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Abstract

Background/Objectives: Ultrasonography is a diagnostic modality characterized by
high sensitivity in detecting hepato-biliary pathology, particularly intrahepatic biliary
duct dilation. This study compares the sonographic findings obtained by a radiogra-
pher/sonographer in a Basic Emergency Service (BES) using Point-of-Care Ultrasonogra-
phy (POCUS) in Portugal with the sonographic findings from the same patients acquired
by radiologists at a referral hospital (RH) for suspected intrahepatic biliary dilatation.
Methods: Nineteen patients presenting with right upper quadrant (RUQ) pain and sus-
pected abdominal pathology underwent sonographic screening using POCUS in the BES.
Subsequently, the same patients were referred to the RH, where a radiologist performed a
comprehensive ultrasound. Both examinations were compared to determine whether the
findings obtained in the BES were confirmed by radiologists in the RH. Results: Cholestasis,
cholangitis, lithiasis, pancreatitis, peri-ampullary lithiasis, and neoplasms were observed in
association with intrahepatic biliary dilation in this study sample. All six variables showed
a strong association between the BES and RH findings (Cramer’s V > 0.6; p < 0.006). A
strong kappa measure of agreement between the radiographer and radiologist findings
was obtained in “cholelithiasis/sludge/gallbladder acute sonographic changes” (k = 0.802;
p = 0.000). A moderate kappa value was obtained for the variable “abdominal free fluid”,
(k =0.706; p = 0.001). Conclusions: In this study, all patients referred from the BES to the
RH required hospitalization for treatment and additional imaging exams. Although pre-
hospital screening ultrasound is not intended for definitive diagnoses, the early detection
of intrahepatic biliary tract dilatation through screening sonography played a significant
role in the clinical referral of patients, with a sensitivity of 94% and specificity of 75%.
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1. Introduction

Point-of-Care Ultrasound (POCUS) consists of the application of ultrasound proto-
cols to answer objective clinical questions in patient assessment/screening performed
by non-radiologists [1-5]. This type of ultrasound has experienced rapid growth and an
expanding range of clinical applications, particularly in emergency departments (EDs) [6,7],
especially those situated far from referral hospitals (RHs) and facing challenges such as
limited access to medical specialists and technological constraints [8-10]. Factors such as
radiation exemption and a wide range of applicability in EDs—together with the growing
evidence for financial savings [11,12]—have contributed to the global acceptance of POCUS.
However, dependence on the operator’s skill has previously been a controversial point,
and so specific training courses and study are mandatory to avoid technical errors in the
acquisition and/or interpretation of acquired images [13,14].

POCUS has exhibited significant accuracy in detecting abdominal pathology within
the ED setting [15,16]. In the Portuguese Basic Emergency Service (BES), POCUS has
demonstrated a low rate of inconclusive exams, making it a valuable screening tool [17].
Sonography exhibits high sensitivity in detecting pathologies associated with right upper
quadrant (RUQ) pain and biliary disorders [18-20], including the detection of intrahepatic
biliary tract dilatation [21-23].

Pre-hospital ultrasound serves as a guiding tool rather than a definitive diagnostic
method [23]. The detection of intrahepatic bile duct dilatation through ultrasound is an
important clinical imaging finding that prompts clinicians to refer patients for further
studies to determine the underlying cause of the dilation.

Intrahepatic bile duct dilatation (IHBD) is a pathology of multifactorial etiology and is
fundamentally divided into obstructive and non-obstructive forms. Additionally, acute or
chronic forms of cholangitis may occur as causes of IHBD [24,25].

The differential diagnosis, determination of etiology, and confirmation of IHBD condi-
tions should be managed by radiologists and other relevant specialties. This is necessary
due to the complexity of the clinical scenarios, which often require additional clinical and
complementary diagnostic examinations to provide a more comprehensive understanding
of the patient’s condition.

In healthy patients, the visualization of intrahepatic bile ducts using ultrasound is
typically not possible [26]. Technically, the suspicion of intrahepatic bile duct dilatation is
initially raised during a liver scan, where the observation of “more vessels inside the liver
than expected” becomes evident. The presence of a double-rail or shotgun sign with closed
pipes is considered a “pathognomonic” sonographic image that signifies this particular
pathology [26-28]. Doppler can also be used to confirm the absence of flow in patent bile
ducts [29]. Additional measurements of these dilations (over 2 mm) can be carried out
to confirm the clinical suspicion [30]—when inflammation is present (cholangitis), the
endovascular components of the bile duct may be thickened [31].

