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Abstract
Background: The retrospective study aimed to investigate the effect of point-of-care ultrasound (PoCUS)
by a designated protocol for patients with abdominal distention.

Methods: Non-traumatic adult patients with abdominal distention were included at the emergency
department (ED) of the National Taiwan University Hospital between July 2015 and July 2017. A
sonographic scanning protocol (FASK, the focused assessment with sonography in trauma plus the renal
US) was included in the post-graduate year and residency US training. The primary outcome included the
diagnostic accuracy of the FASK protocol. The accuracy, sensitivity, speci�city, positive predictive value
(PPV), and negative predictive value (NPV) of the protocol were calculated that discharge/admission
diagnosis was as the standard. The secondary outcomes included ED LOS and the rate of ED discharge
using the FASK protocol.

Results: A total of 512 patients were included. The accuracy of the FASK protocol was 99.0% (507/512),
whatever the level of the performer. The sensitivity, speci�city, PPV, and NPV were 99.4% (95% CIs, 98.2-
99.9%), 100% (95% CIs, 100%), 99.6% (95% CIs, 98.6-100%), and 99% (95% CIs, 97.7-99.7%), respectively.
397 patients (78%) were discharged with the median LOS of 126 minutes (IQR, 84-236 minutes) after
receiving PoCUS and proper management. PoCUS was performed approximately 3 hours earlier than CT
(median, 179 minutes; IQR, 90-468 minutes; p<0.0001).

Conclusions: A simple FASK protocol could be an effective screening tool for non-critical patients with
abdominal distention. Being an adjunct of physical examination and management, PoCUS exhibited
characteristics of e�cacy, timeliness, and safety.

Trial registration: NCT04149041 at ClinicalTrials.gov.

Background
Abdominal distention is a common complaint in emergency care settings. Diverse mechanisms
participate in the pathogenesis of abdominal distension. Therefore, it becomes a challenge to diagnose
accurately, and manage properly [1]. Traditionally, thorough history taking and physical examination are
essential for evaluation for patients with abdominal distention. However, limitations exist because of the
chaotic environment, the decline of bedside physical examination, and the increase in ambiguity in
diagnosis [2, 3].

Ultrasound (US) is a safe and rapidly evolving diagnostic modality [3]. Currently, reducing the size of
modern devices and improving image quality make point-of-care US (PoCUS) ideal for immediate bedside
use [4], and suitable for patient care. It can serve as a valuable adjunct to physical examination [5] and
facilitate patient care and disease management, referring to “the stethoscope of the 21st century”[6, 7].
The use of PoCUS �rst can answer important clinical questions accurately without time delay, and avoid
side effects of unnecessary, advanced imaging [8]. PoCUS has shown its value in rapidly diagnose critical
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conditions such as shock, dyspnea, and cardiac arrest [9–12]. Evidence regarding the application of
PoCUS in non-critical patients with abdominal distention was limited in the literature [13, 14]. Also,
whether PoCUS could enhance the e�ciency of the management process and in�uence patient-oriented
outcomes such as length of stay (LOS), and the rate of discharge was still uncertain [15].

We conducted a retrospective study to investigate the effect of PoCUS by a designated protocol for
patients with abdominal distention.

Methods

Study design and setting
The retrospective study was conducted at the emergency department (ED) of the National Taiwan
University Hospital, a tertiary medical center in Taiwan, between July 2015 and July 2017. The ED has an
annual uptake of approximately 85,000 patients. The study protocol was approved by the institutional
review board of the hospital (201907173RIND) with a waiver of informed consent and registered at
ClinicalTrials.gov (NCT04149041).

The sonographic scanning protocol (FASK) for abdominal distention included the focused assessment
with sonography in trauma (FAST) examination detecting free �uid over Morison’s pouch, splenorenal
recess, and within the pelvis, plus urinary tract examination including bilateral kidneys and urinary
bladder. The distended urinary bladder was identi�ed as an estimated urinary bladder volume more than
400 ml [16, 17]. This protocol was included in the post-graduate year (PGY) and residency US training
since 2012, and all of the PGYs and residents passed the hand-on assessment under the senior
instructors’ supervision. The instructors were certi�ed by the Society of Ultrasound in Medicine, Republic
of China, Taiwan, and had over 10 years of experience in sonographic examinations.

All ultrasonographic examinations were written in a standard report form including indication,
sonographic �ndings, sonographic diagnosis, and management. A US machine (SSA-550A, Canon,
Japan) equipped with 2–5 MHz curvilinear transducers was kept ready for use.

