologic diseases);

• better postoperative performance (lower morbidity, less discomfort and
shorter hospital stay).
The advantages of mini-invasive surgery are more evident in obese patients

or in the presence of complicated appendicitis, when the alternative to LA is
not a small incision at the right iliac fossa, but a wide median laparotomy.

From our experience and from the literature we can draw the following conclu-
sions.

The use of diagnostic laparoscopy is recommended only in selected cases,
when diagnostic doubt remains even after thorough clinical and instrumental
observation (active observation f) or when there is persistence or a worsening of
the symptoms. This is particularly true in young reproductive-age women,
where the laparoscopic technique could be an aid in the differential diagnosis
with gynecologic disease.

LA may be performed in all patients except when general or local condi-
tions contraindicate LA. Therefore, LA is indicated not only for young repro-

rductive-age women and patients with a diagnostic doubt, but also for other
groups traditionally considered not able to undergo laparoscopy such as the
elderly, obese patients and cases of complicated appendicitis.

Of course, in cases of complicated acute appendicitis LA is a more com-
tplex procedure, with a higher complication rate and higher conversion rate. It

has been shown that in these cases the surgeon’s experience and the use of a
standardized technique are the best ways to obtain an optimal result.

Interval appendectomy can be a possible therapeutic option in cases of con-
servative treatment of appendicular mass and its indication and timing should
be evaluated on clinical and instrumental findings.

Not so clear is the approach when the appendix is macroscopically healthy
at laparoscopic exploration: always appendectomy or wait and see? We believe
the first choice is justified by several considerations: no increase in postoper-
ative morbidity; hospital stay no longer than simple diagnostic laparoscopy,
risk of endoappendicitis; prophylactic appendectomy.
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6.1 Introduction

The incidence of diverticular disease is rising, mainly among younger patients
[1]. The severity of the disease ranges from light symptomatic diverticulosis to
perforated diverticulitis. For years it was thought that the risk of perforation and
other complications increased after each recurrence. Therefore, the European
Association of Endoscopic Surgery (EAES) consensus conference of 1999 [2]
suggested performing an elective sigmoid resection after two episodes of acute
diverticulitis, after a single episode in young patients, in immunosuppressed
patients or when complications such as stenosis or fistulae occur. However, new
insights into the natural course of diverticular disease have resulted in a more
conservative approach, which is the current trend. Severe complicated divertic-
ulitis, leading to emergent surgical intervention, is most often the primary pres-
entation of the disease [3]. Recent studies have shown that recurrent episodes of
diverticulitis have a low complication rate in patients treated conservatively for
an acute episode of diverticulitis [3, 4]. It seems that elective, prophylactic sig-
moid resections based on the number of episodes are not always indicated. New
diagnostic tools and therapeutic techniques have improved the treatment of
diverticular disease. The possibility of treating abscesses by computed tomog-
raphy (CT) and percutaneous drainage has shown that emergency surgery can in
many cases be delayed and that an elective resection can be done when indicat-
ed [5]. The rise of laparoscopic surgery since the 1990s has resulted, alongside
the general advantages of mini-invasive surgery, in decreased morbidity and
mortality rates compared to open approaches, making it progressively the pre-
ferred approach in elective colonic resections [6].



Whether laparoscopy can also be applied to patients with perforated diver-
ticulitis and generalized peritonitis remains under debate. Laparoscopic sig-
moid resection cannot always be accomplished completely because of exten-
sive pericolic inflammation and fecal or purulent contamination, or due to
patient conditions and comorbidity. Hartmann’s procedure remains the treat-
ment of first choice for most surgeons. However, several recent studies have
shown that a primary anastomosis with or without a deviating ostomy could be
performed safely even under these circumstances [4]. Laparoscopic lavage and
drainage can be a safe alternative to Hartmann’s procedure in cases of perfo-
rated purulent diverticulitis, if a laparoscopic approach is indicated [7].

We report the results obtained by a single institution, expert in laparoscop-
ic surgery, with a literature review on actual trends of laparoscopic manage-
ment in acute diverticular diseas,e and highlight levels of evidence for clinical
practice.

6.2 Personal Experience

From August 1994 to September 2010 in the Surgical Department of San
Giacomo Hospital in Castelfranco Veneto, Italy, 1,348 laparoscopic colec-
tomies were performed. Of these, 286 were for diverticular disease. Hinchey
IV patients were excluded because they were operated directly by laparotomy
or converted.

All patients admitted for suspected diverticulitis underwent a CT scan with
intravenous contrast. All the elective patients after diagnostic study were
offered a minimally invasive operation. Urgent cases were managed laparo-
scopically unless the patient had refused laparoscopic surgery, was too hemo-
dynamically unstable to tolerate a pneumoperitoneum or had cardiopulmonary
comorbidity contraindicating a laparoscopic approach. The current study
includes all the patients with primary diagnoses of diverticular disease includ-
ing diverticulosis, acute diverticulitis, and chronic diverticulitis. Only patients
undergoing laparoscopic operative management of diverticular disease were
considered. All the patients underwent laparoscopic colectomy with unprotect-
ed primary anastomosis or laparoscopic lavage-drainage, at the surgeon’s dis-
cretion. All colectomies were performed using straight laparoscopy. No hand-
assist devices were used. In addition, ureteric stents were not used routinely.

The definition of complicated diverticular disease used in this series was
modeled on the 1999 EAES Consensus Conference [2]. Complicated divertic-
ular disease was thus defined as acute pericolic abscess (Hinchey 1), acute
pelvic abscess (Hinchey 2), purulent peritonitis (Hinchey 3), fecal peritonitis
(Hinchey 4), fistula, stricture, hemorrhage.

Uncomplicated cases were defined as simple diverticulitis refractory to
medical management with important symptoms, recurrent or chronic divertic-
ulitis, and noninflammatory complications of diverticulosis.
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The patients consisted of 136 males and 150 females aged from 24 to 87
years (mean 62.5 years). A total of 55 patients (19.23%) were ≤50 years.

A total of 97 patients were classified ASA1 (33.92%), 159 ASA2 (55.59%)
and 30 ASA3 (10.49%).

fIndications for elective laparoscopic treatment were recurrent episodes of
tsevere diverticulitis (two or more), with radiologic evidence of important

colonic alterations (asymmetry, wall thickening, stenosis) and/or complica-
tions of the disease after initial conservative management.

Indications for urgent laparoscopic treatment were patients with CT and
clinical evidence of peritonitis who were fit, stable and without signs of septic
shock. Nine patients (3.14%) underwent urgent laparoscopic lavage and

rdrainage for purulent peritonitis (Hinchey 3), five of whom were operated after
4−6 weeks with elective laparoscopic sigmoid resection and four sent for fol-
low-up.

Our standardized operative technique and strategy in diverticulitis have
been described elsewhere [8, 9].

6.3 Results

A total of 286 patients with diagnosis of diverticular disease were considered
for analysis. Of these, 83 (29.02%) patients had complicated disease, whereas
203 (70.98%) patients had uncomplicated disease.

Thirty-five (12.24%) patients had pericolic abscess (Hinchey 1), seven
(2.45%) pelvic abscess (Hinchey 2); 16 patients (5.59%) had a chronic diver-
ticulitis complicated with stricture, eight with colovescical fistula (2.80%),
four with colovaginal fistula (1.40%), two with ileocolic fistula (0.70%). Two
patients (0.70%) had acute bleeding requiring preoperative emergency treat-
ment by means of transfemoral embolization followed by elective laparoscop-
ic colonic resection. Diverticula were mostly in the descending colon and sig-
moid, in two cases we observed right-sided diverticula.

We performed 247 left colectomies, 28 sigmoidectomies, one subtotal
colectomy, one ileocecal resection and nine procedures of laparoscopic lavage
and drainage. In 15 patients an additional procedure was associated: six chole-
cystectomies, five adnexectomies, three appendectomies, one hysterectomy.

rAll resected patients received an unprotected primary anastomosis except for
four cases in which a protective ileostomy was performed.

Closed suction drainage was used only in particularly difficult cases or if there
was any doubt about the quality of the anastomosis, in spite of negative air test.
Mean operative time was 160.57 min (80−330) for left colectomies and 143.79
min (80−247) for sigmoidectomy. We observed a stabilization of operative times
after completion  of the team learning curve. In the most recent 50 cases average
operative time decreased to 141.3 min and 132.5 min, respectively.

The conversion rate to laparotomy was 1.75% (5/286) as a result of a good
rstandardization of the technique and careful selection of patients for
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laparoscopy. Conversion to open procedure was more commonly related to dis-
ease factors (one Hinchey 4, two severe inflammation, two due to difficulties
linked to the exposure of the operative field).

One intraoperative complication (0.34%) was observed: a complete devas-
cularization of the descending colon before completing the colorectal anasto-
mosis. A right colon derotation with middle colic and right colic vessel liga-
tion was performed, followed by a colorectal anastomosis.

Intraoperative blood loss averaged 100 cc (range: 30-180). The average
length of operative specimen was 28 cm (range 16-40). Histologic examination
revealed three invasive carcinomas (1.04%), two Dukes C and one Dukes A,
and one villous adenoma with severe dysplasia (0.34%). No intraoperative mor-
tality was observed and only one death (0.34%) on the 4th postoperative day,
due to pulmonary embolism, in spite of routine antithrombotic prophylaxis.

Postoperative complications occurred in 37 patients (12.93%). One had
bleeding from the anastomotic staple line (0.34%) which required transanal
revision. This patient subsequently developed stenosis of the anastomosis and
was successfully treated with endoscopic dilatation. One patient (0.34%)
developed peritonitis on the 7th postoperative day due to covered ileal perfo-
ration, which required re operation. One patient (0.34%) had postoperative

fintraperitoneal bleeding which was treated conservatively with a transfusion of
2 units of concentrated red blood cells. Sixteen patients (5.59%) had a suppu-
ration of the mini-laparotomy. Three (1.04%) patients developed an abdominal
fluid collection which was drained percutaneously. Seven patients (2.44%) had
a urinary tract infection, one (0.34%) a pulmonary infection, one (0.34%) pul-
monary embolism.

Six patients (2.09%) developed an anastomotic fistula, which was treated
with laparoscopic reoperation, peritoneal lavage, drainage and ileostomy. The
average hospital stay was 6.74 days (range 5−22). Patients sent for follow up
(mean 48 months) showed no recurrence of diverticulitis, no stricture of anas-
tomosis and no urinary or reproductive system dysfunctions.

6.4 Literature Search Method

The literature search was done using the following criteria:
• Guidelines on the topic published between 1990 and 2010 were taken into

consideration, including their references and web pages;
• PubMed was searched with the following criteria:

- Limits Activated: Humans, Clinical Trial, Meta-Analysis, Practice
Guideline, Randomized Controlled Trial, Review, English, All Adult:
19+ years, published in the last 5 years 

- Search details: [((“laparoscopy”[MeSH Terms] OR “laparoscopic”[All
Fields]) AND (“diverticulitis”[MeSH Terms] OR “diverticul*”[All
Fields])) AND (“humans”[MeSH Terms] AND (Clinical Trial[ptyp] OR
Meta-Analysis[ptyp] OR Practice Guideline[ptyp] OR Randomized
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Controlled Trial[ptyp] OR Review[ptyp]) AND English[lang] AND
“adult”[MeSH Terms] AND “2005/1/1”[PDat] : “2010/11/25”[PDat])].

A total of 49 abstracts were evaluated, of which 35 were extracted in full-
text; papers were selected and classified on the basis of highest evidence design
of the study (following Oxford’s hierarchy) and most recent publication.

Patients admitted for acute diverticulitis should undergo abdominal CT scan
(with i.v. contrast) to further be classified according to Ambrosetti’s classifi-
cation. US may serve as another useful diagnostic tool but has limitations
based on experience of examiner and type of patient examined. CT scans have
nowadays largely replaced barium enema as the preferred imaging modality
to evaluate patients with suspected diverticulitis. (GoR A)

The value of CT scanning for acute diverticulitis is the ability to confirm the
diagnosis and to classify the severity of the disease differentiating mild, local-
ized inflammation from severe inflammation with abscess formation and/or dif-
fuse peritonitis [5]. Before the advent of CT, the contrast enema was the pri-
mary tool in the evaluation of colonic diverticular disease. However, CT scan
has largely replaced barium enema as the preferred imaging technique to eval-
uate patients with suspected diverticulitis. The use of CT scanning has been jus-
tified by several studies, demonstrating a high sensitivity (97%) and specificity
(100%) for diverticulitis [5]. Contrast enema, on the other hand, has a sensitiv-
ity of only 82% and a specificity of 81% for diverticulitis [10]. The patient,
after admission, should therefore be classified for severity and extension of dis-
ease using clinical classification, based on symptoms and clinical evaluation [2]
and Ambrosetti’s classification, based on CT findings [5]. Hinchey’s classifica-
tion and its modifications, on the other hand, provides a classification of sever-
ity of disease for clinical description and decision making even though a pre-
cise Hinchey classification can only be made intraoperatively (fecal or purulent
peritonitis). Hinchey 1 indicates the presence of a pericolic abscess, Hinchey 2a
indicates distant abscess amenable to percutaneous drainage, Hinchey 2b indi-
cates complex abscess associated with or without fistula. Diffuse peritonitis is
classified as Hinchey 3 (purulent) or 4 (fecal) [2, 11].

If emergency surgery is indicated (Hinchey 3 or 4), the patient’s conditions
have to be very carefully evaluated to select patients suitable for the laparo-
scopic approach (fit, stable, non immunocompromised patients with recent
peritonitis, no signs of septic shock) and patients to operate directly with a
laparotomy (unfit, with multiple comorbidities, unstable, with signs of septic
shock), in whom a Hartmann’s procedure is preferable.

Elective laparoscopic surgery is an acceptable alternative to conventional sur-
gery for treatment of Hinchey 1, with abscess larger than 5 cm, and in Hinchey
2a patients, after initial conservative treatment with percutaneous drainage of
abscess. (GoR A)
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Laparoscopic surgery is increasingly preferred in the elective treatment of
sigmoid diverticulitis. Several single institutional series have confirmed the
feasibility and safety of the laparoscopic approach in elective surgery [12−15].
Laparoscopic sigmoidectomy is associated with reduced recovery time, return
to bowel function, reduced hospital stay, decreased morbidity [16−18] and
costs [18, 19] compared with the open technique. Single institutional series by
experienced surgeons have reported conversion rates of 2.8% and a median
hospital stay of 4 days [15]. In addition, there is further evidence of the bene-
fits of laparoscopic surgery emerging from a prospective randomized trial,
which showed a reduction in major complications after laparoscopic surgery
when compared with open sigmoidectomy [6]. Reduction of major complica-
tions included intra-abdominal abscess, anastomotic leakage, pulmonary
embolism and myocardial infarction.

In the acute setting of disease with peritonitis Hinchey 3 (Fig. 6.1), in patients
not amenable to percutaneous drainage of abscesses (Hinchey 2b) or in Hinchey
1 and 2a patients in whom initial conservative management fails, laparoscopic
lavage and drainage should be considered in selected cases. (GoR B)

In cases of Hinchey 2b not amenable to percutaneous drainage or Hinchey
3 diverticulitis where either localized or free intra-abdominal pus is present, a
limited laparoscopic procedure can be performed with lavage and drainage of
the abdominal cavity without bowel resection or formation of a stoma [20].
This aims to convert a generalized purulent peritonitis to a localized divertic-
ulitis which can be safely treated by broad-spectrum antibiotic therapy [21−
23]. Once the acute inflammation has settled, a delayed definitive laparoscop-
ic resection in elective setting can be performed, thereby completing the total-
ly minimally invasive management in such patients. In addition to the avoid-
ance of a laparotomy and stoma, this approach allows a definitive colonic
resection in a non-emergency situation, which is the current trend [1, 24].
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Fig. 6.1 A 48-year-old male patient with peritonitis Hinchey 3. Laparoscopic lavage and drainage
after closure of the diverticular defect. Laparoscopic sigmoidectomy three months later. Healing



The totally minimally invasive approach seems to be a good alternative
strategy for Hinchey 3 that may improve outcomes in a selected group of
patients. It does, however, have its limits. There is a risk of early re operation
if the initial intervention fails to control the abdominal sepsis because of per-
sistent fistulization despite the closure of the diverticular defect.

It is, therefore, important to have strict criteria for patient selection to
obtain good results: patients whose perforation is visible at laparoscopic
exploration or Hinchey 4 cases should be excluded from lavage-drainage [7,
21, 25−27]. These patients may benefit from exteriorization of the perforation
or from resection with or without a protective stoma [26]. Some authors pro-
pose in such cases suturing of the perforation or/and an omental patch or fib-
rin glue [26] with good results, low complication rate and immediate improve-
ment of clinical conditions [22, 23]. Again, patients whose exploration of the
abdomen is not satisfactory because of adhesions or obstruction and when
exploration shows severe peritonitis with numerous false membranes or fecal
peritonitis should be considered for conversion into open surgery for a stan-
dard resection [21, 22, 26] (Hartmann or resection-anastomosis with or with-
out protective stoma).

After peritoneal lavage and drainage, elective sigmoid resection should be
planned within 3-6 months. Laparoscopic lavage and drainage has the
potential to become in a subgroup of patients the definitive treatment for
Hinchey 3. (GoR B)

The initial experiences of laparoscopic lavage and drainage have been
promising with respect to perioperative mortality and complication rates [21].
In addition, while most proponents of initial laparoscopic lavage suggest an
elective, delayed sigmoidectomy, a multicenter study from Ireland and other
small studies reported encouraging results with lavage followed by continued
follow-up. In fact, Myers et al. [7] noted recurrence of sigmoid diverticulitis
in four out of 92 treated patients, none of whom required surgery after a medi-
an follow-up of 36 months. These data coming also from different centers [28,
29] suggest that laparoscopic lavage may become, in selected cases, the defin-
itive treatment for perforated diverticulitis. The explanation could be that an
episode of severe diverticulitis may result in a buttressing effect around the
affected portion of the colon, thereby protecting it from subsequent attacks [3].
Nevertheless, the number of studies are rather limited and mostly based on
small groups of patients, so further investigations are needed to confirm these
initial, promising results.

There is still not enough evidence to recommend laparoscopic resection for
Hinchey 3-4 patients, even though there is increasing evidence that in selected
patients and experienced hands it may be considered potentially safe and effec-
tive with no apparent increase in intra- or postoperative complications. (GoR C)
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Alternatively to laparoscopic lavage in Hinchey 3−4 patients, emergency
colonic resection can be done by laparoscopy in carefully selected cases. The
choice between Hartmann and resection-anastomosis with or without protec-
tive stoma has to be made on a case-by-case basis [30], based on the patient’s
conditions and the operator’s skills, keeping in mind that Hartmann’s proce-
dure should be preferred in unfit patients, with multiple comorbidities, in
whom the quality of inflamed tissues does not guarantee a safe anastomosis.

The reported mortality and morbidity in patients with an anastomosis
seems to be the same as in patients who undergo the Hartmann procedure [4].
These data suggest that in a select group of patients undergoing surgery in the
acute stage of diverticulitis, an anastomosis is probably safe, even in the set-
ting of feculent peritonitis.

When performed laparoscopically, colonic resection in the emergency set-
ting has in some small series [31−34] proven to be effective and safe, although
the rates of additional radiologic interventions and conversion to an open pro-
cedure are high [27]. Moreover, for many hospitals it will not be possible to

thave a surgical team with expertise in colorectal laparoscopic surgery present
all the time. Therefore, laparoscopy is of unclear or limited value in the emer-

tgency setting caused by perforated diverticular disease and there is still not
enough evidence to recommend this policy in routine practice.

It is currently considered prudent to exclude from laparoscopic access
unfit, unstable patients, with symptoms of septic shock or ASA 3−4 patients,
which should be sent directly for a laparotomy. 

6.5 Conclusions

After patient admission for diverticulitis an immediate CT scan is of para-
mount importance to distinguish patients with mild disease from those affect-
ed by severe disease (Ambrosetti’s classification). This first objective diagno-

rsis of acute diverticulitis is very helpful to better define the indications for
temergent or elective surgery or for conservative management with or without

percutaneous drainage of abscesses.
If needed, percutaneous drainage of an associated abscess that may allow

the surgeon to perform, after the acute disease has settled, an elective single
stage resection with a primary bowel anastomosis. If percutaneous drainage
fails, laparoscopic lavage and drainage is a good alternative to urgent colonic
resection in selected patients, possibly followed by elective laparoscopic
resection. The current trend in fact, with the best results in terms of intra- and
postoperative complications, is to avoid an operation close to the acute attack,
where possible, leaving to emergency surgery only Hinchey 3 and 4 patients
and those who fail to respond to conservative management.

Laparoscopic elective resection is currently considered the best choice for the
treatment of non acute diverticular disease with evidence level 1b [33, 35, 36].

In the acute setting, a clinical evaluation has to be carefully performed pre-
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operatively in order to select patients for eventual laparoscopic exploration
from those to treat directly with a laparotomic approach.

Laparoscopic lavage and drainage has a valid role in the treatment of sta-
tble, fit, Hinchey 3 patients in which no gross perforation is visible, with recent

peritonitis, providing a time window for definitive elective resection. If these
conditions are not respected or if laparoscopic exploration reveals a Hinchey
4, it is considered prudent to convert the patient to laparotomy and to perform
a colonic resection. Emergency colonic resection can be done by laparoscopy,
in carefully selected cases, as some authors report [31−34], but evidence for a
recommendation is actually too weak.

In Hinchey 3 or 4 patients the choice between Hartmann’s operation and
resection-anastomosis with or without protective stoma has to be made case by

tcase, based on patient conditions and operator skills, keeping in mind that
Hartmann’s procedure should be limited to unfit, unstable patients, with mul-
tiple comorbidities, immunocompromised, or in whom the quality of inflamed
tissues does not guarantee a safe anastomosis [37].

Results obtained in our series of 286 patients come from total standardiza-
tion of the technique by the operating team, which has an overall experience
of 1,348 colonic resections at September 2010. Operating times and percent-

tage of conversions decreased as the team’s experience grew. Like the current
trend in the treatment of complicated diverticular disease, for the most part in
our experience surgical treatment is performed electively.

From the technical point of view, a tension-free anastomosis is assured by
mobilizing the splenic flexure which is usually done systematically, except in
selected cases. The distal dissection is carefully extended to ensure the resec-
tion of the diseased colon below the rectosigmoid junction, which is shown to
be associated with lower recurrence rates. Laparoscopic colonic resection to
remove the diseased segment of the colon but not all diverticula is the recom-
mended procedure.

On the basis of our experience and evidence from the literature it can be
tstated that surgical treatment of complicated diverticular disease carried out

laparoscopically gives good results in terms of morbidity and mortality.
Laparoscopy requires its own specific surgical strategy, especially when com-
plicated cases (abscesses, fistula) are operated. The surgical team must be

texpert in laparoscopic surgery and colorectal surgery and the technique must
be standardized so that the incidence of complications, operating time and
rates of conversions to open surgery can be minimized.
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7.1 Introduction

In recent years, progress in technology and surgical techniques has led to a
rapid development in laparoscopic surgery, which is beginning to be frequent-
ly used even for several kinds of abdominal emergencies, such as inflammato-
ry syndromes, and more rarely in cases of trauma and bowel obstruction. In
the latter, however, the indication for the laparoscopic approach today is
debated among surgeons due to the potential visceral risk associated with this
method and also because the scientific evidence currently available in the lit-
erature supporting the use of the laparoscopic approach over open surgery is
poor.

The most recent guidelines for the management of adhesive small bowel
obstruction (ASBO) have given the following recommendations for the surgi-
cal treatment of ASBO [1]:
• after 3 days of nonoperative treatment without resolution of ASBO surgery

is recommended (EL 2c GoR C);
• if ileus persists for more than 3 days and the drainage volume on day 3 is

>500 mL, surgery for ASBO is recommended (EL 2b GoR C);
• when fever and leukocytosis level (> 15,000/mm3) rises anytime during the

course, then surgery is advised (GoR C);
• open surgery is the preferred method for the surgical treatment of strangu-

lating ASBO and after failed conservative management (EL 2c GoR C);
• in a highly selected group of patients the laparoscopic approach can be

attempted using an open access technique (EL 2c GoR C);
• access in the left upper quadrant should be safe (EL 4 GoR C);



f•  laparoscopic lysis of adhesions should be attempted preferably in cases of
rfirst episode SBO and/or anticipated single band adhesion (i.e. SBO after

appendectomy or hysterectomy) (EL 3b GoR C);
•  a low threshold for open conversion should be maintained if extensive

adhesions are found (EL 2c GoR C);
•  conversion to laparoscopic-assisted adhesiolysis (mini-laparotomy with an

incision less than 4 cm long) or laparotomy should be considered in those
patients presenting with dense or pelvic adhesion (EL 3b GoR C).

7.2 Literature Review

The extent of adhesiolysis is a matter still under debate. The approaches to
adhesiolysis for bowel obstruction among general surgeons in the United
Kingdom were established in 1993 [2]. Half of all surgeons divided all adhe-
sions to prevent recurrence of bowel obstruction, whereas the other half limit-
ed adhesiolysis to only the adhesions responsible for the obstruction.

Adhesions are less after transverse or Pfannenstiel incision than after midline
incisions and surgery for obstetric rather than gynecologic indications [3]. The
risk of anterior abdominal wall adhesions increases with the number of previous
laparotomies, although this relationship is not as evident as the relationship
between previous laparotomies and adhesiolysis-induced enterotomy [4, 5].

In a prospective study of 1,791 patients undergoing benign colorectal sur-
gery (n=1,701) or surgery for small bowel obstruction (n=90) with 89% hav-
ing baseline adhesions, the mean time to lyse adhesions was 34 min (range
1–240 min) [6]. Mean time required for lysis of adhesions was about one-fifth
of the total mean operative time. Notably, 34% of patients had no previous
abdominopelvic surgery and presented nonsurgical adhesions resulting from
intra-abdominal inflammatory and infectious processes associated with
benign colorectal diseases including diverticulitis, Crohn’s disease and ulcer-
ative colitis.

