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Objectives—This study compared the accuracy of medical students in identifying
pleural effusion in hospitalized patients using the physical examination versus lung
ultrasound (US).

Methods—Fourth-year medical students (n5 14) received 20 hours of general
practical US training (including 2 hours of specialized lung US training) plus theo-
retical and video documentation. The students used the physical examination alone
versus the physical examination plus lung US to document the presence or absence
of pleural effusion in the right and left hemithoraces of hospitalized patients (n5 11
patients; 22 hemithoraces examined 544 times in total). The reference standard for
identification of pleural effusion was a lung US examination by 2 expert point-of-
care sonographers.

Results—The odds of correctly identifying the presence versus absence of pleural
effusion was 5 times greater with lung US as an adjunct to the physical examination
compared to the physical examination alone (odds ratio [OR], 5.1 from multivariate
logistic regression; 95% confidence interval, 3.3–8.0). The addition of lung US to the
physical examination resulted in an increase in sensitivity from 48% to 90%, in speci-
ficity from 73% to 86%, and in accuracy from 60% to 88%. The benefits of using US
were greater when pleural effusion was present versus absent (OR, 10.8 versus 2.4)
and when examining older versus younger patients (OR, 10.2 versus 2.8).

Conclusions—These results demonstrate that medical students’ ability to detect the
presence or absence of pleural effusion is superior when using lung US as an adjunct
to the physical examination than when using the physical examination alone.

Key Words—chest/lung; education; lung ultrasound; medical students; pleural
effusion; point-of-care ultrasound; chest ultrasound

P leural effusion describes an accumulation of fluid in the pleural
space. Clinicians identify the presence of pleural effusion using
the patient history, physical examination, and imaging techni-

ques. On the history, pleural effusions are often asymptomatic. Even
when symptoms are present, they are nonspecific (eg, dyspnea and
chest pain). The physical examination for identifying pleural effusion
includes inspection (chest expansion), palpation (tactile fremitus),
conventional percussion, auscultatory percussion, and ausculta-
tion.1–3 Clinical studies show that the sensitivity of these physical
examination techniques ranges widely from 15% to 95%,1,4–8 whereas
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the specificity ranges from 85% to 95%.1,2,4,5,7–9 The var-
iability in sensitivity and specificity may arise from sev-
eral factors, including the physical examination
technique, the size of the effusion being identified, the
presence or absence of mechanical ventilation, patient
characteristics (body habitus and ability to cooperate
with the examination), and differences in the reference
standards used to diagnose pleural effusion.

Imaging techniques offer a more consistent method
of identifying pleural effusions. Techniques such as lung
ultrasound (US) imaging, chest radiography, and com-
puted tomography provide high accuracy and have been
used as the reference standards in studies of pleural effu-
sion.1,4–8,10–14 The use of US for imaging pleural effu-
sion originated more than 50 years ago.15 Subsequent
studies in 1967 demonstrated the accuracy and reliability
of US for detecting pleural effusion16 and its advantages
over standard radiography for detecting small (3–5mL)
effusions.17,18

Point-of-care US is the use of a portable US device
by the clinician at the bedside of a patient. In the past 20
years, point-of-care lung US examinations performed by
expert clinicians have shown excellent sensitivity (83%–
96%), specificity (90%–100%), and accuracy (91%–
100%) for identifying pleural effusions in hospitalized
patients.7,19–22 In the emergency department, chest US
takes less time and shows equal accuracy as traditional
testing and greater sensitivity than chest radiography for
detecting pleural effusions.23,24 When point-of-care lung
US (hereafter referred to as lung US) was compared
directly to the physical examination for the diagnosis of
pleural effusion, lung US was equally specific but sub-
stantially more sensitive than the physical examination
in sitting and supine patients.7,14,25

