
Citation: Schildberg, C.W.; Reissig,

K.; Hunger, R.; Paasch, C.; Stillger, R.;

Mantke, R. Diagnostic, Therapy and

Complications in Acute Appendicitis

of 19,749 Cases Based on Routine

Data: A Retrospective Multicenter

Observational Study. J. Clin. Med.

2022, 11, 4495. https://doi.org/

10.3390/jcm11154495

Academic Editor: Marco Ceresoli

Received: 13 June 2022

Accepted: 31 July 2022

Published: 2 August 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Journal of

Clinical Medicine

Article

Diagnostic, Therapy and Complications in Acute Appendicitis
of 19,749 Cases Based on Routine Data: A Retrospective
Multicenter Observational Study
Claus W. Schildberg 1,*,†, Kathrin Reissig 1,†, Richard Hunger 1, Christoph Paasch 1, Rosi Stillger 2

and René Mantke 1,3

1 Department of Surgery, Brandenburg Medical School, University Hospital Brandenburg/Havel,
14770 Brandenburg, Germany; reissig.mhb@klinikum-brandenburg.de (K.R.);
richard.hunger@mhb-fontane.de (R.H.); paasch.mhb@klinikum-brandenburg.de (C.P.);
chirurgie@klinikum-brandenburg.de (R.M.)

2 CLINOTEL Hospital Association Gemeinnuetzige GmbH von- der- Wettern-Str.27, 51149 Köln, Germany;
stillger@clinotel.de

3 Faculty of Health Science Brandenburg, Brandenburg Medical School, University Hospital Brandenburg/Havel,
14770 Brandenburg, Germany

* Correspondence: claus@schildberg.de
† These authors contributed equally to this work.

Abstract: Background: Acute appendicitis is one of the most common emergencies in general surgery.
The gold standard treatment is surgery. Complications may occur during or after an appendectomy.
In addition to age, clinically important factors for the outcome after appendicitis seems to be the
comorbidities and the stage of the appendicitis at the time of the operation. Large observational data
describing these facts are missing. Methods: In this retrospective multicenter observational study, all
inpatients over the age of 17 years with a diagnosis of acute appendicitis in 47 hospitals of the Clinotel
Hospital Group between 2010 and 2017 were included. Results: A total of 19,749 patients with acute
appendicitis were operated on. The number of patients with more than five secondary diagnoses
has increased from 8.4% (2010) to 14.5% (2017). The number of secondary diagnoses correlates with
the ages of the patients and leads to a significantly longer hospital stay. Computer tomography (CT)
has gained in importance in recent years in the diagnosis of acute appendicitis. A total of 19.9% of
patients received a CT in 2017. Laparoscopic appendectomy increased from 88% in 2010 to 95% in
2017 (p < 0.001). The conversion rate did not change relevant in the study period (i.e., 2.3% in 2017).
Appendicitis with perforation, abscess, or generalized peritonitis was observed in 24.8% of patients.
Mortality was 0.6% during the observation period and was associated with age and the number of
secondary diagnoses. The analysis is based on administrative data collected primarily for billing
purposes, subject to the usual limitations of such data. This includes partially incomplete clinical data.
Conclusions: Multimorbidity is increasingly present in patients with acute appendicitis. Mortality is
still in an acceptably low range with no increase. A CT scan is necessary for a precise diagnosis in
unclear clinical situations to avoid unnecessary operations and was performed more often at the end
of the study than at the beginning.

Keywords: 19,749 appendectomies; CT gained importance; avoid unnecessary operations

1. Introduction

Acute appendicitis is a common surgical abdominal emergency and the main cause
of an acute abdomen in more than 20% of cases [1–4]. Appendectomy is the treatment
of choice in most cases and therefore the most common visceral surgical emergency in-
tervention. About 135,000 patients undergo appendectomy in Germany every year [5].
Lifetime incidence is 8% with a peak of disease between 20 and 40 years of age [2]. In recent
years in Germany, some studies have addressed the outcome or risk factors of morbidity
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after appendectomy [3,5,6]. Furthermore, the surgical management of acute, complicated,
or uncomplicated appendicitis, as well as the timing of surgery, has been analyzed [7]. Nev-
ertheless, there is a lack of current studies with a great number of enrolled individuals. This
study aims to analyze the development of epidemiology, diagnostics, the type of surgical
techniques, and mortality in acute appendicitis in 47 hospitals in Germany based on routine
data between 2010 and 2017. This study is a retrospective multicenter observational study.

2. Methods
2.1. CLINOTEL Hospital Association Germany

The study was performed by means of administrative routine data of health insurance
claims data, which were collected according to §301 SGB V and § 21 “Krankenhausentgelt-
gesetz (KHEntG)”. Data were provided by the CLINOTEL Hospital Group Germany and
were derived from anonymous billing data for inpatient hospital treatment. Diagnoses were
coded according to the International Classification of Disease, German modification coding
guideline [8]. Procedures were documented based on the German version of the Interna-
tional Classification of Procedures in Medicine (OPS) [9]. The German Diagnosis-Related
Groups System (DRG) is jointly addressed to German healthcare providers and healthcare
insurance schemes for billing claims. The CLINOTEL Hospital Association Germany covers
66 small local, large local, county, or regional/university teaching hospitals with 60 depart-
ments of general surgery in Germany. With respect to the main diagnosis, 47 hospitals could
be included, from which more than 4 million patients (nall = 4,020,039) had been discharged
in 2010–2017. The work has been reported in line with the STROCCS criteria [10].

