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Abstract

Purpose To compare point-of-care ultrasound and physical

examination (PEx), each performed by first-year medical

students after brief teaching, for assessing ascites and

hepatomegaly. Ultrasound and PEx were compared on: (1)

reliability, validity and performance, (2) diagnostic confi-

dence, ease of use, utility, and applicability.

Methods A single-center, randomized controlled trial was

performed at a tertiary centre. First-year medical students

were randomized to use ultrasound or PEx to assess for

ascites and hepatomegaly. Cohen’s kappa and interclass

coefficient (ICC) were used to measure interrater reliability

between trainee assessments and the reference standard (a

same day ultrasound by a radiologist). Sensitivity, speci-

ficity, accuracy, positive predictive value (PPV), and neg-

ative predictive value (NPV) were compared. A ten-point

Likert scale was used to assess trainee diagnostic confi-

dence and perceptions of utility.

Results There were no significant differences in interob-

server reliability, sensitivity, specificity, accuracy, PPV, or

NPV between the ultrasound and PEx groups. However,

students in the ultrasound group provided higher scores for

perceived utility (ascites 8.38 ± 1.35 vs 7.08 ± 1.86,

p = 0.008; hepatomegaly 7.68 ± 1.52 vs 5.36 ± 2.48,

p\ 0.001) and likelihood of adoption (ascites 8.67 ± 1.61

vs 7.46 ± 1.79, p = 0.02; hepatomegaly 8.12 ± 1.90 vs

5.92 ± 2.32, p = 0.001).

Conclusions When performed by first-year medical stu-

dents, the validity and reliability of ultrasound is compa-

rable to PEx, but with greater perceived utility and

likelihood of adoption. With similarly brief instruction,

point-of-care ultrasonography can be as effectively learned

and performed as PEx, with a high degree of interest from

trainees.

Keywords Point-of-care ultrasound (POCUS) � Bedside
ultrasound � Rational physical examination � Education �
Hepatomegaly � Ascites

Sommario

Obiettivo Confrontare l’ecografia con l’esame obiettivo

(EO), entrambi eseguiti da studenti del primo anno di

medicina a seguito di un breve insegnamento, nella valu-

tazione dell’ascite e dell’epatomegalia. L’ecografia e l’EO

sono stati messi a confronto riguardo: (1) all’affidabilità, la

validità e le prestazioni, (2) confidenza diagnostica, facilità

d’applicazione, utilità e applicabilità.
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Metodi E’ stato effettuato uno studio randomizzato con-

trollato presso un singolo centro di terza fascia. Gli studenti

di medicina del primo anno sono stati scelti casualmente

per effettuare l’EO o l’ecografia, per valutare la presenza di

ascite ed epatomegalia. Il Kappa di Cohen e il coefficiente

di correlazione interclasse (ICC) sono stati utilizzati per

misurare la concordanza inter-osservatore tra la valu-

tazione da parte dei tirocinanti e lo standard di riferimento

(un’ecografia effettuata nello stesso giorno da un radiol-

ogo). Sono stati comparati sensibilità, specificità, accu-

ratezza diagnostica, valore predittivo positivo (VPP) e

negativo (VPN). Per valutare la confidenza diagnostica e la

utilità percepita da parte dei tirocinanti è stata utilizzata

una scala Likert a 10 punti.

Risultati Non sono state rilevate significative differenze tra

la concordanza inter-osservatore, la sensibilità, specificità,

accuratezza diagnostica, VPP e VPN tra il gruppo dell’e-

cografia e quello dell’EO. Tuttavia gli studenti del gruppo

dell’ecografia hanno fornito punteggi più alti per quanto

riguarda i livelli di utilità percepita (ascite: 8.38 ± 1.35 vs

7.08 ± 1.86, p = 0.008; epatomegalia: 7.68 ± 1.52 vs

5.36 ± 2.48, p\ 0.001) e probabilità di adozione (ascite:

8.67 ± 1.61 vs 7.46 ± 1.79, p = 0.2; epatomegalia:

8.12 ± 1.90 vs 5.92 ± 2.32, p\ 0.001).

Conclusioni Quando eseguita dagli studenti di medicina

del primo anno, la validità e l’affidabilità sono risultate

comparabili tra ecografia ed EO, ma con maggiori utilità

percepita e probabilità di adozione. Con tempi d’insegna-

mento simili rispetto all’EO, l’ecografia può essere effi-

cacemente appresa ed eseguita, con un alto grado di

interesse da parte dei tirocinanti.

