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INTRODUCTION

Diagnosing patients with suspected acute appendicitis remains a challenge to the clinician.
In the Western world, the lifetime risk of acute appendicitis is 7 per cent for females and 9
per cent for males. However, the chance of undergoing an appendectomy during lifetime
is much higher; 23 per cent in females and 12 per cent in males. The discrepancy between
frequency of appendectomy and acute appendicitis reflects the number of incidental and
unnecessary appendectomies.To prevent unnecessary appendectomies, diagnostic accuracy
demands improvement. Clinical investigation, a thermometer, and some laboratory results
are simply not enough to diagnose acute appendicitis accurately in all cases. In this era of
ultrasonography, computed tomography and laparoscopy it appears logical to apply these
diagnostic tools to assist the often puzzled clinician. Is it justified to incur more costs or
expose patients to radiation just to diagnose acute appendicitis and are these tools really
better than the hands of an experienced surgeon?

Itis obvious that treatment of acute appendicitis implies removal of the inflamed appendix.
However, since no diagnostic modality is 100 per cent accurate, the surgical procedure
includes diagnostic aspects as well. When McBurney described the possibility of performing
an appendectomy through a gridiron incision in 1884, this was a minimally invasive
approach compared to the usual midline laparotomy. His gridiron incision carried one major
disadvantage:it hampered access to the other quadrants of the abdominal cavity in case the
appendix was not inflamed. It took almost 100 years before the laparoscopic appendectomy
challenged McBurney’s operation. This novel technique combines a safe way to remove the
inflamed appendix imposing less trauma to the abdominal wall and allows for an inspection
of the entire abdominal cavity.Nevertheless, is laparoscopic appendectomy really the superior
technique and worth the extra operative time and training? Many surgeons tend to doubt
this, particularly in The Netherlands.

This thesis addresses questions regarding diagnosis and treatment of acute appendicitis
in adults and provides some of the answers. It provides scientific evidence to modify the
approach to a disease that affects annually 16,000 people in The Netherlands.

OUTLINE OF THIS THESIS

The optimal method to diagnose and treat acute appendicitis has been topic of much debate
during the past century. Particularly in the past two decades, introduction of diagnostic
modalities such as helical computed tomography (CT) and laparoscopy and wider application
of laparoscopic appendectomy have created an abundance of clinical studies. In chapter 2
this literature is reviewed to answer two key questions:
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- What is the current state of the art diagnosis and treatment of acute appendicitis?
- What evidence can be culled to support different diagnostic and treatment modalities?

CT yields a high accuracy for acute appendicitis. This factor combined with the increasing
availability of helical CT scanners has resulted in a wide application of this diagnostic
procedure. However, enteral and intravenous contrast enhancement is often considered to
be mandatory to establish high accuracy.In chapter 3, the question is answered:

- Can unenhanced CT be used as a diagnostic tool in patients with suspected acute
appendicitis?

Implementation of routine CT scanning in patients with acute appendicitis requires 24
hours radiological expertise because these patients present at any time of day and they
require prompt and accurate diagnosis and treatment. Consequently, the assessment of
patients with suspected acute appendicitis and interpretation of US and CT scans are done
by in house staff. Chapter 4 addresses the following question:

- What is the impact of experience of radiologists on accuracy of CT scanning in patients with
suspected acute appendicitis?

Treatment of acute appendicitis has undergone major changes as well. Removal of
the inflamed appendix is obviously still the goal, but the technique has changed with the
introduction of minimally invasive techniques in general surgery. In chapter 5, the operative
technique of laparoscopic appendectomy is described.This chapter is definitely not based on
a high level of evidence but describes tips and tricks from the author’s personal experience
with laparoscopic appendectomy and answers the following question:

- What is the optimal operative technique for laparoscopic appendectomy?

Technically, the procedure is straight forward except for securing the appendiceal stump.
This can be done with pre-knotted loops or laparoscopic linear staplers. Both techniques
have shown to be safe but both entail potential drawbacks. Linear staplers are expensive,
they require a 12 mm port for introduction and leave metal staplers on the stump and in the
abdominal cavity, which have been shown to lead potentially to short bowel obstruction or
pseudo-polyps.Endoloops on the other hand are associated with more intense manipulation
of the stump and they can slip, which can potentially lead to more deep and supefficial
postoperative infections and they cannot be placed safely over the cecum if the base of the
appendix is involved in the inflammation. Complications solely attributable to stump closure
are rare, which means that large studies are required to show superiority of either fashion.In
chapter 6, data are pooled from the literature to overcome this sample size problem and to
answer the following question:

- What is the optimal fashion to secure the appendiceal stump in laparoscopic appendectomy?

During the advent of laparoscopic appendectomy, there was much scepticism whether
the already ‘minimally invasive’ grid iron incision could be improved. There were also safety
concerns about the potential negative effects of a CO, pneumoperitoneum in patients with
perforated appendicitis and generalised peritonitis. In chapter 7, these issues are dealt with
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in a multi-centre randomised, controlled trial. The power of the randomised trial described in
chapter 7 did not allow assessing all potential complications or mortality after laparoscopic
appendectomy. To overcome this sample size problem, data from published randomized
controlled trials are pooled in chapter 8. In chapter 7 and 8 the following question is
answered:
- What are the advantages and disadvantages of laparoscopic appendectomy as compared to
open appendectomy in patients with acute appendicitis?
Chapter 9 describes the history and current status of laparoscopic appendectomy in The
Netherlands to answer the following question:
- What s the current status of laparoscopic appendectomy in The Netherlands?
Chapter 10 presents a general discussion and summarizes the findings of this thesis.

Chapter 11 is a Dutch summary.
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INTRODUCTION

Since the drainage of an abscess in the right lower abdominal quadrant of Prince Edward
VII (1841-1910), only few days before his coronation in 1902, the diagnosis and treatment
of acute appendicitis have changed considerably. In those days the timing of surgery was
under debate. While Frederick Treves (1853-1923) and Lord Lister (1827-1912) treated acute
appendicitis of the Prince with opiates and only operated upon him after an abscess had
formed, the young Harvey Cushing, as a surgical resident, had already insisted on emergency
operation at the moment he realized he had developed acute appendicitis himself on
September 26, 1897. The debate on timing of the operation is nowadays settled in favour
of acute operation, but the price paid for this dogma of emergency surgery for suspected
appendicitis is a high rate of unnecessary appendectomies.

Appendectomy is the most commonly performed emergency operation, accounting for 6
per cent of all operations in The Netherlands.In the European Union 700,000 appendectomies
are performed annually 7. Mortality following appendectomy is low, 0-0.24 per cent; it is

largely contributable to the severity of peritonitis present at the initial operation 868108109,

Morbidity following appendectomy is also low, 5.2 per cent-11.3 per cent; it correlates with
the presence of perforation and the severity of peritonitis at the time of operation 68108109,

EPIDEMIOLOGY

In the Western world, the lifetime risk of acute appendicitis is 6.7 per cent for females and 8.6
per cent for males '°. However, the chance of undergoing appendectomy during a lifetime
is higher, 23.1 per cent in females and 12 per cent in males . The discrepancy between
frequency of appendectomy and acute appendicitis reflects the number of incidental and
unnecessary appendectomies.

The overall incidence of acute appendicitis has decreased by 40 per cent in females and 34
per cent in males in the period from 1975 to 1994 in the United Kingdom "'. This trend has
also been noted in the United States and other Western countries %2>, Appendicitis is rare in
most of Asia and Central Africa, but the incidences in developing countries are increasing '°.
The causes of these changes are unclear, but could be attributed to dietary changes ™.

In the West, the perforation rate has remained the same, about 20 per cent from 1936 to
19938, Thus, despite progress in medicine, the number of perforations has not changed in
the past fifty years. Improvements in health care are apparently not associated with fewer
perforations. This finding probably indicates that most perforations occur before patients
are admitted to hospital with acute appendicitis. This phenomenon is more apparent in the
very young and old patients, because in these groups the rates of perforation tend to be
higher 821,
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PATHOGENESIS AND CLINICAL PRESENTATION

Acute appendicitis is an inflammation of the entire wall of the appendix, which is infiltrated
with granulocytes. Bacteria in the inflamed appendix are those of the normal colon flora,
which suggests secondary invasion of the appendix wall from the lumen of the bowel. The
pathogenesis of acute appendicitis is unclear. It has often been postulated that obstruction of
the lumen of the appendix, either by swelling of the surrounding lymphoid tissue or a fecolith,
and subsequent retention of mucus and swelling of the appendix, results in disturbance of
the capillary blood flow in the appendix, followed by necrosis. Other foreign bodies, such as
food debris, gallstones or worms have been reported to obstruct the lumen of the appendix.
However, it has been shown that appendicitis can occur without obstruction, possibly due to
bacterial invasion of the lymphoid tissue in the appendix wall, which may subsequently lead
to ulceration.The latter form should perforate less easily.

The classical symptoms of acute appendicitis include the onset of referred, central or upper
abdominal pain, which is sometimes colicky, followed by nausea and one or more episodes
of vomiting. The cause of this referred pain is stretching of the appendix. This period of
pain and discomfort may be mild: pain is sometimes not mentioned by the patient. After
several hours the pain usually shifts to the right lower abdominal quadrant and becomes
continuous and severe; movement becomes uncomfortable. This shifting of the pain is due
to the involvement of the parietal peritoneum.With progression of the disease, the pain may
spread diffusely over the abdomen, as occurs in generalized peritonitis due to a perforation.
If an abscess develops following a localized perforation of the appendix, the pain remains in
the right lower quadrant.

Difficulties in making the diagnosis are common; not all cases exhibit the clinical features
justdescribed.Particularly in young children, the elderly, pregnant women,and obese patients
the diagnosis may be particularly challenging.The position of the appendix as related to the
cecum may also influence the clinical presentation and the differential diagnosis.

DIAGNOSTIC WORK-UP

Physical examination and medical history remain the cornerstones of good clinical practice
in patients presenting with acute abdominal pain localized in the right lower abdominal
quadrant. White blood cell (WBC) count, erythrocyte sedimentation rate, and, sometimes
serum C-reactive protein (CRP) may be helpful.Urinary sediment examination and a pregnancy
test should be undertaken to exclude urinary tract infection, urolithiasis, and pregnancy
when applicable. However, a recent report on the diagnostic value of medical history, clinical
presentation and indices of inflammation, including CRP in a group of 496 patients with
suspected appendicitis showed that none of the individual variables had sufficiently high
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discriminating power to be used as a diagnostic test 22 The presence of anorexia, nausea,
and right-sided rectal tenderness had no diagnostic value. In this study, leukocyte and WBC
counts, CRP, rebound tenderness, guarding and gender were independent predictors of
appendicitis; the combined area under the receiver operating characteristic (ROC) curve was
0.93 for appendicitis, showing the value of combining several parameters. A normal serum
CRP level was recently shown to correlate strongly with a normal appendix in patients with
suspected appendicitis 2. A meta-analysis of studies addressing these issues has shown
increased likelihood of appendicitis when a positive psoas sign, fever, or pain migrating to
the right lower abdominal quadrant was present; vomiting before the onset of pain made
appendicitis less likely 2*. A study by Bohner showed a maximum positive predictive value of
85 per cent when a combination of three out of five clinical parameters were present 2°. Rectal
examination was not shown to contribute to a definite diagnosis of appendicitis .

Computer aided decision making and scoring systems Combining clinical history, physical
examination and laboratory studies has led to the development of scoring systems and
computer aided algorithms to help clinicians in the decision making in appendicitis.In clinical
studies several of these computer aided algorithms can reduce the number of unnecessary
appendectomies ¥*. These modalities were shown to be cost beneficial but they require
introduction of new and costly equipment and expertise 273031,

In contrast to this computer aided decision making, scoring systems can be applied without
special equipment and do not require new skills 3'. However, despite the reported excellent
results, these systems are not routinely used 323%. Some studies reported even a negative
effect of the introduction of such scoring systems. In a recent prospective multicentre study
by Ohmann et al., two groups of patients with acute abdominal pain were compared.In the
first group of 870 patients no scoring system was used, in the second group of 614 patients a
computer-supported diagnostic score was employed. There were no differences in the rates
of perforated and normal appendices found at laparotomy or postoperative complications,
but the diagnostic accuracy of the final examiner decreased using the diagnostic score.The
authors concluded that the score could not be recommended as a standard tool for diagnostic
decision making.

Overall, the actual gain of scoring systems appears small and the performance of these
scores outside study conditions is often optimistically biased. In a German study, the value
of 10 different scores for acute appendicitis was assessed using data of 1254 patients
presenting with acute abdominal pain®'. In this evaluation, the application of the scores to
the prospectively collected data was disappointing because none of the scores fulfilled any
of the performance criteria determined beforehand. A discrepancy exists between what can
be achieved during studies using scoring systems and what is actually achieved in every day
clinical practice. This limits the value of these scores considerably.

Imaging techniques Several imaging techniques have been advocated to improve
diagnostic accuracy in patients with suspected acute appendicitis. In a recent study by Rao
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et al.’® the diagnostic utility and hospital resource impact of plain abdominal radiography in
patients with suspected appendicitis were evaluated. The authors reviewed medical records
of 821 consecutive patients hospitalized for suspected appendicitis. Seventy-eight per cent
had plain abdominal radiography, 64 per cent had appendicitis. Radiographic findings were
noted in 51 per cent of patients with, and 47 per cent of patients without appendicitis.
No individual finding on the plain abdominal radiographs was sensitive or specific. The
authors found that plain abdominal radiographs in patients with suspected appendicitis are
frequently misleading. They also found that they are costly in relation to making a specific
and correct diagnosis. They concluded that abdominal radiographs should not be routinely
obtained in such patients.

The value of preoperative ultrasonography has been shown in numerous studies. Puylaert
et al.¥” showed a specificity of 100 per cent and a much lower sensitivity of 75 per cent for
this technique. In patients with perforated appendicitis sensitivity was notably low (28.5 per
cent). More recently, Allemann showed a specificity of 99 per cent and sensitivity of 91 per
cent in patients with suspected appendicitis if the ultrasonography was undertaken by the
attending surgeon 3%, However, Wise et al.** showed that ultrasonography has a high inter
and intra-observer variability (kappa = 0.15-0.20 and 0.39-0.42, respectively). Additionally,
Josephson et al.** showed that in patients with a body mass index exceeding 25, sensitivity
was as low as 37 per cent.In a meta-analysis by Orr et al,*" including 17 studies and a total
number of 3358 patients, the overall sensitivity and specificity of ultrasonography were 85 per
cent,and 92 per cent, respectively. Orr et al. showed that performance was largely dependent
on pretest probability for appendicitis. In this study, ultrasonography proved most useful for
patients with intermediate probability of appendicitis, based upon clinical examination “'.
Although the levels of accuracy of ultrasonography to be achieved under optimal conditions
are high, they are largely dependent on patient characteristics and expertise of the individual
ultrasonographer.

There is growing evidence that CT scanning is superior to ultrasonography in diagnosing
acuteappendicitis *4>*. Although CT has the disadvantage of exposing the patient toradiation,
its consistent sensitivity and specificity of over 90 per cent in many studies, and the low inter
and intra-observer variability, have made CT the optimal non-invasive diagnostic procedure
in a patient with suspected appendicitis 34447_ A recent trial by Rao et al. “* demonstrated
that routine appendiceal CT,undertaken in patients who present with suspected appendicitis,
results in improved patient care and reduced use of hospital resources. Focused, thin-section
helical CT seems to be the optimal CT technique *. Enhancement with intravenous contrast
in combination with contrast administered both orally and rectally is usually advocated but
Rao has shown that equal results can be achieved without oral contrast *. In recent studies,
unenhanced thin-section helical CT yielded results similar to those of enhanced CT, which
questions the essence of contrast enhancement *>%°, Wise et al. 3 recommend a standard



Diagnosis and treatment of acute appendicitis through the years

abdominopelvic CT scan as the initial examination; the focused appendiceal CT using colonic
contrast material can be kept in reserve for difficult cases.

Magnetic resonance imaging (MRI) is used incidentally in the work-up of patients with
suspected appendicitis. It has been shown that MRI can diagnose and rule out acute
appendicitis with high degrees of accuracy, but its current levels of availability, its high costs
and certain patient restrictions limit its widespread use >**. MRI has not been shown to be
superior to helical CT, but it has the definite advantage of not involving radiation exposure,
which is particularly important in pregnancy.

Diagnostic laparoscopy Laparoscopic inspection of the abdominal cavity enables the
surgeon to diagnose acute appendicitis accurately *. Early laparoscopy in patients with
acute non-specific abdominal pain is associated with higher diagnostic accuracy and better
quality of life than occurs after close observation followed by surgical intervention, if signs
of peritonism developed *. It has been shown that leaving an appendix that appears normal
during laparoscopic inspection is safe >*7° Criteria for the diagnosis of appendicitis during
laparoscopic inspection are the presence of unequivocal inflammatory changes, such as pus,
fibrin, or vascular injection of the serosa. Rigidity and lack of mobility at manipulation are
more uncertain signs of inflammation.

Removing a normal appendix is associated with a 6.7 per cent to 13 per cent risk of
early complications and 4 per cent risk of late complications, such as incisional hernia and
chronic pain in the first years after the operation . If a normal appendix is left in situ
during diagnostic laparoscopy, the number of unnecessary appendectomies will decrease,
particularly in the group of fertile women (17 per cent-38 per cent), but also in men (11 per
cent) 257596264 The diagnostic yield of laparoscopy in patients suspected of appendicitis is
high, but laparoscopy may be too invasive to justify its use only for diagnostic purposes. This
reasoning seems particularly true in the era of helical CT.

TREATMENT OF ACUTE APPENDICITIS

Non-operative treatment Immediate operative treatment has been advocated for more than
a century and is still the ‘gold standard’ in the treatment of acute appendicitis. There is some
experience of antibiotic treatment without operation in the acute phase.The only randomized
controlled trial comparing antibiotic and surgical treatment of appendicitis reported in
the literature showed that 8 out of 20 patients (40 per cent) of the group initially treated
with antibiotics required appendectomy within one year of the acute episode, because of
recurrence ®. For this reason, antibiotic treatment for acute appendicitis is only considered if
surgical therapy is not available.