IHBD is a pathology often associated with life-threatening episodes like biliary ob-
structive or non-obstructive factors that lead to cholestatic [32] patterns often leading to
cholangitis. Cholangitis is a multi-etiologic pathology and any delay in treatment is usually
associated with high degrees of mortality [33-35]. Therefore, early detection of intrahepatic
bile duct dilatation is crucial, particularly in the pre-hospital ED setting where compre-
hensive blood analysis to determine the laboratory parameters of cholestasis may not be
available. In addition, symptomatologic patterns in IHBD can often overlap with other bil-
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iary or hepatic diseases, making Charcot’s triad and Reynold’s pentad less accurate [36,37]
for cholangitis screening and making referral clinical decisions less obvious.

Prospective evidence on the diagnostic accuracy of POCUS for IHBD in Portuguese
BES is scarce so the reliability of this bedside tool in resource-constrained settings remains
largely undefined. Therefore, this study has two objectives: The primary objective is to
verify whether IHBD detected by POCUS in the BES is confirmed by the comprehensive
imaging later performed in the RH. The second objective is to characterize the etiological
spectrum linked to the IHBD sonographic patterns observed. By quantifying the agree-
ment between findings at the BES and examinations at the RH, this study will clarify the
robustness and clinical value of POCUS in this context.

2. Materials and Methods
2.1. Sample and Instruments

From an initial sample of 201 abdominal ultrasounds performed on patients with
non-specific abdominal pain, only 24 were selected based on the presence of suspected
sonographic signs of intrahepatic biliary dilatation and/or RUQ pain.

This study was conducted in a BES located in Southern Portugal using a Toshiba
Némio XG ultrasound system with a convex probe. The RH sonography exams were
performed by radiologists operating a General Electric S8 with 3 probes (linear, convex,
and micro convex). This prospective study was observational and longitudinal. Data were
recorded from 2016 to December 2022 and descriptively analyzed in the Microsoft Office
Excel program version 2019. Statistical analyses and correlation tests between variables
were conducted using IBM SPSS Statistics version 26. Sonographic images and their
respective reports from the RH were accessed through the local Picture Archiving and
Communication System (PACS) and digital clinical reporting systems.

The inclusion criteria for the study were as follows: (1) RUQ pain (discomfort or pain
in the right quadrant, vomiting; fever or jaundice recorded but not mandatory); (2) present
or uncertain echographic images suggesting intrahepatic biliary dilatation (IHBD was
suggested when the anechoic tubular structures measuring more than 2 mm in internal
diameter were visualized within second-order portal tracts, with or without the “double-
rail” (shotgun) sign, and no intraluminal flow was detected on color Doppler); (3) screening
sonography performed in the BES by a radiographer/sonographer; (4) comprehensive
sonography performed by a radiologist in the RH under the same emergency episode;
(5) imaging data and clinical information available through the PACS and integrated
clinical report systems. Our study methodology selected patients who presented with a
presumptive suspicion of biliary pathology, based on clinical history and signs such as RUQ
pain, vomiting, and/or jaundice (either in combination or individually). From this group
were included patients who had an ultrasound performed in the emergency setting (BES)
that was compatible with IHBD, and who were subsequently referred to the RH, where
further imaging exams (CT and/or ultrasound, etc.) were performed. The findings from
the BES were then compared with those reported in the RH imaging, which was considered
the gold standard (some of the ultrasounds in the RH were performed after the CT scans).

Out of the initial sample of twenty-four selected patients, five individuals were ex-
cluded from this study as they did not meet one or more of the pre-defined inclusion
criteria. Therefore, the final sample size for this study consisted of 19 patients.

