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STELLINGENN BEHORENDE BIJ HET PROEFSCHRIFT 

Thee Use of Diagnostic Laparoscopy in Patients with Suspected 
Appendicitis s 

1.. Het verwijderen van een normale appendix gaat gepaard met een aanzienlijke 
morbiditeitt en kosten en dient daarom vermeden te worden, (dit proefschrift) 

2.2. Het appendix sana percentage wordt verlaagd door met name bij vrouwen in de 
vruchtbaree leeftijd, met verdenking op appendicitis acuta, een diagnostische 
laparoscopicc te verrichten, (ditproefschrift) 

3.. Het is veilig om een normale appendix die wordt gevonden tijdens diagnostische 
laparoscopicc in situ te laten, (dit proefschrift) 

4.. Bij twijfel over de diagnose appendicitis dient aanvullend onderzoek verricht te 
wordenn waarbij echografie, verricht door een ervaren echografist, het onderzoek van 
eerstee keuze is. (dit proefschrift) 

5.. Betreffende appendicitis behoort het adagium: "when in doubt, cut it out" gewijzigd te 
wordenn in "when in doubt, check it out", (ditproefschrift) 

6.. Het verwijderen van een normaal orgaan als een appendix dient niet chirurgisch maar 
fylogenetischh te geschieden. 

7.. Eén van de verdiensten van de laparoscopische chirurgie is dat ook patiënten na open 
chirurgiee eerder met ontslag gaan. 

8.. Getuige de snelle acceptatie van de laparoscopische cholecystectomie, in tegenstelling 
tott de laparoscopische appendectomie, blijkt dat gezond verstand toch zwaarder weegt 
dann evidence based medicine. 

9.. Indien in Amsterdam de criminaliteit met eenzelfde agressieve rigide wijze als het 
"foutt parkeren" aangepakt zou worden, zou de stad een stuk leefbaarder worden. 

10.. Het aantal beltonen bij een oproep van een mobiele telefoon is omgekeerd evenredig 
mett het correct uitgesproken volzinnen tijdens het gevoerde gesprek. 

11.. Gezien de huidige ontwikkelingen in de gezondheidszorg en de daaruit voortvloeiende 
bezighedenn van een assistent, zou het vak "doeltreffend overplaatsen van patiënten", 
gegevenn door de vakgroep psychologie, een plaats in het curriculum moeten krijgen. 

Amsterdam,, 2 oktober 2002 
Wimm van den Broek 
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ChapterChapter 1 

GENERALL  INTRODUCTIO N 

Appendicitiss is an inflammation of the vermiform appendix. It is mostly caused by 
obstructionn of the lumen due to hyperplasia of the lymphoid follicles at younger age or by 
obstructionn of the lumen by fecaliths in older patients . 
Thee vermiform appendix was first described by Leonardo da Vinci in 1492. Lawson Tait 
performedd the first planned appendectomy for appendicitis in 1880 2. Hereafter, immediate 
surgeryy for appendicitis was recommended in 1886 by Reginald Fitz 3. Appendectomy was 
furtherr popularised by Charles McBurney who introduced, in 1889, a new operating technique 
byy performing appendectomy with the use of a less invasive muscle splitting incision and by 
describingg in 1894 the McBurney point, localised "between an inch and a half and two inches 
fromm the anterior spinous process of the ilium on a straight line drawn from that process to the 
umbilicus""  4'5. The most famous patient with appendicitis was King Edward VII ; his huge 
abdominall  abcess, due to a neglected appendicitis, was drained by Sir Frederick Treves just 
beforee his coronation in June 1902 6. 
Att present time, appendectomy is the most common abdominal operation because of the 
relativelyy high lifetime risk of men (8.6%) and women (6.7%) for developing appendicitis 7. 
Thee diagnosis appendicitis remains difficult and is usually made by clinical history (pain 
localisedd around the umbilicus moving toward the right lower abdominal quadrant, anorexia 
andd nausea), physical examination (mildly elevated temperature, diminished bowel sounds 
withh direct tenderness and spasm in the right lower abdominal quadrant and rebound 
tendernesss at Mc Burney's point) in combination with laboratory findings (elevated White 
Celll  Count (WCC) and C-reactive protein (CRP) levels). Especially in fertile women the 
diagnosiss can be difficult because several gynaecological diseases can mimic appendicitis. 
Basedd on these clinical criteria are 15 to 30 percent normal appendices removed at open 
operationn 8' . This results in the removal of 2,285 normal appendices, yearly in the 
Netherlandss 10. The removal of a normal appendix should be avoided because it has its own 
morbidityy and costs. 
Onn the other hand, a delayed appendectomy due to a missed diagnosis may lead to a 
perforatedd appendicitis and so to severe complications as peritonitis and infertility in females. 
Ass a result, perforated appendicitis still causes the death of 1 child per year in the 
Netherlands. . 
Therefore,, nowadays, more sophisticated imaging techniques are introduced to lower the 
negativee and delayed appendectomy rates. Both ultrasonography (figure 1) and computed 
tomographyy (CT) (figure 2) have shown to be of value in obtaining the diagnosis appendicitis. 
However,, ultrasound appears to be highly observer dependent and not useful in ruling out 
appendicitiss in the general population and CT-scan has a variable availability and the 
disadvantagee of exposing a population, mostly of fertile women, to a relatively high radiation 
dosee " . Routine application of these new diagnostic tools in patients with suspected 
appendicitiss might cause unnecessary delay, costs and patient discomfort18. 
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Figur ee 1: Figur e 2: 

UltrasoundUltrasound showing an enlarged, Computed tomographic scan showing 
non-compressiblenon-compressible appendix, cross-section of an inflamed appendix (A) 
indicatingindicating appendicitis. with appendicolith (a). 

Duee to an increased interest in laparoscopic surgery by general surgeons, diagnostic 
laparoscopyy has also been introduced for patients with suspected appendicitis. Diagnostic 
laparoscopyy is performed under general anesthesia. A pneumoperitoneum is created by 
insufflationn of C02 gas; hereafter a camera is introduced into the peritoneal cavity by means 
off  a small umbilical incision. The abdominal cavity, including the appendix as well as of 
otherr organs, in particular the internal genital organs in women, can so be carefully inspected, 
ass shown in figures 3 and 419'20. In case of appendicitis, one can proceed with laparoscopic 
appendectomy,, by introducing two extra trocarts or, in case of conversion; the localization of 
thee muscle splitting incision can be specified. Nevertheless, diagnostic laparoscopy is an 
invasivee procedure, which requires general anaesthesia and usually hospital admission with 
additionall  costs. 

11 1 
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Figur ee 3: Figur e 4: 

AA normal appendix seen at laparoscopy An inflamed appendix seen at laparoscopy 

Althoughh several meta-analyses showed (subtle) advantages of laparoscopic appendectomy 
(lesss post-operative pain and shorter hospital stay) compared to appendectomy by muscle-
splittingg incision, laparoscopic appendectomy is not (yet) the gold standard for appendectomy 
inn the Netherlands and many other European countries 21~24. Routinely application of 
diagnosticc laparoscopy in patients with suspected appendicitis would therefore lead to many 
conversionss to open procedures and so to extra costs and morbidity. 

So,, diagnostic decision-making for patients with suspected appendicitis has been radically 
changedd since 1880. At present, it is not clearly defined which patients could benefit from 
furtherr diagnostic tools in case of suspected appendicitis. 

AI MM  OF THE THESIS 

Thee aim of this thesis is to assess different aspects of the use of diagnostic laparoscopy in 
patientss with suspected appendicitis. In Chapter  2 a review of the literature concerning the 
diagnosticc tools for appendicitis in the last 10 years is performed to evaluate the 
improvementss made by these new diagnostic tools and to establish the place of diagnostic 
laparoscopyy among these. Sensitivity and specificity rates for the diagnosis appendicitis of: 
historyy and physical examination, laboratory findings, scoring systems, ultrasonography, 
computerr tomography, magnetic resonance imaging and diagnostic laparoscopy are retrieved 
orr derived from the data. An algorithm of the diagnostic work-up based on these results is 
created. . 
Thesee new diagnostic tools might also cause delay, discomfort, extra cost and morbidity in 
patientss with suspected appendicitis. In order to assess if it is justified to expose patients with 
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suspectedd appendicitis to these new diagnostic tools, the results of a retrospective study of all 
patientss who underwent a negative appendectomy for suspected appendicitis in the period 
19911 - 1999 in the Medical Center Alkmaar are described in Chapter  3. Hospital stay, 
morbidityy and mortality of performing a negative appendectomy are evaluated and a cost 
analysiss is made by comparing hospital costs of a negative appendectomy with the hospital 
costss of other diagnostic tools. 
Inn Chapter  4 we evaluate the results of a prospective study of all patients with suspected 
appendicitiss sent to our hospital in the period 1994 to 1997 in which diagnostic laparoscopy is 
usedd selectively: in patients with doubt in the diagnosis of appendicitis. Therefore, patients are 
dividedd into three groups; group 1: patients in whom the diagnosis appendicitis is not likely: 
thesee patients are discharged immediately after evaluation or after an observation period of 24 
hours,, group 2: patients in whom there is doubt of the clinical diagnosis appendicitis: these 
patientss undergo diagnostic laparoscopy and group 3: patients in whom the diagnosis of 
appendicitiss is felt to be certain: these patients undergo primary appendectomy by muscle-
splittingg incision. 
Thee use of diagnostic laparoscopy is evaluated in terms of false negative (e.g. delayed 
appendectomy)) and negative appendectomy rates. Theoretical models of performing 
diagnosticc laparoscopy in all patients and strategies in which diagnostic laparoscopy will be 
appliedd in different patients groups, are presented. 
Whilee after a muscle-splitting incision the normal appendix is always removed to avoid 
diagnosticc confusion in the future, at diagnostic laparoscopy a normal appendix could be left 
inn place, as there is no typical scar in the right lower abdominal quadrant suggesting previous 
appendectomy.. It is not yet known if it is safe to leave a normal appendix found during 
laparoscopyy for suspected appendicitis in place because the appendix might be unjustly 
interpretedd as normal or patients could develop recurrent abdominal pain, eventually leading 
too an appendectomy at a latter point of time. Others claim also the existence of a histological 
diagnosis:: "endo-appendicitis" which might not be recognised during laparoscopy. Therefore 
inn Chapter  5, the strategy of leaving a normal appendix found during diagnostic laparoscopy 
forr suspective appendicitis is evaluated in a prospective analysis of 109 patients in whom the 
normall  appendix was not removed at diagnostic laparoscopy for suspected appendicitis. The 
short-termm results (e.g. false negative rate and complications of the procedure) and long-term 
resultss (e.g. risks of developing appendicitis in the future and recurrent abdominal complaints) 
aree evaluated by means of a questionnaire by telephone after a median follow-up time of 4.4 
years. . 
Iff  laparoscopic appendectomy is not attempted, diagnostic laparoscopy would lead to many 
conversionss to open surgery and it could therefore be questioned to perform a laparoscopy on 
patientss with all clinical signs of appendicitis. So diagnostic laparoscopy, and also other 
expensivee diagnostic tools, should be reserved for clinical equivocal cases in which it can 
contributee in obtaining the diagnosis. To identify this subgroup of patients who can benefit 
fromm diagnostic laparoscopy, we created a scoring system for adults in Chapter  6. In a 
prospectivee study of all adults who were sent to our hospital for suspected appendicitis we 
dividedd patients into two independent groups; group 1: patients presented in the period 1994 
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too 1995 and group 2: patients presented in the period 1996 to 1997. By means of (univariate) 
chi-squaree tests we define variables that correlate significantly with appendicitis. In a 
(multivariate)) logistic regression analysis these variables are weighed and form the base of a 
scoringg system. The scoring system is created from the patients of group 1 in which patients 
aree scored from 0 (appendicitis not likely) to 9 (appendicitis very likely) depending on the 
presencee of the scoring variable. The scoring system will hereafter be applied to the 
independentt patient group 2. Comparing odds ratios from group 1 with odds ratios from group 
22 validates the reproducibility of the scoring system. By creating two cut-off points in the 
scoringg system, patients are divided into the same three groups as described in chapter 4 and 
so,, the group of patients with doubtful diagnosis appendicitis can be defined. The 
effectivenesss of the scoring system is evaluated by calucating sensitivity and specificity rates 
andd by comparing the number of performed laparoscopics, delayed and negative 
appendectomyy rates obtained by clinical practice with the results that would have been 
accomplishedd on the basis of the scoring system. 
Becausee the incidence of appendicitis in children differs from adults, we performed the same 
strategyy described for adults, on children in Chapter  7, resulting in a scoring system that can 
identifyy the children who may benefit from further diagnostic tools as diagnostic laparoscopy. 
Inn Chapter  8, the results of the performed studies in this thesis are summarised and shortly 
discussed. . 
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ABSTRACT T 

Wee reviewed the literature concerning new diagnostic tools for appendicitis to evaluate the 
improvementss made by these new diagnostic tools and to create an algorithm of the diagnostic 
work-upp for patients with suspected appendicitis based on these results. 
Clinicall  findings and White Cell Count remain the cornerstone of the diagnosis appendicitis. 
If,, based on these findings, appendicitis is unlikely, patients could be discharged or further 
observed.. Also in case of clinical "evident" appendicitis further use of (expensive) diagnostic 
toolss will not improve diagnostic accuracy. 
Inn case of doubt of the diagnosis, ultrasound is the investigation of first choice because it is 
relativelyy cheap, no time consuming, non-invasive and not using ionising radiation. 
Sensitivityy rates from 0.75 to 0.90 and specificity rates from 0.73 to 1. However, ultrasound is 
observerr dependent, especially in ruling out appendicitis. Therefore, when appendicitis could 
nott be confirmed on ultrasonography, one should continue with further investigations. Helical 
CT-scann is useful in either ruling out or confirming appendicitis because of both high 
sensitivityy (0,87 to 1) and specificity (0.83 to 1) rates. The negative effects of the ionising 
radiationn of the CT-scan should be weighed against the negative effects of diagnostic 
laparoscopy,, which is relatively expensive, invasive and needs hospital admission. Especially 
inn fertile females, diagnostic laparoscopy is of value because gynaecological disorders, 
mimickingg appendicitis, can be recognised easily and these females are prevented for 
exposuree to ionising radiation. In the future, patient selection for diagnostic laparoscopy will 
alsoo depend on routinely use of laparoscopic appendectomy. 

INTRODUCTIO N N 

Lawsonn Tait performed the first appendectomy for appendicitis in 1880 '. The awareness for 
thee need for appendectomy in case of appendicitis came later, in 1886, when R. Fitz 
recommendedd immediate surgery for appendicitis '. Appendectomy became more widespread 
whenn Charles McBurney introduced the operating technique by a muscle splitting incision in 
thee right lower abdominal quadrant in 1894 3'4. At present time, appendectomy is the most 
commonn abdominal operation because of the relatively high lifetime risk of men (8.6%) and 
womenn (6.7%) for developing appendicitis 5. 
Thee diagnosis appendicitis is usually made on clinical criteria, which lead to 15-30 percent 
normall  appendices being removed at open operation 6'7. Nowadays, the use of more 
sophisticatedd imaging techniques (ultrasonography, computed tomography and magnetic 
resonancee imaging), laboratory techniques (C-reactive protein, white cell count) and 
diagnosticc laparoscopy have been introduced. The purpose of this review is to evaluate the 
improvementss made by these currently available diagnostic tools, in order to create an 
algorithmm of the current work up for patients with suspected appendicitis. 
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METHOD S S 

AA Medline® search, using appendicitis as keyword mapped to subheading "diagnosis", was 
performed.. The 1,601 hits were limited to: abstract available, English language, human and 
thee period 1990 to 2000, which narrowed down the number of articles to 203. When 
excludingg case reports and selecting abstracts by study type (prospective or retrospective), 
numberr of patients, journal impact factor and relevance, 81 articles could be retrieved 
concerningg the diagnosis appendicitis. Hereafter we performed the same strategy using 
Currentt Contest/Clinical Medicine search, which added 12 more articles to our search. 
So,, a total of 93 articles were studied. Cross-references were used to complete the search. 
Retrievedd articles were sorted by: general and review articles, articles concerning: history and 
physicall  examination, laboratory findings, scoring systems, ultrasonography, computed 
tomography,, magnetic resonance imaging and diagnostic laparoscopy. The sensitivity and 
specificityy rates, negative and positive predictive values and overall accuracy rates were noted 
orr calculated from the available data and summarized in tables. 

RESULTS S 

HISTORYHISTORY AND PHYSICAL EXAMINATION 

Appendicitiss remains a diagnosis primarily based on clinical history and physical examination 
8.. The "classical" symptoms of acute appendicitis are gradual onset of central colicky 
abdominall  pain over 24 hours followed by migrating pain to the right iliac fossa, anorexia, 
andd nausea, together with physical signs as mildly elevated temperature, facial flush and slight 
tachycardia9AA . Maximum pain is located at McBurney's point with right iliac fossa 
tendernesss and guarding 91 . Many signs been have been associated with acute appendicitis: 
Rovsingg sign (pressure applied in the left lower quadrant reflect pain to the right lower 
quadrant),, psoas sign (pain with extension of the right thigh by stretching the psoas muscle), 
obturatorr sign (pain with passive rotation of the flexed right thigh) and cough sign (sharp 
localizedd pain in right iliac fossa while coughing) 9~''. 
Theree were 22 studies retrieved concerning the clinical symptoms of patients with suspected 
appendicitiss H"32. It was not possible to create sensitivity and specificity tables of symptoms 
basedd on the presented data. The most useful article was from Wagner et al, who calculated 
sensitivityy and specificity rates of different physical signs and symptoms in a meta-analysis of 
5,2755 patients, (table 1). In this meta-analysis only three findings were found with a high 
positivee likelihood ratio (LR+) for appendicitis: right lower quadrant pain (LR+,8), rigidity 
(LR+,4)) and migration of initial peri-umbilical pain to the right lower quadrant (LR+: 3.1) '2 . 
Thee LR+ of rebound tenderness varied too much among the studies (LR+: 1.1 to 6.3) to allow 
aa statistical point estimate of its effect12. Symptoms with low negative likelihood ratios (LR-) 
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were:: absence of right lower quadrant pain (LR-: 0.2), the presence of similar previous pain 
(LR-:: 0.3) and the absence of the classic migration of the pain (LR-: 0.5)12. 
Thee absence of anorexia, nausea or vomiting had little impact on the likelihood of 
appendicitiss and also rectal examination does not contribute to the patient with suspected 
appendicitiss 12"14. 
Thee history and symptoms in children with appendicitis differ in presentation of adults with 
appendicitiss 18~19. In neonates clinical features are non-specific: irritability or lethargy (20%), 
abdominall  distension (60-90%) and vomiting (59%)20'21. The most common signs in infants 
are:: vomiting (85-90%), pain (35-77%), diarrhoea (18-46%) and fever (40-60%) together with 
aa temperature >37°C (87- 100%) and diffuse abdominal tenderness (55-92%). Localized right 
lowerr quadrant tenderness is noted in less than 50%22~24. The majority of preschool children 
havee symptoms for 2 days or longer, and up to 17% have symptoms for 6 days or longer25'26. 
Inn preschool children, right lower quadrant tenderness is more common than diffuse 
tendernesss 27. In school-aged children, 10-36% report a prior similar pain episode suggesting 
thatt appendicitis may sometimes spontaneously resolve and then reoccur28,29. Presentation 
andd symptoms are similar in adolescents and adults, whereas in females of childbearing age, 
pelvicc pathology is common and can be easily confused with appendicitis 30. 
Conclusion Conclusion 
Thee "classical" signs and symptoms of appendicitis are well described. Presence of right 
lowerr quadrant pain, rigidity and migration of pain are most predictive for appendicitis in 
adultss as absence of right lower quadrant pain, migration and presence of a previous episode 
aree predictive in ruling out appendicitis. The presentation of appendicitis in children differs 
amongg the various age groups. 