Operative treatmentThe surgical technique of appendectomy has undergone few changes.
After introduction of the ‘minimally invasive’ operative technique, which was first undertaken
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by McArthur, but first described by McBurney in 1884, the gridiron incision has remained the
standard access to the abdominal cavity, when acute appendicitis is suspected . Laparoscopic
appendectomy was first reported by the Dutch surgeon de Kok in 1977 and later by Semm %,
The availability of this technique has resulted in the ‘gold standard’ of the gridiron incision
and of always removing the appendix becoming debatable for the first time.

The laparoscopic technique combines possibly even less surgical trauma than the McBurney
incision with the ability to inspect the entire abdominal cavity °. Laparoscopic removal
of an inflamed appendix has been shown to be a feasible technique 8, A large number
of randomized controlled trials have been conducted, in which laparoscopic and open
appendectomy have been compared 967482 A number of meta-analyses comparing these
randomized trials has been performed #%.The meta-analyses recognized methodological
flaws in many of the trials but most concluded that laparoscopic appendectomy resulted
in less wound infections, less postoperative pain, shorter hospital stay and faster recovery.
The operative time is 16-18 minutes longer than for the open procedure. In particular, the
reduction of wound infection rates and the possibility of patients returning to normal
activities sooner may be the greatest medical and economical advantage of the laparoscopic
procedure. Atrend towards increased intra-abdominal abscess formation has been recognised
after laparoscopic appendectomy &84,

De Wilde reported 70 per cent less intra-abdominal adhesions at laparoscopy 3 months
after laparoscopic appendectomy than after open appendectomy %. However, there is
no evidence that the number of long-term adhesion-related complications following
laparoscopic appendectomy is less than after open appendectomy.

In most studies direct costs are higher for laparoscopic appendectomy #'. Direct costs are
related to the technique of appendiceal stump closure.To secure the stump at laparoscopic
appendectomy, a linear stapler has been suggested to be superior to loops, but more
costly 74 Total costs associated with laparoscopic appendectomy have been shown to be
lower, because of shorter hospital stay and faster recovery *2.

In the era of open appendectomy, invagination of the appendiceal stump has not been
shown to be superior to simple ligation in an extensive randomized study by Engstrom et
al. # It is not to be expected that introduction of the laparoscopic technique has changed
these findings.

The most important disadvantage of using a gridiron incision and routine appendectomy
following the suspicion of acute appendicitis is the high rate of negative appendectomies.
This strategy used to be justified by the lack of adequate means of diagnosing or excluding
acute appendicitis in patients presenting with acute right lower quadrant abdominal pain
and the risk of perforation occurring during observation. Following the classical strategy of
managing patients with suspected acute appendicitis results in a high rate of negative surgical
explorations, particularly in certain groups of patients, such as women of childbearing age.
Negative appendectomy rates of 19 per cent-34 per cent are still accepted in these groups,
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even in recent studies "*'8'° Introduction of diagnostic tools such as enhanced or even
unenhanced helical CT or diagnostic laparoscopy has been shown to allow identifying or
excluding acute appendicitis with greataccuracy 39434547.5557-59 This means it should be possible
to reduce the number of unnecessary appendectomies considerably when these tools are
introduced routinely in the management of patients suspected of acute appendicitis.

Treating patients in whom acute appendicitis is suspected after a positive CT finding,
deprives laparoscopy of one of its great advantagesi.e.the possibility of using it as a diagnostic
intervention only. On the other hand, many randomized controlled trials, in which open and
laparoscopic appendectomy were compared and several meta-analyses of these studies have
shown advantages for the laparoscopic procedure, even though in most studies uninflamed
appendices were removed. In conclusion there is enough evidence to support laparoscopy in
every patient suspected of acute appendicitis followed by laparoscopic appendectomy when
the appendix is macroscopically abnormal.

Perioperative antibiotic treatment A large number of randomized controlled trials have
been undertaken to determine the merits of perioperative use of antibiotics in patients
undergoing appendectomy. Andersen et al. * reviewed 44 studies, in which any antibiotic
regime was compared to placebo, in patients who underwent appendectomy. This review
included 9298 patients. The overall conclusion was that the administration of antibiotics was
associated with less wound infections and intra-abdominal abscesses than administration of
placebo, regardless of inflammation of the nature of the removed appendix. The spectrum
of the antibiotics should be effective against colonic flora; intraoperative cultures from the
abdominal cavity are not helpful ®. Monotherapy with a second-generation, broad- spectrum
cephalosporin is an economical and effective antibiotic regimen in patients with complicated
appendicitis . In non-perforated appendicitis the antibiotic treatment should be single shot
prophylaxis . In the case of a perforated appendicitis, antibiotic treatment should be given
over a period of time, depending on the clinical condition of the patient .

Appendiceal mass Patients presenting with a history of right lower quadrant abdominal
pain of longer duration may have an appendiceal mass. Such a mass either consists of a
large phlegmon or an abscess. Each entity requires different treatment, hence differentiating
between these two lesions is crucial. Imaging techniques like ultrasonography and CT are
able to do so 3% An appendiceal abscess should be drained, preferably percutaneously
under CT or ultrasonographic guidance . In adult patients a phlegmon should be treated
non-surgically, because the complication rate of early surgery range from 15-50 per cent and
conservative treatment has been shown to be safe ¢°1%, Following successful conservative
treatment, interval appendectomy is often recommended, but only 6.6 per cent to 8.5 per cent
of patients will develop recurrent appendicitis %%, There is little support in the literature for
routine interval appendectomy. However, thorough examination of the colon (barium enema
or colonoscopy) should always be performed to rule out possible non-infectious causes of an
appendiceal mass, such as adenocarcinoma of the right colon or appendix, carcinoid of the
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appendix, or Crohn’s disease. The incidence of adenocarcinoma of the right colon can be as
high as 8 per cent in patients presenting with an appendiceal mass '%.

CONCLUSION

Diagnostic and therapeutic options for patients with suspected acute appendicitis have
changed considerably during the last century. However, routine use of preoperative CT or
diagnostic laparoscopy in this group of patients is still not widely accepted. Consequently,
the numbers of negative appendectomies have hardly changed through the years. Moreover,
the majority of appendectomies are still performed open, although laparoscopic removal of
an inflamed appendix has been shown to be the optimal way. In this era of evidence based
surgery, these discrepancies are difficult to justify. It seems time to change course for both
diagnosis and treatment of acute appendicitis.
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Surgical validation of unenhanced helical CTin acute appendicitis

ABSTRACT

Introduction: Surgery for pain in the right lower quadrant of the abdomen remains a clinical
dilemma. This prospective study assessed the accuracy of preoperative unenhanced helical
computed tomography (CT) in the evaluation of patients with suspected acute appendicitis.
Patients and methods: One hundred-and-three adult patients with suspected acute
appendicitis underwent unenhanced helical CT of the abdomen. Subsequently, all patients
underwent laparoscopic inspection of the abdominal cavity by a surgeon who was blinded to

the diagnosis suggested by CT. Patients underwent appropriate surgical therapy accordingly.

Follow-up was at least 6 weeks.

Results: Appendicitis was diagnosed by CT in 83 patients (80.6 per cent). Acute appendicitis
was identified during laparoscopy in 87 patients (84.5 per cent). Prospective interpretations
of CT images yielded a sensitivity of 95.4 per cent, and a specificity of 100 per cent for the
diagnosis of acute appendicitis. There were four false-negative scans. In 12 of 20 patients

without signs of appendicitis on CT, the scan established the presence of other pathology.

At operation no additional pathology was observed in this group and all other diagnoses
proved to be correct.

Conclusions: Plain helical CT in patients suspected of acute appendicitis provides an accurate
diagnosis without the disadvantages of contrast enhancement.
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INTRODUCTION

Acute appendicitis affects over 700,000 patients annually in the European Community,
16,000 in The Netherlands . A similar number of patients with suspected appendicitis are
hospitalised with a subsequent diagnosis other than appendicitis 2.

At least 20 per cent of appendectomies should be considered unnecessary, because
other or no pathology is found at operation 3* However, surgical tradition dictates removal
of the appendix whenever a gridiron incision has been made at open surgery. Diagnostic
laparoscopy has been shown to improve diagnostic accuracy for acute appendicitis, and to
reduce the number of redundant appendectomies, both in fertile women (by 17-38 per cent)
and also in men (by 11 per cent) *°. Preoperative computed tomography (CT) in patients
suspected of acute appendicitis has also been demonstrated to be highly accurate in
confirming or ruling out acute appendicitis ™.

Several studies on the value of CT in acute appendicitis have been performed with
administration of contrast, either intravenously and/or in the digestive tract. The present
study, was a prospective assessment of the accuracy of preoperative helical CT without
contrast in confirming or excluding acute appendicitis and other pathology in patients with
acute right lower quadrant pain.

PATIENTS AND METHODS

The study included 103 consecutive patients over 16 years of age with suspected acute
appendicitis who presented to the emergency departments of the University Hospital
Rotterdam and Medical Centre Rijnmond-Zuid between December 1999 and November
2001. The clinical diagnosis was established by senior surgeons in all patients. All patients
were scheduled for emergency laparoscopy. Before operation each patients gave written
informed consent and subsequently underwent abdominal CT. The study was approved by
medical ethical committees of both participating hospitals.

Preoperative evaluation included medical history, physical examination, and laboratory
tests, including pregnancy tests if appropriate, all at the discretion of the surgeon. Exclusion
criteria were signs of acute bowel obstruction, contra-indication to laparoscopy, contra-
indication to general anaesthesia or pneumoperitoneum, age under 16 years, pregnancy
and sepsis. Sepsis was defined as a body temperature of 39 °C or above or 35.5 °C or less
and dependence on catecholamines to maintain normal blood pressure, or positive blood
cultures. Signs of acute pancreatitis or acute aneurysm of the abdominal aorta or iliac arteries
on CT were considered to be stopping points.

CT was performed within 1 h of being requested. A LightSpeed Advantage™ scanner (GE
Medical Systems, Milwaukee, Wisconsin, USA) was used to obtain a single breath-hold helical
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scan from the caudal edge of the T11 vertebral body to the pubic symphysis. A 7.5-mm beam
collimation was used for the upper abdomen to the anterior iliac spine, and a 5 mm beam
collimation was used for the lower abdomen to the pubic symphysis. The table speed was
10 m/sec (11.25 mm / rotation, pitch 2.0, 120 kV, 190 mAs). No intravenous, oral or rectal
contrast was used.

The primary sign on CT for the diagnosis acute appendicitis was dilatation of the appendix
greater than 6 mm in transverse diameter. Secondary signs were periappendiceal infiltration,
thickening of the cecal wall, presence of an appendicolith, periappendiceal phlegmon
or abscess, and adenopathy. If only positive secondary signs were present, the scan was
considered positive for acute appendicitis. After completion of scans, a radiology resident
and a senior radiologist reviewed the images. Their findings were noted on a record form
for use by the surgeon after the diagnostic laparoscopy (see below). At the completion of
the study, all scans were reviewed by an expert radiologist who was blinded to the clinical
history and surgical findings. His scores were used to evaluate the final performance of
preoperative CT.

After CT, all patients underwent a standardized diagnostic laparoscopy, which included
inspection of the gallbladder, stomach, duodenum, sigmoid, transverse and ascending colon,
distal 100 cm of ileum and internal genitals if applicable. The lesser sac was not routinely
opened to allow inspection of the pancreas. The surgeon was blinded to the CT findings
during laparoscopy until the explorative phase of the laparoscopy was considered complete,
at which point the laparoscopic findings were noted on a record form. These findings were
considered the ‘gold standard), and were used to interpret the value of preoperative CT.
Subsequently, the surgeon was free to use any extra information provided by CT in clinical
decision making. Patients were treated with respect to the final diagnosis, non-surgically or
by open or laparoscopic surgery. Non-inflamed appendices were not removed if treatment
was laparoscopically. All removed specimens were sent for pathological examination.

Follow-up involved completion of postoperative record forms 1 and 2 days, and 1 and
6 weeks after surgery. Other data collected included hospital stay, pathological diagnosis,
complications and change of diagnosis and treatment after discharge.

RESULTS

Sixty-four men and 39 women, ranging in age from 16 to 82 (median 36) years were
enrolled in this study. During the study period no patients meeting inclusion criteria were
excluded. Prospective interpretation of unenhanced helical CT images had a sensitivity of
95.4 per cent and a specificity of 100 per cent for the diagnosis of acute appendicitis. The
appendix was demonstrated in all scans.There were no false-positive and four false-negative
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CT interpretations. In patients with a false-negative interpretation, acute appendicitis was
demonstrated during laparoscopy.

Acute appendicitis was diagnosed by CT in 83 patients (80.6 per cent).Whereas 87 patients (84.5
per cent) were diagnosed with acute appendicitis during laparoscopy (Table 1). Laparoscopic
appendectomy was intended in all patients with signs of acute appendicitis during laparoscopy,
but three patients eventually underwent open appendectomy for technical reasons. All 87
removed appendices were inflamed on microscopic examination.

Table 1 Laparoscopic and radiological characteristics of 103 consecutive patients suspected of acute appendicitis

CTscan Laparoscopy

appendicitis 83 87
no appendicitis 20 16
no pathology 8 5
gastric perforation 1 1
ileitis 2 2
colitis 1 1
enteritis 1 1
cecal infiltration 1 1
dermoid cyst 1 1
ileus 1 1
infiltration sigmoid 3 3
pyelonephritis 1 0
total 103 103

No appendicitis was diagnosed on CT scans in 20 patients (19.4 per cent).No pathology was
revealed by CT in eight of these patients, but four were subsequently diagnosed with acute
appendicitis during laparoscopy. Three cases of acute appendicitis involving only the tip of
the appendix, and one of perforated appendicitis with micro-abscess were misdiagnosed by
CT.Laparoscopy revealed no abdominal pathology in the other four patients.

Other pathology was observed on the scan in the remaining 12 patients without signs of
appendicitis on CT.No additional pathology was found at operation and the diagnosis based
on CT findings was correct. The radiological record form was used by the surgical team in
six instances. In five patients no diagnosis could be found during laparoscopy which was
confirmed by a negative CT scan.In one patient with a negative laparoscopy, pyelonephritis
was diagnosed by CT.

A gastric perforation in one patient was sutured laparoscopically. Two patients with ileitis,
one with colitis, one with enteritis, and one with mild infiltration of the cecum were treated
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conservatively. One patient with a dermoid cyst and one with a mild ileus of unknown origin
were also treated non-operatively. Three patients were diagnosed with infiltration of the
sigmoid wall,one of them underwent a Hartmann's procedure for perforated adenocarcinoma
of the sigmoid. Two patients were diagnosed with diverticular disease of the sigmoid during
laparoscopy. Their initial treatment was conservative, but one had a sigmoid resection
after three months because of continuing obstructive complaints. One patient recovered
completely and showed no tumour on colonoscopy and control CT after three months. The
patient with pyelonefritis diagnosed by CT was treated with antibiotics. No laparoscopic
procedure was converted to laparotomy because no specific diagnosis could be found
laparoscopically.

In 11 patients (10.7 per cent) diagnostic laparoscopy was not followed by surgical treatment,
in two patients because no signs of appendicitis or other pathology were shown during
laparoscopy and in nine patients with various diagnoses as noted above.

Follow-up was at least 6 weeks for all patients. Directly after surgery, and at 6 weeks’follow-
up, no patients had been diagnosed with additional pathology.Six patients had complications.
Three patients with wound infections were treated by local wound drainage and two patients
who developed an intra-abdominal abscess were treated successfully by percutaneous
drainage under ultrasonographic guidance. One 57-year-old woman who developed tertiary
peritonitis and enterocutaneous fistula after sigmoid resection for perforated sigmoid
adenocarcinoma stayed in the hospital for 9 months. There were no deaths. Mean hospital
stay was 2.8 (median 2) days, excluding the patient with perforated carcinoma of the sigmoid,
who stayed in hospital for 282 days.

DISCUSSION

In the Western world, the lifetime risk of acute appendicitis is 6.7 per cent for females and 8.6
per cent for males ''. However, the lifetime chance of appendectomy is higher, 23.1 and 12
per cent respectively . This discrepancy reflects the number of incidental and unnecessary
appendectomies. Removing a normal appendix is associated with an early complication
rate of 6.7-13 per cent and a late complication rate of 4 per cent in the early years after
surgery '213,

Several imaging techniques have been advocated to improve the diagnostic accuracy in
patients suspected of acute appendicitis. The introduction of CT in clinical decision making
has been shown to decrease the rate of negative appendectomies in this group of patients 1.
A sensitivity and specificity of 90.1 -97 per cent and 94.1-100 per cent respectively have been
reported for CT 6. This modality has been shown to be superior to ultrasonography in
providing an adequate diagnosis in patients with possible acute appendicitis at the cost of a
mild dose of ionising radiation 6%,
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The optimal CT technique is still under debate . Several techniques, ranging from plain
abdominal CT to thin section enhanced helical CT with oral and rectal contrast focussing on
the appendix have been advocated '%'*'*22. Many studies that have attempted to evaluate
specific CT techniques are flawed because they are either retrospective in design or use
clinical follow-up to verify the final diagnosis in part of the study group, or both. In this
study, the value of unenhanced helical CT without rectal or oral contrast was prospectively
evaluated by comparing CT findings with findings at diagnostic laparoscopy in all patients.The
implications of introduction of routine preoperative CT with respect to the requirement for
24-h availability of radiological expertise and interobserver variability were not investigated.
In daily practise those items are of paramount importance and should be addressed in further
studies.

Laparoscopic inspection of the abdominal cavity enables the surgeon to diagnose acute
appendicitis accurately %.In this study it was considered the ‘gold standard’in providing the
diagnosis in patients with suspected acute appendicitis. This assumption proved to be correct
because no patients required conversion to laparotomy purely for diagnostic purposes.
Unenhanced CT without oral or rectal contrast yielded a high sensitivity and specificity of
95.4 and 100 per cent respectively for acute appendicitis. This method therefore represents
a simple, rapid and relatively inexpensive technique with which to obtain an accurate
diagnosis in patients with suspected acute appendicitis without possible allergic effects or
patient discomfort related to the use of intravenous or enteral contrast. Avoiding contrast
enhancement also has an economic cost advantage; in the authors’ departments, use of
intravenous and rectal contrast forms 25 percent of the total costs of CT.

Unenhanced CT without oral or rectal contrast was also able to diagnose other pathology
accurately in this group of patients. Pre-operative CT could therefore provide information on
the optimal surgical access to the abdomen in case of unexpected diagnoses such as gastric
or sigmoid perforation that require a surgical approach other than a McBurney incision. In
laparoscopic surgery, preoperative information on the exact location of the appendix or
other intra- abdominal pathology is of less value because laparoscopy allows easy inspection
of the entire abdominal cavity.