Background

Point-of-care ultrasound (POCUS), defined as ultrasound

performed at the patient’s bedside by the clinician providing

care, has been shown to improve the quality and safety of

patient care through increased diagnostic accuracy and

procedural safety [1–7]. In addition, POCUS instruction as

early as first and second year medical school has been shown

to enhance knowledge acquisition and retention [8–10].

Surveys have shown that 50% of Canadian and 62% of US

medical schools have integrated ultrasound into their cur-

riculum, with 60% beginning in first-year [11, 12]. These

findings are part of a worldwide trend [13, 14].

As an example of curricular content, a consensus state-

ment from leading POCUS medical educators suggests that

graduating medical students should be competent in

abdominal POCUS, including liver, spleen, and gallbladder

visualization, recognition of cholelithiasis, the sonographic

Murphy’s sign, and peritoneal free fluid [15]. However,

effective instruction in the short time available remains a

challenge [12]. The majority of Canadian medical schools

teaching ultrasound were able to devote only 1-5 h per year

in instruction time [11]. Studies comparing targeted, prac-

tical instruction in POCUS to the current pedagogical gold

standard, physical examination (PEx), could aid educators in

deciding on time allocations for each, as well as help to

establish evidence-based curriculumdesign.Given that there

are few educational studies on abdominal POCUS, we chose

this as the focus for our study [16]. Since the evidence-based

PEx, founded on the Journal of the American Medical

Association (JAMA) Rational Clinical Examination (RCE),

devotes numerous complex maneuvers to the detection of

hepatomegaly and ascites, we chose these pathologies to

assess the role of learner-performed POCUS [17–19].

This randomized controlled study of first-year medical

students compares the efficacy of brief, targeted instruction

in either POCUS or the evidence-based PEx for the diag-

nosis of hepatomegaly and ascites. Outcomes assessed

include interobserver reliability, sensitivity, specificity,

accuracy, and positive and negative predictive values (PPV

and NPV), as well as trainee confidence and preference.

Methods

Study design

This study was a prospective, single-center, randomized

controlled trial performed at a tertiary teaching hospital in

January 2015. Institutional approvals were obtained from

the Research Ethics Boards of this hospital and the uni-

versity medical education program.

Students were randomized to one of the two modalities

using a random numbers table, and were blinded to patient

clinical information. Two volunteer patients were used as

models for all teaching sessions. The remaining eight

patients were allocated to two tracks with equal distribution

of abnormal clinical findings so that each track consisted of

four patients. Each student examined four patients, with

7 min allotted for each exam. The reference standard for

both the POCUS and PEx groups was the diagnoses and

measurements obtained by an expert radiologist, who

performed POCUS on these patients on the same day as the

study, using the same ultrasound machine as the trainees

(Fujifilm Sonosite Edge�).

Participants

Students

Study subjects were recruited on a volunteer basis from the

first-year medical school class at the University of Toronto.
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No monetary incentive was provided, and students did not

receive academic credit for participating in this study. Stu-

dents in subsequent years of training were excluded from the

primary analysis given prior training on diagnostic abdom-

inal PEx and POCUS. Themedical students recruited for this

studywere in their second semester of first year, and had been

introduced to ultrasound during the previous semester via

online modules and ultrasound-enhanced anatomy sessions.

The modules introduced students to relevant physics and

knobology, and provided an overview of the ultrasound

views of major organ systems. The ultrasound-enhanced

anatomy labs consisted of three 30 min hands-on sessions,

with a 1:4 instructor to learner ratio. Labs focused on the

spatial relationships of abdominal, thoracic, and head and

neck organs.With respect to prior PEx training, students had

been introduced to cardiac, respiratory, and head and neck

exams, but not the abdominal exam.

Patients

A total of ten consecutive, eligible patients were recruited

from a tertiary hepatology clinic affiliated with the uni-

versity. Informed written consent was obtained and a small

monetary honorarium was provided for all participating

patients.

Interventions

Half of students were randomized to receive 30 min of

POCUS training, while the remainder received 30 min of PEx

teaching [19]. Two investigators, one proficient in teaching

POCUS, and another in teaching the JAMARCE, taught each

of these sessions. All sessions involved 10 min didactic

instruction and demonstration on the volunteer patient, and

20 min student practicewith instructor feedback. Both groups

learned to assess (1) liver span, with hepatomegaly defined as

liver span[14 cm at the mid-clavicular line (MCL) and (2)

the presence or absence of ascites. The choice of 14 cm as the

threshold for hepatomegaly for both POCUS and PEx was

guided by the JAMA RCE, which states that a detected liver

span [12–13 cm correlates with increased probability of

hepatomegaly [18]. It was necessary to choose a consistent

threshold for both groups; however,we acknowledge thewide

variability in definitions of hepatomegaly, and the contribu-

tion of factors such as age, sex, body size, and accessory lobes

[20–24].