LABORALABORA TOR Y FINDINGS 

Elevatedd white cell counts (WCC) and C-Reactive Protein (CRP) are signs of an 
inflammatoryy response and are therefore useful as a diagnostic tool for appendicitis. The 
relationn of elevated levels to appendicitis was studied in 13 retrieved articles 33_45. In 4 studies, 
thee WCC sensitivity, specificity and accuracy rates were mentioned or could be calculated 33" 
36.. Sensitivity rates ranged from 0.44 to 0.96, specificity rates ranged from 0.40 to 1 and 
accuracyy ranged from 0.44 to 0.85 (table 2). 
Inn 6 studies, the CRP sensitivity, specificity and accuracy rates could be calculated33"38. 
Sensitivityy rates ranged from 0.47 to 1, specificity rates from 0 to 1 and accuracy from 0.57 to 
1,, shown in table 3. This wide range of sensitivity, specificity and accuracy rates was 
probablyy due to variations in cut-off values and different timing of tests. Also different patient 
populationss (patients studied with suspected appendicitis or patients studied who underwent 
appendectomy)) seem to influence accuracy rates as for both WCC and CRP: accuracy rates 
seemm to be better when patients who underwent appendectomy were studied33"38. 
Inn a meta-analysis where the data of 3,436 patients from 22 studies were pooled, the overall 
sensitivityy of the CRP was 0.62 with a specificity of 0.66 39. CRP appears to be a test of 
mediumm diagnostic accuracy and is a little inferior to WCC. Due to higher sensitivity rates 
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WCCC is of more diagnostic value than CRP 34'36. This is probably due to the fact that WCC is 
elevatedd early in the inflammatory process and that CRP becomes more sensitive after 6-12 
hourss of abdominal pain 35. Because repeated testing after 4-8 hours increased the accuracy of 
bothh WCC (0.74 -> 0.85) and CRP (0.57 -> 0.70), it is recommended for patients with 
equivocall  appendicitis 33'40. In the study of Erikson though, the accuracy for CRP increased 
afterr 8 hours (0.67 —> 1), but only 9 patients were evaluated after 8 hours. The highest 
sensitivityy for WCC was on admission: 0.76 compared to 0.44 after 8 hours. 
Appendicitiss is unlikely when after 10 hours of abdominal pain the CRP level remains normal 
33 . The value of combining CRP and WBC results is described by Gronroos 4l. It was 
concludedd that if both CRP and WBC are normal, appendectomy is not recommended in spite 
off  possible present clinical features of appendicitis because all patients who underwent a 
negativee appendectomy appeared to have both normal (< 9xl09/L) WCC and (<10mg/L) CRP 
levelss 41. If both WCC and CRP were elevated it was a a predictor for complicated (perforated) 
appendicitis41. . 
Conclusion Conclusion 
WCCC is of more diagnostic value then CRP. In equivocal cases repeated testing increases 
accuracyy of both WCC and CRP. Appendicitis is unlikely if both WCC and CRP levels are 
normal. . 

SCORINGSCORING SYSTEMS 

Inn scoring systems clinical variables of patients with suspected appendicitis are statistically 
analysedd and given a certain value, depending on its power to predict appendicitis. These 
variabless are then structurally collected resulting in a certain score. Based on selected cut-off 
points,, the score will determine the following strategy: discharge, monitoring (i.e. 
observation)) or exploration. An applicable scoring system must be easy to memorise (i.e. 
containingg few variables), reproducible (i.e. using objective variables), validated by others 
andd perform with high diagnostic accuracy. 
Theree were 5 well-documented scoring systems found of which only 2 (the Alvarado and 
Ohmannn scores) were also evaluated by others (table 4) 46~54. The Fenyö scoring system is not 
outlinedd because it contained too many (10) variables 54. 
Sensitivityy rates of scoring systems varied from 0.63 to 1 and specificity rates varied from 
0.333 to 0.93, shown in table 5 46"54. When applied by others, the Alvarado score lead to high 
negativee appendectomy rates ranging from 13% to 37% and unacceptable high false negative 
(i.e.. missed appendicitis) rates varying from 7.5 to 13%47-49. Evaluation of the Ohmann score 
byy others showed that the negative appendectomy rate was 14.3% and the false negative rate 
wass only 0.9 %, compared to 7.1% for clinical judgment by residents and 1.8% for 
experiencedd surgeons 5l. 
Forcingg to collect various detailed symptoms, clinical and laboratory data on a structured 
registrationn form lead to a significant higher diagnostic accuracy (0.83 vs. 0.69) in a 
prospectivee study of 1,764 patients 

21 1 



ChapterChapter 2 

Conclusion Conclusion 
Thee Ohmann and the Alvarado scores are the only scoring systems that are evaluated by 
others.. The Alvarado score is not recommended for routine use because it lead to high false 
negativee rates by others. The Ohmann score appeared to be useful in the pre-clinical setting or 
forr (less experienced) residents. The other scoring systems have not been validated until now. 

ULUL TRASONOGRAPHY 

Inn 1981 the first inflamed appendix was reported on ultrasonography (US). Its use in patients 
withh suspected appendicitis was further popularised by Puylaert, who introduced in 1987 the 
gradedd compression technique in which the slow and gentle maintained pressure by the probe 
cann also contribute in localising the point of maximum tenderness 56~58. Appendicitis is 
recognisedd as a non-compressible blind-ended tubular structure, with an enlarged diameter of 
moree than 6 mm 59. 
Advantagess of US are lack of ionising radiation, relatively low costs, widespread availability 
andd the ability to identify many alternative causes of acute right lower quadrant pain as 
ovariann cystic or urethral stone disease6072. 
Theree were 17 articles retrieved concerning the use of US in patients with suspected 
appendicitiss 57"7!'88-90 Of these, only 8 studies clearly described sensitivity rates (varying from 
0.755 to 0.90), specificity rates (varying from 0.73 to 1) and accuracy rates (varying from 0.76 
too 0.96), shown in table 6 57-61"67. One should realise, that the above-mentioned results are 
obtainedd by ultrasound dedicated radiologists. It remains doubtful if these rates can also be 
obtainedd in less specialised centres because the accuracy of US is known to be observer 
dependent. . 
Thee relatively low sensitivity rates of US indicate that US is not useful in ruling out 
appendicitis.. In one study it would have lead to an unacceptable delay in operation in 11.3% 
off  the patients 69. 
Whenn comparing US with the clinical impression (based on the Alvarado score) it appeared 
thatt the overall accuracy of US (85%) was superior to the Alvarado score (71%). Though, if 
onlyy the US results would have been followed, it would have resulted in an unacceptable high 
false-negativee rate because 24% of patients with normal US examinations were found to have 
appendicitiss 6 . 
Byy combining US findings with clinical findings, the negative appendectomy rate decreased 
onlyy slightly from 16% to 13% in a prospective study of 111 patients. Therefore it was 
concludedd that if surgeons were sure of their clinical assessments, US had littl e to add but in 
casee of clinical doubt US improved the diagnostic accuracy 62. 
Alsoo we must take into account that US might not always be available on a 24-hour base. 
Therefore,, in one study, only patients from 5 am to 5 pm were included 63. In another study, 
speciallyy trained surgeons performed the US examinations in patients with acute abdominal 
painn which improved the correct diagnosis rate from 70% to 83% 68. 
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Conclusion Conclusion 
Ultrasonographyy has a relatively low sensitivity rate but a high specificity rate in patients with 
suspectedd appendicitis. Therefore US is not helpful in ruling out appendicitis (i.e. lowering 
thee negative appendectomy rate) but useful in demonstrating appendicitis and so preventing 
delayy of surgical treatment. 

COMPUTEDCOMPUTED TOMOGRAPHY 

Thee first appendicitis seen on Computed Tomography (CT) scan was reported by Balthazar in 
19866 73. When oral or rectal contrast is used, the inflamed appendix is recognised as an 
enlargedd (> 6 mm), unfilled appendix, possibly together with calcified appendicoliths or right 
lowerr abdominal quadrant fat stranding 74'75'7 . Other disorders which cause right lower 
quadrantt pain as mesenteric adenitis, ileitis, cecal diverticulitis, cecal carcinoma, colitis, 
cholecystitis,, ureteral obstruction and various gynaecological conditions can also be 
recognisedd with CT scan 76. 
Eighteenn articles were retrieved concerning the use of CT-scan in patients with suspected 
appendicitiss 73"90. The results of 8 well-documented prospective studies, using large number of 
patients,, are summarized in table 7, achieving high sensitivity (0.87-1), specificity (0.83-1) 
andd accuracy (0.90-0.94) rates 74'77'83. 
Differentt CT techniques have been described: conventional and helical scanning, enhanced 
(focusedd on the right lower abdominal quadrant) or full abdomino-pelvic scanning, and 
differentt combinations of administering contrast materials (oral, rectal, intravenous and 
combinationss of these)74'77"84. A review article showed that the accuracy of diagnosing 
appendicitiss is highest when helical CT is combined with colon contrast material 
administrationn 60. Performing a focused scan on the appendix is accurate in identifying 
appendicitiss but if this appears to be normal, extension to the upper abdomen or pelvis should 
bee considered 60. The excellent results of Rao et al were discussed by others who claimed that 
inn case of suspected appendicitis the entire abdomen and pelvis should be scanned, with the 
usee of intravenous contrast to identify possible other gastrointestinal and genitourinary 
disorderss of patients with similar clinical and laboratory findings as patients with appendicitis 
85 5 

Thee disadvantages of CT scan are the availability on a 24-hour base, the exposure to radiation 
(especiallyy in fertile females) and allergic reactions and renal function disorders due to IV 
contrastt material. Therefore helical appendiceal CT scan is recommended because it can be 
performedd in approximately 15 minutes and requires one third of the radiation exposure of 
standardd abdomino-pelvic CT scan 60,78. 
Raoo et al calculated that routine appendiceal CT scan performed in patients presented with 
suspectedd appendicitis improved patient care and reduced the costs. The overall savings were 
$4477 per patient because CT scan prevented unnecessary appendectomies and unnecessary 
hospitall  admissions 6. 
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Conclusion Conclusion 
CTT scan has both high sensitivity and specificity rates and can therefore be useful in both 
rulingg out appendicitis, preventing unnecessary appendectomies and further delay in surgery. 
Lackk of availability, and radiation exposure are arguments to apply it on a selected group of 
patients. . 

COMPARINGCOMPARING ULTRASONOGRAPHY WITH CT SCAN 

Twoo studies were found in which the outcome of both CT scan and US performed on the 
samee patients with suspected appendicitis were compared.89'90. In these studies sensitivity and 
negativee predictive value rates and accuracy were better for CT scan. Specificity rates and 
positivee predictive value rates of CT scan were comparable with US, shown in table 8 89,9°. 
Thiss confirms our previous conclusions that in confirming appendicitis, US is comparable to 
CTT scan. But CT-scan is more reliable than US in ruling out appendicitis. 

MAMA GNETIC RESONANCE IMA GING 

Althoughh appendicitis can be detected by magnetic resonance imaging (MRI), there were no 
studiess found evaluating MRI for its use in suspected appendicitis by calculating sensitivity 
andd specificity rates 91. In one prospective study, MRI was compared with ultrasonography 
(US)) in patients with suspected appendicitis 92. MRI was superior to US, particularly more 
sensitivee (0.97 vs. 0.76) and with a higher overall accuracy (0.95 vs. 0.82). Current drawbacks 
off  MRI are lack of scanner availability, time delay in diagnosis, high cost, need for contrast 
material,, patient immobilization and difficulty imaging claustrophobic patients. Currently, it 
iss unlikely that MR imaging will become a routine examination for patients with suspected 
appendicitis. . 

DIADIA GNOSTIC LAPAROSCOPY 

Diagnosticc laparoscopy has been used for many years by gynaecologists in women with acute 
andd chronic abdominal pain 93. Since the interest of general surgeons for laparoscopic surgery, 
diagnosticc laparoscopy is also being used for suspected appendicitis. The excellent overview 
off  the peritoneal cavity gives both information of the appendix as well as of other organs, in 
particularr the internal genital organs in women. In case of appendicitis, one can proceed with 
laparoscopicc appendectomy, in case of conversion, the localisation of the muscle splitting 
incisionn can be specified. Nevertheless, diagnostic laparoscopy is an invasive procedure, 
whichh requires general anaesthesia and usually hospital admission with additional costs. 
Theree were 16 studies found using diagnostic laparoscopy in patients with suspected 
appendicitiss " . In 7 well-documented prospective studies specificity rates ranged from 
0.733 to 1, achieving negative appendectomy rates from 0 to 13% (table 9)94~100. The reasons 
forr the relative high negative appendectomy rates in patients who underwent laparoscopy are: 
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differentt patient selection, no visualisation of the appendix, failure of laparoscopic 
instrumentss and doubt or misinterpretation of the diagnosis appendicitis. 
Noo patient developed signs of appendicitis in the direct post-operative period: the sensitivity 
wass therefore 1 94 ~109. There was also no increased risk for future appendicitis during long-
termm follow up. Thus, normal appearing appendices should not be removed . Although 
macroscopicallyy normal appearing appendices might show inflammatory responses, these 
findingss are apparently of no clinical importance 
Complicationn rates varied from 0 to 2% and include a pulmonary embolism, ileus, wound 
infections,, lung complications and bleedings from trocart ports 94"109. No injuries due to 
introductionn of the Veress needle were reported. 
Becausee recent meta-analyses show advantages of laparoscopic appendectomy over open 
appendectomyy (less wound infections and (minimal) reduction in hospital stay), ideally, all 
patientss with suspected appendicitis will undergo routinely diagnostic laparoscopy, followed 
byy laparoscopic appendectomy if necessary 1U" I4. However, as laparoscopic appendectomy is 
nott (yet) the gold standard, such a policy would lead to many conversions to open procedures. 
Patientt selection for diagnostic laparoscopy could be made by age and gender because 
laparoscopyy is of most value in fertile females since in 22-36% of them a gynaecological 
disorderr is found 95'96. As, according to two studies, there were no advantages of laparoscopy 
inn men, it was concluded that diagnostic laparoscopy should therefore be reserved for (fertile) 
womenn 96,104. We found though that selective use of diagnostic laparoscopy lowered also the 
negativee appendectomy rate from 22 to 11% in men undergoing diagnostic laparoscopy 
Conclusion Conclusion 
Diagnosticc laparoscopy is useful as a diagnostic tool in patients with suspected appendicitis, 
achievingg both high sensitivity (1) and specificity rates. It is a relatively expensive and 
invasivee procedure and should therefore be selectively used in patients with doubt in the 
diagnosiss appendicitis, as often occurs in females of childbearing age, but could be used as a 
routinee if appendectomy can be performed laparoscopically. 

DISCUSSION N 

Clinicall  findings and inflammatory parameters (temperature and white cell count) remain the 
cornerstonee of the diagnosis appendicitis. White cell count should be used routinely in 
patientss with suspected appendicitis and could be repeated during observation. If, based on 
thesee findings, appendicitis is unlikely; patients could be discharged or further observed. In 
casee of clinical "evident" appendicitis, further use of (expensive) diagnostic tools will not 
improvee diagnostic accuracy and one should proceed with appendectomy by muscle-splitting 
incisionn or with laparoscopic appendectomy, depending on the surgeon's skills in 
laparoscopicc surgery. 
Thee adage "when in doubt, cut it out" should be changed in "when in doubt, check it out". In 
casee of equivocal appendicitis, diagnostic modalities as Ultra sound, CT-scan or diagnostic 
laparoscopyy should be considered. When a skilled radiologist is available, ultrasound is the 
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investigationn of first choice because it is relatively cheap, no time consuming, non-invasive 
andd not using ionising radiation. If an inflamed appendix is found, one should proceed with 
appendectomyy but if appendicitis could not be confirmed, one should continue with further 
investigationss or careful observation. When available, helical CT-scan can also be performed 
inn selected patients for either ruling out or confirming appendicitis. The negative effects of the 
ionisingg radiation of the CT-scan should be weighed against the negative effects of diagnostic 
laparoscopy,, which is relatively expensive, invasive and needs hospital admission. Especially 
inn fertile females, diagnostic laparoscopy is of value because gynaecological disorders, 
mimickingg appendicitis, can be recognised easily and these females are prevented for 
exposuree to ionising radiation. In the future, patient selection for diagnostic laparoscopy will 
alsoo depend on routine use of laparoscopic appendectomy. 
Thee above-described strategy for patients with suspected appendicitis is shown in figure 1. 
Wee should realise that the introduction of CT scan and US as diagnostic procedures for 
patientss with suspected appendicitis has implications for the radiologists, who ideally should 
bee available on a 24hr base. This will also have an impact on the use of hospital resourses. 
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Tablee 1: 

Sensitivityy and specificity rates from different clinical signs and symptoms calculated in meta-analysis 
off 5,275 patients*. 

Specificity: : 

0.53 3 
0.83 3 
0.82 2 
0.64 4 
0.95 5 
0.79 9 
0.69 9 
0.57 7 
0.41 1 
0.77 7 
0.36 6 
0.37 7 
0.45 5 

Wagnerr JM. McKinney WP. Carpenter JL. Does this patient have appendicitis? JAMA. 276(19): 
1589-94,, 1996. 

Signn or symptom: 

Rightt lower quadrant pain: 
Rigidity: : 
Migration: : 
Painn before vomiting: 
Psoass sign: 
Fever: : 
Reboundd tenderness test: 
Guarding: : 
Noo similar pain previously: 
Rectall tenderness: 
Anorexia: : 
Nausea: : 
Vomiting: : 

Sens s 

0.81 1 
0.27 7 
0.64 4 
1.00 0 
0.16 6 
0.67 7 
0.63 3 
0.74 4 
0.81 1 
0.41 1 
0.68 8 
0.58 8 
0.51 1 
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Figuree 1: 

Algorithmm of diagnostic strategy for patients with suspected appendicitis 

Patientt with suspected appendicitis 

Clinicall findings Laboratoryy findings 

Appendicitis? ? 

Nott Likely 

Carefull observation? 

Doubt t 

Dischargee or observation 

Likely y 

Ultra-Sonography*,, CT scan* or Diagnostic Laparoscopy ' 

Normall appendix 

I I 
Noo visualisation 

Leavee appendix in place 

Appendicitis s 

 Appendectomy 

** Depending on which expertise is available. If ultrasound can be performed, investigation of first choice. 
Whenn US is negative CT-scan or Laparoscopy should be considered. 

Inn women of childbearing age more tending to perform a laparoscopy. 
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SUMMAR Y Y 

Background::  The diagnosis acute appendicitis remains difficult and therefore, 15-30% of the 
removedd appendices appear to be normal. Aim of this study is to investigate morbidity, mortality 
andd costs of removing a normal appendix in patients with suspected appendicitis. 
Patientss and Methods: Retrospective study of patients who underwent a negative appendectomy 
forr suspected appendicitis in the period 1991-1999 with a median follow up of 4.4 years. Patients 
whoo underwent an elective appendectomy or appendectomy for other reasons were excluded. 
Results::  In 285 patients (70% women, 30% men) a normal appendix was removed. In 192 (67%) 
patientss a muscle-splitting incision was performed, in 6 (2%) a median laparotomy, and in 51 
(18%>)) the normal appendix was removed by laparoscopy. In thirty-six patients (13%) a diagnostic 
laparoscopyy was converted to a muscle-splitting incision. Complications occurred in 16 (6%) 
patients,, in 5 (2%) a re-operation was needed. The mean hospital stay was 4.4 (SE 2.8) days, in 
casee of complication 7.4 (SE 4.2) days. The mean extra hospital costs of a negative appendectomy 
weree € 2,712. 
Conclusion::  The removal of a normal appendix has considerable complications and costs. In an 
attemptt to prevent these costs, extra diagnostic tools should be considered. Expensive diagnostic 
toolss as diagnostic laparoscopy should be used selectively in order to no further exceed costs. 