2.2. Statistical Analysis

Descriptive statistical analysis (percentages and frequencies) was performed for the
variables under study (Table 1). Cramer’s V test was used to measure the association
between variables and Cohen’s kappa coefficient was used to measure inter-rater reliability
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among sonography performers, both with 95% confidence intervals. Cramer’s V and
Cohen’s kappa are both measures used in categorical data analysis. Cramer’s V ranges
from 0 to 1.0, and the closer it is to 1.0, the stronger the association (below 0.2 the result is
weak; 0.21 to 0.6 is moderate; and above 0.6 is strong). Cohen’s kappa also ranges from 0 to
1, with values below 0.2 suggesting poor agreement; 0.21-0.40 fair agreement; 0.41-0.60
moderate agreement; 0.61-0.80 strong agreement; and above 0.80 indicating very strong
agreement.

Table 1. Criteria for data evaluation and classification options in ultrasound assessment.

Category Criteria for Data Evaluation Classification Options
Exam location BES or RH
Right upper quadrant pain Present/Absent/Uncertain
Intrahepatic biliary tract dilatation Present/Absent/Uncertain
Double-barrel/shotgun sign Present/Absent/Uncertain
Common bile duct diameter > 6 mm Present/Absent/Uncertain

Cholelithiasis, sludge, or acute gallbladder changes Present/Absent/Uncertain

Abdominal free fluid Present/Absent/Uncertain
Fever Present/Absent
Elevated white blood cell count Present/ Absent
Jaundice Present/Absent

2.3. Ethics Statement

This study was approved by the Institutional Review Board from the BES. All ultra-
sound exams were ordered by emergency physicians. Some patients were unable to provide
informed consent due to their health conditions. In these cases, consent was obtained by the
legal representative. To ensure compliance with the general data protection law, no patient
or institutional data were recorded. The primary aim of this study was to demonstrate
the significance and utility of sonographic screening in a pre-hospital setting. This study
adhered to ethical standards for scientific investigation, including the principles outlined
in the Declaration of Helsinki and the applicable national data protection legislation.

2.4. Ultrasound Protocol Covered in This Study

The abdominal protocol applied in this study was summarized into nine steps: first—
left liver, 2 perpendicular planes (2pp); second—gallbladder scan, 2pp; third—supra-
hepatic veins; fourth—portal vein and main biliary tract, 2pp; fifth—lower liver, 2pp;
sixth—pancreas, 2pp; seventh—color Doppler technology was used to aid in the detection
of potential vascular abnormalities. The protocol was adapted according to the patient’s
condition/collaboration.

The ultrasound findings or image and clinical observation were recorded in Table 1.

All screening ultrasound examinations were performed by a single radiographer—
sonographer who had completed extensive postgraduate training, including several ul-
trasound courses and a 200-h master’s degree internship in emergency ultrasound at a
tertiary hospital under the direct supervision of an experienced radiologist. In this context,
he worked in collaboration with the emergency physician at the BES in this patient’s multi-
factorial approach (imaging and clinical). Based on sonographic and clinical findings, a
decision was made about the referral of patients to the emergency department. The BES
physician provided a succinct written summary in the patient’s clinical record regarding
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any sonographic images deemed potentially abnormal. This information served as the sole
source of data for the RH regarding the screening ultrasounds performed at the BES.

The data were collected and recorded by the main investigator in a dedicated data file.
Ultrasound data were analyzed, and the results were classified according to the criteria
shown in Figure 1.

Distribution of sonographic findings in patients assessed at BES and RH
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Figure 1. Comparison of ultrasound findings between patients assessed at BES and RH. The chart
presents the distribution of sonographic variables recorded during abdominal ultrasound examina-
tions. Green bars indicate findings observed in both settings.

3. Results

The final number of patients considered for this study was 19 in total; 6 (31.6%) were
male and 13 (68.4%) were female. The average age was 70 £ 17.9 years old.

From this sample, six patients had a single exam in the RH (comprehensive sonogra-
phy) and the remaining thirteen patients received two or more complementary diagnostic
tests. The diagnostic modalities used for each patient, as well as the etiology of the IHBD,
are available in Table 2.

Four patients underwent sonography and endoscopic retrograde cholangiopancre-
atography (ERCP); another four patients received sonography and computed tomography
(CT); three patients underwent sonography, ERCP, and CT; and two patients received
sonography, CT, and magnetic resonance cholangiopancreatography (MRCP).