Higher age and higher number of previous laparotomies appeared to be pre-
rdictors of the occurrence of inadvertent enterotomy [5]. Patients with three or

more previous laparotomies had a 10-fold increase in enterotomy compared
with patients with one or two previous laparotomies, which strongly suggests
more dense adhesion reformation after each reoperation.

rHistorically, laparotomy and open adhesiolysis have been the treatment for
patients requiring surgery for small bowel obstruction. Unfortunately, this
often leads to further formation of intra-abdominal adhesions with approxi-

tmately 10% to 30% of patients requiring another laparotomy for recurrent
bowel obstruction [7].

In animal models laparoscopy has been shown to decrease the incidence,
extent, and severity of intra-abdominal adhesions when compared with open
surgery, thus potentially decreasing the recurrence rate for adhesive small
bowel obstruction [8].
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fLaparoscopy seems to have an advantage above laparotomy in terms of
adhesion formation to the abdominal wall and to the operative site [9, 10].

fLaparoscopic adhesiolysis for small bowel obstruction has a number of
potential advantages: (1) less postoperative pain; (2) quicker return of intestinal
function; (3) shorter hospital stay; (4) reduced recovery time, allowing an earli-
er return to full activity; (5) fewer wound complications; and (6) decreased post-
operative adhesion formation [11].

However, no randomized controlled trial comparing open to laparoscopic
adhesiolysis exists to date, and both the precise indications and specific out-
comes of laparoscopic adhesiolysis for ASBO remain poorly understood. The
only RCT on laparoscopic adhesiolysis assessed the incidence of chronic
abdominal pain after randomization to laparoscopic adhesiolysis or no treat-
ment during diagnostic laparoscopy and it failed to demonstrate any signifi-
cant differences in terms of pain or discomfort [12].

tAlthough data from retrospective clinical controlled trials suggest that
laparoscopy seems feasible and better in terms of hospital stay and mortality
reduction, high quality randomized controlled trials assessing all clinically rel-
evant outcomes including overall mortality, morbidity, hospital stay and con-
version are lacking [13].

Although the adhesiolysis hospitalization rate has remained constant in the
USA since 1988, inpatient expenditures have decreased by nearly 10% because
of a 15% decrease in the average length of stay (from 11.2 days in 1988 to 9.7
days in 1994) [14]. This large population survey of hospital discharge reports
suggests that the less invasive laparoscopic surgical techniques for adhesioly-
sis have increased over recent years, contributing to the decreased time
required in the hospital for both the surgical procedure itself and the recovery
time. However, the increased use of laparoscopy during this study period did
not appear to be associated with a concomitant reduction in the adhesiolysis
hospitalization rate, therefore a common denominator may exist between sur-
gical trauma and immune response to foreign bodies.

When deciding between an open or laparoscopic approach, the first consid-
eration is that the surgeon be trained and capable of performing advanced
laparoscopy. With regards to patient selection, patients with an acute small
bowel obstruction and peritonitis or free air requiring an emergent operation

tare best managed with a laparotomy. Patients without peritonitis who do not
resolve with nonoperative management should be considered for laparoscopic
adhesiolysis. In these cases, it is important to consider the bowel diameter,
degree of abdominal distention, and location of the obstruction (i.e. proximal
or distal). Suter et al. [15] found that a bowel diameter exceeding 4 cm was
associated with an increased rate of conversion: 55% versus 32% (p( =0.02).
Patients with a distal and complete small bowel obstruction have an increased
incidence of intraoperative complications and increased risk of conversion.
Patients with persistent abdominal distention after nasogastric intubation are
also unlikely to be treated successfully with laparoscopy.

The influence of dense adhesions and number of previous operations on the
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tsuccess of laparoscopic adhesiolysis is controversial. León et al. [16] state that
a documented history of severe or extensive dense adhesions is a contraindica-
tion to laparoscopy. Navez et al. [17] found that patients who had only a previ-
ous appendectomy were most likely to be successfully managed with
laparoscopy. In contrast, Suter et al. [15] found no correlation between the num-
ber and or type of previous surgeries and the chance of a successful laparoscop-
ic surgery. Other factors such as an elevated white blood cell count or fever have
not been demonstrated to correlate with an increased conversion rate [15, 17].
One group of patients who are good candidates for laparoscopic adhesiolysis are
those with a non-resolving, partial small bowel obstruction or a recurrent, chron-
ic small bowel obstruction demonstrated on contrast study [16, 18].

fA recent series of 46 patients [19], showed that the best results in terms of
success rate (91.3%) and no intraoperative bowel perforations, with a recur-
rence-free rate of 93.5% after a mean follow up of 46.5 months, can be
achieved in ceratin conditions. These include laparoscopic approach when it is
used for subgroups of patients with recurrent SBO after abdominal or pelvic
surgery, who arescheduled for elective adhesiolysis or if the laparoscopic
intervention is performed early when the patient has failed to respond to 24 h
of conservative treatment from the onset of acute SBO.

rPerforated or gangrenous bowel is best managed with conversion to either
a minilaparotomy or a formal laparotomy. Matted small bowel loops and dense
adhesions are also best managed with a formal laparotomy. Navez et al. [17]
reported that only 10% of obstructions caused by dense adhesions could be

ftreated successfully with laparoscopy. On the other hand, when the cause of
obstruction was a single band, laparoscopic adhesiolysis was successful 100%
of the time [17] (Fig. 7.1a, b).

When other etiologies are found, such as internal hernia, inguinal hernia,
neoplasm, inflammatory bowel disease, intussusception and gallstone ileus,
conversion to a minilaparotomy or a formal laparotomy is required.

tInadvertent enterotomy during reopening of the abdomen or subsequent
adhesion dissection is a feared complication of surgery after previous laparo-
tomy. The incidence can be as high as 20% in open surgery and between 1%
and 100% in laparoscopy [20].

The incidence of intraoperative enterotomies during laparoscopic adhesioly-
tsis ranges from 3% to 17.6%, with most authors reporting an incidence of about
f10% [21, 22]. Suter et al. [15] reported an intraoperative enterotomy incidence of

15.6%, of which 62% were repaired laparoscopically. One of the most dreaded
complications of surgery is a missed enterotomy. Although a missed enterotomy
can occur after laparotomy, the incidence is higher after laparoscopic surgery.
Again Suter et al. [15] reported 4 of 47 cases (8.5%) of missed enterotomies

frequiring reoperation. In the review of Ghosheh and Salameh [23], the rate of
small bowel perforation in laparoscopic surgery for SBO was 6.5%. In the study
by Dindo et al. [24] the rate of 4.7% was comparable, although only 1.3% of the
perforations were missed intraoperatively. This demonstrates the feasibility and
effectiveness of the laparoscopic approach in selected cases of ASBO.
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The long-term results regarding recurrence are limited, with most series
reporting a mean follow-up between 12 and 24 months. Navez et al. [17]
reported that 85% (29 of 34) of the patients treated laparoscopically were

tasymptomatic with a mean follow-up of 46 months. The series with the longest
follow-up (mean 61.7 months) reported that 87.5% (14 of 16) of the patients
treated laparoscopically were asymptomatic [23].

tThe feasibility of diagnostic laparoscopy ranges from 60% to 100% whilst
therapeutic effectiveness of the laparoscopic approach is lower (40-88%).
Predictive factors for successful laparoscopic adhesiolysis are: number of pre-
vious laparotomies ≤2; non-median previous laparotomy; appendectomy as
previous surgical treatment causing adherences; single band adhesion as
pathogenetic mechanism of small bowel obstruction; early laparoscopic man-
agement within 24 h from the onset of symptoms; no signs of peritonitis on
physical examination; and experience of the surgeon [24].

Surgical operating time is greater in patients who undergo laparoscopic
surgery compared to patients who undergo a laparotomy [25, 26]. However,
the duration of the laparoscopic procedure is variable, ranging from 20 min-
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Fig. 7.1a, b Clear view of the
transition point at the level of the
pinched area. The mark of stran-
gulation on the bowel wall and on
the mesentery is visible as well as
the distended ischemic proximal
loop and the normal distal loop
which begins to fill. Courtesy of
Salomone Di Saverio MD
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utes for a simple band adhesion to 2–3 hours for more complex cases [27, 28].
Postoperative morbidity is lower in patients who undergo laparoscopic adhesi-
olysis compared to those who undergo the laparotomic approach. Furthermore,
a greater rate of morbidity is present in patients who undergo laparotomic con-
version, whereas mortality is comparable in the two groups (0–4%). Lastly,
laparoscopic adhesiolysis can avoid laparotomy, which is itself a cause of new

radhesions and bowel obstruction, although some authors have noticed a greater
incidence of recurrent small bowel obstructions in patients who undergo
laparoscopy compared to those in which a laparotomy is performed [28–31].

In a large review of 308 patients from 35 centers [32] over 8 years the suc-
cessful laparoscopy rate was 54.6% and the conversion to laparotomy rate was
45.4%. There were significantly more successes among patients with a history
of one or two laparotomies than among those with three or more (56% vs.
37%; p r<0.05). Furthermore, the rate of success was significantly higher
(p( <0.001) in patients operated on early (<24 h) and in patients with bands
(54%) than in those with matted adhesions (31%).

fIn a French experience the laparoscopic approach, with a conversion rate of
31%, did not show any influence on the early postoperative mortality (p( =0.7)
nor on morbidity (p( =0.4) [32].

Although a laparoscopic approach has been proposed to decrease incision-
al trauma and to lower the rate of recurrence, a slightly higher but nonstatisti-
cally significant rate of recurrences in the laparoscopic approach has been
observed. Probably, several additional even smaller incisions and a mandatory
identical parietal and visceral adhesiolysis as with laparotomy do not decrease
the magnitude of the peritoneal trauma [33].

The largest and most significant population review from the US identified
from the 2002 National Inpatient Sample 6,165 patients with intestinal
obstruction undergoing open (OLA) and laparoscopic lysis of adhesions
(LLA) [34]. Of these 88.6% underwent OLA and 11.4% had LLA. Conversion
was required in 17.2% of LLA patients. Unadjusted mortality was equal
between LLA and conversion (1.7%) and half the rate compared with OLA
(3.4%) (p( =0.014). The odds of complications in the LLA group (intention to
treat) were 25% less than in the OLA (p( =0.008). The LLA group had a 27%
shorter length of surgery (p( =0.0001) and was 9% less expensive than the OLA
group (p( f=0.0003). There was no statistical significant difference for length of
surgery, complications, and costs between the conversion and OLA groups.

The comparably low conversion rate of 17% by Mancini et al. [34] in this
study may be explained by the low initial percentage (11%) of patients treated
laparoscopically, indicating a positive selection of patients amenable to suc-
cessful laparoscopic adhesiolysis.

Szomstein et al. [35] summarized data on conversion rates for laparoscop-
ic lysis of adhesions and reported a range from 6.7% to 41%. The benefits and
advantages of the laparoscopic approach for lysis of adhesions are highlighted
in this review of 11 series including 813 patients. They found that 63% of the
length of a laparotomy incision is involved in adhesion formation to the
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abdominal wall. Furthermore, the incidence of ventral hernia after a laparoto-
tmy ranges between 11% and 20% versus the 0.02%–2.4% incidence of port

site herniation. Additional benefits of the minimally invasive approach include
a decreased incidence of wound infection and postoperative pneumonia and a
more rapid return of bowel function resulting in a shorter hospital stay. In
long-term follow up, the success rate of laparoscopic lysis of adhesions
remains between 46% and 87%. Operative times for laparoscopy range from
58 to 108 minutes; conversion rates range from 6.7% to 43%; and the inci-

fdence of intraoperative enterotomy ranges from 3% to 17.6%. The length of
hospitalization is 4–6 days in most series. In this review again contraindica-
tions to the minimally invasive technique include the following: (1) massive
abdominal distension that precludes entry into the peritoneal space and limits
adequate working space; (2) the presence of peritonitis with the need for bowel
resection and bowel handling in a highly inflamed environment; (3) hemody-
namic instability; (4) severe comorbid conditions such as heart and lung dis-
eases that preclude the use of pneumoperitoneum; and (5) lastly, but certainly
not the least important, the surgeon’s comfort level.

aAn interesting although small review of 93 patients with ASBO from a
community teaching hospital [36], divided into successful laparoscopy (66
patients, 71%), secondary conversion (24 patients, 26%), and primary laparo-
tomy (three patients), showed that patients with successful laparoscopy had
more simple adhesions (57%), fewer prior operations, and lower ASA class.
Operative time was shortest in the laparoscopy group (74.3±4.4 min), as was
the duration of both intensive care unit and hospital stay. Mortality was 6%,
regardless of operative technique. The author’s conclusion confirmed that the
parameters associated with successful laparoscopic management of SBO are

rthe presence of isolated bands, lower ASA scores, younger age, fewer prior
operations, and a shorter duration of SBO obstruction before the operation.
Reasons for primary laparotomy included a state of prolonged ileus with pro-
gressive abdominal distension and a higher number or more extensive previous
operations. Reasons for converting to open adhesiolysis following initial
laparoscopy were inadequate laparoscopic control due to intestinal distension,

fextensive adhesions, iatrogenic intestinal perforation and the presence of
necrotic segments of the small bowel upon initial laparoscopy, requiring sec-
ondary open resection.

Zerey et al. [37] reported a series of 33 patients who underwent laparoscop-
ic adhesiolysis secondary to SBO. Twenty-nine patients (88%) were success-
fully treated laparoscopically. Mean procedural time was 101 minutes (range,
19–198 minutes). Only one patient had a recurrent SBO 8 months postopera-
tively which was managed by repeat laparoscopic lysis of adhesions. Mean
postoperative stay was 6 days.

In another report of 65 patients submitted to laparoscopic adhesiolysis (40
for acute obstruction and 25 for chronic or recurrent transit disturbances), the
procedure was completed by laparoscopy in 52 patients (conversion rate: 20%)
and after a mean follow up of 48 months a 15.4% rate of symptomatic recur-
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rences was observed, while surgical recurrences were 4.6% [38].
In a series of 17 patients scheduled for elective adhesiolysis [21], laparo-

fscopic treatment was successful in 14 patients (82.4%) and two recurrences of
small bowel obstructions were noted over a mean follow-up period of 61.7
months. In a similar series of elective laparoscopic treatment of 25 patients with
recurrent small bowel obstruction, complete laparoscopic adhesiolysis was fea-
sible in 18 patients (72%) and no recurrence of small bowel obstruction over a
mean follow-up period of 41 months was observed [39]. In this series conver-
sion to laparoscopic-assisted adhesiolysis (mini-laparotomy with an incision
less than 4 cm long) was required in 6 patients (24%) because of dense adhe-
sion or the technical difficulties due to adhesion in the pelvic cavity.

Leon et al. [16] reported a 35% conversion rate in a series of 40 patients
and at median follow-up of 12 months, 21 of 26 patients managed laparoscop-
ically or with laparoscopic-assisted procedures remained asymptomatic [16].

A review in 2007 showed that laparoscopic management of SBO is success-
ful in 66% of patients with a conversion rate of 33.5% [37].

Operative technique plays a paramount role in successful laparoscopic
treatment [11]. The initial trocar should be placed away (alternative site tech-
nique) from the scars in an attempt to avoid adhesions (Fig. 7.2). Some inves-
tigators have recommended the use of computed tomography scan or ultra-
sonography to help determine a safe site for the initial trocar insertion.

96 F. Catena et al.

Fig. 7.2 View of the 3-port accesses in the left flank and the visible scar of the previous appen-
dectomy at McBurney’s point. Courtesy of Salomone Di Saverio, MD



The left upper quadrant is often a safe place to gain access to the abdomi-
nal cavity. Alternatively a 10 mm port can be inserted in the left flank with two
additional 5 mm ports in the left upper and lower quadrant (Fig. 7.2).
Therefore, by triangulating 3 ports aimed at the right lower quadrant, a good
exposure and access to the right iliac fossa can be obtained with a technique
running the small bowel in a retrograde fashion, starting from the ileocecal
valve (decompressed intestine) proximally towards the transition point
between collapsed and dilated loops (Fig. 7.3).

The open (Hasson) approach under direct vision is the more prudent. Once
safe access is obtained, the next goal is to provide adequate visualization in
order to insert the remaining trocars. This often requires some degree of adhe-
siolysis along the anterior abdominal wall. Numerous techniques are available,
including finger dissection through the initial trocar site and using the camera
to bluntly dissect the adhesions. Sometimes, gentle retraction on the adhesions
will separate the tissue planes (Fig. 7.4a). Most often sharp adhesiolysis is
required (Fig. 7.4b). The use of cautery and ultrasound dissection should be
limited in order to avoid thermal tissue damage and bowel injury.

Strickland et al. [40] have reported an incidence of 10% enterotomies dur-
ring exploration and adhesiolysis in 40 patients treated laparoscopically for

acute SBO. However an even higher proportion of the patients had enterotomies
after conversion (23%) [40]. Furthermore, formal laparotomy was avoided in
68% of these patients and earlier return of bowel function and a shorter postop-
erative length of stay, with lower overall costs was achieved with laparoscopic
treatment. The risk of enterotomy can be reduced if meticulous care is taken in
the use of atraumatic graspers only and if the manipulation of friable, distend-
ed bowel is minimized by handling the mesentery of the bowel whenever pos-
sible (Fig. 7.5). In fact, handling dilated and edematous bowel during adhesiol-
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Fig. 7.3 Diagnostic
laparoscopy: considerable
amount of abdominal free
fluid is found. The bowel
exploration begins by
identifying the cecum
and running the collapsed
bowel proximally. 
Courtesy of Salomone
Di Saverio, MD



ysis is dangerous and the risk increases with a long lasting obstruction; there-
fore early operation is advisable, with one multicenter study showing that the
success rate for early laparoscopic intervention for acute SBO was significant-
ly higher after a shorter duration of symptoms (24 h vs. 48 h) [31].

fMaintaining a low threshold for conversion to laparotomy in the face of
extensive adhesions will further decrease the risk of bowel injury. 

After trocar placement, the initial goal is to expose the collapsed distal
bowel. This is facilitated with the use of angled telescopes and maximal tilt-
ing/rotating of the surgical table. It may also be necessary to move the laparo-
scope to different trocars to improve visualization. If necessary, the small
bowel mesentery (instead of the bowel wall) should be grasped in order to
manipulate the bowel (Fig. 7.5). Sharp dissection with the laparoscopic scis-
sors should be used to cut the adhesions (Fig. 7.4b). Only pathologic adhesions
should be lysed. Additional adhesiolysis only adds to the operative time and to
the risks of surgery without benefit. The area lysed should be thoroughly
inspected for possible bleeding and bowel injury (Fig. 7.1a, b).
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Fig. 7.4a, b Identification of the
pelvic single fibrous band adhe-
sion in the right iliac fossa. Sharp
dissection with scissors after
appropriate lifting up of the band
and carefully avoiding use of
coagulation. Courtesy of
Salomone Di Saverio, MD
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In conclusion, careful selection criteria for laparoscopy [41] may be: (1)
proximal obstruction, (2) partial obstruction, (3) anticipated single band, (4)
localized distension on radiography, (5) no sepsis, (6) mild abdominal disten-
sion and last but not least (7) the experience and laparoscopic skills of the sur-
geon.

The experts panel also agreed, as from the cited studies, that laparoscopic
lysis of adhesions should be attempted preferably in cases of first episode SBO
and/or anticipated single band adhesion (i.e. SBO after appendectomy or hys-
terectomy) (Fig. 7.6).

Furthermore, the experts highlighted that an open port access should be
attempted, and gaining the access in the left upper quadrant should be safe.
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Fig. 7.5 Diagnostic
laparoscopy: grasping the
distended bowel must be
avoided and the mesentery
should be gently grasped.
Courtesy of Salomone
Di Saverio, MD

Fig. 7.6 CT finding of
complete SBO with a clear
transition point in the right
iliac fossa and suspected
single band (red arrow) in
a 36-year old patient with
history of previous open
appendectomy.
Courtesy of Salomone
Di Saverio, MD



However, a large consensus has been reached in recommending a low thresh-
old for open conversion if extensive adhesions are found.

Conversion is not a sign of failure; instead, it represents good clinical judg-
ment. Conversion has not been shown to correlate with the number of previous
surgeries [17]. However, it may be predicted by bowel distension over 4 cm, a
documented history of dense adhesions, and the presence of complete distal

fobstruction [11]. The main causes for laparotomic conversion are: kind of
adhesions, bowel necrosis and accidental enterotomies. In the literature: if the
surgeon notices ischemic or necrotic bowel he must perform a laparotomy.

In order to reduce the number of conversions some surgeons perform a
ahand-assisted laparoscopy in selected cases since laparoscopy can also allow a

guided laparotomic approach in case of conversion (tailored mini-laparotomy)
fand a hand-assisted approach, in our experience, can allow the removal of

adhesions with a blunt technique especially posterior peritoneal band adhe-
sions impossible to manage with pure laparoscopy [39] (Tsumura’s classifica-
tion).

7.3 Personal Experience

Between February 1999 and February 2011 a total of 178 patients were admit-
ted to the Surgical Centre of Villa Sofia Hospital in Palermo and operated on
in emergencies or in deferred emergencies. Of these, 100 (56.1%) had conven-
tional surgical management (by laparotomy) and 78 (43.9%) by laparoscopic
approach.

The series included 61 females (61%) (mean age 65.06 years) and 39 males
(39%) (mean age 68.27 years) who were treated with conventional surgery and
49 females (62.8%) (mean age 46.79) and 29 males (37.2%) who were treated
with the laparoscopic approach. The ages ranged from 27 to 98 years for open
procedure and from 23 to 72 years for laparoscopy (Tables 7.1-7.2).

In accordance with the literature most of the cases performed with the
laparoscopic approach were secondary to previous appendectomies (27 cases
–– 34.6%), followed by gynecologic operations (18 cases – 23.1%), two
patients had adhesiolysis after open cholecystectomy, in one case after iatro-
genic colonic perforation, one case after left nephrectomy and appendectomy,

rone case the result of subtotal gastrectomy for ulcer, five after a treatment for
rstrangulated femoral hernias, eight after a previous ileocolic resection for

Crohn’s disease and colonic cancer in nine cases for treatment of unrecognized
eventration, four for incisional hernia, one for ileal GIST and one for Meckel’s
diverticulum.

The conversion rate was 14.1% (11 cases), with one case for iatrogenic
injury and one case to check bowel loop integrity; in nine cases (11.5%) we
performed a tailored laparotomy. In five cases (6.41%) a hand-assisted tech-
nique was performed (Table 7.3).

The total rate of conversion was therefore 25.6% (32% hand assisted) dis-
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tributed as follows: six cases of dense adhesions; four cases of inadequate
visualization; one case of iatrogenic injury; six cases requiring bowel resec-

ftion; two cases of hernia (one to check bowel loop integrity); one case of
unidentified etiology.

tThe morbidity in cases performed by the laparoscopic approach was eight
cases (10.2%) against 19 cases (19%) performed by conventional surgery
(Table 7.4). Hospital stay was 2.38 days (1–8 days) in patients treated by
laparoscopy, whereas it was 6.25 days (3–24 days) in patients operated on by
laparotomy.
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Table 7.1 Ileal obstruction, 100 cases which had conventional surgical management (by laparoto-
my). Department of Emergency Surgery, Villa Sofia Hospital, Palermo

Sex N Mean age % Hospital stay

Female 61 65.06 54.34
6.25 days

Male 39 68.27 45.66

Age range: 27-98

Postoperative stay range: 3-24 days

Table 7.2 Ileal obstruction, 78 cases treated with laparoscopic approach. Department of
Emergency Surgery, Villa Sofia Hospital, Palermo

Sex N Mean age % Hospital stay

Female 49 46.79 60.0
2.38 days

Male 29 42.53 40.0

Age range: 23-72

Postoperative stay range: 1-8 days

Table 7.3 Laparoscopic treatment, conversion rates. Department of Emergency Surgery, Villa
Sofia Hospital, Palermo

Treatment N %

Open surgery 11 14.1

Tailored laparotomy 9 11.5

Hand-assisted technique 5 6.4

Total 25 32

Table 7.4 Morbidity: laparoscopic approach vs. open surgery. Department of Emergency Surgery,
Villa Sofia Hospital, Palermo

Treatment N %

Laparoscopy 8 10.2

Open surgery 19 24.3
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8.1 Introduction

Laparoscopic repair of inguinal, ventral and incisional hernia has gained
wider acceptance among surgeons than the open technique, due to the favor-
able results in terms of incidence of recurrences, complications and patient
satisfaction. Most of the series published in the literature concern elective
cases. In contrast, the role of laparoscopy in the treatment of incarcerated or
strangulated hernias has not been yet established because of the small number
of case series. After postoperative peritoneal adhesions, these diseases are the
second most common cause of occlusion of the small intestine and therefore
deserve separate consideration [1].

8.2 Incarcerated Inguinal Hernia

The probability of an inguinal hernia incarcerating varies considerably, from
0.29% to 2.9% in the literature [2]. The condition can cause intestinal obstruc-
tion or strangulation and infarction, resulting in a high incidence of infection,
recurrence and operative mortality, especially in the elderly [3].

Elective surgery for inguinal hernia has a very low mortality (<1 death for
10,000 operations). In contrast, the risks of postoperative complications fol-
lowing emergency surgery, especially in elderly patients, are high with a mor-
tality that can be as high as 5% [2].

Elective laparoscopic inguinal hernia repair introduced in the late 1990s by
Schultz et al. [4] has been well documented in the literature and it has gradu-



ally gained acceptance. It is indicated primarily for bilateral and recurrent her-
nias and relatively contraindicated for patients with prior operations involving

athe preperitoneal area such as prostatectomy, large inguinoscrotal hernias or a
general condition that prohibits general anesthesia [5].

It was not until 2003 that the first evidence based study by the Cochrane
Library appeared, which showed that the laparoscopic technique typically
offers less pain and scarring, a more rapid return to work and other activities,
a low rate of conversion to open surgery and a short hospital stay [6]. However,

toperation times are longer and the risk of serious complications with respect
to visceral (especially bladder) and vascular injuries is higher [7, 8].

The use of laparoscopy for acute or chronic incarcerated inguinal hernia
has been a controversial issue, with some surgeons showing caution in using
this technique. Traditionally, incarcerated inguinal hernia has been treated
with conventional open techniques. This condition is traditionally considered
a contraindication to laparoscopic repair, for several reasons: the increased
risk of mesh infection (positioned preperitoneally), the technical difficulties

kencountered in reducing the hernia sac and its contents and the increased risk
of iatrogenic injuries [2, 5].

