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Abstract

Background and Aims: The use of ultrasound screening is primarily facilitated by

point‐of‐care ultrasound (POCUS) and its integration into healthcare systems is a

result of the versatility of this imaging technique. This study intends to compare the

accuracy and pertinence of sonographic findings obtained by a sonographer in a

Basic Emergency Service (BES) with that of radiologists at referral hospital (RH) in

Portugal.

Methods: Twenty patients with right upper quadrant (RUQ) pain and suspected

cholecystitis or biliary pathology underwent sonography screening using POCUS in

the BES. They were then forwarded to the RH where a radiologist performed a

conventional ultrasound exam on the same patients. The results of both exams were

compared to determine if the findings obtained in the BES were confirmed by the

radiologist in the RH.

Results: In our sample, 60% of cases were related to biliary pathology, 20% were

liver‐related, 10% had hepatopancreatic biliary etiology, and 10% had unknown

etiology. A strong association between the sonographic findings in the BES and the

RH was found in the variables “Sonographic Murphy sign” (V = 0.859; p = 0.001),

“Cholelithiasis/Gallbladder sludge” (V = 0.840; p = 0.001), and “Intrahepatic biliary

tract dilatation” (V = 0.717; p = 0.006). Adequate measures of agreement between

the findings of the radiographer and radiologist were obtained for the “Sonographic

Murphy sign” (k = 0.664; p = 0.001) and the presence of “Cholelithiasis/Gallbladder

sludge” (k = 0.712; p = 0.000).

Conclusion: Major biliary abnormalities were detected in patients with RUQ pain in

BES using sonography. The correlation between the sonographic findings obtained

by the sonographers at BES and those obtained by radiologists at the RH in Portugal

was strong, showing that POCUS screening could be extended to other similar

settings; however, more studies are needed.
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1 | INTRODUCTION

The utilization of sonography, specifically point‐of‐care ultrasound

(POCUS), in a Basic Emergency Service (BES) setting has been shown

to aid clinical decisions that can be lifesaving.1–4 It is evident that a

diverse range of healthcare professionals are increasingly incorporat-

ing POCUS into patient screening practices.5–8 However, some

radiologists remain skeptical about its benefits for patients.6,7,9

Therefore, it would be useful to assess the accuracy of POCUS

findings made in a prehospital context, where there are no

radiologists available. Although there have been studies demonstrat-

ing substantial agreement between sonographic evaluations per-

formed by trained sonographers and radiologists,10–13 final diagnoses

must always be made or validated by a radiologist. In the absence of a

radiologist in the BES, POCUS examinations are usually conducted by

a sonographer, who is a radiographer with academic and clinical

training in ultrasound. This reflects the current reality of POCUS

usage in the context of our study. The primary aim of employing

POCUS in our specific context is to identify abnormalities and gather

diagnostic information that could guide us toward a suspicion of a

specific clinical pathology and facilitate appropriate referral to a

central hospital when deemed necessary.

Acute cholecystitis is a leading cause of right upper quadrant (RUQ)

pain14 and is consistently diagnosed with higher sensitivity through

POCUS compared to other bedside investigations.15 The RUQ can have

a diverse range of etiologies, and approximately one‐third of patients

exhibit a clinically positive Murphy sign or sonographic Murphy sign

when undergoing RUQ pain assessment using a probe.16,17 This

condition is a common cause of hospital admission and contributes to

3%−10% of all cases of abdominal pain.18 In nearly 95% of cases,

cholecystitis is associated with cholelithiasis.19

Cholecystitis is a multi‐etiology pathology with a wide range of

sonographic presentations, which can be primarily divided into

calculous and acalculous forms.20 The primary diagnostic criterion

for sonography is the presence of the sonographic Murphy sign in

association with gallstones. Secondary signs of acute cholecystitis

include mural thickening greater than 3mm, stratification, distension,

or hydropic gallbladder, and pericholecystic fluid.21 Elevated white

blood cell (WBC) count22 and symptoms such as nausea and vomiting

may also be present.23

Patients presenting with a wide range of conditions and severity

levels may present to this peripheral emergency department (ED) in

Southern Portugal, which faces limitations in diagnostic technology

and the absence of radiologists. Furthermore, this particular BES is

located 60 km from the referral hospital (RH), requiring a minimum

travel time of 45min to reach it. In this resource‐limited setting, the

implementation of POCUS in the BES has proven to be an innovative

tool on initial patient screening and assessment.