In this study, both men and women benefited from pre-operative CT; a McBurney incision
would have been prevented in 9 women (23.0 per cent) and five men (7.8 per cent) if the
intended treatment would have been changed on the basis of CT findings. Introducing
diagnostic laparoscopy in the standard evaluation of patients with suspected acute
appendicitis deprives preoperative CT of some of its benefits because it diagnosed with 99 per
cent accuracy in this study and many conditions encountered, including acute appendicitis
and gastric perforations, can be treated laparascopically. As a purely diagnostic modality,
however, it is inferior to CT because it is more invasive. This is particularly disadvantageous
to patients with a non-surgical disease. However, early laparoscopy in patients with acute
non-specific abdominal pain is associated with a higher accuracy and improved quality of
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life compared with close observation followed by surgical intervention if signs of peritonism
develop 2.

The four false-negative CT interpretations, particularly the missed case of perforated
appendicitis, are of great concern. Reducing the collimation used in the appendiceal region
(for example from 5 to 3.25 mm) might improve the accuracy, as only the tip of the appendix
was affected in three of four with a false-negative scan. Reading the scans directly on the
work station might also improve interpretation.

Rao et al."®showed in a North American study that routine contrast-enhanced appendiceal
CT in patients with suspected acute appendicitis not only improved patient care but also
reduced the use of hospital resources. In the light of the present finding that unenhanced
helical CT can give an accurate diagnosis without the disadvantages of contrast enhancement,

a randomized trial comparing its costs with those of diagnostic laparoscopy is now required.
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Interobserver variability in CT scanning for suspected acute appendicitis

ABSTRACT

Introduction: Computed tomography (CT) has been shown to improve diagnosticaccuracyin
patients suspected with acute appendicitis. This prospective study assessed the interobserver
variability of CT scanning in these patients.

Patients and methods: One hundred-and-three adult patients with suspected acute
appendicitis underwent unenhanced helical CT of the abdomen. Subsequently, all patients
underwent laparoscopy by a surgeon who was blinded to the diagnosis suggested by CT. All
CT scans were interpreted by group A, B, and C radiologists with different levels of expertise.
Results: Acute appendicitis was diagnosed on CT in 69 per cent, 74 per cent, and 80 per cent
by group A, B, and C radiologists respectively. At laparoscopy, 83 per cent of patients were
diagnosed with acute appendicitis. Sensitivity was: 81 per cent, 88 per cent, and 95 per cent
caused by 16, 8, and 4 false-negative CT interpretations by group A, B, and C radiologists
respectively. During laparoscopy 12 patients were diagnosed with other diseases.These were
all correctly diagnosed by group C (specificity 100 per cent); group A and B both missed the
diagnosis colitis in one patient, all other disorders were diagnosed correctly (specificity 94
per cent).

Conclusions: Sensitivity of CT for the diagnosis acute appendicitis differs considerably. This
interobserver variability has to be considered in the implementation of routine CT scanning
in patients with suspected acute appendicitis.
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INTRODUCTION

Diagnosing acute appendicitis remains a challenge to the clinician.More than fifteen per cent
of appendectomies are performed unnecessarily while in some high-risk populations, such
as women of reproductive age, the population-based rate of unnecessary appendectomy
is as high as 26% '. Preoperative imaging techniques, such as computed tomography (CT)
and ultrasonography (US) have been shown to improve diagnostic accuracy in patients with
suspected acute appendicitis >*.In centres with dedicated expertise, sensitivity and specificity
of over 95 percent in patients with suspected acute appendicitis have been reported using
either technique #*. In the majority of studies investigating the value of different preoperative
imaging techniques, the expert interpretation of the images is provided. However, patients
with acuteillnesses such as appendicitis present at any time of the day and require promptand
accurate diagnosis and treatment. Consequently, the assessment of patients with suspected
acute appendicitis and interpretation of US and CT scans is in the hands of in house staff.
These health care professionals might have limited expertise in diagnosing appendicitis by
US or CT. To assess the interobserver variability of CT scanning in patients with suspected

acute appendicitis, a prospective study was performed.

MATERIALS AND METHODS

From December 1999 until November 2001, a prospective study was performed in a cohort
of 103 consecutive patients over 16 years of age, suspected of acute appendicitis. All patients
presented to the emergency departments of the Erasmus MC or the Medical Centre Rijnmond
Zuid in Rotterdam, The Netherlands. Medical ethical committees of both participating
hospitals approved of the study. The clinical diagnosis of acute appendicitis was established
by staff surgeons in all cases. All patients were scheduled for emergency laparoscopy. Prior to
surgery all patients signed informed consent and subsequently underwent abdominal CT. All
CT scans were obtained within one hour after being requested by using a helical CT scanner
(LightSpeed Advantage™; GE Medical Systems, Milwaukee, Wis, USA). A single breath-hold
helical scan from the caudal edge of the 11* thoracic vertebral body to the pubic symphysis
was obtained. A 7.5 mm beam collimation was used for the upper abdomen to the anterior
iliac spine, and a 5 mm beam collimation was used for the lower abdomen to the pubic
symphysis. A table speed of 10 m/sec (11.25 mm / rotation) was used (pitch 2.0; 120 kV; 190
mAs). No intravenous, oral or rectal contrast was used.

Exclusion criteria were signs of acute bowel obstruction, contra-indications to laparoscopy,
general anaesthesia or pneumoperitoneum, age under 16 years, pregnancy and sepsis. Sepsis
was defined as body temperature >39 °C or <35.5 °C and dependence on catecholamines

to maintain normal blood pressure or positive blood cultures. Signs of acute pancreatitis
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or acute aneurysm of the abdominal aorta or iliac arteries on CT were considered stopping
points.

All CT scans were reviewed by three different groups of radiologists. Promptly after
completion of the CT, a radiology resident interpreted the images (Group A) and these
findings were recorded. Subsequently, a staff radiologist blinded to the first findings reviewed
the same images and noted these findings on a second blank record form (Group B). This
last record was available to the surgeon upon completion of the diagnostic laparoscopy (see
below). After closure of the study, all scans were reviewed by an expert radiologist (GPK) who
was blinded to the clinical history, earlier CT evaluations and surgical findings (Group C).

The primary sign on CT establishing the diagnosis acute appendicitis was dilatation of the
appendix greater than 6 mm in transverse diameter. Secondary signs were thickening of the
cecal wall, periappendiceal infiltration, presence of an appendicolith, periappendiceal phlegmon
or abscess, collection of air bubbles in the lumen of the appendix and lymphadenopathy.

After CT, all patients underwent a diagnostic laparoscopy. All laparoscopic inspections were
supervised or performed by staff surgeons.The surgical team was blinded to the CT findings during
surgery until the explorative phase of the laparoscopy was considered complete. At that time the
surgeon noted the laparoscopic findings on a record form. These findings were considered the
‘gold standard’ and were used to interpret the value of preoperative CT scanning.

Subsequently, the surgeon was free to use any additional information from the CT in
clinical decision making. Patients were treated with respect to the final diagnosis, either non-
surgically or surgically, open or laparoscopically. Normal appendices were not removed. All
removed specimens were sent for pathological examination.

To compare differences in performance between groups A, B and C, sensitivity, specificity
and false-positive and false-negative interpretations were calculated. Level of agreement
between groups was expressed by kappa coefficients. The kappa coefficient of reliability
provides a pair wise indication of agreement between observers, corrected for chance and
varies between -1 (perfect disagreement) and 1 (perfect agreement).

RESULTS

Sixty-four males and 39 females, ranging in age from 16 to 82 years (median 36 years) were
enrolled in this study. During the study no patients meeting inclusion criteria were excluded.
All CT scans were interpreted by group A and C radiologists while three CT scans were not
interpreted by group B radiologists. Interpretation of scans by group A, B and C radiologists
showed considerable differences (Table). Acute appendicitis was diagnosed on CT in 69 per
cent, 74 per cent,and 80 per cent by group A, B,and C radiologists respectively. At laparoscopy,
83 per cent of patients were diagnosed with acute appendicitis. No laparoscopic proceduress
were converted to laparotomy for diagnostic purposes.
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The level of agreement (kappa) was good, 0.76 and 0.70 respectively between group A and
B and between group B and C radiologists, but less between group A and C: 0.57. Specificity
of CT interpretations for the diagnosis acute appendicitis in these 103 patients by Group A,
B and C radiologists was comparable: 94 per cent, 94 per cent,and 100 per cent respectively
(Table). However, sensitivity differed considerably between groups: 81 per cent, 88 per cent,
and 95 per cent respectively.There were 16,8,and 4 false-negative and 1,1 and 0 false-positive
CT interpretations in group A, B, and C respectively.

During laparoscopy 12 patients were diagnosed with other diseases (Table). These other
diseases were correctly diagnosed by the expert radiologist (i.e.group C) in all patients; group
A and B radiologists both missed the diagnosis colitis in one patient, while all other disorders
were diagnosed correctly. Pathology confirmed surgical findings in all cases.

Follow-up was at least six weeks for all patients. Directly after surgery and at six weeks’
follow-up, no patient had been diagnosed with additional pathology.

Table Accuracy of (T interpretations by group A, B, and C radiologists as compared to laparoscopy

Group A Group B Group C Laparoscopy
Cases (n) 103 100 103 103
Appendicitis (n) 7 74 82 87
No appendicitis (n) 32 26 21 16
no pathology 21 15 8 5
gastric perforation 1 1 1 1
lleitis 2 2 2 2
Colitis 0 0 1 1
Enteritis 1 1 1 1
cecal infiltration 1 1 1 1
dermoid cyst 1 1 1 1
lleus 1 1 1 1
infiltration sigmoid 3 3 3 3
Pyelonephritis 1 1 1 0
Sensitivity 81% 88% 95%
# false negative 16 8 4
Specificity 94% 94% 100%

# false positive 1 1 0




Interobserver variability in CT scanning for suspected acute appendicitis

DISCUSSION

Morbidity associated with unnecessary appendectomies varies from three to six percent>.
Particularly long-term complications such as bowel obstruction due to adhesions or
incarcerated incisional hernias carry considerable risk and economical burden. In a recent
study by Flum et al.’, clinical and economical correlates of misdiagnosed acute appendicitis
in the United States have been assessed. This study showed that in 1997 in the United
States, 15.3 per cent of 261,134 non-incidental appendectomies were negative for acute
appendicitis. The authors estimated that $741.5 million in total hospital charges resulted
from admissions for unnecessary appendectomy. In our study, all patients were scheduled
for emergency laparoscopy after they were diagnosed with acute appendicitis by a senior
surgeon. Even in this group of patients with a high index of suspicion, 17 per cent did not
have acute appendicitis at laparoscopic evaluation.

To decrease the number of unnecessary appendectomies, several imaging techniques such
as CT and US have been advocated to improve diagnostic accuracy. Introduction of CT in
clinical decision making has been shown to decrease the rate of negative appendectomies?.
Sensitivity and specificity rates of 90.1 to 97 per cent and 94.1t0100 per cent respectively
have been reported for CT**.However, these high accuracies involve studies under optimal
conditions with experts interpreting CT images. Under these conditions CT has been shown
to be superior to US in providing an adequate diagnosis in patients with suspected acute
appendicitis®. Interobserver variability in US for establishment of acute appendicitis is great
because accurate ultrasonographic recognition of an inflamed appendix requires outstanding
expertise in abdominal ultrasonography. Therefore, US has never been adopted routinely to
diagnose appendicitis although US plays a role in pregnant women and children who have
a thin abdominal wall which renders US more feasible®. The quality of CT images is far less
dependent on the observer. However, this study shows that the interpretation of CT images
carries a considerable interobserver variability. Although a positive CT is rarely erroneous,
false-negative CT interpretations are more common when less experienced assessors review
the images.The interobserver variability in CT scanning for suspected acute appendicitis has
its consequences for training of medical doctors who are involved in the care of patients with
right lower abdominal quadrant pain. Interpretation of CT images of such patients should be
considered to be integrated into the early training of radiologists, surgeons and emergency
medicine doctors. Another option is telesupervision of image interpretation, which is
increasingly adopted and may become the standard of care in the near future. Information
technology allows and will oblige the medical community to provide the highest degree of
expertise at any time and any place.

However, also in expert hands, false-negative CT interpretations do occur. In this study the
expert radiologist interpreted four CT scans falsely negative. Reducing the collimation as
used in the appendiceal region (for example from 5 to 3.25 mm), reading the scans directly
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on the working station or administering intravenous and enteral contrast in difficult cases
might improve the quality of interpretation, but clinical assessment will continue to play a

role. Clinical or outpatient observation and diagnostic laparoscopy are to be considered in
patients with negative CT scans.
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INTRODUCTION

Laparoscopic appendectomy has not yet been widely adopted by general surgeons in
spite of clear evidence of its advantages. Inexperience with the laparoscopic approach to
appendiceal pathology, subsequently long operating times and higher direct costs are
halting wider diffusion. To implement laparoscopic appendectomy successfully into hospital
practice, involved health care professionals require proper training and access to proper

videoscopic equipment.

==

Figure 1 Positioning of the patient, surgical team and equipment
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PRE-OPERATIVE WORK-UP

Laparoscopic appendectomy requires a surgical team with proficient training in basic
laparoscopic procedures such as laparoscopic appendectomy and high quality videoscopic
imaging to allow proper assessment of the appendix. If these criteria cannot be met, open
appendectomy is to be preferred.Both patient and family should be informed pre-operatively
that the incisions will be made in the left lower quadrant of the abdomen to remove the
appendix laparoscopically, in order to avoid confusion among those who expect an incision
in the right lower quadrant.

Prior to this laparoscopic procedure the intravenous line should be placed in the right arm
to allow for positioning of the left arm along the body of the patient, since both the surgeon
and camera driver stand on the left side of the patient (Figure 1). Insertion of a urinary
catheter is not mandatory if the patient has voided prior to surgery. The patient is placed
in supine position, optionally with the right side elevated to a tilt of 30 degrees in order to
facilitate mobilization of the cecum. Either a cushion or a beanbag can be used to position
the patient in right tilt.

FIRSTTROCAR

Establishment of the pneumoperitoneum is done
in an open fashion in all patients since visceral
and vascular lesions are more common after
closed establishment of a pneumoperitoneum'. A
semicircular incision is made in the lower or upper
fold of the umbilicus depending on the anatomy
of the umbilicus. In obese patients the position
of the umbilicus tends to shift caudally. In these
patients the optimal position of the first trocar
can differ. Placement of the first trocar in the left
upper quadrant is a safe alternative under these
circumstances. In small patients this alternative
should also be considered because placement
at the umbilicus positions the trocar too close to
the appendix. To introduce the Hasson'’s trocar,
two Kocher clamps are placed on the fascia. Both

Figure 2 Trocar positioning
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fascia and peritoneum are opened under direct vision. Stay sutures are placed to secure the
Hasson’s cannula; at the end of the procedure these sutures will be used to close the fascia.In
patients with abdominal scars due to previous surgery, the first trocar should be inserted in
an area devoid of scars to allow for inspection and safe lysis of adhesions when present.

ADDITIONAL TROCARS AND INSPECTION OF THE ABDOMINAL CAVITY

The pressure of gas insufflation is determined per individual patient. The key is to work at
the lowest pressure possible to limit adverse hemodynamic effects. After insufflating the
peritoneal cavity, the patientis placed in aTrendelenburg position to displace the small bowels
from the small pelvis. A zero degree 10-mm laparoscope is introduced to inspect the entire
abdominal cavity. In most patients, placement of a second trocar allowing for introduction of
an atraumatic grasper is required to retract small bowel loops and omentum. This second 5-
mm trocar is placed just cranially to the pubic bone in the midline (Figure 2).The peritoneum
tends to be very lax in the lower abdomen rendering introduction of this distal trocar difficult.
Careful rotating this trocar during introduction and appropriate patience will contribute to
its safe introduction.

The first step is the identification of the appendix. Laparoscopic inspection of the appendix
involves assessment of color, consistency, mobility, fixation and possible perforation. Color
assessment in videoscopic surgery is dependent on many variables such as light intensity,
transparency of the laparoscope and quality of the camera and screen. A defective imaging
chain can obscure or exaggerate redness of the appendix. An inflamed appendix is rigid while
an unaffected appendix is floppy. Fixation of the appendix is indicative of appendicitis when
previous generalized peritonitis has not occurred. Perforation of the appendix when present
is obvious in most cases by the presence of pus or faeces in the peritoneal cavity. When the
appendix is located posteriorly to the cecum, the cecum should be mobilized first by cutting
the peritoneum at Told’s line. This procedure will be facilitated by placing a third trocar. This
third trocar is placed just medially to the left anterior superior iliac spine (Figure 2). Care
should be taken not to damage the epigastric vessels. Laparoscopic inspection can accurately
diagnose or rule out acute appendicitis 2. If the appendix appears normal, inspection should
continue and involve the gallbladder, stomach, duodenum, sigmoid colon, distal 100 cm of
ileum, ovaries, Fallopian tubes and uterus if applicable. Inspection of the pancreatic body and
tail requires opening of the lesser sac through the gastrocolic ligament and is not routinely
performed. A normal appendix should be left in situ, even if no alternative diagnosis is
confirmed “ Removing a normal appendix is associated with considerable morbidity and
costs °. After negative diagnostic laparoscopy, patients should be well informed about the
fact that the appendix was not removed. Murphy et al. ¢ showed that 20 percent of patients
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was unaware of the status of their appendix after a diagnostic laparoscopy performed for
right lower quadrant pain.