INTRODUCTIO N N 

Appendectomyy is the most commonly performed acute abdominal operation because of the 
relativelyy high lifetime risk for men (8.6%) and women (6.7%) to develop appendicitis [. The 
indicationn for operation is usually based on a combination of clinical and laboratory findings 2'4. If 
aa normal appearing appendix is found during exploration, it is generally removed in order to avoid 
futuree diagnostic confusion. As a result, 15 to 30% of the removed appendices do not have 
histologicall  signs of inflammation 5"7. To improve diagnostic accuracy, diagnostic modalities as 
ultrasoundd (US), computed tomography scan (CT-scan) and diagnostic laparoscopy have been 
introducedd for the diagnosis appendicitis. These tools though, have their own limitations, risks and 
costs.. Sensitivity rates for ultrasound vary between 75 to 90% and specificity rates between 84 to 
100%,, but the efficacy of ultrasound is observer dependent and because of relatively low sensitivity 
rates,, it is not useful in ruling out appendicitis 8"12. Combining laboratory tests (C reactive protein 
andd white cell count) with US though, increased diagnostic accuracy from 70.9% to 87.1% in a 
retrospectivee study of 2,351 patients '3. The sensitivity of a CT-scan is higher (0.87 to 1), with a 
similarr specificity rate between 0.83 to 1, and is less observer dependent . However, CT-scan is 
relativelyy expensive and exposes the patient, often a fertile woman, to a relatively high radiation 
dose.. Laparoscopy is another reliable diagnostic tool for appendicitis with the advantage of 
obtainingg other (mostly gynaecological) diagnoses and the possibility of concomitant therapeutic 
intervention.. Reported negative appendectomy rates for laparoscopic appendectomy are relatively 
low:: 4 to 13%), as a normal appendix can be safely left in place 5. When still open appendectomy 
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iss performed, the preceding laparoscopy can be considered as an extra diagnostic procedure with 
thee accompanied risks of an invasive procedure. 
Too determine the usefulness and the cost-efficiency of these added investigations and to evaluate if 
itt is justified to perform additional diagnostic procedures, more should be known about the 
consequencess of removing a normal appendix. 
Thee aim of this study is therefore to investigate morbidity, mortality and costs (pre-operative and 
in-hospital)) of removing a normal appendix in patients with suspected appendicitis. 

PATIENT SS AND METHOD S 

AA retrospective chart analysis was performed of all patients who underwent a negative 
appendectomyy for suspected appendicitis in the Medical Center Alkmaar in the period 1991 to 
1999.. The diagnosis "normal appendix" was confirmed by histopathological investigation, using 
seriall  cuts of the entire appendix, which was performed routinely on all removed appendices. 
Patientss were retrieved by searching the hospital administration database for all performed 
appendectomiess and the pathological database for histological normal appendices. Also patients 
whoo underwent appendectomy for suspected appendicitis in which another possible cause for the 
rightright lower quadrant pain was treated were included. Patients who underwent an elective 
appendectomyy or an appendectomy for other reasons than suspected appendicitis were excluded. 
Thee variables: age, gender, hospital stay, type of operation, other obtained diagnoses, 
complications,, re-operations and patients recovery were noted and analysed using the SPSS 
computerr program. The x -square test was used when appropriate. A p-value < 0.01 was considered 
significant. . 
Costss were calculated by retrieving the cost in the year 2000 in our community hospital for: routine 
laboratoryy investigation, ultrasound, CT-scan, the visit at the emergency ward, consultation of a 
surgeon,, hospital admission, outpatient clinic visits, fee of the surgeon in case of operation, 
anaesthesiologistss fee and histopathological investigation. 

RESULTS S 

Fromm the 1,821 patients operated for suspected appendicitis, a normal appendix was removed in 
2855 (16%) patients, 200 women (70%) and 85 men (30%). The mean age was 26 (SE 14) years. 
Patientss were divided into 3 groups: group 1, age 0-14 years (children): n = 65, 24 male, 41 female, 
groupp 2: age 15-50 years (adults, including women of the childbearing age): n= 208, 55 men, 153 
womenn and group 3: age > 50 years (elderly): n = 12, 6 men, 6 women. Most patients were women 
inn the age group 15 to 50 years (p < 0.01). 
Inn 192 (67%) patients a muscle-splitting incision was performed, in 6 (2%) a median laparotomy, 
andd in 51 (18%) the appendix was removed by laparoscopy. In thirty-six patients (13%) a 
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diagnosticc laparoscopy was converted to a muscle-splitting incision. Despite of a preceding 
diagnosticc laparoscopy, a normal appendix was removed due to doubt in the diagnosis, wrong 
diagnosiss (misinterpretation), no other diagnosis found during laparoscopy and no visualisation of 
appendix. . 
Inn 73 (26%) patients, another diagnosis was obtained that might have caused the right lower 
abdominall  pain and treated if necessary (table 1). In group 1 were more other diagnoses obtained 
(36%)) compared to group 2 (17%) and group 3 (8%), p < 0.01. The most common diagnoses in 
childrenn were mesenteric lymphadenitis and faecoliths. In 3% of patients of group 1 (n=2) and 
groupp 2 (n=7) the underlying cause needed operative intervention. 
Thus,, a total of 276 unnecessary operations were performed. 

Tablee 1 : 

Otherr diagnoses obtained in patients with normal appendix removed summarised for the 3 different age 
groups. . 

Agee group (years): 

Mesentericc lymphadenitis: 
Faecolith: : 
Meckel'ss diverticle: 
Ovulationn bleeding: 
Salpingitis: : 
Ovariann cyst: 
Torsionn of adnex: 
Leiomyomaa of uterus: 
Retrogradee menstruation: 
Endometriosis: : 
Adhesions: : 
Diverticulitiss coecum: 
Urinaryy tract infection: 
Gastro-enteritis: : 
Pneumococc peritonitis: 
Crohn'ss disease: 
Locall infarction of omentum: 

Total: : 

N N 

21 1 
12 2 
1 1 
5 5 
4 4 
5 5 
3 3 
3 3 
1 1 
2 2 
7 7 
3 3 
2 2 
1 1 
1 1 
1 1 
1 1 

73 3 

0-14 4 

19 9 
11 1 
0 0 
1 1 
0 0 
1 1 
0 0 
0 0 
0 0 
0 0 
2 2 
0 0 
1 1 
1 1 
0 0 
0 0 
0 0 

36 6 

15-50 0 

2 2 
1 1 
1 1 
4 4 
3 3 
4 4 
3 3 
3 3 
1 1 
2 2 
5 5 
3 3 
1 1 
0 0 
1 1 
1 1 
1 1 

36 6 

>51 1 

0 0 
0 0 
0 0 
0 0 
1 1 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

1 1 

Treatmentt (n): 

Resectionn diverticle 

Antibiotics s 
OvariectomyOvariectomy (3) 
Adnexx extirpation (3) 

Perforationn coecum over sewn (1) 
Antibiotics s 

Antibiotics s 
Conservative e 
Locall resection 
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Complicationss occurred in 16 (6%) patients during median follow up period of 4.4 (SE 2.7) years 
(tablee 2). In 5 (2%) patients a re-operation was needed. All patients recovered well from these 
complications.. The mortality was 0. 

Tablee 2: 

Complicationss and treatment after negative appendectomy in a group of 285 patients. 

Complication n 

Woundd infection: 
Incarcerationn of ileoinguinal nerve: 
Ileuss due to adhesion: 
Postt operative ileus: 

Urinee retention: 
Infiltratee RLQ: 
Postoperativee haemorrhage**: 
Hypertrophicc scar: 
Awarenesss during anaesthesia: 
Largee haematoma: 

Total: : 
Re-operation: : 

N N 

5 5 
1 1 
1 1 
2 2 

2 2 
1 1 
1 1 
1 1 
1 1 
1 1 

16 6 
5 5 

Treatmentt (n) 

re-operation:: drainage of abces (2) 
re-operation:: release of nerve 
re-operation:: adhesiolysis 
nasoo gastric tube (1) 
re-operation:: explorative laparotomy (1)* 
catherisation n 
re-admission,, i.v. anti-biotics 
administrationn of 6 packed cells 
locall excision 

Explorativee laparotomy because of signs of peritonitis, during operation faecal impaction was found. 
Childd with idiopathic thrombocytopenia 

Thee mean hospital stay was 4.4 (SE 2.8) days. This was longer in case of a complication: 7.4 (SE 
4.2)) days vs. 4.2 (SE 2.7) days, p < 0.01. There was no difference in hospital stay between open 
appendectomyy (4.4 days) and laparoscopic appendectomy (4.3 days). Costs of the different 
diagnosticc and therapeutic procedures in our hospital, are shown in table 3. Routine costs are € 57 
forr a patient who visits the emergency ward for suspected appendicitis: visit emergency ward 
(€€ 29), consultation surgeon or resident (€ 14) and routine laboratory examination (€ 14). An 
ultrasoundd will ad € 63 to these cost, a CT- scan € 88 and a diagnostic laparoscopy with two days 
admissionn will ad€ 1,282. The hospital cost of a negative appendectomy, including 4.4 days 
admission,, a routine control visit at the outpatient clinic and histopathological examination will be 
€2,7122 and in case of laparoscopic appendectomy € 2,913. 
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Tablee 3: 

Thee costs of the different diagnostic and treatment procedures for patients who are referred to the 
emergencyy ward for suspected appendicitis. 

Visitt emergency ward: 
Consultationn surgeon or resident: 
Routinee laboratory examination: 
Ultrasound: : 
CT-scan: : 
Operationn room costs diagnostic laparoscopy: 
Surgeonn fee diagnostic laparoscopy: 
Anaesthesiologistt fee diagnostic laparoscopy: 
Onee day admission: 
Operationn room costs appendectomy: 
Surgeonn fee appendectomy: 
Anaesthesiologistt fee appendectomy: 
Extraa costs laparoscopic appendectomy: 

33 Endoloop® EJ 10C: 
Endocatch®: : 

Outpatientt clinic control: 
Histopathologicc examination: 

€29 9 
€14 4 
€14 4 
€63 3 
€88 8 
€267 7 
€47 7 
€30 0 
€469 9 
€363 3 
€163 3 
€54 4 

€93 3 
€108 8 
€44 4 
€24 4 

DISCUSSION N 

Removall  of a normal appendix at operation for suspected appendicitis could be considered an 
"appendectomyy en passant" during a diagnostic procedure. 
Inn the present study, the mean hospital stay of patients undergoing a negative appendectomy was 
4.44 days, the complication rate 6%, as previously found (6.1%) by others 26. Also the re-operation 
ratee is not negligible, namely 2%. These percentages are higher than in case of diagnostic 
laparoscopyy alone (mean hospital stay: 2 days, complication rate: 0.3% and re-operation rate: 0%), 
ass recorded in a previous study27. Unfortunately, in 87 patients a normal appendix was removed 
despitee of a preceding laparoscopy. So in terms of mean hospital stay (2 vs. 4 days), complications 
(0.33 vs. 6 %) and re-operation rate (0 vs. 2%), a diagnostic laparoscopy is preferable over 
performingg a negative appendectomy but better judgement and adequate management of the normal 
lookingg non-inflamed appendix during laparoscopy are needed. 
Wee calculated that the removal of a normal appendix will cost € 2,712. According to the Dutch 
networkk and national database for Pathology (PALGA), 2,285 negative appendectomies are 
performedd yearly in the Netherlands. Thus the negative appendectomies will cost the society 
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€€ 6,196,920 per year. The economic loss due to sick leave after hospital discharge is more difficult 
too calculate but should be added to this amount. 
Soo there are at least two important reasons to try to lower the number of negative appendectomies, 
namelyy preventing complications and reducing costs. 
Onee way to reduce the percentage of negative appendectomies is to first observe all patients in 
whomm the diagnosis is "not clinically evident" '29. This however could lead to delay in the 
diagnosiss and treatment of appendicitis. Another solution could be the use of extra diagnostic tools. 
Thee cost-efficiency of the routine use of such diagnostic procedures depends upon their sensitivity, 
specificityy and costs. For example, if we aim for budget neutrality and calculate € 2,712 as 
additionall  costs for the removal of a normal appendix, a maximum of 2712/63 (43) ultrasounds, 
2712/888 (31) CT-scans or 2712/1282 (2) diagnostic laparoscopics could be used in order to prevent 
onee negative appendectomy. 
Thesee are of course theoretical estimates, as many other factors such as the potential consequences 
off  a perforation due to delayed operation are not taken into account. It illustrates however that 
especiallyy if one uses diagnostic laparoscopy without removing the appendix laparoscopically, the 
cost-efficiencyy could greatly gain by a selective application to a subset of patients in which the 
diagnosiss is not clinically evident. 
Routinee CT-scan for patients with suspected appendicitis though improved patient care and reduced 
thee use of hospital resources and total costs in another study30. It remains questionable however if 
itt is justified to routinely impose a large group of females in the childbearing age to a considerable 
radiationn dose. 
Thee majority of negative appendectomies were performed in women of 15-50 years. This reflects 
thee differential diagnostic difficulty in fertile females. For this reason, others advise to routinely 
performm a diagnostic laparoscopy in women of the childbearing age with suspected appendicitis but 
inn men its use is not recommended 21,31. However, a considerable number of normal appendices 
weree also removed in pre-menarche children and in men. Also in these latter subsets the diagnosis 
iss apparently not always obvious. The feasibility of identifying such subsets other than based on 
genderr is demonstrated in a separate study . 
Otherss advocate removal of a normal appearing appendix found in case of suspected appendicitis 
because,, at histopathological examination, the normal appearing appendix might show increased 
cytokines,, indicating an inflammatory response 33. Also neuroproliferation is shown in the normal 
appearingg appendix and should be a reason for removing a normal appearing appendix . In a 
prospectivee study though, in which a normal appearing found during diagnostic laparoscopy for 
suspectedd appendicitis was left in place, both in the direct postoperative period as in long term 
follow-upp recurrent abdominal pain was low, suggesting it is safe to leave a normal appendix in 
placee and that the above mentioned findings might not be of clinical importance 32. Furthermore, 
thee morbidity and costs of removing a normal appendix found in this study are a reason not to 
removee a normal appearing appendix. 
Thus,, we conclude that due to 6% morbidity and 2% re-operation rates, removing a normal 
appendixx is not a harmless operation. Also because a negative appendectomy is more expensive 
(€€ 2,712) than available diagnostic tools, these tools should be used to avoid negative 
appendectomies.. Ultrasonography should be the investigation of first choice because it is relatively 
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cheapp and non invasive. If appendicitis cannot be confirmed at ultrasonography, the negative 
effectss of the ionising radiation of the CT-scan should be weighed against the negative effects of 
diagnosticc laparoscopy, which is relatively expensive, invasive and needs hospital admission. 
Expensivee and invasive diagnostic tools such as laparoscopy should be used selectively and not as 
aa routine. 
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ABSTRACT T 

Background::  Diagnostic laparoscopy has been introduced as a new diagnostic tool for patients 
withh acute appendicitis. We performed a diagnostic laparoscopy when the clinical diagnosis of 
appendicitiss was in doubt. Aim of this study was to evaluate this strategy and to analyze the 
efficacyy of diagnostic laparoscopy in patients with suspected appendicitis. 
Patientss and Methods: All patients referred to our hospital with suspected appendicitis were 
prospectivelyy evaluated in the period of 1994-1997. 
Thee clinical diagnosis was made by surgeon or resident on call, based on patient's history, physical 
examinationn and leukocyte count. 
Patientss were divided into 3 groups: 
I:: Appendicitis not likely, they were observed during 24 hours or discharged. When they revealed 
signss of appendicitis within 24 hours they were transferred to either group II or III . 
II :: Doubt in diagnosis, these patients underwent diagnostic laparoscopy. Appendectomy was 
performedd if indicated. 
Ill :: Patients in whom the diagnosis appendicitis was felt to be certain, they were treated by primary 
appendectomyy by an open procedure. 
1,0500 patients, 531 (51%) women, 389 (37%) men and 130 (12%) children <1 lyrs, were evaluated. 
Results::  Altogether, 377 diagnostic laparoscopics were performed, leaving 109 healthy-looking 
appendicess in place. This reduced the negative appendectomy rate from 25 to 14% in all surgically 
managedd patients. The negative appendectomy rate for the women in group II was reduced from 
49%% to 14%, as in men from 22% to 11%, so it seemed also worthwhile to perform a diagnostic 
laparoscopyy in men. As in only 3 children the appendix sana was left in place, the benefit from 
laparoscopyy is relatively small in children. 
Inn 48% of these patients another diagnosis was obtained, mostly of gynaecological nature. There 
weree no false-negative laparoscopics. There were no complications due to the laparoscopic 
procedure. . 
Conclusions::  Diagnostic laparoscopy is a safe procedure which reduced the appendix sana rate 
withoutt increasing the total number of operations and is useful in obtaining other, mostly 
gynaecological,, diagnoses. In order to further reduce the appendix sana rate, better criteria for 
laparoscopicc assessment of the appendix are needed. 

INTRODUCTIO N N 

Appendectomyy is one of the most common abdominal operations due to a relatively high lifetime 
riskk of 8.6% for men and 6.7% for women for developing appendicitis \ The diagnosis appendicitis 
iss still difficult and therefore it is generally found that in 15-30% a normal looking appendix is 
removedd '3. Especially in fertile women the diagnosis can be difficult because several 
gynaecologicall  diseases can mimic appendicitis. The substantial morbidity associated with the 
removall  of a normal appendix, on the one hand, and the risks of missing an acute appendicitis with 
thee risk of perforation and peritonitis, on the other hand, causes a still evolving strategy in 
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managementt of acute appendicitis. Also the cost of removing a healthy appendix makes it 
worthwhilee to further reduce the rate of appendix sana. Ultrasonography has a sensitivity of 75% to 
899 % and a specificity of 86% to 100% for the diagnosis of acute appendicitis but is highly 
investigatorr depending 4'5. Recently by using abdominal computed tomographic scans a positive 
predictivee value of 92% and a negative predictive value of 98% have been described 6J. Many 
scoringg systems have been developed achieving sensitivity rates varying from 73 to 93% in men 
butt with lower sensitivity rates for women 8~'°. Most of these systems are including many variables 
andd are therefore not very practical in the clinical setting. In the "laparoscopic era" the use of a 
diagnosticc laparoscopy has gained popularity because it is a relatively simple procedure with a high 
specificityy and has the possibility to obtain other, in particular gynaecological, diagnoses ]' .In 
thee Netherlands the normal appearing appendix is always removed after a muscle-splitting incision 
becausee the presence of the typical scar in the right lower abdominal quadrant might indicate that 
appendectomyy already has been performed which might cause diagnostic problems in the future. 
Diagnosticc laparoscopy, however, gives us the possibility of leaving a normal appearing appendix 
inn place, because it does not leave typical scars indicating a preceding laparoscopy. Nevertheless, 
diagnosticc laparoscopy is an invasive procedure that requires general anaesthesia and there is still 
controversyy if this technique should be applied on all patients or reserved for patients in which 
theree is any doubt about the diagnosis appendicitis. Despite the fact that recent meta-analyses 
showedd subtle advantages of laparoscopic appendectomy over the open appendectomy, most 
surgeonss in the Netherlands still prefer removal of an appendix by muscle-splitting incision " . 
Thereforee there is still controversy whether exploration should be started with a laparoscopy. This 
studyy was initiated to evaluate the strategy of performing a laparoscopy in a selected group of 
patientss with a doubtful diagnosis of acute appendicitis, in an attempt to reduce the incidence of 
negativee appendectomy and to increase the yield of other diagnosis. 

