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Abstract
Objectives: The goal of this study was to examine the ability of emergency physicians who are not
experts in emergency ultrasound (US) to perform lung ultrasonography and to identify B-lines. The
hypothesis was that novice sonographers are able to perform lung US and identify B-lines after a brief
intervention. In addition, the authors examined the diagnostic accuracy of B-lines in undifferentiated
dyspneic patients for the diagnosis of acute heart failure syndrome (AHFS), using an eight-lung-zone
technique as well as an abbreviated two-lung-zone technique.

Methods: This was a prospective, cross-sectional study of patients who presented to the emergency
department (ED) with acute dyspnea from May 2009 to June 2010. Emergency medicine (EM) resident
physicians, who received a 30-minute training course in thoracic US examinations, performed lung
ultrasonography on patients presenting to the ED with undifferentiated dyspnea. They attempted to
identify the presence or absence of sonographic B-lines in eight lung fields based on their bedside US
examinations. An emergency US expert blinded to the diagnosis and patient presentation, as well as to
the residents’ interpretations of presence of B-lines, served as the criterion standard. A secondary
outcome determined the accuracy of B-lines, using both an eight-lung-zone and a two-lung-zone
technique, for predicting pulmonary edema from AHFS in patients presenting with undifferentiated
dyspnea. Two expert reviewers who were blinded to the US results determined the clinical diagnosis of
AHFS.

Results: A cohort of 66 EM resident physicians performed lung US on 380 patients with a range of 1 to
28 examinations, a mean of 5.8 examinations, and a median of three examinations performed per
resident. Compared to expert interpretation, lung US to detect B-lines by inexperienced sonographers
achieved the following test characteristics: sensitivity 85%, specificity 84%, positive likelihood ratio (+LR)
5.2, negative likelihood ratio (�LR) 0.2, positive predictive value (PPV) 64%, and negative predictive value
(NPV) 94%. Regarding the secondary outcome, the final diagnosis was AHFS in 35% of patients (134 of
380). For novice sonographers, one positive lung zone (i.e., anything positive) had a sensitivity of 87%, a
specificity of 49%, a +LR of 1.7, a �LR of 0.3, a PPV of 50%, and an NPV of 88% for predicting AHFS.
When all eight lung zones were determined positive (i.e., totally positive) by novice sonographers, the
sensitivity was 19%, specificity was 97%, +LR was 5.7, �LR was 0.8, PPV was 76%, and NPV was 68%
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for predicting AHFS. The areas under the curve for novice and expert sonographers were 0.77 (95%
CI = 0.72 to 0.82) and 0.76 (95% CI = 0.71 to 0.82), respectively.

Conclusions: Novice sonographers can identify sonographic B-lines with similar accuracy compared to
an expert sonographer. Lung US has fair predictive value for pulmonary edema from acute heart failure
in the hands of both novice and expert sonographers.

ACADEMIC EMERGENCY MEDICINE 2015;22:564–573 © 2015 by the Society for Academic Emergency
Medicine

Despite advances in care over several decades,
acute heart failure syndrome (AHFS) continues
to be the most common discharge diagnosis of

patients over age 65 years, with a 1-month rehospital-
ization rate of 20% to 30%.1,2 To address this problem,
the National Institutes of Health has highlighted some
major research priorities in AHFS, including enroll-
ment of patients at presentation to the emergency
department (ED), and the need to develop adjuncts to
physical examination such as point-of-care (POC) ultra-
sound (US) to improve accuracy in diagnosis of AHFS
phenotype and severity, as well as to monitor treat-
ment.3–5 This is because the physical examination find-
ings of acute heart failure are insensitive and/or
nonspecific. For example, the findings of rales, jugular
venous distension, and lower-extremity edema have
been shown to be unreliable in identifying patients
with AHFS. An S3 gallop is specific, but presents in
less than 25% of AHFS patients.6,7 Treatment may be
delayed or initiated inappropriately while waiting for
laboratory and chest radiograph results. Clinicians
would be able to direct treatment sooner if there were
a quick bedside method of determining the underlying
cause of acute dyspnea.