RESECTION OF THE APPENDIX

In the majority of patients a retrograde dissection of the appendix (from base to tip) is
preferred;only dense infiltration of the base of the appendix may require antegrade dissection.
Retrograde dissection requires skeletizing of the meso-appendix. To allow dissection of the
meso-appendix, the appendix has to be retracted. The preferred method is retraction of
the meso-appendix to avoid perforation of the appendix due to grasping. When the meso-
appendix can not be grasped effectivily, a pre-tied loop at the tip of the appendix can serve
as retraction handle. The meso-appendix harbors the appendicular artery that runs at the
base of the meso-appendix (Figure 3). Depending on the caliber of this artery, occlusion can
be accomplished by mono- or bipolar electrocautery, clips or an ultrasonic device. When
diathermy is used, care should be taken to avoid contact between the tip of the dissection
instrument and the terminal ileum or cecum. This can lead to unnoticed damage with late
perforation of the ileum. Care should be taken that the entire appendix is freed as multiple
reports exist on partial appendectomy during laparoscopic removal.The appendiceal stump
can be taken care of by pre-tied loops at the base of the appendix. Application of diathermy
during transsection of the appendix, which has been advocated to cauterize bacteria in the
appendiceal lumen, should be avoided to prevent tearing the loop.The distal loop should not

Figure 3 Anatomy of the appendix
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be cut since it can be used to remove the appendix from the abdomen. As an alternative to
pre-tied loops, the appendix can be occluded and transected by a 30-35 mm stapling device
with a blue cartridge. When a stapling device is used, care should be taken not to include
clips used on the meso-appendix in the staple line because this will cause misfiring. In case
of bleeding at the staple line, compression with a gauze usually suffices. If bleeding persists,
either a clip or a suture can be placed. Diathermy should be avoided to prevent necrosis at
the staple line. Use of a stapling device requires change of the suprapubic 5 mm trocar for
a 12-mm trocar.The use of a stapling device is mandatory when a perforation at the base of
the appendix is present. In such cases, the stapler is placed over the cecum to exclude the

perforation.

REMOVAL OF THE APPENDIX

The appendix is removed from the abdominal cavity through the widest trocar that has
been used during the procedure.In case one 10-mm trocar and two 5-mm trocars have been
inserted, a 5-mm laparoscope can be inserted through one of the 5-mm trocars to allow
removal of the appendix through the 10-mm trocar. When easy passage of the appendix
through the trocar is unlikely, the appendix is placed in a plastic retrieval bag prior to removal.
Drains are not left behind. Suction is performed routinely if blood or purulent material is
present after removal of the appendix. All trocars are extracted under direct vision in order
to identify possible bleeding at the port site. If a port site bleeding is noticed, coagulation
with a laparoscopic instrument inserted through another port is attempted first to control
the bleeding. If this is unsuccessful, compression with a balloon catheter or closure of the
port site with suture passers that are inserted under laparoscopic monitoring is the next step.
Intracutanous closure of the trocar sites is routinely performed.
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ABSTRACT

Background Despite the rapid proliferation of laparoscopic technology, many technical
aspects of laparoscopic appendectomy are still a matter of debate. This meta-analysis aimed
to compare endoscopic linear stapling versus loop ligatures in securing the base of the
appendix.

Methods Randomized controlled trials on appendix stump closure during laparoscopic
appendectomy were systematically searched (Medline, Cochrane and hand searches) and
critically appraised. Results on complication rates, operating time, and hospital stay were
pooled by standard meta-analytic techniques.

Results Data on 427 patients from four studies were included. The duration of surgery was
9 minutes longer if loops were used (p =0.04). Superficial wound infection (OR 0.21; 95%-Cl
0.06 to 0.71; p=0.01) and postoperative ileus (0.36; 0.14 to 0.89; p=0.03) were significantly
less frequent when the appendix stump was secured by staples instead of loops. Of ten
intraoperative ruptures of appendix, seven occurred in loop treated patients (p=0.46).
Hospital stay and frequency of postoperative intraabdominal abscess were also similar.
Conclusions The clinical evidence on stump closure methods in laparoscopic appendectomy
favours routine use of endoscopic staplers. Higher direct costs will result from this strategy.
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INTRODUCTION

Laparoscopic appendectomy (LA) is progressively accepted as the treatment of choice for
acute appendicitis. Numerous randomized trials and meta-analyses have shown less post
operative pain, less wound infections, faster recovery and shorter hospital stay after LA '7.
Although the surgical technique of laparoscopic appendectomy has been well established,
controversy exists regarding closure of the appendiceal stump. In the early days of LA, the
stump was closed with pre-knotted loops (Roeder loops or endoloops) &0, After introduction
of laparoscopic linear staplers, it became ‘en vogue’ to apply these for LA, particularly for
difficult cases such as perforation at the appendiceal base '""'*. Currently, some authors advise
routine use of linear staplers during LA to avoid leakage from the appendiceal stump ™.
Both techniques have been shown to be safe but both entail potential drawbacks. Linear
staplers are expensive and require a 12 mm port for introduction. Leaving metal staples on
the stump and in the abdominal cavity can cause adhesion-related short bowel obstruction or
formation of pseudo-polyps in the cecum 7. Loops are associated with more manipulation
of the stump and they can slip, which can potentially lead to more postoperative infections.
Loops are not safe to close the cecum in case of perforation of the base of the appendix if
the inflammation of the appendix has involved the cecum as well ™. If loops are closed too
tightly they also can cut into the tissue or cause local necrosis predisposing to stump leakage.
Complications attributable to stump closure are rare, which means that large studies are
required to show superiority of either fashion. Pooling data from the literature is potentially
helpful to overcome this sample size problem °.The aim of this study is to determine the optimal
technique to secure the appendiceal stump in LA from data available in the current literature.

MATERIALS AND METHODS

For this study, only data of patients who underwent laparoscopic surgery were assessed.
All randomized controlled trials comparing different closing techniques of the appendiceal
stump during laparoscopic appendectomy for acute appendicitis were included. Trials that
allocated patients depending on the availability of staff or instruments were excluded. The
aims of the surgical interventions under investigation were: (1) to remove an inflamed or
uninflamed appendix and (2) to close the appendiceal stump with stapler or loops. The
surgical tools applied to achieve these aims were: (1) LA with stapler; (2) LA with loops.

In order to be as comprehensive as possible, the following search strategies were employed
to identify all relevant studies regardless of language after the year 1983. Electronically, the
Cochrane Library (Version 1V/2004), Medline, Embase, SciSearch and Biosis were searched. All
searches were repeated until November 10, 2004. Reference lists were checked and authors
of relevant articles and known international experts in the field of laparoscopic surgery were
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contacted to obtain information on any past, present or future studies. Abstracts presented
to the international scientific societies focusing on endoscopic surgery were searched for by
hand and the authors were asked to provide full information on their study.

All studies were assessed by 2 reviewers (KHH and SS) who checked the main criteria of
study design and analysis, the method of randomization and allocation concealment, the
blinding of outcome assessment, and how protocol violations were dealt with. These three
aspects of quality were scored from 0 to 2, as proposed by Jadad et al.%°.

For dichotomous variables risk differences with their 95% confidence intervals were
calculated. Since rare events were dealt with, the Peto odds ratio (OR) was calculated. For
continuous variables, means with their corresponding standard deviations (SDs) are generally
needed to calculate the mean differences and 95% confidence intervals. In case a study did
not report SD for a mean value, we estimated SD to be equal to the mean.The effect measures
were pooled within a random effects model. Heterogeneity was quantified by the I>-statistics,
which ranges from 0 percent (no heterogeneity) to 100 percent (maximum heterogeneity).

RESULTS

The five studies included in the review contributed to the results in the following way. One
study compared double versus single loops at the base of the appendix ', without showing
major differences. Patients from this study were not included in the final analysis. Four studies
compared LA using staplers and LA using loops 2>2°. Three of these studies had a three-armed
design randomizing patients to laparoscopic appendectomy with loops or staplers or a third
procedure.The third procedure was open appendectomy %, extracorporeal stump ligation %,
or additional sinking of the appendix stump 2. One trial was done in children %.The quality
of all included studies was moderate to poor (table 1). Typical shortcomings were a lack of
blinding and various types of protocol violations which made complete intention-to-treat
analysis impossible. No study described the actual accrual rate of patients with suspected
acute appendicitis during the study period nor included a longer follow-up to detect intra-
abdominal adhesions and similar problems.

Table 2 summarizes therapeutic effects from the four above mentioned studies. Based on
427 patients, operative time was 9 minutes shorter (p=0.04) if a stapler was used. Results
on operative time however were heterogenous (1>=73%). Rupture of the appendix was as
common in both groups (p=0.46). Figure 1 shows that wound infections were significantly
less likely if a stapler was used (OR 0.21; 95%-Cl 0.06 to 0.71; p=0.01). Figure 2 shows that
postoperative ileus was significantly less common in the staple group (0.36;0.14 to 0.89 (p=
0.03).Both outcomes were homogenous.Intraabdominal abscesses were seen at similar rates
in both groups (0.62;0.20 to 1.94). Hospital stay was apparently unaffected by stump closure
technique. However, results on hospital stay were heterogenous (I>=67 %). No study assessed
costs in detail.
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Table 1:Quality assessment of the included studies (according to Jadad et al.?)

Author, Year Concealment of Blinding of patients or Intention-to-treat- Total score
random allocation study staff analysis (0to 6 range)
Ortegaetal, 1995 % 2 2 0 4
(telephone (patients and nurses (five cross-over
randomisation) blinded) patients®)
Klima et al., 1998 222 1 0 1 2
(methods unclear) (no blinding (no conversions
mentioned) mentioned)
Lange etal, 1993 # 1 0 0 1
(methods unclear) (no blinding (methods unclear,
mentioned) abstract only)
Shalaby et al., 2001 % 2 0 1 3
(envelope (no blinding) (no conversions
randomisation**) mentioned)
Beldi et al.,, 2004 0 0 0 0
(quasirandomisation) (no blinding) (over 20% excluded)

* In five patients assigned to stapled appendectomy the stapler was unavailable. These cases were treated by loops and analysed within the

loop group.

** Personal written communication with Dr. Rafik Yousef Shalaby (October 2001)

Study Stapler Loops Peto OR
or sub-category n/N n/N 95% Cl
Ortega 1995 0/78 4/89 PR
Klima 1998 1/50 3/100 _—
Shalaby 2001 0/60 3/40 —s
Total (95% Cl) 188 229 -
Total events: 1 (Stapler), 10 (Loops)
Test for heterogeneity: Chiz =2.02, df =2 (P=0.36), P = 1.0%
Test for overall effect: Z =2.50 (P=0.01)
0.01 0.1 1 10 100

Favours stapler

Favours loops

Figure 1:Superficial wound infection rates in randomized controlled trials comparing loops and stapling of the appendiceal stump

Study Stapler Loops Peto OR
or sub-category n/N n/N 95% ClI
Ortega 1995 5/78 14/89 —B
Klima 1998 0/50 1/100 ¢
Shalaby 2001 0/60 1/40 —
Total (95% Cl) 188 229 R
Total events: 5 (Stapler), 16 (Loops)
Test for heterogeneity: Chiz = 0.62, df =2 (P=0.73), P = 0%
Test for overall effect: Z =2.22 (P=0.03)
0.01 0.1 1 10 100

Figure 2: Postoperative ileus rates in randomized controlled trials comparing loops and stapling of the appendiceal stump

Favours stapler

Favours loops
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DISCUSSION

Reduction of surgical trauma and prevention of postoperative morbidity are the pillars to
provide patient safety.The laparoscopic approach to appendicitis has improved the outcome
of appendectomy but requires laparoscopic skills of the surgical team '. Appendectomy
is done by surgical teams with varying experience in laparoscopic surgery. Routine use of
staplers to secure the appendiceal stump during laparoscopic appendectomy can contribute
to reduction of the complexity of the procedure. This is confirmed by this study showing a
decrease of operating time when the appendiceal stump is closed with a stapling device.The
reduction of operating time in the staple group by nine minutes almost compensates for the
average 12 minutes longer operating time for laparoscopic appendectomy as compared to
the open approach ".This study also shows that routine use of staplers contributes to patient
safety; it reduces the number of wound infections and frequency of postoperative ileus.
However, the clinical impact of wound infections of trocar wounds of 1 cm or less in diameter
should not be overestimated.

Optimization of technique applied to close the appendiceal stump with loops was not
subject of this trial. However, techniques of loop placement play an important role in the
final performance of this closure technique. One of the concerns of using a loop is partial
transsection of the stump followed by leakage. Tightening the knot of a loop with due force
requires experience, particularly when the stump of the appendix is fragile as in severe or
longstanding inflammation.Placing two loops on the appendiceal stump has been suggested
to provide more secure closure of the apendiceal stump although this will not avoid
transsection per se %.Oversewing of the appendiceal stump possibly prevents complications
but requires considerable expertise in laparoscopic suturing techniques #. The observation
that numbers of intraabdominal abscesses were comparable in both groups and hospital
stay did not differ can possibly be due to the sample size of this study although all currently
available data from the literature were pooled.

If staplers were as cheap as loops, routine use of staplers in laparoscopic appendectomy
was arguably the better option. However, considerable differences in costs between the two
modalities exist.In the European Union,an increase of direct costs with 300 € is to be expected
for every laparoscopic appendectomy. This represents more than half of the total costs for
operating material (550 €). On the other hand, data from this study suggest that routine use
of stapling can prevent an infectious complication in about every twentieth patient (i.e. the
number needed-to-treat). Other studies found that one wound infection causes extra costs of
about 3000 €, mainly by prolonging hospital stay by 6 days #.In terms of cost-effectiveness,
stapling would prevent costs of 3000 €, but the use of the stapler in 20 patients would incur
additional material costs of 6000 €.

Further studies are necessary to establish the costs of abdominal infections and
postoperative ileus after appendectomy. In consequence, a future comparative trial should
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assess all types of local infection as the primary outcome measure. According to current data,
superficial and intraabdominal infections occur in 3.5% and 1.5%, respectively.As some of the
trials used a stapler, while other excluded perforated cases, the true infection rate is probably
amounting to about 8%. Thus to test the hypothesis that routine use of staplers to secure
the appendiceal stump reduces this 8% rate to 4% (or alternatively 2%) the trial requires
600 (or 240) patients per group. Until such a trial is completed, routine use of staplers during
laparoscopic appendectomy appears preferable but at high direct costs.
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ABSTRACT

Background. A randomized clinical trial was performed to compare open appendectomy
(OA) and laparoscopic appendectomy (LA).

Methods. 201 patients with similar characteristics of appendicitis were randomized to either
OA or LA. Operative time and technique, reintroduction of diet, postoperative pain, use of
analgesia, hospital stay and complications were documented.

Results. 104 patients were allocated to the OA group, 97 to the LA group. Postoperative pain
was significantly lessin the LA group on the first (p<0.001) and second (p<0.001) postoperative
day, resulting in less use of analgesics on both days (p<0.001). Restoration of diet was similar
in both groups. Mean operative time was longer in the LA group: 61 vs 41 min. (p<0.001).
Postoperative complications did not differ in either group, except for wound infections (six
OA group vs zero LA group, p< 0.05). Mean hospital stay was similar in both groups.
Conclusions. LA results in less postoperative pain and fewer wound infections. The
laparoscopic procedure is technically more demanding to perform, resulting in longer

operative time.
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INTRODUCTION

Appendectomy is done annually in almost 16,000 patients in The Netherlands, accounting
for 6% of all surgical procedures performed yearly®. Laparoscopic techniques to remove the
appendix were described prior to laparoscopic cholecystectomy>*'c. In spite of the high
incidences of appendicitis, widespread employment of laparoscopic appendectomy (LA) did
not follow. Reluctance to create a pneumoperitoneum in patients with peritonitis, the use of
small incisions for open appendectomy (OA) and performance of appendectomy at nightly
hours appear to have held back most surgeons from employing laparoscopic techniques
in patients with appendiceal disease. However OA has several disadvantages. Exploration
of the entire abdominal cavity is impossible through a McBurney muscle splitting incision,
which increases the chance to miss, e.g. pelvic inflammatory disease, sigmoiditis, cholecystitis
and gastric perforation in patients with normal appendices. Due to the highly variable
clinical picture of appendicitis, the rate of negative appendectomies is 20-30% in adults
Wound infection is a common complication following OA, occurring in 8.5-20 per cent of all
patients'. Laparoscopy allows thorough exploration of the peritoneal cavity and appears to
be associated with less wound infections than open surgery, as LA is associated with minimal
contact between the appendix and the skin.

To answer questions on superiority and safety of LA compared to OA we performed a
randomized clinical trial in our teaching hospitals focusing on operative time, postoperative
pain, use of analgesics, restoration of diet, complications and hospital stay.

PATIENTS AND METHODS

Pre-operative course and trial entry

Patients were asked to participate in this trial if a clinical diagnosis of acute appendicitis was
most likely, if a McBurney muscle splitting incision in the right lower quadrant was considered
a suitable approach, and if they were suitable for laparoscopy and laparotomy. Trial entry
started in November 1 1993 and ended in March 1996. Patients were excluded if they were
pregnant, were under 11 years of age or were thought unable to understand fully the aspects
of randomization or were otherwise incapable of providing informed consent. Patients
requiring elective appendectomy were also excluded. The study protocol was reviewed and
approved by the ethics committees of both participating institutions.

After the decision to operate had been taken and after fully informed consent was obtained,
the type of procedure was determined for each patient by drawing a card — on which the type
of surgery to be performed was written — from an opaque envelope. Computer-generated
blocked random numbers were used to assign LAP or OPEN to either card. Age, gender and
duration of symptoms in hours of every patient were recorded.
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Pre-operative care and antibiotics

Surgery was done under general anaesthesia. All patients received 1 g cefotaxime and 500
mg metronidazole intravenously at the time of induction. In the case of non-perforated
appendicitis, antibiotics were not continued; in the case of perforated appendicitis, patients
received 750 mg cefuroxime per 6 h and 500 mg metronidazole per 8 h intravenously until
temperature remained below 37.5°C for 48 h, with a maximum of 5 days. All patients had a
nasogastric tube during surgery. Patients did not receive a urinary catheter routinely.

Operative care
All open or laparoscopic surgery was performed or supervised by surgeons or surgical
trainees with experience of more than 15 open and laparoscopic appendectomies. Normal

training practices were continued during the trial.

Open appendectomy

Open surgery was done through a 6 cm McBurney muscle splitting incision in the right lower
quadrant. The appendix was removed with ligation of the stump with an absorbable suture;
the appendiceal stump was not buried routinely. The incision was extended if necessary. A
normal appendix was always removed at open surgery. In that case, an attempt was made to
visualize the right ovary and right fallopian tube in women and the distal 100 cm of ileum to
detect a possible Meckel’s diverticula. Saline lavage was not performed routinely. Drainage
tubes were not left in the abdominal cavity. The skin incision was closed with 3-0 Nylon
(Ethilon; Ethicon, Sommerville, NJ, USA), unless a perforated appendicitis was found in which
case the skin wound was left open.