PATIENT SS AND METHOD S 

Thee study was performed in the Medical Center Alkmaar, the Netherlands, a 900 beds regional 
teachingg hospital. Consecutive patients referred to the hospital by general practitioners for 
suspectedd appendicitis were prospectively evaluated in the period 1994 - 1997. 
Thee clinical diagnosis appendicitis was made by a surgical resident or surgeon on call, based on: 
patient'ss history (duration of symptoms, pain initially located in peri umbilical region, shift of pain 
too right lower quadrant, presence of vomiting, nausea, anorexia), physical examination 
(temperaturee >38 °C, presence of tenderness in right lower quadrant, rebound tenderness, psoas 
sign)) and white cell count > 10 x 109/L. 
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Thee patients were divided into 3 groups: 

I:: Patients in whom the diagnosis appendicitis was not likely: 
Thesee patients were discharged immediately after evaluation or after an observation period 
off  24 hours. When patients showed increased signs of appendicitis within these 24 hours, 
theyy were referred to either group II or III . 

II :: Patients in whom there was doubt of the clinical diagnosis appendicitis. These patients 
underwentt diagnostic laparoscopy. When the appendix showed no signs of inflammation 
duringg laparoscopy it was left in place. An inflamed appendix was removed either 
laparoscopicallyy or by muscle-splitting incision, depending on the surgeon's laparoscopic 
experience. . 

Ill :: Patients in whom the diagnosis of appendicitis was felt to be certain. These patients 
underwentt primary appendectomy by muscle-splitting incision. A normal appearing 
appendixx was removed routinely in this group. 

Operationss were performed either by residents or by surgeons on call. Final diagnosis was based on 
histologicall  examination, which was performed on every appendix removed. 
Ass a routine all operated patients were examined six weeks post-operative at the outpatient clinic. 
Variables:: age, sex, type of operation, histological diagnosis and hospital stay were noted, collected 
andd analyzed in the SPSS computer program, using the %-square test. 

RESULTS S 

Onee thousand and fifty  patients, 531 (51%) women, 389 (37%) men and 130 (12%) children < 11 
years,, were evaluated. The distribution was as follows (table 1): 
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Tablee 1: 

Distributionn of patients by group and negative appendectomy rate: 

Total ::  Women : Men: Chi!d<11yr : 

Total: : 
Groupp I: 
Groupp II: 
Normall appendix left in place: 
Normall appendix removed: 
Groupp III: 
Normall appendix removed: 
Totall normal appendix group l+ll: 

1050 0 
202 2 
377 7 
109 9 
41 1 
471 1 
61 1 
102 2 

531 1 
121 1 
252 2 
96 6 
28 8 
158 8 
36 6 
64 4 

389 9 
58 8 
83 3 
10 0 
8 8 
248 8 
19 9 
27 7 

130 0 
23 3 
42 2 
3 3 
5 5 
65 5 
6 6 
11 1 

Patientss observed or discharged after evaluation 
Patientss who underwent diagnostic laparoscopy 
Patientss who underwent appendectomy by primary muscle-splitting incision 

Groupp I: 301 patients were immediately discharged or were observed for 24 hours. In 52 patients 
theree was still doubt about the diagnosis appendicitis within 24 hours, they were therefore 
transferredd to group II and underwent diagnostic laparoscopy. 47 patients developed clear signs of 
appendicitiss and were therefore transferred to group III . So eventually 301 - (52 + 47) = 202 (19%) 
patientss were discharged without the diagnosis appendicitis. 

Groupp II : 377 (36%) patients underwent a diagnostic laparoscopy. In 109 (29%) of these patients, 
aa normal looking appendix was found during laparoscopy and left in place. In 268 of them the 
appendixx was removed, in 94 (35%) patients by laparoscopic appendectomy and in 174 (65%) by 
muscle-splittingg incision. Forty-one appendices sana were removed, which resulted in an appendix 
sanaa rate of 41/268 =15%. This still relatively high negative appendectomy rate in the laparoscopy 
groupp was mainly due to lack of experience of the surgeon (table 2). 

Tablee 2: 

Reasonss for appendix sana removal after diagnostic laparoscopy: 

Doubtt in diagnosis": 16 (39%) 
Wrongg diagnosis (misinterpretation): 11 (27%) 
Noo other diagnosis found during laparoscopy: 6 (15%) 
Noo visualisation of appendix: 3 (7%) 
Unknown:: 5 (12%) 

hyperaemicc appendix", "thickened top of appendix" 
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Theree were relatively more diagnostic laparoscopics performed in women (252, 67%), p< 0.001, 
thann in men (83, 22%) or children < 11 years (42, 11%). In 96 (38%) women and in 10 (12%) men 
whoo underwent laparoscopy a normal appearing appendix was left in place. Only 3 (7%) normal 
lookingg appendices were left in place of the children < 11 years who underwent laparoscopy. 
Inn 54 (50%) of all patients of which the normal appearing appendix was left in place an other 
diagnosiss was obtained, as mentioned in table 3, mostly (72%) of gynaecological nature. 

Tablee 3: 

Otherr diagnoses obtained by laparoscopy: 

Salpingitis:: 9 
Ovariann cyst: 7 
Ovulationn bleeding: 13 
Endometriosis:: 3 
Ectopicc pregnancy: 3 
Torsionn of adnex: 4 
Adhesions:: 5 
Mesentericc lymphadenitis: 4 
Diverticulitis:: 3 
Others:: 3 

39/544 = 72% gynaecological diagnosis 

Inn 174 (46%) patients the laparoscopy was converted to an open procedure. The reasons for 
conversionn are mentioned in table 4. The most frequent reason was the experience and preference 
off  the surgeon. No complications were seen due to the laparoscopy. 

Tablee 4: 

Reasonss for conversion to open procedure: 

Preferencee of surgeon: 59 
Noo adequate visibility of appendix: 28 
Appendicularr infiltrate: 21 
Adhesions:: 14 
Retrocoecall position of appendix: 11 
Perforationn of appendix: 8 
Bleeding:: 3 
Unknown:: 30 

(34%) ) 
(16%) ) 
(12%) ) 
(8%) ) 
(6%) ) 
(5%) ) 
(2%) ) 
(17%) ) 
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Groupp III : 471 (55%) patients were treated with appendectomy by primary muscle-splitting 
incision.. The negative appendectomy rate in this group was 61/471 = 13%. 
Thee total negative appendectomy rate of group II and III together was: (61 + 41)/(471 + 268) = 
13.8%.. A total of 109 appendices sana were left in place. Without laparoscopy they would have 
beenn removed. This would have led to a negative appendectomy rate of (109 + 102)/(109 + 739) = 
25%.. Thus, diagnostic laparoscopy reduced the negative appendectomy rate from 25 to 14%. 
Inn our study period 1994-1997, 844 patients underwent an operation for suspected appendicitis, an 
averagee of 211 patients per year. In the 4 years period 1990 - 1993, before introduction of 
diagnosticc laparoscopy, 957 appendectomies were performed, an average of 239 operations per 
year.. There were no differences in referral policy of patients to the hospital; patient load remained 
thereforee the same. Thus the introduction of the diagnostic laparoscopy did not increase the number 
off  operations. 
AA perforated appendix was found in 112 (15%) of the patients. As could be expected, there were 
moree perforated appendices (n=83, 18%) in the patients who underwent a primary open procedure 
thann in the patients who had a preceding laparoscopy (n=29, 11%), p=0.014, since a primary open 
proceduree was chosen when there were obvious signs of appendicitis such as a localized peritonitis. 
Furtherr clinical symptoms of appendicitis did not develop in any patient during the immediate post--
operativee period. We can safely assume that there were no false negative laparoscopics and their 
symptomss were caused by self-limiting diseases. Only seven patients who had their appendix left in 
placee after diagnostic laparoscopy underwent an appendectomy at a latter point of time, the long-
termm follow up of these patients is part of a separate study. 

DISCUSSION N 

Thiss study showed that diagnostic laparoscopy is a safe procedure and useful as a new diagnostic 
tooll  for patients with suspected appendicitis. One hundred and nine (13%) appendices were left in 
placee which otherwise would have been removed if the adagium: "in doubt, cut it out" was 
followed.. This reduced our overall negative appendectomy rate from 25 to 14%. The results are 
comparablee with previous publications 12'20. 
Noo patients whose normal appearing appendix was left in place developed signs of peritonitis in the 
directt post-operative period. Because they all recovered well without further treatment we assume 
thatt there were no false negative laparoscopics and their symptoms were caused by a self-limiting 
disease.. So, if an entity as endo-appendicitis, which is not recognizable with laparoscopy, exists, 
thiss was in our study not of clinical importance. 
Thesee results represent the situation in a teaching hospital in the Netherlands. Not everyone has 
sufficientt experience in laparoscopic surgery and appendectomy by muscle-splitting incision is still 
generallyy considered to be a safe operation. Also the benefit of laparoscopical removal is relatively 
small.. Therefore, at this moment, all surgeons or residents do not yet routinely perform 
laparoscopicc appendectomy. We performed a selective diagnostic laparoscopy in the subset of 
patientss with, on clinical grounds, doubtful diagnosis appendicitis. A pre-selection has also been 
performedd by others who advocate routine laparoscopy in females and routine open appendectomy 
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inn males . However, we felt that in both sexes a further selection on clinical grounds might be 
justified.. Theoretical scenarios are shown in tables 5 and 6, where our present management of 
selectivee laparoscopy has been compared with the expected results of performing an open 
proceduree on all patients. Also we compared the selective laparoscopy with a policy of a diagnostic 
laparoscopyy performed on all patients with suspected appendicitis. In this latter theoretical scenario 
wee assumed that 27% of the appendix sana in group III would be misinterpreted and removed, as 
observedd in group II. 

Tablee 5: 

Observedd negative appendectomy rate compared with theoretical models 

Al ll  operate d patient s (grou p II + III): 

Laparoscopy: : 

All: : 

Women: : 

Men: : 

Children: : 

Never: : 

211/8488 (25%) 

160/4100 (39%) 

37/3311 (11%) 

14/107(13%) ) 

Selective: : 

102/7399 (14%) 

64/3144 (20%) 

27/3211 (8%) 

11/104(11%) ) 

Always*: : 

(41+16)/(268+426)(8%) ) 

(28+10)/(156+132)(13%) ) 

(8+5)/(73+234)) (4%) 

(5+2)/(39+61)(7%) ) 

*Assumingg 27% of the normal appendix in group III was misinterpreted and removed (as observed in group 
II). . 

Iff  we had performed a diagnostic laparoscopy on all operated patients it would have led to an 
appendixx sana rate of 8% (table 5). In men there was a relatively small reduction from 11 to 8% 
duee to the laparoscopy. However, if we considered only the patients from group II (table 6), the 
negativee appendectomy rate in men was reduced from 22 to 11 %. Therefore, we think that also in a 
selectivee group of men with suspected appendicitis, a diagnostic laparoscopy is worthwhile. 
Inn contrast, diagnostic laparoscopy reduced the appendix sana rate in children from 13% to 11% 
(tablee 5). Thus, only 3 appendices sana were left in place due to the laparoscopy. So in children 
theree was in this study only minimal benefit obtained from diagnostic laparoscopy for suspected 
appendicitis. . 

Inn women, selective diagnostic laparoscopy reduced the negative appendectomy rate from 39 to 
20%)) (table 5). Considering only woman from group II, there was a a reduction in negative 
appendectomyy rate from 49 to 14% (table 6). A diagnostic laparoscopy performed on all women 
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wouldd have further reduced the negative appendectomy rate in woman from 20 to 13%, shown in 
tablee 5. Still we feel that it is also justified to reserve laparoscopy for doubtful cases in women, and 
too perform a primary muscle-splitting incision in typical cases. 

Tablee 6: 

Observedd negative appendectomy rate compared with theoretical models 

Patient ss in who m ther e was doub t in the diagnosi s appendiciti s (grou p II): 

Laparoscopy:: Never: Selective: 

All :: 150/377(40%) 41/268(15%) 
Women:: 124/252(49%) 28/196(14%) 
Men:: 18/83(22%) 8/73(11%) 
Children:: 8/42 (19%) 5/39 (13%) 

Womenn benefit most from a diagnostic laparoscopy. Another diagnosis was obtained in 54 (14%) 
patientss who underwent a diagnostic laparoscopy, of which 72% was of gynaecological nature. 
Theree was still a relatively high negative appendectomy rate of 15% in the patients who underwent 
aa laparoscopy. In only 3 cases this was due to insufficient visualisation of the appendix. 
Apparentlyy it was difficult for some surgeons to make a laparoscopic assessment of the appendix 
andd to judge correctly that it was not inflamed. If these appendices would have been left in place, 
thiss would have further reduced the negative appendectomy rate to 61/(227 + 471) = 8.7%. Better 
judgementt and adequate management of the normal looking non-inflamed appendix during 
laparoscopyy are therefore needed. 
Becausee recent meta-analysis showed slight advantages for laparoscopic appendectomy over an 
openn procedure, ideally, every operation for suspected appendicitis should start with a laparoscopy. 
However,, in the Netherlands, laparoscopic appendectomy is not yet implemented as the standard 
treatmentt for suspected appendicitis15'' . So this policy would lead to many conversions to open 
procedures.. Therefore, meanwhile, we plea for a selective laparoscopy for the subset of patients 
wheree the diagnosis appendicitis is doubtful. 
Inn order to further reduce the appendix sana rate we are now investigating objective criteria that can 
predictt the chance of having appendicitis and so can define more accurately the subset of patients 
whoo benefit most from a diagnostic laparoscopy. It is likely that for woman different criteria wil l 
bee used than for men, resulting in more indications for laparoscopy in women. 
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ABSTRACT T 

Background::  Diagnostic laparoscopy has been introduced as a new diagnostic tool for suspected 
appendicitis.. While the normal appendix used to be removed routinely, laparoscopy allows us 
leavingg a normal appearing appendix in place. This latter strategy is, however, not generally 
accepted.. Therefore the long-term results of not removing a normal appearing appendix are 
evaluated. . 
Methods::  Prospective evaluation of 109 diagnostic laparoscopics for suspected appendicitis in 
whichh a normal appearing appendix was left in place. After a median follow up time of 4.4 years a 
questionnairee by telephone was performed. 
Results::  There were no false negative laparoscopics. In 65 (60%) patients another diagnosis was 
obtainedd (group I). In 44 (40%) patients no diagnosis was obtained (group II). After a median 
intervall  of 8 months, 15 patients were presented at the emergency department for symptoms 
possiblyy involving the appendix, during the median follow up of 4.4 years. This resulted in 9 re-
admissionss (6 patients group I, 3 patients group II). From these patients 8 patients were re-
operated.. Only in one (0.9%) patient a histologically proven appendicitis was removed. 
1055 patients were eligible for follow up. From the 100 (95%) interviewed patients, 9 (9%) patients 
(66 patients group I, 3 patients group II) still had recurrent pain in the right lower abdominal 
quadrant.. There were no differences between patients with or without another diagnosis obtained 
duringg preceding laparoscopy. 
Conclusion::  It is safe and probably better to leave a normal appearing appendix in place when a 
diagnosticc laparoscopy for suspected appendicitis is performed even if another diagnosis cannot be 
foundd at laparoscopy. 

INTRODUCTIO N N 

Thee diagnosis appendicitis remains difficult. Clinical criteria used in the diagnosis appendicitis lead 
too 15-30% of normal appendices being removed at open operation 13. New diagnostic tools such as 
ultrasonographyy and CT scan have been introduced and achieve sensitivity rates of 75 to 89% and 
specificityy rates of 86 to 100% for the diagnosis appendicitis 4"7. In the "laparoscopic era", 
diagnosticc laparoscopy has also been used because it is usually a simple procedure with a high 
specificityy and has the possibility of obtaining other, in particular gynaecological, diagnoses S1'. 
Inn the "open" era, the normal looking appendix found during exploration has been removed 
routinelyy because the presence of the typical scar in the right lower abdominal quadrant might 
causee confusion about the diagnosis in the future. After introduction of diagnostic laparoscopy it 
hass been suggested to leave a normal looking appendix in place, even if another diagnosis is not 
foundd 1213. Others report that a normal looking appendix found during laparoscopy can safely be 
removedd because this does not increase post-operative morbidity or hospital stay H. Furthermore 
thee presence of an "endo-appendicitis", which might not be recognized during laparoscopy and 
couldd be equally missed at open operation, could lead to recurrent abdominal complaints and 
subsequentt appendectomy. This should justify the removal of a normal appearing 
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appendixx 15'16. On the other hand, besides a prolonged operation time and costs, an increased 
numberr of complications after removal of a normal appendix have been reported I7"20. Though 
rarely,, a normal appendix might also be useful in future reconstructive urological operations '. 
Consideringg the above mentioned aspects we decided not to remove a normal appearing appendix 
foundd during laparoscopy for suspected appendicitis. 
Thiss study was initiated to evaluate the long-term results of this strategy. 

PATIENT SS AND METHOD S 

InitialInitial  assessment: 

Thee study was performed in the Medical Center Alkmaar, the Netherlands, a 900 beds regional 
teachingg hospital. Consecutive patients referred to the hospital by general practitioners for 
suspectedd appendicitis were prospectively evaluated in the period 1994 - 1997. 

OperativeOperative strategy: 

Diagnosticc laparoscopy was performed in a selective group of patients: when there was doubt of 
thee clinical diagnosis appendicitis. Prior to laparoscopy, 500 mg Metronidazole was given 
intravenously.. The appendix was only removed if appendicitis was confirmed during laparoscopy 
orr when the appendix could not be clearly interpreted. A normal appearing appendix was left in 
placee even when no other explanation for the presenting abdominal symptoms could be found. 

FollowFollow up: 

Patientss were evaluated in the outpatient clinic six weeks after operation. Re-admission, re-
operationn or new referrals for similar symptoms were evaluated. Histological examination was 
performedd in all patients where the appendix was removed. 

Inn November 1999 a questionnaire by telephone was performed on all patients. Patients were asked 
for:: remaining symptoms possibly involving the appendix, such as recurrent pain in the right lower 
abdominall  quadrant, acute appendicitis and treatment by general practitioner or other specialists. 
Thee statistical analysis was performed with the SPSS computer program. 
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RESULTS S 

TreatmentTreatment and negative appendectomy rates: 

Theree were 1,050 patients (531 (51%) women, 389 (37%) men and 130 (12%) children) 
prospectivelyy evaluated for suspected appendicitis. From these patients 202 (19%) patients were 
eventuallyy discharged without further treatment, 471 (45%) patients underwent an appendectomy 
byy muscle-splitting incision resulting in a negative appendectomy rate of 61/471 - 13% in this 
group. . 
3777 (36%) patients (252 (67%) women, 87 (22%) men and 42 (11%) children < 11 years) 
underwentt diagnostic laparoscopy because there was doubt of the diagnosis appendicitis. From this 
groupp 268 (71%) patients underwent eventually appendectomy: 94 patients by laparoscopic 
appendectomyy and 174 patients by muscle-splitting incision. The negative appendectomy rate in 
thiss group was 41/268 = 15%. There was one (0.3 %) complication following laparoscopy (n = 
377):: a superficial bleeding in an umbilical trocar opening was treated with a local suture. 