Therefore, this study aimed to evaluate the accuracy of

sonographic findings of abnormalities in the BES that prompted

made the patients referral to RH. The focus will be on a common and

frequent pathology in the right upper abdominal quadrant, such as

cholecystitis, and suspected biliary diseases.

2 | METHODS

2.1 | Sample and instruments

The data for this cross‐sectional study was collected from a sample of

35 patients at a peripheral BES located in southern Portugal, covering a

period from 2016 to June 2022. The sonographic exams in the BES were

performed using a Toshiba Némio XG ultrasound equipment with a

convex probe, while the exams at the RHwere performed by radiologists

using a General Electric S8 with three different probes (linear, convex,

and micro‐convex). The data was descriptively analyzed using Microsoft

Office Excel version 2019, and statistical analysis and correlation tests

between variables were performed using IBM SPSS Statistics version 28

software. The sonographic images and their reports were retrieved from

the local Picture Archiving and Communication System (PACS) and

reporting digital clinical systems.

From an initial sample of 191 abdominal ultrasounds performed

on patients presenting with nonspecific abdominal pain or acute

abdomen, 35 ultrasound examinations were selected based on the

presence of RUQ pain and either a positive or doubtful sonographic

Murphy sign. The inclusion criteria for the study were: (I) RUQ pain,

(II) clinical suspicion of cholecystitis or biliary pathology, (III) presence

or doubtful sonographic Murphy sign during ultrasound procedure,

(IV) sonographic screening performed in the BES by a radiographer/

sonographer, (V) conventional sonography performed by a radiologist

in the RH under the same emergency episode, (VI) retrieval of

sonography images and respective radiologist reports from the PACS,

and (VII) retrieval of the patient's clinical process.

From the initial 35 selected patients, 15 were excluded for not

fulfilling 1 or more of the predefined inclusion criteria.

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 association between variables and Cohen's

Kappa coefficient was employed to measure interrater reliability

among sonography performers, both for a 95% confidence interval.

2.3 | Ultrasound protocols covered in the study

The acquisition of the sonographic images followed a specific and

systematic abdominal protocol24 to ensure thorough coverage of all

organs intended to be studied in each examination. The protocol was

adaptable based on the patient's condition/cooperation and the

sonographic findings, considering the appearance of any abnormali-

ties during the examination. The ultrasound findings or images and

the corresponding clinical assessments were considered and docu-

mented as in the Figure 1.

In recent years, there have been several studies which have

proposed updated normal values for gallbladder wall thickness
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(GBWT) and common bile duct (CBD) diameter. The values of 3.525

and 7mm,26,27 respectively, have been reported. However, in this

study, the most widely cited and conservative values were used as

normal ranges. A GBWT of 3mm was considered normal28,29 and a

CBD diameter of 6 mm was used as the upper limit of normality.30,31

In the category of “Sonographic Changes in Gallbladder Wall,”

radiologists at the RH often do not measure the GBWT, instead

opting for descriptive analysis that characterizes the wall thickening.

Thus, in this study, we combined the data from RH's positive

measurements over 3mm and positive qualitative assessments of

gallbladder wall thickening.

In the category of “Pericholecystic Fluid or Hazy Wall Delinea-

tion,” we used the older concept in ultrasonography of “hazy wall

definition”32 or “pericholecystic haziness,”33 which is more evident on

older sonography equipment like the one used in the BES.