In 1993 Watson et al. [9] published the first case report of an inguinal her-
nia laparoscopic reduction combined with a bowel resection. After that, sever-
al authors explored the feasibility of using this approach for incarcerated and
strangulated groin hernias [2, 3, 10−13].

The main issues regarding the emergent laparoscopic treatment of compli-
cated inguinocrural hernias are:
1. Type of laparoscopic approach: transabdominal preperitoneal inguinal her-

nia repair (TAPP) or total extraperitoneal inguinal hernia repair (TEP);
2. Bowel resection;
3. Laparoscopic approach in pediatric patients;
4. Advantages, disadvantages and contraindications.

8.2.1 TAPP 

fThe TAPP procedure may be proposed for the emergency treatment of
tinguinocrural incarcerated hernias, allowing not only hernia correction, but

also visual control and the concomitant treatment of the herniated structures.
Visceral vitality is easily established and monitored during laparoscopy: the
time dedicated to the hernia repair is an acceptable observation time for the
detection of irreversible bowel ischemic damage [2, 5, 10−12]. The use of the
TAPP technique facilitates inspection of the contralateral inguinal region and
discovery of unsuspected bilateral hernias [14]. However the TAPP approach
increases the risk of injury to the abdominal viscera [12, 13].

8.2.1.1 Technical Details
The first step in the TAPP procedure consists of the exploration of the
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dinguinocrural region and evaluation of the strangulated organs. The second
step is reduction of the hernia sac and its contents. Hernia reduction is always
obtained by the incision and enlargement of the hernia ring: a ventromedial
incision in the case of direct and crural hernias and a ventrolateral incision in
the case of indirect hernias (Fig. 8.1). These measures prevent injuries to
femoral and epigastric vessels and spermatic cord. After enlargement of the
hernia ring, the strangulated bowel is brought into the peritoneal cavity by
gentle traction applied to the nondistended loop. The incision of the parietal
peritoneum allows reduction of the hernia sac, preparation of Cooper’s liga-
ment and parietalization of the cord [10, 11].

8.2.2 TEP 

The TEP approach is feasible for the treatment of acutely incarcerated inguinal
hernias, however, very precise knowledge of the anatomy involved and total
familiarity with the technique are fundamental to undertaking this approach [3,
5]. This method offers the abdominal contents some degree of protection from
injury [12] without the possibility of complete visceral control [3].

8.2.2.1 Technical Details
Like the TAPP approach the first step consists of the exploration of the

finguinocrural region and evaluation of the strangulated organs. In cases of
direct hernia, Cooper’s ligament and femoral canal usually are obscured by
the contents of the defect. It is important also in this approach to enlarge the
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Fig. 8.1 Laparosco-
pic view of the in-
carcerated indirect
inguinal hernia:
reduction of the
content obtained
by a ventromedial
incision of the
hernia ring



opening of the defect to allow safe dissection of the contents. This releasing
incision should be made at the anteromedial aspect of the defect to avoid
injury to the epigastric or iliac vessels. When an indirect hernia is incarcerat-
ed, as with some large sliding or giant scrotal hernias, the large indirect sac
invades the posterior inguinal wall, causing a bulge inward in the medial
fossa. In these cases, the approach to the internal ring must start with identi-
fication of the epigastric vessels. Because the deferent cord is adjacent to the

depigastric vessels and the loops toward the space of Retzius, dissection should
be started in the anterolateral aspect of the deep internal ring. Additional steps

fwill help: the epigastric vessels may be divided to allow easier dissection of
the sac. The deep internal ring is divided anteriorly at the 12 o’clock position

ftoward the external ring, facilitating dissection of the indirect sac. In cases of
incarcerated crural hernias, the dissection is performed along the superome-
dial and inferomedial aspects of the femoral canal to avoid injury to the exter-
nal iliac and femoral vessels. The sac is reduced by traction and countertrac-
tion [3].

The transabdominal approach may be superior in incarcerated and strangu-
lated inguinal hernia with regard to reduction and evaluation of the sac content.

8.2.3 Bowel Resection

nBowel resection can be undertaken as a totally laparoscopic procedure or it can
be laparoscopically guided by a minilaparotomy above the area where the non-
viable bowel has been laparoscopically located [2]. The resective time is thus
shortened compared to a total laparoscopic resective procedure. The visceral
manipulation and resection has to be performed only after the closure of the
parietal peritoneum at the conclusion of the hernioplasty, thus reducing poten-
tial infections of the hernia mesh [11].

fThe hernia defect is repaired with mesh when there is a very low risk of
infection. In cases in which infection risks are high (e.g. ischemic bowel, per-
foration, presence of pus etc), it is preferable not to place the mesh or, alterna-
tively, a new biologic tissue graft is used to repair these complicated hernia
defects [15].

8.2.4 Pediatric Patients

Many hour studies described the safety and effectiveness of laparoscopy in the
treatment of inguinal hernia in children. This approach has been recently used
in repairing incarcerated inguinal hernias: it is safe, avoids the difficult dissec-
tion of an edematous sac in the groin, allows inspection of the reduced hernia

fcontent and permits the repair of a contralateral patent processus vaginalis if
present and the hospital stay is short [16, 17].
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h i l il8.2.4.1 Technical Details
First, the herniated structures such as greater omentum, intestinal loops,
appendix or ovaries need to be reduced. A mesh is not utilized; the sac is
closed with a 4/0 nonabsorbable suture. The last step of the procedure is to
reduce the diameter of internal inguinal ring by positioning 1 or 2 separate
sutures between the conjoined tendon and the crural arch [16, 17].

8.2.5 Advantages and Disadvantages

Laparoscopic hernia repair, in particular TAPP in emergent conditions, offers
real advantages, including the assessment of the vitality of incarcerated organs
and the exploration of additional intra-abdominal complications. Moreover,
the use of the TAPP technique facilitates inspection of the contralateral
inguinal region and discovery of unsuspected bilateral hernias [2, 5, 11].

fTEP is not recommended by many authors because it is difficult in cases of
massive hernias, it does not allow further control of the reduced viability of the
loop in the abdomen is not possible and laparoscopic or laparo-assisted resec-
tion [2, 3, 5, 12].

Nonetheless, the rates of complication, recurrence, and hospital stay are
very close to the rates documented in open repair for strangulated/incarcerated
hernias. This approach is feasible and safe, taking into consideration the knowl-
edge of anatomy and expertise needed in dissecting and reducing the sac [2,

a11]. In fact, the learning curve is relatively long: laparoscopic inguinal hernia
trepair is a difficult technique. If traditional inguinal repair is one of the first

actions being proposed to the young surgeon, laparoscopic surgery is consid-
ered an advanced procedure that is given only after adequate experience [11].

Abdominal distension, as described for ileal obstruction in general, is the
tmajor cause of conversion. Conversion should not be viewed as a failure, but

rather a necessary step in the optimal management of these patients [18].
We believe all patients evaluated as being operative candidates in the set-

ting of acute small bowel obstruction should initially undergo the laparoscop-
ic procedure. In fact, this approach is characterized by a high success rate and
efficient operation. Therefore, patients will benefit from short operative times,
fewer wound complications, quicker recovery, shorter hospital stay and less
pain.

8.2.6 Contraindications

All patients potentially can be operated on; the only contraindications are
frelated to anesthesia. Previous pelvic surgery, preoperative clinical signs of

strangulation and perforation or hernia dimensional criteria are relative con-
traindications, depending on the surgeon’s ability [5, 10, 11].
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i h i d i8.2.7 Hernia Sac Laparoscopy: Another Opportunity during 
the Traditional Inguinal Approach

In cases with a spontaneous reduction of the herniated structures, especially
when a hemorrhagic fluid is present in the sac, intra-abdominal exploration is
mandatory to definitively assess its viability. The 15−20% incidence of reduced
gangrenous bowel reported in the literature implies that the proper recognition
of intestinal ischemia owing to strangulation is critically important.

Hernia sac laparoscopy is an established safe procedure and allows for an
accurate exploration of bowel viability. It can reduce the number of unneces-
sary laparotomies. Particularly in high-risk patients it may produce a decrease
in major morbidity [13, 19].

8.2.7.1 Technical Details
A 10 mm trocar is inserted through the internal inguinal ring, a tight purse-string
suture is placed on the hernia sac and a 10 mm optic is positioned for the inspec-
tion of the incarcerated structure and its viability. When detecting gangrenous
herniated structures, additional ports may be inserted to reset them. Alternatively
an open minilaparotomy is performed [13].

8.3 Incarcerated Ventral and Incisional Hernia

dIncisional hernia is a common complication in abdominal surgery. It is reported
to develop in 3−29% of laparotomic incisions, with an increasing incidence in
patients who develop wound infections or other forms of wound complications.
Complications such as incarceration or strangulation may occur in 5% of cases
[20, 21]. Urgent operations may be required in 5−13% of incarcerated abdominal
wall hernias cases and intestinal resections may be required in 10−15% [22].

Emergent laparoscopic treatment of incarcerated incisional hernias seems
to be one of the most interesting and debated topics [20]. Apart from case
reports and few case series, the role of laparoscopic treatment of ventral/inci-
sional hernias in emergent situations for strangulation and/or incarceration has
not been established to date, due to the reluctance to use this approach in such
situations [20−23].

In these instances a traditional open approach is preferred without placing
na mesh in most cases, aiming at the resolution of the life-threatening condition

and delaying definitive repair. On the other hand there is available evidence
that demonstrates the superiority of the laparoscopic approach in various
abdominal emergencies [23].

fIn 2006 the Consensus Conference of the European Association of
rEndoscopic Surgery (EAES) developed evidence-based recommendations for

the laparoscopic treatment of abdominal emergencies: it was stated that the open
approach remains the standard treatment for incarcerated hernia, although
laparoscopic surgery may be considered in carefully selected patients and
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restricted to surgeons with maximum expertise in this field [24]. In 2010, an
Italian Consensus Conference of the main National Scientific Societies (SIC-
Società Italiana di Chirurgia, ACOI-Associazione Chirurghi Ospedalieri Italiani,

fSICE-Società Italiana di Chirurgia Endoscopica and EHS-Italian Chapter of
European Hernia Society) on laparoscopic treatment of ventral and incisional
hernia underlined that, in emergent cases, the incidence of intra-postoperative
complications and recurrences is the same as in elective cases [25]. Good expe-
rience in emergency surgery and in laparoscopic repair of the abdominal wall in
elective patients is always strictly required. Between the two Consensus
Conferences more numerous case series [20, 21, 26] have been published.

The main issues regarding the emergent laparoscopic treatment of compli-
cated ventral and incisional hernias are:
1. patient selection;
2. details of surgical technique;
3. surgical experience;
4. use of biological meshes.

8.3.1 Patient Selection Criteria

• Absence of conspicuous abdominal distension that precludes entry into the
tperitoneal cavity and limits adequate working space. Some studies report

that a small bowel diameter exceeding 4 cm, at a preoperative abdominal x-
ray, and a late operation (>24 hours post-onset, >6 hours post hospital
admission) predict an increased risk of conversion [23, 27−29];

• Some authors introduce the number (>4) of previous laparotomies as a pre-
dictive factor of conversion [23]. However, not only the number but also the
type of previous procedure and the location of the surgical scars are very
important. As far as adhesiolysis is concerned, one surgical xiphoid-pubic
scar following an abdominal trauma or massive peritonitis will often give
rise to more difficulties than three scars (e.g. in the right subcostal area, in

dthe hypogastrium and in the right iliac region) resulting from elective and
uncomplicated surgery [29];

• Absence of peritonitis with the need for bowel resection and bowel han-
dling in a highly inflamed environment [30] and absence of clinical signs
of intestinal ischemia;

• Absence of high septic risk situations, fsuch as concomitant execution of
contaminated abdominal procedures or the presence of contaminated skin
lesions or enterocutaneous fistulae [20];

• Absence of major defects with loss of domain or hernias that do not allow
the laparoscopic approach with adequate over-lap [20];

• Absence of hemodynamic instability and severe co-morbid conditions such as
heart and lung diseases that preclude the use of pneumoperitoneum [30];

- Morbid obesity [31], old age and debilitation are not considered con-
traindications to laparoscopy [21, 28, 32].
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i f i i8.3.2 Details of Surgical Technique 

When an incisional hernia is found to be the cause of obstruction, all incarcer-
ated or strangulated intestinal contents are reduced back into the abdominal
cavity and inspected for viability [27]. The herniated structure is reduced by a
combination of manual external pressure, internal traction, and adhesiolysis.

aAs in open surgery, traction and counter-traction are the key elements for a
successful procedure: with adequate traction and counter-traction, it is possi-
ble to identify the avascular plane of dissection [21, 27, 28, 30, 33, 34].

tThe best way to release the bowel is by enlargement of the hernia port
using careful incision of the fascia at the edge of the hernia ring. The use of an
atraumatic grasper is mandatory, thus avoiding the use of scissor with cautery
capability close to the bowel loops (Fig. 8.2). The next step is similar to the
elective treatment: positioning of intraperitoneal mesh fixed with staples.

tThe crucial part of the laparoscopic intervention is adhesiolysis because it
may lead to bowel perforation [20]. Most series reveal no difference between
open and laparoscopic groups with respect to iatrogenic injuries to the bowel.
In general, iatrogenic injuries were more likely with dense and extensive adhe-

asions [34]. Two bowel injury mechanisms have been described: direct trauma
by scissor with no intraoperative recognition and an indirect lesion due to
energy source with subsequent necrosis causing the perforation [29].

The need to perform proper adhesiolysis in order to adequately identify the
hernia defect allowing the placing of the mesh is crucial [20]; this is particu-
larly important in the emergency setting due to the bowel distention of the
incarcerated bowel loops, associated with vascular compromise with possible
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pic view of the 
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of the hernia ring



fdevelopment of necrosis and contaminated effusion and the impossibility of
performing adequate preoperative bowel cleaning [30].

The incidence of recognized enterotomies varies from 6 to 14.3%; the man-
agement of this condition is somewhat controversial: in many centers the her-
nia procedure is terminated and the injury is repaired either laparoscopically

tor by conversion to open technique and the hernia repair deferred [35]. Most
recently some authors have reported the feasibility of repairing the enterotomy
laparoscopically and completing the procedure with the application of mesh in

fcases where the injury is not associated with a large amount of spillage of
intestinal structures [15, 25, 28]. We suggest repairing the lesions laparoscop-
ically if the iatrogenic lesion involves the small bowel, without fecal contam-
ination of the abdomen, and to proceed in positioning the mesh. If the lesion
involves the colon or if there is fecal contamination, we prefer to suture the
perforation, clean the abdomen and place the mesh during a second operation
[21, 27, 33].

fMoreover, surgeons must be very careful and check the bowel at the end of
the procedure to avoid any undiscovered lesion which in the postoperative
period can cause peritonitis. Peritonitis is the major complication that occurs
in up to 6% of patients and can lead to fatal consequences involving a 0.3%
mortality [26]. This implies a strict early postoperative follow-up to identify
suspicious symptoms and signs like fever, leukocytosis, increasing abdominal
pain to establish a correct diagnosis and an early reoperation. Some authors
identified three categories of patients with high risk of visceral injury [23]:
1. hernias with multiple bowel loops;
2. previous recent repair with polypropylene mesh;
3. previous episodes of severe peritonitis.

In the presence of incarceration under these circumstances, laparoscopy
can still be attempted. However, if release of the incarcerated bowel or release
of the bowel adhering to the peritoneum around the herniation cannot be per-
formed safely, conversion to open repair must be initiated [28, 34].

The reasons for conversion are [15, 21, 27, 28, 30, 34]:
1. reduced working space because of intestinal distension;
2. dense adhesions;
3. iatrogenic perforation;
4. bowel necrosis.

Iatrogenic perforation and bowel necrosis are relative reasons because they
tcan be managed laparoscopically [27]. Conversion does not equal failure, but

simply the necessary sequence of events in the optimal management of these
patients [34].

8.3.3 Surgical Experience

In several studies on laparoscopic repair in emergent situations, the authors
mention learning curves and experienced surgeon without defining them even-
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rly. Studies concerning elective surgery suggest that the incidence of major
complications such as a missed enterotomy and mortality tend to decrease as
the surgeon’s experience increases after at least 50 cases [26, 33, 36]. In par-
ticular, in 1998, Voitk [18] introduced the concept of previous basic laparo-
scopic experience, although in a different field: elective laparoscopic inguinal
hernia repair requires a learning curve with 50 operations for surgeons already
experienced in laparoscopic cholecystectomy and open inguinal hernia sur-
gery. Neither seems to have significant influence on clinical outcomes,
although improved experience was reflected in improved operation time, con-
version rate, and hospital stay [37].

However, this type of surgery requires experience in both laparotomic and
laparoscopic emergency surgery, as well as comprehensive experience in elec-
tive laparoscopic repair techniques. It is not possible to define clinical compe-
tence because of too many variables: experience in previous different opera-
tions, high/low volume surgeon and center.

8.3.4 Risk of Infection of the Mesh and Use of Biological Meshes

The introduction of such materials in clinical practice has provided a new
prospective for abdominal wall defect repair in a contaminated surgical field
[38]. Several authors have suggested the use of biomaterial in laparoscopic

demergency hernia repair with good results in terms of recurrence rate and
fwound infection [39, 40]. There are no comparative trials evaluating each of

the commercially available biological mesh products and their application in
laparoscopic repair of potentially contaminated ventral hernias. Further stud-
ies are still required to establish the efficacy of biological mesh in laparoscop-
ic repair in potentially contaminated fields.

In conclusion, laparoscopic treatment of incarcerated hernias seems to be
effective even in emergency situations. It may have further advantages over the
open technique, especially those related to the minimally invasive nature of the
procedure, such as less pain and fewer infections, which lead to shorter hospi-
tal stay, quicker return to normal activities and lower cost for the hospital and
healthcare system. The contraindications are massive bowel distention and the
presence of contamination of the abdominal cavity. An accurate control of the
intestinal loops should be performed at the end of the procedure to confirm the
absence of any injuries to avoid complications; however, if adhesiolysis or the
release of the incarcerated bowel cannot be performed safely, the procedure
should be converted early.
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9.1 Introduction

Acute mesenteric ischemia (AMI) is a life-threatening vascular disease which
often requires emergent surgical treatment. Early diagnosis and immediate
intervention to adequately restore the mesenteric blood flow are mandatory to
prevent bowel necrosis and patient death. The underlying cause is varied and
the prognosis depends on pathologic findings [1, 2].

Despite the progress in understanding the pathogenesis of mesenteric
ischemia and the development of modern treatment modalities, AMI remains
a diagnostic challenge for clinicians. Early diagnosis and a prompt effective
treatment are essential to improve the clinical outcomes; any delay in the
diagnostic process contributes to the continued high mortality rate (59−93%)
[2]. Although mesenteric angiography remains the gold standard for the diag-
nosis of mesenteric ischemia, it is not applicable in many circumstances [3].
The laparoscopic technique has been increasingly used in the diagnosis of
underlying diseases, although its implication in the early diagnosis of AMI
remains debatable.

The external visualization of the bowel wall alone can dismiss pathologic
mucosal and submucosal changes secondary to the ischemic insult in an early
stage of AMI [4]. However, in a few circumstances the role of diagnostic
laparoscopy might be considered as an adjunct to the process of clinical deci-
sion making in the management of patients with mesenteric ischemia.
Critically ill patients may represent the target population for whom
laparoscopy is worthwhile.

Additionally, diagnostic laparoscopy can be performed at the bedside if the



patient is not transportable. ITU and ICU patients requiring continuous moni-
toring and support of their vital functions may represent suitable candidates [5].

9.2 Causes

AMI can be divided into occlusive and nonocclusive according to the causative
factor. Based on the nature of the obstruction, a further distinction is made
within the arterial forms. Moreover, a distinction is also made between venous
and arterial occlusions [6].

9.2.1 Arterial Embolism

rArterial emboli are the most frequent cause of AMI and are responsible for
approximately 40% to 50% of cases [6]. Most mesenteric emboli originate
from a cardiac source. Myocardial ischemia or infarction, atrial tachyarrhyth-

rmias, endocarditis, cardiomyopathies, ventricular aneurysms, and valvular
disorders are risk factors for the development of mural thrombosis (Table
9.1). Due to its emergence from the aorta at an oblique angle, most visceral
arterial emboli preferentially lodge in the superior mesenteric artery (SMA).
Whereas 15% of arterial emboli occur at the origin of the SMA, 50% lodge
distal to the origin of the middle colic artery, which is the first major branch
of the SMA. The onset of symptoms is usually dramatic as a result of the
poorly developed collateral circulation [7]. Frequently, the diagnosis of SMA
embolism can be made intraoperatively based on the distribution of ischemic
bowel. Because most SMA emboli lodge distally to the origin of the middle
colic artery, allowing the inferior pancreaticoduodenal branches to be per-
fused, the proximal jejunum is spared, whereas the rest of the small bowel is
ischemic or infarcted.
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Table 9.1 Risk factors for the development of mural thrombosis

Cardiovascular diseases (AF, cardiac valvular replacement, endocarditis, heart failure)

PMH: MI, stroke, obliterative arteriopathy of lower limbs

Congenital or acquired hypercoagulable disorders

Age >50

Drug addiction

AIDS

Vasculitis

AF, Atrial Fibrillation; PMH, Past Medical History; MI, Myocardial Infarction, AIDS, Acquired
Immune Deficiency Syndrome



i l h b i9.2.2 Arterial Thrombosis

Acute mesenteric thrombosis accounts for 25% to 30% of all ischemic events.
Almost all mesenteric ischemia due to arterial thrombosis occur in the setting

fof severe atherosclerotic disease, with the most common site near the origin of
the SMA. Frequently, patients with this condition can tolerate major visceral
arterial obstruction since the slow progressive nature of atherosclerosis allows
the development of important collaterals. Bowel ischemia or infarction ensues
when the last remaining visceral artery or an important collateral artery
occludes. The extent of bowel ischemia or infarction is typically greater than
that with embolism, extending from the duodenum to the transverse colon.

9.2.3 Nonocclusive Mesenteric Ischemia

Approximately 20% of patients with mesenteric ischemia have nonocclusive
disease. The pathogenesis of nonocclusive mesenteric ischemia (NOMI) is
poorly understood but often involves a state of low cardiac output associated
with diffuse mesenteric vasoconstriction.

Splanchnic vasoconstriction in response to hypovolemia decreases cardiac
output causing hypotension. The resultant lowflow status causes intestinal
hypoxia which inevitably leads to bowel necrosis.

Conditions predisposing to NOMI include age older than 50 years, myocar-
dial infarction, congestive heart failure, aortic insufficiency, cardiopulmonary
bypass, renal or hepatic disease, and major abdominal or cardiovascular surgery.

However, patients may not have any clear risk factors. Because this condi-
tion frequently affects critically ill patients who have considerable comorbidi-
ties, the onset may be insidious, and the mortality rates are high.

9.2.4 Mesenteric Venous Thrombosis

Mesenteric venous thrombosis (MVT) is the least common cause of mesenteric
rischemia, accounting for up to 10% of AMI [8]. It can be secondary to either

intra-abdominal pathologic conditions (such as malignancy, intra-abdominal
sepsis or pancreatitis) or the result of primary clotting disorders, with only
10% of cases classified as idiopathic. Mesenteric venous thrombosis is usual-
ly segmental, with edema and hemorrhage of the bowel wall and focal slough-
ing of the mucosa.

Thrombi usually originate in the venous arcades and propagate to involve
the arcuate channels. Hemorrhagic infarctions occur when the intramural ves-
sels are occluded. The thrombus is usually palpable in the superior mesenteric
vein. Involvement of the inferior mesenteric vein and large bowel is uncom-
mon. The transition from normal to ischemic intestine is more gradual with
venous embolism than with arterial embolism or thrombosis (Fig. 9.1).
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9.3 Presentation

Many of the signs and symptoms associated with AMI are common to other intra-
abdominal pathologic conditions, such as pancreatitis, acute diverticulitis, small-
bowel obstruction, and acute cholecystitis. In addition, the clinical presentation
often depends on the underlying pathologic abnormalities. In general, patients with
SMA embolism or thrombosis have an acute onset of symptoms and a rapid dete-
rioration in their clinical condition, whereas those with NOMI or MVT have a more
gradual onset and a more protracted clinical course.
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With SMA embolism, the onset of symptoms is usually dramatic due to lack
of collateral circulation, and it manifests as severe and unrelenting abdominal
pain, nausea, vomiting and urgent bowel evacuation. Dehydra-tion and exces-
sive fluid loss from third-spacing of fluid lead to mental confusion, tachycar-
dia, tachypnea, and circulatory collapse. Laboratory findings including meta-
bolic acidosis with elevated anion gap and lactate levels, leukocytosis, and
hemoconcentration may orientate the clinician towards a diagnosis of AMI.

9.4 Diagnosis

Since AMI may rapidly progress to fatal intestinal infarction, prompt diagno-
sis and treatment are paramount [1, 9]. A high index of suspicion in the setting

rof a compatible history and physical examination serves as the cornerstone for
early diagnosis of mesenteric ischemia. Survival is approximately 50% when
the diagnosis occurs within 24 hours after onset of symptoms, but it drops
sharply to 30% or less when diagnosis is delayed. Hemoconcentration, leuko-
cytosis, and metabolic acidosis with high anion gap and lactate concentrations
are the most common laboratory abnormalities. High levels of serum amylase,
aspartate aminotransferase, lactate dehydrogenase and creatine phosphokinase

rare frequently observed at presentation, but none is sufficiently sensitive or
specific to be diagnostic. Hyperphosphatemia and hyperkalemia are usually
late signs and are frequently associated with bowel infarction.

The findings on a plain abdominal radiograph in AMI are also nonspecific.
In the early stage of the disease, 25% of patients may have normal findings on
abdominal radiography. Characteristic radiographic abnormalities, such as
thumbprinting or thickening of bowel loops, occur in less than 40% of patients
at presentation. Air in the portal vein is a late finding and is associated with a
poor prognosis. In the presence of a high suspicion of AMI the CT scan is the
radiologic investigation which provides more accurate and specific details.
Several studies have reported a sensitivity of 93.3% and a specificity of 95.9%
of CT scan with i.v. contrast [3, 9].