Laparoscopic appendectomy

For LA the patient was in a supine position, with both surgeon and assistant on the left
side and video monitor on the right side of the patient. The CO, pneumoperitoneum was
established by use of a Veress needle in the St.Clara Hospital and by use of an open technique
and a Hasson’s trocar in the University Hospital Dijkzigt. The Veress needle and/or first trocar
were placed below the umbilicus or in the left lower quadrant if an operative scar was present
at the umbilicus. A 0° laparoscope was inserted at the umbilicus and two re-usable canulas
were introduced under direct vision: one 10-12 mm trocar in the left lower quadrant laterally
to the rectus muscle and one 5 mm trocar in the midline just above the pubic bone. The
operation was performed with the operating table in Trendelenburg position, tilted 10-20°
to the left. The abdominal cavity was explored, and after the diagnosis of acute appendicitis
had been confirmed or other diagnoses had been excluded, appendectomy was begun by
dissection and division of the appendicular artery between clips or by electrocautery. The
appendix stump was secured after division of the mesentery and divided between Chromic
catgut loops (Ethibinder; Ethicon, Sommerville, NJ, USA). If the base of the appendix was
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heavily inflamed, an endoscopic linear stapling device (Endo-GIA-30; US Surgical Corp,
Norwalk, Connecticut, USA) was applied over the base of the cecum to resect the appendix
safely. The stump of the appendix was never buried. The appendix was retrieved through
the canula in the left lower quadrant or by use of a plastic bag (Endocatch; US Surgical Corp,
Norwalk, Connecticut, USA). A normal appendix was always removed, unless a definite other
diagnosis, responsible for the patient’s clinical course was found on laparoscopic exploration
of the abdominal cavity. Lavage was performed routinely using 1 L of 0.9% saline solution
if blood or purulent material was left after appendectomy or if blood obscured adequate
vision. Drainage tubes were not left in the abdominal cavity. The skin incisions were closed in
every case using 3-0 Nylon (Ethilon; Ethicon, Sommerville, NJ, USA).

Operative time was taken as the time between the first incision and application of dressings
to the wounds. Extension of the incision in open surgery or conversion from laparoscopic to
open surgery was done at the surgeon’s discretion. All removed appendices were sent for

histological examination.

Postoperative care and follow-up

Analgesia was recorded and prescribed on demand and consisted of Tmg/kg pethidine,
maximally every 6 h on the first day and 1 g of paracetamol, maximally every 6 h on the second
postoperative day. Postoperative pain was scored by each patient every 6 h postoperatively
on a visual analogue scale (VAS), consisting of a 10 cm long horizontal line without

|n

graduations, varying from “no pain at all” on the left side to “unbearable pain” on the right
side. Afterward, the VAS was scored by measuring the length in mm left of the patient’s mark.
Reintroduction of a liquid diet was recorded, and was defined as the first day on which over
1000mL of fluid oral intake was tolerated. Reintroduction of a solid diet was defined as the
first day on which a normal solid meal was tolerated. Hospital stay was recorded and defined
as the number of postoperative days spent in hospital, including days spent in hospital after
possible readmission because of causes related to the initial operation. Day 1 was defined
as the day of operation. Postoperative complications were recorded both in the hospital
and at follow-up. Wound infection was defined as oedema and redness around any wound
or purulent discharge. lleus was defined as the inability to tolerate over 1000mL of fluid on
the third postoperative day. Pulmonary infection was defined as consolidation on a chest
X-ray combined with positive cultures of sputum. Data were collected by two departmental

secretaries and by surgical trainees not directly involved in the operations.

Statistical analysis

Means and standard deviations (SD) of variables were calculated and analyzed for both
groups using Wilcoxon rank sum test and the Fisher exact test for proportions. A p-value of <
0.05 was considered significant. All analyses were performed on an intention-to-treat basis;
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this included analyses of data of patients whose laparoscopic operation had to be converted

to an open operation.

RESULTS

Patients and observations during operation

A total of 201 patients were enrolled in the trial. Ninety-seven patients (48.3%) were allocated
to LA, 104 patients (51.7%) were allocated to OA. One patient who was allocated to LA
underwent primarily an open operation due to miscommunication; this patient stayed in the
LA group during analysis.There were no significant differences between the two groups with
respecttomean age,genderand mean duration of symptoms at the time of enrolment (table 1).
Numbers of other diagnoses found at exploration, and the numbers of histologically normal,
inflamed and perforated appendices removed were comparable in both groups (table 2).One
appendix was not removed in the LA group, because bilateral pelvic inflammatory disease
was found. In all other cases, in both groups, the appendix was removed, because no other
definite diagnosis could be found or because of involvement of the appendix in the process.
Retrocecally located appendices were found in 24 (24.7%) patients in the LA group and in 32
(30.8%) patients in the OA group.

Conversion of laparoscopic to open operation was necessary in 12 patients (12 %). In this
group, the appendix was located retrocecally in nine cases and was surrounded by dense
infiltrate in ten cases.The laparoscopic operation was converted to anormal McBurney muscle-
splitting incision in nine cases, to a transverse, transrectal incision in two cases (both because
of cecal diverticulitis); in one case a lower midline laparotomy was necessary to perform a
resection because of carcinoma of the right ovary. Extension of the McBurney muscle splitting
incision in the OA group was necessary in six patients (5.8 %). In five cases, lateral extension
of the incision was sufficient. Once a lower midline laparotomy was necessary to remove a
perforated Meckel’s diverticula. During LA, one ileal perforation caused by electrocautery,
was oversewn laparoscopically during the initial operation.The skin was left open in 19.4%
of patients in the OA group, while the skin was closed in all patients in the LA group. The

Table 1. Clinical characteristics of patients in both groups.

LA (n=97) OA (n=104)

Mean age in yr (+SD) 30.8 (£14.5) 33.7 (£17.6)
Gender: male 52 (53.6%) 59 (56.7%)
female 45 (46.4%) 45 (43.3%)

Mean duration of 39.8 (+36.4) 36.3 (+27.6)

symptoms
in hrs (xSD)
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Table 2. Clinical and histological diagnoses in both groups.

LA (n=97) OA (n=104)
acute appendicitis 85 (87.6%) 90 (86.5%)
non-perforated 69 (83.5%) 72 (82.7%)
perforated 16 (16.5%) 18(17.3%)
normal appendix 8(8.3%) 11(10.8%)
no other diagnosis 6 (6.2%) 9(8.7%)
Meckel’s diverticulum - 1(1%)
pelvic inflammatory disease@ 1(1%) -
hyperplasia of lymphoid tissue in ileocaecal corner 1 (1%) 1(1%)
carcinoma of appendix - 1(1%)
carcinoid of appendix 1(1%) 1(1%)
carcinoma of right ovary# 1(1%) -
coecal diverticulitis# 2(2.1%) -
sigmoid diverticulitis# - 1(1%)

@appendix not removed
# appendix involved in process

mean operative time was significantly longer for LA than for OA, being 61 + 24 vs 41 + 18 min.
(p<0.001; mean = SD).

Postoperative course

Postoperative painwassignificantlylessinthe LAgroup onthefirstand second postoperative
day, resulting in lower scores on the VAS and resulting in less use of analgesics (table 3).There
were no statistically significant differences for reintroduction of diet, or hospital stay (table
3). Postoperative complications did not differ except for the number of wound infections
which were significantly lower in the LA group compared to the OA group (0 vs 6 p<0.05)
(table 4).Postoperative ileus was seen in five cases in the LA group and three cases in the OA
group (p = NS).lleus followed operation because of non-perforated appendicitis in four out
of five in the LA group and in two out of three in the OA group. One patient in each group
developed ileus after operation for perforated appendicitis. One intra-abdominal abscess
was seen at the base of the cecum in the OA group in a patient operated on because of
perforated appendicitis. This abscess was treated successfully with percutaneous drainage.
Esophagitis, successfully treated with Omeprazole, was seen in one case following OA
because of acute appendicitis in a patient with a history of alcohol abuse. Urinary tract
infection occurred in one female patient who had a LA for acute appendicitis; she was
treated successfully with antibiotics. One reoperation was necessary during the study. A 41-
year old male in the OA group had to be reoperated two days after removal of an inflamed
appendix because of high fever and persisting abdominal pain. At reoperation through a
midline laparotomy, a long sigmoid colon was found with perforated diverticular disease
and abscess in the right and middle abdomen. A Hartmann’s procedure was performed.The
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Table 3. Postoperative course in both groups.

LA (n=97) OA (n=104)
mean (+ SD) mean ( SD)
Postoperative pain
VAS day 1 35.3(x23.7) 58.7 (+25.0)@
VAS day 2 18.7 (x17.6) 34,0 (+24.5)@
Analgesia day 1 13(x0.7) 2.2 (x0.9)@
Analgesia day 2 1.0(x0.8) 1.8 (x0.9)@
Reintroduction of diet
liquid diet in days 13(x0.2) 1.4 (£0.3)#
solid diet in days 2.1(x0.4) 2.2 (x0.3)#
Hospital stay
stay in days 3.7 (x2.5) 4.4 (£3.9)#
@p<0.001
#p:NS
Table 4. Per- and postoperative complications in both groups.
LA (n=97) OA (n=104)
wound infection - 6 (5.8%)#
ileal perforation 1(1%) -
sigmoid perforation overlooked - 1(1%)
ileus 5(5.2%) 3(2.9%)
urinary tract infection 1(1%) -
pulmonary infection 1(1%) -
esophagitis - 1(1%)
intra-abdominal abscess - 1(1%)

#p<0.05

Patient recovered uneventfully, except for a pulmonary infection which was treated with
antibiotics. Colon continuity was restored after 6 months without negative sequelae.

DISCUSSION

Laparoscopic techniques have revolutionalized gallbladder surgery without any
randomized clinical trial supporting the change from open cholecystectomy to laparoscopic
cholecystectomy. LA on the other hand has been shown in several randomized, controlled
trials to be superior on the aspect of postoperative pain or use of analgesia'®”'%'>, number of
postoperative complications" %5, hospital stay "'*'*'> and return to normal activities’ %7 1%
15, Despite this evidence LA has not become the gold standard in treating acute appendicitis.
This may be partly because of inconsistence in the literature, because other studies show no
differences at all between OA and LA or only disadvantages for the laparoscopic technique'’,



Chapter 7

N
©

or because of the fact that appendectomy through a muscle splitting incision is already
considered minimally invasive surgery. Possibly, the often acute aspect of appendectomy,
hampering surgical training and motivation of anaesthesiologists or even surgeons at
night might also contribute to the reluctance to introduce LA as therapy of first choice to
treat acute appendicitis in all cases. In our study we showed that even with normal training
practices continued during the study, important advantages can be achieved with reduced
postoperative pain, less use of analgesics and less wound infections. The only disadvantage
for LA in our study was the considerably longer mean operative time for LA:61 vs 41 min and
possibly related higher operative costs.

Earlier reports showed or suggested lower rates of ileus and quicker restoration of diet
following laparoscopic surgery. We did not find lower numbers of ileus in the LA group, nor
did we find a quicker restoration of diet following LA. The presence of postoperative ileus
was not related to perforated appendicitis, because four out of five patients in the LA group
and two out of three patients in the OA group who developed ileus had only contained
appendicitis. Only one patient in each group developed ileus after operation for perforated
appendicitis.

Insufflation of CO, in the peritoneal cavity has been theorized to spread pus intraperitoneally
when a purulent intra-abdominal infection is present. Therefore LA would be expected to
result in a higher rate of postoperative intra-abdominal abscesses and conversion to open
operation is advocated by many authors if there is evidence of complicated appendicitis'>.
In our study only one postoperative abscess was observed after OA and none after LA. We
noticed that laparoscopic irrigation of the peritoneal cavity could be performed effectively.In
our study, evidence is lacking that laparoscopy is deleterious in generalized peritonitis.

Laparoscopy has been advocated as a diagnostic tool to decrease the rate of negative
appendectomies. This could not be analyzed in this trial because all appendices were
removed in both groups unless a definite other diagnosis was found. Yet this rate could have
been reduced by 9.5 per cent, if all normal appendices would have been left in situ. However,
detecting all appendeceal pathology on the serosal side of the appendix can be difficult' and
laparoscopic examination of an appendix is affected by laparoscopic experience and quality
of the video imaging system. Therefore we advocate removal of the appendix if no definite
other diagnosis can be found at explorative laparoscopy. We found that a rigid, inflexible
appendix is a consistent feature of appendiceal pathology which dictates removal. Although
the number of patients with a definite other diagnosis for whom a laparoscopic exploration
could be beneficial was low in this trial, the patient who was found to have a perforated
sigmoiditis at relaparotomy might have benefited from inspection of the entire abdominal
cavity instead of only limited inspection as was performed through a McBurney incision at
the initial operation. Our hypothesis is that in this patient, thickening of the appendix was
due to generalized peritonitis, caused by sigmoiditis and mistaken as acute appendicitis. At
laparoscopy a perforated sigmoiditis would probably not have been overlooked.
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To determine whether the higher efforts and costs are worthwhile to perform LA instead of
OA, one should take into account not only direct advantages like the use of the laparoscope to
increase diagnostic power, less postoperative pain and less wound infections, but also long-
term effects as possibly decreased number of adhesions following LA“. De Wilde performed
laparoscopy 3 months after OA and LA. Eighty per cent of patients who had OA developed
adhesions,and only 10 per cent of patients in the LA group. Especially if one wants to perform
cost-benefit analyses this aspect could be of utmost importance to determine the long-term
costs of open appendectomy.

In this trial it was shown that even in a teaching hospital setting, LA can be performed
safely and effectively, although both trainer and trainee should be aware of specific risks
of minimally invasive surgery. One of our intraoperative complications consisted of ileal
perforation due to electrocautery. One of the clamps, used to coagulate the mesentery was
held against the ileum unnoticed, because only part of the tip of clamp was shown on the
screen before electrocautery was started. If only limited experience exists with laparoscopic
procedures this can happen easily.We consider on the other hand LA to be a perfect teaching
model following laparoscopic cholecystectomy in which to teach more advanced minimally
invasive techniques.

We think that LA is superior over OA regarding postoperative pain and postoperative
complications. Long-term follow-up studies are necessary to determine a possible decrease
of late bowel obstruction.Because of the increased operative time and possibly related higher
direct costs, LA might not be the best way to treat every patient with acute appendicitis for

every doctor at every hospital.
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ABSTRACT

Background. The objective was to determine the merits of laparoscopic appendectomy (LA)
with respect to operative time, postoperative pain and recovery, hospital stay and complicat-
ions. A meta-analysis was performed of trials comparing LA and open appendectomy (OA)
for acute appendicitis, because several randomised trials show conflicting or non-significant
outcomes.

Methods. A systemic search of the literature was performed to identify randomised clinical
trials on LA versus OA for acute appendicitis. Published data of these trials were used to
perform a meta-analysis. We calculated mean variances and pooled mean differences (PMD)
for continuous outcomes and pooled odds ratios (OR) for dichotomous outcomes.

Results. Fifteen studies were identified, including a total number of 1825 patients analysed.
LA took longer than OA (PMD 15 [95% Cl 12-18] min, p<10-5). LA resulted in less pain scored
on a visual analogue scale (0-100) on day one (PMD 13 [10-17] points, p<10-5) and day two
(PMD 11 [7-15] points, p<10-5), lower total number of dosages of parenteral pain medication
(PMD 0.92[0.69-1.16] doses, p<10-5), faster restoration of solid diet (PMD 0.27 [0.12-0.42] days,
p=0.006), shorter hospital stay (PMD 0.69 [0.41-0.98] days, p<10-5) and faster return to normal
activities (PMD 4.8 [3.7-5.9] days, p<10-5). We found no significant difference between the
groups for total percentage of complications (OR 0.89 [95% Cl 0.66-1.21], p=0.48), percentage
of early bowel obstructions (OR 1.68 [0.96-3.01], p=0.08) or percentage of intra-abdominal
abscesses (OR 1.78 [0.83-4.03], p=0.19). The percentage of postoperative wound infections
was significantly less after LA (OR 0.37 [0.23-0.57], p<10-5).

Conclusions. LA requires more operative time and results in less postoperative pain, faster
recovery, shorter hospital stay and less wound infections.Therefore, LA appears the preferable
approach to acute appendicitis.



Chapter 8

-4
'y

INTRODUCTION

Laparoscopic techniques have revolutionized general surgery in many fields. Particularly,
laparoscopic cholecystectomy has gained widespread popularity. Laparoscopic removal of
the gallbladder is now considered by many as the‘gold standard’in treatment of symptomatic
gallbladder stones'?2 Laparoscopic appendectomy is also being performed on a regular
basis in many hospitals, but has not yet become the treatment of choice in every patient
with acute appendicitis. Reports on patients who had laparoscopic removal of the appendix
were published prior to the first experiences with laparoscopic cholecystectomy®*. In those
first reports, possible advantages were described of minimally invasive appendectomy?*. A
number of randomized trials comparing laparoscopic (LA) and open appendectomy (OA)
have been reported in the past years. Most of these trials showed considerable advantages of
the laparoscopic technique®2°.

In spite of these results and although appendectomy accounts for over 6% of all surgical
procedures in daily practice and over 700,000 appendectomies are performed yearly in the
European Union, widespread employment of LA did not follow?'?2. Reluctance to create a
pneumoperitoneum in patients with peritonitis, the use of already small incisions for OA,
frequent performance of appendectomy at night, or presumed higher costs associated with
laparoscopic appendectomy might have prevented many surgeons from converting from
the open to the laparoscopic technique. One other factor that might possibly contribute
to the hesitation to embrace this new technique is the seemingly inconsistent outcome or
statistically insignificant results of some randomized trials.In order to provide a more definite
answer to the question of how LA differs from OA, we combined data of all published,

randomized clinical trials comparing LA and OA for acute appendicitis in a meta-analysis.

MATERIALS AND METHODS

A Medline (Silver Platter MEDLINE version 3.11) search was performed from January 1, 1966
to January 1, 1998 using the key words: append$ and laparos$ and randomi$. Using these
items, randomized, clinical trials comparing LA and OA for acute appendicitis in adults were
selected by two independent reviewers (GK and HJB).

Published data from these papers were used to perform a meta-analysis. Trials just
focusing on the diagnostic value of laparoscopy or on specific subgroups of patients were
excluded as were experimental or non-randomized studies and editorials and abstracts.Each
included study was reviewed independently by two investigators (G.K.and H.J.B.). They were
blinded to the name of the journal, authors and date of publication. Consensus was reached
by both investigators afterwards on conflicting scores by reviewing these data together.
Data on operative time, postoperative pain, restoration of diet, hospital stay, postoperative
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complications, and return to normal activities were extracted from each study. Results of this
analysis were based solely on those trials that provided data on that specific aspect.Only data
on items scored in three or more studies were analysed.

