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Abstract: Background: Acute appendicitis (AA) is a common surgical emergency where timely
diagnosis is eminent. Point-of-care ultrasound (POCUS) offers a fast, bedside imaging option that
may reduce emergency department (ED) length of stay (LOS), though the diagnostic accuracy is
highly examiner-dependent. This study evaluated the effect of POCUS performed by emergency
physicians on ED LOS in patients with suspected AA at a tertiary hospital in Lucerne, Switzerland.
Methods: We conducted a retrospective monocentric study including patients who presented to the
ED in 2022-2023 and subsequently underwent an appendectomy for AA. Patients were divided into
four subgroups based on imaging modality and examiner. Results: 252 patients met the inclusion
criteria. Group distributions were as follows: Group 1 (US by ED): 107; Group 2 (US by ED + radiology
or only by radiology): 59; Group 3 (US + CT): 60; Group 4 (CT only): 26. A statistically significant
difference in LOS was observed among groups, particularly favouring POCUS by ED physicians (p
< 0.001). In group 3, CT was performed to confirm strong US suspicion (41.7%), non-visualisation
(40%), inconclusive findings (15%), or other differentials (3.3%); among cases with strong US
suspicion, perforation was queried in 60%. Ultrasound experience, reflected by the weighted average,
increased over time, accompanied by a rise in US-only diagnoses in the ED. Multivariable linear
regression identified younger age, lower BMI, and lower CRP as significant predictors of diagnosis
based on ultrasound alone (p < 0.001), R? = 0.373. Conclusions: Patients with AA diagnosed by
emergency physician-performed POCUS had a significantly shorter ED LOS. Increasing ultrasound
competency among emergency physicians was paralleled by a proportional increase in cases
diagnosed exclusively by US in the ED. The likelihood of requiring CT imaging increased with higher
patient age, BMI and CRP.

Keywords: acute appendicitis; POCUS; length of stay; emergency department

1. Introduction

Acute appendicitis (AA), with an incidence estimated between 100 and 150 cases per 100,000
population, represents one of the most common surgical emergencies in Western countries [1]. Early
diagnosis is of paramount importance as approximately 30% of AA cases result in perforation, which
is associated with increased morbidity and mortality [2,3]. The clinical presentation of patients
with AA is highly heterogeneous. Symptoms are often vague and may resemble various other
abdominal conditions, making clinical assessment challenging [2]. Laboratory markers such as
leucocytosis and elevated CRP are used to support diagnosis. However, they are non-specific signs
of inflammation [4]. Thus, imaging plays a pivotal role in diagnosing AA. The imaging modalities of
choice include abdominal ultrasound (US), computer tomography (CT) and magnetic resonance
imaging (MRI) [4,5].
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In emergency settings, a focused ultrasound examination, commonly referred to as “point-of-
care ultrasound” (POCUS), is frequently used to address specific diagnostic questions. POCUS has
shown high diagnostic accuracy, particularly in applications such as the extended Focused
Assessment with Sonography for Trauma (eFAST). In a meta-analysis by Netherton et al,
sensitivities/specificities were 91%/94% for pericardial effusion, 74%/98% for intra-abdominal free
fluid, and 69%/99% for pneumothorax [6]. Furthermore, it has been shown that POCUS may reduce
patient radiation exposure and save costs for the healthcare system as well as leading to a decreased
length of stay in the emergency department (ED) [6,7].

POCUS has demonstrated high diagnostic accuracy for diagnosing acute appendicitis in
children, with a sensitivity of 86% and specificity of 91%, as reported in a meta-analysis by Benabbas
et al [8]. However, in adults, the literature reports a wide range of sensitivity and specificity values
(69-88% and 81-96%, respectively), as shown in meta-analyses of studies largely conducted by board-
certified or experienced radiologists [9]. This variability may be explained by differences in patient
populations and various reference standards; moreover, the diagnostic accuracy significantly
depends on the examiner’s experience. Non-radiologically trained physicians have shown lower
diagnostic accuracy in POCUS for acute appendicitis in various studies [9,10].

The aim of the study was to analyse the impact of POCUS performed by the treating emergency
physician, on the length of stay in the ED at a tertiary level hospital in Lucerne, Switzerland.