In contrast to the well-described use of lung US by
physicians for identifying pleural effusion, its use by
medical students for this diagnosis is unknown. The
advantages and disadvantages of teaching point-of-care
US to medical students have been carefully discussed in
the medical literature.26–31 Although our previous stud-
ies showed that teaching point-of-care US to medical
students is relatively new in Canada,32,33 a substantial
body of literature confirms a worldwide implementation
of point-of-care US education at the undergraduate level
starting in the mid-1990s.34

In this study, we compared the accuracy, sensitivity,
and specificity of fourth-year medical students for detect-
ing pleural effusion in hospitalized patients using the

physical examination alone versus using lung US as an
adjunct to the physical examination. This study builds
on our previous research showing successful acquisition
and long-term retention of lung US skills in medical stu-
dents with undergraduate US training.33 Our results will
help determine whether medical students that use lung
US as an adjunct to the physical examination will be
more accurate clinicians in the detection of pleural
effusion.

Materials and Methods

Study Population
Fourth-year medical students (n5 14) in their final year
of the McGill University Medical School with prior
instruction in physical examination were recruited for
this study. The medical students were enrolled in an
elective point-of-care US course at McGill University.
Students with prior point-of-care US education were
excluded from the study.

The patients (n5 11) were recruited from March
12–19, 2015, from the general medical and surgical
wards at St. Mary’s Hospital Center (a McGill University
teaching hospital). Patients were chosen to ensure that
approximately half of the hemithoraces examined would
have pleural effusion. Exclusion criteria included the fol-
lowing: (1) patients with recent thoracentesis, (2)
patients discharged during the study, and (3) patients
unable to cooperate with the examination because of
pain or agitation.

Written informed consent was obtained from both
students and patients before commencement of the
study. Procedures received full institutional approval
(No. 13-16) by the Research Review Office of St. Mary’s
Research Center, St. Mary’s Hospital Center.

Ultrasound Training
The students participated in a 20-hour introductory US
course, during which they were taught and practiced
point-of-care US techniques on standardized patients.
Two hours of this course were devoted to practicing
lung US and occurred 14 days before the study (Figure
1 and online Supplemental Figure 1). The theoretical
training on lung US consisted of reading selected chap-
ters from an introductory textbook that focused on US
basics, image generation, US artifacts, and an approach
to the dyspneic patient using point-of-care US.35 In addi-
tion, the students reviewed video clips and images
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illustrating normal lung and pleural effusions. The
instructor was accredited by the Canadian Point-of-Care
Ultrasound Society as an independent point-of-care US
practitioner.

Study Protocol
The students were instructed to enter the ward room
one at a time and use the physical examination alone to
answer 2 questions with a yes-or-no answer: (1) Is there
pleural effusion on the right hemithorax? (2) Is there
pleural effusion on the left hemithorax? (Figure 1 and
online Supplemental Figure 1). Students exited the
room and documented their answers in a sealed enve-
lope, with no discussion with other students. The same
procedure was repeated with the students using lung US
to answer the same questions and follow the same docu-
mentation procedure.

Physical Examination
The medical students were instructed to use physical
examination techniques to identify the presence or
absence of pleural effusion on both hemithoraces.36

These techniques included inspection (chest expansion),
palpation (tactile fremitus), percussion, and auscultation.
The patients were examined lying in bed with the head
of the bed elevated to 30 8 and the patients leaning for-
ward to cooperate with the examination when possible.
The physical examination took approximately 5 minutes
per student to complete.

Lung US Examination and Criteria for Identifying a
Pleural Effusion
The medical students used a low-frequency curvilinear
transducer (C6-2 curved array transducer; Zonare Medi-
cal Systems, Inc, Mahwah, NJ). A posterolateral chest