Figure 1 illustrates the total results obtained for the echographic variables in this
study. For each category/variable, the following was considered: BES+/RH+ (%) as well
as uncertain and absent classifications for BES/RH, respectively. The percentages were
calculated based on 19 patients.

In this study, right upper quadrant (RUQ) pain showed high agreement between the
BES and the RH: 18/17 patients (89.4%) were positively classified with RUQ pain; and both
observers agreed on one patient (5.26%) being uncertain. One patient was considered by
the RH to have no RUQ pain.

For intrahepatic biliary tract dilatation (image, report, or both), concordance between
observers was 17/16 (84.2%) for the presence of IHBD. Radiologists classified three patients
(15.7%) as not having IHBD, while the sonographer classified two patients (10.5%) as
uncertain. It is important to note that, in several cases, the comprehensive ultrasound at
the RH was performed several hours after the patient’s admission and after therapeutic
measures had already begun, as will be discussed later.
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Regarding the double-barrel/shotgun sign—a specific echographic indicator—observer
concordance was 16/15 (78.9%) for the presence of the sign. Radiologists determined that
three patients (15.7%) had no such sign, while the sonographer considered two patients
(10.5%) as uncertain.

Table 2. Etiology of intrahepatic biliary dilatation of the sample.

Previous Attendance

Patient Reference Hospital Medical Report Hospitalization, Exams in RH/Episode to BES
Days Related s
for Similar Reason
1 Cholestasis—distal choledochal calculus 14 Eco + ERCP 2
Acute lithiasic pancreatitis assuming an echogenic

2 image in the ampullary/distal choledochal duct 18 Eco + ERCP 2

3 Lithiasic pancreatitis/cholestasis 2.5 Eco 2

4 Pancreatitis suggestion/lithiasic acute pancreatitis 3 Eco 0

" PP
5 Chola'ngltls, perforated Cholecystltls, with . 13 Eco + ERCP + CT 0
hematological, renal, and cardiovascular dysfunction

6 Cholangitis /Klatskin tumor 120 Eco + MRI 1

7 Possible pancreatic head neoplasm 10 Eco +CT 0

8 Int.ra/ Extrahe}oatlc blle duct dllaFatlon, connection 1 Fco + ERCP 0

with obstructive lesion pancreatic head neoplasm
9 Extrahepatic b}log c.luc.t d}lgtatlon, in connection with 10 Eco + CT 5
obstructive lithiasis in common bile duct
10 Cholestasis 7 Eco +CT 0
1 Cholestams and VBP dilation, is thEI"e. an 12 Fco + CT 4
inflammatory component cholangitis

12 Choledochal calculus/cholecystitis 11 Eco 3

13 Surgery / peptic ulcer perfora.ted,.fl.‘ee fluid in superior 7 Eco + CT 1
recess, peritonitis

14 Cholestasis/cholangitis 9 Eco + ERCP + CT 2

15 Lithiasic acute pancreatitis / choledocholithiasis 18 Eco+ ERCP 1

cholangitis

16 Lithiasis in its distal peri-ampullary course, 9 Eco 2
cholecystectomy

17 Colangiocarcinoma/cholangitis 15 Eco + CT + MRI 0

Cholecystectomized patient who maintains a pattern

18 of intrahepatic bile duct dilation related to 2 Eco 0
chronic disease?

19 Surgery for acute cholecystitis with obstructive 9 Eco 5

lithiasis and intrahepatic bile duct dilation

ECO (sonography)/ERCP (endoscopic retrograde cholangiopancreatography)/CT (computed tomography)/MRI
(magnetic resonance cholangiopancreatography).

For the common bile duct diameter, specifically for measurements above 6 mm, there
was concordance in 16/15 cases (78.9%), indicating positive agreement. There was a
discrepancy in only one patient (5.26%), showing minor interpretation differences. There
were no uncertain cases in either the BES or RH. Radiologists classified four cases (21.0%)
as having a normal CBD diameter, while the sonographer classified three patients (15.7%)
as normal.

Regarding cholelithiasis, sludge, or acute gallbladder sonographic changes, total
concordance for positive identification was 15/15 (78.9%) among the 19 patients. The sono-
grapher considered one patient (5.26%) as uncertain, and three patients (15.7%) as absent.
The radiologist classified four patients (21.0%) as not having any of these abnormalities.