Point-of-care US is standard curriculum in emergency
medicine (EM) residency programs.8 In a few small
studies, POC cardiac and pulmonary US have been
demonstrated to reliably identify diastolic dysfunction,
systolic dysfunction, and the presence of systemic and
pulmonary congestion.9–13 ED-based enrollment in con-
junction with POC US allows for monitoring of
response to treatment, along with the use of traditional
criteria for improvement, such as symptomatic improve-

ment, amount of diuresis, and B-type natriuretic peptide
(BNP) decrease.

Sonographic B-lines can be used to identify intersti-
tial syndrome, of which pulmonary edema from AHFS
is the most common etiology. B-lines occur as a result
of fluid accumulation in the pulmonary interstitium
allowing sound waves to conduct and resonate through
the normally aerated lung parenchyma, creating a verti-
cal, linear artifact (Figure 1). With greater amounts of
interstitial fluid, more B-lines become visible. B-lines are
diagnostic of alveolar-interstitial syndrome, which can
be due to acute respiratory distress syndrome, cardio-
genic and noncardiogenic pulmonary edema, and pul-
monary fibrosis. While there are key differences in the
sonographic findings, that discussion is beyond the
scope of this article. However, prior studies have shown
that bilateral lung zones that each contain three or more
evenly spaced B-lines are highly predictive of pulmo-
nary edema.14–17 More recently, there has been evidence
to show that presence of thoracic B-lines in dyspneic
patients correlates with an elevated BNP and worsened
prognosis in AHFS.18–22 As a result of these observa-
tional studies, lung US in the evaluation of pulmonary
edema received strong Level B recommendations in an
international consensus panel.23

However, most of the studies use a small number of
sonographers who are typically fellowship-trained in
emergency ultrasonography or with similar back-
grounds, limiting generalizability to the general emer-
gency physician (EP).11–13 Other studies include inferior
vena cava (IVC) assessment and focused cardiac US.
These theoretically increase the specificity for interstitial
syndrome due to acute heart failure, but require more

Figure 1. Thoracic ultrasonography for the evaluation of sonographic B-lines. The image on the left shows “A-lines” which are
reverberation artifact from the visceral-parietal pleural interface. This is a normal finding. The image on the right shows multiple
vertically oriented B-lines, which are typically due to interstitial fluid that allows for conduction of sound waves deep into the lung
parenchyma.
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training and procedure time to perform IVC and
focused cardiac US. This may deter some physicians
from adopting US in assessing patients with dyspnea.
Using these additional measures may also lead to a
higher false-negative rate, given that half of AHFS pre-
sentations have preserved or normal ejection frac-
tions.1–5 For example, Anderson et al.12 showed that a
combination of B-line ultrasonography with IVC or
ejection fraction assessment decreased sensitivity from
70% to under 40%.

Accurate and rapid diagnosis of AHFS may lead to
earlier treatment and improved patient outcomes.5 Pre-
vious research indicates a moderately high sensitivity
and specificity when experienced investigators perform
lung US.11–17 This study investigated the diagnostic
accuracy of lung US performed by a large group of
novice sonographers in patients presenting to the ED
with a chief complaint of dyspnea. If the test character-
istics are similar between expert and novice sonogra-
phers, then the identification of sonographic B-lines
would be more applicable to the general EP and serve
as a useful POC test. This would allow for earlier tar-
geted treatment initiation and perhaps serve as a useful
reassessment tool to monitor response to treatment as
it is noninvasive, potentially easy to perform, and does
not expose patients to additional radiation.