examination was performed on each hemithorax of
patients in bed with the head of the bed elevated to 30 8.
By the same technique as Roch et al,22 the transducer
was positioned on the posterior axillary line between the
9th and 11th ribs to identify the liver on the right side,
the spleen on the left side, and the diaphragm above
both the spleen and the liver (Figure 2A). To visualize
the effusion, the transducer was advanced cephalad, and
a longitudinal view was chosen. A pleural effusion was
identified when 2 US criteria were present, as established
by Volpicelli et al37: (1) a space, usually anechoic,
between the parietal and visceral pleura, and (2) respira-
tory movement of the lung within the effusion (Table 1
and Figure 2B). Students also were taught the US “spine
sign” and “curtain sign,” both of which can help in the
identification or exclusion of a pleural effusion, respec-
tively (Figure 2, C and D1–D3). The lung US examina-
tion took 5 minutes per student to complete. The
reference standard for the presence or absence of a pleu-
ral effusion was a point-of-care lung US examination by
2 expert point-of-care sonographers accredited by the
Canadian Point-of-Care Ultrasound Society as inde-
pendent point-of-care US practitioners. Each expert
point-of-care sonographer was blinded to the other’s
findings. The agreement between the sonographers was
quantified by the j statistic for inter-rater reliability.
Perfect agreement results in a j value of 1, whereas a
j value of 0 indicates that the agreement occurred
by chance alone.

Statistical Analyses
Sensitivity, specificity, and accuracy were calculated sepa-
rately for the 2 methods of pleural effusion detection
(physical examination alone and physical examination
plus lung US). The measures provided a comparison
between the methods of detection for identifying
patients with pleural effusion (sensitivity), without pleu-
ral effusion (specificity), and with or without pleural
effusion (accuracy). They were used to assess the per-
formance of the binary student test answer (yes or no)
compared to true diagnoses (presence or absence of dis-
ease) and were calculated from actual data. Students’
diagnostic accuracy was also calculated from a statistical
model. Specifically, a logistic regression model was used
to determine whether the diagnostic accuracy was
affected by method of pleural effusion detection (physi-
cal examination alone or physical examination plus lung
US), patient characteristics (presence of pleural effusion,

Figure 1. Timeline of the study protocol. At the start of the study, the
students received theoretical and practical lung US training (time 0).
Two weeks later, students performed individual physical examinations
of hospitalized patients and recorded their detection of pleural
effusion confidentially. Students then reexamined the patients
individually using lung US and again recorded their observations
confidentially.
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age, and body mass index [BMI]), and interaction of the
pleural effusion detection method with patient character-
istics.39 The logistic regression model was also used to
test for nonlinearity of the continuous age variable, add-
ing the quadratic term in the model, interaction terms,
and intrastudent and intrapatient correlations. Stratified
analyses were conducted whenever interactions were sig-
nificant. The effects and the interactions were tested at
2-sided .05 and .15 levels of significance, respectively,
whereas the intraclass correlation, odds ratio (OR), and
95% confidence interval (CI) of the estimate were com-
puted from the models.40 SAS version 9.4 statistical soft-
ware (SAS Institute Inc, Cary, NC) was used for all
calculations.

Results

Fourth-year medical students with no prior experience
in point-of-care US were recruited for this study
(n5 14). The students had a mean age6 SD of 276 3
years and were equally represented by men (n5 7) and
women (n5 7). The hospitalized patients examined in
this study (n5 11) had a mean age of 876 9 years
(Table 2). There was perfect agreement between the
expert examiners (j5 1). The examiners found that 5
patients had bilateral effusions, and no patients had uni-
lateral effusions. The effusions varied in size, with 1 to
3 cm of distance between the visceral and parietal pleura.
Since the nonlinearity hypothesis of the age variable was

Table 1. Lung US Criteria Used to Identify the Presence or Absence of Pleural Effusion

Criterion
Lung
View Observation

Evidence of
Pleural Effusion

1 Posterolateral chest Presence of hypoechoic or anechoic space between
the parietal and visceral pleura

Yes

2 Posterolateral chest Respiratory movement of the lung within the effusion Yes
3 Posterolateral chest Presence of the spine sign (visualization of the

vertebral column at the thoracic level)
Yes, if 1 and 2

are present
4 Posterolateral chest Presence of the curtain sign (veiling of the

diaphragm during inspiration due to the scattering effect of air)
No, if 1 and 2

are absent

Figure 2. Lung US images of criteria used to identify presence or absence of pleural effusion. A, Normal lung observed in a right posterolateral
chest scan. B, Diseased lung with a large anechoic (black) pleural effusion cephalad to the diaphragm. C, Diseased lung with the spine sign.
D1–D3, Normal lung with the curtain sign (adapted with permission from Lanctôt and Valois).38 The cephalad/caudad orientation is identical for
all panels. Red circles denote the orientation marker.
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confirmed (P5 .0354), 2 age categories (<85 and !85
years) were used for the analysis.