2.2. Patients and Data

All inpatients with a diagnosis of acute appendicitis (ICD-10-GM, K35) were included
in the study. Patients treated conservatively with antibiotic therapy were not included
in the study. The average number of annual cases of acute appendicitis varied from 4 to
271 patients per hospital. Between 2010 and 2017, the 47 hospitals in the study cohort
surgically treated 25,995 patients diagnosed with acute appendicitis (Figure 1).
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Figure 1. Number of all patients with acute appendicitis, 2010–2017 (n = 25,995).
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All surgically treated patients including pregnant women or immunocompromised
patients above 17 years of age from 2010–2017 with a main discharge diagnosis of acute
appendicitis K35 according to ICD-10-GM (n = 19,749) were identified. Appendicitis was
defined based on histological findings. Cases with other types of appendicitis (ICD-10-GM,
K36) or patients who underwent appendectomy in the context of other operations were
not included. Up to 6 diagnoses and 3/19 procedure codes, as well as up to 5 secondary
diagnoses and 14 different common complications (ICD-10-GM, T80 to T88) were recorded.
The length of stay was determined from the admission and discharge dates, as the date
of the operation was not recorded. Common complications are jointly defined according
to the quality assurance with routine data, ICD-10-GM and OPS guidelines. In this study,
comparisons were made of sex, age, number of secondary diagnoses, and of CT scans,
surgical methods, and common complications. In a second step, comorbidity was analyzed.
For this purpose, the number of secondary diagnoses was broken down more precisely.

2.3. Statistical Analysis

The descriptive analysis was performed using mean and standard deviation for con-
tinuous and frequencies or percentages for categorical variables. Associations between
categorical variables were assessed by Chi-square tests and temporal trends by Cochran–
Armitage tests. Statistical analyses were performed using two-sided tests with the aid of
SPSS software 26.0 (Amaronk, NY, USA: IBM Corp.), and p-values of <0.05 were considered
to indicate significant statistical effects.

The study has been registered under the following number: researchregistry7811
(https://www.researchregistry.com/browse-the-registry#home/registrationdetails/625811
8f44a719001ea620b2/ accessed on 14 April 2022).

3. Results
3.1. Study Population

Between 2010 and 2017, a total of 19,749 adult patients with a main diagnosis of acute
appendicitis were subjected to surgical treatment in 47 hospitals of the CLINOTEL Hospital
Association in Germany. A total of 6246 underage patients (24%) were excluded from
the analysis.

The gender distribution of patients with a main diagnosis of acute appendicitis in
each study year is shown in Figure 2 and remained unchanged during the study period
(p = 0.58). The overall male:female ratio was 1.05, indicating a slightly higher incidence in
males (51.2% 95%-CI: [50.5, 51.9], p < 0.001). Additionally, the figure displays the increasing
number of participating hospitals during the study period. On average, 79.7 (SD = 40.5,
range: 1–196) patients were treated per hospital annually. The mean age was 39.8 years
for male and 39 years for female patients. The most patients with acute appendicitis were
observed in the ages from 18 to 29 years (41.9%, n = 8270, Table 1).

Table 1. Age distribution of adult patients with acute appendicitis, 2010–2017 (n = 19,749).

Age n %

18–29 8270 41.9

30–39 3292 16.7

40–49 2655 13.4

50–59 2564 13

60–69 1474 7.5

70–79 1053 5.3

80–89 400 2

90–99 41 0.2

19,749 100

https://www.researchregistry.com/browse-the-registry#home/registrationdetails/6258118f44a719001ea620b2/
https://www.researchregistry.com/browse-the-registry#home/registrationdetails/6258118f44a719001ea620b2/
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Figure 2. Gender distribution of all appendicitis cases (adults) and number of data introducing clinics,
2010–2017 (n = 19,749).

3.2. Diagnostic and Clinical Presentation

First, we examined the number of performed diagnostic CT scans. On average, a CT
was performed in 17.2% of the patients. In 2010, a CT scan was conducted in 11.9% of
cases, while in 2017 the percentage increased to 19.9% (p < 0.001; Figure 3). The number of
patients who underwent MRI scans was 0.6%. The frequency of ultrasound examinations
cannot be shown based on the routine data, as these are not documented.
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Figure 3. Performed CT scans (male/female, %) to detect the diagnosis of appendicitis, 2010–2017
(n = 19,749).

The secondary diagnoses were mainly cardiopulmonary in nature and increased
with age. The number of secondary diagnoses by study year is depicted in Figure 4.
The proportion of cases with only one secondary diagnosis decreased significantly from
39.4% in 2010 to 23.3% in 2017 (p < 0.001). Correspondingly, the proportion with more than
five secondary diagnoses increased significantly (p = 0.001) from 8.4% to 14.5% (Figure 4).
A statistically relevant analysis of mortality over the years was not possible because only
46 patients died during the observation period.
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Figure 4. Number of secondary diagnoses accompanying a main diagnosis of acute appendicitis in
all appendectomy cases, 2010–2017 (n = 19,749).