The primary objective was to assess the ability of EM
resident physicians with minimal training to perform
lung US and identify sonographic B-lines in real time.
We compared their performance with expert sonogra-
pher review and calculated sensitivity, specificity, likeli-
hood ratios (LRs), and positive and negative predictive
values (PPV, NPV). We predicted that novice interpreta-
tion would exceed 80% in sensitivity and specificity
compared to expert sonographer review. A secondary
outcome was to characterize the diagnostic accuracy of
resident-performed US in predicting pulmonary edema
due to AHFS, as determined by blinded expert review-
ers. We assessed the role of increasing lung zone posi-
tivity on the diagnosis of AHFS. We calculated receiver
operating characteristic (ROC) curves and the area
under the curve (AUC) for novice and expert interpreta-
tion, and predicted that both would have at least fair
predictive ability, with AUC > 0.7.24

METHODS

Study Design
This was a prospective, cross-sectional study of novice
sonographers who performed US on a convenience
sample of patients presenting to the ED with a chief
complaint of dyspnea. The hospital’s institutional review
board approved the study. This clinical trial was prereg-
istered with ClinicalTrials.gov (NCT00833144). Patients
provided written informed consent prior to enrollment.
Residents were not required to participate, and no con-
sent was obtained, but the procedures were part of
their usual practice.

Study Setting and Population
This study was conducted from May 2009 to June 2010
at an inner-city ED with over 100,000 patient visits per
year. It is home to an EM training program featuring 56

residents and an emergency US fellowship program.
The study period overlapped two academic years, so a
total of 72 residents were eligible to participate. Study
sonographers were EM resident physicians on clinical
duty who were recruited by undergraduate research
associates (RAs).

Undergraduate RAs screened patients presenting to
the ED with chief complaints of dyspnea or shortness of
breath 7 days a week from 8 a.m. to midnight. Exclu-
sion criteria included patients younger than 18 years
old, incarcerated patients, pregnant patients, dialysis
patients, non–English-speaking patients, and patients
with dyspnea clearly caused by other diagnoses (e.g.,
stab wound to the chest). Attending physicians on duty
were asked to make the determination if potential sub-
jects’ dyspnea were from a clear cause not related to
acute heart failure (e.g., pneumothorax), in which case
they were excluded. Patients were not enrolled if chest
radiographic findings were already available and known
to the sonographer. Patients were also excluded if they
were on positive pressure ventilation or receiving nebu-
lizer treatment or too ill to provide written consent.

Study Protocol
After informed consent was obtained, each patient
received an eight-zone thoracic US study performed by
a resident physician, using a curvilinear transducer
(5–2 MHz, HD-11XE, Philips Healthcare, Andover, MA)
on thoracic examination preset. RAs recorded the phy-
sician’s bedside interpretation of whether each lung
field was positive for three or more B-lines. Video clips
were also recorded for each thoracic US study for later
review. RAs also collected baseline treatment interven-
tions and demographic data by reviewing the triage
form and order sheet during the patient screening pro-
cess.

All EM residents had received brief training in lung
US and were eligible for participation in the study. So-
nographers were not necessarily the treating physicians
for the patients, nor explicitly blinded to the clinical sta-
tus of the patient. However, they typically performed
the US prior to chart review or patient examination, as
patients were screened within 10 minutes of ED room-
ing. Resident experience in US consisted of a 2-week
rotation during intern year, as well as several lectures
and workshops during residency conference. None of
the US training prior to the study featured thoracic US
for the assessment of B-lines.

Lung US training consisted of a brief 30-minute lec-
ture on technique and recognition of sonographic
B-lines by the emergency US director. Specifically, they
were taught the Volpicelli method of assessing eight
lung zones, with a positive zone defined as ≥3 B-lines
seen (Figure 2).17 These eight lung zones have been
used in previous lung US research.11–13 No posttraining
evaluation was given to assess for competency.

Data Collection and Processing
There were four components of data collection: the POC
US data, the POC clinical data, the expert sonographer
interpretation of US data, and an abstracted chart
review of subjects to determine their final primary diag-
noses. RAs collected the POC data during the patients’
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visits, the expert interpretation of US data during
weekly image review, and abstracted data for each
chart review at least one month after the ED visit.

