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A B S T R A C T

Background: Approximately nine percent of all acute appendectomies are unintentionally performed on a normal
appendix. Failure of treatment (negative appendectomy or missed appendicitis) is associated with higher mor-
bidity and mortality when compared to appendectomy for uncomplicated appendicitis. The Laparoscopic
APPendicitis (LAPP) score was developed in order to systematically evaluate the appendix for the presence of
inflammation. This study aims to determine whether the LAPP score reduces the negative appendectomy rate
without missing appendicitis.
Methods: From September 2013 through May 2016, 322 adult patients presenting with a clinical suspicion of
acute appendicitis and an indication for diagnostic laparoscopy were included and analyzed in this multicenter
prospective validation study. Depending on the LAPP score, the appendix was either removed (n = 300) or left
in situ (n = 22). These patients were compared to a historical control group of 584 patients treated at the same
hospitals. The appendix was examined by a pathologist and the negative appendectomy rate was calculated.
Results: The negative appendectomy rate was significantly lower when the LAPP score was used (4,7% vs. 8,4%;
P = 0,034). None of the patients with a negative LAPP score, in which the appendix remained in situ, developed
acute appendicitis within three months. There were no significant differences in operation time, complications,
or readmissions. Using the LAPP score was associated with significantly higher rates of preoperative radiological
imaging (98% vs. 70%; P < 0,001). After adjusting for covariables, including radiological imaging, use of the
LAPP score led to fewer treatment failures when compared to not using the LAPP score (OR: 0,48, 95% C.I. 0,251
to 0,914; P = 0,025).
Conclusion: The LAPP score is a safe and simple tool to reduce the negative appendectomy rate during la-
paroscopic surgery without missing cases of acute appendicitis.

1. Introduction

Acute appendicitis is the most common intra-abdominal infection
and its treatment requires emergency appendectomy [1]. Despite ad-
vanced imaging techniques and several validated clinical prediction
rules, correctly diagnosing a patient with acute appendicitis remains
challenging. Whilst performing diagnostic laparoscopy (DL), the mac-
roscopic evaluation of the appendix by surgeons has been proven to be
inaccurate and, moreover, it does not improve with higher levels of
experience [2,3]. Histopathological examination after appendectomy

occasionally describes the appendix as normal (negative appen-
dectomy). Recently published papers report a wide variation in the
negative appendectomy rate, ranging from 3% to 25%, mostly affecting
women [4–9]. In the Netherlands and neighboring countries, this rate
lies around 9% [10–14]. Performing a negative appendectomy is po-
tentially harmful to patients, with a morbidity rate of 10–12%, in-
cluding surgical site infections, intra-abdominal abscess formation, and
postoperative adhesions [15,16]. Negative appendectomy is associated
with a 30-day mortality of 1% [6]. Furthermore, it is associated with
longer hospitalization and higher health care costs when compared to
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appendectomies performed for cases of uncomplicated appendicitis
[4,5]. The short-term mortality rate of a negative appendectomy is in-
creased fourfold when compared to an appendectomy for un-
complicated appendicitis [8]. The mortality rate after negative appen-
dectomy remains elevated for years after surgery, even when lacking an
alternative diagnosis and when no other additional intra-abdominal
operations were performed [17]. It seems doubtful to attribute these
findings solely to undiagnosed co-morbidities.

Delayed time to appendectomy in cases with acute appendicitis is
associated with a higher appendiceal perforation rate [18–20]. Con-
versely, a negative DL, in which the appendix remains in situ, is asso-
ciated with a very low morbidity rate of 0.06% [21].

The surgical removal of a macroscopically normal appendix during
laparoscopy for clinically suspected appendicitis is considered un-
necessary, even when no other intra-abdominal pathology is found
[22,23]. Hence, the guideline of the Dutch Society of Surgeons states
that a normal-looking appendix should be left in situ [24].