For abdominal free fluid, there was concordance in 3/5 (15.7%) positive findings,
with differences in two patients (10.2%). The sonographer classified one patient (5.26%) as
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uncertain, while the radiologist had no uncertain cases. Agreement regarding the absence
of free fluid was high: 15 patients (78.9%) were identified as negative by the sonographer
and 14 (73.6%) by the radiologist.

Cramer’s V was used to assess the strength of association between ultrasound find-
ings, and Cohen’s kappa was applied to evaluate inter-rater reliability between ultra-
sound performers.

A summary of the results is presented in Table 3.

Table 3. Cramer’s V and Cohen’s kappa, alongside significance values, for the different tested variables.

Kappa Measure of

Variables Under Study Cramer’s V Sig Agreement Sig
Right upper quadrant pain 1.000 0.000 0.648 0.000
Intrahepatic biliary tract dilatation 0.792 0.001 0.360 0.001
Double-barrel/shotgun sign 0.792 0.001 0.360 0.001
Common bile duct diameter > 6 mm 0.839 0.001 0.826 0.000
Ch"l‘fgl;tl}l‘é?zgézlr“i%i;ersac‘lte 1.000 0.000 0.847 0.000
Abdominal free fluid 0.864 0.001 0.721 0.000

Cramer’s V test demonstrates a strong association between the BES and RH findings

”ou

(Cramer’s V > 0.6; p < 0.01) in all six variables (“right upper quadrant pain”, “intrahepatic

”ou

biliary tract dilatation”, “double-barrel /shotgun sign”, “common bile duct measures over
6 mm”, “cholelithiasis /sludge/gallbladder acute sonographic changes”, and “abdominal
free fluid”).

The Kappa values demonstrated very strong agreement between observers for
“cholelithiasis /sludge/gallbladder acute sonographic changes” and “common bile duct
measures over 6 mm” variables with (k = 0.81-1, p < 0.01). Strong agreement was also
found for “right upper quadrant pain” and “abdominal free fluid” with (k = 0.61-0.80,
p <0.01).

Moderate agreement was found between “intrahepatic biliary tract dilatation” and
“double-barrel/shotgun sign” (k = 0.21-0.40, p < 0.01).

All patients required hospitalization. The minimum length of stay was 2 days, the
maximum was 120 days, and the average was 15.82 & 24.95 days.

Eleven patients (57.8%) had at least one previous attendance at the BES for related
symptoms within the previous three months.

4. Discussion

In this sample, comprising 19 patients, intrahepatic biliary tract dilatation was con-
firmed in 16 individuals. Three patients were considered differently for the presence of
IHBD between the referral hospital and the Basic Emergency Service, although it must be
emphasized that two patients left the BES with uncertain IHBD findings. Of these two,
one was diagnosed with pancreatitis and the other with cholangitis. The third patient
was initially considered to have evidence of IHBD but, possibly, the echographic findings
normalized as a result of the therapy implemented and the time elapsed between the
screening ultrasound and the comprehensive sonography at the RH.

Cholangitis was identified in five patients. One case was associated with lithiasis-
induced pancreatitis. Two cases presented with a cholestatic pattern: one due to an
obstructive distal choledochal calculus and the other caused by an obstructive tumor
(cholangiocarcinoma). An additional case of non-obstructive cholangitis also exhibited a
cholestatic pattern. The fifth case occurred in the context of gallbladder rupture, accompa-
nied by multi-organ dysfunction.
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There were three cases of IHBD associated with pancreatitis. The other case of pan-
creatitis was associated with cholangitis and did not present IHBD. Nevertheless, all four
cases were of calculus-related pancreatitis.

Distal choledochal (extrahepatic) calculi were identified as the cause of IHBD in four
cases. A single case of IHBD was attributed to a calculus located in the intrahepatic portion
of the common bile duct. Neoplasms were responsible for IHBD in four patients: two
cases of cholangiocarcinoma (one previously described) and two cases involving pancreatic
head tumors. The final case of IHBD was caused by a perforated peptic ulcer leading
to peritonitis.