Thickened bowel walls, intramural hematoma, dilated fluid-filled bowel
loops, engorgement of mesenteric vessels, pneumatosis, mesenteric or portal
venous gas, infarction of other viscera, and arterial or venous thrombus may be
seen on CT scan. A further enhancement of the imaging can be obtained with

rCT angiography which remains, in the absence of a clinical indication for
emergency laparotomy, the investigation of choice in suspected AMI. Early
angiography has been shown to improve survival rates.

Mesenteric angiography can usually differentiate embolic from thrombotic
tarterial occlusions. Emboli usually lodge where the artery tapers, which is just

after the first major branch of the SMA − the middle colic artery. In contrast,
thrombotic disease usually involves the origin of the SMA. Thrombotic cases
may be characterized by a complete lack of visualization of SMA. Mesenteric
venous thrombosis is characterized by a generalized slowing of arterial flow
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(up to 20 seconds) in conjunction with lack of opacification of the correspon-
ding mesenteric or portal venous outflow tracts. This is usually segmental, in
contrast to NOMI, which is diffuse and shows normal venous runoff. In addi-

ftion, NOMI characteristically shows narrowing and multiple irregularities of
the major SMA tributaries, the string of sausages sign [3, 9].

9.4.1 Laparoscopy: an Alternative Diagnostic Tool

Although CT scan has been recognized as the radiologic investigation with the
highest sensitivity rate, its employment remains extremely limited in some cir-

rcumstances [10]. Patients with mesenteric ischemia quite frequently suffer
from chronic renal impairment and heart failure which do not allow i.v. con-

htrast. Furthermore, severe dehydration and acidotic status often present in such
patients and require time-consuming corrections which can further delay the

fappropriate treatment. Unfortunately the delay can lead to a late diagnosis of
AMI by which time bowel changes might have already become irreversible. A

rlaparoscopic diagnostic approach should take place as a substitute to other
conventional methods.

tIn addition, in unstable patients requiring intensive care support
laparoscopy can be performed at the bedside, which proves extremely impor-
tant in terms of being less time-consuming and therefore enabling an early
diagnosis.

9.4.2 Limits of Laparoscopy in Early Diagnosis of AMI

Emergency laparoscopic procedures can be used to identify and treat several
causes of acute abdomen. An increasing use of diagnostic laparoscopy has also
been advocated for unclear abdominal findings and for staging of intra-abdom-
inal malignancies.

Against the background of increasing experience in the area of laparoscop-
ic surgery the effectiveness of the use of keyhole surgery in the early diagno-
sis of AMI is still a controversial issue [4, 10, 11].

The limited application of the laparoscopic technique in this context seems
to be related to the poor intraoperative findings at the early stage of the
ischemic insult. As it is clearly known, in the early stage of AMI, the primary
changes in response to a defected vascular supply affect the inner layers
(mucosa and submucosa) of the bowel wall. A laparoscopy performed at this
phase may not detect those changes since the inspection of the serosal surface
might be normal. The inability to palpate the mesentery to appreciate the pres-

fence or the absence of arterial pulsation is another disadvantage of
laparoscopy in the early diagnosis of mesenteric ischemia [4, 10−13].

However, other important changes of the ischemic bowel such as edema and
tcongestion of the bowel with patchy hemorrhages, dark peritoneal fluid or patent
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gangrene can be detected during the laparoscopic inspection of the bowel.
An experimental study performed on pigs suggests additional precautions

with the laparoscopic technique in order to enhance the intraoperative findings
in the early stage of mesenteric ischemia. The study described the use of ultra-

dviolet light and IV fluorescein dye to identify AMI. The fluorescein enabled
the identification of the viable fluorescent tissue against the characteristic
darkened silhouette of the ischemic bowel [14, 15].

Another factor limiting the application of laparoscopy is the effect of the
pneumoperitoneum on the mesenteric blood flow. A high intra-abdominal
pressure may result in a reduced mesenteric blood supply due to a decreased
pre-load with a subsequent fall in cardiac output. High intra-abdominal pres-
sure can also directly affect the aorta and its branches. The intra-abdominal
pressure should not exceed 10−15 mmHg [12]. Conscious precautions in this
direction enable a safe laparoscopic procedure in most cases.

9.5 Treatment

Once the diagnosis of AMI is made, treatment should be initiated without delay.
tWith the exception of NOMI, which requires primary medical treatment, most

cases of AMI need surgical intervention to restore blood supply to the bowel.
rThe presence of peritoneal signs generally indicates bowel infarction rather

than ischemia alone and mandates emergency laparotomy. Even in the absence
of bowel necrosis surgical intervention is often necessary to avoid irreversible
changes in bowel viability.

The resection of the ischemic bowel is the most common surgical proce-
dure in AMI. A satisfactory arterial pulse, a good vascular supply of the sec-
tion margins and the absence of intra-abdominal sepsis may confidently lead
to an immediate bowel anastomosis.

Intra-abdominal contamination, uncertain section margins, and overall
poor patient conditions generally contraindicate a bowel anastomosis. In these
circumstances the exteriorization of both bowel ends represents a safer surgi-
cal procedure.

A small number of patients with occlusive AMI, particularly in the pres-
ence of reversible changes, may benefit from other revascularization tech-
niques. Embolectomy, thrombectomy, endarterectomy, or bypass may precede
bowel resection in patients with occlusive AMI.

Massively extended gangrene is generally not treated surgically as it will
not lead to any significant improvement of the clinical condition [3, 9].

9.5.1 Possible Applications of Laparoscopy

Laparoscopy is a quick and easily applicable procedure. The shorter procedure
time is one of its advantages which should not be underestimated when the

9 Laparoscopy in Acute Mesenteric Ischemia 123



decision needs to be taken in a short space of time. In patients with severely
compromised status, laparoscopy is considered a safe procedure [3].

Acute abdomen on a background of acidotic status may arise from sever-
al causes. Laparoscopy should be advocated in those conditions as an essen-
tial tool for the differential diagnosis. ITU patients might not be able to sus-
tain surgical trauma and unnecessary laparotomies should be avoided. A large
percentage of these laparotomies have negative results or are nontherapeutic,
and a negative and nontherapeutic laparotomy can be associated with a mor-

tbidity rate as high as 5% to 22% [12]. Several studies [4, 5] have reported that
a laparoscopic evaluation can prevent unnecessary laparotomy in 25% to 50%
of these types of patients, as well as reduce the mortality rate in critically ill
patients. As a very frail group, critically ill patients should be given a chance
to avoid major surgical trauma which can be fatal in such poor clinical condi-
tions.

aIn addition, the possibility of performing a bedside laparoscopy draws a
line for a laparoscopic approach in patients requiring continuous hemodynam-
ic and respiratory intensive care support. The advantages of this technique
include avoiding the transport of critically ill patients, rapid diagnosis, avoid-
ance of ancillary tests and possibly low cost.

In a retrospective study carried out in the Intensive Care Unit of Texas
fEndosurgery Institute, Jaramillo et al. [5] reported the usefulness and safety of

bedside laparoscopy in 13 years of experience. The study included 13 patients
with a mean age of 75.5 years. All patients were under mechanical ventilation
and sedated in most cases. The laparoscopy was easily performed by using
local anesthesia and administration of i.v. sedation. The pneumoperitoneum
was established with a Verres needle and intra-abdominal pressure was main-
tained at 8−10 mmHg. The mean procedure time was 35 minutes. There was
no need of inotrope administration during the procedure. A total of 46% of the
patients were diagnosed with mesenteric necrosis and died within 48 hours
with no further testing and procedures. Instead 30% of patients had negative
laparoscopy, one patient was found with massive fecal contamination and he
died the same day. The remaining 15% of patients were found with acute acal-
culous cholecystitis. No intraoperative complications occurred.

The study mentioned above pointed out the importance of laparoscopy in
tthe differential diagnosis of intra-abdominal conditions. It also suggested that
runnecessary laparotomies should be avoided in critically ill patients as further

surgical intervention may not be life saving.
Another potential application of laparoscopy in the diagnosis of AMI

regards ICU patients. In the early postoperative period after major cardiac sur-
gery using extracorporeal circulation, abdominal complications can have seri-
ous consequences with a mortality rate of up to 70%. Early diagnosis and the
timely institution of therapy are the most important factors for improving the
outcome; however, clinical evaluation of the abdomen is difficult in these
patients [5].

A German study carried out in the Department of Surgery at Heidelberg
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University reports the accuracy of laparoscopy in detecting abdominal compli-
cations after cardiac surgery. The study was performed in 17 patients. In one
patient laparoscopy showed no abnormal findings. Six out of 17 patients were
found with ischemic right colon whereas five out of 17 were found with mas-
sive distension of the large bowel without ischemia on both laparoscopy and
laparotomy. Three patients suffered from acute cholecystitis, which was cor-
rectly diagnosed by laparoscopy in all cases. In one patient, laparoscopy
revealed fibrinous peritonitis without other findings. Open exploration failed
to identify the cause of the peritonitis in this patient. Laparoscopy showed no
pathologic findings in one patient, but laparotomy then revealed necrotizing
pancreatitis confined to the lesser sac. There was one laparoscopy-associated
intraoperative complication (6%) in this series [16].

9.5.2 Second-Look

In 1921 Cokkins [17], in describing AMI, reported that the diagnosis is impos-
sible, the prognosis hopeless and the treatment useless. In spite of great

aadvances in diagnostic techniques, surgical and non surgical reperfusion and a
better supportive intensive care, the mortality rate of AMI still remains high.
Several studies report a mortality rate of 59%−93% [4, 11]. Lack of pathogno-
monic symptoms and its subsequent late diagnosis limit the therapeutic
options to bowel resection with or without vascularization. Since the ischemic

fchanges can progress and involve the preserved bowel, the assessment of
bowel viability becomes imperative postoperatively. In mesenteric venous

fthrombosis even after resection of the necrotic bowel and the institution of
anticoagulation therapy the process of thrombosis may progress as the throm-
bus can involve branches distant to the ischemic segment [13].

In 1965 Shaw [18] introduced a second-look laparotomy to overcome the
difficulty in assessing the adequacy of bowel resection during surgery. Initially
indicated after bowel resection followed by anastomosis or endarterectomy, as
well as other vascular procedures such as bypass, a second look nowadays still
finds wide application. The awareness of the potential onset of ischemic
changes in different segments in fact suggests its use in assessing bowel via-
bility when both ends have been exteriorized.

However, the timing of a second-look procedure is unclear particularly in a
apatient with anastomosis. Yanar et al. [19] report the data collected after a
aplanned second-look laparoscopy in the management of AMI. In 13 patients, a

second-look laparoscopic examination performed 72 h post-operatively
revealed normal bowel viability, but in one patient intestinal necrosis was

tdetected. In two of the patients, a third operation was necessary to correct
anastomotic leakage. The overall complication rate was 42.8%, and in-hospi-
tal mortality rate was 57.1% (n=6) [19].

As the majority of anastomotic leakage occurs on the 3rd to 5th postoper-
ative days, a second-look can contribute to early detection of leakage and pre-
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kvent peritonitis. Unless earlier intra-abdominal sepsis occurs, a second look
operation should be performed within 48−72 h from the first surgical proce-
dure [19].

9.5.3 Laparoscopic Second-Look

In contrast to the limited use of laparoscopy in the early diagnosis of AMI, the
technique is becoming increasingly used as a substitute to the traditional sur-
gical second look approach. Although initially described as a traditional open
procedure, a second-look laparoscopy seems to have a wider application in

fselected patients. Since there are no predictive criteria to the progression of
bowel ischemia, a laparoscopic second-look could reduce severe unnecessary
anesthesiologic and surgical trauma which may prove detrimental in critically
ill patients. Unnecessary surgical second-look should be avoided in such cir-
cumstances.

A review of the literature from 1994 to date reveals that 19 procedures have
been reported to prevent 12 (68%) unnecessary laparotomies [5].

Anadol et al. [22] compared open and laparoscopic second-look procedures
in patients with mesenteric ischemia. In the first group (n=41), the abdomen
was closed and second-look laparotomy was performed in 23 patients. In the
second group (n=36), a 10-mm trocar was inserted before closing the abdomen
and second-look intervention was performed by a telescope in 23 patients.
Sixteen relaparotomies in the first group (70%) revealed nothing and were
unnecessary. Two patients (8%) in the laparoscopy group needed repeat resec-
tion while 20 patients (87%) were spared from unnecessary laparotomies. The
authors concluded that patients with mesenteric ischemia are ill enough to
deserve the minimal invasion spirit of laparoscopic surgery [22].

Second-look laparoscopy is described as a safe method to determine  fur-
ther bowel viability and it is associated with reduced general and access-relat-
ed risk. The fast progression of the disease and its subsequent devastating
bowel changes often require a decision to be taken in a short space of time.
Less risk and shorter time required to obtain the necessary information lead
most surgeons to consider a laparoscopic approach a valid second-look proce-

rdure compared to the traditional laparotomy. In addition, a shorter and lighter
anesthesia together with the opportunity of performing the procedure at the
bedside contribute to minimizing the risk of clinical deterioration in critically
ill patients. Moreover a reduced mortality rate can be achieved by shortening
the operative time which means less exposure to a surgical insult [5, 19, 20].

9.6 Conclusions

Acute mesenteric ischemia is an uncommon but severe disease which is always
associated with other systemic illnesses contributing to a poor prognosis.
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fDespite the advances in diagnostic methods the mortality rate remains high. If
mesenteric ischemia is clinically suspected, conventional imaging is preferable
over diagnostic laparoscopy in defining therapeutic management (GoRC) [10].

Intravenous contrast CT scan and angiography still remain the gold stan-
dard for early diagnosis of acute mesenteric ischemia. However, in selected
patients where the application of conventional radiologic methods is not feasi-
ble, laparoscopy may represent an alternative diagnostic choice. 

Undoubtedly, laparoscopy has a relevant diagnostic role in critically ill
patients as further exposure to unnecessary surgical trauma may be responsi-
ble for the deterioration of their condition and subsequent death. Laparoscopy

aplays an important role in the diagnosis of nonocclusive mesenteric ischemia
d(NOMI), since angiography in many circumstances can prove inconclusive and
tthe diagnosis often relies on the appearance of the bowel. An important aspect

of laparoscopy regards the possibility of performing the procedure at the bed-
side if the patient is not transportable and requires intensive care support.

Laparoscopy may be recognized as an important diagnostic tool to assess
bowel viability in patients who have undergone cardiac surgery [16]. Due to the
disadvantages of the technique, which limits its application to selected patients,
laparoscopy still has not been fully recognized in the early diagnosis of AMI. In
contrast, interest is increasing in second-look laparoscopies. Several published
data in fact suggest a reduced mortality rate by using laparoscopy [21]. Second-
look laparoscopy has been repeatedly shown to be a safe alternative to laparoto-
my. The simplicity and ease of laparoscopy may encourage its wider application
to benefit more patients. An increasing use of existing methods such as IV fluo-
rescein and the contribution of new technologic tricks may in the near future see
its application in the early diagnosis of AMI.
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10.1 Introduction

There are situations and emergency conditions of women of reproductive age
that a general surgeon might be faced with during his/her practice. While
many gynecologists are able to treat appendicitis and perform appendectomies
(it is worth remembering that the first laparoscopic appendectomy was per-
formed by the German Gynaecologist Kurt Semm) [1], no experienced gener-
al surgeon in his or her career has escaped treating women for gynecologic
diseases discovered during surgery performed for suspected appendicitis.

The literature shows that on average expert surgeons make a correct diag-
nosis for appendicitis in 80% of cases, while young surgeons fail to diagnose
it in up to 50% of cases. The percentage of wrong diagnoses increases when
dealing with women of reproductive age [2].

The use of laparoscopy, especially in emergency settings, allows surgeons
to easily explore the entire abdominal and pelvic cavity [3−7]. In the presence
of a clear surgical diagnosis − such as appendicitis − the surgeon must not for-
get to perform an accurate assessment of the patient’s pelvic structures, eval-
uating the status of the ovaries, uterine tubes and uterus in an attempt to iden-
tify possible pathologic findings.

The main gynecologic conditions that may present to the general surgeon in
an emergency scenario are pelvic inflammatory disease (PID), ovarian diseases,
ectopic pregnancy and acute endometriosis. Another important chapter is chronic
pelvic pain (CPP), caused by a number of conditions such as pelvic adhesions.
One of the most important consequences of CPP is infertility and intestinal
obstruction, which fall in the realm of both the surgeon and the gynecologist.



b i d l i i10.2 Obstetric and Gynecologic History

In cases of pelvic pain, taking a thorough patient history is mandatory prior to
physical examination. The obstetric history is important, particularly if the

awoman has suffered a late miscarriage, ectopic pregnancy or undergone a
Cesarean section. The number and outcome of all pregnancies should be noted
together with eventual complications suffered such as abortion, prenatal and
postnatal infections (endometritis) and thromboembolism. The gynecologic
history should focus on conditions such as pelvic inflammatory and infective
processes which are relatively common in women of reproductive age.

Previous surgical interventions such as laparoscopy, hysteroscopy, surgical
and medical termination of pregnancy, particularly if recent, have to be taken
into careful consideration.

The patient’s menstrual history should be checked completely, gathering
information relating to her menarche (first menstruation), menstrual cycle pat-
tern and menopausal symptoms. The date of her last menstruation should be
recorded as well. The surgeon should enquire as to whether the woman has
used any contraceptive methods and their nature.

A delay in the menstruation should lead the surgeon to suspect an ectopic
pregnancy, even when the urine pregnancy test result is negative. In such cir-
cumstances a serum beta-hCG evaluation would confirm or exclude the diag-
nosis of a pregnancy. An ectopic pregnancy should also be suspected in the
presence of a positive pregnancy test where an intrauterine contraceptive
device (IUCD) or oral contraception has been used.

aPrimary amenorrhea is defined as the absence of a menstrual period in a
fwoman of 16 years of age. Secondary amenorrhea is defined as the cessation of

menstruation for at least 6 months or for a period longer than three of her pre-
vious cycles. Other irregularities in the menstrual cycle should be recorded. 

The average age at which menarche takes place is 12.5 years. In the first 2
years menstruation cycles can be irregular in intensity and length. The men-
strual cycle usually lasts approximately 28 days, with a normal range of 23−
35 days. Weight, diet, stress, exercise and drugs can all affect the menstrual
cycle pattern. The menstrual cycle can be modified by drug therapies. Drugs
that may induce amenorrhea are metoclopramide, ulcer healing drugs such as
H2-receptor antagonists (ranitidine, cimetidine), antipsychotics, barbiturates,
anxiolytics and steroids. Drugs associated with prolonged periods are non
steroidal anti-inflammatory drugs (NSAIDs), parenteral anticoagulants (stan-
dard, unfractionated and low molecular weight heparin) and oral anticoagu-
lants (warfarin). Menstrual cycle anomalies can be a sign of systemic diseases
such as coagulation, endocrinologic and metabolic disorders. 

Vaginal bleeding can be present in newborn girls. Early signs of puberty
such as breast development should be sought. Detecting the presence of small

ffollicular cysts through ultrasonography (US) may strengthen the suspicion of
an early onset of puberty.
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li i l i i d b i i10.3 Clinical Examination and Laboratory Investigations

tClinical examination can confirm or refute a diagnosis suggested by the patient
history. Generally a painful abdomen with localized or widespread tenderness,
rebound tenderness and, reduced bowel movements should be considered a sur-
gical problem. Urgent hematologic and abnormal ultrasound will help to estab-
lish the correct diagnosis. The clinical assessment must always be completed by
checking for hernias in the groin or in the site of previous surgery.

Rectal and vaginal examination should not be unduly painful and the rea-
son for performing it must be explained to the patients. The presence of addi-
tional medical or paramedical staff during this type of examination is impor-
tant to ensure that the patient’s rights are respected and to prevent any subse-

fquent medicolegal problems. Obtaining patient consent or parental consent of
pediatric patients is paramount. The vaginal examination should be avoided in
very young patients and in those with virgo intacta.

The physical examination will include palpating the cervix, the uterus and
the adnexa. Local tumor, fluid collection and signs of pelvic and peritoneal
tenderness will be searched for. Signs of tenderness may indicate the presence
of inflammations and infections and suggest peritonitis.

Considering the medicolegal implication, it is advisable to seek gynecolo-
gist assistance whenever a gynecologic disease is suspected and if an accurate
gynecologic examination has to take place. Unfortunately this may not always
be possible, particularly during emergencies, and if this is the case the gener-
al surgeons should be able to conduct an accurate gynecologic assessment.

tThe use of a gynecologic examining couch is preferable to allow correct
patient positioning and a good light source is essential. If the examining couch
is not available, the patient should be made to lie supine, with the hips and
knees flexed and the heels close together. Abduction of the thighs allows ade-
quate access to the external genitalia.

Laboratory investigations should include a full blood count. The red blood
cell count and hematocrit will give information on possible anemia.
Leukocytosis is always present in cases of infections and inflammations such
as salpingitis, PID and pelvic abscesses. It is also often present in the initial
stages of an ovarian cyst rupture and in ovarian torsion. Blood cross-matching
is advisable before surgery.

Likewise the clotting screen is also necessary in the presence of heavy
blood loss or if acute anemia is suspected. The serum human chorionic
gonadotropin (beta-hCG) should be urgently tested, particularly in women
with irregular menstrual cycles or those using contraception. The serum beta-

thCG test should be carried out even when a negative urine pregnancy test
result has been obtained, due to a false negative rate of 5%.

Testing for CA-125 is not required in an emergency setting. However it is
worth knowing that a raised CA-125 is a specific marker of peritoneal reac-
tions. Levels can be elevated up to one hundred times in endometriosis and
pregnancy and a thousand times in ovarian cancer.
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l i i10.4 Most Common Gynecologic Emergencies

The most common gynecologic emergencies causing acute pelvic pain are
reported below:
1. PID: acute salpingitis, tubo-ovarian abscess;
2. Ectopic pregnancy;
3. Adnexal-ovarian torsion;
4. Ovarian cyst; cyst ruptures (luteal cyst, functional cyst, Mittelschmerz syn-

drome, endometriomas, cystic teratomas);
5. Endometriosis;
6. Chronic pelvic pathology: chronic appendicitis, endometriosis, pelvic

adhesions, Fitz-Hugh-Curtis syndrome;
7. Gynecologic pelvic trauma.

10.4.1 Pelvic Inflammatory Disease: Acute Salpingitis,
Tuboovarian Abscess

PID is the term used to describe an inflammatory status of a woman’s repro-
rductive organs, often secondary to a sexually transmitted infection of the lower

and upper genital tract. The infection can develop in the uterine tubes (salpin-
gitis), ovaries (oophoritis), endometrium (endometritis), the peritoneum sur-
rounding the reproductive organs (peritonitis) or a combination of these. PID
can develop mono or bilaterally in the pelvis, but in the former will soon
spread widely in the lower pelvis. 

Among the most serious complications are tuboovarian abscesses causing
permanent damage with the formation of hydrosalpinges and tubal blockage
[8, 9]. Infertility is a long-term risk for a patient with a history of PID. A sin-
gle episode of PID causes tubal damage and consequent infertility in 15−20%
of patients with an eight times increased risk of having an ectopic pregnancy.
As many as 50% of women will have permanent tubal damage after three
episodes of PID [10, 11].

PID mostly affects sexually active women between the ages of 15 and 24
years, and in 30% of cases they are younger than 20 years of age. About two
in every 100 women develops PID per year, although this figure may underes-
timate the real number as many women with PID experience few or no symp-
toms. Most cases of PID are due to microorganisms transmitted through sexu-
al intercourse. In Western countries Chlamydia trachomatis ris responsible for
60% of all cases of PID, while Neisseria gonorrhoeae accounts for 15%.
Mycoplasma and other anaerobic bacteria might also be the cause of PID.
About 10% of all PID cases are due to a dual infection with both C. trachoma-
tis and N. gonorrhoeae. In developing countries tuberculosis, puerperal sepsis
and infections following abortion are also important etiological causes [12].

aSometimes the infection that leads to PID may start as a result of bacteria
introduced into the vagina or upper genital tract during a surgical intervention
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for miscarriage, or during uterine instrumentation such as endometrial biopsy,
fcervical smear test, fitting of an IUCD or investigations to assess the status of
ttubal patency, such as hysterosalpingography and chromoperturbation at

laparoscopy. In other cases the infection is transmitted through contact with
dpelvic organs that are located close to the site of, for example, appendicitis and

diverticulitis.
The symptoms of PID are nonspecific and include pyrexia (often above 38 °C),

abdominal guarding, paralytic ileus, nausea, vomiting and oliguria. The pain is
often acute and localized in the lower abdominal quadrants and the pelvis. It
often radiates towards the back, the sacrum and down to the root and along the
legs.

Abdominal and pelvic examination helps to make a diagnosis. The vaginal
examination often highlights a pelvic mass in the adnexal areas. Cervical pal-
pation causes acute pain known as cervical excitation. At speculum examina-
tion copious and abnormal discharge is often revealed. Bacteriologic testing
must be done to make a correct diagnosis and ensure the correct pharmacolog-
ic treatment is given. A urinary tract infection might also be associated with
PID. Peritonitis may ensue when the infection has spread to the peritoneum.
Blood tests will show leukocytosis with high neutrophilia, raised erythrocyte
sedimentation rate (ESR) and increased levels of C-reactive protein (CRP).

rAlthough laparoscopy could be considered the gold standard investigation for
rPID, as it allows the targeted collection of intraperitoneal specimens for

microbiologic investigation, it fails to highlight macroscopic diseases in 15−
30% of cases. On the other hand, laparoscopy helps to exclude other differen-
tial diagnoses.

Bacteriological tests of the vaginal, endocervical, and peritoneal secretions
should be performed whenever possible to maximize the chances of reaching
a definitive diagnosis.

The US evaluation can highlight the presence of pelvic fluid collections
and tuboovarian abscesses. A magnetic resonance imaging scan is of limited
value in the diagnosis of PID. As there is no specific test for PID, its diagno-
sis is made through the presence of symptoms and through gynecologic exam-
ination. A clinical suspicion of PID has a low sensitivity and specificity with
a positive predictive value ranging between 65−90%.