In a prospective pilot study conducted on 134 patients in 2012, the
Laparoscopic Appendicitis (LAPP) score was introduced. This was de-
veloped in order to macroscopically evaluate the appendix during DL
[25]. The LAPP score consists of five items regarding the presence of
appendiceal inflammation (Table 1). When all five items are negative,
the appendix can safely be left in situ. In any other case, the appendix
should be removed. In this pilot study, use of the LAPP score would
have led to a positive predictive value of 99% and a negative predictive
value of 100%. The present multicenter prospective validation study
aims to determine whether the LAPP score can reduce the negative
appendectomy rate without increasing the rate of missed appendicitis.

2. Methods

2.1. Patients

From September 2013 through May 2016, adult patients presenting
with a clinical suspicion of acute appendicitis with an indication for DL
in one of five public hospitals (one university and four non-university)
across the Netherlands were recruited. These patients were compared to
a historical control group that was treated in the same hospitals from
January 2011 through December 2012. In the university hospital, pa-
tients in this control group underwent surgery between January 2008
and June 2009 as preparations for the pilot study on the LAPP score
started hereafter in this hospital. The study was registered at www.
clinicaltrials.gov (NCT02029781). Ethical approval was obtained from
the local Medical Ethics Committee, reference number:
NL43820.042.13.

Exclusion criteria were as follows: younger than 18 years, interval
appendectomy (after prior conservative treatment), incidental appen-
dectomy (during ‘non-appendiceal’ surgery), primarily chosen for an
appendectomy with open approach, inability to determine the LAPP-
score due to insufficient laparoscopic exposure, and patients that were
unable or unwilling to give informed consent. Insufficient laparoscopic
exposure was defined as the inability to completely assess the appendix
for the presence of all five items of the LAPP score (Table 1).

The study was approved by the local institutional ethical commit-
tees. All data were extracted from the patients’ electronic medical re-
cords in the participating hospitals. For the intervention group, data
were prospectively collected after written informed consent had been
obtained. In the control group, data were retrospectively collected from
patients that had undergone an appendectomy during DL. The pre-
operative work-up for each patient was not standardized in this study.
Each hospital followed their own protocol, all of which are based on the
national guideline on appendicitis. In all patients, a thorough history
was obtained and clinical examination, standard blood tests with white
blood cell count, C-reactive protein (CRP), and urinary analysis were
performed. If necessary, radiological imaging by abdominal ultrasound
(US), computed tomography (CT), or Magnetic Resonance Imaging
(MRI) was undertaken. The modified Alvarado score [26,27] was cal-
culated. Postoperative complications were recorded according to the
Clavien-Dindo classification [28].

The LAPP score was assessed and recorded intra-operatively by the
surgeon immediately after exposing the appendix. Depending on the
calculated score, the surgeon either proceeded to perform an appen-
dectomy or the procedure was terminated without removing the ap-
pendix (Table 1). Care was taken to list the LAPP score in the patients’
operating reports.

This study was reported in line with the STROCSS criteria [29].

2.2. Endpoints

The primary endpoint of the study was the negative appendectomy
rate. The gold standard was histological examination of the appendix by
a pathologist after appendectomy. This was performed in all cases in
which an appendectomy had been performed. At least three slices of the
appendix were examined: two transverse transections, one at the base
and one approximately halfway, and a longitudinal transection through
the tip of the appendix. Histological inflammation of the appendix was
defined by the presence of at least local ulceration with infiltration of
polymorphonuclear neutrophils in the mucosa or submucosa (endo-
appendicitis), either or not in combination with transmural inflamma-
tion, necrosis, perforation, and/or peri-appendicular inflammation
[30,31]. In cases where inflammation without mucosal ulceration was
found, the contralateral part of the appendix and more transverse slices
were examined. A normal appendix was defined by the absence of in-
flammation or other rare pathology like a neuroendocrine tumor (NET),
adenocarcinoma, endometriosis, Crohn's disease, or parasitic infection.
These diagnoses were scored as a separate entity. Fibrous obliteration
and lymphoid hyperplasia were considered to represent a histologically
normal appendix in this context [32].

The secondary endpoint was the number of missed appendicitis
diagnoses; a maximum of 1% was considered acceptable in daily
practice. Missed appendicitis was defined as a confirmed appendicitis
or appendicular infiltrate or abscess on imaging or during re-operation
within three months of initial laparoscopy when the appendix was in-
tentionally left in situ (LAPP score < 1).