PatientsPatients with a normal appendix found during laparoscopy: 

Inn 109 (29%) patients, a normal looking appendix was found during laparoscopy and left in place. 
Anotherr diagnosis was obtained in 65 (60%) patients (group I), mostly, 48 (74%) of gynaecological 
originn (see table 1). When needed, appropriate treatment was initiated: in 5 patients a laparoscopic 
adhesiolysiss was performed, 3 patients with diverticulitis were treated conservatively. 
Gynaecologistss treated 9 patients with adnexitis by antibiotics, 3 patients with ectopic pregnancy 
andd 4 patients with a tordated adnex underwent ovariectomy. The remaining 15 patients did not 
receivee further treatment. All patients recovered well. 
Inn 44 (40%) patients (group II) no other diagnosis was obtained. These patients recovered 
uneventfull  without further therapy. 
Thee median hospital stay was 2 days. The median hospital stay of patients in group I was 3 days, in 
groupp II, 2 days (not significant: %2 test, p=0.2). No patients developed signs of (perforated) 
appendicitiss in the post-operative period. 
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Tablee 1: 

Otherr diagnoses obtained by laparoscopy (group I): 

N N 

Ovulationn bleeding: 13 
Salpingitis:: 9 
Ovariann cyst: 9 
Torsionn of adnex: 4 
Mesentericc lymphadenitis: 6 
Retrogradee menstruation: 5 
Endometriosis:: 5 
Adhesions:: 5 
Ectopicc pregnancy: 3 
Diverticulitis:: 3 
Others:: 3 _ 

Total:: 65 

488 patients with gynaecological diagnosis 

FollowFollow up: 

Duringg follow up, 15 (14%) patients: 8 patients of group I and 7 patients of group II presented at 
thee emergency department because of recurrent abdominal pain after a median time of 8 months. 
Ninee of these, respectively 6 patients from group I and 3 patients from group II, were re-admitted. 
Onee patient was discharged as the symptoms disappeared without further treatment. 
Inn group I, 2 patients were operated for suspected appendicitis; in 1 patient a laparoscopy was 
performedd in which a normal appendix was again left in place, 1 patient underwent appendectomy. 
Twoo patients underwent an elective appendectomy for chronic pain in the right lower quadrant. All 
appendicess removed were normal and symptoms disappeared in all patients. One patient with signs 
off  peritonitis underwent a laparotomy in which a perforated sigmoid was found and treated. 
Inn group II, one patient underwent an elective appendectomy for chronic pain in the right lower 
abdominall  quadrant in which a normal appendix was removed. Symptoms remained unchanged in 
thiss patient. Two patients underwent appendectomy for suspected appendicitis, in one patient a 
normall  appendix was found and in only one (0.9%) patient a histologically proven appendicitis was 
foundd and removed laparoscopically. There were no differences in recurrence of symptoms or 
treatmentt between group I and group II. 
Afterr a median follow-up of 4.4 years a telephonic questionnaire was performed. Three patients 
livedd abroad, one patient died of an unrelated disease; so 105 patients were eligible for follow up. 
1000 (95%) patients could be contacted: 59 patients of group I and 41 patients of group II. Nine 
(9%)) patients still had episodes of recurrent pain in the right lower abdominal quadrant: 6 patients 
off  group I and 3 patients of group II. From the patients of group I, two patients visited for that 
reasonn their general practitioner, one patient an internist, one patient went to an emergency 
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departmentt elsewhere and two patients did not see another doctor at all. In none of them another 
diagnosiss was obtained. The 3 patients of group II visited an internist who in two times made the 
diagnosiss Irritable Bowel Syndrome. 

DISCUSSION N 

Thee present study showed that it is safe to leave a normal appearing appendix in place when a 
diagnosticc laparoscopy is performed for suspected appendicitis, even if no other pathology is 
found.. There were no patients who developed signs of peritonitis in the early post-operative period 
afterr laparoscopy, indicating that there were no false-negative laparoscopics. The symptoms 
mimickingg appendicitis in the patients in which no pathology was found during laparoscopy 
disappearedd without further treatment, therefore we assume that these symptoms were mainly due 
too a self-limiting disease, such as gastro-enteritis. If an entity as endo-appendicitis exists it was of 
noo clinical importance in this study population. The endo-appendicitis was either cured by one dose 
off  500 mg Metronidazole given during the laparoscopy or did not need further therapy at all. 
Becausee during long-term follow up in only one (1%) patient an inflamed appendix was removed, 
apparentlyy the chance of developing appendicitis is not higher than in a normal population so there 
cann be no rational reason for a "prophylactic appendectomy". 
Symptomss disappeared in 3 of the 5 patients whose histologically normal appendix was removed 
duringg the second admission but in one patient the symptoms remained unchanged and in one 
patientt the symptoms disappeared after the appendix was left again in place during diagnostic 
laparoscopy.. Therefore it remains doubtful if the disappearance of symptoms of the three patients 
wass in any way related to their appendectomy. 
Ninety-onee (91%) of the interviewed patients were symptom free after a median follow-up period 
off  4.4 years. It remains uncertain whether the pain in the right lower quadrant in the remaining 9 
(9%)) patients was caused by the appendix. Their symptoms might also be caused by other diseases 
suchh as Irritable Bowel Syndrome. 
Theree were no differences in recurrent symptoms or eventual treatment between the patients in 
whichh another diagnosis was made during laparoscopy and patients in which no pathology was 
foundd during laparoscopy. It seems therefore not justified to remove the normal appearing appendix 
onlyy when no other pathology is found during laparoscopy as suggested previously [22]. 
Consideringg the above results, the most valid reason for removing a normal appearing appendix 
wouldd be to avoid diagnostic confusion in the future in case of acute abdominal complaints. In our 
opinion,, this does not weigh against the disadvantages of such an appendectomy as possible 
complications,, adhesion formation leading to possible future small intestine obstruction and extra 
costss of (laparoscopic) equipment and histopathological examination. 
Furthermore,, if one would accept this latter reason, it would be a sufficient argument for a routine 
appendectomyy during every abdominal operation. 
Fromm the present study it can be concluded that diagnostic laparoscopy for suspected appendicitis is 
nott only a safe procedure that is helpful in obtaining other diagnoses. It also appeared that it is 
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justifiedd and even preferable to leave the appendix in place as recurrent appendicitis and the need 
forr surgery during follow up is low. 
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ABSTRACT T 

Objective::  To develop a reproducible scoring system to identify the subgroup of patients who 
presentt with a doubtful diagnosis of appendicitis and who would benefit from diagnostic 
laparoscopy. . 
Design::  Prospective observational study. 
Setting::  Regional teaching hospital, The Netherlands. 
Subjects::  577 consecutive patients during the period 1994-5, and 343 who presented during the 
periodd 1996-7. 
Interventions::  The variables that seemed to be predictive of acute appendicitis were abstracted 
fromm the earlier group, a logistic regression analysis applied, and score created. The score was 
validatedd on the 343 patients who presented during 1996-7, and then the groups were combined for 
furtherr analysis. 
Mainn outcome measures: Reproducibility of the scoring system obtained by comparing odds 
ratioss (OR) of the two groups; its effectiveness judged by comparing the delayed and normal 
appendicectomyy rates. 
Results::  The following variables were significantly correlated with the presence of acute 
appendicitis:: white cell count 10xl09/L or more (score 3), rebound tenderness and male sex (score 
22 each); and symptoms present for < 48 hrs and temperature 38°C or more (score 1 each). The OR 
forr the two groups were 1.80 and 1.76, respectively, indicating that score was reproducible. With a 
sensitivityy of 93% and a specificity of 83% it would be at least as accurate as clinical judgment. 
Thee normal appendicectomy rate would be 7% instead of 9%, and the negative exploration rates 
(laparoscopyy and primary appendicectomy) would both be 22%. The score would also result in a 
lowerr perforation rate (2% compared with 17%). 
Conclusion::  The score can indicate when there is an indication for laparoscopy in patients with 
suspectedd appendicitis. 

INTRODUCTIO N N 

Acutee appendicitis remains a difficult diagnosis to make. When a normal appendix is found after a 
muscle-splittingg incision in the right lower abdominal quadrant, it is usually removed to avoid 
diagnosticc confusion in the future. In most series therefore, a normal appendix is removed in 15% 
too 30%o of patients with suspected appendicitis (M19). The diagnosis appendicitis is generally based 
onn clinical and laboratory findings ,23'30). 
Despitee the introduction of minimally invasive surgery, appendicectomy is still usually done as an 
openn operation in the Netherlands as well as in many other European countries. Diagnostic 
laparoscopyy for acute abdominal pain however, has been used for much longer(6,8,16'27-28). Routine 
diagnosticc laparoscopy, followed by an open procedure if the appendix looks inflamed would lead 
too prolonged operation time and extra costs for that group of patients. Because of the relatively 
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highh costs and possible complications of this invasive diagnostic procedure we have stated 
previouslyy that laparoscopy should be used selectively in these patients in whom it can most 
effectivelyy contribute in obtaining a diagnosis (28). 
AA method should therefore be developed to define the group of patients with a doubtful diagnosis 
off  appendicitis. We decided to create a new scoring system, using a simple and feasible set of 
variables,, which allows us to choose cut-off points for a group of patients in whom appendicitis is 
unlikely,, equivocal, or probable. 
Severall  scoring systems have already been developed but they mainly discriminate only between a 
normall  appendix and appendicitis. By applying these scoring systems, normal appendicectomy 
ratess of between 5% and 17.5% were achieved and false negative rates (missed appendicitis, or 
delayedd diagnosis) between 0 and 7% <2'9-10<17'21)_ Validation of these scoring systems in other series, 
however,, led to considerable higher normal appendicectomy rates, ranging between 13% and 37%, 
andd false negative rates ranging between 0.9% and 13%. These scoring systems are therefore not 
recommendedd as standard tools for diagnostic decision-making in suspected appendicitis <1U4',8>37\ 
Fromm the other available diagnostic tools, ultrasound is highly observer dependent and not useful in 
rulingg out appendicitis in thee general population and computed tomography (CT) is not always 
availablee and has the disadvantage of exposing a population, mostly of fertile women, to a 
relativelyy high dose of radiation Ts .n .u . i s ^ . i f ĉ  
Thee aim of this study was therefore to define the group of patients with a doubtful diagnosis of 
appendicitiss that could optimally benefit from other diagnostic tools such as diagnostic laparoscopy 
orr CT with the use of a new scoring system. 
Thee application of the scoring system was compared with the results of our clinical practice. 

PATIENT SS AND METHOD S 

Thee study was done at the Medical Center Alkmaar, the Netherlands, a 900-bed, regional teaching 
hospital.. Consecutive adolescent and adult patients (age 11 years or over), referred to the hospital 
byy general practitioners for suspected appendicitis, were evaluated prospectively during the period 
1994-7.. Patients were divided into two groups: those patients evaluated during the period 1994-5 
andd those evaluated during the period 1996-7. The groups were comparable (table 1). 
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Tablee 1: 

Detailss of patients studied during the two time periods. 
Dataa are number (%) of patients. 

1994-55 (n=577) 1996-7 (n=343) 

Sex x 
Malee 239(41) 152(44) 
Femalee 338(59) 191(56) 
Appendicitiss 327(57) 217(63) 

Amongg others, the variables age, sex, duration of symptoms, rectal temperature, presence of 
reboundd tenderness, and white cell count (WCC) were recorded. Based on clinical judgment alone 
thee patients symptoms were categorised as unlikely, possible or probable appendicitis, and 
accordinglyy they were observed, or had a diagnostic laparoscopy or open operation. 
Patientss were observed in the ward, or as outpatient's basis if this was socially and practically 
acceptable.. In case of increasing symptoms they were re-evaluated immediately or otherwise 
routinelyy after one day in the emergency ward. Depending on their symptoms, those observed 
patientss primarily were then discharged or had a diagnostic laparoscopy or an open 
appendicectomy. . 
Att laparoscopy, a normal appendix was left in place as a routine; an inflamed appendix was 
removedd laparoscopically or by a muscle-splitting incision, depending on the experience of the 
surgeon.. During an open procedure the appendix was always removed irrespective of the 
macroscopicc appearance. Al l removed appendix were examined histologically. Data were analysed 
usingg the Statistical Package for the Social Sciences (SPSS) computer software. 
Negativee appendectomy rates, delayed (missed appendicitis), and perforation rates were calculated. 
Too compare these results with those of the scoring system, the patients for whom we could retrieve 
allall variables required for the scoring system (862/920, 94%) were considered. 

CreatingCreating the scoring system 

Fromm the patients seen during 1994-5, variables were obtained that correlated significantly with the 
prevalencee of appendicitis on univariate analysis (chi-square test). Sensitivity and specificity of 
eachh variable were calculated. 
Wee then did a regression analysis to establish how strongly the individual variables contributed to 
thee diagnosis of appendicitis. Each significant variable was given a score based on its regression 
coefficient.. The final score was created from the sum of these scores, from 0 (appendicitis unlikely) 
too 9 (appendicitis very likely). 
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EvaluationEvaluation of the scoring system 

Thee odds ratio (OR) is a measure that indicates the increased chance of having appendicitis for 
eachh score. The scoring system was validated by comparing OR for scores from the group 1994-5 
withh the odds ratios for score of independent patients in the group 1996-7. Then the data from both 
groupss were combined. 
Too evaluate the scoring system it was applied retrospectively to the total number of evaluated 
patientss (n=862). By choosing two cut-off points in our scoring system, patients could be divided 
intoo three groups: low probability - amenable to observation; intermediate probability-
necessitatingg further investigation such as diagnostic laparoscopy; and high probability of 
appendicitiss - justifying immediate appendicectomy through a muscle-splitting incision. The results 
thatt would have been obtained from applying the system were compared to the actual results of 
clinicall  practice, done in the same series. 

RESULTS S 

CreatingCreating the scoring system: 

Thee variables nausea, anorexia, tenderness on rectal examination and migration of pain were not 
significantt for predicting appendicitis. The following three objective variables: male sex, 
temperaturee (> 38°C), WCC 10xl09/L or more, and two subjective variable, rebound tenderness 
andd duration of symptoms (< 48 hours) correlated significantly (p < 0.01) with a diagnosis of 
appendicitis.. Using logistic regression these variables were allotted a certain weight to form the 
scoringg system (table 2). 
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Tabl ee 2: 

Variabless predicting appendicitis obtained after chi-square testing. Score based on regression coefficient of 
variablee in regression analysis (n = 577, 1994-5). 

Sensitivity:: Specificity: chi-square: p-value: Regression: p-value: Score: 
univariatee coefficient: (logistic regression) 

Leukocytee count: 0.82 0.55 87.0 < 0.01 1.6144 0.0000 3 
(>> 10.109/L) 

Reboundd tenderness: 0.81 0.56 85,0 < 0.01 1.3927 0.0000 2 

Sexx (male): 0.54 0.75 50.2 < 0.01 1.1635 0.0000 2 

Durationn symptoms: 0.83 0.35 24.7 < 0.01 0.5417 0.0055 1 

<<< 48 hrs) 

Temperaturee (> : 0.75 0.37 9.9 < 0.01 0.3019 0.0473 1 

Maximumm score: 9 

Thee scores were derived from the regression coefficients (RC) instead of using the exact RC, to 
makee the scoring system workable in a practical setting. 
Thee relative incidence of appendicitis for each score from patients in the two groups are shown in 
Fig.. 1. As expected, the percentage with appendicitis increases as the score increases. The OR of 
thee scores in the group 1994-5: 1.80. This means that a difference in score of 1 point contributed to 
aa 1.8 greater chance of having appendicitis. The OR of the scores in the 1996-7 was almost 
identicall  at: 1.76, which validates it as a reproducible scoring system in this setting. 
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Figur ee 1: 

Incidencee of appendicitis according to the score. 
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Ass the findings in the two groups did not differ, they have been combined for further analysis to 
evaluatee the score's clinical efficiency. 
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ObservedObserved results: 

Alll  evaluated variables could be retrieved from 862/920 (94%) patients and these were compared 
withh the results of the scoring system. Clinical practice led to an overall 15% normal 
appendicectomyy rate and a 9% delayed operation (missed appendicitis) rate. A total of 276 (32%) 
patientss had primary diagnostic laparoscopics. 
Theree were 189 negative explorations (diagnostic laparoscopy and negative appendicectomy) 
(22%)) performed. 
Inn the three groups created by clinical judgment the percentage appendicitis were 16%, 63% and 
89%% respectively (table 3). 

Tablee 3: 

Outcomee of treatment of all patients by clinical practice. Data are number (%) of patients. 

Patients s 

Observationn 261 (30) 
Laparoscopyy 277 (32) 
Openn operation 324 (38) 
Totall 862 

Appendicectomy y 

71(27) ) 
197(71) ) 
324(100) ) 
5922 (69) 

Appendicitis s 

43(16) ) 
174(63) ) 
288(89) ) 
505(59) ) 

Normall appendix 
removed d 

28(11) ) 
23(8) ) 
36(11) ) 
87(15) ) 

Laparoscopy y 
alone e 

22(8) ) 
800 (29) 

102(12) ) 

Perforation n 

17(7) ) 
22(8) ) 
54(17) ) 
93(11) ) 

Delayedd operation rate: 43/505 (9) 
Negativee appendicectomy rate: 87/592 (15); 
Totall negative explorations: 189 (22). 

EvaluationEvaluation of the scoring system: 

Wee used the scoring system to decide which treatment should follow: observation, laparoscopy, or 
appendicectomy,, so we chose two cut-off points. The lowest cut-off point was established by the 
sensitivityy (indication of the ability of the test to rule out appendicitis), as the specificity (indication 
off  the ability of the test to diagnose appendicitis) was useful in establishing the higher cut-off point. 
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Thee sensitivity and specificity of the cut-off points that was applied to all patients are shown in Fij 
2. . 

Figur ee 2: 

Sensitivityy and specificity according to the cut-off point. 
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Iff  the low and high cut-off points were varied it would affect the numbers of delayed diagnoses, 
laparoscopicss done, and normal appendixes removed. Considering fig. 2, the optimal low cut-off 
pointt could be 2 (sensitivity 97%) - that is, patients with the scores 0 and l would be observed, in 
combinationn with a high cut-off point of 7 (specificity 95%) - that is patients with scores of 8 and 9 
wil ll  have immediate appendicectomy, as this would lead to a delayed appendicectomy rate of 5/505 
(1%)) and a normal appendicectomy rate of 17/522 (3%). This seems an attractive approach in terms 
off  normal appendicectomy and delayed diagnosis rates. However, the number of laparoscopics 
donee (585/862, 68%) and therefore the total number of operative interventions, would be much 
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higherr than when clinical judgment alone was used. However, if we chose a low cut-off point of 3 
(patientss with scores of 0, 1, 2, and 3 will be observed) combined with a high cut-off point of 6 
(patientss with scores of 7, 8, and 9 will have immediate appendicectomy), it would theoretically 
leadd to a 36/505 (7%) delayed appendicectomy rate, 304 (35%) laparoscopics, and 59/564 (10%) 
normall  appendicectomies (table 4). When using these cut-off points, the sensitivity of the scoring 
systemm is 93% with a specificity of 83%. 

Thee delayed operation rate (7% compared with 9%) and percentage of laparoscopics done (35% 
comparedd with 32%) of our scoring system were comparable with the clinical judgment. The 
scoringg system could lower the normal appendicectomy rate from 15% to 10%, but we must realise 
thatt removal of a normal appendix after laparoscopy and the treatment of patients who were 
initiallyy observed were not taken into account in the evaluation of the scoring system. The normal 
appendicectomyy rate would therefore be slightly higher. The total number of negative explorations 
(diagnosticc laparoscopy and primary muscle splitting incision) was 22% for both scoring system 
andd clinical practice, though the scoring system would lead to a lower perforation rate in those 
patientss who were primarily observed (2% compared with 17 %), tables 3 and 4. 
Inn the three groups created by our cut-off points of 3 and 6, the percentages with appendicitis were 
18%,, 57%, and 83% respectively. 