Selection Of Participants
Adult non-traumatic, ED patients more than 20 years of age (according to the Regulations on Human
Trials conducted since 2016 in Taiwan) with abdominal distention receiving PoCUS with the FASK
protocol were included. Patients aged less than 20 years, with pregnancy or trauma, and receiving PoCUS
for other indications were excluded. Critical patients with cardiac arrests and shock were also excluded.

Measurements
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Clinical data were obtained, including age, gender, body mass index (BMI), vital signs at arrival (blood
pressure, heart rate, pulse saturation, and body temperature), registration time, door to US time, door to
computed tomography (CT) time, ED LOS, whether ED discharge or not. The accuracy of sonographic
diagnosis was de�ned as the agreement between sonographic diagnosis and discharge/admission
diagnosis (presence of ascites, urinary bladder distention, or none of both).

All sonographic images and documentation were collected, as well as the level of the sonographer. The
images were reviewed by two instructors blindly and independently. The quality of the images was
categorized using a 5-point Likert rating scale. Point 1 indicated no recognizable structures, no objective
data can be gathered; point 2 indicated minimally recognizable structures but insu�cient for diagnosis;
point 3 indicated minimal criteria met for diagnosis, recognizable structures but with some technical or
other �aws; point 4 indicated minimal criteria met for diagnosis, all structures imaged well and diagnosis
easily supported; point 5 indicated minimal criteria met for diagnosis, all structures imaged with excellent
image quality and diagnosis completely supported [18]. The scores from the two instructors were
averaged.

Outcomes
The primary outcome included the diagnostic accuracy of the FASK protocol. The accuracy, sensitivity,
speci�city, positive predictive value (PPV), and negative predictive value (NPV) of the protocol were
calculated that discharge/admission diagnosis was as the standard. The secondary outcomes included
ED LOS and the rate of ED discharge using the FASK protocol.

Statistical analysis
All data were analyzed by SAS software (SAS 9.4, Cary, North Carolina, USA). Categorical data were
expressed in counts and proportions, while continuous data were expressed in medians and interquartile
ranges (IQRs). Categorical variables were compared using a Chi-square test. Continuous variables were
examined using Wilcoxon’s rank-sum test. A Kruskal-Wallis test was performed for comparisons for more
than 2 groups.

Logistic regression was applied for possible factors for accurate sonographic diagnosis. Covariates in
this model included age, sex, BMI, vital signs, registration time, the level of the sonographer, and the
quality of US images. The level of the sonographer was categorized as junior physicians (PGY1-2) and
senior physicians (PGY 3 or higher). Also, logistic regression was used for possible factors for the quality
of the images. Covariates in this model included age, sex, BMI, vital signs, registration time, and the level
of the sonographer. Odds ratio with 95% con�dence intervals (CIs) for signi�cant parameters were
computed. A p-value of less than 0.05 was considered statistically signi�cant.

Results



Page 6/16

Patient characteristics
A total of 512 patients were included in the analysis (Fig. 1, Table 1). The median ages were 66 (IQR, 56–
77) years and 342 patients (67%) were men. The median door to US time was 36 (IQR, 21-91.5) minutes.
The median LOS was 165 (IQR, 96.5–1010) minutes. One patient experienced revisit within 72 hours for
ascites tapping. No morbidity or death occurred. The median quality score of US images was 3 (IQR, 3)
and 78% (398/512) achieved acceptable quality (Likert scale ≥ 3).

Table 1
The characteristics of the included patients.

Characteristics Total

(n = 512)

Age, years* 66 (56–77)

Male, n 342 (67%)

Body mass index* 23 (20.4–25.5)

Vital signs  

Systolic blood pressure, mm-Hg* 133 (117–152)

Diastolic blood pressure, mm-Hg* 75 (66–84)

Temperature, ℃* 37.1 (36.8–37.4)

Heart rate, per min* 92 (79–104)

SpO2, %* 97 (96–98)

Door to US†time, min* 36 (21-91.5)

Imaging quality using a 5-point Likert scale* 3 (3)

Patients receiving computed tomography, n 81 (16%)

Length of stay, min* 165 (96.5–1010)

ED† discharge, n 435 (85%)

*Presented as median and interquartile ranges (IQRs).

†US, ultrasonography; ED, emergency department.

Primary Outcome
Comparing with the discharge/admission diagnosis, the accuracy of the FASK protocol was 99.0%
(507/512). The sensitivity, speci�city, PPV, and NPV were 99.4% (95% CIs, 98.2–99.9%), 100% (95% CIs,



Page 7/16

100%), 99.6% (95% CIs, 98.6–100%), and 99% (95% CIs, 97.7–99.7%), respectively. The disagreement
between sonographic and discharge/admission diagnosis existed in only 5 patients: 2 patients had
loculated ascites but PoCUS reported no presence of ascites; 2 had hydronephrosis but PoCUS reported
no hydronephrosis; uterus was misinterpreted as an abdominal mass in one patient.