A strong association between higher age and increasing number of side diagnoses
was observed (p < 0.001, Figure 5). Adjusted pairwise comparisons between gender and
the number of side diagnoses showed a significantly larger proportion of males had zero
(male 32.6% versus female 31.4%), as well as more than five side diagnoses (male 62.2%
versus female 61.5%) (p < 0.001 and p = 0.033, respectively). The mean age of the patients
with more than five secondary diagnoses was 61.5 years for women and 62.2 years for
men. With an increasing number of secondary diagnoses, patients had significantly longer
hospitalization times (p < 0.001). The length of the inpatient stay in patients with more
than five secondary diagnoses was 11.1 days in women and 12.2 days in men, a more than
threefold increase compared to patients without secondary diagnoses (women 3.5 and men
3.6 days, Figure 5).
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3.3. Therapy

The majority of operations were performed laparoscopically. The proportion of laparo-
scopic appendectomies increased significantly from 88% in 2010 to 95% in 2017 (p < 0.001).
The conversion rate from laparoscopic to open appendectomy remained nearly the same
(2.5–4.7, Figure 6). The main reason for switching to open surgery was the unclear situation
during laparoscopy.
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Regarding the type of appendicitis, the most common were acute not otherwise speci-
fied appendicitis (37.2%) and acute appendicitis with local peritonitis without perforation
or rupture (27.8%), as shown in Figure 7. About 25% of all cases were attributable to more
complicated forms of acute appendicitis: with local peritonitis and perforation or rupture
(15.6%), with local peritonitis and peritoneal abscess (5.2%), or with generalized peritonitis
(4.7%). There were no differences across the years (p = 0.09).
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3.4. Complications

The overall complication rate was 17.1% (n = 3374, Figure 8) and was more frequently
observed in females than in males (17.9% vs. 16.3%, p = 0,002). The most common general
complications were admission to the intensive care unit (4.5%) and prolonged hospitaliza-
tion (4.1%), followed by cystitis (2.8%), while the most common surgical complication was
postoperative infection (1.1%). Ten further complications were rare, with incidence rates
less than 1.0%. The total lethality was 0.6%. The lethality in male and female patients, as
well as between laparoscopic and open surgery, was almost the same. There was a clear
relationship toward elevated mortality with increasing age (p < 0.001). Likewise, a strong
association was found between a higher number of comorbidities and increased mortality
(p < 0.001).
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4. Discussion

At first glance, acute appendicitis appears to be an everyday surgical diagnosis that
is not the focus of scientific research. Appendicitis is currently moving into focus again
because of the discussion of when uncomplicated acute appendicitis can be treated conser-
vatively with antibiotics and painkillers without worsening the results [11,12]. To be able
to conduct such discussions, the surgical results of the treatment of acute appendicitis must
be clearly analyzed and also published in an up-to-date manner.

After the publication by Sahm et al., who analyzed the reality of care in Germany for
acute appendicitis in the years 1988/1989, 1996/1997, and 2008/2009 with register data, we
have now carried out analyses from 2010–2017 using routine data. Large population-based
or register-based studies focusing on appendicitis are generally rare [13–15]. However,
these studies are particularly important at describing the developments in diagnostics,
therapy, and treatment results over the years.

4.1. Population and Diagnostic

We analyzed 19,749 adult patients based on German routine data from 47 hospitals.
When comparing the gender distribution, there was no difference to other studies that

showed men and women to be almost equally distributed [16,17]. The age distribution in
our study with a significant increase in patients from 18–29 years (41.9%) and 30–39 years
(16.7%) corresponds to the publications of other authors [18,19].
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Acute appendicitis has a highly variable clinical presentation [11]. In addition to clinical
examination, abdominal sonography is an important and universally available diagnostic
method in Germany [20]. Sonography is therefore reliable to confirm the presence of
appendicitis but unreliable to exclude appendicitis and it is highly operator-dependent [20].
However, the routine data we analyzed are not suitable for evaluating the frequency of
use of sonography, since sonography is not documented for billing purposes. In contrast,
we were able to make statements on the use of CT and MRI in the diagnosis of acute
appendicitis. It is generally accepted that low-dose CT without oral contrast has a sensitivity
of 76–100% and a specificity of 83–100% in the diagnosis of appendicitis and is therefore
superior to sonography [20]. However, especially the use of standard-dose CT has led
to a significant increase in ionizing radiation with the risk of cancer [21]. For this reason,
in many clinics in Germany, computed tomography is only performed after a negative
sonography. If acute appendicitis is detected in the sonography, the CT can be dispensed
with. This is particularly important since a large proportion of the patients in our study are
also relatively young. The scientific publications on the use of CT in the diagnosis of acute
appendicitis have also led to an increase in CT examinations in Germany from 11.9% in 2010
to 19.9% in 2017. This coincides with the results of other studies in the literature [22–36].
The average proportion of cases that underwent CT was 20% in a non-American study, like
our group, and even 90% in a large US study [37]. However, the above-mentioned 20% is
considered too low in the current discussion as Mowbraw et al. [38] in a recently published
British study showed that the number of unnecessary appendectomies fell from 22% to
7% with increasing CT (from 36.3% to 85.9%, p < 0.001) examinations. These results were
additionally confirmed in a systemic review and in the WSES Jerusalem guidelines, so that
more CT should be performed to avoid unnecessary operations [39,40]. It is therefore to
be expected that there will be an increase, especially in low-dose CT examinations in the
future, although there is no association between increased use of CT and more diagnosed
perforated appendicitis [39]. Since many patients (41.9% in our study) are between the
ages of 18 to 29, radiation exposure and the risk of cancer are always a topic of discussion.
The use of a low-dose CT significantly minimizes this risk but still gives good radiological
results [21,41]. MRI was only used to a very limited extent in our study (0.6%). However,
the sensitivity and specificity of MRI in the diagnosis of acute appendicitis are comparably
good with the CT, especially in the subgroups of pregnant patients and children [42].
When interpreting our results, however, it should be noted that we excluded children and
pregnant women from the analysis of the MRI figures. From our point of view, it can
be assumed that the proportion of MRI diagnostics will increase in the coming years. In
addition to the higher costs compared to CT, the limitations here are the lack of 24-h/7-day
availability of this method in many clinics in Germany. It is noteworthy that in our analysis
there was a significant increase in secondary diagnoses over the study period, although
41.9% of our patients were aged between 18 and 29 years. Only 15% of our patients were
older than 60 years. This trend toward surgery for patients with increased comorbidity has
also been confirmed in other populations [16,35].