All ultrasound examinations were conducted by a single radiogra-

pher/sonographer, who collected and recorded on a data file built for

that purpose. The sonographer performed, analyzed, and classified the

ultrasound results using the criteria outlined in Figure 1. Together with

the BES physician, some patients were referred to the RH for further

evaluation. However, due to the lack of connection of the ultrasound

equipment with the PACS, it wasn't possible to send sonographic images

from BES to the RH. The only information that the RH radiologists had

regarding the initial screening performed at the BES was a brief report

written by the BES physician indicating any deviations from normal

findings observed during the POCUS examination.

TABLE 1 Category/variable evaluation and options for classification.

Category criteria in data evaluation Option for classification

Exam place BES or RH

Sonographic Murphy sign Present, absent, or doubtful

Sonographic changes in gallbladder wall Present, absent, or doubtful

Cholelithiasis/gallbladder sludge Present, absent, or doubtful

Pericholecystic fluid or hazy wall delineation Present, absent, or doubtful

Common bile duct measure above 6mm Present, doubtful, and absent means no measure
was done or the measure was inferior to 6mm

Intra or extrahepatic biliary tract dilation Present, absent, or doubtful

Pathology suggestion by radiologist Present or absent

Cholecystitis suggestion by radiologist Present or absent

Cholestasis suggestion by radiologist Present or absent

Pancreatitis suggestion by radiologist Present or absent

High white blood cell count Present, normal, absent information

Abbreviations: BES, basic emergency service; RH, referral hospital.

F IGURE 1 Sonographic findings/variables comparing BES versus RH. (BES ‐ Basic Emergency Service; RH‐ Referral Hospital).
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3 | RESULTS

The final sample size of this study consisted of 20 patients, with 5

(25%) being male and 15 (75%) being female. The average age of the

patients was 65 years. Abdominal radiographs were performed on 15

(75%) of the patients, and only in 1 patient (7%) was an image

possibly related to biliary tract pathology observed. The WBC count

was obtained for 18 (90%) patients, with 15 (75%) of these patients

having elevated values and 3 (15%) having normal values. In addition

to the sonography exam performed at the RH, 4 (20%) patients

underwent a computed tomography scan based on the decision of

the radiologists. The results of the study are summarized in Figure 1.

Only 10% of the study sample was found to have normal abdominal

ultrasound findings related to specific biliary pathology, yet they were

referred to RH due to elevated WBC in 1 case and worsening abdominal

pain in the other. In both cases, the BES did not provide any indication of

the worsening of their condition or the etiology of the pathologies. This

10% represents the added advantage of sonographic screening, as it

allows for the primary exclusion of some life‐threatening pathologies,

enabling more rational and objective decisions by BES physicians. The

remaining 60% of the patients showed abnormalities in the biliary

system, liver, and possibly pancreas, which could explain their RUQ pain

and elevated WBC in some cases.

3.1 | Descriptive analysis and interpretation of
sonographic findings between BES and RH

The study variables/categories were analyzed in terms of BES+/RH+

(%), as well as doubtful and absent for BES/RH. The percentages

were calculated based on 20 patients. The results (Figure 1) showed

that the positive sonographic Murphy sign had a high degree of

similarity, with 17 out of 16 (80%) patients being considered positive

by both BES and RH. Only 1 patient (5%) was not considered positive

for sonographic Murphy sign by the radiologists, and both observers

had doubts in 3 cases (15%).

In the category Sonographic changes in Gallbladder wall, there was a

degree of similarity between observers in 18 out of 11 patients (55%).

Radiologists did not perform gallbladder wall measurements in 9 (45%)

patients. The evaluation of symptoms and signs by BES and RH may

have differed, as the therapeutic intervention had already been initiated

by the time of the ultrasonography performed by radiologists.

In the category of “Cholelithiasis/Gallbladder sludge” there was

similarity between the two observers in the positive identification of

the presence of cholelithiasis or gallbladder sludge in 12 out of 12

cases (60%). However, the sonographer was uncertain in 6 cases

(30%) and the radiologists considered 8 patients (40%) to be absent

for cholelithiasis. Regarding pericholecystic fluid or hazy wall

delineation, there was similarity in 5 out of 6 positive cases (25%)

with a difference of 1 case (5%) in the analysis. There was complete

similarity in the classification of absent pericholecystic fluid in 13 out

of 13 cases (65%). There were 2 cases (10%) with uncertainty from

the sonographer and 1 case (5%) with uncertainty from the

radiologists. Pericholecystic fluid was present in 2 patients (33%).