In total, 22 hemithoraces were examined by the
physical examination 272 times and by the physical
examination plus lung US 272 times, for a total of 544
examinations (Table 3). Additional data on the number
of true-positive, true-negative, false-positive, and false-
negative findings in the presence or absence of pleural
effusion is presented in a transitional matrix (Figure 3).

Table 4 shows the students’ sensitivity, specificity,
and accuracy with CIs for detecting pleural effusion

using the physical examination alone and the physical
examination plus lung US. The addition of lung US
resulted in an increase in sensitivity (48% to 90%), speci-
ficity (73% to 86%), and accuracy (60% to 88%).

A multivariate logistic regression analysis demon-
strated that the OR for the method of detection after

Table 2. Patient Descriptive Statistics

Variable n (%)

Age, y
<85 6 (55)
!85 5 (45)

Sex
Male 6 (55)
Female 5 (45)

Mean BMI6SD, kg/m2 20.76 4.5
Admitting diagnosis
Congestive heart failure 5 (45)
Atrial fibrillation 1 (9)
Lung cancer 1 (9)
Bladder cancer 1 (9)
Sepsis 1 (9)
Paget disease 1 (9)
Fatigue 1 (9)

Pleural effusion present
Bilateral 5 (45)
Unilateral 0 (0)

Pleural effusion absent 6 (55)

Figure 3. Transition matrix for detecting pleural effusions using the
physical examination alone or using lung US as an adjunct to the
physical examination. A, When pleural effusions were present,
students using the physical examination alone detected 64 pleural
effusions. This number was increased to 121 pleural effusions when
using lung US (conversion of false-negative to true-positive findings).
B. When pleural effusions were absent, the students identified 38
false-positive findings using the physical examination alone.This num-
ber was reduced to 19 false-positive findings when using lung US
(conversion of false-positive to true-negative findings).

Table 3. Pleural Effusion Detection by Medical Students Using
the Physical Examination Alone Versus Lung US as an Adjunct to
the Physical Examination

Finding

Expert Diagnosis

Disease Nondisease Total

Physical examination alonea

Positive 64 38 102
Negative 70 100 170
Total 134 138 272

Physical examination1USb

Positive 121 19 140
Negative 13 119 132
Total 134 138 272

aSensitivity5 64/134; specificity5 100/138; accuracy5 (641
100)/272.
bSensitivity5 121/134; specificity5 119/138; accuracy5 (1211
119)/272.

Table 4. Sensitivity, Specificity and Accuracy Estimates for
Medical Students’ Detection of Pleural Effusion Using the Physical
Examination Alone Versus Lung US as an Adjunct to the Physical
Examination

Detection of
Pleural Effusion

Physical
Examination

Alone (n5 272)

Physical
Examination 1

US (n5 272)

Sensitivity (95% CI), % 48 (39–56) 90 (85–95)
Specificity (95% CI), % 73 (65–80) 86 (81–92)
Accuracy (95% CI), % 60 (55–66) 88 (84–92)
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adjustment for patient characteristics (presence of pleu-
ral effusion, age, and BMI) was similar to the univariate
(unadjusted) OR (Table 5). Both analyses suggested
that the addition of lung US increased the odds of accu-
rate detection 5-fold.

When we added interaction terms between the
method of detection and 3 patient characteristics
(presence of pleural effusion, age, and BMI), we found 2
significant interactions that led to stratified analyses (Table
6). The OR of diagnostic accuracy for lung US versus the
physical examination was significantly greater in patients
with pleural effusion and patients 85 years and older.