2. Materials and Methods

2.1. Setting

We conducted a retrospective monocentre study of all consecutive patients presenting to the
emergency department of the cantonal hospital of Lucerne, Switzerland, a university-affiliated
tertiary teaching hospital. They all underwent an appendectomy due to acute appendicitis. The
evaluation period spanned the years 2022 and 2023. The data used in this study including clinical
history, demographics, laboratory data, diagnostic imaging and records were obtained from the
electronic patient charts in EPIC (Epic Systems Corporation, Verona, WI, USA) and were approved
by the Ethics Committee of Northwestern and Central Switzerland (Project-ID 2023-00850, 8 august
2023).

2.2. Inclusion and Exclusion Criteria

Patients included were at least 16 years old at the time of presentation. The patients had to be
admitted through the emergency department of the cantonal hospital of Lucerne and undergo an
appendectomy. Intraoperative findings were used for final adjudicated diagnosis of AA. Exclusion
criteria encompassed patients with a confirmed external diagnosis of AA. If no imaging was
performed or none of the imaging modalities (US or CT) captured the lower abdomen, the patient
was not included in the study. Additionally, patients with a history of appendectomy or incidental
appendectomy were excluded (Figure 1).
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Flowchart of Patient Selection, Inclusion Process and Group Division

Patients included after database
search in EPIC (n=314)

56 excluded: confirmed diagnosis
of AA from an external radiology,
incidental appendectomy

Patients after exclusion criteria 1
(n=258)

6 excluded: no imaging or none of
the imaging modalities (CT or US)
captured the lower abdomen

Final sample, n =252

Group 1: Group 2: Group 3: Group 4:
US by ED US by ED + Radiology US+CT Only CT
n=107 or n=60 n=26
US by Radiology
n=>59

Figure 1. Flowchart illustrating patient selection, inclusion process and group division.

2.3. Data Collection

Data from 252 patients were included in the analysis. The extracted data included age, sex, BMI
and the laboratory value C-reactive-protein (CRP) [8,11]. The surgical report was used both to
confirm the diagnosis of appendicitis and perforation, eventually. The imaging modality (US or CT),
which was used to diagnose AA, was documented and whether it was performed by an emergency
physician or a radiologist. US examinations were only included if a finding was recorded in the
hospital information system and if it was performed by a specialist in emergency medicine or
supervised by one. This distinction led to a division into four subgroups (Figure 1). Group 1
summarises all patients which underwent only a POCUS examination through a specialist in
emergency medicine. Group 2 summarises all patients which underwent a POCUS examination
performed by both ED + radiology or only by radiology. Group 3 summarises all patients which
underwent a POCUS examination and a CT imaging in addition. Group 4 summarises all patients
which underwent only a CT imaging.

A subgroup analysis of all patients receiving CT imaging in addition to US (group 3) was
performed based on physicians’ written information in the CT radiology request. This led to a
classification into the following four categories: 1: high suspicion of an AA on the US, 2: signs of an
AA on the US, 3: AA not visible on the US but clinical suspicion, 4: other differential diagnosis as the
primary focus. Furthermore, in cases that showed a high suspicion of AA on the US (category 1), it
was examined whether a specific inquiry about perforation was made.

Length of stay within the ED was measured using the electronic healthcare system EPIC,
capturing the time from ED admission to referral to the preoperative ward.

The US experience of the emergency physicians in the ED was assessed based on two criteria:
the number of documented ultrasound examinations and the certification level of the “Swiss Society
for Ultrasound in Medicine (SGUM)” (Figure 2). To calculate a weighted average for statistical
analysis, the number of available consultants was multiplied by an ascending factor of 4: 1x for “not
experienced provider”, 2x for “experienced, but not licenced provider”, 3x for “experienced, licenced
provider - SGUM certified”, 4x for “specialist - SGUM instructor certified”. The weighted average
was aggregated into six-month periods. These data were anonymised and extracted from the
personnel scheduling system (PEP).
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Level 1
not experienced provider

Figure 2. Levels of ultrasound experience with progressively increasing weighting, adapted from the

classification by Price et al. [12].

2.4. Ultrasound-Based Identification of Appendicitis

To reach a diagnosis using ultrasound, the examiners relied on established sonographic signs of
acute appendicitis in conjunction with clinical evaluation. Typical ultrasound findings in AA include
both direct and indirect signs, which are assessed in combination to support the diagnosis. Direct
signs consist of a non-compressible appendix measuring more than 6 mm in diameter, as well as the
“target sign”. Indirect signs may include free fluid around the appendix, increased echogenicity of
the adjacent mesenteric fat and enlarged mesenteric lymph nodes [13,14] (Figure 3).