In the assessment of the CBD diameter, a positive measurement

of greater than 6mm was identified in 12 out of 8 (40%) patients,

with a 4 (20%) patient difference between the observers. Radiologists

did not measure the CBD in 12 (60%) patients. Regarding extra‐

intrahepatic biliary tract dilatation, there was a similarity in the

positive identification in 5 out of 8 (25%) patients. The sonographer

had 3 (15%) doubtful cases in this category. There was complete

agreement in the evaluation of absent dilatation in the CBD in 12 out

of 12 (60%) patients.

For pathology suggestion, the sonographer in the sonographic

screening only reports normal or abnormal findings and does not

make a diagnosis suggestion because it is the radiologists responsi-

bility. Radiologists suggested pathology in 16 (80%) scanned patients.

The radiologists suggested cholecystitis in 6 (30%) patients. All

6 cases of cholecystitis were characterized by the presence of

sonographic Murphy sign, sonographic changes in the gallbladder wall,

and cholelithiasis. One of these cases also showed dilatation of the CBD.

There were 2 cases (10%) suggesting cholestasis and pancreatitis

by radiologists. The complete blood analysis performed by RH

provided by the doctors had the ability to simultaneously evaluate

multiple parameters, supplementing the imaging evaluation for a

more comprehensive assessment of specific pathologies.

3.2 | Inferential statistics

Cramer's V test was conducted to assess the association between

variables (ultrasound findings in the BES and the RH), and Kappa test

was utilized to evaluate the reliability among the sonography

performers. The results are summarized in Table 2.

TABLE 2 Cramer's V test and Kappa measure of agreement values for the different tested variables.

Variables under study Cramer's V Sig Kappa measure of agreement Sig

Sonographic Murphy sign 0.859 0.001 0.664 0.001

Sonographic gallbladder wall changes 0.464 0.038 0.355 0.038

Cholelithiasis/gallbladder sludge 0.840 0.001 0.712 0.000

Pericholecystic fluid/hazy wall delineation 0.597 0.006 0.497 0.006

Common bile duct measure above 6mm 0.667 0.003 0.615 0.003

Extra or intrahepatic biliary tract dilation 0.717 0.006 0.537 0.002
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Cramer's V test demonstrated a very strong association in the

sonographic findings obtained in the BES and the RH (V > 0.6) in four

variables: “Sonographic Murphy sign” (V = 0.859; p = 0.001), “Choleli-

thiasis/Gallbladder sludge” (V = 0.840; p = 0.001), “Extra‐Intrahepatic

biliary tract dilatation” (V = 0.717; p = 0.006), and “Common Bile Duct

measure, above 6mm” (V = 0.667; p = 0.003). The variable “Pericho-

lecystic fluid” showed strong association with a Cramer's V of 0.597

(p = 0.006). “Sonographic changes in Gallbladder wall” was found with

moderate association (V = 0.464; p = 0.038).

The Kappa test indicated moderate similarity between observers

in “Sonographic Murphy Sign”; “Cholelithiasis/Gallbladder sludge”;

and “Common Bile Duct over 6mm” variables (0.60 ≥k ≤ 0.79). “Extra‐

Intrahepatic Biliary Tract Dilatation” and “Pericholecystic Fluid/Hazy

Wall Delineation” variables showed weak association (0.40 ≥k ≤ 0.59).

The “Sonographic Changes in Gallbladder Wall” variable showed a

minimum similarity (0.21 ≥k ≤ 0.39).