Failure of treatment was defined either as a negative appendectomy
or a missed diagnosis of appendicitis.

2.3. Sample size

Reducing the negative appendectomy rate with 50% or more was
considered a clinically relevant outcome. The sample size calculation
was performed according to the methods by William D. Dupont and
Walton D. Plummer (PS Power and Sample Size Calculations). For the
sample size calculation, we performed a retrospective cohort analysis in
2008 and 2009 from five hospitals in the Netherlands (data not pub-
lished). During this period, 843 patients underwent laparoscopic sur-
gery for suspected acute appendicitis; 9% of the removed appendices
turned out to be normal. In order to halve the negative appendectomy
rate with a power of 0.8 and an alpha of 0.05, we needed to include 490

Table 1
The laparoscopic appendicitis (LAPP) score [25].

Item

1. Is there a perforation or necrosis of the appendix?
2. Is the appendix thickened?
3. Is the mesentery of the appendix thickened?
4. Is there presence of injected vessels on the serosa of the appendix?
5. Are there any adhesions around the appendix?

An appendectomy should be performed when the LAPP score is positive (one or
more questions answered with yes). The appendix should be left in situ when
the LAPP score is negative (all questions answered with no).

K. Gelpke, et al. International Journal of Surgery 79 (2020) 257–264

258

http://www.clinicaltrials.gov
http://www.clinicaltrials.gov


patients in both groups. Our previous pilot study and the retrospective
data showed that approximately 20% of the included patients would be
excluded because of the inability to determine the LAPP-score due to
insufficient laparoscopic exposure. Therefore, 613 patients in the in-
tervention group were required.

Despite previous commitments, not all of the initial hospitals used in
the sample size calculation were willing to participate in the study.
Three new hospitals agreed to participate, and the data extracted from
the control group concerned patients that were operated on in the
participating hospitals.

After almost three years of prospectively recruiting patients, the
study was stopped with the inclusion of 331 patients in the intervention
group. Accrual was prematurely terminated due to a lower than ex-
pected inclusion rate in the participating hospitals.

2.4. Statistical analysis

Patient data were compared between the intervention group and the
historical control group. Normally distributed variables are presented
as means with standard deviations and were tested using the in-
dependent samples T test. Not normally distributed variables are pre-
sented as medians with interquartile ranges and were tested using the
Mann-Whitney U test. Categorical data are presented as absolute
numbers with percentages; differences were tested with Pearson's Chi-
square test or Fisher's exact test. Multiple logistic regression analyses
were performed to determine the relationship between the use of the
LAPP score and failure of treatment. We adjusted for the following
covariables: sex, age, temperature, leukocyte count, CRP, Modified
Alvarado Score ≤3, and radiological imaging. Odds ratios are shown
with 95% confidence intervals. Outcomes with a P-value less than 0,05
were considered to be statistically significant. All statistical analyses
were performed using IBM SPSS Statistics for Windows (Released 2013,
Version 23.0, Armonk, NY: IBM Corp.)

3. Results

3.1. Patients

In the intervention group, 331 patients with a clinical suspicion of
acute appendicitis and an indication for DL were included prior to
surgery. Eight patients were excluded from analysis after intra-opera-
tive conversion due to insufficient laparoscopic exposure of the ap-
pendix. One patient was excluded from analysis due to deviation from
the study protocol (appendix left in situ after positive LAPP score). The
case reported an inflammatory reaction of the appendix secondary to
severe infiltration of the caecum (as a result of diverticulitis).

A total number of 322 patients were included for statistical analysis,
of which 300 had a positive LAPP score and 22 had a negative LAPP
score.

In the control group, 662 patients were identified that had under-
gone DL after a clinical suspicion of acute appendicitis. After exclusion
of 78 patients due to insufficient laparoscopic exposure resulting in
conversion to an open appendectomy, a total number of 584 patients
remained for statistical analysis (Fig. 1).