Both novice and expert interpretation of each lung
zone per patient was recorded dichotomously as posi-
tive or negative. A lung zone was positive if three or
more B-lines were identified. Positivity was also defined
according to prior studies based on the pattern and
number of lung zones positive.11,17 For example, “any-
thing positive” is defined as one or more lung zones
being interpreted as having ≥3 B-lines. “Minimally posi-
tive” is defined as one or more lung zones per side
being positive, while “positive” is defined as two or
more lung zones per side being positive. “Very positive”
refers to three or more lung zones per side being posi-
tive, while “all positive” is defined as all lung zones
exhibiting ≥3 B-lines. In addition, we assessed whether
an abbreviated two-lung zone examination may perform
similarly by examining bilateral positivity in superior
anterior lung zones (zones 1 and 5) or superior axillary
lung zones (zones 3 and 7). The chief reason for focus-
ing on superior lung zones in the two-lung zone method
is the interference of the heart in visualization of the left
anterior and axillary inferior lung zones, which is com-
mon given the prevalence of cardiomegaly in the study
population.

Study investigators trained RAs to perform chart
abstraction for chart review according to current recom-
mendations.25,26 RAs used a chart abstraction form that
obtained data from the ED resident physician note, initial
chest radiograph reading, echocardiography results,
initial BNP level, and discharge summary when available.
The bedside US results were not included in the chart
abstraction. Also, the ED note featured a template system
(T-System, Dallas, TX) that had prepopulated history,

symptoms, and signs relevant to undifferentiated dysp-
nea, allowing for clear chart abstraction. The discharge
summaries were dictated by the inpatient resident physi-
cians. Independent verification and error checking by the
study investigators were performed on 10% of the charts.
All data were entered into Microsoft Excel spreadsheets
prior to analysis.

Outcome Measures
The primary outcome for this study was the ability of
novice sonographers to perform lung US and to identify
sonographic B-lines compared to an expert sonogra-
pher. The secondary outcome was the accuracy of nov-
ice and expert sonographer interpretation of B-lines to
diagnose AHFS, using two independent expert review-
ers as the criterion standard. We examined the utility of
both a full eight-lung-zone examination and the two-
lung-zone examination in diagnosing AHFS.

The expert sonographer conducted weekly reviews
on the recorded thoracic US studies. This sonographer
had completed 3 years of emergency residency training
and a 1-year fellowship in emergency US, in addition to
being certified as a registered diagnostic medical so-
nographer and registered diagnostic cardiac sonogra-
pher. The expert sonographer (WCM), who was blinded
to the residents’ interpretations as well as all clinical
patient information, provided independent interpreta-
tions of the saved images. Interpretations by the expert
sonographer served as the criterion standard for the
first study objective.

Two independent physicians, one EP with a research
background in heart failure and one cardiologist,
reviewed each patient chart using the abstracted chart
data. Based on this information, the two expert review-
ers independently determined if the principal cause of
the patient’s dyspnea was AHFS. This method of review
is commonly used in clinical trials involving heart fail-
ure, as acute heart failure is considered a syndrome
with myriad causes and presentations.11,17

In 30 cases the expert sonographer, also blinded to
US results and discharge diagnosis, served as the tie-
breaker when the two expert physician reviewers dis-
agreed on the cause of the patient’s dyspnea. In each of
these select cases, if the expert sonographer had
already reviewed the patient’s lung US images, these
results were not provided to the expert sonographer
during this determination.

Sample Size Calculation
Prior to patient enrollment, a power analysis was per-
formed to determine the total number of patients
needed to evaluate the study question. Based on previ-
ous studies, we estimated our prevalence of AHFS at
25%, and the sensitivity and specificity would each be
0.80. Assuming an alpha of 0.05, a beta of 0.2, and a
desired precision of 0.10, we calculated a sample size of
249 patients. For our secondary outcomes involving
ROC analysis, we assigned a null AUC of 0.60, as AUCs
under 0.60 indicate poor predictive value. We set our
hypothesized AUC at 0.70, as AUCs greater than 0.70
have at least fair predictive value.24 Using these criteria,
our sample size calculation for ROC analysis was 348
patients. We assumed that all resident physicians with