Figure 3. Sonographic depiction of acute appendicitis. The left image shows a transverse view and the right
image a longitudinal view of an acute appendicitis; direct signs: diameter 0.87 cm, *appendix with target sign
(hypoechoic fluid-filled lumen, hyperechoic mucosa/submucosa, hypoechoic muscularis layer); indirect signs: +

free fluid around the appendix, x increased echogenicity of the adjacent mesenteric fat.

2.5. Data Synthesis and Analysis

All data analyses were performed using SPSS software version 29.0.02 (IBM, Armonk, NY, USA).
Patient demographic characteristics and extracted variables were summarised using standard
descriptive statistics. Continuous variables were tested for normal distribution. Non-normally
distributed variables were described as medians with interquartile ranges (IQRs) and categorical
variables as frequencies or percentages, unless stated otherwise.

For non-normally distributed variables, the Mann-Whitney-U-test and the Kruskal-Wallis-test
were used for hypothesis analyses. The experience of the US examiners was calculated using a
weighted average, in which greater experience resulted in a higher weighting. A multivariable linear
regression was conducted to examine the relationship between the independent variables: age, sex,
BMI, and CRP and the dependent variable: diagnosis based solely on ultrasound. A p-value of less
than 0.05 was considered statistically significant.
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3. Results

3.1. Total Population and Subgroup Distribution

A total of 314 patients were identified through screening of an appendectomy in the period of
2022 and 2023 in EPIC. After reviewing the inclusion and exclusion criteria, 62 patients were excluded
from the study, resulting in a study population of 252 patients (Figure 1).

Figure 4 illustrates the distribution of patient subgroups based on imaging modality. Most
patients underwent ultrasound only, either in the ED or with radiology involvement. Fewer patients
received both US and CT or only CT.

Subgroup Distribution

1: USby ED

2: US by ED + Radiology or US by Radiology

3:US+CT

4:only CT

o

20 40 60 80 100 [n]

Figure 4. Subgroup Distribution.

3.2. Patients” Characteristics, Laboratory Value and Perforation Rate

Table 1 demonstrates the demographic characteristics of the total population and the

subdivision into subgroups. The sex distribution was similar and evenly balanced in the total
population and across the subgroups (p=0.373). Age and BMI showed higher median values in the
subgroup divisions with CT involvement compared to cases with ultrasound involvement alone (p
<0.001).
Additional variables extracted from the medical records are presented in Table 2. CRP exhibited a
median value of considerable variation across the subgroups with a significant difference (p <0.001).
Perforation was documented in the operative findings of 58 (23%) patients. When a CT scan was
performed, approximately half of the patients were diagnosed with perforated appendicitis. Both
groups with CT involvement (group 3 + 4) together account for nearly 70% of all patients with
perforations.

Table 1. Patients’ characteristics across subgroups, including p-values from Kruskal-Wallis tests.

Subgroups p Value
Total All 1 2 3 4
n=252 (or 246 for = US from ED US by ED + Radiology or US by US+CT Only CT
BMI) n =107 (or 105 Radiology n =60 (or 59 n =26 (or 24 for
for BMI) n =59 (or 58 for BMI) for BMI) BMI)
Age in y (median, 36.5 (24.75) 34 (20) 30 (13) 54 (30.25) 51.5 (26.75) <0.001
(IQR))
Sex (M/F) 132 (52.4 %) / 60 (56.1 %) / 27 (458 %) / 34 (56.7 %) / 11 (423 %) / 0.373
120 (47.6 %) 47 (43.9 %) 32 (54.2 %) 26 (43.3 %) 15 (57.7 %)
BMI in kg/m? 25.1(6.53) 242 (5.24) 25.4(5.23) 27.8 (7.08) 25.9 (6.64) <0.001

(median, (IQR))*
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1 For the BMI variable, data from 6 patients are missing, so n=246.

Table 2. Laboratory values, perforation rates, and length of stay across subgroups, including p-values from

Kruskal-Wallis tests. Comparison of LOS with and without radiology involvement.