Abdominal radiographs (ARX) can be useful for confirming or excluding certain
potential causes of pathology. However, in the case of abdominal organs—and particularly
in biliary pathology—they often fail to provide clear or diagnostic imaging findings [38,39].
In this study, ARX were executed in 12 (63.1%) of the patients, and all ARX were considered
normal or had abnormalities not related to the episode. White blood cell count (WBC) was
acquired in 19 (100%) patients (it was high in 13 (68.3%) patients; in 6 (31.5%) it was normal
or reduced). Various forms and degrees of jaundice [40-42] were present in nine patients;
eight patients presented with fever. Although the gold standard (radiologist’s report) at the
referral hospital identified 16 patients with IHBD, and the BES identified 17, the calculated
sensitivity and specificity for detecting this pathology at the BES were approximately 94%
and 75%, respectively. These results must be interpreted with caution because the sample
size is small and no control group was included; therefore, they represent preliminary,
hypothesis-generating evidence rather than definitive conclusions.

Hospitalization was required for 18 patients. The standard deviation was 24.95 days,
which reflects a considerable dispersion of the data, indicating that the values show a large
variation around the mean (15 days). Although our sample size does not allow for strong
inferences regarding hospitalization duration, it is known that, for example, cholangitis has
an average described hospitalization of 15 days [43,44], although this varies with severity.
Treatment may only require antibiotics and/or biliary decompression; all of these processes
require hospitalization. Older patients with comorbidities tend to remain hospitalized
longer than the average. Pancreatitis has a wide hospitalization range, from 5 to 10 days in
milder cases [45,46], with longer stays in more severe cases [47]. This aligns with our four
cases in which the average hospital stay was 10 days. Intra- and extrahepatic obstructions
result in variable hospitalization durations depending on severity, inflammatory state, and
obstruction location. ERCP is the preferred approach [48], although advanced techniques
like Endoscopic Ultrasound (EUS)-guided interventions [49] are still at an early stage in
the RH of this study. Reserved prognoses were associated with neoplastic pancreatic and
unresectable cholangiocarcinomas [50,51], where patients are often referred for palliative
care [52] and average hospitalization stays are described as approximately 10 days [53].

It was also found that 63% of patients had previously visited the BES with symptoms
potentially related to the episode that later led to their re-admission. Based on the available
data, it was not possible to conclusively determine whether the same pathology was in-
volved in both episodes. Several biliary or neoplastic conditions can present with scattered
and inconsistent symptoms over time [54-56], only becoming evident when they cause
organ/system failure.

In this study, the association between variables between the BES and RH through
inferential statistics proved to be strong, (Cramer’s V > 0.6) in all sonographic variables
such as intrahepatic biliary tract dilatation; double-barrel /shotgun sign; common bile duct
measuring over 6 mm; cholelithiasis/sludge/gallbladder acute changes; and abdominal
free fluid. This means that using specific echographic protocols and guidelines to support
the operator’s evaluation of anatomical structures is likely to yield more accurate results,
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even though ultrasound performance still depends on the operator’s experience, as well as
the patient’s body composition and cooperation during the exam. Factors such as greater
experience and knowledge of the radiologist—combined with the quality of the ultrasound
machine—may explain some differences in the achieved Cramer’s values.

These findings are consistent with previous research [57] that demonstrated a high
degree of concordance among different professionals, indicating a consistent interpretation
of ultrasound findings in the context of biliary pathology, particularly in remote or resource-
limited settings.

Pathology detection often relies on the interpretation of imaging exams [58]. Con-
sequently, inter-observer concordance between the sonographers and radiologists was
analyzed using kappa values, which measure agreement in nominal or ordinal evaluations
of the same sample. The kappa values demonstrated strong agreement between observers
for the “cholelithiasis/sludge/gallbladder acute sonographic changes” and “common bile
duct measuring over 6 mm” variables with (k = 0.81-1, p < 0.01). This range represents
an almost perfect agreement, suggesting that the BES and the RH observers consistently
reached the same conclusions when evaluating these variables.

Strong agreement between professionals was also found for “right upper quadrant
pain” and “abdominal free fluid”, with (k = 0.61-0.80, p < 0.01) for both variables. This
range reflects a substantial consensus among observers, although slightly lower than the
latter categories.