Tablee 4: 

Theoreticall results of outcome of treatment according to the scoring system, using cut-off points 3 (low) and 
66 (high). Patients with scores 0-3 will be observed, those with scores 7-9 will have immediate 
appendicectomyy through a muscle-splitting incision, and those with scores 4-6 will have diagnostic 
laparoscopy. . 
Dataa are number (%) of patients. 

Patients s 

Observationn 203 (24) 
Laparoscopyy 304 (35) 
Openn operation 355 (41) 
Totall 862 

Appendicectomy y 

36(18) ) 
173(73) ) 
355(100) ) 
564564 (65) 

Appendicitis s 

36(18) ) 
173(57) ) 
2966 (83) 
5055 (59) 

Normall appendix 
removed d 

59(17) ) 
59(7) ) 

Laparoscopy y 
alone e 

1311 (43) 

1311 (43) 

Perforatio o 

2(1) ) 
37(12) ) 
54(15) ) 
93(11) ) 

Delayedd operation rate: 36/505 (7); Negative appendicectomy rate: 59/564 (10); 
Totall negative explorations: 190 (22) 
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Thee distribution of appendicitis for men and women with different scores is shown in Fig. 3. Male 
sexx contributes 2 points in our scoring system, so ranges the score in men between 2 to 9 and in 
womenn between 0 to 7. For scores of 3 to 7 distribution of appendicitis among men and women is 
almostt identical. The OR are also comparable (for men 1.67 and for women 1.79). 

Figur ee 3: 

Percentagess of men and women with appendicitis according to the score. 

Men'ss score ranged from 2-9 and women's from 0-7. 
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DISCUSSION N 

Thee indiscriminate use of laparoscopy for patients with possible appendicitis might lead to a 
considerablee increase of costs in those clinics where laparoscopic appendicectomy is not routine. 
Wee have shown that improved results can be obtained by using laparoscopy selectively, as there are 
subsetss of patients in whom the diagnosis of appendicitis is almost certain, and some in whom it is 
veryy unlikely. Our results show that such subsets can be identified by good clinical judgement but 
alsoo by a simple, reproducible, scoring system. 
Scoringg systems have previously been devised by others to decide whether or not to operate. In the 
presentt study the scoring system was used to define a group of patients in whom additional 
laparoscopyy can be helpful. The correlation between score and likelihood of appendicitis allows us 
too choose cut-off points to increase the diagnostic yield of laparoscopy. However, a caveat is that 
thee availability of laparoscopy might invite us to take a more aggressive approach for patients with 
abdominall  complaints, as observation heightens the chance of perforation; on the other hand 
laparoscopyy has its own morbidity. It therefore seems reasonable option to choose the lower cut-off 
pointt on a similar level to that of clinical judgement. In doing so, laparoscopy would be used 
mainlyy to prevent normal appendicectomies. The number of laparoscopics wil l then be regulated by 
thee percentage of normal appendicectomies that is regarded as acceptable. Cost-efficiency studies 
(laparoscopicss compared with risks of perforation and normal appendicectomies) should optimally 
decidee the choice of these points, but are not yet available. 
Thee present study has shown that application of this scoring system would have led to similar or 
slightlyy better results then achieved by clinical judgement. Scoring could therefore be of clinical 
help,, particularly for less experienced physicians. 
Itt is clear that the overall results of a certain policy based on cut-off points differ from the outcome 
off  an individual patient with a certain score (Fig. 1), so a patient with a score of 3 still has a 27% 
chancee of having appendicitis. Individual factors wil l therefore also have a role in the final decision 
off  whether or not to operate. 
Thee scoring system also showed that the indication range for laparoscopy in men and women 
differs,, because adding 2 points to the score for men results in equal percentages of appendicitis 
amongg the different scores. When using a high cut-off point of 6, women with a score of 7 (those 
womenn with a temperature > 38°C, rebound tenderness, symptoms less than 48 hours and WCC > 
lOxx 109 /L) could also have an appendicectomy without a preceding diagnostic laparoscopy. In 
menn diagnostic laparoscopy can also be useful under certain conditions. 
Thee delay in diagnosis caused by observation in some patients led to the removal of 17 perforated 
appendixes.. If our scoring system had been used, only 2 appendixes would have perforated in the 
observedd patients. Even so, delayed diagnosis with the inherent increased risk of perforation is the 
pricee we have to pay if we want to avoid every patient with abdominal complaints having an 
operation. . 
Itt is still not clear if the same scoring system and probability cut-off points can be used in other 
hospitals,, as it may depend on the prevalence of appendicitis in the patient population referred as a 
resultt of referral policies by different general practitioners. However, the model can always be used 
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withh probability cut-off points that are suited to that specific hospital. Ideally, others should 
validatee our scoring system prospectively. 
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ABSTRACT T 

Introduction ::  new diagnostic tools as ultrasound, CT-scan and diagnostic laparoscopy, have 
becomee available for children with suspected appendicitis. Because routine application of these 
toolss might cause unnecessary delay, costs, patient discomfort and morbidity they should be 
reservedd for equivocal cases in which it can contribute for diagnosis. The aim of this study is to 
developp a scoring system to identify this subgroup of children. 
Patientss and Methods: in two different periods: period 1, 99 consecutive children (group 1) and in 
periodd 2, 62 consecutive children (group 2) with suspected appendicitis were prospectively 
evaluated.. Variables predicting appendicitis were obtained from group 1. By means of a regression 
analysis,, a scoring system was created and applied to the patients of group 2. The clinical outcome, 
inn terms of delayed and negative appendectomy rates obtained by clinicall  practice were compared 
withh the results that would have been accomplished based on the scoring system. Hereafter the 
scoringg system was applied and so externally validated in a group of children presented in another 
hospitall  (group 3, n=l 14). 
Results::  The variables: leukocytes count > 10.109/L (2 points); rebound tenderness (2 points) and 
temperaturee > 38°C (1 point) correlated significantly with the diagnosis appendicitis. The scoring 
systemm was used to categorize patients into three groups: appendicitis unlikely, doubtful 
appendicitiss and suspected appendicitis. The specificity and sensitivity of the scoring system were 
respectivelyy 85% and 89%. Applying the scoring system would lead to comparable negative 
appendectomyy rates of 8%, versus 6% using clinical judgement and a comparable number of 
performedd laparoscopics: 26 vs. 31%. However, it could lead to a lower delayed appendectomy 
rate:: (1 vs. 6%) and a lower perforation rate (0 vs. 11%). External validation showed comparable 
performedd laparoscopics (32%) and delayed appendectomies (2%) rates but a higher negative 
appendectomyy rate (19%), possibly due to a lower percentage of appendicitis in hospital 2 (47%) 
comparedd to hospital 1 (71%). 
Leavingg out temperature (1 point) would not change further strategy. Thus children can be 
observedd if both leukocyte count is normal and rebound tenderness is absent. A laparoscopy should 
bee performed if one of these two variables is present, and if both are present one could perform an 
appendectomyy without other diagnostic tools. 
Conclusion::  The indication for a more selective use of laparoscopy can be established in children 
byy using a simplified scoring system. 
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INTRODUCTIO N N 

Thee clinical diagnosis acute appendicitis remains difficult in children '. Therefore initial 
misdiagnosiss has been reported between 28 and 57% for children < 12 year to nearly 100% for 
thosee 2 years or younger . From one hand, delay in diagnosis, especially in children, can lead to 
perforationn and peritonitis and subsequently will increase morbidity and mortality " . On the other 
hand,, a negative appendectomy is associated with morbidity and costs due to hospital admission 
andd should therefore be avoided 13~18. To increase diagnostic accuracy new modalities as 
ultrasound,, CT-scan, and diagnostic laparoscopy have been introduced 19"30. 
Althoughh laparoscopic appendectomy is feasible in children and has shown subtle advantages (less 
postoperativee pain and shorter hospital stay) over open appendectomy, appendectomy is still 
mostlyy performed by open surgery in the Netherlands as well as in many other European countries 
31~36.. Diagnostic laparoscopy for acute abdominal pain however, has been used for many years " . 
Performingg diagnostic laparoscopy routinely, followed by an open procedure if the appendix 
appearss to be inflamed, would lead to prolonged operation time and extra costs for that group of 
patients.. Because of the relatively high costs and possible complications from this invasive 
diagnosticc procedure, we reported previously that laparoscopy should be applied selectively on 
patientss where it can most effectively contribute to obtain the diagnosis 41. Therefore, a method 
shouldd be developed to define the subgroup of children with a doubtful diagnosis of appendicitis 
thatt can benefit from diagnostic laparoscopy. For this purpose a new scoring system was created, 
usingg a simple and feasible set of variables, which allows determining whether appendicitis is 
unlikely,, equivocal or suspected. 
Severall  scoring systems have already been developed in adults, achieving negative appendectomy 
ratess between 5 to 17.5% and false negative rates between 0 to 7% 42~48. Applying these systems on 
patientss in other hospitals however, lead to considerable higher negative appendectomy rates 
rangingg between 13 to 37% and false negative rates ranging between 0.9 to 13% and are therefore 
nott recommended as a standard tool for diagnostic decision-making in suspected appendicitis " . 
Thereforee this study aims to define a new scoring system in an attempt to identify a group of 
childrenn with a doubtful diagnosis of appendicitis that could optimally benefit from extra 
diagnosticc tools such as diagnostic laparoscopy, ultrasonography or CT-scan. The scoring system is 
testedd in another group of patients and finally externally validated by the application on a group of 
childrenn presented in another hospital and referred by other general practitioners. 
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PATIENT SS AND METHOD S 

Thee study was performed in two hospitals with each a different referral area from general 
practitioners:: the Medisch Centrum Alkmaar (hospital 1), Alkmaar, The Netherlands and the Rode 
Kruiss Ziekenhuis (hospital 2), The Hague, the Netherlands. 
Inn hospital 1 were consecutive children (age < 11 years), referred to the hospital by general 
practitionerss for suspected appendicitis, prospectively evaluated in a consecutive period of 4 years. 
Thesee children were divided into 2 groups. Group 1, patients included in the first 2 years. Group 2, 
thee patients included in the second period of 2 years. 
Amongstt others, the variables: age, sex, duration of symptoms, rectal temperature, rebound 
tendernesss and white cell count (WCC) were collected. Based on clinical judgment, patients were 
categorizedd as unlikely, doubtful or highly suspected having appendicitis, and accordingly they 
weree observed, or a diagnostic laparoscopy or open procedure was performed. Imaging techniques 
suchh as CT-scan and ultrasound were not used. 
Childrenn were observed clinically or on an outpatient basis if this was socially and practically 
acceptable.. In case of increasing symptoms they were re-evaluated immediately or otherwise 
routinelyy after one day at the emergency ward. Depending on the actual symptoms, these primarily 
observedd patients were then discharged, underwent diagnostic laparoscopy, or an open 
appendectomy. . 
Att laparoscopy, a normal appendix was left in place as a routine; an inflamed appendix was 
removedd laparoscopically or by muscle-splitting incision, depending on the experience of the 
surgeon.. During an open procedure the appendix was always removed irrespective of the 
macroscopicc appearance. Histological examination was performed on all removed appendices. 
Groupp 3 represents children (age < 15 years) presented in hospital 2 who were prospectively 
evaluatedd for acute abdominal complaints as part of another study. 
Thee same variables as used in hospital 1 were collected. There were no diagnostic laparoscopics 
performedd in hospital 2 but they all underwent an ultrasound, which determined further treatment. 
Exceptt for a lower percentage of patients with appendicitis in group 3, there were not differences 
betweenn groups, as shown in table 1. 

Tablee 1 : 

Patient'ss characteristics 

Groupp 1: Groupp 2: 

N N 
Agee <SE) 
Male: : 
Female: : 
Appendicitis: : 

99 9 
9.33 (2.0) 
511 (51%) 
488 (49%) 
655 (66%) 

62 2 
9.11 (2,0) 
355 (57%) 
277 (43%) 
50(81%) ) 

Groupp 3: 

Groupp 1: patients hospital 1 period 1994-5 
Groupp 2: patients hospital 1 period 1996-7 
Groupp 3: patients hospital 2 

114 4 
9.00 (3,3) 
622 (54%) 
522 (46%) 
544 (47%) p< 0,001 
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Dataa were analysed with the use of the SPSS computer program. 
Negativee appendectomy rates, delayed (i.e. missed appendicitis) and perforation rates were 
calculated.. In order to compare these results with the scoring system, the patients of whom we 
couldd retrieve all variables for the scoring system: 143/161 (89%) in hospital 1 and 114/114 
(100%)) in hospital 2, were considered. 

CreatingCreating the scoring system 

Fromm the children of group 1, variables were obtained that correlated significantly with the 
prevalencee of appendicitis by using ^-square tests. Sensitivity and specificity rates of these 
variabless were calculated. 
Hereafterr we performed a regression analysis to establish how strongly the individual variables 
contributee to the diagnosis appendicitis. Based on the regression coefficients, each significant 
variablee was given a score. The final score was created by the sum of these scores, varying from 0 
(appendicitiss not likely) to 5 (appendicitis very likely). 

ValidationValidation and clinical testing of the scoring system 

Thee odds ratio (ratio of odds of positive test result in case of appendicitis with the odds of a 
positivee test result in case of absence of appendicitis) is a measure that indicates the increased 
chancee of having appendicitis per score. The scoring system was validated by comparing odds 
ratioss for score of group 1 with the independent patient group 2. To evaluate the clinical value of 
thee scoring system, data of both group 1 and group 2 were combined. 
Byy choosing two cut-off points in our scoring system, patients were divided into three groups: low 
probability,, amenable to observation; intermediate probability, necessitating further diagnostic 
toolss such as diagnostic laparoscopy; and high probability of appendicitis, justifying immediate 
appendectomyy by muscle-splitting incision. As the final diagnosis in all cases is known, the 
sensitivity,, specificity rates can be calculated. Finally, the results that would have been obtained 
fromm applying the system were compared to the actual results of clinical practice, performed in the 
samee series. 

ExternalExternal validation of the scoring system 

Hereafterr the scoring system was applied to children from hospital 2. Number of performed 
laparoscopics,, delayed appendectomies and negative appendectomy rates that would have been 
obtainedd if the scoring system was used in hospital 2 were calculated and compared with the results 
off  hospital 1. 
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RESULTS S 

CreatingCreating the scoring system: 

Thee following two objective variables: temperature (> 38°C) and White Cell Count (WCC) (> 
10.100 /L) and the subjective variable: rebound tenderness, correlated significantly (p < 0.01) with 
appendicitis.. The other variables were not significant. By means of a logistic regression model 
thesee variables were allotted a certain weight by deriving them from the regression coefficients 
(RC)) instead of using the exact RC, in order to make the scoring system workable in a practical 
settingg (table 2). 

Tablee 2: 

Variabless predicting appendicitis in group 1 (n = 99) obtained by %2 - tests. 
Scoree based on regression coefficient (RC) of variable in regression analysis. 

Sensitivity:: Specificity: J£-square: P - value: Regression: P - value: Score: 

univariatee coefficient: (multivariate) 

Reboundd tenderness: 0.87 0.78 40.195 < 0.001 2.8102 < 0.001 2 

Leukocytee count: 0.80 0.76 29.816 < 0.001 2.1302 < 0.001 2 
(>> 10.109/L) 
Temperaturee (> : 0.72 0.50 4.861 0.024 0.5536 0.3696 1 

Durationn symptoms: 0.77 0.41 3.531 0.051 
(<< 48 hrs) 

Sexx (male): 0.50 0.44 0.395 0.339 

Maxima ll  scor e 5 
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ValidationValidation of the scoring system: 

Thee relative incidence of appendicitis for each score is shown in figure 1. 
Ass expected, the percentage of appendicitis increases with higher scores (score 0: 0% to score 5: 93 
%).. The odds ratio of score was 2.4 in this group, which means that a difference in score of 1 point 
contributess to a 2.4 higher chance of having appendicitis. The odds ratio of score in group 2 was 
comparable,, namely: 3.2 which validates it as a reproducible scoring system in this setting. 
Ass the findings in group 1 and group 2 do not differ, they have been combined for further analysis 
too evaluate its efficiency in the clinical setting. 

Figur ee 1: 

Distributionn of appendicitis among the different scores in group 1, 2 and 3. 

a. a. 
a a 
< < 

Scor e e 
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ObservedObserved results: 

Fromm 143/161 (89%) children, all evaluated variables could be retrieved and were amenable for 
comparingg with the scoring system. The other 18(11%) children were not amenable because the 
variablee temperature was lacking. Clinical practice led to an overall 6% negative appendectomy 
ratee and 7% delayed operation rate. 31% of the patients underwent primary diagnostic laparoscopy. 
Inn the 3 different groups created by clinical judgment the percentage appendicitis was respectively 
17%,, 82% and 97%, shown in table 3. 

Tablee 3: childre n hospita l 1 (grou p 1+2) 

Outcomee of treatment of patients by clinical practice. 

Observation: : 
Laparoscopy: : 
Openn operation: 
Total: : 

Patients s 

35 5 
45 5 
63 3 
43 3 

Appendectomy y 

77 (20%) 
411 (91%) 
63(100%) ) 
1111 (78%) 

Appendicitis s 

6(17%) ) 
377 (82%) 
611 (97%) 
104(73%) ) 

Normall appendix 
removed d 

11 (3%) 
44 (9%) 
22 (3%) 
77 (6%) 

Perforation n 

4(11%) ) 
44 (9%) 
9(14%) ) 
17(12%) ) 

Delayedd operation rate: 6/104 (6%) 
Negativee appendectomy rate: 7/111 (6%) 

ClinicalClinical testing of the scoring system: 

Thee scoring system was used with two cut-off points to determine a treatment strategy: 
observation,, laparoscopy or appendectomy. The low cut-off point will be determined by the 
sensitivityy rate (indication for the capability of the test to rule out appendicitis), as the specificity 
ratee (indication for the capability of the test to demonstrate appendicitis) will be useful in 
determiningg the level of the high cut-off point. Sensitivity and specificity rates of the different cut-
offf  points for the scoring system applied to all patients are presented in figure 2. 
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Figur ee 2: 

Sensitivityy and specificity rates for different cut-off points. 
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Scor ee in point s and cut-of f valu e 

Varyingg the low and high cut-off points would affect the different numbers of delayed diagnosed 
appendicitis,, performed laparoscopics and negative appendectomy rates. Considering figure 2, the 
optimall  low cut-off point could be 2, i.e. patients with the scores: 0 and 1 would be observed 
(sensitivityy rate: 0.89), in combination with a high cut-off point of 3 (specificity rate: 0.85), i.e. 
patientss with scores: 4 and 5 will undergo directly appendectomy by muscle-splitting incision. This 
wouldd (theoretically) lead to a delayed appendectomy rate of 1/104 (1%) and a negative 
appendectomyy rate of 6/110 (5%). In this scenario 37/143 (26%) diagnostic laparoscopics would be 
performed,, shown in table 4. As in our series, after diagnostic laparoscopy, in 9% a normal 
appendixx was incorrectly removed, the overall negative appendectomy rate might in practice be 
higher,, namely (3+6)/(30+83) = 8%, shown in table 4. 
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Inn the 3 different groups created by our cut-off points 3 and 6, the percentage appendicitis was 
respectivelyy 4%, 73% and 93%, shown in table 4. 

Tablee 4: childre n hospita l 1 (grou p 1+2) 

Theoreticall results of outcome of treatment according to the scoring system, using cut-off points 2 and 4. 

Loww cut-off point = 2: 
Highh cut-off point = 4: 

patientss with scores: 0 and 1 will be observed, 
patientss with scores 4 and 5 will undergo directly 
appendectomyy by muscle-splitting incision. 

Patientss with score 2 and 3 will undergo diagnostic laparoscopy. 