Figure 2. The right chest divided into four lung zones accord-
ing to the Volpicelli method. Zones 1 and 2 correspond to the
anterior superior and inferior lung zones, respectively. On the
left chest, zones 5 and 6 correspond to these zones. Zones 3
and 4 correspond to the axillary superior and inferior zones,
with corresponding zones 7 and 8 on the left chest. The vertical
borders from lateral to medial are posterior axillary line, ante-
rior axillary line, and sternal border. The horizontal border is
the nipple line or fourth intercostal space.
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varying levels of US experience could participate and
therefore did not account for clustering.

Data Analysis
Using the definitions of positivity, sensitivity, specificity,
LRs, and predictive values, along with 95% confidence
intervals (CI), were calculated using SPSS, version 22.0.
In the assessment of novice sonographer performance
in identifying B-lines, the criterion standard was the
expert interpretation. In the assessment of B-line lung
US in predicting AHFS, the same calculations were per-
formed using both novice and expert sonographer
interpretation, with the criterion standard being the
expert reviewers’ assessment of whether or not AHFS
was the primary cause of the patient’s dyspnea. To cal-
culate overall diagnostic accuracy, ROC curves were
calculated using the same thresholds for positivity (e.g.,
anything positive, minimally positive, positive, very
positive, and totally positive) for expert and novice so-
nographer interpretation. AUC values with 95% CIs
were calculated for both novice and expert sonographer
interpretations.

RESULTS

A total of 392 patients were enrolled during the study
period. US images were deemed inadequate or incom-
plete for 12 patients (3%). These patients were excluded,
leaving 380 subjects who were included for analysis
(Figure 3).

Patients ranged in age from 24 to 87 years old, with a
mean (�SD) age of 55 (�12) years. Subjects were pri-
marily African American (93%) and male (55%), with
46% reporting histories of congestive heart failure.
Prior to the US examination, 36% of patients had AHFS
treatment initiated, either with nitroglycerin or with
furosemide. The typical AHFS findings on examination

were seen in less than 70% of patients with AHFS
(Table 1). In terms of study sonographers, 66 of a possi-
ble 72 EM residents performed the study US, with a
range of 1 to 28 examinations (mean � SD = 5.8 � 5.1
examinations) and median of three examinations per-
formed per sonographer (Figure 4).

Novice Sonographers’ Ability to Identify B-lines
There were 242 patients who each had at least one lung
zone with ≥3 B-lines, as interpreted by novice sonogra-
phers. The average prevalence of positivity for each
lung zone was 22% (range of 16% to 27%). Novice so-
nographers also interpreted 165 patients as having one
or more lung zones positive bilaterally (“minimally posi-
tive”), 116 patients with two or more lung zones positive
bilaterally (“positive”), 72 patients with three or more
lung zones positive bilaterally (“very positive”), and 33
patients with all eight lung zones positive (“totally posi-
tive”). In the two-lung zone method, novice sonogra-
phers interpreted 84 patients as having bilateral
superior anterior positive lung zones and 95 having
bilateral superior axillary positive lung zones. In com-
parison, the expert sonographer interpreted a smaller
number of patients as being positive for each of these
categories (Figure 5). Table 2 shows the comparison of
expert sonographer interpretation of lung US to detect
B-lines to inexperienced sonographers.

Novice Versus Expert Interpretation and Primary
Diagnosis of AHFS
Regarding the secondary outcome, the primary reason
for dyspnea was AHFS in 35% of patients (134 of 380).
Overall agreement between experts was 92%, with 30
cases that required the expert sonographer to serve as
the arbitrator. Table 3 shows the results for novice so-
nographers, and Table 4 shows the results for expert
sonographers. The AUCs for novice and expert sonog-
rapher were 0.77 (95% CI = 0.72 to 0.82) and 0.76 (95%
CI = 0.71 to 0.82), respectively (Figure 6).