Discussion

Our results demonstrate that the odds of correctly iden-
tifying the presence versus absence of pleural effusion
was 5 times greater when using lung US as an adjunct to
the physical examination compared to using the physical
examination alone. The addition of lung US resulted in
an increase in sensitivity, specificity, and accuracy.

Our students’ sensitivity of 48% for identifying pleural
effusion using the physical examination falls within the
range of 15% to 96% reported for expert clinicians and
residents,1,4–8 whereas our students’ specificity of 73% was
lower than the range of 85% to 95% reported for expert

clinicians.1,2,4,5,7–9 After adding lung US, the students’ esti-
mates of sensitivity (90%), specificity (86%), and accuracy
(88%) in detecting pleural effusion were close to values
reported by expert clinicians using lung US in hospital-
ized patients (sensitivity, 83%–96%; specificity, 90%–
100%; and accuracy, 91%–100%).7,19–22 A comparison
to other students is not available, as, to our knowledge,
there are no published reports of students’ accuracy in
identifying pleural effusion using lung US. One study
noted that students showed high diagnostic accuracy for
cardiovascular structures, but their accuracy for identify-
ing pleural effusion was not specifically reported.41

Our results suggest that the benefits of using lung
US were greatest when pleural effusion was present and
when examining older patients. The increased benefits
observed when pleural effusion was present may be
explained by the fact that all pleural effusions in this study
were bilateral. Bilateral effusions may be more difficult to
detect using the physical examination, which relies on
asymmetry between hemithoraces for identifying pleural
effusions. The lack of asymmetry may be considered a
limitation of our study however bilateral effusions are
commonly found in routine clinical practice. The
increased benefits observed in older patients may relate
to an increased difficulty in performing the physical exam-
ination in less mobile patients. Lung US would not be
influenced by patient mobility as it relies on a lateral chest
examination.

Our results are in keeping with other measurable
benefits of teaching point-of-care US at the undergradu-
ate level.42 For example, first-year medical students using
US could identify 75% of cardiac abnormalities, whereas
experienced cardiologists identified 49% of abnormalities
using the physical examination alone.43 In another study,
medical students using US were more accurate and more
reliable in their estimation of liver size than certified
internists using the physical examination alone.44 Recent
studies demonstrate an incremental benefit for medical
students in identifying cardiac disease when point-of-care
US is added to the physical examination.45–48

Previous studies, including our own, suggest that a
modest amount of US training is required for medical
students to identify landmarks and disease or measure
the size of an organ (between 1 and 40 hours).43,45–48

The 20 hours of US training received by the students in
this study was consistent with the literature.

In conclusion, these results demonstrate that medi-
cal students’ ability to detect the presence or absence of

Table 5. Univariate and Multivariate Logistic Regression Showing
ORs and 95% CIs of Accuracy of Physical Examination Plus Lung
Ultrasound Versus Physical Examination Alone (n5 544)

Univariate Multivariate
Detection
Method OR (95% CI) P OR (95%CI) P

Physical
examination1
US

4.9 (3.2–7.7)a <.0001 5.1 (3.3–8.0)a <.0001

Physical
examination
alone

1 1

aStatistical difference between lung US and physical examination.

Table 6. Odds Ratios and 95% CIs of Accuracy of the Physical
Examination Plus Lung US Versus the Physical Examination Alone
Stratified by Age and the Presence of Pleural Effusion

Subgroup Total OR (95% CI) P

Pleural effusion present 268 10.81 (5.08–23.04) <.0001
Pleural effusion absent 276 2.38 (1.29–4.39) .0055
Age 72–84 y 272 2.77 (1.57–4.89) .0005
Age 85–103 y 272 10.18 (5.23–19.79) <.0001
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pleural effusion is superior when using lung US as an
adjunct to the physical examination than when using the
physical examination alone.
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