Subgroups p Value
Total All 1 2 3] 4
n=252 US from ED US by ED + Radiology or US by US+CT Only CT
n=107 Radiology n=60 n=26
n=>59
CRP in mg/L (median, 35(93.3) 25 (59) 14 (54.1) 80 (155.5) 85.5 (142.5) <0.001
(IQR))
Perforation (n, %) 58 (23 %) 14 (13.1 %) 4 (6.8 %) 27 (45 %) 13 (50 %) <0.001
LOS in h (median, 5.05(2.5) 4.25 (2.65) 5.5(24) 5.83 (8.5) 5.6 (2.74) <0.001
(IQR))
LOS in h without / with Without With Radiology Involvement
Radiology Involvement Radiology <0.001
(median, (IQR)) Involvement 5.6 (2.65)
4.25 (2.65)

3.3. Length of Stay

In median, the LOS from ED admission to referral to the preoperative ward was 5.05 hours.
Furthermore, the median LOS, divided into subgroups, is also presented in Table 2 and in the boxplot
for further illustration (Figure 5). The analysis revealed a significant difference in the LOS between
the groups without (group 1) and with radiology involvement (group 2 + 3 + 4) (median [IQR]: 4.25
[2.65] vs. 5.6 [2.65] hours; U = 4304.5, p <0.001). Further analysis indicated a significant difference in
the LOS between the four subgroups (H = 36.7, p <0.001). Post-hoc analysis showed that a significant
difference in LOS was only observed when comparing group 1 (US by ED) with the other subgroups.
Comparisons between groups 2 to 4, which all included radiology involvement, did not reveal any
significant differences in LOS.

LOS Subgroups

17.5
15.5
13.5

11.5 . .
9.5
7.5 T
5.5
1

[hours]

3.5

1.5

M uSbyED M US by ED + Radiology or US by Radiology M US+CT [ only CT

Figure 5. Boxplot LOS Subgroups. LOS is displayed in hours; boxes represent the interquartile range (IQR),

horizontal lines indicate the median, and whiskers denote 1.5 x IQR. Outliers are shown as individual dots.

3.4. Analysis of the Reasons For performing a CT in Addition to US

The subgroup analysis of group 3 (n = 60) aimed to provide a more detailed verification of the
reasons for performing a CT scan in addition to an ultrasound examination and yielded the following
results (Table 3). In 40% of the subgroup, the appendix could not be visualised on US, and based on
clinical suspicion (symptoms, lab results, etc.), a CT scan was indicated to investigate the possibility
of an AA. In a similar proportion of patients (41.7%, n=25), a strong suspicion of AA was already
detected via US, yet a CT scan was still performed. In 9 patients (15%), signs of AA were visible on
ultrasound but were insufficient to provide a definitive indication, leading to further imaging. In

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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3.3% of cases, another differential diagnosis was initially the focus or reason for a CT, and AA was
either discovered or confirmed through the CT scan.

Further analysis of the 25 patients who underwent a CT scan despite a strong suspicion of an
AA in the US examination revealed that in 60% of the cases, the specific question regarding
perforation was raised. In the remaining 40%, this question was not explicitly addressed in the
radiology request. Among these 25 patients, 16 (59.3%) were found to have a perforated appendix.

Table 3. Analysis of the reasons for performing a CT in addition to US and the corresponding perforation rate.
The last row presents a sub-analysis of the frequency with which perforation was specifically queried in cases

of high suspicion.

High Suspicion of an AA on  Signs of an AA on the US AA not visible on the US other Differential Diagnosis

the US but Clinical Suspicion as the Primary Focus
Total n (%) 25 (41.7 %) 9 (15 %) 24 (40 %) 2(3.3%)
Perforation n 16 4 6 1

Specific Question regarding 15 (60 %)
Perforation n (%)

3.5. US Experience

The ultrasound experience, represented by the weighted average, showed a temporal trend
(Table 4). From 2022 to 2023, the ultrasound experience of the emergency physicians increased. In
parallel, there was a proportional increase in cases that were diagnosed solely by US in the ED.

Table 4. US experience represented by weighted average, shown in half-year intervals and stratified by exams

performed solely by the ED or with radiology involvement.

First Half 2022 Second Half 2022 First Half 2023 Second Half 2023 Total

US Experience
(Weighted Average) 1.587 1.614 1.791 1.894
US by ED n 22 21 32 32 107

% 31.0% 35.0 % 48.5 % 582 % 42.5%
With Radiology n 49 39 34 23 145
Involvement %  69.0% 65.0 % 51.5% 418 % 57.5%

3.6. Linear Regression

The linear regression indicates that a younger age (3 =-0.4, p =< 0.001), lower BMI (3 =-0.199, p
=<0.001), and lower CRP (3 = -0.255, p = < 0.001) significantly increase the likelihood of diagnosing
appendicitis solely through ultrasound without the need for additional CT imaging (Table A1l). The
model accounted for 37.3% of the variance in diagnostic success (R? = 0.373). Sex proved to be a non-
significant variable (3 = 0.064, p = 0.216).