It is known from other analyses that the frequency and type of secondary diagnosis
can also affect mortality [43,44]. However, we could not observe this in our study collective
with appendicitis. On the other hand, the number of secondary diagnoses correlates with
the age of the patients and leads to a significantly longer hospital stay in our analyses.

4.2. Therapy and Complications

Our data show a further increase in laparoscopic appendectomies over the observation
period to 95% in 2017. This change from the open to the laparoscopic surgery is also
described in the literature [45–58]. On the other hand, the conversion rate for open surgery
was statistically constant and ranged only from 2.5 to 4.7%. It is interesting that there were
no significant differences in the complication rates between open and laparoscopic surgery.
Similar results are available in the literature [55,58]. Nevertheless, it is still recommended
that the type of surgery chosen should be dependent on the relative experience of the
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surgeon with respect to the two methods [58]. However, one can assume that if 95% of the
interventions are carried out laparoscopically, there is sufficient expertise in the method
in all clinics. No statement can be made about the number of patients who were treated
conservatively with antibiotic therapy because we did not include them in the study.

Perforated appendicitis did not change over time in our population and ranged from
14.3% to 16.2% (acute appendicitis with local peritonitis and perforation or rupture). Other
authors described a trend toward more severe courses [16,31]. Some groups reported that
perforations were more common in patients over 50 years of age [6,56,59]. Our overall
complication rate was reasonable at 17% and comparable to the outcome of other study
groups. Other groups also reported a similar rate of postoperative wound infections
(1%) [46,58]. The increase in serious complications that were due to advanced inflammation
and the correlation between a higher number of comorbidities and increased mortality
has been published by other authors [47,59]. Mortality in our observational study also
corresponds to other published rates [46,56,59]. Masoomi et al. (2012), for example, reported
a mortality from laparoscopic appendectomies of 0.7% [60]. Likewise, a strong association
was found between a higher number of comorbidities and increased mortality (p < 0.001).

Because the analysis is based on administrative data collected primarily for billing
purposes, these have the usual limitations of such data. This includes, above all, partially
incomplete clinical data. In addition, it should be noted that the hospital network mainly
comprises medium-sized hospitals. However, since surgical treatment of appendicitis is
part of the standard repertoire of general surgery departments, no systematic bias with
respect to a particular case severity is to be expected. Certainly, a more specific analysis of
the clinical characteristics of the patient population in whom CT was performed would be
interesting, especially in comparison to the non-CT group. However, this analysis was not
possible because of the administrative nature of the data.

5. Conclusions

Appendicitis has been and remains a very common surgical emergency that is almost
equally common in women and men. The CT scan is becoming increasingly important,
especially for a more precise diagnosis in the case of unclear clinical manifestations and to
avoid unnecessary operations, even in Germany. An average of 17% CT scans seems too few,
since an increase can reduce the number of unnecessary appendectomies. Laparoscopic
appendectomy is the standard procedure with constant low conversion rates. Due to
the increase in comorbidity, more complex courses with extended hospital stays can be
expected in the future.

Author Contributions: C.W.S.: writing, data interpretation, editing; K.R.: writing, editing; R.H.:
statistics, data interpretation; C.P.: review; R.S.: data collection, statistics; R.M.: project administration,
review, concept. All authors have read and agreed to the published version of the manuscript.

Funding: We would like to thank the MHB publication fund, which was funded by the DFG, for
the support.

Institutional Review Board Statement: According to German law, we do not need an ethics approval
for this type of clinical study.

Informed Consent Statement: Informed consent was obtained from all subjects involved.

Acknowledgments: We would like to thank the CLINOTEL hospital association and the member
hospitals for providing the data and for supporting the analysis.

Conflicts of Interest: The authors have no conflict of interest.

References
1. Rolle, U.; Maneck, M. Versorgungstrends, regionale Variation und Qualität der Versorgung bei Appendektomien. Versorg. Rep.

2016, 10, 218–228.
2. Jaschinski, T.; Christoph, G.; Mosch, M.; Eikermann, M.; Edmund, N.A.M.; Sauerland, S.; Cochrane Colorectal Cancer Group.

Laparoscopic versus open surgery for suspected appendicitis. Cochrane Database Syst. Rev. 2018, 11. [CrossRef] [PubMed]

http://doi.org/10.1002/14651858.CD001546.pub4
http://www.ncbi.nlm.nih.gov/pubmed/30484855


J. Clin. Med. 2022, 11, 4495 10 of 12

3. Busch, M.; Gutzwiller, F.S.; Aellig, S.; Kuettel, R.; Metzger, U.; Zing, U. In-hospital delay increases the risk of perforation in adults
with appendicitis. World J. Surg. 2011, 35, 1626–1633. [CrossRef] [PubMed]