Postoperative pain was scored differently in several studies. To overcome some of these
problems, visual analogue scale (VAS) scores for postoperative pain on day one and day two
were all recalculated to percentages of the maximum score. Total dosages of parenteral and
oral pain medication were scored as stated in the studies.

Outcomes were distinguished as continuous or dichotomous. We pooled differences
between LA and OA as calculated within each study, using standard meta-analysis techniques,
assuming homogeneity between studies?.

Continuous Outcomes Operative time, VAS scores for pain on postoperative day one and
day two, total number of dosages of parenteral and oral pain medication, number of days
until tolerance of liquid and solid diets, number of postoperative days spent in hospital
and number of postoperative days until restoration of normal activities were analyzed as
continuous outcomes. For these continuous outcomes, variances (var) of differences were
determined. Not all studies provided variances for all items. A mean variance was calculated
using variances from the other studies. For every study and item a standard error (SE) was
determined as SE = VvarV(1/N ,+1/N,,). The weight (w) of each study was calculated as w =
1/SE2 For each continuous outcome the precision weighted pooled difference (i.e., pooled
mean difference [PMD]) was calculated as the weighted sum of the results per study: PMD
= Ywb / Yw, where b is the difference between OA and LA in each study. The standard error
of the PMD was calculated as SE,, = 1/VYw. Ninety-five per cent confidence intervals (95%
Cl) were calculated as 95% Cl = PMD * 1.96 - SE,, .. To test for statistical significance, a Z-
test was performed: Z = PMD/ SE,, .. The corresponding p value indicates the likelihood that
the observed difference between the laparoscopic and the open group did exist while the
difference was in fact zero.

A chi-square test was used to test for heterogeneity between studies: %2 = Yw(b-PMD)2
Calculations were performed using a spreadsheet programme.

Dichotomous Outcomes Complications were classified in four groups: total, wound infection,
early bowel obstruction or intra-abdominal abscess,and analysed as dichotomous outcomes.
Odds Ratios were calculated per item per study and were pooled using the Mantel-Haenszel
method?. Calculations, including tests on heterogeneity were performed using exact
variance formulas as implemented in StatXact software (StatXact version 2, Cytel Software
Corporation, Cambridge, MA, USA).

We also calculated the means (averages, weighted by number) and percentages (events
divided by total N) in the laparoscopic and open group separately for illustrative purposes.
The differences between these averages are not necessarily equal to the PMD for continuous
outcomes. Similarly, pooled odds ratios can differ from those calculated with average
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percentages for dichotomous outcomes. P values of less than 5% (two-sided) were considered
statistically significant.

The quality of methodology of the included trials was determined by scoring all studies according
to a previously proposed quality assessment for surgical trials® %. In this assessment, trials are
categorised according to their scores on eleven questions on methodology in category A,B or C.In
this study, we considered category A as“good’ category B as“intermediate”and C as “poor”

RESULTS

Fifteen studies were identified that described the results of a randomized, clinical trial
comparing LA and OAS%. In table 1 the studies are shown with the number of patients
randomised, number of patients analyzed, reason for exclusion of analysis of patients, and
qualitative category of methodology. Differences between open and laparoscopic groups
with respect to demographic and preoperative clinical data and data on number of inflamed
and perforated appendices were small; they are not shown because all studies were
randomized. In the study by Lujan Mompean et al." it is stated that formal randomisation
was precluded by instrument availability. How the actual allocation to either LA or OA was
done in this study is unclear.

A total number of 1907 patients were enrolled in these trials. Eighty-two randomised
patients were not analyzed for various reasons (table 1). Operative techniques for LA and
OA were comparable in each study, with the exception of the study by Ortega et al.”>. In this
study, 253 patients were randomized to either OA (86 patients) or LA using an endoscopic
linear stapler (78 patients) or LA using catgut ligatures (89 patients). In the meta-analysis, all
patients operated upon laparoscopically (167 patients) were pooled as LA and analyzed as
one group.

Methodology was considered of poor quality, according to Slim’s criteria in 12 of 15 trials
and of intermediate quality in the remaining three?. Lack of intention-to-treat analysis was
observed in seven trials.

Table 2 shows differences between LA and OA for continuous and dichotomous outcomes
of different trials. Negative values indicate lower levels or rates in the LA group.
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Table 1Trials included in the meta-analysis

First Author Year of Quality of Journal numberof numberof number of
publication methodology* patients patients patients excluded
randomised analysed and reason for
exclusion

Attwood 1992 C Surgery 62 62 -

Kum 1993 B BrJ Surg 137 109 28,normal or
perforated
appendix

Tate 1993 B Lancet 140 140 -

Frazee 1994 C Ann Surg 75 75 -

Hebebrand 1994 C Chirurg 57 48 9, conversion from
LA to OA

Lujan Mompean 1994 C BrJ Surg 200 200 -

Martin 1995 C Ann Surg 169 169 -

Ortega 1995 C Am J Surg 253 253 -

Hansen 1996 C World J Surg 158 151 7,normal
appendix or
conversion from
OA to midline
laparotomy

Williams 1996 C South Med J 39 37 2, conversion from
LAto OA

Henle 1996 C Chirurg 170 169 1, conversion from
OAtoLA

Hart 1996 C Can J Surg 81 77 4, conversion from
LA to OA

Kazemier 1997 B Surg Endosc 201 201 -

Reiertsen 1997 C BrJSurg 108 84 24, normal
appendix, other
pathology or
conversion from
LA to midline
laparotomy

Minné 1997 C Arch Surg 57 50 7,use of ketorolac

tromethamine

total 1907 1825 82

* Category A, B or Cas described by Slim26
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Table 3 shows the results of the meta-analysis of continuous outcomes. The combined
evidence from the trials indicated a statistically significantly longer operative time, less
postoperative pain and less use of parenteral pain medication, faster restoration of solid
diet, shorter hospital stay and faster restoration of normal activity for LA as compared to OA.
Studies were heterogenic for the exact results of several continuous outcomes (operative
time, VAS day 1, total doses of parenteral and oral pain medication, days to solid diet, hospital
stay and days to normal activity).

Table 3 Results of meta-analysis of continuous outcomes and heterogeneity of outcomes

Outcomes LA* OA* Pooled mean difference  Effect p-value Homogeneity
(95% CI) p-value

Operative time (min) 63 50 -15(-12--18) <10° <102
VAS pain score day 1 (0-100) 35 51 13(10-17) <10° 0.005
VAS pain score day 2 (0-100) 11 25 11 (7-15) <10° 0.111
Parenteral pain medication 1.8 2.7 0.92 (0.69-1.16) <10° <10*
Oral pain medication 24 35 0.42(-0.08-0.92) 0.26 0.003
Days to liquid diet 12 14 0.15(-0.02-0.31) 0.22 0.59
Days to solid diet 19 2.1 0.27 (0.12-0.42) 0.006 0.03
Days in hospital 32 39 0.69 (0.41-0.98) <10°® 0.01
Days till normal activity 14.7 19.3 48(3.7-5.9) <10°® <10°®

* mean values of outcomes in laparoscopic (LA) and open appendectomy (0A) group
t total number of doses

Table 4 shows results of the meta-analysis of dichotomous data i.e. complications. We
observed a statistically significant reduction in postoperative wound infections and no
statistical differences in total number of complications, intra-abdominal abscesses and
early bowel obstruction following LA as compared to OA. Insignificant trends were noticed
towards increased percentages of early postoperative bowel obstruction and intra-abdominal
abscesses following LA as compared to OA. All studies were rather homogenous for these

outcomes.

Table 4 Results of meta-analysis of dichotomous outcomes and heterogeneity of outcomes

Complications LA* OA* Pooled odds ratio Effect p-value Homogeneity
(95% Cl) p-value

total 12.6% 13.8% 0.89 (0.66-1.21) 0.48 0.18

wound infection 33% 7.7% 0.37(0.23-0.57) <10°® 0.29

early bowel obstruction 4.7% 2.2% 1.68 (0.96-3.01) 0.076 0.69

intra abdominal abscess 2.2% 1.1% 1.78(0.83-4.03) 0.19 0.28

* mean percentage of outcomes in laparoscopic (LA) and open appendectomy (0A) group
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DISCUSSION

Laparoscopic removal ofinflamed appendices has been performed for decades®**.However,the
majority of general surgeons have not adopted this technique. Laparoscopic appendectomy
has been considered cumbersome and time-consuming, with few clinical advantages. The
advent of laparoscopic cholecystectomy has incited renewed interest in the laparoscopic
approach to acute appendicitis, but this has not yet resulted in its widespread application.
Surprisingly, laparoscopical removal of the gallbladder became the ‘gold standard’ treatment
for symptomatic gallbladder stones even before solid evidence of its superiority over open
cholecystectomy was evident?. Laparoscopic appendectomy has by now been evaluated in
15 randomized clinical trials. Although the numbers of patients were small in some of these
studies, advantages of the laparoscopic approach to appendicitis were shown in almost all
studies. Due to the small numbers of patients included in individual studies, trends rather
than significant differences were shown for some outcomes. Conflicting results also became
apparent while reviewing these trials. In order to allow proper evaluation of the merits of
laparoscopic appendectomy a meta-analysis was done. This analysis graded the impact
of the studies, depending on the number of patients included in each study. A qualitative
weigh factor was assessed but not introduced, because qualitative scoring adds the analyst’s
subjective bias to the results and is therefore generally not advocated .

Methodology of none of the included trials was good, intermediate in some and poor in
the majority of trials. Some studies showed major flaws in the statistical analysis. One of the
shortcomings was lack of intention-to-treat analysis. Another flaw was found in eight studies
that only documented ranges of outcomes, without standard deviation, standard error or 95
per cent confidence interval. In the study by Lujan Mompean et al,"" formal randomisation
was precluded by instrument availability. Because consecutive patients were studied and
because instrument availability might only have a minor influence on outcomes, this study
was nevertheless included in this meta-analysis.With exclusion of the trial by Lujan Mompean
however, no substantial differences with the initial meta-analysis were noticed.Blinding of the
patients and postoperative observers to the surgical approach was only partially performed
in one study™.

In this analysis, outcomes of trials were largely heterogenic for seven out of nine continuous
outcomes. This means that outcomes of different trials were poorly comparable with respect
to the actual numeric value of the outcome. However, in all cases a negative or positive effect
of laparoscopy was consistently reported by the majority of trials. For instance, every trial
reported longer operative time for LA, but differences between LA and OA for operative time
ranged from 3 to 29 minutes among the trials. This large range resulted in clear statistical
heterogeneity between trials for operative time, although all trials were highly homogenic
on the question whether LA took longer than OA.
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Operative time showed an average increase of 15 minutes for LA compared to OA. Part
of this increased operative time for LA could perhaps be contributed to the fact that most
surgeons have less experience with the laparoscopic approach than the open.The impact of
a learning curve could not be assessed, because the experience of the operative teams was
not reported consistently in the reviewed studies. In our experience, LA remains technically
more demanding even with growing experience, particularly in those patients with extensive
inflammatory adhesions between the appendix and surrounding structures.When dissecting
these adhesions, the surgeon relies more on his tactile sensations, which are diminished
in laparoscopic surgery. Operative time has become increasingly important in this era of
financial scrutiny of surgical practice, and the longer operative time of LA appears a financial
disadvantage. However, LA was associated with significantly shorter hospital stay and earlier
return to normal activities.These variables are all of paramount importance, when considering
direct and indirect costs, but other factors such as instrument costs, costs of medication and
costs related to possible (late) readmissions should be taken into account as well in a proper
cost-effectiveness assessment.

Assessing acute postoperative pain is difficult and comparing different scoring systems
might be even more difficult. However, less pain was shown following LA by objective
standards such as visual analogue scales scores on postoperative days one and two.
Diminished postoperative pain was also shown by less use of parenteral analgesia after
LA, but use of oral pain medication was not clearly different, indicating an advantage of LA
for pain immediately after the procedure, when most parenteral pain medication is used.
Although postoperative pain and postoperative recovery are very important factors in the
postoperative course, safety of the procedure may never be jeopardized for these reasons.

In this analysis, the published percentages of complications in the trials were pooled. The
percentage of early small bowel obstructions was not clearly different between LA and OA,
although a trend towards increased incidence was seen following LA. Surprisingly, general
restoration of solid diet was significantly faster following LA, although the clinical significance
of a difference of 0.27 days may be quite small. The general belief that laparoscopic surgery
is associated with faster recovery of normal bowel function was not supported by the studies
included in this analysis.

LA resulted in less wound infections. However, intra-abdominal abscesses were seen more
frequently in the LA group, although the overall incidence was low in both groups and not
significantly different. This finding is in concordance with earlier studies?3°.The reason for
this seemingly increased number of intra-abdominal abscesses could be the fact that the
entire laparoscopic operation is performed intra-abdominally, while the open operation is
performed mainly extra-abdominally, causing more wound infections. On the other hand,
larger, uncontrolled series of laparoscopic appendectomies have shown considerably lower
incidences (0.2-0.3 per cent) of intra-abdominal abscesses®'*2 Thus insufficient laparoscopic
irrigation of the abdominal cavity during early experience or other factors related to the
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learning curve effect could explain the insignificantly higher number of intra-abdominal
abscesses in the LA group.The consequences of a learning curve were assessed in one study,
which showed sixty per cent of complications occurred in the first twenty per cent of patients
operated laparoscopically’.

Late complications were not reported in any of these trials as follow-up was either not
stated or very short. The majority of these late complications following appendectomy are
bowel obstructions due to adhesions, which were reported in previous studies to occur in
five to ten per cent of patients who underwent OA®-34 De Wilde** showed that at second-
look laparoscopy, performed three months after appendectomy, 80 per cent of patients
developed adhesions following OA compared to 10 per cent following LA. Although not yet
firmly proven, late bowel obstruction could be less common following LA.

Reduction of unnecessary appendectomies might be another possible advantage of LA
not assessed in this analysis. Due to the highly variable clinical picture of acute appendicitis,
especially in women of child bearing age, the rate of removal of normal appendices can be as
high as 20-35 per cent??*¢.When a grid-iron incision is made for suspected acute appendicitis,
it is common practice to remove the appendix, even if it is normal. Laparoscopy has been
shown to improve diagnostic accuracy for acute appendicitis with a reported sensitivity
and specificity of over 95 per cent®. With the introduction of laparoscopic inspection of the
abdominal cavity instead of laparotomy and standard removal of the appendix, reduction
of redundant appendectomies has been shown to be possible in 30-35 per cent of patients
presenting with acute right lower abdominal pain'343>,

In this analysis LA was shown to result in less postoperative pain, faster restoration of solid
diet, fewer wound infections, shorter hospital stay, and faster recovery to normal activities.
On the other hand operative time was shown to be longer compared to OA. It is true that
laparoscopic appendectomy can be performed safely, with certain benefits for the patient, but
only a long-term cost-effectiveness analysis can show whether laparoscopic appendectomy
is the optimal approach to treat every patient with acute appendicitis in every hospital by
every surgeon.
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INTRODUCTION

Laparoscopic appendectomy was introduced in The Netherlands in the seventies by de Kok'.
The technique that de Kok advocated involved laparoscopic identification and mobilization of
the appendix, followed by extraction of the appendix with its mesoappendix through a small
incisionin the rightlower quadrant of the abdomen.Dissection and ligation of the appendiceal
base were done extracorporeally. This technique was only suitable for patients with chronic
abdominal pain because an acutely inflamed appendix with a thickened mesoappendix could
not bereadily extracted.Upon the advent of laparoscopic cholecystectomy to The Netherlands
in 1990, the popularity of laparoscopy in patients with suspected acute appendicitis increased.
Van Erp was one of the first Dutch surgeons to propagate laparoscopic inspection of the
abdomen and laparoscopic removal of the appendix in patients with the clinical picture
of acute appendicitis. Van Erp reported successful laparoscopic appendectomy in 66 of 68
patients with an acute inflammation of the appendix?. While almost 10% of the patients had
a perforated appendicitis, postoperative infection was only observed in 1 patient at one of
the port sites. Abdominal abscesses did not occur in this series of patients. The hospital stay
after laparoscopic appendectomy was 4 days in van Erp’s report. This implied a reduction of
hospital stay of 3 days considering the data on appendectomy of the Dutch National Registry
(SIG 1990). In a nonrandomized study by Boekhoudt et al. comparing 231 conventional
appendectomies with 55 laparoscopic appendectomies, hospital stay was reduced by 1 day
after laparoscopic appendectomy?. Wound infections were documented in 14.7% of patients
after conventional appendectomy and in 3.8% after laparoscopic appendectomy in spite of
a similar distribution of normal appendix, acute and perforated appendicitis in both groups.
Laparoscopic appendectomy required 20 min extra operative time in this study.

To assess the diagnostic potential of laparoscopy in the acute abdomen, Hamming et al.
performed laparoscopy in 34 fertile women with a clinical picture of acute appendicitis. Half
of these patients had acute appendicitis®. Gynaecological pathology was found in 21% and
other disorders such as cholecystitis and internial herniation in 6%. Normal appendices were
observed in 21% of all patients.Borgstein et al. performed laparoscopy in 203 female patients
from 16 to 50 years suspected of acute appendicitis®. Fifty-five percent of these patients
had acute appendicitis while gynaecological disease was present in 23%. Laparoscopy was
negative in 14% of all patients.Of 23 postmenopausal women suspected of acute appendicitis,
inflammation of the appendix was confirmed in 96%. In 137 male adults with a median age
of 23 years, the appendix was approached through a muscle splitting McBurney incision.
Acute appendicitis was present in 92% of all patients. Therefore, the diagnosis potential of
laparoscopy in acute appendicitis appears of greatest benefit in fertile women.

Proper evaluation of laparoscopic appendectomy can only be done in a randomized
clinical trial. Kazemier et al. performed a trial randomizing patients over 16 years in age
with a clinical picture of acute appendicitis for either laparoscopic or open appendectomy®.
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A total of 201 patients were enrolled into this study. Mean operative time of laparoscopic
appendectomy was significantly longer than that of open appendectomy (61 vs. 41 min).
Conversion from laparoscopy to open operation occurred in 12% of patients mostly for
retrocecally appendicular infiltrates. In the open group, extension of the McBurney incision
was necessary in 5.8%. Extra-appendicular pathology was observed in 4% in the laparoscopic
arm and in 3% in the open arm. A normal appendix without other disease was encountered in
6.2% of the patients in the laparoscopic group, and in 8.7% in the open group. Postoperative
pain, measured on the first and second postoperative day with a visual analogue scale, was
less after laparoscopic appendectomy. Restoration of normal gastrointestinal motility was
similar in both groups. Wound infections occurred more frequently after open than after
laparoscopic appendectomy (5.8 vs. 0%). Perforated appendicitis was observed in 17% in
both groups. Only one intra-abdominal abscess was noted after open appendectomy in
these patients. Hospital stay was significantly shorter after laparoscopic appendectomy than
after open appendectomy (3.7 vs. 4.4 days).