Figure 3. Patients presenting with dyspnea were screened,
with 808 patients excluded. An additional 12 subjects were
excluded due to inadequate ultrasound data, leaving 380
patients eligible for analysis. SOB = shortness of breath.

Table 1
Patient Demographics and Presenting Symptoms

Characteristic No AHFS AHFS

Age > 65 yr (n = 365) 40 (17) 32 (24)
Male (n = 380) 125 (51) 84 (63)
White (n = 363) 16 (7) 4 (3)
African American (n = 363) 213 (92) 126 (95)
History of CHF (n = 312) 48 (25) 95 (81)
BNP > 500 pg/mL (n = 249) 15 (12) 97 (78)
Received treatment prior to
US (n = 380)

64 (25) 74 (55)

JVD (n = 171) 6 (7) 52 (62)
Rales or crackles (n = 171) 12 (14) 46 (55)
Bilateral lower extremity edema
(n = 174)

21 (24) 52 (61)

S3 gallop (n = 168) 0 (0) 22 (27)

Data are reported as n (%).
AHFS = acute heart failure syndrome; BNP = B-type natri-
uretic peptide; CHF = congestive heart failure; JVD = jugular
venous distension.
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DISCUSSION

This is one of the first studies to examine a large group
of novice sonographers in determining the accuracy of
B-line US in the diagnosis of AHFS. Prior studies show
sensitivities and specificities of 80% to 90% in the hands
of a small group of expert sonographers.11,12,19 Our
study shows that clinicians with brief 30-minute training
can obtain adequate images in patients over 95% of the
time and interpret B-lines with similar sensitivity and
specificity compared to our expert sonographer.

The resident physicians who enrolled patients had typ-
ical training in emergency US for EM residency. While
some senior residents had performed several hundred

US in other areas, no residents had prior training in lung
US to assess for B-lines. Therefore, the residents who
participated in this study had similar experience in lung
US as general EPs without prior training.

Our results suggest that, despite some disagreement
between novice and expert sonographer interpretation,
the accuracy of B-line US in diagnosing AHFS is simi-
lar. While the study sonographers performed the US
prior to history taking and physical examination, they
were not explicitly blinded to the clinical status of the
patient. Therefore, they may have relied on the patient’s
appearance to increase or decrease the pretest proba-
bility of AHFS. Therefore, blinding of the patient’s clini-
cal status to the expert sonographer may have lowered

Figure 4. List of study sonographers and number of lung ultrasound studies performed.

Figure 5. Lung zone positivity and diagnosis of acute heart failure syndrome (AHFS). Note that the percentage with AHFS is syn-
onymous with the positive predictive value.
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test characteristics, just as exposure to clinical status
may have helped raise resident sonographers’ test char-
acteristics. This may lead to a bias toward the null; i.e.,
there is no difference in test characteristics between
novice and expert sonographers and the diagnosis of
acute heart failure. However, while the pretest probabil-
ity should change based on exposure to clinical status,
the LRs usually should not change. Therefore, the LRs
for both expert and novice sonographers were compa-

rable to that of prior studies by Liteplo et al.11 Of note,
the lower end of the 99% CI range for +LRs reported in
this previous study was under 2.0 for all degrees of pos-
itivity.11 As expected from our large sample size, our CI
ranges were narrower for every level of positivity
reported, with most above 2.0. In addition, Anderson
et al.12 reported sensitivity and specificity of two or
more positive lung zones bilaterally of 34 and 91%,
respectively. This compares favorably to our expert

Table 3
Novice Sonographer Test Characteristics for Assessing Pulmonary Edema From Acute Heart Failure Syndrome, Using A Two-expert
Chart Review Method as the Criterion Standard

Lung Zones Positive
Sensitivity
(95% CI)

Specificity
(95% CI)

+LR
(95% CI)

�LR
(95% CI)

PPV
(95% CI)

NPV
(95% CI)