Pharmacologic treatment with a combination of at least two antibiotics
must be started immediately. Screening and treatment for sexually transmitted
diseases should be advised to the patient’s partner. In mild forms of PID an
oral antibiotic therapy based on metronidazole and ofloxacin 400 mg, twice a
day for 14 consecutive days can be administered. Alternatively, a single intra-

tmuscular dose of ceftriaxone 200 mg can be used followed by oral treatment
of doxicycline 100 mg for 14 days and metronidazole 400 mg twice per day.

In severe cases of PID hospitalization is necessary and intravenous (IV)
antibiotic therapy must be administered for at least 48 hours. The simultane-
ous use of 2 g of cefoxitin, three times per day and of doxicycline 100 mg
twice per day, administered orally or IV, must be followed by at least a 14-day
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treatment with doxicycline 100 mg and metronidazole 400 mg twice a day. An
alternative therapy is the intravenous use of clindamycin 900 mg and gen-
tamycin 1.5 mg per kilogram of weight, three times per day until the fever dis-

rappears, followed by 14 days of therapy with metronidazole 400 mg twice per
day or clindamycin 450 mg four times per day, both orally.

In some cases, especially when the symptoms do not diminish and when
US highlights one or more pelvic abscesses, which occurs in 30−40% of cases,
a surgical lavage is required to allow the drainage of the infected collections.
At surgery adhesiolysis and excision of necrotic tissue can be performed
together with an accurate irrigation and washing of the pelvic cavity [13]. The
risk of spreading purulent infective materials in other abdominal areas is
always present and could lead to a painful postoperative abscess. In most cases
the drainage of a pelvic abscess during PID can be accomplished by
laparoscopy or under ultrasound guidance, but in cases of ruptured tuboovari-
an abscesses surgery is compulsory.

It is important to highlight that the clinical scenario is often confused with
that of acute appendicitis. The simultaneous presence of an intrauterine preg-
nancy excludes the possibility of PID, except when septic abortion occurs. 

Lastly, in a woman with suspected PID the laparoscopic approach for the
diagnosis has the advantage of facilitating the exclusion of differential diag-
noses. The possibility to explore the whole pelvis and abdominal cavity and to
collect pathologic material make laparoscopy invaluable for an accurate diag-

tnosis and for establishing the targeted antibiotic therapy [14, 15]. The patient
and her partner’s follow up is important as PID often recurs. Bacteriologic

dscreening of cervical secretions or of the first midstream morning urine should
be repeated 3 months after the therapy is over to screen for Chlamydia.

10.4.2 Ectopic Pregnancy

tEctopic pregnancy is the leading cause of pregnancy-related death in the first
trimester, and it is a cause of significant morbidity. It is responsible for 10%
of maternal deaths.

The implantation of an embryo outside of the uterine cavity is called an
ectopic pregnancy. The incidence of an ectopic pregnancy is 1% of all preg-
nancies and has a high mortality rate of 1 in every 2700 cases in Western coun-
tries. In 80−90% of cases the embryo is implanted in the tube ampullary
region, and it decreases in order in the isthmic (5−10%), fimbrial (5%) and
interstitial (corneal) region (1−2%). Seldom might the pregnancy implant in to
the abdomen, ovary and/or cervix (Fig. 10.1).

Any condition that can cause a defective transport of the egg or embryo
rcould potentially cause an ectopic pregnancy. Among the main risk factors for

ectopic pregnancies are previous pelvic infections and inflammatory process-
es (PID, salpingitis, appendicitis or endometriosis), pelvic surgery, tubal sur-
gery (sterilization), a previous ectopic pregnancy, the presence of IUCD, estro-
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progestinic therapy and congenital anomalies.
The three main symptoms of ectopic pregnancies, namely, amenorrhea,

fpelvic pain and uterine bleeding are present simultaneously in about 50% of
cases. If hemoperitoneum occurs, then the pain can extend and radiate to the
shoulders, mainly the right one due to the subdiaphragmatic irritation of the
phrenic nerve. In a high percentage of cases the symptoms are subtle and the

tpelvic pain can vary in intensity and location. Menstrual delay is often absent
in the anamnesis and thus vaginal bleeding can be confused with the menstru-
al cycle.

The increased awareness of this problem amongst women as well as the
advanced diagnostic techniques that use more accurate diagnostic protocols,
such as US and laboratory algorithms with the assessment of beta-hCG and
plasmatic progesterone, have allowed medical professionals to make a diagno-
sis much earlier.

The possible consequences of an ectopic pregnancy range from sponta-
neous abortion, which generally happens in the initial stages, to the pregnan-
cy rupture, often with tubal perforation. The latter is potentially fatal for the
patient as it is accompanied by hemorrhage. Such serious complications can
either occur gradually with mounting symptoms, or acutely through massive
hemorrhage and hemodynamic shock.

aThe diagnosis is not always straightforward as it may be confused with a
spontaneous abortion, salpingitis, appendicitis or ureteral/renal colic. Its diag-
nosis is made through an accurate collection of previous medical and surgical

ahistory, the menstrual history and clinical observation. A menstrual delay, a
positive pregnancy test, either urinary or serum beta-hCG levels, and the pres-
ence of an empty uterine cavity at US strongly suggest the presence of an
ectopic pregnancy. The three typical US signs of ectopic pregnancy, i.e. an
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empty uterine cavity, adnexal mass and free pelvic fluid, are seldom present in
the first 5 weeks of pregnancy.

The diagnostic process in haemodynamically stable patients with a suspect-
ed ectopic pregnancy should include the assessment of the serum beta-hCG. A
level of 1800 mIU/mL is usually compatible with a visible intrauterine preg-
nancy by transvaginal ultrasound, while a level of 6000-6500 mIU/mL is nec-
essary for an intrauterine pregnancy to be seen by abdominal route.

10.4.2.1 Treatment Option of an Ectopic Pregnancy
If the patient is hemodynamically stable, a conservative approach can be used.
The serum beta-hCG should be repeated 48 hours from the first sample. An
increase of the serum beta-hCG to more than 66% in 48 hours is associated in
85% of cases with intrauterine pregnancies, as opposed to 13% of ectopic
pregnancies.

Dosing plasmatic progesterone is also useful for the diagnosis of pregnan-
cies in the first 6 weeks. A value lower than 5 ng/mL (16 nmol/L) is always
associated with an abortion, both intra- or extrauterine [16]. In an acute preg-
nancy rupture with the presence of hemoperitoneum an immediate abdominal
exploration is required.

The optimal surgical management for a patient with an ectopic pregnancy
is dependent on various factors. The patient’s age, medical or surgical history
and desire for future fertility must be considered together with previous histo-
ry of an ectopic pregnancy or PID. The size of the pregnancy and the condi-
tion of the uterine tube involved should also be evaluated. If the tube involved
is ruptured it can rarely be salvaged as the damage occurred is often irre-

rversible. An unruptured ectopic pregnancy in a uterine tube could on the other
hand be treated by salpingostomy or salpingotomy (see below), consequently
preserving the organ. The condition of the contralateral tube should also be
considered as a perfect looking organ might suggest the removal of the affect-
ed one. The location of the pregnancy in the tube affects the successful out-
come of a conservative surgical approach (Table 10.1).

rIn an isthmic pregnancy, the endosalpinge is usually damaged and total or
partial salpingectomy is preferred over a more conservative approach. On the
other hand, a fimbrial pregnancy can be teased out and expressed through the
fimbrial end, hence preserving the tube. This conservative approach is often

tcomplicated by bleeding, persistent trophoblastic tissue and tubal damage that
may predispose to a further ectopic pregnancy. 

An interstitial (corneal) pregnancy is a very challenging condition. The
pregnancy grows in the segment of the uterine tube that enters the uterus. The
surrounding thick myometrial tissue allows for further development of the
pregnancy to an advanced gestational age, often into the second trimester.
Rupture of such an advanced pregnancy often presents with catastrophic
bleeding. The mortality rate of corneal pregnancies is 2% [17]. A ruptured
corneal ectopic pregnancy requires an immediate laparotomy and corneal
resection. A hysterectomy may be required for intractable bleeding in a severe-
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fly damaged uterus. Laparoscopic corneal resection using local infiltration of
vasoconstrictor agents to prevent heavy bleeding can be attempted in a small
ectopic pregnancy, if the patient is hemodynamically stable.

Although surgical management of corneal pregnancies is common, the use
of conservative medical treatment with methotrexate in an unruptured preg-
nancy under 10 weeks gestation has been shown to be a safer option, if carried
out under strict medical supervision [17].

Adnexectomy and salpingectomy are most frequently adopted when the
tube is not amenable to repair and in women who are not interested in preserv-
ing fertility. They can be executed through laparotomy or laparoscopy [18].
Salpingectomy is performed if the pregnancy has irremediably damaged the
tube, such as in isthmic pregnancies, and where there is uncontrollable bleed-

ring. The patient’s hemodynamic condition would need to be considered prior
rto deciding which type of surgical approach to apply, laparotomy or

laparoscopy.
Salpingotomy, partial salpingectomy and salpingostomy are conservative

approaches and should be attempted in women wishing to conceive. The type
of surgery will depend on the location of the ectopic pregnancy and on the
damage that has occurred.

Salpingotomy (where the serosa defect in the uterine tube is closed with
afine, non-reactive, interrupted sutures) or salpingostomy (where the serosa

defect in the uterine tube is left open so that it can close by secondary inten-
tion) have almost equivalent success with regards to future fertility. Both can
be carried out when the tube is not overly dilated (some state less than 2.5 cm
in diameter) and when the pregnancy is located in the final part of the ampul-
la or next to the fimbriae.

rElectrosurgery can be used to make the incision using an electroscalpel or
point diathermy on the anti-mesenteric aspect of the tube, above the swollen

aarea. The length of the incision should be about half that of the swollen area
of the tube, and enough to allow for the complete removal of the gestational
sac. Before making the incision the area can be infiltrated with 3− f5 mL of
diluted vasopressin, (1U per 10 mL of normal saline), which gives the advan-

ttage of separating the tubal serosa from the muscle layers. The material that
has to be removed looks like a blood clot.
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Table 10.1 Conservative
procedures for ectopic 
pregnancy

Salpingotomy

Milking

Tubal washing

Segmental resection

Salpingectomy

Adnexectomy

Laparoscopic injection of methotrexate or other drug



Special attention has to be made to adequately treat the trophoblast implan-
tation site to avoid undesired bleeding. The removal has to be careful not to
leave parts of the pregnancy remaining and for this aspiration-irrigation can be
a useful technique. The incision can be either left open to heal spontaneously
as in salpingostomy, or sutured as in salpingotomy by using 2−3 separated, non
absorbable sutures 4-0 involving the full thickness of the serous-muscular lay-
ers. Alternatively the serosa alone can be sutured. The functionality of the tube
seems substantially similar in both treatments [19]. When the ectopic pregnan-
cy takes place in the isthmic region, a partial salpingectomy can be executed
and subsequent microsurgical anastomosis of the two end parts can be carried
out at a later time once the ectopic pregnancy has resolved. It is important to
consider that the surgical conservative treatments have a risk of retention of tro-
pphoblast tissue ranging from 3−18%. To this end, serial determination of serum
beta-hCG following surgery are necessary until the level reaches zero.
Conservative surgical treatments have the advantage, compared to salpingecto-

fmy [20], of reducing tissue damage and adhesions, thus reducing the risk of
recurrences and therefore have a better prognosis for future fertility.

rConservative medical treatment with methotrexate has gained popularity for
the treatment of selected cases of ectopic pregnancies. The drug can be used both
systemically and locally, directly injected in to the site of pregnancy by
laparoscopy or laparotomy. The results in relation to pregnancy resolution and
subsequent fertility are good and similar to those of salpingostomy and salpin-
gotomy. The following selection criteria are paramount for the likelihood of suc-
cess: the absence of hemoperitoneum, a diameter of the intact ectopic pregnan-
cy of less than 3.5 cm at US, the absence of a fetal heart beat during US and a
serum beta-hCG of less than 5000 IU/L. In these cases a single 50 mg intramus-
cular dose of methotrexate per square meter of body surface is associated with
85− f94% of successes in pregnancy resolution. Undesired side effects of
methotrexate therapy include stomatitis, an increase in transaminases, gastroen-
teritis, anemia and transitory thrombocytopenia. Patients failing to react to the
methotrexate treatment may need to undergo surgery [19].

All the surgical treatments of ectopic pregnancies described above can be
carried out through laparoscopic techniques. An essential requirement for this
approach is hemodynamic stability and the absence of specific hemocoagulative
or anesthetic contraindications. The location and features of the pregnancy may
also be a relative contraindication to the laparoscopic approach, such as a preg-
nancy in the broad ligament, especially if is complicated by a rupture, intersti-
tial (corneal) pregnancies larger than 4 cm and the presence of significant pelvic
adhesions. The laparoscopic approach delivers immediate benefits and a reduc-
tion in economic disadvantages due to the decreased hospitalization time
required and reduced patient morbidity (Table 10.2) [21].

Among the laparoscopic instruments used bipolar electrocoagulation is
preferred to monopolar electrocoagulation to safely secure hemostasis in the

rmesosalpinge prior to sectioning the specimen. Monopolar point diathermy or
scalpel allows a more precise incision above the pregnancy and is therefore
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favored during salpingotomy and salpingostomy. A suction irrigation device is
also essential. The ectopic and other specimens must be extracted, with the
help of an endoscopic bag through the 10 mm trocar to avoid spreading the tro-
phoblast with high implantation capacity into the abdominal cavity. Finally,
the uterine cavity should not be instrumented until the diagnosis is certain. The
external manipulation of the uterus through laparoscopic tools is possible and
it does not have any effect on a possible intrauterine pregnancy.

10.4.3 Adnexal-Ovarian Torsion

Adnexal torsion is an uncommon cause of pelvic pain and typically involves
the ovary and/or uterine tubes. Adnexal torsion is mainly associated with dis-
eases such as ovarian and fimbrial cysts and hydrosalpinges that cause an
increased weight and imbalance of the adnexa (Fig. 10.2). The torsion often
involves both the tube and the ovary and is more frequent (up to 60%) in the
right side (Fig. 10.3) [19]. In 20% of cases it occurs during early pregnancy,
probably due to the enlarging luteal cyst and variation in the ovarian density

k[22]. Previous surgery, in particular tubal sterilization, also increases the risk
of adnexal torsion [23].

A sudden onset of acute pelvic pain that may become intermittently worse
over a few hours is usually typical. The pain starts unilaterally and might
spread all over the pelvis after a few hours. It is often associated with nausea,
vomiting, leukocytosis and fever. US, both transabdominal and transvaginal,
will help the diagnosis and possibly suggest the need for surgery. At US the
ovary will appear enlarged. Color-Doppler if available can highlight a reduc-
tion in the vascular flow in the twisted vascular pedicle. About 75% of cases
can be managed conservatively.

Immediate surgery will not only confirm the diagnosis but might also
timprove the prognosis. The laparoscopic approach should be favored as it

allows both conservative treatment, by the uncoiling of the coiled pedicle
(detorsion) [24, 25], and adnexectomy if necessary. The uncoiling of the coiled
pedicle can be followed by a partial or total recovery of the color of the ovary
and tube, indicating a restoration of vascular flow. A color ranging from pur-
ple-violet to grey-light blue or black means that the adnexa is irreversibly
compromised (gangrene) and adnexectomy is the only solution.
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Table 10.2 Laparoscopic vs. open treatment of an ectopic pregnancy

Hospital stay Lower with laparoscopy

Operative time Lower with laparoscopy

Return to normal activity Earlier with laparoscopy

Fertility No difference

Retention of trophoblast No difference



The tools generally used in laparoscopic adnexectomy are monopolar scis-
sors or bipolar dissectors. The modern endoscopic suturing devices make the
removal of the torsed pedicle easy and safe. Special attention should be paid
to the preliminary identification of the ureter that crosses the bifurcation of the
common iliac artery in proximity of the ovarian pedicle and can therefore be

reasily injured. Large and unsuspicious adnexal cysts might be aspirated prior
to their surgical removal to make the tissue manipulation easier. The simple
detorsion of the adnexa is sometimes sufficient and no other surgical interven-

ttion may be necessary. The success is directly dependent upon the speed at
which the diagnosis is made and the intervention is undertaken.

In cases of recurrent torsion or when malformations causing the torsion are
present, oophoropexy (stabilization of the adnexa by suture at the pelvic side
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Fig. 10.3 Specimen of a dermoid
cyst with differentiated ectoder-
mic tissues

Fig. 10.2 Intraoperative view of
adnexal torsion



wall) can be performed to avoid it reoccurring. The shortening of the utero-
fovarian ligament by plication and suturing is also used to minimize the risk of

further torsion.

10.4.4 Ovarian Cyst; Cyst Ruptures (Luteal Cyst, Functional Cyst,
Mittelschmerz Syndrome, Endometriomas, Cystic Teratomas)

Ovarian cysts are usually asymptomatic and are often an incidental finding
during investigation or surgery performed for another reason. If symptomatic
then lower abdominal pain is the most common symptom, with pain being

tsharp, intermittent, sudden and severe. A sudden onset of pain may suggest
cyst rupture, but more serious etiologies, including adnexal torsion, appendici-
tis (with or without perforation) and ectopic pregnancy must be considered.
Nausea and/or vomiting are associated as non-specific symptoms. Vaginal
spotting and irregular menses may occur due to hormonal imbalance in the
functional or luteal cysts. Other vital signs associated with ovarian cysts are
usually normal or mild fever and tachycardia may be present. Abdominal ten-
derness is usually unilateral in the lower quadrant and can be severe. Ovarian
cysts complicated by adnexal torsion, inflammation, necrosis and hemorrhag-
es may be complicated further by hypovolemic shock. Histologic classification

rof ovarian cysts according to their frequency shows: functional (follicular or
luteal) cysts, endometriomas, cystic teratoma, serous cystadenoma, mucinous
cystadenoma and cancerous cystadenoma [19].

Follicular and luteal cysts are normally found in women of reproductive
age and are commonly detected during routine surgery or ultrasound. In post-

fmenopausal women ovarian cysts are also common, but the incidence of
malignant cysts is greater compared to that of pre-menopausal women. US and
cancer markers (CA-125) are very useful for an accurate diagnosis and for sur-
gical planning. In emergency cases the lack of some diagnostic data would ini-
tially require conservative treatment.

Follicular cysts are the result of an ovulatory failure with subsequent con-
tinuous follicular growth. There can be multiple cysts present in both ovaries.

aFrom the ultrasound perspective they appear more often as unilocular with a
simple non echogenic structure. They are often incidentallydetected by chance
and symptoms are rarely acute unless they are causing ovarian torsion.

Luteal cysts are caused by the lack of regression of the corpus luteum in
the late luteal phase of the menstrual cycle. They are generally well vascular-
ized and can bleed during removal or spontaneously, causing hemoperi-
toneum. 

In the differential diagnosis between benign and malignant disease, US
plays a major role. Sinister ultrasound signs are septa, solid or complex intra-
cystic components, papillary and fungating growth. Recently the use of color-
Doppler has allowed a further characterization of malignant features of ovari-
an cysts such as low vascular resistance associated with high blood flow.
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Fig. 10.4 Rupture of an endometriosic cyst

Endometriomas can be recognized by their typical dark color and the
chocolate fluid like content (Fig. 10.4). Preservation of the ovary during sur-
gical removal of endometriomas should be attempted, in particular if the
patient wishes to conserve her fertility. Surgical treatment options include

tovarian cystectomy, which is the intact removal of the cyst, or more often cyst
aspiration, cyst wall stripping and oophorectomy. Surgery can be performed
either by laparotomy or laparoscopy.

During ovarian cystectomy the ovarian wall can be left in place or sutured
with continuous or separated non reactive suture material 3-0 or 4-0. Suturing
has however been known to cause periovarian adhesions [19] and should there-

tfore be avoided unless used for hemostatic purposes. Cauterization of the cyst
wall to reduce the chance of recurrence must be limited to reduce the damage
to the normal ovarian stroma and to its vascularization.

Surgical removal of cystic teratomas carries additional risks compared to
other benign ovarian cysts. The material contained in such cysts, if spilled
within the abdominal cavity, may give rise to chemical peritonitis. These cysts
should be removed intact with the use of intraperitoneal bags accurately insert-
ed and prepared in the abdominal-pelvic cavity to avoid the intracystic mate-
rial spreading.

fUnfortunately in an emergency setting, a complete preoperative work-up of
the malignancy potential of the ovarian cyst is seldom possible, yet in situa-
tions when the operation can be delayed a serum CA-125 level should always
be obtained. It is worth noting that serum CA-125 is still within normal limits
in 50% of Stage I ovarian cancers, where the cancer has not yet spread to and
beyond the ovarian capsule. During surgery adnexal masses that appeared
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fixed, irregular or solid, as well as the presence of ascites should raise the sus-
picion of malignancy (Table 10.3).

10.4.5 Pelvic Endometriosis and Endometriomas

Rokitansky in 1860 described endometriosis as the presence of active endometri-
al tissue outside the uterine cavity, including tubes, ovaries, pelvic peritoneum,
uterosacral ligaments, rectovaginal space, vagina, bladder, intestine, etc.

During menstruation these ectopic tissue areas undergo changes such as
edema and bleeding, causing symptoms like acute pelvic pain, dysmenorrhea,
dyspareunia, signs of peritoneal irritation, dyschezia, rectal pain and bleeding,
each being dependent upon the location of endometriosis. Chronic symptoms
with acute bouts of pain are characteristics of endometriosis affecting the
ovaries with bleeding, torsion or rupture of an endometrioma.

rApart from the clinical evaluation, diagnosis is helped by transvaginal or
transabdominal US and by MRI. Laparoscopy is the gold standard to evaluate
pelvic endometriosis as it allows the collection of histologic specimens need-

ted to confirm diagnosis. Deep infiltrating or subperitoneal endometriosis is not
always visible at laparoscopy and MRI can therefore be helpful in such condi-
tions. Laboratory investigations are restricted to serum CA-125 which usually
increases to values of up to 100−200 IU/mL, but is not useful for the diagno-
sis. The role of CA-125 is limited to the follow-up of recurrences.

Medical treatment with NSAIDs reduces the production of local
prostaglandin, therefore reducing inflammation but more importantly reducing
the pain. The medical treatment of endometriosis consists of ceasing ovarian
estrogen production. Estroprogestinic preparations are the most useful drugs
as they can be used for months if common contraindications such as obesity,
breast cancer, smoking and high blood pressure do not exist. The effectiveness

tof the progestogens medroxyprogesterone acetate and norethisterone are just
as good as the common estroprogestinic preparation used for contraception.
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Table 10.3 Surgical management of adnexal masses in adolescents

Laparotomy

High suspicion for malignancy

Large cysts

History of or risk factors for abdominopelvic adhesions

Hemodynamically unstable patient – hypovolemia

Significant cardiopulmonary disease 

Morbid obesity

Laparoscopy

Minimizing the risks of subsequent infertility resulting from pelvic adhesions

Every effort should be made to conserve ovarian tissue



aMedical treatment by danazol or a GnRH analog are also very effective as a
means of stopping ovarian function and estrogen production, but are associat-
ed, due to hypo-estrogenization, to undesired side effects including osteoporo-

fsis, vaginal dryness, hot flushes and other vasomotor symptoms. The use of
danazol or a GnRH analog if protracted for more than 6 months should be
associated with an estroprogestinic preparation (contraceptive pill or tibolone)
to reduce the menopausal symptoms, osteoporosis and fracture risk. The med-
ical treatment is only effective in minimal endometriosis while moderate and
severe forms need to be treated by surgery.

Surgical treatment consists of trying to remove as much endometriotic tis-
sue as possible. It is rare to perform emergency surgery for pelvic pain exclu-
sively due to endometriosis, unless it is secondary to an operation performed

rfor hemoperitoneum due to an ovarian cyst rupture (endometriomas) or for
suspected appendicitis. At surgery the removal of endometriosis requires care-
ful manipulation of the organs involved. A careful approach needs to be
applied during surgery for endometriosis infiltrating the serosa of the bowel,
above the urethra and bladder and above major blood vessels.

Laparoscopy allows a mapping of the disease and the collection of materi-
fal for histology that will eventually confirm the diagnosis. Surgical staging of

endometriosis consists of a scoring to be attributed to each site, localization
and extension of the lesion. The most commonly used scoring system suggest-
ed by the American Fertility Society helps in the evaluation of patient fertility
prognosis [20]. 

tIn young women, surgical treatment of ovarian endometriosis must not
compromise the reproductive function of the ovary and electrosurgery should
be minimally used. The laparoscopic approach, is favored compared to open
surgery as it allows clearer visibility and access to the pelvic cavity and
reduces the postoperative morbidity and prolonged hospital stay.

It is important to remember that the endometriotic tissue has the capacity
to implant and therefore careful peritoneal cavity washing and adequate

fremoval of the surgical specimens should be performed to reduce the risk of
tdistal implant on scars and trocar access points. This peculiarity similar to that

of cancerous tissue has been described in a large number of case reports in the
scientific literature [26].

10.4.6 Chronic Pelvic Pain: Chronic Appendicitis, Adhesions,
Colon-to-Sidewall Adhesions, Fitz-Hugh-Curtis Syndrome 

Chronic and recurrent pain in the pelvis or in the right iliac fossa deserves to
be dealt with separately. Pain can sometimes be acute and sometimes show
subocclusive symptoms which often require periodic hospitalization. In these

rcases the laboratory and radiologic investigations are essentially normal or
minimally significant. These patients are often discharged from hospital with-
out a clear diagnosis. 
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Some of those patients will undergo emergency surgery for suspected
fappendicitis immediately after readmission or after a period of observation if

the symptoms do not subside, only to have the suspected diagnosis uncon-
firmed by the findings at surgery.

The use of the laparoscopic approach in such cases makes the diagnostic
evaluation less traumatic and the treatment specifically targeted for the
patient’s condition. In these forms of undiagnosed pelvic pain where surgery
is not only a therapeutic, but also a diagnostic tool, a preoperative strategy
should be agreed with the patient. In particular the surgeons should discuss
with the patient the surgical steps that will be taken in all possible scenarios.
The surgeons must explain the reason for the possible removal of an appendix
which is not apparently inflamed, or the surgical steps that would be undertak-
en should they be confronted with other disease, i.e. adhesions, adnexal

tpathologies, Meckel diverticulum etc, and obtain the patient’s written consent
to these treatments.