Point-of-care ultrasound instruction included a review of

probe orientation, image acquisition, and image optimiza-

tion using depth and gain. Students were taught to identify

the liver, spleen and hepatorenal recess in the supine

position, identify fluid in the hepatorenal recess, and

measure liver span in the MCL from dome-to-tip. MCL

dome-to-tip was chosen given its high interrater and

intrarater reliability [25]. Students demonstrated these

maneuvers individually, with instructor feedback.

The PEx sessionwas guided by teaching slides provided by

JAMA. To detect ascites, students were taught to inspect for

bulging flanks, and percuss for flank dullness, shifting dull-

ness, and fluid wave. To detect hepatomegaly, students were

taught to palpate for the lower border, percuss for the upper

border, and measure liver span in the MCL. Likelihood ratios

for each maneuver were discussed. Students demonstrated

these maneuvers individually, with instructor feedback.

Data collection

Student data were collected after being anonymized and

de-identified. Students recorded their results regarding the

presence or absence of ascites and hepatomegaly, diag-

nostic confidence for each using a ten-point Likert scale

(1 = not at all confident, 10 = very confident), and their

measured liver span (Supplement 1). Following the study,

students completed a questionnaire regarding their per-

ceptions on the ease of learning, utility and applicability of

their modality of training, each on a ten-point Likert scale

(Supplement 2).

Outcome measures

The primary study outcome was to compare the interob-

server variability between both POCUS and PEx to the

reference standard. The secondary outcomes included: (1)

participant confidence in results obtained either through

POCUS or PEx, (2) ease of learning, (3) perceived utility,

and (4) applicability (i.e., likelihood of future use).

Statistical analysis

Interobserver reliability between the reference standard and

both POCUS and PEx was analyzed using Cohen’s Kappa

for the diagnosis of ascites and hepatomegaly, and by the

intraclass correlation coefficient (ICC) for liver span. ICC

was also used to assess the correlation between all sec-

ondary outcomes and the examination modality used.

Parameters were recorded as mean with standard deviation

or 95% confidence intervals (95% CI). Data analyses were

performed with IBM SPSS version 20.0 for Macintosh

(SPSS Inc., USA) and R statistical software (version 3.1.0).

Results

Participant characteristics

A total of eight patients were enrolled in the study, the

majority of whom were male (63%), with a mean age of
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61.1 years (range 55–78) and mean BMI of 26.1 kg/m2

(range 20–36). The eight patients were divided into two

groups such that both normal and abnormal findings for

ascites and hepatomegaly were represented in each group.

Each student was randomly assigned to examine one group

of patients using POCUS or PEx, such that each student

examined four patients in total. Hepatomegaly, as defined

in this study, was present in 38% of patients (mean

13.4 cm, range 10–17), and ascites in 50% of patients

(mild-moderate 1, severe 3). A total of 44 first-year med-

ical students were enrolled in the study, with 22 in the

POCUS group and 22 in the PEx group.

Reliability, validity and performance

for the diagnosis of ascites

A total of 88 POCUS and 88 PEx results were recorded for

the diagnosis of ascites. The Cohen’s kappa for POCUS

and PEx were 0.59 and 0.45 (p = 0.29), respectively, both

indicating moderate agreement with the reference standard.

There were no statistically significant differences in sen-

sitivity, specificity, accuracy, PPV, or NPV between the

PEx and POCUS groups (Table 1).

Reliability, validity and performance

for the diagnosis of hepatomegaly and measurement

of liver span

There were a total of 86 POCUS and 87 PEx results for the

diagnosis of hepatomegaly. The Cohen’s kappa was 0.35

for POCUS and 0.19 for PEx (p = 0.27). There were no

statistically significant differences in sensitivity, speci-

ficity, accuracy, PPV, or NPV with POCUS as compared

with PEx (Table 1). There were a total of 84 POCUS and

88 PEx measurements recorded for liver span. The ICC for

correlation of measured liver span with reference standard

was not significantly different between the POCUS and

PEx group 0.25 (0.04–0.44) vs 0.21 (-0.001 to 0.40),

p = 0.52.

Confidence, ease of learning, utility and future

likelihood of use

The POCUS group was no more confident in their findings

than the PEx group for either hepatomegaly or ascites

(Table 2). Students rated POCUS and PEx similarly on

ease of learning, but POCUS had higher perceived utility

and likelihood of future use (Table 3). There were no

significant ICCs between confidence level and accuracy for

either the POCUS (hepatomegaly -0.65 (-0.76 to -0.51),

p = 1.00; ascites -0.78 (-0.85 to -0.68), p = 1.00) or

PEx (hepatomegaly -0.65 (-0.75 to -0.50), p = 1.00;

ascites -0.65 (-0.75 to -0.50), p = 1.00) groups.