To determine the definitive place of laparoscopic appendectomy in daily surgical practice
requires a complete cost-effectiveness study which includes calculations of direct and
indirect costs. In anticipation of the final results of such a study, direct costs of laparoscopic
appendectomy can be commented upon.Considering the widespread use of reusable trocars
and reusable laparoscopic instruments in The Netherlands, additional costs for disposable
products appear limited. Ligation of the base of the appendix with pretied loops costs USD
30.In case of a thickened appendix, removal in a disposable plastic bag can be indicated.The
costs of such a bag vary from Euro 20 to 100. Therefore, total additional costs for disposable
products in laparoscopic appendectomy will vary from Euro 30 to 130. Adhesions due to
appendectomy and late ileus due to these adhesions should be part of a complete cost-
effectiveness study. The incidence of bowel obstruction after conventional appendectomy
can be as high as 3.4% particularly after perforated appendicitis’. Long-term follow-up
after laparoscopic appendectomy is not available to our knowledge. However, de Wilde
performed ‘second look’ laparoscopies after either laparoscopic or open appendectomy
for acute appendicitis®. Adhesions were found in 10% of the patients who had laparoscopic
appendectomy, and in 80% of the patients who had open appendectomy. Krahenbhl et al.
also observed in an experimental study less adhesions after laparoscopic fundoplication than
after open fundoplication®. Further clinical studies are needed to assess if the incidence of
late bowel obstruction is less after laparoscopic appendectomy.

Concern has been expressed that the laparoscopic approach to perforated appendicitis
would be associated with a greater chance for intra-abdominal abscesses™. Intraperitoneal
insufflation of gas has been suggested to spread bacteria through the abdominal cavity
causing remote abscesses. In the reported Dutch studies, this assumption has not been
validated?*¢, Laparoscopy provides an excellent access to the entire peritoneal cavity, and



Laparoscopic appendectomy in The Netherlands | 99

allows thorough irrigation. Therefore, clinical suspicion of perforated appendicitis is not a
contraindication for laparoscopy in The Netherlands.

The operative strategy in patients with macroscopically normal appendices without
other intra-abdominal pathology remains controversial. Van Erp reported in his study of 68
laparoscopic appendectomies that 4 macroscopically normal appendices were considered
inflamed at microscopic examination?. In this same study, 7 appendices that appeared
laparoscopically inflamed lacked signs of inflammation at microscopy. While Kazemier et al.
recommend removal of normal appendices in patients without other abdominal pathology®.
Boekhoudt et al. propagate to leave the appendix in situ in such instances?.

In spite of several distinct advantages of laparoscopic appendectomy in comparison to
conventional appendectomy, the use of laparoscopy in acute appendicitis remains limited in
The Netherlands.In 1995 only 5.3% of 16,000 appendectomies was done laparoscopically in
The Netherlands''.Unawareness of specific advantages of the laparoscopic approach, limited
laparoscopic experience and restricted availability of laparoscopic facilities outside office
hours are probably factors that impede wider application of laparoscopic appendectomy.
Inclusion of laparoscopic appendectomy in formal surgical training, further studies on the
value of laparoscopic appendectomy and patient’s demand are likely to increase the number
of laparoscopic appendectomies in The Netherlands in the near future.
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Summary and implications of this thesis

In chapter 1 a general outline of this thesis and an introduction to the topic of diagnosis and
treatment of acute appendicitis are provided and the main questions are lined out.

In chapter 2 an extensive review of the literature describes epidemiology, pathogenesis,
and developments in diagnosis and treatment of acute appendicitis. This review shows
that rates of negative appendectomies and incidences of perforated appendicitis have
hardly changed through the years in the Western countries. It assesses different diagnostic
modalities to improve diagnostic accuracy. Preoperative computed tomography (CT)
appears the best diagnostic tool in patients with suspected acute appendicitis. However, the
optimal CT technique is still under debate. Laparoscopic inspection has a higher accuracy
than preoperative CT, but is obviously more invasive. Laparoscopic appendectomy seems the
optimal technique to treat acute appendicitis, but certain aspects as the optimal fashion to
secure the appendiceal stump and incidences of rare complications remain uncertain.

In chapter 3 the question whether unenhanced CT can help to diagnose acute
appendicitis more accurately is answered positively. This chapter presents the results of a
prospective evaluation of 103 consecutive patients with suspected acute appendicitis. All
patients were scheduled for emergency surgery after the diagnosis was approved by senior
surgeons. Preoperatively all patients underwent a helical CT without contrast enhancement.
Subsequently, a laparoscopic inspection of the abdominal cavity was done and appropriate
surgical therapy was performed by a surgeon who was blinded to the diagnosis suggested
by CT. Appendicitis was diagnosed by CT in 83 patients (80.6 per cent). Acute appendicitis was
identified during laparoscopy in 87 patients (84.5 per cent). Prospective interpretations of CT
images yielded a sensitivity of 95.4 per cent, and a specificity of 100 per cent for the diagnosis
of acute appendicitis. There were four false-negative scans.In 12 of 20 patients without signs
of appendicitis on CT, the scan established the presence of other pathology. At operation
no additional pathology was observed in this group and all other diagnoses proved to be
correct. In this study it was shown that contrast enhancement is not necessary to provide an
accurate diagnosis in patients with suspected acute appendicitis. This means that with this
CT technique contrast related complications such as allergic reactions can be prevented and
considerable costs can be saved.

In chapter 4 implementation of routine preoperative CT scanning in patients with
suspected acute appendicitis is discussed. In the majority of studies that investigate the
value of different preoperative imaging techniques, the expert interpretation of the images
is provided. However, patients with acute illnesses such as appendicitis present at any time
of day and they require prompt and accurate diagnosis and treatment. Consequently, the
assessment of patients with suspected acute appendicitis and interpretation of US and CT
scans are done by in house staff.These health care professionals might have limited expertise
in diagnosing appendicitis by CT. Chapter 4, describes the results of a prospective evaluation
of 103 consecutive patients with suspected acute appendicitis. All patients were scheduled
for emergency surgery after the diagnosis was approved by senior surgeons. Preoperatively
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they underwent a helical CT without contrast enhancement. Al CT scans were interpreted
by three groups of radiologists with different levels of expertise. Group A consisted of
radiology residents, group B consisted of senior radiologists, and group C was an expert
radiologist. After the CT was made, all patients underwent laparoscopic inspection of the
abdominal cavity which was considered the ‘gold standard’ Specificity for the diagnosis
acute appendicitis was comparable: 94 per cent, 94 per cent, and 100 percent for group A,
B, and C radiologists respectively. However, sensitivity differed considerably: 81 per cent,
88 per cent, and 95 per cent for group A, B, and C radiologists respectively. Other diseases
in patients without appendicitis were diagnosed correctly in almost all cases by all three
groups of radiologists. This interobserver variability for the diagnosis acute appendicitis
hampers the implementation of routine CT scanning in patients with acute appendicitis. It
is recommended that in this phase, all patients with negative CT interpretations undergo
diagnostic laparoscopy or close clinical or outpatient observation.

In chapter 5 technical aspects of laparoscopic appendectomy are described. Tips and tricks
are provided to perform laparoscopic appendectomy safely. The optimal patient positioning,
position of the surgical team and configuration of trocar sites are described. Technical
difficulties and possible methods to solve these are discussed. In chapter 6 the optimal
way to secure the appendiceal stump during laparoscopic appendectomy is studied. In a
meta-analysis, randomized controlled trials on appendiceal stump closure during laparoscopic
appendectomy were systematically reviewed. Data on 427 patients from four studies were
included. It was shown that surgery took 9 minutes longer if loops were used (p=0.04).
Superficial wound infection (OR 0.21;95%-Cl0.06 t0 0.71;p=0.01) and postoperative ileus (0.36;
0.14 to 0.89; p=0.03) were significantly less frequent when the appendix stump was secured
by staples instead of loops. Of ten intraoperative ruptures of the appendix, seven occurred in
loop treated patients (p=0.46). Hospital stay and frequency of postoperative intraabdominal
abscess were also similar. The conclusion of this systemic review of the literature shows that
stump closure in laparoscopic appendectomy is best performed with an endoscopic stapler,
but higher direct costs will result from this strategy.

In chapter 7 a randomized, clinical trial answers questions about feasibility and safety
of laparoscopic appendectomy. In this study 201 patients with similar characteristics of
appendicitis were randomized to either open appendectomy or laparoscopic appendectomy.
Operative time and technique, resumption of normal diet, postoperative pain, use of
analgesia, hospital stay and complications were documented. One hundred-and-four
patients were allocated to the open group, 97 to the laparoscopic group. Postoperative pain
was significantly less in the laparoscopic group on the first (p<0.001) and second (p<0.001)
postoperative day, resulting in less use of analgesics on both days (p<0.001). Restoration of
diet was similar in both groups. Mean operative time was longer in the laparoscopic group:
61 vs 41 min (p<0.001). Postoperative complications did not differ in either group, except for
wound infections (six in the open and zero in the laparoscopic group, p< 0.05). Mean hospital
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stay was similar in both groups. This randomized, controlled trial shows that laparoscopic
appendectomy takes longer to perform but results in less postoperative pain and fewer
wound infections. The power of 201 patients may be too small to show differences between
laparoscopic and open appendectomy with respect to mortality or rare complications such
as intra-abdominal abscesses.

To overcome this problem, a meta-analysis is described in chapter 8 which reviews
randomized, controlled trials comparing laparoscopic and open appendectomy for acute
appendicitis. In this analysis, mean variances and pooled mean differences (PMD) for
continuous outcomes such as operative time and postoperative pain and pooled odds ratios
(OR) for dichotomous outcomes such as postoperative complications were calculated. Fifteen
studies were identified, including a total number of 1825 patients analysed. Laparoscopic
appendectomy took longer than open appendectomy (PMD 15 [95% Cl 12-18] min, p<10%).
Laparoscopic appendectomy resulted in less pain scored on a visual analogue scale (0-100)
on day one (PMD 13 [10-17] points, p<10-5) and day two (PMD 11 [7-15 ] points, p<10° ),
lower total number of dosages of parenteral pain medication (PMD 0.92 [0.69-1.16] doses,
p<10°), faster restoration of solid diet (PMD 0.27 [0.12-0.42] days, p =0.006), shorter hospital
stay (PMD 0.69 [0.41-0.98] days, p<10°) and faster return to normal activities (PMD 4.8 [3.7-5.9]
days, p<10°). We found no significant differences between the groups for total percentage of
complications (OR 0.89 [95% Cl 0.66-1.21], p=0.48), percentage of early bowel obstructions
(OR 1.68 [0.96-3.01], p=0.08) or percentage of intra-abdominal abscesses (OR 1.78 [0.83-
4.03], p=0.19).The percentage of postoperative wound infections was significantly less after
laparoscopic appendectomy (OR 0.37 [0.23-0.57], p<10°). The meta-analysis concludes that
laparoscopic appendectomy requires more operative time and results in less postoperative
pain, faster recovery, shorter hospital stay and less wound infections. Therefore, laparoscopic
appendectomy appears the preferable approach to acute appendicitis.

Despite the available evidence, laparoscopic removal of the inflamed appendix is still not
considered the‘gold standard’ by many surgeons. Particularly in The Netherlands, despite the
early description of the technique by de Kok in the seventies, only a small percentage of
appendectomies is performed laparoscopically. In chapter 9, the history and current status
of laparoscopic appendectomy in the Netherlands are described.

CONCLUSION

It seems time to change course for both diagnosis and treatment of acute appendicitis.
Removing an uninflamed appendix in patients with suspected acute appendicitis should
be considered a complication. To prevent this complication, preoperative imaging appears
pivotal.This thesis shows that routine unenhanced helical CT can diagnose acute appendicitis
accurately. However, to reach this high level of diagnostic yield, expert interpretation of
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the scans is of paramount importance. Consequently, interpreting CT scans of patients
with suspected acute appendicitis should be integrated into the training of radiologists.
Telesupervision of the CT images by expert radiologists might be helpful to bridge the period
of less broad distribution of specific expertise. Alternatively, routine diagnostic laparoscopy
can be recommended in all patients with CT interpretations without a definitive diagnosis.
A normal appearing appendix at laparoscopy can be left in place, while other disorders can
be treated accordingly. In patients with evident appendicitis, laparoscopic appendectomy
using a stapler to secure the stump appears to be the superior technique. It is obvious
that laparoscopic appendectomy should be integrated into the formal training of general
surgeons. The standard grid iron incision in all patients with suspected acute appendicitis
is long overdue, and routine CT and laparoscopic appendectomy have met all criteria to be
adopted as the new ‘gold standard’ for these patients. Thank you Dr. McBurney for over 100
years of dedicated service!
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Hoofdstuk 1 beschrijft de opzet van het proefschrift en geeft een algemene introductie
over diagnose en behandeling van appendicitis acuta. De belangrijkste vragen worden
beschreven.

In Hoofdstuk 2 worden in een uitgebreid overzicht van de literatuur de epidemiologie, de
pathogenese en ontwikkelingen op het gebied van diagnose en behandeling van appendicitis
acuta beschreven. Dit literatuuroverzicht laat zien dat de frequentie van het verrichten van
een negatieve appendectomie en de incidentie van geperforeerde appendicitis door de
jaren eigenlijk niet veranderd is in de Westerse wereld. In dit hoofdstuk worden meerdere
diagnostische modaliteiten besproken die de preoperatieve accuratesse bij patiénten
met appendicitis acuta zouden kunnen verbeteren. Preoperatieve computer tomografie
(CT) blijkt het optimale diagnostisch hulpmiddel bij deze groep patiénten, maar welke CT-
techniek de beste resultaten geeft is nog niet uitgekristalliseerd. Diagnostische laparoscopie
heeft weliswaar een nog hogere accuratesse dan CT, maar is natuurlijk ook meer invasief.
Laparoscopische appendectomie lijkt beter dan open appendectomie, maar bepaalde
aspecten, zoals de optimale manier om de appendixstomp te verzorgen en incidenties van
zeldzame complicaties blijven nog onzeker.

In hoofdstuk 3 blijkt dat met een CT zonder contrast de diagnose appendicitis acuta goed
te stellen is. In dit hoofdstuk worden de resultaten gepresenteerd van een prospectieve
studie waarin 103 patiénten die door de chirurg verdacht werden van appendicitis acuta
preoperatief een spiraal CT zonder contrast ondergingen. Vervolgens werd bij allen een
diagnostische laparoscopie verricht door een chirurg die niet op de hoogte was van de door
de CT gesuggereerde diagnose. Appendicitis acuta werd gediagnoseerd door de CT bij 83
patiénten (80.5%). Tijdens laparoscopie bleken echter 87 patiénten (84.5%) appendicitis
acuta te hebben. Daarmee bleek CT 95.4% sensitief en 100% specifiek voor de diagnose
appendicitis acuta. Er waren 4 foutnegatieve CT beoordelingen. Bij 12 van 20 patiénten
zonder tekenen van appendicitis bij CT, werd op de scan andere pathologie gediagnostiseerd.
Tijdens laparoscopie bleken al deze diagnosen correct en werd geen additionele pathologie
gevonden. Deze studie laat zien dat het gebruik van intraveneus of enteraal contrast niet
nodig is om de diagnose te stellen bij patiénten die verdacht worden van appendicitis acuta.
Dit betekent dat contrast gerelateerde nadelen,zoals allergische reacties en kosten vermeden
kunnen worden in deze groep patiénten.

In hoofdstuk 4 wordt het probleem van het implementeren van routine CT bij patiénten
die verdacht worden van appendicitis acuta besproken. De meerderheid van de studies die
de waarde beoordelen van preoperatieve CT scanning bij patiénten die verdacht worden
van appendicitis acuta gaat uit van interpretatie van de scans door experts. Patiénten met
aandoeningen zoals appendicitis acuta presenteren zich echter op elk willekeurig moment
van de dag en vragen acuut een correcte diagnose en behandeling. Dientengevolge worden
deze patiénten veelal opgevangen door de dienstdoende chirurg en wordt het afbeeldend
onderzoek geinterpreteerd door de dienstdoende radioloog. Deze radioloog kan minder
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expertise hebben dan nodig is om tot de in studies gemelde accuratesse te komen bij het
beoordelen van de scan. Hoofdstuk 4 beschrijft de resultaten van een studie waarin de CT
scans van dezelfde 103 patiénten die door de chirurg verdacht werden van appendicitis
acuta uit hoofdstuk 3 door drie groepen radiologen werden beoordeeld. De expertise van
de radiologen in de verschillende groepen varieerde. Groep A bestond uit assistenten in
opleiding tot radioloog, groep B bestond uit stafradiologen, groep C werd gevormd door een
expert-radioloog.Nadat de CT was gemaakt en beoordeeld was door groep A en B radiologen
werd bij alle patiénten een diagnostische laparoscopie verricht door een chirurg die niet op
de hoogte was van de door de CT gesuggereerde diagnose. Deze laparoscopie werd gebruikt
als‘gouden standaard’ De specificiteit voor de diagnose appendicitis acuta was vergelijkbaar:
respectievelijk 94%, 94% en 100% voor groep A, B, en C radiologen. De sensitiviteit verschilde
echter aanzienlijk: respectievelijk 81%, 88%, en 95% voor groep A, B en C radiologen.Er waren
namelijk 16, 8 en 4 valsnegatieve CT beoordelingen in de verschillende groepen. Andere
aandoeningen bij patiénten die geen appendicitis acuta hadden, werden alle door de
expert-radioloog en op één na door groep A en B radiologen correct gediagnostiseerd. Deze
interobserver variabiliteit maakt het implementeren van een routine CT bij alle patiénten die
verdacht worden van appendicitis acuta lastig. Het is aan te raden om in deze fase bij alle
patiénten die een negatieve CT beoordeling hebben toch een diagnostische laparoscopie uit
te voeren of de patiént klinisch te observeren.