3.2. Baseline characteristics

Baseline characteristics of both groups are presented in Table 2.
There was no significant difference in sex, age, temperature, leukocyte
count, and CRP and ASA classification. The modified Alvarado score
was significantly lower in the intervention group: 6 (IQR 5–7) vs. 7
(IQR 6–8); P < 0,001. There was no significant difference in patients
with a score of 3 or lower, but there was a significantly lower number of
patients with a score of 7 or higher in the intervention group (44,4% vs.
55,5%; P= 0,002). There was a significantly higher use of preoperative
radiological imaging (US, CT, MRI, or a combination) in the

intervention group (98,4% vs. 70,0%; P < 0,001).

3.3. Intra-operative and post-operative characteristics

The intra-operative and post-operative characteristics are presented
in Table 3. The median LAPP score in the intervention group was 4 (IQR
3–4). There were 22 patients (6,8%) with a negative LAPP score, seven
of which were men. In all 22 patients with a negative LAPP score, the
appendix remained in situ. None of these patients developed appendi-
citis in the following three months. One of the patients required a la-
paroscopic cholecystectomy due to suspected symptomatic cholecys-
tolithiasis; the histology report however was uneventful. In six cases
with a negative LAPP score, another abdominal condition was identi-
fied (epiploic appendagitis, omental necrosis, endometriosis, terminal
ileitis, gastric ulcer perforation, and colonic perforation). In the other
sixteen cases, no intra-operative diagnosis was found. There were 300
patients (93,2%) with a positive LAPP score, and an appendectomy was
performed in all of these patients.

There was no significant difference in operating time between both
groups. The median length of stay during primary admission was sig-
nificantly lower in the intervention group (1 day, IQR 1–3) compared to
the control group (2 days, IQR 1–4; P = 0,021). The number of patients
in whom one or more complications occurred during admission or
readmission was not significantly different between both groups. An
overview of the total number of complications with the corresponding
grade is presented in Table 4. The rate of readmission due to compli-
cations did not significantly differ, nor did the rate of readmission due
to other reasons (e.g. pain with unknown cause, elective surgery for a
neoplasm, related to pre-existent conditions). Furthermore, there was
no significant difference in the admission rate to the Intensive Care Unit
(ICU). One patient in our cohort died within three months after surgery.
This patient was included in the control group and died during an ICU
admission due to a supraventricular tachycardia that could not be
successfully converted. Upon the patient's request, no further treatment
was instituted, and death ensued.

3.4. Histopathological examination

The number of normal appendices was significantly lower in the
intervention group (4,7% vs. 8,3%; P = 0,037) (Table 5). The number
of patients with an inflamed appendix was significantly higher in the
intervention group (94,3% vs. 90,4%; P = 0,045). In the intervention
group, one case presented with both an inflamed appendix and an NET,
and one case presented with both an inflamed appendix and an ade-
nocarcinoma. In the control group, there was one case with both an
inflamed appendix and endometriosis, and one case with both an in-
flamed appendix and pinworms (Enterobius vermicularis). There were
no significant differences with regard to other pathologies found in the
appendix. In both groups there were three patients with an NET, ade-
nocarcinoma, or both. Additionally, in the control group there was one
patient diagnosed with Crohn's disease, one patient with an appendi-
cular diverticulitis, and one patient with appendicular endometriosis.

In the intervention group, all 14 patients (100,0%) with a normal
appendix after appendectomy had undergone preoperative imaging. All
14 cases had been considered radiologically positive for acute appen-
dicitis. In the control group, 35 out of 50 patients (70%) with a negative
appendectomy had undergone preoperative imaging, of which 23 ap-
peared radiologically positive. A notable finding was that in the inter-
vention group, nine out of these 14 patients (64,3%) with a normal
appendix after appendectomy were male, compared to 16 out of 50
patients (32,0%) in the control group.