Discussion

This study compared the reliability, validity, and perfor-

mance of medical trainees following brief instruction on

either POCUS or PEx for the diagnosis of ascites and

hepatomegaly. As many centers have begun introducing

POCUS to first-year medical students alongside their

clinical skills training [26–29], an understanding of how

junior medical trainees are able to learn, perform, and

interpret POCUS is crucial to both frontline educators and

those involved in curriculum development.

We demonstrated that first-year medical students can be

taught to use POCUS to accurately diagnose ascites and

hepatomegaly after only brief instruction. POCUS

Table 1 Comparison of

interrater reliability, sensitivity,

specificity, accuracy, and

positive and negative predictive

values of ultrasound compared

with physical examination for

ascites and hepatomegaly

Ascites Hepatomegaly

POCUS (n = 88) PEx (n = 88) P value POCUS (n = 84) PEx (n = 88) P value

Kappa 0.59 0.45 0.29 0.35 0.19 0.27

Sensitivity 77 84 0.59 67 48 0.21

Specificity 82 61 0.06 70 70 1.00

Accuracy 80 73 0.38 69 62 0.46

PPV 83 68 0.25 58 50 0.68

NPV 79 79 1.00 77 69 0.49

POCUS point-of-care ultrasound, PEx physical examination, PPV positive predictive value, NPV negative

predictive value

Table 2 Differences in confidence levels between POCUS and

physical examination

Exam Finding Confidence, mean (range)

POCUS PEx P value

Hepatomegaly 6.00 (1–10)a 5.83 (1–9)b 0.57

Ascites 7.33 (2–10) 7.34 (2–10) 0.91

POCUS point-of-care ultrasound, PEx physical examination

The number of missing confidence ratings are as follows: a 2, b 4
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assessments demonstrated comparable reliability, validity

and performance to PEx. Trainees who learned POCUS

rated it as more useful for this examination, and as more

applicable to future practice, compared with their col-

leagues’ ratings of the evidence-based PEx. Students who

performed POCUS demonstrated similar confidence in

their findings to those who performed PEx, in keeping with

their comparable levels of accuracy.

Numerous studies have demonstrated the efficacy of

POCUS in the hands of medical students to enhance the

cardiac exam, though there have been few studies evalu-

ating the utility of trainee-performed abdominal POCUS

[30]. The performance of PEx in our study was comparable

to that in the literature [31–33]. However, our study did not

demonstrate a superiority of POCUS over PEx in accuracy,

reliability and performance, contrary to some studies

assessing other pathologies [3]. There may be several

reasons for this, including teaching time constraints and the

limited number of patients in our study. Our study was

designed to assess the efficacy of teaching interventions

brief enough to be replicable as curricular additions or as

part of bedside teaching moments. The fact that medical

students in this study were unable to fully leverage the

diagnostic power of abdominal ultrasound over PEx is of

some concern, and may have significant implications in the

design of future studies and the planning of curricula.

Related to study design, we included a limited number of

patients to ensure that both normal and pathological findings

could be assessed within a short time frame. However, the

high representation of pathological findings overestimated

PPV and underestimated NPV. Further, medical students not

yet familiar with the full spectrum of disease may have been

particularly impacted. For example, since the majority of

patients had severe ascites (75%), a simultaneous view of the

liver and the right kidney may not have been possible.

Medical students relying excessively on viewing intervening

fluid in the hepatorenal recess for the diagnosis of ascites

would havemade a false negative diagnosis.We suggest that

future studies consider enrolling a larger number of patients

with varying degrees of pathology. We also suggest that

students are exposed to images and video clips displaying a

broad range of disease severity, which may be done through

online modules if time is limited.

Our result that medical students find POCUS useful and

relevant to their future practice is similar to previous sur-

veys of pre-clinical POCUS curricula [13, 34]. Our study

also suggests that POCUS can be clinically useful and an

enjoyable learning experience even when taught in a brief

timeframe comparable to PEx. These findings are also

consistent with existing literature [34, 35].

In conclusion, our study demonstrates that first-year

medical students can use POCUS to diagnose ascites and

hepatomegaly after brief instruction, with findings com-

parable to those using PEx. Students rated POCUS as more

useful for this exam, and more likely to be applicable to

their future practice. This study also highlights possible

pitfalls requiring educator awareness and further research.
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