In hoofdstuk 5 worden technische aspecten van de laparoscopische appendectomie
besproken. Er worden praktische tips gegeven hoe men veilig een laparoscopische
appendectomie verricht. De beste ligging van de patiént en de optimale opstelling van het
chirurgische team en trocarplaatsing worden beschreven. Daarnaast worden technische
problemen en hun oplossingen besproken.

In hoofdstuk 6 wordt de beste manier onderzocht om de stomp van de appendix
tijdens laparoscopische appendectomie te verzorgen. Data over 427 patiénten uit 4 studies
werden bestudeerd. Het bleek dat de operatie 9 minuten langer duurt als er ‘loops’ werden
gebruikt (p=0.04). Oppervlakkige wondinfecties (OR 0.21; 95%-Cl 0.06 tot 0.71; p=0.01) en
postoperatieve ileus (0.36;0.14 tot 0.89; p=0.03) kwamen significant minder vaak voor bij het
gebruik van ‘staplers’ Van de 10 keer dat de appendix peroperatief ruptureerde, gebeurde
dat 7 keer in patiénten bij wie de appendixstomp met een ‘loop’ was verzorgd (p=0.46). De
duur van de ziekenhuisopname en de frequentie van voorkomen van een intra-abdominaal
abces waren in beide groepen eveneens vergelijkbaar. In conclusie lijkt het beter om elke
appendixstomp tijdens laparoscopische appendectomie te verzorgen met een ‘stapler’. Dit
zal wel hogere directe kosten met zich meebrengen.

In hoofdstuk 7 wordt een gerandomiseerd, klinisch onderzoek beschreven dat
laparoscopische en open appendectomie vergelijkt.In deze studie werden 201 patiénten die
alle verdacht werden van appendicitis acuta gerandomiseerd tussen laparoscopische (LA) of
open appendectomie (OA). Operatieduur en —-techniek, hervatting van dieet, postoperatieve
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pijn, gebruik van analgetica, duur van het verblijf in het ziekenhuis en complicaties werden
gescoord.Ervielen 104 patiénten in de OA groep en 97 in de LA groep. Postoperatieve pijn was
significant minder in the LA groep op de eerste (p<0.001) en tweede (p<0.001) postoperatieve
dag. Dit resulteerde in minder gebruik van analgetica op beide dagen (p<0.001). Herstel van
dieet was vergelijkbaar in beide groepen. De gemiddelde operatieduur was langer in the LA
groep: 61 versus 41 minuten (p<0.001). Postoperatieve complicaties verschilden niet in beide
groepen, behoudens het aantal wondinfecties (6 in de OA and 0 in de LA groep, p<0.05). Het
gemiddelde ziekenhuisverblijf was vergelijkbaar in beide groepen.Dit onderzoek laat zien dat
laparoscopische appendectomie langer duurt, maar resulteert in minder postoperatieve pijn
en minder wondinfecties. Het aantal patiénten in de studie is echter te klein om verschillen in
mortaliteit en andere zeldzame complicaties zoals intra-abdominale abcessen aan te tonen.

In hoofdstuk 8 wordt, om dit groepsgrootte probleem te omzeilen een meta-analyse
beschreven die meerdere gerandomiseerde studies bevat die LA en OA vergelijken.In deze
analyse werden gemiddelde varianties en gepoolde gemiddelde verschillen (PMD) voor
continue uitkomsten, zoals operatieduur en postoperatieve pijn en gepoolde odds ratio’s
(OR) voor dichotome uitkomsten, zoals postoperatieve complicaties bepaald.Vijftien studies
werden betrokken in het onderzoek. In deze 15 studies werd een totaal aantal van 1825
patiénten geanalyseerd. LA duurde langer dan OA (PMD 15 [95% Cl 12-18] min, p<10°). LA
veroorzaakte minder pijn zoals gescoord op een visueel analoge schaal (0-100) op dag 1
(PMD 13 [10-17] punten, p<10-5) en dag 2 (PMD 11 [7-15 ] punten, p<10° ) postoperatief.
Dit resulteerde in gebruik van minder doses parenteraal toegediende pijnstillers (PMD
0.92 [0.69-1.16] doses, p<10°). Er was na LA een sneller herstel van normaal dieet (PMD
0.27 [0.12-0.42] dagen, p=0.006), kortere opnameduur (PMD 0.69 [0.41-0.98] dagen,
p<10°) en sneller hervatten van normale activiteiten (PMD 4.8 [3.7-5.9] dagen, p<10®). Er
werden geen verschillen aangetoond wat betreft totaal percentage complicaties (OR 0.89
[95% Cl 0.66-1.21], p=0.48), percentage postoperatieve ileus (OR 1.68 [0.96-3.01], p=0.08)
of percentage intra-abdominale abcessen (OR 1.78 [0.83-4.03], p=0.19). Het percentage
postoperatieve wondinfecties was wel significant minder na LA (OR 0.37 [0.23-0.57], p<10°).
De meta-analyse concludeert dat LA een langere operatieduur vraagt, maar resulteert in
minder postoperatieve pijn, sneller herstel, kortere opnameduur en minder wondinfecties.
Dientengevolge is laparoscopische appendectomie de te prefereren methode om
appendicitis acuta te behandelen.

Ondanks het voorhanden zijnde wetenschappelijk bewijs wordt de laparoscopische
operatietechniek nog niet altijd gezien als de ‘gouden standaard’ bij het behandelen van
appendicitis acuta. Met name in Nederland wordt slechts een klein percentage van de
appendectomieén laparoscopisch verricht, ondanks het feit dat de Nederlandse chirurg de
Kok al in de jaren 70 deze techniek beschreef.

In hoofdstuk 9 worden de historie en huidige status van de laparoscopiche appendectomie
in Nederland beschreven.
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CONCLUSIE

Het lijkt tijd om een andere koers te varen wat betreft diagnose en behandeling van
appendicitis acuta. Het verwijderen van een niet ontstoken appendix bij patiénten die
verdacht worden van appendicitis acuta moet gezien worden als een complicatie. Om deze
complicatie te vermijden, is het gebruik van afbeeldende technieken cruciaal. Dit proefschrift
laat zien dat een spiraal CT zonder contrast appendicitis accuraat kan diagnostiseren. Om
deze hoge diagnostische opbrengst te bereiken is het wel van het grootste belang dat er
bij de radioloog voldoende expertise is met betrekking tot het stellen van deze diagnose
op CT. Dit betekent dat het leren interpreteren van CT scans van patiénten met mogelijke
appendicitis geincorporeerd moet worden in de training van radiologen.Telesupervisie door
een expert-radioloog kan behulpzaam zijn tijdens deze leerfase. Men zou er overigens ook
voor kunnen kiezen om bij onvoldoende radiologische expertise bij alle patiénten die op
CT geen duidelijke diagnose hebben een diagnostische laparoscopie te verrichten. Als de
appendix niet ontstoken blijkt, kan deze in-situ blijven; wanneer er een andere chirurgische
aandoening wordt gevonden, moet deze uiteraard behandeld. Als de appendix wel ontstoken
is, moet deze zowel bij vrouwen als mannen laparoscopisch worden verwijderd met behulp
van een ‘stapler’ Dit betekent dat de laparoscopische appendectomie in het standaard
opleidingsprogramma van een heelkunde assistent thuishoort. De standaard wisselsnede
bij alle patiénten die verdacht worden lijkt obsoleet; routinematige CT and laparoscopiche
appendectomie voldoen inmiddels aan alle criteria om de nieuwe ‘gouden standaard’ voor
deze patiénten te worden. Hartelijk dank dokter McBurney voor meer dan 100 jaar trouwe
dienst!
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je mij bij je vertrek de laparoscopische fakkel hebt overgedragen. Als het moet kom ik je
uitgraven daar in Canada, maar ik houd voor de zekerheid ook het tuinhuis vrij.

Weledelzeergeleerde heer Lange, beste Johan, muziek, anatomie, leverchirurgie, laparoscopie,
passie voor kleding en schoenen.We delen vele zo niet al onze hobby’s. Als student kwam ik
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menig avond en nacht door weer één van onze onmogelijke sessies hebben geholpen.
Minimaal invasief is dan misschien niet je ‘fort, maar ik weet zeker dat je toch blij bent met
dit proefschrift. Ik ken niemand anders, okay, bijna niemand anders die ik op ieder moment
kan bellen en die zonder enig mankeren keer op keer met onuitputtelijk enthousiasme
direct komt helpen. Hartelijk dank ook dat je je zo zorgvuldig van je secretariéle taak hebt

gekweten.

Hooggeleerde heer Cuesta, beste Miguel, tijdens het opereren moet ik vaak denken aan jouw
opmerking dat het belangrijk is dat de operatie er mooi uitziet, omdat dat betekent dat de
operatie dan ook goed verloopt. Je stijl van opereren en je nooit aflatende enthousiasme
inspireren velen; je vernieuwende en innovatieve stijl zijn ongeévenaard. Dank ook voor het
aanbod om desnoods zelf een paar hoofdstukken te schrijven; de verleiding was groot, maar

ik heb het uiteindelijk toch maar zelf gedaan.

Hooggeleerde heer Kuipers, beste Ernst,zolang de MDL-artsen het nog niet zelf kunnen,doen
wij het nog maar even, maar ik ben het met je eens dat opereren eigenlijk niet zou moeten

hoeven. Dank voor het feit dat je bereid was je door het manuscript te ploegen.
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Hooggeleerde heer Borel Rinkes, beste Inne, ‘zijn hoekig pianospel noemt hij muziek’ gaat
zeker niet op voor jou.Vanaf het moment dat ik als AGNIO Heelkunde in Dijkzigt kwam, hebben
we eindeloos achter die rode piano van je gezeten, over het vak gesproken en ondertussen
de wereld hervormd.Dank ook voor de bank die brug was en het gras zee.Jammer dat je naar

Utrecht ging; je kon toch zo goed leren?

Hooggeleerde heer Bruining, beste Kieje, als opleider maakte je nooit veel woorden vuil
aan beoordelingen, maar dat maakte je samen met Evelien meer dan goed tijdens de
vele fantastische borrels, diners en feestjes aan de Knibbelweg. Dank dat je me hebt laten
kennismaken met jouw uniek chirurgisch denken.Ook je energieke manier van laparoscopisch
bijnieren opereren en volledig eigen stijl van leidinggeven zijn nog zeker niet vergeten aan
het dr Molewaterplein!

Hooggeleerde heer Jeekel, beste Hans, zelden heb ikiemand ontmoet die altijd zo enthousiast
is als jij voor nieuwe ontwikkelingen op het chirurgisch vlak, maar ook daarbuiten. Ik geloof
niet dat je ooit zelf een scoop hebt vastgehouden, maar je nimmer aflatende steun voor de
laparoscopische zaak heeft er zonder twijfel mede voor gezorgd dat Rotterdam ook wat
dat betreft op de kaart staat. Dank ook voor de vele wijze woorden gedurende mijn eerste
stappen op het managementterrein.

Hooggeleerde heer Krestin, beste Gabriél, vanaf het begin was je enthousiast om alle
patiénten met een vermeende appendicitis onder de CT te leggen. Hartelijk dank voor het
met eindeloos geduld beoordelen van alle CT scans en dank voor de brede steun vanuit het
radiologische front voor ons onderzoek.

Weledelgeleerde heer de Kok, wat fantastisch dat u zitting hebt willen nemen in mijn
promotiecommissie als ‘founding father’ van de laparoscopische appendectomie. Dank
voor uw visionaire gedachten van weleer die dit proefschrift mede hebben gemaakt tot
wat het is.

Weledelzeergeleerde heer Berends, beste Frits, samen chirurgisch volwassen geworden
en 1000 onverstandige dingen gedaan. Met jou als paranimf, maar ook een beetje als mijn
externe geweten durf ik de strijd wel aan. SAGES, EAES, Cambrinus, ‘I'm proud to be part of
the Berends' group.

Weledelzeergeleerde heer Pierik, beste Robert, van de vele jaren dat we samen in Hotel
Courage woonden tot de heerlijk rustige weekeindjes bij jou thuis op de Veluwe, waar Paula

en de herten door de tuin dartelen en m’'n gsm wegvalt, zijn mij onze gesprekken over dingen
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die er echt en met name over dingen die er echt niet toe doen het beste bij gebleven. Dank

dat je me als paranimf wil steunen in deze zware tijden.

Weledelgeleerde heer in 't Hof, beste Klaas, dank voor je nooit aflatende inzet waardoor
het CT-onderzoek ondanks blikseminslag in je computer toch geresulteerd heeft in onze

gezamenlijke artikelen.

Weledelzeergeleerde heer Steyerberg, beste Ewout, dank voor de eindeloze beleefdheid
waarmee je deed of je niet doorhad hoe weinig ik van je PMD = Ywb / Yw en SE,, = 1/VIw

begreep.

Weledelgeleerde heer de Zeeuw, beste Gerard, samen hebben we met verve tussen alle
cabaretjes door ons gerandomiseerde onderzoek opgezet en uitgevoerd. Werken met je was
‘never a dull moment), maar soms, heel soms heb ik medelijden met de zusters in Dordrecht.

Weledelgeleerde heer Lange, beste Johan, Roy Lichtenstein kon ik het niet meer vragen
dus was jij de enige, logische vervanger om de schitterende illustraties in dit proefschrift te

verzorgen.

Weledelzeergeleerde heer van Eijck, beste Casper vanaf de keer dat we samen dienst deden
op oudjaar toen ik nog AGNIO was tot de poli van afgelopen dinsdag kan ik niet zeggen
dat je ooit saai of voorspelbaar was. Altijd weet je me te verbazen met weer een volstrekt
andere kijk op de chirurgische problematiek. Aan jouw hand heb ik de laatste jaren van mijn
opleiding, maar zeker ook daarna pas echt leren opereren. Dank ook dat je me de laatste

weken vrij hebt gehouden.

Chirurgen en assistenten heelkunde van het Erasmus MC en het MCRZ, dank voor jullie inzet
om de patiénten warm te maken en te houden voor de studies en voor de operaties die jullie

bij nacht en ontij moesten doen.

Radiologen en assistenten radiologie van het Erasmus MC en het MCRZ, dank voor de
bereidheid om al die CT scans te beoordelen.

Weledelgeleerde heer Meijerink, beste Rien, ik zal die dag dat je als omloop fungeerde op OK
14 onder de bezielende leiding van Kiek niet snel vergeten. Ik weet dat het je zelf, tot je eigen
frustratie nooit gelukt is om te promoveren. Des te meer waardeer ik het dat je me altijd hebt
gesteund en gemotiveerd om die promotie toch af te maken. Dank ook voor het eindeloze

geduld waarmee je me hebt ingewijd in jouw wereld van besturen en managen.
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Weledelgeleerde heer Van Houdenhoven, beste Mark, dank voor al het werk dat je van me
hebt overgenomen in de periode die ik bijna fulltime aan m'n boekje werkte. Nu jij nog en
vlug wat, want als je mijn timing aanhoudt ben je in 2017 pas klaar!

Lieve Monica, toen het er echt om ging spannen, heb jij mijn agenda volledig geschoond,
opdat ik me even echt met m'n boekje kon bezighouden. Ik ben je natuurlijk iedere dag
heel veel dank verschuldigd, omdat alleen door jouw inzet die dubbelbaan Uberhaupt
mogelijk is.

Lieve Ellen, dank voor je altijd goede humeur, de eindeloze koekjes van de Lidl, je vele kopjes
espresso en telefoontjes met dhr.Bliekendaal. lk weet overigens niet of het zonder jouw inzet
gelukt was dokter de Kok te verleiden zitting te nemen in de commissie. Dank dus ook voor

je vrouwelijke charmes.

Lieve Scarlet, vaak, heel vaak stond jij opeens in m'n agenda ‘om je boekje af te maken’ Dank
voor het langzaam opvoeren van de druk en het feit dat je me ook nog iets zelf hebt laten
doen.

Lieve Nel, toen ik als AGNIO, toen nog zeker niet droog achter de oren, prof. Bruining mocht
assisteren bij een halsexploratie zei je halverwege de operatie dat je vond dat ik de operatie
maar af moest maken.Dank voor het toen in me gestelde vertrouwen. Ik geloof dat professor
dat steuntje in de rug wel kon gebruiken toen hij moest beslissen of hij mij wel in opleiding

moest nemen.

Lieve Inger, jij brengt orde in mijn vaak chaotische hoofd. Zonder jou had ik dit nooit
afgemaakt.En als het gips op is.....dan kom je toch gewoon lekker thuis!
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CURRICULUM VITAE

Geert Kazemier werd geboren op 6 maart 1964 te Rotterdam. Na het behalen van zijn VWO
diploma op het ‘Eerste Vrijzinnig Christelijk Lyceum’ te 's-Gravenhage in 1982, studeerde
hij een jaar Civiele Techniek aan de Technische Universiteit te Delft. In 1983 begon hij zijn
medische studie aan de Erasmus Universiteit te Rotterdam, waar hij in 1989 zijn artsexamen
haalde. In dat jaar deed hij onderzoek onder leiding van prof.dr O.T.Terpstra en dr J.F.Lange
naar het ideale sneevlak in de lever bij levende donor levertransplantatie. In 1990 werd hij
AGNIO op de afdeling Heelkunde van het toenmalige Academisch Ziekenhuis Rotterdam-
Dijkzigt (afdelingshoofd prof. dr J. Jeekel). In 1992 startte hij zijn opleiding tot chirurg in
het toenmalige St. Clara Ziekenhuis te Rotterdam (opleider dr T.l. Yo). De opleiding zette hij
vanaf 1995 voort in het toenmalige Academisch Ziekenhuis Rotterdam-Dijkzigt (opleider
prof. dr H.A. Bruining, afdelingshoofd prof. dr J. Jeekel). Vanaf 1998, toen hij zijn opleiding
had afgerond, werkte hij eerst als chirurg en vanaf 1999 tot heden als staflid in het inmiddels
tot Erasmus MC omgedoopte Academisch Ziekenhuis Rotterdam-Dijkzigt te Rotterdam
(afdelingshoofden prof.dr J. Jeekel en prof.dr H.J. Bonjer).In 1999 was hij eveneens werkzaam
in de Universitatsklinikum Hamburg-Eppendorf te Hamburg in Duitsland op de afdeling
Leverchirurgie (afdelingshoofd prof. dr X. Rogiers) om zich verder te bekwamen in de
leverchirurgie en levertransplantaties. Sinds 2002 is hij naast chirurg ook afdelingshoofd van
de afdeling OK H-gebouw van het Erasmus MC.
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