Anything positive (≥1 of 8) 87 (81–92) 49 (42–55) 1.7 (1.5–2.0) 0.3 (0.2–0.4) 50 (42–55) 88 (81–92)
Minimally positive (1 ≥ per side) 72 (64–79) 72 (66–77) 2.5 (2.0–3.2) 0.4 (0.3–0.5) 58 (50–66) 82 (76–87)
Positive (≥2 per side) 57 (48–65) 84 (79–88) 3.5 (2.5–4.8) 0.5 (0.4–0.6) 66 (56–74) 78 (72–83)
Very positive (≥3 per side) 40 (32–49) 92 (88–95) 4.9 (3.1–7.9) 0.7 (0.6–0.8) 73 (61–82) 74 (68–78)
Totally positive (4 per side) 19 (13–26) 97 (94–98) 5.7 (2.6–12.3) 0.8 (0.8–0.9) 76 (57–88) 68 (63–73)
Superior anterior (zones 1 and 5) 43 (35–51) 89 (85–92) 3.9 (2.6–5.8) 0.7 (0.6–0.8) 68 (57–77) 74 (69–79)
Superior axillary (zones 3 and 7) 51 (42–59) 89 (84–92) 4.5 (3.0–6.6) 0.6 (0.5–0.7) 71 (60–79) 77 (72–82)

Increasing level of lung zones positive for B-lines is listed in descending order. All except LRs are percentages.
+LR = positive likelihood ratio; �LR = negative likelihood ratio; NPV = negative predictive value; PPV = positive predictive value.

Table 4
Expert Sonographer Test Characteristics for Assessing Pulmonary Edema From Acute Heart Failure Syndrome, Using a Two-expert
Chart Review Method as the Criterion Standard

Lung Zones Positive
Sensitivity
(95% CI)

Specificity
(95% CI)

+LR
(95% CI)

�LR
(95% CI)

PPV
(95% CI)

NPV
(95% CI)

Anything positive (≥1 of 8) 85 (78–90) 58 (52–64) 2.1 (1.7–2.4) 0.3 (0.2–0.4) 53 (46–59) 88 (82–92)
Minimally positive (1 ≥ per side) 62 (53–70) 78 (73–83) 2.8 (2.2–3.7) 0.5 (0.4–0.6) 61 (52–69) 79 (73–84)
Positive (≥2 per side) 38 (30–46) 89 (84–92) 3.4 (2.2–5.1) 0.7 (0.6–0.8) 65 (53–75) 72 (67–77)
Very positive (≥3 per side) 22 (15–29) 95 (91–97) 4.0 (2.1–7.4) 0.8 (0.7–0.9) 68 (52–81) 69 (64–74)
Totally positive (4 per side) 12 (7–18) 99 (96–100) 9.2 (2.7–31.3) 0.9 (0.8–1.0) 83 (58–96) 67 (62–72)
Superior anterior (zones 1 and 5) 31 (24–40) 94 (90–96) 5.1 (3.0–8.9) 0.7 (0.6–0.8) 74 (60–84) 72 (66–76)
Superior axillary (zones 3 and 7) 34 (27–43) 92 (87–94) 4.0 (2.5–6.4) 0.7 (0.6–0.8) 69 (56–79) 72 (66–77)

Increasing level of lung zones positive for B-lines is listed in descending order. All except LRs are percentages.
+LR = positive likelihood ratio; �LR = negative likelihood ratio; NPV = negative predictive value; PPV = positive predictive value.

Table 2
Novice Sonographer Test Characteristics for Assessing Sonographic B-lines per Each Lung Zone, Using Expert Sonographer Inter-
pretation as the Criterion Standard

Lung
Zone

% with ≥3
B lines

Sensitivity
(95% CI)

Specificity
(95% CI)

+ LR
(95% CI)

�LR
(95% CI)

PPV
(95% CI)

NPV
(95% CI)