4. Harnoss, J.C.; Zelienka, I.; Probst, P.; Grummich, K.; Müller-Lantzsch, C.; Harnoss, J.M.; Ulrich, A.; Büchler, M.W.; Diener, M.K.
Antibiotics Versus Surgical Therapy for Uncomplicated Appendicitis: Systematic Review and Meta-analysis of Controlled Trials
(PROSPERO 2015: CRD42015016882). Ann. Surg. 2017, 265, 889–900. [CrossRef] [PubMed]

5. Braun, M. Akute Appendizitis: Moderne Diagnostik und Therapie. HEABL 2016, 1, 17–22.
6. Andert, A.; Alizai, H.P.; Klink, C.D.; Neitzke, N.; Fitzner, C.; Heidenhain, C.; Kroh, A.; Neumann, U.P.; Binnebösel, M. Risk factors

for morbidity after appendectomy. Langenbecks Arch Surg. 2017, 402, 987–993. [CrossRef]
7. Jaschinski, T.; Mosch, C.; Eikermann, M.; Neugebauer, E.A. Laparoscopic versus open appendectomy in patients with suspected

appendicitis: A systematic review of meta-analyses of randomised controlled trials. BMC Gastroenterol. 2015, 15, 1–10. [CrossRef]
8. Available online: https://www.dimdi.de/static/de/klassifikationen/icd/icd-10-gm/kode-suche/htmlgm2013/ (accessed on

14 April 2022).
9. Available online: https://www.dimdi.de/static/de/klassifikationen/ops/kode-suche/opshtml2019/ (accessed on 14 April 2022).
10. Agha, R.; Mathew, G.; STROCSS Group. STROCSS 2021 Guideline: Strengthening the reporting of cohort studies in surgery. Int. J.

Surg. 2021, 96, 106–165.
11. Téoule, P.; Laffolie, J.; Rolle, U.; Reissfelder, C. Acute Appendicitis in Childhood and Adulthood. Dtsch. Arztebl. Int. 2020, 117,

764–774.
12. Hoffmann, J.C.; Trimborn, C.P.; Hoffmann, M.; Schröder, R.; Förster, S.; Dirks, K.; Tannapfel, A.; Anthuber, M.; Hollerweger,

A. Classification of acute appendicitis (CAA): Treatment directed new classification based on imaging (ultrasound, computed
tomography) and pathology. Int. J. Colorectal. Dis. 2021, 36, 2347–2360. [CrossRef]

13. Sahm, M.; Pross, M.; Otto, R.; Koch, A.; Gastinger, I.; Lippert, H. Clinical Health Service Research on the Surgical Therapy of
Acute Appendicitis: Comparison of Outcomes Based on 3 German Multicenter Quality Assurance Studies Over 21 Years. Ann.
Surg. 2015, 262, 338–346. [CrossRef] [PubMed]

14. Kotaluoto, S.; Ukkonen, M.L.; Pauniaho, S.; Helminen, M.; Sand, J.; Rantanen, T. Mortality Related to Appendectomy; a Population
Based Analysis over Two Decades in Finland. World J. Surg. 2017, 41, 64–69. [CrossRef] [PubMed]

15. Blomqvist, P.; Ljung, H.; Nyrén, O.; Ekbom, A. Appendectomy in Sweden 1989-1993 assessed by the Inpatient Registry. J. Clin.
Epidemiol. 1998, 51, 859–865. [CrossRef]

16. Sartelli, M.; Baiocchi, G.L.; Di Saverio, S.; Ferrara, F.; Labricciosa, F.M.; Ansaloni, L.; Catena, F. Prospective Observational Study
on acute Appendicitis Worldwide (POSAW). World J. Emerg. Surg. 2018, 16, 13. [CrossRef] [PubMed]

17. Andersson, R.E. Short and long-term mortality after appendectomy in Sweden 1987 to 2006, Influence of appendectomy diagnosis,
sex, age, co-morbidity, surgical method, hospital volume, and time period. A national population-based cohort study. World J.
Surg. 2013, 37, 974–981. [CrossRef]

18. Oguntola, A.S.; Adeoti, M.L.; Oyemolade, T.A. Appendicitis: Trends in incidence, age, sex, and seasonal variations in South-
Western Nigeria. Ann. Afr. Med. 2010, 9, 213–217. [CrossRef]

19. Noudeh, N.; Sadigh, Y.J.; Ahmadnia, A.Y. Epidemiologic features, seasonal variations and false positive rate of acute appendicitis
in Shahr-e-Rey, Tehran. Int. J. Surg. 2007, 5, 95–98. [CrossRef]

20. Gorter, R.R.; Eker, H.H.; Gorter-Stam, M.A.; Abis, G.S.; Acharya, A.; Ankersmit, M.; Bonjer, J. Diagnosis and management of acute
appendicitis. EAES consensus development conference 2015. Surg. Endosc. 2016, 30, 4668–4690. [CrossRef]

21. Yun, S.J.; Ryu, C.W.; Choi, N.Y.; Kim, H.C.; Oh, J.Y.; Yang, D.M. Comparison of Low- and Standard-Dose CT for the Diagnosis of
Acute Appendicitis: A Meta-Analysis. AJR Am. J. Roentgenol. 2017, 208, 198–207. [CrossRef]

22. Nelson, D.W.; Causey, M.W.; Porta, C.R.; McVay, D.P.; Carnes, A.M.; Johnson, E.K.; Steele, S.R. Examining the relevance of the
physician’s clinical assessment and the reliance on computed tomography in diagnosing acute appendicitis. Am. J. Surg. 2013,
205, 452–456. [CrossRef]