A moderate association between observers (k = 0.21-0.4, p < 0.01) was obtained in
“intrahepatic biliary tract dilatation” and the “double-barrel /shotgun sign”, indicating only
a fair agreement between observers, implying greater variability in interpretations for these
findings. The results are still statistically significant (p < 0.01), suggesting that while the
agreement is modest, it is unlikely to be due to chance. These differences in the evaluation
of suspected IHBD cases may be explained by temporal factors and the effects of treatment,
as suggested in the literature [59].

Although few studies directly compare inter-observer agreement in sonographic
findings between pre-hospital and hospital settings, our results appear to align with the
recent and relevant literature [60].

Limitations of This Study

This study had several limitations. First, the number of cases considered may appear
somewhat low; however, given that it addresses a very specific emergency clinical situation,
it is very important that these cases were identified early within the primary stages of
the national emergency network (BES). Additionally, it is also relevant to note that the
ultrasound equipment in the BES was older and of lower quality compared to that in the
RH, which may have influenced the analysis of IHBD findings. The lesser experience of the
BES operator compared to the RH radiologists must also be taken into account.

Furthermore, some IHBD cases were referred to RHs but left the facility before further
diagnostic confirmation—such as comprehensive sonography or other methods—could be
performed, making it impossible to validate the BES sonographic findings. In all included
cases, the comprehensive imaging performed at the referral hospital followed the initial
BES POCUS examination, with an inter-examination interval ranging from several hours to
more than 24 h, which may contribute to the discrepancies in findings and interpretations
between operators.

The inclusion of a control group could have strengthened the robustness of our find-
ings. However, due to the operational constraints of our setting—specifically, the fact that
only one sonographer was performing these examinations—and the nature of urgent care
workflows, the inclusion of a control group was not feasible at the time
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Finally, screening ultrasound evaluations in the BES are still in an active and experi-
mental phase. There are likely emergency physicians who do not yet fully recognize the
scope and practicality of ultrasound as a screening tool, leading them to refer patients
directly to the RH without performing a screening ultrasound in the BES, thereby limiting
the sample scope.

The authors are also fully aware that false negatives can occur, particularly in emer-
gency settings where patient cooperation may be limited due to pain or lack of preparation.
However, this was not the focus of the present study. Our objective was to assess the
appropriateness of referrals based on positive cases identified in the BES.

5. Conclusions

While the decision to refer patients from the BES to the RH is based on a comprehen-
sive clinical context with multiple factors involved, the presence of intrahepatic biliary
duct (IHBD) dilatation was a significant sonographic clue that strongly influenced the
decision to refer patients in this study. The correct orientation of patients is reflected in
the clinical findings obtained at the referral hospital, as well as the hospitalization of all
referred patients.

The wide range of complementary diagnostic tests carried out in the referral hospital
confirmed the complexity of the several pathologies found, and the cases identified in
this study confirm the potential of ultrasound as a screening tool for biliary pathology,
particularly in the detection of IHBD dilatation. It is important to note that, although
ultrasound does not provide a definitive diagnosis or interfere with the diagnostic process
conducted by other specialties at the RH, a high level of association in sonographic findings
was observed, along with a high degree of concordance between the BES screening exam
and the comprehensive ultrasound performed by radiologists at the RH. The process
of referring patients based on clinical evidence obtained through screening ultrasound
represents a reliable support for clinical decision-making, and possibly a strategy that
safeguards the interests of both patients and the broader healthcare system.

These findings, albeit preliminary, suggest that a structured BES-POCUS protocol
could both shorten the time to treatment in biliary emergencies and serve as a scalable
training model for other resource-limited regions.

Further studies are warranted in Portugal to validate the findings of this study and to
potentially expand the use of screening sonography in the specific context of institutions
like the BES. This would contribute to strengthening the consistency of the results and
provide a more comprehensive understanding of the benefits of such an approach.
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Abbreviations

The following abbreviations are used in this manuscript:

ARX Abdominal radiographs

BES Basic Emergency Service
CBD Common bile duct

CT Computed tomography
ED Emergency department

ERCP Endoscopic retrograde cholangiopancreatography
IHBD Intrahepatic bile duct dilatation

MRCP  Magnetic resonance cholangiopancreatography
POCUS  Point-of-Care Ultrasonography

RH Referral hospital

PACS Picture Archiving and Communication System
RUQ Right upper quadrant

WBC White blood cell count
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