3.5. Application of the LAPP score

In the present study, application of the LAPP score resulted in a
sensitivity of 100% and a specificity of 61,1%, with a positive and
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negative predictive value of 95,3% and 100%, respectively (Table 6).
Logistic regression analysis showed that the LAPP score was asso-

ciated with significantly less failure of treatment when compared to not
using the LAPP score (OR: 0,49, 95% C.I. 0,264 to 0,893; P = 0,020).
After adjusting for covariables, the effect of the LAPP score on failure of
treatment remained significant (OR: 0,48, 95% C.I. 0,251 to 0,914;
P = 0,025).

This resulted in the odds of failure of treatment being 2.08 (95% CI:
1.09–3.98) times higher when the LAPP score was not used.

4. Discussion

4.1. Main findings

This study shows that use of the LAPP score, a tool developed to
quantify the laparoscopic assessment of the appendix for inflammation,
reduced the negative appendectomy rate from 8,4% to 4,7%
(P = 0,034), without missing an episode of appendicitis. The LAPP
score has a positive predictive value of 95,3% and a negative predictive
value of 100%. The baseline characteristics of both groups in this study
were not completely comparable. A significantly higher number of
patients underwent preoperative radiological imaging in the interven-
tion group (98,4% vs. 70,0%; P < 0,001). Ultrasound was most
commonly used in both groups. When adjusted for covariables –

Fig. 1. Flowchart of patients included in the study.
Eight patients in the intervention group and 78 patients in the control group were excluded from analysis after intra-operative conversion due to insufficient
laparoscopic exposure of the appendix. One patient in the intervention group was excluded from analysis due to deviation from the study protocol.
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including radiological imaging – use of the LAPP score was associated
with significantly fewer treatment failures (negative appendectomy or
missed appendicitis) when compared to not using the LAPP score (OR:
0,48, 95% C.I. 0,251 to 0,914; P = 0,025).

4.2. Strengths and weaknesses

This study is the first to prospectively evaluate the effect of the LAPP
score. The high number of included patients, combined with the mul-
ticenter approach, assures that the results are representative of general
practice. It has been shown that surgeons are generally not very accu-
rate in evaluating the macroscopic appearance of the appendix during
laparoscopy [2,3]. The LAPP score has proven to be simple in use,
readily available, free of charge, and more importantly, it does not
increase the rate of missed appendicitis. Gomes et al. [33] proposed a
laparoscopic grading system in order to allow uniform clinical stratifi-
cation of patients with acute appendicitis. They found a laparoscopic
sensitivity and specificity in the diagnosis of acute appendicitis that was
similar to our study. They did not, however, provide exact criteria to be
used in deciding whether or not to remove the appendix. To our
knowledge, there are no other studies describing a laparoscopic score in
order to reduce the negative appendectomy rate.

A limitation of this study is the lack of uniformity in the groups. In
theory, a randomized controlled trial would have been more suitable.
However, we felt that creating a situation in which surgeons had to use
the LAPP score in one patient and not in the next would not be feasible.
Furthermore, after publication of the results of the pilot study, surgeons
may have started using the LAPP score, changing the way that they
macroscopically evaluated the appendix.

In the intervention group, more patients underwent preoperative
radiological imaging. In the Netherlands it has become increasingly
common to perform imaging since the introduction of the Dutch
Guideline on Appendicitis in 2010 [24]. Previous studies suggested that
an increase in radiological imaging leads to a decrease in the negative
appendectomy rate [34]. In countries like the United States and Korea,
where nearly all patients undergo preoperative CT when suspected of
acute appendicitis, the negative appendectomy rate has dropped to as
low as 3–4% [4,5,35]. Introduction of CT in the United States did in fact
drastically reduce the negative appendectomy rate, however, extension
of use did not result in a further decline [36]. Furthermore, it has been
shown that a decrease in the percentage of negative appendectomies is
mainly due to the use of CT; US does not seem to have a significant
effect [37–39]. In the Netherlands, it is less common to use preoperative
CT as a primary imaging modality in suspected acute appendicitis. US is
readily available and affordable and is therefore generally regarded as
imaging of choice. A study by Schok et al. states that negative appen-
dectomy rates have not declined in the Netherlands since the in-
troduction of the Dutch Guideline on Appendicitis [11]. Boonstra et al.,
in contrast, note that an increase in preoperative imaging has led to a
decrease in negative appendectomies in their hospital from 19% in
2008 to 5% in 2011 [40]. Both studies included children and part of the
appendectomies were performed by a primarily open technique. In the
study by Boonstra et al. a negative DL was also considered to be a

Table 2
Baseline characteristics presented per group.