23. Duda, J.B.; Lynch, M.L.; Bhatt, S.; Dogra, V.S. Computed tomography mimics of acute appendicitis: Predictors of appendiceal
disease confirmed at pathology. J. Clin. Imaging. Sci. 2012, 2, 73. [CrossRef] [PubMed]

24. Rud, B.; Olafsson, L.; Vejborg, T.S.; Wilhelmsen, M.; Reitsma, J.B.; Rappeport, E.D.; Wille-Jørgensen, P. Diagnostic accuracy of
computed tomography for appendicitis in adults. Cochrane Database Syst. Rev. 2019, 7, 19. [CrossRef]

25. Leite, N.P.; Pereira, J.M.; Cunha, R.; Pinto, P.; Sirlin, C. CT evaluation of appendicitis and its complications: Imaging techniques
and key diagnostic findings. AJR Am. J. Roentgenol. 2005, 185, 406–417. [CrossRef] [PubMed]

26. Kim, H.J.; Jeon, B.G.; Hong, C.K.; Kwon, K.W.; Han, S.B.; Paik, S.; Kang, G.H. Low-dose CT for the diagnosis of appendicitis in
adolescents and young adults (LOCAT): A pragmatic, multicenter, randomized controlled non-inferiority trial. Lancet Gastroenterol.
Hepatol. 2017, 2, 793–804. [CrossRef]

27. Gaskill, C.E.; Simianu, V.V.; Carnell, J.; Hippe, D.S.; Bhargava, P.; Flum, D.R.; Davidson, G.H. Use of computed tomography to
determine perforation in patients with acute appendicitis. Curr. Prob. Diagnostic Radiol. 2018, 47, 6–9. [CrossRef]

28. Garcia, E.M.; Camacho, M.A.; Karolyi, D.R.; Kim, D.H.; Cash, B.D.; Chang, K.J.; Carucci, L.R. ACR Appropriateness Criteria®Right
Lower Quadrant Pain-Suspected Appendicitis. J. Am. Coll. Radiol. 2018, 15, 373–387. [CrossRef]

29. Kundiona, I.; Chihaka, O.B.; Muguti, G.I. Negative appendectomy: Evaluation of ultrasonography and Alvarado score. Cent Afr.
J. Med. 2015, 61, 66–73.

http://doi.org/10.1007/s00268-011-1101-z
http://www.ncbi.nlm.nih.gov/pubmed/21562871
http://doi.org/10.1097/SLA.0000000000002039
http://www.ncbi.nlm.nih.gov/pubmed/27759621
http://doi.org/10.1007/s00423-017-1608-3
http://doi.org/10.1186/s12876-015-0277-3
https://www.dimdi.de/static/de/klassifikationen/icd/icd-10-gm/kode-suche/htmlgm2013/
https://www.dimdi.de/static/de/klassifikationen/ops/kode-suche/opshtml2019/
http://doi.org/10.1007/s00384-021-03940-8
http://doi.org/10.1097/SLA.0000000000001115
http://www.ncbi.nlm.nih.gov/pubmed/25563882
http://doi.org/10.1007/s00268-016-3688-6
http://www.ncbi.nlm.nih.gov/pubmed/27535664
http://doi.org/10.1016/S0895-4356(98)00065-1
http://doi.org/10.1186/s13017-018-0179-0
http://www.ncbi.nlm.nih.gov/pubmed/29686725
http://doi.org/10.1007/s00268-012-1856-x
http://doi.org/10.4103/1596-3519.70956
http://doi.org/10.1016/j.ijsu.2006.03.009
http://doi.org/10.1007/s00464-016-5245-7
http://doi.org/10.2214/AJR.16.17274
http://doi.org/10.1016/j.amjsurg.2012.07.038
http://doi.org/10.4103/2156-7514.104306
http://www.ncbi.nlm.nih.gov/pubmed/23350063
http://doi.org/10.1002/14651858.CD009977
http://doi.org/10.2214/ajr.185.2.01850406
http://www.ncbi.nlm.nih.gov/pubmed/16037513
http://doi.org/10.1016/S2468-1253(17)30247-9
http://doi.org/10.1067/j.cpradiol.2016.12.002
http://doi.org/10.1016/j.jacr.2018.09.033


J. Clin. Med. 2022, 11, 4495 11 of 12

30. Bretagnol, F.; Zappa, M.; Panis, Y. Ultrasound and CT imaging in the diagnosis of acute appendicitis. J. Chir. 2009, 1, 8–11.
[CrossRef] [PubMed]

31. Schildberg, C.W.; Skibbe, J.; Croner, R.; Schellerer, V.; Hohenberger, W.; Horbach, T. Rational diagnostics of acute abdomen.
Chirurg 2010, 81, 1013–1019. [CrossRef] [PubMed]

32. Hoffmann, M.; Anthuber, M. Rational diagnostics of acute appendicitis. Chirurg 2019, 90, 173–177. [CrossRef]
33. Sahm, M.; Pross, M.; Lippert, H. Acute appendicitis-changes in epidemiology, diagnosis and therapy. Zentralbl. Chir. 2011, 36,

18–24. [CrossRef] [PubMed]
34. Khan, M.A.B.; Abu-Zidan, F.M. Point-of-care ultrasound for the acute abdomen in the primary health care. Turk J. Emerg. Med.