The greatest advantage of laparoscopy over open surgery is probably the
possibility to explore the entire pelvic and abdominal cavity. Acquired or con-
genital adhesions such as the colon to sidewall adhesions (Fig. 10.5) cannot be
demonstrated with traditional abdominal incisions such as the McBurney’s
incision, used for suspected appendicitis. On the other hand, during
laparoscopy the set pneumoperitoneum tension between the abdominal wall and
the viscera allows visualization and access to these types of adhesions. The
increasing use of laparoscopy has demonstrated the so-called lcolon to sidewall
adhesions to be present in up to 90% of women with chronic pelvic pain.

Adhesions secondary to surgery are an important cause of infertility [28,
34] and in gynecology the use of anti-adherence barrier solutions have become
routine as a preventive measure in such patients [27].

The Fitz-Hugh-Curtis Syndrome is characterized by inflammation of the
liver capsule or diaphragm due to ascending PID. Referred to as perihepatitis,
it causes the formation of adhesions called violin string between the liver cap-
sule and the anterior abdominal wall or diaphragm (Fig. 10.6).
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Fig. 10.5 Fitz-Hugh-Curtis syndrome: intraoperative view



rQuite often the clinical symptoms resemble those of a biliary colic or
cholecystitis, with pain radiating to the right shoulder [29]. It is mainly caused
by the Chlamydia trachomatis tinfection and in particular the way the patient
reacts to it.

Patients presenting with Fitz-Hugh-Curtis Syndrome often have pelvic
fadhesions associated with tubal damage and infertility. Yet in about 30% of

cases the tubes are apparently not damaged. Fitz-Hugh-Curtis syndrome has
been reported to occur following tubal ligation although the pathogenesis
appears unclear [30].

10.4.7 Gynecologic Trauma

Many gynecologic traumas (straddle injury, blows to the perineal area, foreign
bodies, attempts at abortion, lacerations following childbirth, sexual assault)
may involve the pelvic cavity and require surgical exploration and general
rules of abdominal trauma management are applicable as well. If the patient is
hemodynamically stable, a laparoscopic exploration can be safely carried out,
either for diagnostic or therapeutic purposes.

Generally traumas requiring surgery (car accident, gunshot, etc), are com-
plex and involve different cavities (thorax, abdomen, pelvis), therefore they
require a multi-disciplinary approach (general surgeon, thoracic surgeon, urol-
ogist and gynecologist).
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i h i10.5 Laparoscopic Technique

10.5.1 Laparoscopic Instrumentation

Traditional laparoscopic instrumentation is used in pelvic laparoscopy. The
most commonly used endoscope for gynecologic endoscopy is the 5 and 10
mm diameter 0º and 30º scope. A suction irrigation system with a suction
probe of 5 and 10 mm in diameter is also necessary, especially when dealing
with a large hemoperitoneum. Monopolar and bipolar coagulation are routine-
ly used. Bipolar graspers with different jaw shapes and sizes help to control
bleeding and are also useful with tissue dissection. Atraumatic graspers are
necessary to manipulate the intestine safely. Linear stapling devices with vas-
cular and intestinal cartridges, scissors, endocatch tissue retrieval bag and
uterine manipulators are also needed.

10.5.2 Patient Preparation and Abdominal Cavity Access

The patient is positioned supine on the operative bed in a lithotomy position
with the hips not fully flexed as this impairs complete access by the surgeon.
The space between the legs will allow uterine manipulation. An indwelling
Foley catheter should be inserted in the bladder. The catheter can eventually be
removed at the end of the procedure or left in situ if the patient has lost a sig-
nificant amount of blood and is hemodynamically unstable.

A pneumoperitoneum of up to 15−20 mmHg can be induced slowly with a
tVeress needle into the subumbilical areas in patients at low risk and without
kabdominal scars, or in the left hypochondrial area (Palmer’s point) in high risk

patients. An intra-abdominal pressure of about 18−20 mmHg should be
reached prior to entering the peritoneal cavity with the primary trocar to
reduce the risk of visceral and vascular damage. Once the primary trocar is
safely inserted, the intraoperative pressure should not exceed 12−15 mmHg in
order to avoid problems with the patient’s ventilation. An open entry of the
peritoneal cavity can also be used in high risk patients. In low risk patients, the
first trocar is usually introduced at the level of an umbilical scar. Such access

tis usually used in almost all diagnostic or interventional procedures as it
ensures a good esthetic result for the scar and allows extraction of the surgical
specimens.

10.5.3 Trocar Positioning and Abdominal Cavity Exploration

tThe introduction of secondary (ancillary) trocars takes place under direct
vision while trying to avoid any lesions to major vascular structures, e.g. epi-
gastric vessels. Two ancillary ports are usually sufficient. Trocars with the
smallest diameter possible should be used, to ensure a lower risk of complica-
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ftions such as bleeding and Richter and small bowel hernias. The positioning of
the secondary trocar is chosen in relation to the type of intervention. The sec-
ondary trocars are usually positioned in the right and left iliac fossae.

It is good practice to conduct an exploration of the abdominal-pelvic cavi-
ty with the endoscope as this enables one to properly assess a suitable position
and diameter of the secondary trocars required. Generally, to perform an ade-
quate exploration of the pelvic cavity it would be necessary for the patient to
adopt the Trendelenburg position, rotating right or left to assist with the dis-
placement of the bowel from the pelvis.

10.5.4 Drains, Anti-Adherence Barrier Solutions, Trocar Extraction

The insertion of a drain at the end of the surgery, although it may seem unnec-
essary in the simplest of procedures, can help to ease postoperative pain by

nreducing intraperitoneal gas. In a complex procedure, the insertion of a drain
is almost mandatory as it helps the complete evacuation of the often infected
pelvic fluid content. It also allows early detection of postoperative intra-
abdominal bleeding. The discomfort that a drain causes to the patient is mini-
mal and it can be removed after 12−24 hours.

The use of anti-adherence barrier solutions such as gels and liquids is
advised following intervention where tissue damage and manipulation is
extensive and a significant amount of bleeding has occurred. Pelvic adhesions
may occur easily following all types of surgery, both open and laparoscopic,
however the use of such methods may reduce the adhesion formation as shown
in dedicated studies.

fIn conclusion it is important to stress that one of the golden rules of
laparoscopy is the need for meticulous trocar extraction at the end of the inter-
vention to avoid insidious bleeding and recognize the site of potential future

dhernias. In this regard all portal wounds greater than 10 mm should be closed
and various specialized devices are available for this, including J-shaped nee-
dles.

10.6 Our Series

In approximately 20 years of minimally invasive surgery practice in a large
volume Community Hospital, the laparoscopic approach has played a very
important role in the emergency setting. The routine use of laparoscopic explo-
ration allowed us to achieve a good level of confidence in most abdominal and
pelvic emergencies. Generally gynecologic emergencies are incidentally
encountered during laparoscopy for abdominal pain. Preoperative abdominal
and pelvic US is mandatory in young woman, but suffers from low specificity.

Data from the last five years of our series are reported in Table 10.4. A total
of 44 women were managed for gynecologic emergencies. A preoperative US
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examination was always performed, while serum beta-HCG was assayed only
in selected cases. In 21% of cases physical examination and imaging were sug-
gestive of acute appendicitis.

When preoperative diagnosis was suggestive of a gynecologic disease
(ovarian or adnexal mass, ectopic pregnancy, etc) laparoscopic exploration was
confirmatory in 95% of cases and surgery was completed with the minimally
invasive approach. The low conversion rate can be imputed to the onging train-
ing of the entire team in complex laparoscopic abdominal surgery. Conversion
was necessary in two cases due to pelvic adhesions secondary to endometrio-
sis and inflammation, respectively.

The intra- and postoperative complication rate was reasonably low, and the
consequent hospital stay was short.

10.7 Discussion and Conclusions

In cases requiring emergency surgery the laparoscopic approach for gyneco-
logic conditions has the advantage over laparotomy of a shorter hospitalization
and a faster recovery. Moreover, laparoscopy enables a comprehensive and
thorough exploration of the entire abdominal cavity to confirm the preopera-
tive diagnostic hypothesis. The laparoscopic approach also allows the treat-

kment of different diseases by using the same surgical access, reducing the risk
tof post-surgical adhesions and wound complications. Laparoscopy does not

affect the clinical outcome or increase the risk of impaired treatment of misdi-
agnosed malignant disease, requiring a second surgery [31].

In a pregnant woman laparoscopy and laparotomy may increase the possi-
bility of spontaneous abortion in the first trimester and premature delivery in

tthe last trimester of pregnancyrespectively. It is however common opinion that
the use of laparoscopy is preferable to laparotomy. In this regard the advan-
tages of laparoscopy over open surgery are represented by a reduced adminis-
tration of anesthetic drugs, a reduced need for postoperative analgesia, a low
incidence of infective complications and a faster recovery. Major risks of sur-
gery in pregnant women include uterine injuries due to the increased uterine
size, with or without rupture of the amniotic membrane, bleeding and gaseous
embolism, as well as technical difficulties related to the limited working space
[32, 33].

Therefore, when operating on a pregnant woman, all the necessary precau-
tions must be taken prior to the use of laparoscopy including a low intra-

rabdominal pressure and deep vein thrombosis prophylactic measures even for
minor procedures.

As mentioned above, when suspecting a pregnancy, handing of the uterine
cavity should be completely avoided.

In the event of the incidental finding of a gynecologic disease, consultation
twith an experienced gynecologist is advisable. If a malignancy is suspected, it

is important to remember that an inappropriate surgical approach due to inex-
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perience can cause tumor dissemination and worsening of prognosis.
In conclusion, it is important to remember that the multi-disciplinary

dapproach to the patient is essential for establishing the correct diagnosis and
treatment in the shortest time possible and to minimize future legal concerns.
The use of modern laboratory and radiologic resources associated with the
progress in endoscopic surgical techniques provide both general surgeons and
gynecologists with all the means necessary to ensure the best surgical result.
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11.1 Definition and Epidemiology

Nonspecific abdominal pain (NSAP) is not a defined disease, but is a collec-
tion of conditions. The term NSAP refers to an abdominal or pelvic pain of
less than 7 days’ duration for which the diagnosis remains uncertain after clin-
ical examination and baseline investigations [1]. Clearly, it must not be
accompanied by signs of peritonitis, hemodynamic instability, or other obvi-
ous clinical presentation requiring urgent intervention.

Although it is a diagnosis of exclusion, NSAP is a very common condition.
It has been reported as one of the most common diagnoses in patients suffer-
ing from abdominal pain attending emergency departments. In this setting, it
may account for up to 45% of emergency admissions [2–5] with an incidence
rate that reached 182 cases per 100,000 person-year in the 1990s [6]. Its fre-
quency however is both age and sex-related, falling to 15% in patients aged
over 50 years [7] and to 25% in males with a male/female ratio of 1:3 [8].
Among young women NSAP can be caused by a great number of conditions,
including pelvic inflammatory disease (PID), appendicitis, ectopic pregnancy,
torsion of the ovary, and endometriosis. Reaching a diagnosis is particularly
challenging in these patients because of the physiologic changes associated
with ovulation and menstruation that can cover symptoms of more serious
conditions. In fact, the chance of missing the diagnosis might be as high as
45% in women of childbearing age.

Given this low diagnostic accuracy, many patients will be discharged from
hospital after a stay of 4-6 days still without a clear diagnosis. Moreover, the
length of stay could be even longer for patients aged over 70 years who also



tundergo multiple investigations more frequently than younger patients [5]. It
is therefore necessary to reduce the admission rate for NSAP because of the
costs and morbidity associated with this condition in terms of excessive hospi-
tal stay, multiple investigations and unnecessary surgical explorations [8, 9].
Computer-aided diagnostic questionnaires [10], abdominal ultrasound (US)
[11], abdominal computed tomography (CT) [12] and early laparoscopy (EL)
[13–17] have all been described as potential methods for improving the diag-
nostic accuracy in the emergency setting.

Nevertheless, the most important part of the evaluation remains a thorough
history and a careful physical examination given the wide variety of disorders
which may cause abdominal pain. The physician is called to establish a differ-
ential diagnosis, plan appropriate imaging studies and determine whether sur-
gery is necessary.

As stated by Poulin et al., the management of acute NSAP needs to be period-
ically adjusted to get the best outcomes at the lowest costs and with the least inva-
sive and most appropriate diagnostic tools [18]. Briefly, the management of acute
NSAP can be divided into 3 stages. The first stage is the initial history, physical
examination, baseline investigations, and formulation of a working and differen-
tial diagnosis. The second stage involves the judicious use of radiologic tech-
niques. The third stage should be represented by diagnostic laparoscopy.

11.2 Baseline Investigations

Baseline bedside evaluation is essential for formulating an accurate differential
diagnosis and proper preoperative workup. A detailed history should be

fobtained. The onset, character, intensity, location, duration and chronology of
pain must be carefully evaluated. Special attention should be given to young
females with right lower quadrant pain, as misdiagnosis predominantly occurs in
this kind of patient. In fact, as appendicitis is the second most common diagno-
sis in patients with acute abdominal pain, misdiagnoses in women of reproduc-
tive age result in high rates of negative appendectomies, with longer hospital
stays and more complications when compared with patients with appendicitis
[19] (Figs. 11.1-11.3).

A complete blood count with differential is useful to exclude leukocytosis.
Other helpful laboratory studies include: measurement of serum electrolytes,
blood urea, amylase and bilirubin, urinalysis, pregnancy test and abdominal
radiograph. US should be included among the baseline investigations as it has
become a valuable primary imaging tool in the assessment of acute pelvic pain

fin women both for gynecologic and non-gynecologic diseases [20, 21]. Use of
this inexpensive and fast diagnostic tool as an extension of the physical exam-
ination allows the surgeon to receive immediate information about the
patient’s disease process and thus permits expedited patient management.
Furthermore, US does not involve radiation and is superior to CT in the eval-
uation of the female reproductive system.
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Fig. 11.3 Therapeutic
laparoscopy: dissection of epi-
ploic appendix and resection of
the base

Fig. 11.1 A 42-year-old female
patient. Recurrent abdominal pain
in right iliac fossa for two years.
Fever during the last episode.
Diagnostic laparoscopy: Twists
with venous stasis of epiploic
appendix and infarction.
Observation V. Mandalà

Fig. 11.2 Normal cecal appendix



The presence of fever, leukocytosis (WBC>10,000 cell/mm3), or clinical
signs of peritonitis, hemodynamic instability, or other obvious clinical presen-
tation requiring urgent intervention rules out NSAP. Again, NSAP should be
excluded when a specific diagnosis of right lower quadrant pain is made (Table
11.1). If at this stage a diagnosis is not made, high-quality imaging studies
should be used.

11.3 Imaging Studies

Until recently, radiologic evaluation of acute abdominal pain included plain
films of the abdomen and chest radiographs as the only aids for an admitting
emergency physician. Nowadays more accurate technologies are available.
Nevertheless, an understanding of the limitations of different radiologic tech-
niques is needed, so that their use is appropriate and cost-effective, and avoids
multiple procedures. There are situations in which the abdominal radiograph
continues to play a role, for example, in detecting pneumoperitoneum or iden-

ttifying small bowel obstruction. Further studies in these situations are not
always required and a surgical exploration can be performed early. However,
when the diagnosis remains uncertain, without the benefit of diagnostic aids
such as CT scans and US, the rate of unnecessary laparotomies is often unac-
ceptably high. For this reason in many centers CT scan has become the pri-
mary imaging technique for the evaluation of the patient with acute abdominal
pain and a confused clinical picture [12, 22, 23]. It has been reported as the
single best predictor of the need for urgent intervention [22]. History and clin-
ical examination with the addition of laboratory tests and abdominal radi-
ographs do not reach a sufficient level of sensitivity and specificity to lead to
a proper management of NSAP (56% and 81%, respectively) [8, 22]. An early
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Table 11.1 Criteria adopted for specific diagnoses excluding NSAP. From [16]

Diagnoses Criteria

Acute appendicitis Pain and positive Blumberg sign in right lower quadrant,
T >38°C, WBC >10,000 cell/mm3

Inflammatory bowel disease Previous diagnosis or US evidence

Ectopic pregnancy US evidence or positive pregnancy test

Salpingitis US evidence of collection or salpingeal empyema 
with clinical evidence

Endometriosis Previous diagnosis or US evidence of nonhomogeneous cysts

Urinary infection, renal colic Blood or leukocytes at urinalysis or US or radiologic evidence 
of renal stones or dilatation of urinary tract

Ovarian cyst, uterine fibroma Cyst or fibroma >5 cm at US

IUD Presence of IUD and vaginal loss suggestive for endometritis

T, Body Temperature; WBC, White Blood Cells; US, Ultrasound; IUD, Intrauterine Device.



use of CT in the diagnostic workup of acute abdominal pain has led to a cor-
rect diagnosis in 96.8% of cases [23]. Despite concerns about its costs, it has
been reported also as cost-effective by reducing the hospital stay and prevent-
ing unnecessary appendectomy [12]. However there are certain settings in
which US should be preferred. When a gallstone disease is suspected, US pro-

rvides more accurate information than CT (i.e. the presence of gallstones or
common bile duct stones and the bile duct size). Moreover in certain patients

fsuch as children or pregnant women, US should be considered the method of
choice because of concerns about radiation dose. Current guidelines for CT
and MRI use during pregnancy state that pelvic CT studies should be avoided
in all trimesters of pregnancy unless absolutely necessary, because of the
childhood cancer risk. However, if US proves inconclusive, a CT should be
considered to guide treatment and avoid harmful delays [21, 24]. Another lim-
itation of this technique is its limited availability at all times in an emergency
setting. Therefore, if the diagnosis is still uncertain or CT is not accessible, the
next stage of the management of NSAP should be EL.

11.4 Early Laparoscopy versus Active Observation

An admitting emergency clinician should roughly categorize patients affected
by NSAP into three groups according to findings from baseline investigations
and imaging studies: patients requiring an operation, patients that can be man-
aged conservatively and lastly patients in whom the need for surgery remains

runcertain. In the latter group the severity of symptoms determines the need for
emergency surgery. If symptoms are severe enough to require surgical explo-
ration, this should be done laparoscopically [25]. The main intraoperative find-
ings at EL are listed in Table 11.2.

However, it should be kept in mind that only a minority of all patients
affected by abdominal pain will require emergency surgery and the surgical
decision making is not as straightforward as it may appear. To operate on
patients whose diagnosis is still doubtful can lead to a high rate of negative

Table 11.2 Intraoperative diagnosis
at early laparoscopy. Modified from [16]

Diagnosis Percentage (%)

Acute appendicitis 30.2

No diagnosis 20.7

Ovarian cyst 18.9

PID + salpingitis 15.1

Adhesions 7.5

Ectopic pregnancy 1.8

Endometriosis 1.8

Carcinoid tumor 1.8

PID, Pelvic Inflammatory Disease.
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findings on surgical exploration. On the other hand, a wait-and-see policy
could lead to delays in treatment resulting in high morbidity and complication
rates. Owing to its high diagnostic accuracy and low morbidity and mortality

tcompared to open surgery, EL can play a major role in establishing the correct
diagnosis and reducing the need for laparotomies in this setting.

Whether EL or active observation should be preferred in patients with
NSAP is largely debated in the literature. Apart from retrospective or prospec-
tive case series [26–32], the role of EL in patients with NSAP has been inves-
tigated in several randomized controlled studies (RCTs) [13–17], two meta-
analyses [33, 34] and a further two systematic reviews [35, 36]. Table 11.3

tgives the main outcomes of the RCTs. EL has a diagnostic accuracy that
ranges from 79.2% to 96.9 with a therapeutic role up to 86.5% of cases, with
low rates of morbidity (0–23.7%) and mortality (0–1.6%) when compared to
those reported with laparotomy in an emergency situation. Analysis of the
available data clearly showed that EL has several advantages over active obser-
vation [34]. EL has a higher rate of specific diagnosis before discharge asso-

fciated with shorter hospital stay. EL was also found to be cost-effective, as if
a diagnosis could be made early, there would be a large saving in resources.
An improvement of quality of life in the EL group was also seen.

Despite these benefits, it should be underlined that up to 51% of patients
undergoing conservative management will be operated on during the same
admission or during the follow up. These patients can be safely managed
laparoscopically, with a very low morbidity [16]. Therefore, delaying surgery
in NSAP patients does not increase operative risks or jeopardize clinical
results. Furthermore, it was reported that 49% of patients managed conserva-
tively avoided a surgical procedure under general anesthesia without increased
morbidity [16, 33, 34]. Nevertheless, the great diagnostic accuracy of EL does
not show clear clinical benefits, and does not lead to a significant reduction in
symptoms recurrence at long-term follow-up [15, 16].

11.5 Conclusions

In conclusion, selective indication to laparoscopy after a short period of active
observation (24 to 72 hours) reduces the need for surgery without significant
clinical disadvantages in patients affected by NSAP. Open surgery has a very
limited role in the management of NSAP, as it is associated with low diagnos-
tic accuracy, high morbidity and costs, and long hospital stay. Our opinion is
in close agreement with the EAES guidelines on the management of NSAP,
which state: It seems justified to lower the threshold for surgical exploration
when using a laparoscopic rather than an open approach. However, it seems
advisable to observe patients over some hours because abdominal symptoms
may become more specific over time or simply disappear in some cases [25].

Nevertheless, in this context it is indispensable to highlight that although
there have been advances in imaging techniques and laparoscopic expertise

158 M. Morino, F. Famiglietti



11 Nonspecific Abdominal Pain 159

Ta
b

le
 1

1
.3

M
ai

n 
ou

tc
om

es
 f

ro
m

 R
C

T
s.

 M
od

if
ie

d 
fr

om
 [

36
]

St
ud

y
G

ro
up

N
.

D
ia

gn
os

ti
c 

T
he

ra
pe

ut
ic

N
o 

di
ag

no
si

s 
(%

)
P

er
si

st
in

g 
M

or
bi

di
ty

 (
%

)
M

or
ta

lit
y 

(%
)

M
ea

n 
ho

sp
it

al
ac

cu
ra

cy
 (%

)
pr

oc
ed

ur
es

 (%
)

N
SA

P
 (%

)
N

SA
st

ay
 (d

ay
s)

C
ha

m
pa

ul
t

E
L

33
96

.9
63

.6
3.

0
-

0
4.

18
19

93
O

B
S

32
28

.1
15

.6
71

.8
-

-
6.

6

D
ec

ad
t

E
L

59
81

.3
64

.5
18

.6
28

.8
23

.7
1.

6
2

19
99

O
B

S
61

36
.0

72
.7

63
.9

32
.7

31
.1

1.
6

2

G
ai

ta
n

E
L

55
81

.7
10

.9
18

.1
-

10
.9

0
1.

3
20

02
O

B
S

55
8.

1
12

.7
21

.8
9

0
2.

3

M
or

in
o

E
L

53
79

.2
33

.9
20

.7
13

.2
3.

7
0

3.
7

20
06

O
B

S
51

45
.0

7.
8

54
.9

47
.0

1.
9

0
4.

7

Sc
hi

et
ro

m
a

E
L

26
0

95
.6

86
.5

4.
2

-
1.

1
0

1.
7

20
07

O
B

S
26

2
65

.2
41

.2
34

.7
27

0.
38

7.
3

E
L

,E
ar

ly
 L

ap
ar

os
co

py
;O

B
S,

A
ct

iv
e 

C
lin

ic
al

 O
bs

er
va

tio
n;

 N
,N

um
be

r 
of

 p
at

ie
nt

s;
N

SA
P

,N
on

sp
ec

if
ic

 A
bd

om
in

al
 P

ai
n.



over the years, a substantial proportion of patients ranging from 3% to 20.7%
is still discharged without a specific diagnosis, and up to 28.8% of patients
could experience persisting NSAP, even when EL is performed [14–17].
Outpatient evaluation with an adequate scheduled follow-up may be an option

din this subgroup of patients, as it has not been associated with an increased
incidence of complications and dissatisfaction [37].
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12.1 Introduction

Digestive hemorrhage constitutes a broad chapter in urgent surgical disease,
with a high incidence of hospital admission, about 1–3% [1] in some series,
and a mortality rate of 10%. Bleeding lesions are various, as well as their
sites, signs and initial symptoms. Regarding sites, hemorrhages can originate
at any point along the digestive tract. Nonetheless, a classification in upper
bleedings (i.e. proximal to the ligament of Treitz) and lower bleedings (i.e.
distal to the ligament of Treitz) is justified by the different kind of presenta-
tion and incidence of the disease. Upper gastrointestinal bleeding (UGIB) has
a global incidence [2] of 80% and the typical signs are hematemesis and/or
melena; the most frequent diseases responsible for UGIB include:
• esophageal varices (25%);
• peptic ulcer (45%);
• hemorrhagic gastritis (20%);
• mallory Weiss syndrome (5%).
The remaining 5% of UGIB are defined rare [3] and include:
• gastric cancer;
• esophagitis;
• esophageal and/or duodenal diverticula;
• hiatus hernia;
• aortoduodenal fistula;
• dieulafoy syndrome;
• anastomotic ulcer;
• anticoagulant treatment.



Lower gastrointestinal bleeding (LGIB) has a global incidence of 20%. The
rtypical sign is the emission of more or less digested blood right up to a clear

rectorrhagia. The most frequent causes are:
• Diverticulosis (30%);
• Colorectal cancer (30%);
• Angiodysplasia (20%);
• Inflammatory bowel disease (IBD) (10% of cases).

Less frequent causes are:
• Small bowel tumors;
• Meckel diverticulum;
• Intestinal invagination;
• Volvulus;
• Colitis (ischemic, actinic, infective);
• Zollinger-Ellison syndrome;
• Metastatic localizations.

Some digestive hemorrhages originate from the ligament of Treitz up to the
ileocecal valve. In agreement with many authors, we recognize these lesions
and classify them as intermediate digestive hemorrhages.

Gastric and colonic diseases are discussed in other chapters, so in this
chapter we shall concentrate on intermediate digestive hemorrhages [2, 4].

12.2 Symptoms

The clinical presentation of digestive hemorrhages is strictly related to the
rapidity of blood loss, and can be classified according to two patterns: (a) ane-
mia and acute hypovolemia pattern, whereby treating the hemodynamic imbal-
ance is mandatory; and (b) chronic anemia pattern (Table 12.1).