Intervention group
(n = 322)

Control group
(n = 584)

P-value

Sex, male 147 (45,7%) 265 (45,4%) 0,936a

Age, years 41,3 (± 17,0 SD) 39,3 (± 16,1
SD)

0,074b

Temperature, ⁰ C 37,3 (± 0,78 SD) 37,3 (± 0, 76
SD)

0,698b

Leukocyte count, 109/L 14,2 (± 4,7 SD) 14,6 (± 4,3 SD) 0,161b

C-reactive protein, mg/
L

43 (IQR 13–93) 37 (IQR 13–84) 0,401c

Modified Alvarado
score

6 (IQR 5–7) 7 (IQR 6–8) < 0,001c

Score ≤ 3 22 (6,8%) 27 (4,6%) 0,159a

Score ≥ 7 143 (44,4%) 321 (55,0%) 0,002a

ASA classification: 0,291a

I 227 (70,5%) 438 (75,0%)
II 88 (27,3%) 131 (22,4%)
III 7 (2,2%) 13 (2,2%)
IV 0 (0,0%) 2 (0,3%)
Radiological imaging 317 (98,4%) 409 (70,0%) < 0,001a

US 272 (84,5%) 338 (57,9%) < 0,001a

CT 115 (35,7%) 264 (29,1%) 0,001a

MRI 3 (0,9%) 4 (0,7%) 0,685a

a Pearson's Chi-square test or Fisher's exact test.
b Independent samples T test.
c Mann-Whitney U test.

Table 3
Intra-operative and post-operative characteristics presented per group.

Intervention group
(n = 322)

Control group
(n = 584)

P-value

LAPP score total 4 (IQR 3–4) – N/A
LAPP score < 1 22 (6,8%) – N/A
Operation time, min 52,5 (± 22,0 SD) 54,8 (± 22,5

SD)
0,082b

Length of stay, days 1 (IQR 1–3) 2 (IQR 1–4) 0,019 c

Complicated cases 37 (11,5%) 81 (13,9%) 0,308a

Readmission
(complication)

15 (4,7%) 47 (8,0%) 0,053a

Readmission (other) 8 (2,5%) 12 (2,1%) 0,674a

ICU admission 0 (0,0%) 5 (0,9%) 0,096a

a Pearson's Chi-square test or Fisher's exact test.
b Independent samples< SUP>T</SUP> test.
c Mann-Whitney< SUP>U</SUP> test.

Table 4
Total number of complications presented per group, according to the Clavien-
Dindo classification [28].

Intervention group Control group Total

Grade I 5 (1,6%) 13 (2,2%) 18 (2,0%)
Grade II 22 (6,9%) 19 (3,3%) 41 (4,5%)
Grade III 13 (4,0%) 49 (8,4) 62 (6,9%)
Grade IV 0 (0,0%) 4 (0,7%) 4 (0,4%)
Grade V 0 (0,0%) 1 (0,3%) 1 (0,1%)

Total 40 (12,5%) 86 (14,7%) 126 (13,9%)

Grade I: Any deviation from the normal postoperative course without the need
for pharmacological treatment.
Grade II: Complication requiring pharmalogical treatment.
Grade III: Complication requiring surgical, endoscopic or radiological inter-
vention.
Grade IV: Life-threatening complications requiring ICU management.
Grade V: Death of the patient.
In a single patient, multpiple separate complications could occur. Only when
one complication leads directly to another, it is accounted as a single compli-
cation belonging to the highest grade within the classification.

Table 5
Diagnosis after histopathological examination presented per group.