2020, 20, 1–11. [PubMed]
35. Andric, M.; Kalff, J.C.; Schwenk, W.; Farkas, S.; Hartwig, W.; Türler, A.; Croner, R. Recommendations on treatment of acute

appendicitis: Recommendations of an expert group based on the current literature. Chirurg 2020, 9, 700–711. [CrossRef] [PubMed]
36. Lapsa, S.; Ozolins, A.; Strumfa, I.; Gardovskis, J. Acute Appendicitis in the Elderly: A Literature Review on an Increasingly

Frequent Surgical Problem. Geriatrics 2021, 6, 93. [CrossRef] [PubMed]
37. Yeh, D.D.; Eid, A.I.; Young, K.A.; Wild, J.; Kaafarani, H.M.A.; Ray-Zack, M.; Kana’an, T.; Lawless, R.; Cralley, A.L.; Crandall,

M. EAST Appendicitis Study Group. Multicenter Study of the Treatment of Appendicitis in America: Acute, Perforated, and
Gangrenous (MUSTANG), an EAST Multicenter Study. Ann. Surg. 2021, 273, 548–556. [CrossRef] [PubMed]

38. Mowbray, N.G.; Hurt, L.; Powell-Chandler, A.; Reeves, N.; Chandler, S.; Walters, E.; Cornish, J. Where have all the appendectomies
gone? Ann. R Coll. Surg. Engl. 2021, 103, 250–254. [CrossRef]

39. Kabir, S.A.; Kabir, S.I.; Sun, R.; Jafferbhoy, S.; Karim, A. How to diagnose an acutely inflamed appendix; a systematic review of
the latest evidence. Int. J. Surg. 2017, 40, 155–162. [CrossRef] [PubMed]

40. Di Saverio, S.; Podda, M.; De Simoneet, B.; Ceresoli, M.; Augustin, G.; Gori, A.; Catena, F. Diagnosis and treatment of acute
appendicitis: 2020 update of the WSES Jerusalem Guidelines. World J. Emerg. Surg. 2020, 15, 27. [CrossRef]

41. Park, J.H.; Salminen, P.; Tannaphai, P.; Lee, K.H. Low-Dose Abdominal CT for Evaluating Suspected Appendicitis in Adolescents
and Young Adults: Review of Evidence. Korean J. Radiol. 2022, ahead of print.

42. D’Souza, N.; Hicks, G.; Beable, R.; Higginson, A.; Rud, B. Magnetic resonance imaging (MRI) for diagnosis of acute appendicitis.
Cochrane Database Syst. Rev. 2021, 12. [CrossRef]

43. MERCY Study Collaborating Group. Predictors of surgical outcomes of minimally invasive right colectomy: The MERCY study.
Int. J. Colorectal. Dis. 2022, 37, 907–918. [CrossRef]

44. van Dongen, J.C.; van der Geest, L.G.M.; de Meijer, V.E.; van Santvoort, H.C.; de Vos-Geelen, J.; Besselink, M.G.; Groot Koerkamp,
B.; Wilmink, J.W.; van Eijck, C.H.J. Dutch Pancreatic Cancer Group. Age and prognosis in patients with pancreatic cancer: A
population-based study. Acta Oncol. 2022, 61, 286–293. [CrossRef] [PubMed]

45. Dumas, R.P.; Subramanian, M.; Hodgman, E.; Arevalo, M.; Nguyen, G.; Li, K.; Aijwe, T.; Williams, B.; Eastman, A.; Luk, S.; et al.
Laparoscopic Appendectomy: A Report on 1164 Operations at a Single-Institution, Safety-Net Hospital. Am. Surg. 2018, 84,
1110–1116. [CrossRef] [PubMed]

46. Minutolo, V.; Licciardello, A.; Di Stefano, B.; Arena, M.; Arena, G.; Antonacci, V. Outcomes and cost analysis of laparoscopic
versus open appendectomy for treatment of acute appendicitis: 4-years’ experience in a district hospital. BMC Surg. 2014, 14, 14.
[CrossRef]

47. Balogun, O.S.; Osinowo, A.; Afolayan, M.; Olajide, T.; Lawal, A.; Adesanyam, A. Acute perforated appendicitis in adults:
Management and complications in Lagos, Nigeria. Ann. Afr. Med. 2019, 18, 36–41. [CrossRef]

48. Wei, B.; Qi, C.L.; Chen, T.F.; Zheng, Z.H.; Huang, J.L.; Hu, B.G.; Wie, H.B. Laparoscopic versus open appendectomy for acute
appendicitis: A metaanalysis. Surg. Endosc. 2011, 25, 1199–1208. [CrossRef]

49. Ohtani, H.; Tamamori, Y.; Arimoto, Y.; Nishiguchi, Y.; Maeda, K.; Hirakawa, K. Meta-analysis of the results of randomized
controlled trials that compared laparoscopic and open surgery for acute appendicitis. J. Gastrointest. Surg. 2012, 16, 1929–1939.
[CrossRef]

50. Woodham, B.L.; Cox, M.R.; Eslick, G.D. Evidence to support the use of laparoscopic over open appendectomy for obese
individuals: A meta-analysis. Surg. Endosc. 2012, 26, 2566–2570. [CrossRef] [PubMed]

51. Liu, Z.; Zhang, P.; Ma, Y.; Chen, H.; Zhou, Y.; Zhang, M.; Qin, H. Laparoscopy or not: A meta-analysis of the surgical effects of
laparoscopic versus open appendectomy. Surg. Laparosc. Endosc. Percutan. Tech. 2010, 20, 362–370. [CrossRef]

52. Bennet, J.; Boddy, A.; Rhodes, M. Choice of approach for appendectomy: A meta-analysis of open versus laparoscopic appendec-
tomy. Surg. Laparosc. Endosc. Percutan. Tech. 2007, 17, 245–255. [CrossRef]