Typical clinical signs in digestive hemorrhages are hematemesis [2], char-
acterized by bright red blood if coming from the esophagus or stomach with-
out stasis, or a dark coffee-like sediment resulting from a long stay in the
stomach; melena, with the emission of a more or less fluid black stool as a
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Table 12.1 Digestive bleeding classification

Massive digestive bleeding (>1500 mL in few hours)

Hematocrit level <20%; Hb <10g/dL

Shock

Need for blood transfusion: 300 mL/h up to 6 hours to support hemodynamic changes

Severe digestive bleeding (up to 1000 mL)

Hematocrit level >20 – 29%; Hb 10 g/dL

Syncopal crisis may occur

Medium digestive bleeding

Hematocrit level 30%; Hb >10 g/dL



hresult of blood flowing rapidly into the gastrointestinal tract; rectorrhagia with
the emission of bright red and/or dark blood through the rectum. There are also
some clinical cases with the presence of both hematemesis and melena which
are correlated with severe hemorrhage.

12.3 Diagnosis

Identifying the source of bleeding is still a challenge for surgeons [1]. Indeed,
15% of all patients with digestive bleeding fail to show a clear hemorrhagic
source and 40% of all patients with lower gastrointestinal bleeding presents
more than a single hemorrhagic source [1, 5]. Effectively in the last few years
technology and the development of new methods have contributed to the num-
ber of patients referred to surgery without a clear definition of the disease to
be treated [6].

Diagnostic imaging is a fundamental moment in the management of diges-
tive bleeding and it is based on:
• Endoscopy;
• Conventional radiology;
• Angiography;
• Radionuclide scanning;
• Capsule endoscopy.

12.3.1 Endoscopy

Endoscopy has a high grade of specificity [7] in the identification of upper and
lower digestive lesions (74−97%) but it does not seem to be reliable in the iden-
tification of an intermediate hemorrhagic lesion. Good results have been

fobtained in evaluating the small bowel as far as 60 cm beyond the ligament of
Treitz or; by accessing the gastrointestinal tract from the anus, it is possible to
examine the small bowel as far as 200 cm from the anal verge [8, 9]. At any
rate, whether a simple enteroscope or double balloon enteroscope is used, the
technique does have several limitations: strong sedation is required; the opera-
tor needs to have undergone specific training; when starting from the anal verge
mechanical bowel preparation is required; the distal ileum can be entered in
only 30% of cases as the instrument is not rigid like a traditional colonoscope

t[10]; there is a significant rate of iatrogenic perforations and bleedings (about
4%); and lastly, most of the small bowel remains unexplored [11].

12.3.2 Conventional Radiology

Small bowel enema is burdened by a relatively high number of false-negative
fresults (especially regarding superficial mucosal lesions), so the specificity of
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the technique is low (as low as 20%). Moreover, the impossibility of perform-
ing the enema in patients affected by serious disease has confined this tech-
nique to a second choice diagnostic option [11].

12.3.3 Helical Computed Tomography (CT)

The technique has raised new hopes in detecting the sites and nature of hem-
orrhagic lesions. The possibility of applying imaging subtraction techniques
allows the radiologist to detect the lesions, in particular neoplastic masses. Its
sensitivity in detecting intermediate bleedings [4, 5, 10, 12] is 60%. CT is also
able to perform virtual ileoscopy by means of special imaging reconstruction
software.

12.3.4 Selective Angiography

Selective angiography is widely performed today not only as a diagnostic tech-
nique, but also for therapeutic purposes. Angiography allows the radiologist to
inject drugs or special devices able to stop the blood flow through the arteries.
This method is limited because it may be useful only in patients with a bleed-
ing greater than 0.5 mL per minute. Its specificity [12] is 47%; moreover it can

ronly be performed in hemodynamically stable patients, while anticoagulant or
antiaggregant treatment is a contraindication.

12.3.5 Radionuclide Scanning

Radioactive isotopes may be used to identify intermediate digestive bleedings
with a specificity ranging from 20 to 40%. Scanning is performed with Tc99

mC when the hemorrhage is greater than 0.1−0.4 mL per minute [1, 9].

12.3.6 Capsule Endoscopy

Initially considered the answer to all diagnostic problems, capsule endoscopy
[8, 13] has lately shown several limitations, such as the need to change batter-

ties, the variability of intestinal peristalsis which can cause the capsule to float
(sometimes too quickly), the possibility of acquiring only two frames per sec-
ond and lastly the inability to track the precise location of the device within
the small bowel. At any rate, this technique seems to be an important techno-
logical innovation, with a sensitivity ranging from 75 to 90%, especially in
patients with intestinal bleeding of unknown etiology [7].
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12.4 Laparoscopy

aOf all the diagnostic techniques at the surgeon’s disposal, laparoscopy plays a
very important role. It can be considered at the same time the last diagnostic
deed and the first therapeutic act.

When all described diagnostic techniques fail, the direct mini-invasive
approach can detect the site and nature of the hemorrhage with good specificity.
In fact, laparoscopic exploration of the abdominal cavity can show every mor-
phological alteration regarding the serosal surface of the bowel, small bowel

rmesentery, and possible hematocele that are the expression of malformations or
proliferative disease. Furthermore, taking advantage of peri-laparoscopic US
scan [14], it is possible to diagnose the presence of extremely small-size mass-
es as well as to establish the infiltration grade and the borders of the pathologic
lesions. Lastly, when necessary, it is possible to perform a simultaneous laparo-
scopic and endoscopic approach [15–17]: an enteroscope is advanced through an
ileal breach next to a hematocele to exploit the entire length of the enteroscope
to study ileum. The sensitivity of this combined technique is 95% while perfo-
rative and hemorrhagic complications are about 4% as reported in the literature.

12.4.1 Technique

Usually the patient referred to the laparoscopic procedure is in the head-down
position, either for diagnostic or therapeutic procedures. We pay attention to
check systems and anti-decubitus devices; in fact only by changing the posi-

ttion of the patient (Trendelenburg, reverse Trendelenburg position, right or left
rotation) can the surgeon explore the abdominal cavity and small bowel in the
search for the site and nature of an intestinal hemorrhage. We make a trans-

averse incision under the umbilicus to establish pneumoperitoneum with a
Veress needle; usually we reserve open access to patients presenting both
intestinal bleeding and occlusive syndrome and to patients with previous
abdominal surgery.

The first trocar is placed inferior to the umbilicus to give access to a 10 mm
30° laparoscope. Under laparoscopic guidance the second and third 5/10 mm
trocars are inserted at the level of the umbilicus on the right and left midclav-
icular lines. We insert a fourth trocar in the right iliac fossa. Under laparoscop-
ic control we check the entire small bowel from the ileocecal valve to the lig-
ament of Treitz with a laparoscopic bowel clamp.

Regarding resection of the affected bowel and subsequent anastomosis, we
prefer to perform this after mini-laparotomy and externalization of the bowel.
A 30° laparoscope is fundamental for complete vision of the abdominal cavi-
ty together with the possibility of bowel transillumination. A high flow aspira-

dtor-irrigator is decisive for the rapid clearing of the operative field and to avoid
peritoneal cavity contamination.
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l i12.4.2 Personal Experience

Our experience of intermediate gastrointestinal bleeding treated with the laparo-
fscopic approach involved 23 patients, of whom 20 presented bleeding of

unknown origin while 3 patients had a certain diagnosis of the type and location
of the disease. Table 12.2 reports all the diseases treated in our department.

Twelve patients with Meckel’s diverticulum (9 males) aged from 20 to 30
years presented recurrent hemorrhages. One showed symptoms of inflammatory
disease (acute diverticulitis), while another patient was diagnosed with divertic-
ulosis during a laparoscopy for leiomyosarcomas. All the patients with hemor-
rhage underwent endoscopic investigation (gastroscopy and colonoscopy),
selective mesenteric arteriography scintigraphy with technetium 99 and (Fig.
12.1). In two cases an intra-peritoneal resection of diverticulum was performed
with an Endo GIATM universal stapler (Tyco autosuture); in the remaining cases,
a mini-laparotomy was performed for resection of the pathologic loop.

In the six cases of small bowel leiomyoma (4 males) aged 25 to 32 years,
the lesion presented with repeated hemorrhage. Diagnosis was made with the
laparoscopic approach after the diagnostic methods mentioned above failed.

fAlso in these cases, during the course of the same laparoscopy, a resection of
the bowel loop was performed by means of a targeted mini-laparotomy, with
externalization followed by a manual T-T anastomosis.

The small bowel leiomyosarcoma involved a 40-year-old male patient in
whom Meckel’s diverticulum had been diagnosed by CT scan, and who pre-

rsented a hemorrhage associated with abdominal subocclusive syndrome. After
lysis of the adherences, the lesion was externalized by means of Pfannenstiel
mini-laparotomy, and an intestinal resection was performed using a manual T-
T anastomosis.

In two cases of patients with a small bowel melanoma one of these patients
presented a digestive hemorrhage together with an occlusive syndrome sec-
ondary to a chronic invagination close to the neoplasia. Surgical treatment in
this patient was performed using the same method described above.

The last patient, a 16-year-old girl with Peutz-Jeghers syndrome, presented
subocclusive symptoms together with a digestive hemorrhage. Combined
video-laparoscopy and surgery were performed through a small incision to
carry out resection and anastomosis.

We also treated a gastric leiomyoma which presented with hemorrhage.
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Table 12.2 Personal experience 12 Meckel diverticula

1 gastric leiomyoma

1 jejunal leiomyosarcoma

6 small bowel leiomyomas

2 small bowel melanomas

1 Peutz-Jeghers syndrome



12.5 Discussion

The treatment options for intestinal bleeding include consolidated techniques
in which the mini-invasive approach is gaining an increasingly important role

nin the management of the hemorrhagic patient. In the last few years the main
tgoal has been to lower the percentage of patients referred to surgery (about

20%) without a clear location of the hemorrhage. Today the challenge has been
moved and the problem is how to treat the hemorrhagic patient who is often
sorely tried and sometimes debilitated by repeated episodes of intestinal bleed-
ing. Among the various options the role of the mini-invasive laparoscopic
approach has been shown to be relevant for a number of precise indications
[18–20]; it allows the surgeon to manage debilitated patients suffering from
many co-morbidities. At the same time it enables a more rapid postoperative
recovery, a shorter hospital stay and less severe surgical trauma than does
explorative laparotomy. Table 12.3 lists possible causes of intermediate diges-
tive hemorrhage; most of these can benefit from mini-invasive treatment.

Bleeding from a Meckel diverticulum, is not a frequent event it affects 2–4%
of the population and as such is the most frequent cause of rectal bleeding
[21–23]. In these patients laparoscopic treatment is the gold standard: the sur-
gical procedure consists of the removal of the diverticulum using a linear sta-
pler and this can be performed without a service incision, thus fostering opti-
mal patient compliance [24] (Figs. 12.2–12.4).

The treatment of ileal neoplasms (leiomyomas, leiomyosarcomas) [21]
takes advantage of mini-invasive surgery; once the site of the lesion has been
identified, the resection of the ileum can be done with extra-abdominal anas-
tomosis through a focused mini-laparotomy or by creating an intra-abdominal
anastomosis with an endo-GIA.

Laparoscopic treatment is also extremely useful in the so-called rare dis-
ease, such as pancreatic ectopy, where all the advantages of laparoscopy are
exploited either in the diagnostic phase, using image magnification to see
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Table 12.3 Possible causes of intermediate
digestive bleeding

Malignancy

Crohn disease

Meckel diverticulum

Enteritis (ischemic, actinic, infective)

Gastrointestinal stromal tumor

Ileal lymphoma

Metastatic localizations

Vascular malformations

Ectopic pancreas

Peutz-Jeghers syndrome

Polyposis
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Fig. 12.2 Intraoperative laparo-
scopic pictures: Meckel’s diver-
ticulum with heterotopic gastric
islands visible at diagnostic
laparoscopy. Observation V.
Mandalà

Fig. 12.3 Merckel’s diverticulum
removed at the base
with endo-GIA

Fig. 12.1 Case report: a 16-year-
old youth with previous repeated
intestinal bleeding. Technetium
scan: abnormal absorption
in right iliac fossa. Observation
V. Mandalà



ectopic islands [25], or in the treatment phase for the possibility of performing
a focused ileal resection. Moreover, laparoscopy is useful in vascular malfor-
mations (angiodysplasias) [26] which can benefit, once endovascular therapy
has failed, from the possibilities offered by the mini-invasive approach which
span from segmental ileal resections to hemicolectomy. Lastly, bleeding in
patients affected by adenomatous polyposis coli can be efficiently treated by
laparoscopy as the first choice therapy. This technique allows a number of pos-
sibilities ranging from simple resections to an eventual total colectomy and
ileorectal anastomosis [27], with small trauma of the gut wall and a rapid
recovery from surgery.

12.6 Conclusions

Laparoscopic surgery appears to be highly useful in the management of gas-
trointestinal tract bleedings, particularly for those defined as intermediate and
especially in those cases where diagnosis in uncertain, thus avoiding the need
for unnecessary explorative laparotomies. Mini-invasive surgery enables the
complete and thorough inspection of the bowel loops, thus contributing in
combination with other methods to reaching the final diagnosis. It also enables
an effective therapy combined with a small focused laparotomy. The advan-
tages of such mini-invasive approaches have been universally acknowledged:
data reported in a number of case-reports not only confirm the efficacy of the
method, but they also confirm the good compliance of the patients, as shown
by a shorter post-surgical hospital stay and less severe post-surgical pain.
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13.1 Introduction

Since its introduction in the late 1980s, the evolution and increasing diffusion
of laparoscopic surgery has allowed the realization of a growing number of
minimally invasive surgical techniques, thanks to improved technology, in
terms of instruments and image transmission. Without doubt, all major
abdominal surgery can be performed with a laparoscopic approach and
laparoscopy is now the gold standard for surgical treatment in an increasing
number of diseases [1].

13.2 State of the Art

The laparoscopic technique is not a practice without complications.
Depending on the procedures performed, the incidence of reported complica-
tions ranges between 0.05% and 1.8% [2−4]. If these complications are recog-
nized intraoperatively, they generally have a favorable course with the benefit
of immediate treatment. In contrast, if the complications are detected in the
postoperative course (e.g. bleeding, perforation of hollow viscera, intestinal
obstruction and ischemia, infection and intra-abdominal abscess, biliary fistu-
las, anastomotic dehiscence), they often require – as in open surgery – a reop-
eration which may be associated with increased morbidity and mortality [5−
7]. In these conditions, early recognition and the establishment of adequate
treatment are essential factors for a favorable outcome.



The main advantage of minimally invasive procedures is a shorter and
smooth first operative course, with minimal pain and earlier mobilization. In
this regard, it is notewarty that if the postoperative course does not follow the
usual pattern , the onset of a possible complication should be suspected [5]. In
such cases further investigations are needed in order to especially in the early
postoperative course their confirm the existence of the suspected complication.
Laboratory tests are not usually very specific and therefore their diagnostic
capabilities are limited. Imaging studies are used, but findings are often non-
specific and results can be misleading, negative findings do, not exclude a seri-
ous complication, while surveys with positive results (such as early detection
of free air or fluid in the abdomen) are not always conclusive [3]. For exam-
ple, following a laparoscopic cholecystectomy, 43% of patients have free fluid
in the abdominal cavity on CT or on ultrasound, and this finding is generally
devoid of pathologic significance [8].

tWhen a postoperative complication is suspected and investigations are not
conclusive, a second-look laparoscopy is advisable rather than performing an
exploratory laparotomy, which could lead to greater postoperative pain and
prolonged ileus and may be associated with abdominalinfections and word
complications  with a significant increase in length of hospital stay. In this

aregard, Dexter et al. [8] emphasize that a laparotomy can be avoided with a
relaparoscopy in most patients with abdominal complications after laparoscop-

fic cholecystectomy. Compared to the relaparotomy possible disadvantages of
laparotomic reoperation in experienced hands is quite simple: trocar insertion

tcan be performed through the old port situs, and if the exploration turned out
to be negative, there would be no significant lengthening of postoperative
recovery time. In essence, its use as a primary diagnostic modality in suspect-
ed complications can be justified. 

Since laparoscopy allows a complete visualization and exploration of the
abdominal cavity, it may have a role of paramount importance in recognizing
the cause of the complication and treat it at the same time [2]. Even if the com-
plication is recognized and diagnosed by non invasive examinations, the role

fof therapeutic laparoscopy is widely accepted, although not a large number of
studies is reported in the literature [1, 9−15]. All published studies also recog-
nize the considerable advantages that the laparoscopic approach offers com-

fpared to laparotomy and also highlight the utility of laparoscopic treatment of
the complications after a recent laparotomy. In fact, avoiding relaparotomy
reduces surgical trauma, resulting in a lower incidence of postoperative com-

tplications and a shorter hospital stay. An experienced team in the management
of laparoscopic acute conditions is able to perform advanced laparoscopic pro-
cedures and this is the key to success in these cases [16, 17].

fSome authors reach a correct diagnosis by laparoscopy in 100% of cases of
postoperative complications; they also refer to have completed the operation
with the minimally invasive approach in 80% of cases [2, 8, 16]. Other authors

fin some cases have opted for direct laparotomy reoperation in the presence of
an occlusive phenomenon [18]. Overcoming the learning curve and improving
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techniques have enabled experienced teams to use laparoscopy in emergency
conditions. In acute diseases such as ulcer perforation, colonic diverticulitis
with acute complications, intestinal obstruction, as well as in emergency trau-
ma surgery, the expert surgeon opts for the laparoscopic approach and often
carries out the operation without conversion to laparotomy [9, 19−21].

The presentation of an acute abdomen is very frequent in the departments
of emergency surgery and in hospitals with emergency room. A prerequisite to
performing a laparoscopic approach in emergency is to have stable hemody-
namic conditions: in the absence of this requirement, proceeding with an open
approach is imperative [9, 19−21].

rThe aim is of this study to evaluate the role of laparoscopy in emergency. For
this purpose we retrospectively analyze our series of minimally invasive approach
in both diagnostic and therapeutic procedures in patients who had a postoperative
complication or a complication after an endoscopic procedure.

13.3 Our Experience

rIn our clinical practice, although our hospital has no emergency room or
emergency surgery, we have had to deal with acute abdominal situations in
patients hospitalized in our department or in other departments. All requiring

demergency treatment of post operative complications were approached
flaparoscopically, provided that there were no contraindications in terms of

hemodynamic stability. We believe that the laparoscopic approach can be
applied not only in all cases of abdominal emergencies, which have been
widely described in the literature, but also for the treatment of postoperative
complications.

13.3.1 Materials and Methods

From January 1999 to December 2010 a total of 9870 elective laparoscopic
procedures were performed at the Department of General and Laparoscopic
Surgery in Monaldi Hospital (Naples) (Table 13.1). Of these, 95 were per-
formed with robot technology (three-arm Da Vinci Robot) and 34 with SILS
and NOTES technique (transvaginal cholecystectomy). Pneumoperitoneum
was established with the Tuol technique (transumbilical open laparoscopy)
when umbilical access was used (cholecystectomy, appendectomy, varicoc-
electomy, and most cases of diagnostic laparoscopy) and open Veress-assisted
techniquewas used in the remaining cases [22].

rWe analyzed 160 laparoscopic procedures performed in the same period for
endoscopic or surgical complications. Patients included 86 women and 74 men
aged between 15 and 81 years old (mean 53.7 years old).

Complications included bleeding (n=57), peritonitis (n=78) and bowel
obstruction (n=25) (Table 13.2). Bleeding complications occurred in the fol-
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lowing cases: 32 after cholecystectomy, seven after colorectal surgery, three
after duodenocephalopancreasectomy (DPC), three after gastric resection, one
after gastric resection surgery, four after splenectomy, one after nephrectomy,
two after antireflux, two after transabdominal preperitoneal approach, one
after ligation of the spermatic veins, and one after a diagnostic laparoscopy.
Peritonitis complications occurred in the following cases: 49 after colorectal
surgery, seven after cholecystectomy, two after nephrectomy, one after inci-
sional hernia, 18 after colonoscopy and one after endoscopic retrograde
cholangiopancreatography (ERCP). Bowel bostruction occurred in the follow-

ring cases: 12 after colorectal surgery, three following antireflux surgery, four
after incisional hernia repair, two after gastric resection, two after appedecto-
my and two after ileal resection.

13.3.2 Results

13.3.2.1 Bleeding
Postoperative bleeding (n=57) was managed laparoscopically in all cases. In
27 cases (47.4%) the source of active bleeding was not identified and abdom-
inal lavage with placement of drainage tubes (mean 1.7, range 1–3) was per-
formed. A clear improvement in the patients’ clinical conditions was observed
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Table 13.1 Type of primary laparoscopic surgery

Cholecystectomy and bile duct surgery 4980

Colorectal surgery 1283

TAPP 1185

Diagnostic laparoscopy 429

Surgery of the gastroesophageal junction 312

Splenectomy 300

Incisional hernia rapair 262

Gastric resection 202

Spermatic vein ligation 118

Adrenalectomy 114

Appendectomy 106

Nephrectomy 68

Distal pancreatectomy 48

Hepatectomy and liver resection 31

Esophageal resection 30

DCP 21

Others 381

Total 9870

TAPP, Transabdominal Preperitoneal Approach; DPC, Duodenocephalopancreasectomy.



within two hours after relaparoscopy. Fifteen patients (26.3%) had bleeding
from a port site and no difference was observed between 5- and 10-mm ports.

rIn five patients without active bleeding, the presence of clots near the trocar
site suggested this was the cause of bleeding. Bleeding was controlled with
bipolar coagulation in 12 cases and with suture in three cases. Seven patients
(12.3%) had anastomotic bleeding, of whom three from pancreaticogastric
anastomosis, probably caused by erosion of peripancreatic vessels by pancre-
atic secretion and four from mechanical gastrojejunal anastomosis; bleeding
was managed with bipolar coagulation and/or suture.

Five patients (8.8%) had bleeding after colorectal surgery. In two cases
bleeding originated from vessels of the mesocolon and it was controlled with
endoloop in one case and clip placement in the other (Fig. 13.1).

One case of bleeding from the anterior surface of the pancreas was man-
aged with bipolar coagulation and the last two cases of pelvic bleeding in the
perirectal space were controlled with bipolar coagulation and/or local hemo-
static agents (fibrin glue, cyanoacrylate, thrombin hemostatic matrix).

Reoperation was required in 2 cases after laparoscopic splenectomy due to
bleeding from the short gastric vessels which was controlled with clip place-
ment.
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Table 13.2 Post operative complications treated laparoscopically

Primary procedure Complications observed

Bleeding (57) Peritonitis (78) Bowel
obstruction (25)

Cholecystectomy 32 7 -

Colorectal surgery 7 49 12

Gastric resection 3 - 2

Antireflux plastic 2 - 3

Incisional hernia - 1 4

TAPP 2 - -

Splenectomy 4 - -

Nephrectomy 1 2 -

DCP 3 - -

Appendectomy - - 2

Ileal resection - - 2

Gastric bypass 1 - -

Ligation of spermatic veins for varicocele 1 - -

Diagnostic laparoscopy 1 - -

Colonoscopy - 18 -

ERCP - 1 -

TAPP, Transabdominal Preperitoneal Approach; DPC, Duodenocephalopancreasectomy; ERCP,
Endoscopic Retrograde Cholangiopancreatography.



Lastly, one case of bleeding from the greater omentum after laparoscopic
cholecystectomy was managed with bipolar coagulation.

A total of 43/57 (75.4%) patients required blood transfusion before reoper-
ation (mean 1.4 units, range 1–3) and 4/43 (9.3%) postoperatively (mean 1.1
units, range 1–2).

13.3.2.2 Peritonitis
We report 78 cases of peritonitis which were all managed laparoscopically.

rForty-two patients required reoperation for anastomotic leak (Fig. 13.2) after
tcolorectal surgery (26 after anterior resection of the rectum, nine after left
fhemicolectomy and seven after right hemicolectomy; the overall incidence of

anastomotic leak was 3.2%). Reoperation consisted of peritoneal lavage,
placement of one or more drainage tubes (mean 1.9, range 1–4), performing
ileostomy (38 cases, 90.5%) or Hartmann procedure (4 cases, 9.5%).

tTwenty-four patients had colonic perforation: two after laparoscopic left
tnephrectomy, 18 due to colonoscopy and four due to colonic ischemia after left

hemicolectomy. Hartmann procedure was performed in cases of ischemic per-
foration. Endoscopic perforations were dealt with by direct suture repair of the
defect in well-prepared bowel, early reoperation and small lesion (n=9); oth-
erwise suture and ileostomy were performed (n=8). One case of perforation
during endoscopic polypectomy was treated with resection and primary anas-
tomosis to remove a voluminous rectosigmoid adenoma. Colonic perforation
after nephrectomy was treated with lavage of the peritoneal cavity, exterioriza-
tion of the perforated colon and performance of temporary colostomy which
was closed two months later.

We report two cases of jejunoileal perforation after left hemicolectomy,
fprobably due to an erroneous traction exercised by the assistant grasp out of

the field of vision. Clinical presentation was peritonitis on the 2nd postopera-
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Fig. 13.1 a Hemoperitoneum after left hemicolectomy for bleeding from the mesocolon. b Clip
placement on the bleeding vessel

a b



tive day. Direct repair with interrupted suture (Fig. 13.3), abdominal lavage
and drainage were performed.

We report one case of jejunal perforation after laparoscopic repair of a
large incisional hernia in the right lower quadrant in an obese patient.
Perforation was detected on the second postoperative day through enteric con-
tent appearing in the subcutaneous Redon drainage. We think that a delayed
perforation occurred in this case, probably due to a heat injury of superficial

flayers of the intestinal wall with the eschar being cast off at the resumption of
peristalsis. The case required abdominal lavage, direct suture repair of the
defect, copious lavage of the mesh (which was ultralight and macroporous)
and drainage tube placement. The postoperative course was favorable and the
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Fig. 13.2 a Peritonitis from colorectal anastomotic leak. b Placement of drainage tube after peri-
toneal lavage

a b

Fig. 13.3 a Peritonitis from ileal perforation during left hemicolectomy. b Direct repair of the
defect with interrupted suture

a b



patient was discharged on the sixth postoperative day. Neither mesh infection
nor recurrence of hernia was observed after two-years follow-up.