4. Discussion

In this study, we observed a significant association between the length of stay in the emergency
department and the use of ultrasound performed solely by the attending emergency physician as the
primary imaging modality in 252 patients with acute appendicitis. The advantages of lower LOS in
the ED reported in the literature include higher patient satisfaction and quality of care [15,16]. While
some studies report a reduction in short term mortality associated with decreased LOS in ED patients
with low medical priority (RETTS-A levels 3-5), others find no significant impact, reflection ongoing
debate in the field [17-19]. There is not enough evidence to support the general assumption that a
shorter length of stay (LOS) leads to improved patient outcomes, such as reduced mortality. However,
in older patients in particular, the risk of adverse events increases with prolonged hospital stays
[20,21]. The effect of a long LOS on emergency department crowding is undisputed [22]. In times of
limited spatial and personnel resources, patient throughput is crucial for ensuring optimal efficiency
in emergency departments [23].
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Although sensitivity and specificity could not be determined due to the study design, a
conclusive diagnosis could be established by ultrasound in 65.9% of cases, supported by existing
literature [8,24]. Since all patients with appendicitis were admitted via the emergency department,
this proportion corresponds to the overall rate among all treated appendicitis cases.

The likelihood of requiring CT imaging increased with higher patient age, BMI, and
inflammatory marker levels. These factors can be interpreted as indicators of a more complicated
clinical course. Correspondingly, regression analysis showed a strong association between lower age,
BMI and CRP values and the likelihood of diagnosing appendicitis solely through ultrasound. Thus,
straightforward and uncomplicated cases can often be diagnosed quickly and efficiently by the
treating emergency physician with no further testing needed while complicated cases often seem to
require radiological expertise [8]. A positive ED-POCUS is thus diagnostic. Frequently, CT imaging
was indicated to preoperatively assess complications such as perforation. The decision to perform
supplementary or exclusive CT imaging depended on the individual physician, particularly the
surgeon. The development of a standardised diagnostic protocol could be advantageous in this
context.

In the present study, the proportion of US performed by ED patients increased over the years,
correlating with the weighted average competency level. Previous studies that demonstrated higher
sensitivity and specificity of emergency ultrasound examinations with increasing physician
experience are thus supported by our findings [25]. Greater ultrasound experience may significantly
reduce the number of radiation-intensive examinations as well as the length of stay (LOS), as the need
for additional CT imaging is frequently obviated. Several studies have demonstrated that the use of
ultrasound as a primary imaging modality, without subsequent CT, can lead to significant cost
savings in healthcare by reducing the need for expensive imaging and associated hospital resources
[26,27].

Limitations

Due to the retrospective nature of this study, complete data collection cannot be guaranteed. In
particular, cases may have been missed due to coding errors in the discharge diagnosis; however,
this source of error is considered negligible due to the highly advanced hospital information system.
The reasons for the omission of ultrasound examinations were not documented. Technical issues
(e.g., IT system failures, equipment defects) or staffing factors (e.g., personnel shortages) in addition
to medical considerations may have contributed. Moreover, this is a monocentre study characterised
by high ultrasound expertise and experience among the treating emergency physicians. Therefore,
the findings cannot be readily generalised to other emergency departments or less experienced
settings. Ultrasound examinations were performed during routine clinical care, making inter- and
intra-observer variability unavoidable. Not all investigators were certified ultrasound examiners.
Furthermore, no internal or external validation of the study was performed, highlighting the need
for larger multicentre studies.
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Abbreviations

The following abbreviations are used in this manuscript:

AA Acute appendicitis

Us Ultrasound

CT Computer tomography

MRI Magnetic resonance imaging

POCUS  Point of care ultrasound

ED Emergency department

eFAST Extended Focused Assessment with Sonography for Trauma
LOS Length of stay

Appendix A

Appendix A.1

Table Al. Linear regression analysis of predictive factors for diagnosis of AA by ultrasound alone. Dependent
variable = only US. Predictors = (Constant), CRP, BMI, Sex, Age. R? = 0.373.

Predictor B Std. Error Beta T Sig.
(Constant) 1.666 0.164 - 10.148 <0.001
BMI -0.021 0.005 -0.199 -3.815 <0.001
Age -0.011 0.002 -0.4 -7.153 <0.001
CRP -0.001 0.0 -0.255 -4.616 <0.001
Sex 0.061 0.049 0.064 1.241 0.216
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