53. Li, X.; Zhang, J.; Sang, L.; Zhang, W.; Chu, Z.; Li, X.; Liu, Y. Laparoscopic versus conventional appendectomy—A meta-analysis of
randomized controlled trials. BMC Gastroenterol. 2010, 3, 129. [CrossRef]

54. Ferris, M.; Quan, S.; Kaplan, B.S.; Molodecky, N.; Ball, C.G.; Chernoff, G.W.; Bhala, N.; Ghosh, S.; Dixon, E.; Ng, S.; et al. The
Global Incidence of Appendicitis: A Systematic Review of Population-based Studies. Ann. Surg. 2017, 266, 237–241. [CrossRef]
[PubMed]

55. van Rossem, C.C.; Bolmers, M.D.; Schreinemacher, M.H.; van Geloven, A.A.; Bemelman, W.A. Snapshot Appendicitis Collabo-
rative Study Group. Prospective nationwide outcome audit of surgery for suspected acute appendicitis. Br. J. Surg. 2016, 103,
144–151. [CrossRef] [PubMed]

http://doi.org/10.1016/j.jchir.2009.08.002
http://www.ncbi.nlm.nih.gov/pubmed/19846096
http://doi.org/10.1007/s00104-010-1938-y
http://www.ncbi.nlm.nih.gov/pubmed/20464353
http://doi.org/10.1007/s00104-018-0755-6
http://doi.org/10.1055/s-0030-1247477
http://www.ncbi.nlm.nih.gov/pubmed/21184386
http://www.ncbi.nlm.nih.gov/pubmed/32355895
http://doi.org/10.1007/s00104-020-01237-0
http://www.ncbi.nlm.nih.gov/pubmed/32747976
http://doi.org/10.3390/geriatrics6030093
http://www.ncbi.nlm.nih.gov/pubmed/34562994
http://doi.org/10.1097/SLA.0000000000003661
http://www.ncbi.nlm.nih.gov/pubmed/31663966
http://doi.org/10.1308/rcsann.2020.7128
http://doi.org/10.1016/j.ijsu.2017.03.013
http://www.ncbi.nlm.nih.gov/pubmed/28279749
http://doi.org/10.1186/s13017-020-00306-3
http://doi.org/10.1002/14651858.CD012028
http://doi.org/10.1007/s00384-022-04095-w
http://doi.org/10.1080/0284186X.2021.2016949
http://www.ncbi.nlm.nih.gov/pubmed/34935577
http://doi.org/10.1177/000313481808400674
http://www.ncbi.nlm.nih.gov/pubmed/29981657
http://doi.org/10.1186/1471-2482-14-14
http://doi.org/10.4103/aam.aam_11_18
http://doi.org/10.1007/s00464-010-1344-z
http://doi.org/10.1007/s11605-012-1972-9
http://doi.org/10.1007/s00464-012-2233-4
http://www.ncbi.nlm.nih.gov/pubmed/22437955
http://doi.org/10.1097/SLE.0b013e3182006f40
http://doi.org/10.1097/SLE.0b013e318058a117
http://doi.org/10.1186/1471-230X-10-129
http://doi.org/10.1097/SLA.0000000000002188
http://www.ncbi.nlm.nih.gov/pubmed/28288060
http://doi.org/10.1002/bjs.9964
http://www.ncbi.nlm.nih.gov/pubmed/26509648


J. Clin. Med. 2022, 11, 4495 12 of 12

56. Gurrado, A.; Faillace, G.; Bottero, L.; Frola, C.; Stefanini, P.; Piccinni, G.; Longoni, M. Laparoscopic appendectomies: Experience
of a surgical unit. Minim. Invasive Ther. Allied. Techno. 2009, 18, 242–247. [CrossRef] [PubMed]

57. Andersson, R.E. Short-term complications and long-term morbidity of laparoscopic and open appendectomy in a national cohort.
Br. J. Surg. 2014, 101, 1135–1142. [CrossRef] [PubMed]

58. Calis, H. Morbidity and Mortality in Appendicitis in the Elderly. J. Coll. Phys. Surg. Pak. 2018, 28, 875–878. [CrossRef]
59. Weinandt, M.; Godiris-Petit, G.; Menegaux, F.; Chereau, N.; Lupinacci, R.M. Appendicitis is a Severe Disease in Elderly Patients:

A Twenty-Year Audit. JSLS 2020, 24, e2020. [CrossRef]
60. Masoomi, H.; Mills, S.; Dolich, M.O.; Ketana, N.; Carmichael, J.C.; Nguyen, N.T.; Stamos, M.J. Does laparoscopic appendectomy

impart an advantage over open appendectomy in elderly patients? World J. Surg. 2012, 36, 1534–1539. [CrossRef]

http://doi.org/10.1080/13645700903053840
http://www.ncbi.nlm.nih.gov/pubmed/20334502
http://doi.org/10.1002/bjs.9552
http://www.ncbi.nlm.nih.gov/pubmed/24979720
http://doi.org/10.29271/jcpsp.2018.11.875
http://doi.org/10.4293/JSLS.2020.00046
http://doi.org/10.1007/s00268-012-1545-9

	Introduction 
	Methods 
	CLINOTEL Hospital Association Germany 
	Patients and Data 
	Statistical Analysis 

	Results 
	Study Population 
	Diagnostic and Clinical Presentation 
	Therapy 
	Complications 

	Discussion 
	Population and Diagnostic 
	Therapy and Complications 

	Conclusions 
	References