Logistic regression was applied for possible factors for accurate sonographic diagnosis. No signi�cant
parameters were identi�ed to be associated with accuracy, whatever the level of the performer. Also,
logistic regression was used for possible factors for image quality. Senior sonographers were associated
with better image quality (Likert scale ≥ 3) (OR, 1.72; 95% CI, 1.09–2.72). Others were unremarkable.

More than 70% of the patients had accurate diagnoses such as ascites or distended urinary bladder by
using the FASK protocol (Fig. 1). Only 16% of the patients needed further advanced imaging.

There were 166 patients (32%) diagnosed as having ascites, 212 (41%) as having distended urinary
bladder, and others had miscellaneous diagnoses (Fig. 1). The main causes of ascites were malignancy
(49%) and liver cirrhosis (44%)(Table 2). One patient with ascites was diagnosed to have fresh
endometrial cancer with peritoneal metastasis. Of patients with distended urinary bladder, 69% were
related to benign prostate hypertrophy (Table 3).
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Table 2
The characteristics of the patients with ascites.

Variables Patients with ascites

(n = 166)

Receiving CT*, n 37 (22%)

Discharge, n 130 (78%)

Length of stay, min† 295 (120–1578)

Etiology, n  

Malignancy 81 (49%)

Hepatocellular carcinoma (HCC) 25 (15%)

Colon cancer 9 (5%)

Breast cancer 9 (5%)

Ovarian cancer 8 (5%)

Gastric cancer 4 (2%)

Pancreatic cancer 4 (2%)

Cholangiocarcinoma 3 (2%)

Mesothelioma 3 (2%)

Lung cancer 3 (2%)

Others 13 (8%)

Liver cirrhosis 73 (44%)

Renal diseases 5 (3%)

Ovarian hyperstimulation syndrome (OHSS) 3 (2%)

Tuberculous peritonitis 2 (1%)

Systemic lupus erythematosus 2 (1%)

*CT, computed tomography.

†presented with median (IQR).
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Table 3
The characteristics of the patients with distended urinary bladder.

Variables Patients with distended

urinary bladder

(n = 212)

Receiving CT*, n 6 (3%)

Discharge, n 201 (95%)

Length of stay, min† 124 (77.5-300.5)

Etiology, n  

Benign prostate hypertrophy 146 (69%)

Malignancy 20 (9%)

Prostate cancer 11 (5%)

Bladder cancer 4 (2%)

Others‡ 6 (3%)

Urinary tract infection 11 (5%)

Miscellaneous§ 34 (16%)

*CT, computed tomography.

†presented with median (IQR).

‡included renal cancer (1), ureteral cancer (1), uterine cancer (1), cervical cancer (1), retroperitoneal
cancer (1), ovarian cancer (1).

§included drug side-effects (1), multiple sclerosis (1), neurogenic bladder (1),compression fractures
(3), Foley dysfunction (3), and undetermined (25).

Secondary Outcome
397 patients (78%) were discharged after receiving the FASK protocol and proper management. The
median LOS was 126 minutes (IQR, 84–236 minutes). The remainder received further CT or management
(Table 4). PoCUS was performed approximately 3 hours earlier than CT (median, 179 minutes; IQR, 90–
468 minutes; p < 0.0001).
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Table 4
The comparisons of patient-centered outcomes between the patients with immediate discharge and those

receiving further evaluation after the point-of-care ultrasound screening.

  Discharge

(n = 397)

Further evaluation            

CT

(n = 81)

Treatment

(n = 34)

p
Value

         

Door to US*†
(min)

33 (19–
70)

59 (26–226) 119 (25–
330)

< 
0.0001

         

Door to CT*†
(min)

- 284 (188–
685)

-            

Length of
stay† (min)

126 (84–
228)

2335
(1012–
4464)

2484 (1276–
4459)

< 
0.0001

         

Discharge, n 397
(100%)

38 (47%) 0 < 
0.0001

         

*US, ultrasonography; CT, computed tomography.

†Presented with median (IQR).