Observation: : 
Laparoscopy: : 
Openn operation: 
Total: : 

Patients s 

24 4 
37 7 
82 2 
143 3 

Delayedd operation: 
Negativee appendectomy: 

Appendectomy y 

11 (4%) 
30(81%) ) 
82(100%) ) 
113(79%) ) 

1/104(1%) ) 
9/113(8%) ) 

Appendicitis s 

11 (4%) 
277 (73%) 
766 (93%) 
104(73%) ) 

Normall appendix 
removed d 

33 (9%) 
66 (7%) 
99 (8%) 

Perforation n 

0 0 
55 (14%) 
12(15%) ) 
17(12%) ) 

ExternalExternal validation of the scoring system: 

Applyingg the scoring system on children from group 3 would lead to 2% delayed operation rate 
withh 36 (32%) performed diagnostic laparoscopies. When an expected 9% negative appendectomy 
ratee of the children who undergo diagnostic laparoscopy is taken into account, the overall negative 
appendectomyy rate would be 19%. In the 3 different groups created by the scoring system the 
percentagee appendicitis was respectively 4%, 36% and 80%, shown in table 5. 
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Tablee 5: Grou p 3 (childre n hospita l 2) 

Theoreticall results of outcome of treatment according to the scoring system, using cut-off points 2 and 4. 

Observation: : 
Laparoscopy: : 
Openn operation: 
Total: : 

Patients s 

28 8 
36 6 
50 0 
114 4 

Appendectomy y 

11 (4%) 
15(41%) ) 
50(100%) ) 
666 (58%) 

Appendicitis s 

11 (4%) 
13(36%) ) 
400 (80%) 
544 (47%) 

Normall appendix 
removed d 

33 (9%) 
10(20%) ) 
13(20%) ) 

Delayedd operation: 1/53 (2%) 
Negativee appendectomy: 13/67 (19%) 

DISCUSSION N 

Thee present study showed that improved results could be obtained by applying laparoscopy 
selectively,, in case of clinical doubt in the diagnosis, as there are subsets of children in which the 
diagnosiss appendicitis is almost certain, respectively very unlikely. This study demonstrates that 
suchh subsets can be identified by good clinical judgment but even more effective by a simple, 
reproduciblee scoring system since the scoring system would lead to lower delayed operation rates 
(11 vs. 6%) and lower perforation rates in the primary observed patient group (0 vs. 11%) as shown 
inn tables 3 and 4. Because using the scoring system would also reduce the number of performed 
laparoscopicss (26 vs. 31%) it would lead to lower costs for children with suspected appendicitis. 
Negativee appendectomy rates (8% vs. 6%) will not improve by using the scoring system. 
Althoughh the variable temperature was significant in predicting appendicitis (p = 0,024) when 
usingg the (univariate) X2"test> m m e multivariate analysis temperature was not significant (0.3696). 
Thereforee temperature contributed for only 1 point in our scoring system. When using cut-off 
pointss 1 and 4, temperature does not contribute in determining the further strategy as both scores 0 
andd 1 will be observed, both scores 3 and 4 will undergo diagnostic laparoscopy and both scores 5 
andd 6 direct appendectomy. So the scoring system could be simplified by concluding that if both 
elevatedd leukocyte count and rebound tenderness are not present, the child can be observed, if one 
off  the two variables is present a laparoscopy should be performed and if both variables are present 
onee could directly proceed with an appendectomy. 
Duee to lack of the variable temperature, only 89% of our children could be evaluated. Our 
simplifiedd scoring system could now be applied on all children (n = 161), which would lead to a 
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delayedd appendectomy rate of 1/115(1%), 45 (28%) performed laparoscopics and a negative 
appendectomyy rate of 7/122 = 6%. Our clinical practise in all children lead to 6/115 (5%) delayed 
appendectomies,, 52 (32%) performed laparoscopics and a negative appendectomy rate of 11/126 = 
9%.. Because in 5/52 (10%) of children who underwent a laparoscopy a normal appendix was 
removed,, the corrected negative appendectomy by our simplified scoring system would be 11/126 
-- 9%. 
Soo also the simplified scoring system could lead to improved patient care by lowering delayed 
appendectomyy and perforation rates, compared to our clinical practise. Scoring could therefore be 
off  help in the pre-clinical setting and for less experienced physicians by preventing unnecessary 
delayy in applying further diagnostic tools on these children. 
Unfortunately,, a relatively large number of normal appendices (9%) were removed in the 
laparoscopyy group for unclear reasons and this was taken into account in evaluating the scoring 
system.. The overall negative appendectomy rate of 8% could therefore considerably be improved, 
namelyy to 5%, if the indication for appendectomy after laparoscopy would be more thoughtful 
imposed. . 
Outcomee of scoring systems could be dependent on the prevalence of appendicitis in the referred 
patientt population, which depend on different referral policies by general practitioners. Therefore, 
itt was also applied on children referred to another hospital by other general practitioners. The 
percentagee of appendicitis was higher in hospital 1 (71%) compared to hospital 2 (47%). As a 
result,, applying the scoring system led to a comparable delayed operation rate (1%) and 
comparablee performed laparoscopics (35%) but also to a relative high negative appendectomy rate 
off  19%. So the scoring system performed well for excluding appendicitis but performed less for 
demonstratingg appendicitis. 
Scoringg systems for adults have previously been devised by others to decide whether or not to 
operate.. In the present study the scoring system is used to define a group of patients in whom 
additionall  laparoscopy or other diagnostic tools can be helpful. The correlation between score and 
likelihoodd of appendicitis allows us to choose cut-off points to increase the diagnostic yield of 
additionall  diagnostic tests. The number of needed diagnostic laparoscopies will be determined by 
thee percentage of negative appendectomies that is regarded acceptable. Cost-efficiency studies 
(laparoscopiess versus perforation risk and negative appendectomies) should optimally determine 
thee choice of those points, but are not yet available. 
Inn conclusion, the subset of patients in which laparoscopy can contribute in obtaining the diagnosis 
appendicitiss can be identified by good clinical judgment but also by a simple, reproducible scoring 
system. . 
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GENERALL  SUMMARY AND CONCLUSIONS 

Diagnosticc tools as ultrasonography, computer tomography and diagnostic laparoscopy are now 
availablee for patients with suspected appendicitis. In this thesis different aspects of the use of 
diagnosticc laparoscopy in patients with suspected appendicitis were evaluated. 

Too establish the role of diagnostic laparoscopy among other available new diagnostic tools for 
patientss with suspected appendicitis we performed a literature search in Chapter  2. In a Medline® 
andd Current Contest ® search, 93 well documented articles were selected out of 215 available 
articless concerning the diagnosis appendicitis, published in the period 1990 to 2000. It was 
concludedd that clinical findings and inflammatory parameters remain the cornerstone of the 
diagnosiss appendicitis. Presence of right lower quadrant pain, rigidity and migration of pain are 
mostt predictive for appendicitis in adults as absence of right lower quadrant pain, migration and 
presencee of a previous episode are predictive in ruling out appendicitis. Sensitivity rates of White 
Celll  Count (WCC) range from 0.44 to 0.96 and specificity rates range from 0.40 to 1. Because 
laboratoryy tests are not expensive and always available, WCC should be used routinely in patients 
withh suspected appendicitis and could be repeated during observation. If, based on these findings, 
appendicitiss is unlikely, patients could be discharged or further observed. In case of clinical 
"evident""  appendicitis, further use of (expensive) diagnostic tools will not improve diagnostic 
accuracyy and one should proceed with appendectomy by muscle-splitting incision or with 
laparoscopicc appendectomy, depending on the surgeon's skills in laparoscopic surgery. 
Whenn a skilled radiologist is available, ultrasound is the investigation of first choice because it is 
nott expensive, no time consuming, non-invasive and radiation is not used. In well-experienced 
hands,, sensitivity rates for appendicitis range from 0.75 to 0.90 and specificity rates from 0.73 to 1. 
Butt ultrasound seems to be observer dependent, especially in ruling out appendicitis. Therefore, 
onee can proceed with appendectomy if appendicitis is confirmed by ultrasonography but when 
appendicitiss could not be confirmed one should continue with further investigations or careful 
observation.. Helical CT-scan can also be performed in selected patients for either ruling out or 
confirmingg appendicitis because both sensitivity (0.87 to 1) and specificity (0.83 to 1) rates for 
appendicitiss are high and not observer dependent. The negative effects of the ionising radiation of 
thee CT-scan should be weighed against the negative effects of diagnostic laparoscopy, which is 
relativelyy expensive, invasive and needs hospital admission. Especially in fertile females, 
diagnosticc laparoscopy is of value because gynaecological disorders, mimicking appendicitis, can 
bee recognised easily and these females are prevented for exposure to ionising radiation. In the 
future,, patient selection for diagnostic laparoscopy will also depend on routinely use of 
laparoscopicc appendectomy. 
Too justify the exposure of patients with suspected appendicitis to invasive diagnostic tools as 
laparoscopy,, we assessed in Chapter  3 the morbidity and cost of removing a normal appendix. A 
retrospectivee study was performed of 285 patients who underwent a negative appendectomy for 
suspectedd appendicitis in the period 1991 to 1999. Removing a normal appendix was associated 
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withh 6% complication and 2% re-operation rates. The mean hospital costs of a negative 
appendectomyy were € 2.712 and therefore removing a normal appendix cost the Dutch society 
€€ 6,196,920 per year. If we aim for budget neutrality, a maximum of 43 ultrasounds, 31 CT-scans 
orr 2 diagnostic laparoscopics could be used in order to prevent one negative appendectomy. 
So,, both from the society's point of view as from the patient's point of view it is worthwhile to 
furtherr lower the negative appendectomy rate by using diagnostic tools. A policy of a selective use 
off  expensive diagnostic tools as laparoscopy should be developed. 
Inn Chapter  4 the selective use of diagnostic laparoscopy: in case of doubt of the diagnosis 
appendicitiss was evaluated. In a prospective study of 1,050 patients with suspected appendicitis, 
diagnosticc laparoscopy lowered the negative appendectomy rate from 25% to 14% without 
increasingg the total number of operations. Fertile women benefit most from diagnostic laparoscopy 
becausee 74% of the other found diagnosis was of gynecological origin. Though, diagnostic 
laparoscopyy reduced the negative appendectomy rate in men with equivocal signs of appendicitis 
fromm 22 to 11% and should therefore be considered in men. Because there was still a high negative 
appendectomyy rate (15%) among patients who underwent a preceding diagnostic laparoscopy, 
betterr judgment and adequate management of the normal appendix during lapararoscopy are 
needed. . 
Too evaluate if it is safe to leave a normal appendix found during diagnostic laparoscopy for 
suspectedd appendicitis in place, in Chapter  5 a prospective study of all normal appearing 
appendicess that were left in place during laparoscopy for suspected appendicitis in the period 1994 
too 1997, was performed. 
Fromm the 109 patients included, there were no patients who derived abdominal complaints, in the 
directt postoperative period, suggesting a missed appendicitis. Therefore we conclude that there 
weree no false negative laparoscopics. The possible presence of an "endo-appendicitis", which 
mightt not be recognized during laparoscopy and could lead to recurrent abdominal complaints and 
subsequentt appendectomy, as suggested by others, is apparently of no clinical importance. 
Inn 65 (60%) patients another diagnosis was obtained that could explain the abdominal complaints 
thatt were mostly, 48 (74%) of gynaecological origin. In 44 (40%) patients no other diagnosis was 
obtained.. These patients recovered uneventful without further therapy. So, the absence of another 
diagnosiss should not be a reason to remove a normal appearing appendix. 
Eventually,, only one (1%) patient developed appendicitis in the median follow up period of 4.4 
years.. The median hospital stay was 2 days. There was one (0.9 %) minor complication following 
laparoscopy:: a superficial bleeding in an umbilical trocar opening was treated with a local suture. 
Thereforee a diagnostic laparoscopy alone is preferable over a negative appendectomy in which we 
foundd a morbidity rate of 6%, re-operation rate of 2% and a mean hospital stay of 4 days, as 
describedd in chapter 3. In conclusion, it is safe and probably even better to leave a normal appendix 
foundd during laparoscopy for suspected appendicitis in place. 
Inn the Netherlands, laparoscopic appendectomy is not (yet) the standard operation and therefore 
routinelyy application of diagnostic laparoscopy in patients with suspected appendicitis would lead 
too many conversions to open procedures and extra costs and morbidity. Therefore diagnostic 
laparoscopyy was applied selectively: on patients with a doubtful diagnosis. To identify this group 
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off  patients who could benefit from further diagnostic tools, we created a scoring system for adults 
inn Chapter  6. 
Fromm 577 adults who were presented with suspected appendicitis in the period 1994-1995 (group 
1),, the following scoring system, ranging from 0 to 9, was created: white cell count > 10.109/L (3 
points),, rebound tenderness (2 points), male sex (2 points), duration of symptoms < 48 hrs (1 point) 
andd temperature > 38°C (1 point). Applying the scoring system on the 343 patients with suspected 
appendicitis,, presented in the period 1996 to 1997 (group 2) resulted in comparable odds ratios for 
groupp 1 (1.798) and group 2 (1.755), which validated the scoring system. Hereafter two cut-off 
pointss were chosen to define the group of patients who would undergo diagnostic laparoscopy. If 
patientss with score 0 to 3 were observed, patients with score 4 to 6 underwent diagnostic 
laparoscopyy and patients with score 7 to 9 underwent direct appendectomy, the scoring system 
wouldd perform with a sensitivity rate of 93% and a specificity rate of 83%. Applying the scoring 
systemm retrospectively on our patients with suspected appendicitis, the scoring system would 
performm equally or slightly better compared to the clinical management. The delayed 
appendectomyy rate obtained by the scoring system would be 7% compared to 9% obtained by 
clinicall  judgment, the negative appendectomy rate would be 10% compared to 15% and number of 
performedd laparoscopics would be 35% compared to 32%. However, the scoring system would 
leadd to lower perforation rates: 2% if scoring system was used compared to 17% by clinical 
judgment.. In conclusion, the indication for laparoscopy could be established in both males and 
femaless by using a reproducible scoring system. 

Becausee of different incidence rates for appendicitis in children we performed the same strategy 
performedd on adults in chapter 6, on children aged < 11 years, in Chapter  7. 
Fromm the 99 children presented with suspected appendicitis in the period 1994 to 1995 the 
followingg scoring system was created: temperature > 38°C (1 point), white cell count > 10.109/L (2 
points)) and rebound tenderness (2 points). Applying the scoring system on the independent patient 
groupp of 62 children presented for suspected appendicitis in the period 1996 to 1997 resulted in 
comparablee odds ratios (2.4 compared to 3.2), which validated the scoring system. Optimal cut-off 
pointss were set to 1 and 4, resulting in a sensitivity rate of 89% and specificity rate of 85%. When 
childrenn with score 0 and 1 were observed, scores 2 and 3 undergo diagnosic laparoscopy and 
scoress 4 and 5 direct appendectomy, it means that the variable temperature (1 point) does not 
influencee further treatment because both scores 0 and 1 will be observed, both scores 2 and 3 will 
undergoo laparoscopy and both scores 4 and 5 will undergo direct appendectomy. 
So,, a simplified scoring system for children could be created in which children with normal 
leucocytee count and no rebound tenderness are observed, children with white eel count > 10.109/L 
orr present rebound tenderness undergo diagnostic laparoscopy and children with both elevated 
leucocytess and present rebound tenderness undergo direct appendectomy. This scoring system 
wouldd (theoretically) lead to lower delayed appendectomy rates (1%) compared to (5%) obtained 
byy clinical judgement, comparable number of laparoscopics (28% compared to 32%) and similar 
(9%)) negative appendectomy rates. So, also in children the indication for laparoscopy could be 
establishedd by using a reproducible scoring system. 

Inn order to obtain an external validation of the scoring system we finally applied the scoring system 
onn 114 children referred to another hospital for acute abdominal complaints. The scoring system 
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wouldd (theoretically) perform with a 2% delayed operation rate, 36 (32%) performed diagnostic 
laparoscopicss and a negative appendectomy rate of 19%. So it performed well for excluding 
appendicitiss but less for demonstrating appendicitis. This could possibly be explained by the lower 
percentagee of appendicitis (47% vs. 71%) among the referred children to the other hospital. 
Wee must realise though that appendicitis still remains a clinical diagnosis and scoring systems 
functionn only as a support. They could be used as a guideline in deciding what policy to perform in 
patientss with possible appendicitis and be used in general practice decision to refer patients to the 
surgeon.. Where a diagnostic laparoscopy was performed, probably also another diagnostic tool as 
ultrasoundd or CT-scan could have been used. 

Inn conclusion, diagnostic laparoscopy should be used selectively; in patients with doubt of the 
diagnosiss appendicitis which often occurs in females of the childbearing age. The patients who 
couldd benefit from diagnostic tools can be defined with a reproducible scoring system in both 
adultss and children. Patient selection for diagnostic laparoscopy will also depend on routinely use 
off  laparoscopic appendectomy. Diagnostic laparoscopy reduces the negative appendectomy rate 
andd is preferable over a negative appendectomy, which has considerable costs and morbidity. A 
normall  appendix found during laparoscopy for suspected appendicitis should be left in place. 
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Diagnostischee middelen als echografie, computer tomografie en laparoscopic zijn nu beschikbaar 
voorr patiënten met verdenking op appendicitis. In dit proefschrift werden diverse aspecten van het 
gebruikk van diagnostische laparoscopie bij patiënten met verdenking op appendicitis geëvalueerd. 