4 | DISCUSSION

In this study, cholecystitis was confirmed in 30% of patients presenting

with RUQ pain, which is consistent with findings from previous

studies.34,35 The sonographic Murphy sign, changes in the gallbladder

wall, and presence of cholelithiasis were the most favorable sonographic

findings for suspected cholecystitis, as reported in the literature.36

Moreover, a high WBC count was observed in 67% of patients with

cholecystitis, which aligns with previous studies.37,38

Considering only the relationship BES+/RH+ for each variable,

our results show a 13.3% discrepancy in sonographic findings

between BES and RH, which is lower than the 15.5% reported by

Dawkins et al.10 Moreover, studies by Kari and Gerhardsen and

Williams et al. found high agreement in abdominal sonography

between Norwegian sonographers and radiologists (95.5% concor-

dance) and between remote sonographers and teleradiologists

(97.2% accuracy), respectively.11

Schneider et al.13 concluded that sonographer findings in cases

of abdominal ultrasound referred by the ED have a high level of

agreement with radiologists, with a discrepancy of 14% between the

two. This is similar to the 13.3% discrepancy found in our study.

In our study, inferential statistical analysis revealed statistically

significant associations between variables, as indicated by Cramer's V

test values. These significant associations suggest that sonographic

findings for biliary track pathology evaluation are reproducible if specific

sonographic criteria are followed, regardless of whether the exam is

performed by BES or RH. This high degree of similarity between

different performers (BES/RH) in detecting changes of the biliary

structures was found for both screening and orthodox ultrasound exams.

Further comparative data between radiographers/sonographers and

radiologists would be valuable to enhance the existing academic

education, both theoretically and practically, and to increase the use of

sonographic screening by BES.7 This benefit of integrating ultrasound

performed by radiographers/sonographers and its cost‐effectiveness for

the National Health System has been documented by Lobo et al.39

Results also emphasize the importance of not disregarding

orthodox exams performed by specialists. Radiologists have a

minimum of 6 years of specialized training, in addition to their

previous medical education degree program (6 years) and possess a

comprehensive knowledge of pathologies and the use of various

imaging methods for diagnosis.

4.1 | Limitations of the study

The BES ultrasound equipment from 2006 has probe limitations and a

lower image quality compared to GE equipment used by radiologists in

the RH. Abdominal scanning for solid abdominal organs typically does

not require the use of a specialized probe. However, the capabilities of

older ultrasound machines may restrict the ability of the sonographer to

obtain sufficient details of certain pathologies. This limitation may arise

due to factors such as decreased spatial resolution, reduced image

quality, or limited depth penetration, which can make it challenging to

accurately observe certain conditions. Additionally, a lower level of

expertise among sonographer compared to radiologists may contribute

to the discrepancies in the obtained results.

There were some patients with evident biliary pathology who were

referred to RH but ended up leaving this medical care facility (leaved the

Basic Emergency Center) reducing the representativeness of our sample.

Additionally, there were cases that were excluded from the study

because although the sonography exam was repeated at RH, the images

and report were not retrievable from PACS for unknown reasons.

5 | CONCLUSION

The use of POCUS for screening in a prehospital setting was found to be

highly effective in guiding patient referrals to RH. In this study, all

patients referred to the RH were correctly identified as having an urgent

pathology that required further investigation or treatment. The findings

align with current literature, demonstrating a high degree of concordance

between the screening results and those obtained from orthodox

ultrasound exams, regardless of the operator's location (either in the

prehospital setting or the reference hospital).

POCUS in prehospital screening demonstrated its efficacy as a

valuable tool in directing physician decision‐making regarding patient

referral and management based on clinical findings.

While the objectives of POCUS screening and conventional

sonography may differ, both rely on a shared imaging foundation. It is

important to note that this POCUS screening does not intend to

make a diagnostic determination. Sonographers can contribute to the

screening process without encroaching on the responsibilities of

other medical specialists, and their involvement has been shown to

add value to patient care in certain situations and in specific contexts.

Further studies with larger sample sizes and wider geographical

scope should be conducted. This would provide a more comprehen-

sive understanding of the phenomenon under investigation and help

validate and refine the outcomes of this study.
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