Diagnosis Positive LAPP score
(n = 300)

Control group
(n = 584)

P-value

Normal appendix 14 (4,7%) 50 (8,6%) 0,034a

Inflamed appendix 283 (94,3%)* 528 (90,4%)† 0,045a

Other pathology 3 (1,0%) 6 (1,0%) 1,000a

* Including two patients with both inflammation and a neoplasm.
† Including one patient with both inflammation and endometriosis and one
patient with both inflammation and parasites.

a Pearson's Chi-square test or Fisher's exact test.
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negative appendectomy. In the present study, the use of preoperative
imaging in the intervention group was much higher compared to the
control group. Consequently, there might have been a selection bias due
to more diagnostic certainty in the intervention group. Therefore, the
reduction in the negative appendectomy rate may have been caused
partially by an increase in radiological imaging. However, our multiple
logistic regression analyses showed that the increase in imaging did not
change the effect of the LAPP score on failure of treatment.

Further research is required to define the exact effect of the LAPP
score in areas with variable negative appendectomy rates and different
use of preoperative imaging modalities.

Another consequence of the lack of uniformity is the significantly
lower modified Alvarado score in the intervention group. With equal
values in both groups, one would hypothetically expect an even lower
negative appendectomy rate in the intervention group or a higher ne-
gative appendectomy rate in the control group; either way resulting in a
bigger difference between both groups. The original Alvarado score,
however, is validated as a diagnostic tool to rule out appendicitis in
patients with a low score [41–43] and the modified Alvarado has shown
to have even lower specificity [44]. There was no significant difference
in the number of patients with a score of 3 or less.

In order to calculate the negative appendectomy rate, we relied on
the histopathological examination reports. Due to the multicenter de-
sign, the reports were made by different pathologists, which might have
led to inter-observer variation. Moreover, the histological finding of
endo-appendicitis was not regarded as a normal finding. This diagnosis
and its clinical significance are controversial. Some authors believe it is
an early form of appendicitis while others see it as a self-limiting dis-
ease that cures spontaneously without surgical intervention. In the
context of endo-appendicitis, another possibility is that intramural in-
flammation was missed upon examination of the transected appendix
[32,45].

4.3. Clinical relevance

Reducing the negative appendectomy rate is relevant. A negative
appendectomy is associated with higher morbidity and mortality,
longer hospital stay, and higher health care costs when compared to
appendectomies performed for uncomplicated appendicitis
[4–6,15,16]. In our study, 22 patients (6,8%) in the intervention group
did not undergo a negative appendectomy due to a negative LAPP
score. We cannot determine whether or not the appendix would have
been removed if the LAPP score would not have been used. Only six of
these patients, however, showed another intra-operative diagnosis that
could explain their symptoms. We presume that it is likely that in the
other 16 cases (5,0%), a negative appendectomy was prevented by
using the LAPP score. This supposition is strengthened by a study
conducted by Sørensen et al. [23] in which 271 patients were selected
with a negative DL after presenting with clinically suspected appendi-
citis. Criteria equal to those of the LAPP score were used during surgery.
Likewise, no other intra-abdominal pathology was found, and all ap-
pendices were left in situ. After follow-up, only one case of missed

appendicitis was identified, for which subsequent laparoscopic appen-
dectomy ensued.

Furthermore, it is known that negative appendectomy occurs more
frequently in women, which was also a finding in our control group.
Surprisingly, the majority of patients in the intervention group with a
negative appendectomy comprised males. In contrast, the majority of
patients where the appendix safely stayed in situ was female, suggesting
that the LAPP score may be especially useful in preventing negative
appendectomies in women.

In the absence of a standardized and validated procedure to mac-
roscopically evaluate the appendix, both the ‘World Society of
Emergency Surgeons’ and the ‘European Association of Endoscopic
Surgery’ still recommend the removal of a normal looking appendix
when there is no other intra-abdominal pathology found during la-
paroscopy [46,47]. The main reason for removing an apparently normal
appendix is the risk of missing an inflamed appendix. Our study shows
that an appendix that is regarded uneventful during laparoscopy can be
safely left in situ when the LAPP score is used.

In conclusion, the LAPP score is a safe and simple tool that can help
surgeons reduce the negative appendectomy rate during laparoscopy
without increasing the rate of missed appendicitis.
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