Omm de plaats te bepalen van diagnostische laparoscopie tussen de andere nieuwe beschikbare 
diagnostischee middelen voor patiënten met verdenking op appendicitis werd in Hoofdstuk 2 een 
literatuurr studie verricht. In een Medlines en Current Contest s zoektocht werden 93 goed 
beschrevenn studies geselecteerd uit 215 beschikbare artikelen betreffende de diagnose appendicitis 
inn de periode 1990 tot 2000. Er werd geconcludeerd dat klinische bevindingen en ontstekings 
parameterss de hoeksteen van de diagnose appendicitis blijven. De aanwezigheid van pijn in de 
rechterr onderbuik, defense en pijn migratie zijn het meest voorspellend voor appendicitis in 
volwassenenn zoals afwezigheid van pijn in de rechter onderbuik en pijn migratie en aanwezigheid 
vann een voorgaande episode van pijn in de rechter onderbuik voorspellend zijn in het uitsluiten van 
appendicitis.. De sensitiviteit van leucocyten varieert tussen de 0.44 en 0.96 en specificiteit tussen 
0.400 en 1. Omdat laboratorium testen relatief goedkoop en altijd beschikbaar zijn horen de 
leucocytenn routinematig bepaald te worden in patiënten met verdenking op appendicitis en kunnen 
herhaaldd worden gedurende observatie. Bij een "klinisch" evidente appendicitis zal verder gebruik 
vann (dure) diagnostische middelen niet leiden tot een verbeterde accuracy en kan men een 
appendectomiee verrichten via wisselsnede dan wel laparoscopisch, afhankelijk van de ervaring van 
dee chirurg in laparoscopische chirurgie. 
Bijj  de aanwezigheid van een ervaren radioloog, is echografie het diagnosticum van eerste keuze 
omdatt het relatief goedkoop en niet tijdrovend is en geen gebruik maakt van ioniserende stralen. In 
ervarenn handen varieert de sensitiviteit voor appendicitis tussen de 0.75 en 0.90 en specificiteit 
tussenn de 0.73 en 1. Echter echografie lijkt onderzoekers afhankelijk te zijn, vooral in het uitsluiten 
vann appendicitis. Daarom kan men bij een met echografie aangetoonde appendicitis doorgaan met 
eenn appendectomie echter wanneer appendicitis echografisch niet bevestigd wordt zal men verder 
onderzoekk moeten verrichten of de patiënt zorgvuldig moeten observeren. Wanneer beschikbaar, 
kann (spiraal) CT-scan gebruikt worden in een geselecteerde groep patiënten om zowel appendicitis 
aann te tonen dan wel uit te sluiten. De negatieve effecten van geïoniseerde straling van CT-scan 
zullenn moeten worden afgewogen tegen de negatieve effecten van laparoscopie, wat relatief duur 
enn invasiefis en een ziekenhuis opname noodzaakt. 
Voorall  bij vrouwen in vruchtbare leeftijd is de diagnostische laparoscopie van grote waarde omdat 
gynaecologischee aandoeningen, lijkende op appendicitis, gemakkelijk herkend worden en deze 
vruchtbaree vrouwen hierbij niet aan ioniserende straling blootgesteld worden. In de toekomst zal 
patiëntenn selectie ook afhangen van het routinematig verrichten van laparoscopische 
appendectomie. . 
Omm te rechtvaardigen dat patiënten met verdenking op appendicitis worden blootgesteld aan 
invasievee ingrepen als een diagnostische laparoscopie werden in Hoofdstuk 3 de morbiditeit en 
kostenn onderzocht die gepaard gaan met het verwijderen van een normale appendix. Het 
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verwijderenn van een normale appendix gaat gepaard met een morbiditeit van 6% en een re-operatie 
percentagee van 2%. De gemiddelde ziekenhuis kosten van een negatieve appendectomie zijn 
€€ 2.712 en het verwijderen van een normale appendix kost de Nederlandse samenleving daarom 
€€ 6.196.920 per jaar. Waneer we streven naar budgettaire neutraliteit kunnen maximaal 43 echo's 
off  31 CT-scans of 2 diagnostische laparoscopieën worden verricht om 1 negatieve appendectomie 
tee voorkomen. 
Duss zowel uit oogpunt van de patiënt als van de samenleving loont het de moeite om de het aantal 
negatievee appendectomieën te reduceren. Een beleid van selectief gebruik van (dure) diagnostische 
middelenn als laparoscopic zou hierbij gevoerd moeten worden. 
Inn Hoofdstuk 4 werd het selectief gebruik van diagnostische laparoscopic geëvalueerd: bij twijfel 
overr de diagnose appendicitis. In een prospectieve studie van 1.050 patiënten met verdenking op 
appendicitiss acuta verlaagde diagnostische laparoscopic het appendix sana percentage van 25 naar 
14%% zonder verhoging van het aantal operaties. Vruchtbare vrouwen hebben het meeste profijt van 
eenn diagnostische laparoscopic omdat in 74% van de andere gevonden diagnosen tijdens 
laparoscopicc van gynaecologische origine waren. Echter diagnostische laparoscopic reduceerde het 
appendixx sana percentage in mannen met twijfelachtige symptomen van appendicitis van 22% naar 
11%% en moet daarom ook bij mannen overwogen worden. Omdat er nog een hoog appendix sana 
percentagee (15%) werd gevonden onder patiënten die een laparoscopic ondergingen zijn betere 
beoordelingg en adequate behandeling van een normale appendix gevonden tijdens laparoscopic 
nodig. . 
Omm te evalueren of het veilig is om een normale appendix, die gevonden wordt tijdens laparoscopic 
voorr patiënten met verdenking op appendicitis acuta, in situ te laten, werd in Hoofdstuk 5 een 
prospectievee studie verricht van alle normale appendices die niet verwijderd werden na 
diagnostischee laparoscopic voor appendicitis acuta, in de periode 1994 t/m 1997. 
Vann de 109 geïncludeerde patiënten ontwikkelden geen enkele patiënt klachten in de direct 
postoperatievee periode die op een gemiste appendicitis kunnen wijzen. Derhalve concludeerden we 
datt het fout negatief percentage nul is. De mogelijke aanwezigheid van een "endo-appendicitis", 
diee niet tijdens laparoscopic herkend zal worden en tot terugkerende buikklachten en uiteindelijk 
appendectomiee zal leiden, zoals gesuggereerd door anderen, is blijkbaar niet van klinisch belang 
voorr de patiënt. In 65 (60%) werd een andere diagnose gevonden die de oorzaak van de 
abdominalee klachten konden verklaren en waren vaak 48 (74%) van gynaecologische origine. In 
444 (40%) werd geen andere verklaring voor de abdominale klachten gevonden. Ook deze patiënten 
hersteldenn ongecompliceerd zonder verdere therapie. Dus de afwezigheid van een oorzaak voor de 
abdominalee klachten hoeft geen reden te zijn om een normale appendix te verwijderen. 
Uiteindelijkk ontwikkelde slechts 1 (0,9%) patiënt appendicitis in de mediane follow-up periode van 
4.44 jaar. De mediane ziekenhuisopname bedroeg 2 dagen. Er was 1 (0,9%) kleine complicatie 
tengevolgee van de laparoscopic: een oppervlakkige bloeding in de umbilicale trocart opening werd 
behandeldd met een extra hechting. 
Eenn diagnostische laparoscopic alleen is daarom te verkiezen boven een negatieve appendectomie 
omdatt deze gepaard gaat met een opnameduur van 4 dagen, een morbiditeit van 6% en een re-
operatiee percentage van 2% zoals beschreven in hoofdstuk 3. Concluderend is het veilig en 
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waarschijnlijkk zelfs beter om een normale appendix die tijdens diagnostische laparoscopic voor 
appendicitiss gevonden in situ te laten. 
Inn Nederland is de laparoscopische appendectomie (nog) niet de standaard operatie. Daarom zal 
indienn men bij alle patiënten met verdenking op appendicitis acuta routinematig een diagnostische 
laparoscopicc zou verrichten, dit leiden tot vele conversies naar open procedures en zo tot extra 
kostenn en morbiditeit. Daarom verrichten wij de diagnostische laparoscopic in een geselecteerde 
groepp patiënten: met twijfel over de diagnose appendicitis. Om deze groep patiënten, die baat bij 
eenn laparoscopic kan hebben, te identificeren, creëerden we een scoringsysteem voor volwassenen 
inn Hoofdstuk 6. 
Vann de 577 volwassenen die zich presenteerden met verdenking op appendicitis acuta in de periode 
1994-19955 (groep 1) werd het volgende scoringssysteem, variërend van 0 tot 9, gecreëerd: 
leucocytenn > 10.109/L (3 punten), loslaatpijn (2 punten), mannelijk geslacht (2 punten), 
klachtenduurr < 48 uur (1 punt) en temperatuur > 38°C (1 punt). Toepassing van het 
scoringssysteemm op de 343 patiënten met verdenking op appendicitis in de periode 1996-1997 
(groepp 2) resulteerde in vergelijkbare odds-ratios in groep 1 (1,798) vergeleken met groep 2 (1,755) 
watt het scoringssysteem valideerd. Om de groep die baat heeft van een diagnostische laparoscopic 
tee definiëren kozen we 2 afkappunten op de score van 0 t/m 9. Indien patiënten met een score van 0 
t/mm 3 worden geobserveerd, patiënten met een score van 4 t/m 6 een diagnostische laparoscopic 
ondergaann en patiënten met een score van 7 t/m 9 direct een appendectomie ondergaan zou het 
scoringssysteemm een sensitiviteit van 93% bereiken in combinatie met een specificiteit van 83%. 
Wanneerr we het scoringsysteem retrospectief toepasten op onze patiënten met verdenking op 
appendicitiss acuta presteerde het gelijk of iets beter in vergelijking met ons klinisch handelen. Het 
uitgesteldee appendectomie percentage zou 7% zijn in vergelijking tot 9% verkregen met klinisch 
handelen,, het appendix sana percentage zou 10% zijn in vergelijking met 15% en het aantal 
verrichtee laparoscopieen 35%, in vergelijking met 32% door ons klinisch handelen. Echter het 
scoringssysteemm zou leiden tot een lager percentage uitgesteld geopereerde geperforeerde 
appendices,, namelijk 2% in vergelijking met 17% door ons klinisch handelen. Concluderend kan 
dee indicatie voor laparoscopic in zowel mannen en vrouwen worden vastgesteld door middel van 
eenn reproduceerbaar scoringsysteem. 
Wegenss verschillen in incidentie van appendicitis tussen kinderen en volwassenen hebben we 
dezelfdee strategie verricht bij volwassenen in hoofstuk 6 herhaald bij kinderen < 11 jaar in 
Hoofdstukk 7. 
Vann de 99 kinderen die zich in de periode 1994 t/m 1995 presenteerden met verdenking op 
appendicitiss werd het volgende scoringssysteem gecreëerd: leucocyten > 10.109/L (2 punten), 
loslaatpijnn (2 punten) en temperatuur > 38°C (1 punt). Toepassing van het scoringsysteem op de 
onafhankelijkee groep kinderen die zich presenteerden in de periode 1996 t/m 1997 resulteerde in 
vergelijkbaree odds-ratio's: (2,4 vergeleken met 3,2) wat het scoringsysteem valideerde. Optimale 
afkapwaardenn werden gesteld op 1 en 4, resulterende in een sensitiviteit van 89% en een 
specificiteitt van 85%. Wanneer kinderen met een score van 0 en 1 worden geobserveerd, kinderen 
mett een score van 2 en 3 een diagnostische laparoscopic ondergaan en kinderen met een score van 
44 en 5 direct een appendectomie ondergaan betekent het dat de variabele temperatuur (1 punt) geen 
invloedd heeft op het te volgen beleid omdat zowel scores 0 en 1 worden geobserveerd, 2 en 3 
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ondergaann laparoscopic en 4 en 5 ondergaan direct appendectomie. Daarom kan het scoringsysteem 
inn kinderen worden gesimplificeerd door de stellen dat kinderen met leucocyten < 10.109/L en 
zonderr loslaatpijn geobserveerd kunnen worden, kinderen waarbij één van deze twee variabelen 
positiefis,, een laparoscopic ondergaan en indien beide variabelen aanwezig zijn direct een 
appendectomiee wordt verricht. Dit scoringsysteem zou (theoretisch) leiden tot een lager aantal 
uitgesteldee appendectomieën (1% vs. 5%), een vergelijkbaar aantal laparoscopieën (28% vs. 32%) 
enn dezelfde (9%) appendix sana percentages in vergelijking tot ons klinisch handelen. Dus ook in 
kinderenn kan de indicatie voor laparoscopic gesteld worden met behulp van een reproduceerbaar 
scoringsysteem. . 
Omm een externe validatie van het scoringsysteem te verkrijgen hebben we tenslotte het scorings 
systeemm toegepast op een groep van 114 kinderen die naar een ander ziekenhuis werden verwezen 
voorr acute abdominale klachten. Het scoringsysteem zou (theoretisch) leiden tot een 2% uitgestelde 
operatiee percentage, 36 (32%) laparoscopieën en een appendix sana percentage van 19%. Dus 
presteerdee het goed in het uitsluiten van appendicitis maar minder in het aantonen van appendicitis. 
Mogelijkk wordt dit verklaard door het lagere percentage kinderen met appendicitis (47% versus 
71%)) verwezen naar het andere ziekenhuis. 
Wee moeten ons echter wel realiseren dat appendicitis nog steeds een klinische diagnose is en 
scoringssystemenn slechts al hulpmiddel dienen te worden gebruikt. Zij kunnen worden gebruikt als 
richtlijnrichtlijn  in de beslissing welk beleid er verricht wordt bij patiënten met verdenking op appendicitis 
enn in de huisartsen praktijk als richtlijn om patiënten in te sturen. Waar hier diagnostische 
laparoscopicc is verricht zou mogelijk ook een ander diagnosticum als echografie of CT-scan 
kunnenn worden verricht. 

Concluderend,, diagnostische laparoscopic hoort selectief gebruikt te worden; bij patiënten met 
twijfell  over de diagnose appendicitis welke vaak voorkomt bij vrouwen in de vruchtbare leeftijd. 
Patiëntenn die baat kunnen hebben bij verder aanvullend diagnostisch onderzoek kunnen worden 
gedefinieerdd met behulp van een scoringsysteem in zowel volwassenen als kinderen. Patiënten 
selectiee zal ook afhangen van het routinematig verrichten van laparoscopische appendectomie. 
Diagnostischee laparoscopic verlaagt het appendix sana percentage en heeft de voorkeur boven een 
negatievee appendectomie welke gepaard gaat met aanzienlijke morbiditeit en kosten. Een normale 
appendixx die bij diagnostische laparoscopic voor appendicitis wordt gevonden dient niet verwijderd 
tee worden. 
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Nawoord d 

Uiteraardd is ook dit proefschrift niet tot stand gekomen zonder de hulp van vele anderen. Een aantal 
personenn wil ik hierbij in het bijzonder benoemen: 

Prof.dr.. D.J. Gouma, promotor, mede door uw enthousiasme en blijvende interesse in de appendix 
werdd de totstandkoming van dit proefschrift mogelijk gemaakt. Zeer snel en royaal met pen bekrast 
werdenn de manuscripten door U geretourneerd, soms voorzien van een krachtterm als "onzin", 
maarr ze werden altijd weer beter en vooral ook veel korter. 

Dr.. A.B. Bijnen, co-promotor. Beste Bart, het begon allemaal bij de open haard in Lenzerheide, 
herstellendee van onze fatale botsing boven op de zwarte piste. Hier werd het plan geboren om het 
beschikbaree patiënten materiaal te smeden tot een proefschrift. Vervolgens werden alle middelen 
vann de moderne communicatie (telefoon, fax, mobieltje, email, SMS) ingezet om dit resultaat te 
bereiken.. Zelfs de eigen familie werd niet gespaard om een bijdrage te leveren. Manuscripten 
werdenn tot op de punt komma verbeterd en zelfs tijdens wintersport vakanties werden nieuwe 
ideeënn over scoring systemen via SMS verzonden. Kortom, ondanks drukke nevenfuncties en een 
drukk bestaan als opleider stond je altijd klaar voor hulp en advies. Het was daarom een voorecht om 
jee eerste promovendus te zijn. Niet alleen over de appendix maar ook in ruimere zin, m.n. de 
gastrointestinalee chirurgie, heb ik ontzettend veel van je kunnen leren en hoop dit in de toekomst te 
blijvenn doen. 

Dee overige leden van de promotiecommissie: Prof.dr. M.A. Cuesta, Prof.dr. H.J.Th.M. Haarman, 
Prof.dr.. H.A. Heij, Prof.dr. J.S. Laméris, Prof.dr. H. Obertop en Prof.dr. E. Schade wil ik bedanken 
voorr de beoordeling van het proefschrift en het zitting nemen in de promotiecommissie. 

Dr.. P. de Ruiter, bedankt voor de beoordeling en kritische noten van onze artikelen maar temeer 
voorr de talloze leermomenten tijdens gezamelijke operaties. Bij het sluiten van de buik galmen nog 
steedss de woorden "juist!" ,"toe maar!" en "big bites!" door mijn hoofd. 

Percyy van Eerten, mijn eerste ervaringen met de wetenschap deelde ik met jouw in Luxemburg. In 
inn de auto op weg naar het congrescentrum hielp je me met de Engelse tekst van mijn presentatie 
diee ik dacht al in mijn hoofd te hebben zitten, niet wetende dat de enorme data van patiënten voor 
jouww presentatie de basis van dit proefschrift zijn geworden. Ik hoop datje dit resultaat kunt 
waarderenn en wie weet zien we elkaar in Eindhoven weer. 

Bramm Rijbroek, in 1997 was ji j "Mister Appendix" tot je een enorme doos met data en papieren 
aann mij overdroeg. Ik heb dankbaar van jouw arbeid gebruik kunnen maken en heb tevens als 
jongstee assistent veel van jouw als ouderejaars kunnen leren. 
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Verderr wil ik alle chirurgen, assistenten en andere medewerkers van het Medisch Centrum 
Alkmaar,, die hebben bijgedragen aan de totstandkoming van dit proefschrift, bedanken voor alle 
steunn en ruimte die mij is gegeven voor het verrichten van wetenschap in een grote perifere kliniek. 

Carolinee Bijnen wil ik bedanken voor haar bijdrage aan Hoofdstuk 3. Zoals je ziet kan het 
doorploegenn van stoffige statussen toch zijn vruchten afwerpen. 

Drs.. E.D. van der Ende en Dr. P. J. Breslau wil ik bedanken voor het beschikbaar stellen van de data 
vann 114 Haagsche kinderen die in hoofdstuk 7 werden gebruikt. 

Ellyy de Lange van het VU Medisch Centrum wil ik bedanken voor de statistische ondersteuning. Je 
wass de eerste die ons concept van het scorings systeem begreep en daarbij ook de statische 
onderbouwingg kon leveren. 

Mijnn beide paranymphen Ron Speekenbrink en Mathijs "onze Oomes" Oomen wil ik bedanken 
voorr de toegezegde steun tijdens de dissertatie. Waarbij een single malt bij de eerste leidt tot 
inspirerendee discussies over "het vak" doet het bij de ander het brabants "gezwets" plotseling 
verstommen.. Het is toch wel wennen nu ik in de VU niet meer word aangesproken met 
"vandeBox". . 

Tenslottee wil ik mijn ouders bedanken voor het vertrouwen die ze altijd in me hebben gehad en de 
onvoorwaardelijkee steun waar ik altijd op heb kunnen rekenen. Het was achteraf gezien toch goed 
datt julli e me altijd maar mijn eigen gang hebben laten gaan. 

Enn uiteindelijk kan ik dan ook Silvia bedanken, de geheime motor achter dit alles. Allereerst voor 
hett genadeloos toeslaan met de rode stift voor de laatste correcties van het manuscript maar vooral 
voorr het eindeloze geduld wat je moet hebben. In plaats van weekenden doorbrengen achter de 
computerr gaan we voortaan gewoon samen leuke dingen doen met onze dochter Irene en 
volgendd jaar weer naar "El Bulli" ! 
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Thee author of this thesis was born on May 28th 1964 in his beloved Eindhoven, the Netherlands. 
Afterr graduating high school (HAVO and Atheneum-P) at the Bisschop Bekkers College in 
Eindhovenn in 1983, he started to study Fysiotherapy in Den Bosch, the Netherlands. In 1986 he 
couldd finally start medical school at the University of Amsterdam, Amsterdam, the Netherlands. 
Duringg his study he performed clinical stages in the Hospital del Mar, Barcelona, Spain at the 
departmentss neurology and neurosurgery. In 1994 he obtained his medical degree and hereafter he 
startedd to work as a resident (AGNIO) thoracic surgery at the Onze Lieve Vrouwe Gasthuis, 
Amsterdam,, the Netherlands (head Prof.dr. L.Eijsman). In 1995 he worked as a resident (AGNIO) 
generall  surgery at the Academic Medical Center, Amsterdam, the Netherlands (head Prof.dr. H. 
Obertop)) and in 1996 as a resident (AGNIO) pediatric urology in the Wilhelmina Children's 
Hospitall  (head Dr T.P.V.M. de Jong) and general urology in the University Medical Center Utrecht 
(headd Prof.dr. T.A. Boon) in Utrecht, the Netherlands. Meanwhile he performed some clinical 
researchh in the Medical Center Alkmaar, Alkmaar, the Netherlands. From 1997 to 2000 he started 
hiss surgical training in the Medical Center Alkmaar (head Dr. A.B. Bijnen). The clinical research 
leadingg to this thesis was performed in this period and was awarded with the "Pieter van Foreest 
price""  in 2001. In 2001 he continued his surgical training in the VU Medical Center, Amsterdam, 
Thee Netherlands (head Prof.dr. H.J.Th.M. Haarman). In his final year of surgical training he started 
aa differentiation into digestive and laparoscopic surgery under supervision of Prof.dr. M.A. Cuesta. 
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