One case of unrecognized left ureteral partial transection during left hemi-
fcolectomy was treated with explorative laparoscopy, lavage and drainage of

the abdominal cavity and stent placement.
We report seven cases of choleperitoneum after laparoscopic cholecystec-

tomy. Two cases of bile leak from an accessory duct of the gallbladder fossa;
rthe duct was closed with 4-0 suture and a drainage tube was placed. In four

cases the source of the bile leak was not found: one required only lavage of the
abdominal cavity while papillosphincterotomy was performed in 3 cases; in
the last case an accessory duct injury of the 4th segment was found and man-
aged with papillosphincterotomy and biliary stent placement.

Eleven patients had duodenal perforation after ERCP. Only the first case
was managed laparoscopically. It had an unfavorable course which led to
patient death on the 16th postoperative day because of sepsis. The second case
was approached laparoscopically, but it required conversion because of techni-
cal difficulties. These cases led us to belive this complication should be treat-
ed early with an open approach because of the major distension of the bowel
loops and the impossibility of adequate duodenal mobilization. Therefore,
only one case was treated laparoscopically, while in all the others we per-
formed laparotomy, and after duodenal mobilization, blue dye was injected
through the nasogastric tube. In the four cases where a perforation was detect-
ed, it was repaired with direct suture and omentopexy, cholecystectomy was
performed and a T-tube was placed. In the remaining six cases, where perfora-
tion was not evident, only drainage was placed.

13.3.2.3 Bowel Obstructions
tWe report 25 cases of bowel obstruction all managed laparoscopically except
rone. Early postoperative adhesions were the most frequent cause accounting for

14 cases: two cases of obstruction were caused by adhesions between the mesh
and intestinal loops after incisional hernia repair, while the other 12 cases were
due to adhesion bands (six after colorectal surgery, two after appendectomy,
one after gastric resection, two after ileal resection and one after incisional her-
nia repair). Laparoscopic adhesiolysis was only performed in 13 cases (Fig.
13.4). One case required the resection of an ileal loop due to ischemia.

Seven cases of postoperative obstruction secondary to internal hernia were
treated. In one of these cases the cause of the occlusion was the incarceration
of a jejunal loop in the slit of the prosthesis after incisional hernia repair. The
procedure involved the laparoscopic exploration and reduction of the incarcer-

rated loop with careful maneuvers of traction, with no evidence of vascular
damage and rapid resumption of peristalsis. The remaining six cases of occlu-
sion due to internal hernia occurred after colorectal surgery. In one case sev-
eral bowel loops had shifted below the preanastomic colic loop; since then we
usually fix it to the posterior plane with fibrin glue or sutures. In three cases
obstruction was caused by the incarceration of the loops in the pelvis after a
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Miles abdominoperineal resection and in two cases there was lateral pinching
fof the bowel loops in the pelvis after anterior resection of the rectum. In six of
fthe previous cases releasing the bowel loops was enough with resumption of

vascular supply and peristalsis, whereas in one case a segmental ileal resection
with direct anastomosis was required due to vascular impairment.

We had three cases of gastric obstruction following fundoplication and
hiatoplasty secondary to the wrap migration into the thorax. Reoperation con-
sisted of reduction of the herniated stomach into the abdomen, mesh-rein-
forced hiatoplasty and refundoplication.

Lastly, in one case of early occlusion in a patient having undergone gastric
resection caused by stenosis of the transmesocolic efferent loop resulting from
pancreatitis, conversion in laparotomy was required due to the extreme fixa-
tion of the efferent loop. The treatment in this case consisted in a Billroth’s
operation II.

To evaluate the results of our series on the laparoscopic treatment of com-
plications after surgical or endoscopic procedures, we considered the follow-
ing items: timing of reoperation, operative time, conversion rate, hospital stay,
morbidity and mortality (Table 13.3).

The procedure was successfully carried out by laparoscopy in 158 patients
(98.7%). In cases of bleeding reoperation was performed after 14.3 hours
(mean, range 0.5–58 hours), with a mean operative time of 45 minutes (range
23-75 minutes). The conversion rate was 0. Patients with peritonitis had reop-
eration after 55.6 hours (mean, range 38–121 hours), with a mean operative
time of 86 minutes (range 55–166 minutes). Reoperation for bowel obstruction
was performed after 74 hours (mean, range 48–130 hours), with a mean oper-
ation time of 63 minutes (range 47–121 minutes). The conversion rate was 4%.

tThe overall postoperative hospital stay was 4.9 days (range 3–12 days); it
was longer for patients with generalized peritonitis III-IV degree according to
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Fig. 13.4 a Obstruction due to adhesion band. b Adhesiolysis and release of the ileal loop

a b



Hinchey classification (mean 8.2 days, range 6–12 days) than for patients with
bowel obstruction (mean 4.2 days, range 2–7 days) and bleeding (mean 3.1
days, range 2–5 days).

The overall morbidity rate in our series was 7.5% (12/160). Complications
included four cases of subphrenic abscess treated with percutaneous CT-guid-
ed drainage, four cases of respiratory failure due to bronchopneumonia asso-
ciated with pleural effusion, treated with medical therapy and thoracentesis in
one case, two cases of pulmonary embolism treated with conservative medical
therapy, two cases of heart failure treated with medical therapy.

The mortality rate in our series was 1.87%. Three patients died: one died
from myocardial infarction on the 15th postoperative day, after discharge in

tgood general conditions, one died from pulmonary embolism on the thent
postoperative day and another died from sepsis on the 18th postoperative day.

13.3.3 Discussion

Since its introduction, laparoscopy has undergone constant evolution, which
has led it to become the gold standard for surgical treatment in an increasing
number of diseases. Laparoscopy has been an important diagnostic tool since
the beginning of 20th century and still today it is useful for the correct plan-
ning of many medical and surgical treatments [1].

Thanks to the refinement of techniques, the growing experience of sur-
geons and the diffusion of highly specialized centers, the laparoscopic

fapproach has gradually gained importance in the diagnosis and treatment of
emergencies, showing the advantages it has already demonstrated in elective
surgery compared to open surgery.

In the emergency setting, the laparoscopic approach should be considered
a valid option when noninvasive diagnostic tools are insufficient or give uncer-
tain results [14], because it provides a direct and optimal vision of the entire

rabdominal cavity, allowing an accurate diagnosis to be made and even proper
treatment with minimal trauma for the patient, thus avoiding laparotomy [3].

In a series of 55 patients with acute abdomen, Chung et al. [9] demonstrat-
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Table 13.3 Outcome

Bleeding Peritonitis Obstruction

Timing of relaparascopy and range (h) 14.3 (0.5−58) 55.6 (38−121) 74 (48−130)

Mean operative time and range (min) 45 (23−75) 86 (55−166) 63 (47−121)

Conversion rate (%) 0 1.2 4

Postoperative stay and range (days) 3.1 (2−5) 8.2 (6−12) 4.2 (2−7)

Postoperative complications (%) 1.14 6.81 16

Mortality (%) 0 2.56 4



ed that the diagnostic accuracy of laparoscopy is equal to that of laparotomy.
Kirshtein et al. [15] report that laparoscopy provides a correct diagnosis in
98.6% of patients with acute abdomen. Many series report a diagnostic bene-
fit of laparoscopy ranging from 89% to 100% [23−25].

Published data clearly confirm the efficacy and safety of laparoscopy as a
valid diagnostic and therapeutic option even in emergencies; in fact it con-
tributes to the management of 80% of cases of acute abdomen [9, 26].
Abdominal emergencies are often a diagnostic challenge for the surgeon, as

tmany different diseases may have the same clinical presentation, so a correct
fdiagnosis and an adequate treatment become crucial [10, 27, 28]. In cases of

peritonitis, laparoscopy allows a complete exploration of the abdominal cavi-
ty, with good lavage of the abdominal recesses [1, 23].

However, still today some authors consider peritonitis a contraindication to
laparoscopy, because of the increased risk of bacteremia and endotoxinemia
which could be caused by pneumoperitoneum [10−12, 14, 29]. Although con-

fcern exists about the use of laparoscopy in cases of peritonitis, on the basis of
our experience and in agreement with some authors we believe that the laparo-
scopic approach is safe and effective in such cases [10, 24, 30−39].

13.4 Conclusions

Based on our experience, we suggest the laparoscopic approach for the treat-
ment of endoscopic and surgical postoperative complications, as it is safe and
efficient, although sometimes difficult. Laparoscopic exploration preserves
abdominal wall integrity, provides complete visualization of the abdominal
cavity and quick identification of the complication, thus allowing good man-
agement and resolution. Moreover, laparoscopic surgery reduces mortality,
morbidity and hospital stay and improves the quality of life of the patient with
fast recovery, less pain and early return to daily activities.
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14.1 Introduction

Laparoscopy has seen considerable progress in recent years; so it is not sur-
prising that its application has been recommended in all abdominal emergen-
cies, whether traumatic or nontraumatic. In truth the idea of a service of min-
imally invasive surgery began to be used in abdominal emergencies long
before laparoscopy really emerged as a surgical technique. In fact since the
1920s peritoneoscopy or coelioscopy was postulated for diagnosing traumatic
hemoperitoneum [1, 2].

In 1941, laparoscopy was considered contraindicated for stab wounds,
gunshot wounds and acute viscus perforation out of fear of spreading infec-
tion [3]. As early as 1970, Heselson reported the nonoperative treatment of
penetrating abdominal injuries, which he explored laparoscopically [4]. 

After this small series, in 1976, Gazzaniga et al. [5] published a study of
37 patients with abdominal trauma. Three of those patients with penetrating
injuries were successfully treated nonoperatively after laparoscopic examina-
tion. The problem, then, was essentially the same as it is now: the diagnostic
dilemma of deciding whether a laparotomy should be performed [9].

The fear of missing an injury and the low quality of instruments and tech-
nology led to increased exploration whenever there was any doubt about the
findings. At the time, it was thought that the surgical trauma need not be taken
into consideration. With trauma laparotomies, as well as with musculoskeletal
injuries, the first commandment for trauma surgery was the definitive treat-
ment of all injuries.

Only the long-term analysis of treatment approach tactic has shown that

V. Mandalà (�)
Department of General and Emergency Surgery,
“Villa Sofia – Cervello” Hospital Trust, Palermo, Italy



tthe outcome depends not only on the injury pattern, but also on the treatment
fstrategy. It has become clear that a negative laparotomy carries the risk of

increased morbidity and mortality, and that minimally invasive procedures sig-
nificantly reduce the additional surgical trauma or, in the case of negative
laparotomies, avoid it entirely.

In spite of the developments in imaging modalities in the last 30 years,
peritoneal penetration with stab wounds as well as injuries to the diaphragm
and intestinal tract can confront the surgeon with difficult decisions; here,
diagnostic thoracoscopy or laparoscopy can provide decisive information. A
further advantage of minimally invasive surgery is that, in unclear cases,
laparoscopic exploration can prevent delays in providing definitive treatment.
In cases presenting with vague symptoms where the choice to perform an inva-
sive exploration via laparotomy is difficult, the option of less invasive laparo-
scopic exploration can be attractive [6].

Laparoscopy, only in patients with hemodynamic stability, is, however,
valuable not only for its diagnostic but also for its therapeutic potential.
Mesenterial tears, as well as  some injuries to hollow viscus, parenchymatous
organs and the diaphragm, can be repaired quickly and safely, with less stress
imposed on the patient [7-9].

14.2 Indications

The range of applications for laparoscopy has greatly expanded with technical
advances and the constantly increasing experience with it in acute care sur-
gery, including trauma surgery. Trauma centers throughout the world have
developed their own algorithms for handling blunt and penetrating abdominal
trauma to assure the fast and effective diagnosis of visceral injuries.

Also today the usual diagnostic procedures of diagnostic peritoneal lavage
f(DPL), sonography and CT all have their strengths and weaknesses, and none of

them are 100% reliable. For this reason, exploratory laparotomy is often per-
formed in the case of stab wounds, but the associated morbidity can reach up to
40% [10].

Diagnostic Laparoscopy (DL) is indicated in hemodynamically stable
patients (and in the absence of general absolute contraindications) with sus-
pected intra-abdominal lesions and equivocal findings on imaging studies and
when nonoperative management (NOM) is not indicated (suspected hollow
viscus injuries with peritonitis, potential diaphragmatic lesion) (EL 1b) [11-
13]. The procedure has been shown to effectively decrease the rate of negative
laparotomies and the observation time and minimize patient morbidity [14,
15]. The sensitivity, specificity, and accuracy of diagnostic laparoscopy (DL)
used to predict the need for laparotomy are high (75% to 100%) (EL 1b) [11,
16, 17], but depend on several factors. The use of DL for trauma is reported to
avoid a median 57% (range 17–89%) of patients a nontherapeutic laparotomy
(EL 1b) [11, 18, 19].
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The main benefits of laparoscopy are that it can reduce the rate of nonther-
apeutic and negative laparotomies, identify diaphragmatic injuries accurately,

tand, in some cases, provide a therapeutic option. It should be emphasized that
the use of laparoscopy in patients with trauma is reserved for hemodynamical-
ly stable patients and that laparoscopy can have limitations in dorsal stab
injuries to the hollow viscus.

The opinion in the early 1990s, supported by published data, that there was
a higher incidence of complications with laparoscopy is now outdated, due to
increasing experience and technical improvements [8]. The most common
indications for laparoscopic diagnosis and treatment in trauma are summarized
in Table 14.1.

Another indication is in the some trauma patients who have had free blood
fluid diagnosed in the peritoneal cavity, but the source of bleeding cannot be
determined. In these patients, nonoperative treatment is usually a risky option.
The source is mostly a mesenteric laceration which will often be missed with
CT scanning and detected laparoscopically [9].

14.2.1 Blunt Trauma

In our opinion, the most complete description regarding the planning and indi-
cations for blunt trauma was provided Selman Uranüs in 2010. This classifica-
tion was modified by us according to our own personal experience and other
data in the literature.
• Hemoperitoneum with slow and steady increase, with overt parenchymal

injury and haemodinamic stability. In these cases there will be a gradual
fall in blood parameters during nonoperative management (NOM), as
pointed out by Velmahos in 2003 [46].

• In such suspected intraperitoneal injury laparoscopy can provide a certain
diagnosis with therapeutic potential (suturing over the laceration or resec-
tion).
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Table 14.1 Indications for laparoscopy in trauma in hemodynamically stable patients

Blunt abdominal trauma (EL 4) [8]

Penetrating trauma of the abdomen with documented or equivocal penetration
of the anterior fascia; 

Penetrating thoracoabdominal trauma

Abdominal gunshot wounds with doubtful intraperitoneal trajectory
(tangential gunshot wounds) [13, 14]

Suspected diaphragmatic injury, in which imaging occult injury rates are significant,
it offers the best diagnostic accuracy

NOM with a progressive worsening of clinical, laboratory and imaging data, but always in
presence of hemodynamic stability

Modified from [25]. NOM, Nonoperative Management.



• Injury to the mesentery, unclear vascular damage to the intestine. The pres-
ence of mesenteric hematoma or lacerations, particularly if there is active

rbleeding, showed at CT angiography in stable patients, is an indication for
diagnostic and/or therapeutic laparoscopy (Figs. 14.1, 14.2). This approach,
as well as control of bleeding, may a possible visceral segment identify
ischemic and indicate the right treatment (Figs. 14.3-14.8).

• Unclear abdomen after blunt trauma. The term unclear abdomen indicates
a discrepancy between the findings of imaging studies and clinical exami-
nation. In spite of conservative treatment, the patient is faced with a wors-

tening of symptoms, which in these conditions are due to conditions not
related to the trauma. Laparoscopy can quickly clarify such situations and
may also provide a therapeutic option.

• Pancreatic injury tshould be reserved for superficial lesions and without
ductal involvement in a proper diagnostic laparoscopy, which requires a
broad view of the lesser sac and then of the pancreas. For this method pre-
operative guidance through imaging is essential and intraoperative ultra-
sonography is mandatory.

14.2.2 Penetrating Trauma

• Stable patient with stab wounds. Laparoscopy allows the diagnosis of peri-
toneal penetration and subsequent exploration for other organ injuries.
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Fig. 14.1 Algorithm for laparoscopy in abdominal blunt trauma. Flowchart by V. Mandalà, 2011
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Fig. 14. 2 Algo-
rithm for laparo-
scopy in abdomi-
nal stab wound.
Flowchart by
V. Mandalà, 2011

ABDOMINAL STAB WOUNDS

Stable        Unstable Hemodynamics

Local wound exploration Laparotomy

No penetration of Penetration of
anterior fascia anterior fascia

Observation Laparoscopy

Peritoneal No peritoneal
penetration penetration

Laparoscopic Observation
examination

No injury Injury identified

Observation Therapeutic laparoscopy
or laparotomy

WORSENING

Therapeutic laparoscopy
or laparotomy

Fig. 14.3 Mesosigmoid blunt traumatic rupture. CT scan: active bleeding (blush in mesosigmoid)
((arrowarrow))



Depending on the severity, the laparoscopic treatment of organ injuries
such as those to the stomach wall or intestine may be possible.

• Diagonal thoracoabdominal stab wounds t: All recent studies conclude that
laparoscopy has an important role in this field. This approach to intratho-
racic abdominal wounds is strongly indicated to reveal diaphragmatic
lesions (coupled with thoracoscopy) (Figs. 14.9-14.12).

• Gunshot wounds in the flank (tangential gunshot). For gunshot wounds,
laparoscopy can be used as a means of triage to rule out peritoneal viola-

ttion in selected cases when the clinical examination is equivocal. Sosa et
al. [15, 16] selected hemodynamically stable patients with wounds in
which the path of the bullet appeared tangential to the peritoneal cavity.
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Fig. 14.4 Mesosigmoidal
hematoma diagnosed by 
laparoscopy. Removal of 
the clots

Fig. 14.5 After removing 
the clots, active bleeding
from mesosigmoid vessels
is visible
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Fig. 14.6 Bleeding control
with clips and floseal

Fig. 14.7 Follow-up with CT
scan

Fig. 14.8 Follow-up one
month later. Abdominal wall



Fig. 14.11 Removal of
the pole (pole, cloth
and papyrus)
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Fig. 14.9 A 42-year-
old female patient, fal-
len from the first floor,
impaled. Stable
hemodynamic condi-
tions. Negative CT for
abdominal effusion,
free air, etc.

Fig. 14.10 Diagnostic
laparoscopy



dOrtega et al. [17] described the advantages of laparoscopy for stabbed
abdomens. Laparoscopy avoids unnecessary laparotomy and prevents the

rrisk of undiagnosed hollow viscus injury leading to delayed laparotomy for
acute peritonitis.

• Suspected diaphragmatic injury. A thoraco-abdominal CT or MR diagnosis
may miss an injury to the diaphragm, because a viscous shift from the
abdomen to the thorax could occur subsequently (today even some cases
are diagnosed only at autopsy): in these cases the wound can be explored
laparoscopically or thoracoscopically to determine whether laparotomy,
thoracotomy, or a minimal access procedure is indicated.

14.3 Technique

rSuccess can very much depend on the correct choice of trocar positions. For
therapeutic maneuvers, the triangulation of the area of injury is immensely
important for intracorporeal sewing and suturing. Organs can be shifted by
changing the position of the operating table so that the surgical field can be
better visualized without additional trocars and retractors (Fig. 14.13).

The procedure is usually performed under general anesthesia; however,
local anesthesia with I.V. sedation has also been used successfully in the emer-

tgency department (awake laparoscopy) (EL 3) [20-26]. We are convinced that
general anesthesia in the operating room is the best option because it allows an
in - depth examination (multiple positions) and therapeutic possibilities,
whereas the awake laparoscopy in the emergency room with mini optical
involves, in our opinion, a perfunctory examination.
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Fig. 14.12 Follow-
up two days after
surgery. Discharge
on the fifth day



Many authors have used low insufflation pressures (8-12 mmHg); however,
pressures up to 15 mmHg have been described without untoward events [23].
Special attention should be given to the possibility of a tension pneumothorax
caused by the pneumoperitoneum due to an unsuspected diaphragmatic rupture.
The pneumoperitoneum is created usually through a periumbilical incision

tusing an open technique or a Veress needle assisted technique in the left
hypocondrium, after insertion of a nasogastric tube and a Foley catheter.

A 30-degree laparoscope is advantageous; diagnostic exploration for peri-
toneal penetration or diaphragmatic injury could be performed using a single
camera port and additional trocars are used for organ manipulations. In the
case of penetrating wounds, air leaks can be controlled with sutures. The peri-

rtoneal cavity can be examined systematically, beginning with the right upper
quadrant and proceeding clockwise, taking advantage of patient positioning

dmanipulations. Suction/irrigation may be needed for optimal visualization, and
methylene blue can be administered intravenously or via a nasogastric tube to
help identify urologic or stomach injuries, respectively [24]. The colon can be
mobilized and the lesser sac inspected. After a thorough exploration, if a hol-
low viscus lesions has not been found, blood can be vacuumed off into a Cell
Saver® for autotrasfusion (EL 3b) [19, 25-27].
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Fig. 14.13 Choice of trocar site for diagnostic laparoscopy in trauma. The image shows the
umbilical port for the laparoscope, additional ports (lateral to muscle) for the operation. The epi-
gastric port and the suprapubic port are optional (5 mm or 10 mm trocars)



tIn penetrating injuries, peritoneal violation can be determined [23]. It must
be kept in mind that it is easy to miss small bowel perforations and retroperi-
toneal injuries to the colon [19]. 

The surgeon should not hesitate to do an exploratory laparotomy if he or
she is not 100% certain that there are no missed injuries (EL 3) [19].

14.4 Therapeutic Laparoscopy

In a highly selected group of patients therapeutic laparoscopy should be performed
only by surgeons skilled in advanced mini-invasive surgery (EL 3a) [19, 28]. Its use
in blunt trauma is more limited but appears applicable for some patients requiring
operative repair of other injuries (EL 2a) [29]. Bleeding from minor injuries of the
liver or the spleen can be controlled through the laparoscope (EL 4) [30, 31].

Therapeutic laparoscopic options have broadened in recent years to include
hemoperitoneum as well as mesentery and hollow viscus injuries [25] (hemo-

rstasis of minor bleeding and minor visceral injuries), but especially for
diaphragmatic laparoscopic repair of small and isolated injuries and to avoid
in most cases non-therapeutic laparotomy. Diaphragmatic lacerations (EL 4)

n[32-34] and perforating stab wounds of the gastrointestinal tract can be sewn
or stapled safely when laparoscopic expertise is available (EL 4) [19, 20, 35].

Angiographic embolization is an acceptable option to further define and
treat splenic and liver injuries in hemodynamically stable patients to reduce
the rate of observation (NOM) and surgical intervention (EL 4) [36, 37].

No attempt to repair complex injuries laparoscopically should be made,
because the potential benefits of the minimally invasive approach do not out-
weigh the risk [38].

In some referral centers delayed laparoscopy is proposed as a valid diagnostic
and therapeutic means (EL 4) [39, 40], especially for hepatic related complications

tusually consisting of bleeding biliary, hepatic abscess or necrosis and development
of abdominal compartment syndrome [28, 41, 42]. Thus laparoscopy should not be
considered a failure of NOM, but a part of this therapeutic strategy coupled with
radiologic and endoscopic interventional procedures.

14.5 Limitations and Complications of Laparoscopy for Trauma

With regard to the inclusion of laparoscopy in the diagnostic algorithm, critics
or non-supporters of the technique have always stressed its limitations: inva-
siveness, considerable costs and associated complications. There are organiza-
tional limitations regarding the need to have an operating room available
around the clock for treating emergencies laparoscopically with trained per-

nsonnel and all the ancillary services (radiology, ultrasonography, transfusion
centre and anesthesia), especially at night. There are also the medicolegal
implications, especially in terms of informed consent.
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id i14.5.1 Cost Considerations

In a retrospective analysis comparing the total hospital costs of exploratory
laparotomy to those of diagnostic laparoscopy in 37 patients with penetrating
abdominal trauma, the cost analysis showed that the laparoscopy-based strate-
gy was about EUR 1,136 cheaper than the exploratory laparotomy based strat-
egy (EL 3a) [43]. In a prospective, randomized study of 43 patients with
abdominal stab wounds, however, there was no difference between the two
strategies in the total hospital costs (EL 1b) [11].

14.5.2 Complications

The complications may be inherent to the technique, and trauma related.
Complications of laparoscopy related to trauma include not only the usual
complications of anesthesia and laparoscopy, but also procedure-related com-
plications. They occur in up to 11% of patients and are usually minor (EL 1b)
[7, 11, 19, 29]. Recent studies report a median of 0 (0-10%) morbidity and 0%
mortality (EL 1b) [11, 19, 35, 44, 45]. Complications include:
• tension pneumothorax in patients with diaphragmatic injury from positive-

pressure pneumoperitoneum [20, 7];
• gas embolism in patients with intra-abdominal venous injuries, especially

in liver;
• lacerations (role of gasless laparoscopy).

The transperitoneal absorption of carbon dioxide may cause metabolic and
hemodynamic changes such as acidosis, cardiac suppression, atelectasis, sub-
cutaneous emphysema and increased intracranial pressure, resulting in more
profound consequences for the trauma patient.

Perforation of a hollow viscus, laceration of a solid organ, vascular injury
d(usually trocar injury of an epigastric artery or lacerated omental vessels), and

subcutaneous or extraperitoneal dissection by the insufflation of gas may also
occur. Port-site infections may occur during the postoperative course.

14.6 Conclusions

In recent years, more so then in the past, it seems more justified to widen the
indications for laparoscopy in abdominal trauma. A more rigorous surgical
strategy requires that surgeons consider the laparoscopic approach to be an
important tool in their hands, and that they use this approach in a rational way
in well codified situations, in well organized and dedicated centers. However,
in our opinion, the best indication remains a suspected peritoneal tear in hemo-
dynamically stable patients.

We believe that in several other cases, strictly in the operating room, an
explorative laparoscopy can be performed instead of a mandatory laparotomy.
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rToday therapeutic laparoscopy can be undertaken in an increasing number
of cases, based on the reported evidence, common sense and right skill, to
achieve a synergy and not a conflict between evidence based medicine and
daily practice.
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