Discussion
There are diverse causes that contribute to abdominal distention and increase diagnostic complexity.
This study showed a simple protocol, FASK, had e�cacy and timeliness for the ED patients with
abdominal distention. It could be an effective screening tool for the timely detection of ascites and
distended urinary bladder, followed by proper management. The diagnostic accuracy of the protocol was
99% with high sensitivity and speci�city, whatever the level of the performer. With the early intervention of
the FASK protocol, the majority of patients could be discharged soon after proper management without
further advanced imaging. It suggested that the introduction of PoCUS in patients with abdominal
distention using a designated protocol could lessen LOS, facilitate the management process, and
preserve safety. To our best of knowledge, this is the �rst study regarding the application of the PoCUS in
non-critical patients with abdominal distention.

PoCUS is frequently used for critical patients, however, it has a positive impact on non-critical patients [5].
This study also demonstrated the introduction of a simple US protocol with an easily accessible US
machine could make incorporating PoCUS into the daily practice easy. In addition to being an extension
of physical examination, PoCUS could play an important role in diagnosis and management in ED
settings. Safety and timeliness, two domains of quality of care [19], would be preserved by using PoCUS.

Although US would be operator-dependent [20], no association could be identi�ed between diagnostic
accuracy and the level of the performer. Senior sonographers could achieve US images with better quality
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in this study, It could be explained that this protocol included two fundamental, simple US scanning
techniques in US training. Also, junior sonographers performed the FASK protocol under the supervision
of the instructors. The gap between the green hands and the experienced sonographers could be
compensated. Therefore, the high accuracy, whatever the level of the sonographers could be explained.

Ascites can be easily identi�ed by physical examination if the volume is greater than 1500 mL [21].
However, small amounts of �uid are not easily detected, or an increased adipose tissue may confound the
diagnosis [22]. It would be safer with US-guided paracentesis [22, 23]. By contrast, paracentesis would be
withheld if small amounts of ascites were detected. Also, urinary retention, often misdiagnosed as bowel
obstruction or an abdominal tumor, is easily diagnosed by US [24]. In this study, more than 70% of the
patients had ascites or a distended urinary bladder by using US, being the causes for their abdominal
distention. Only 16% of the patients needed advanced imaging, such as CT for further evaluation.

The FAST examination is a commonly performed PoCUS examination to evaluate trauma patients in the
ED. Besides detecting free �uid in the peritoneal cavity, indicating internal bleeding following trauma [25],
the sonographer should be able to identify liver, kidney, spleen, and urinary bladder. The FAST
examination can also provide valuable information in managing non-trauma patients and altering these
patients’ clinical course [26]. In this study, the FASK protocol included combinations of the FAST
examination and the renal US. The simple protocol could be an effective, timely screening tool for
patients with abdominal distention.

There was a certain percentage of the patients receiving CT following PoCUS. These patients experienced
longer LOS and a lower discharge rate. The results showed that a certain percentage of patients needed
further investigation besides PoCUS. It might be explained by the spirit of the PoCUS. PoCUS is the
focused sonographic examination performed by the treating provider to inform clinical decision-making
[27]. It is used to answer simple, binary (yes/no) questions [28]. Differences exist between PoCUS and
comprehensive sonographic examination performing by established specialists [20], as well as CT. Also,
these patients had longer door-to-US time and LOS, compared with those receiving US only. Possibly
these patients were complicated to need more time for history taking, physical examination, and early
management. Moreover, these patients had a lower rate of ED discharge and a higher probability of
hospital admission.

There were several limitations. First, this was a retrospective, observational study with a non-random
sample. Selection bias existed that the results were obtained from the formal US documentations. Some
sonographic examinations without documentation were not included in the analysis. Besides, because
PoCUS had become commonly used in EDs, ethical concerns raised about conducting a randomized
controlled trial for PoCUS. Di�culties exist in estimating LOS without the introduction of US. Second, this
study was conducted in a single center with an active US training program. The distribution of the causes
of abdominal distention would vary from hospitals to hospitals. The external validity of the study results
needs further veri�cation. Third, the imaging quality was scored based on the still images in the US report.
The still images could represent the quality of the sonographic examination partially. Dynamic evaluation
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of structures or position change of the patient may add signi�cant information [29]. However, due to
volume limitations, the US reporting system in our hospital could upload the still images. Fourth, the
discharge/admission diagnosis having ascites or distended urinary bladder was used as a standard for
accuracy. However, the underlying etiology for ascites or distended urinary bladder was not the main aim
of the study. This study focused on the simple PoCUS protocol that would help in the quality of care and
the management process. Last, this protocol could not detect loculated ascites outside the Morison’s
pouch, splenorenal recess, and the pelvis, as in 2 patients in this study.

Conclusions
A simple FASK protocol could be an effective screening tool for non-critical patients with abdominal
distention. Being an adjunct of physical examination and management, PoCUS exhibited characteristics
of e�cacy, timeliness, and safety.
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