3 23 8 (71–87) 82 (76–86) 4.4 (3.3–5.7) 0.2 (0.2–0.4) 64 (55–72) 91 (86–94)
1 23 8 (80–94) 84 (79–88) 5.6 (4.2–7.4) 0.1 (0.1–0.2) 66 (57–74) 95 (92–98)
5 20 8 (80–92) 86 (82–90) 6.2 (4.6–8.4) 0.2 (0.1–0.3) 65 (55–74) 95 (92–97)
7 22 8 (76–91) 83 (78–87) 5.1 (3.8–6.7) 0.2 (0.1–0.3) 64 (55–73) 94 (90–97)
4 27 8 (80–93) 85 (80–89) 5.8 (4.3–7.4) 0.1 (0.1–0.2) 72 (63–79) 94 (90–97)
2 21 8 (74–90) 80 (75–85) 4.3 (3.3–5.3) 0.2 (0.1–0.3) 59 (50–67) 94 (89–96)
6 16 8 (79–95) 85 (80–88) 5.8 (4.4–7.7) 0.1 (0.1–0.3) 57 (47–66) 97 (94–99)
8 22 8 (74–90) 85 (80–89) 5.5 (4.1–7.3) 0.2 (0.1–0.3) 66 (57–74) 93 (89–96)
Overall 22 85 (83–88) 84 (82–85) 5.2 (4.7–5.8) 0.2 (0.1–0.2) 64 (61–67) 94 (93–95)

Lung zones are listed in descending order from right to left, superior then inferior. For example, lung zone 3 is right superior
axillary, while lung zone 4 is right inferior axillary. All except LRs are percentages.
+LR = positive likelihood ratio; �LR = negative likelihood ratio; NPV = negative predictive value; PPV = positive predictive value.
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performance of 38 and 89%, as well as our novice per-
formance of 57 and 84%, for two or more positive bilat-
eral lung zones. Therefore, while we acknowledge a
potential bias toward the null for expert sonographers
who were not provided clinical data, we also believe
that our data are consistent with those of prior studies.

Similarly, the expert reviewers were blinded to the US
results, but not to each patient’s history and physical
information. In a case where a resident physician’s B-line
interpretation agreed with the expert reviewer diagnosis
of AHFS, but not with the expert sonographer’s B-line
interpretation, this may have been due to exposure to the
patient’s clinical status. The expert sonographer, how-
ever, was blinded to clinical status and his accuracy relied
solely on the definition of ≥3 B-lines per zone for positiv-
ity. Therefore, in false-positive cases by novice sonogra-
phers due to clinical exposure, the expert sonographer
interpretation would have accurately interpreted the
examination as negative for B-lines.

In our comparison of a two-lung-zone approach versus
assessment of all eight lung zones, the former approach
had high specificity but low sensitivity. This is clinically
useful, as this simplified examination can identify pulmo-
nary edema when the lung zones are positive. Therefore,
treatment may be initiated solely on bilaterally positive
lung zones. However, if this approach yields negative
lung zones, then clinicians may elect to evaluate the other
six lung zones to increase test sensitivity.

LIMITATIONS

Image acquisition for B-line US was technically easy, as
our expert sonographer deemed only 3% of our 392

studies inadequate. No expert sonographers were pres-
ent during image acquisition to assess novice technique,
so we cannot assess whether inadequate scans were
due to improper technique or patient factors such as
morbid obesity. While this is a limitation, the authors
believe that these methods more closely represent the
real-world setting where most EPs are not experts at
bedside US. More in-depth training may improve the
rate of adequate scans as well as interpretation accu-
racy, but there is no agreed-upon optimal number of
supervised scans to achieve proficiency. In addition,
more experience with the procedure should lead to
improved accuracy. However, this was not assessed by
our study.

As pulmonary edema has many potential causes, we
considered comparison of US to chest radiography, but
there are two limitations to this approach. First, a chest
x-ray is not the criterion standard for assessing pulmo-
nary edema. EP interpretation of pulmonary edema pat-
tern on chest x-ray agrees with a radiologist in less
than 50% of cases.27,28 Between resident and attending
radiologists, the agreement in diagnosis for pulmonary
edema in heart failure is fair, with a kappa of 0.29.29

This is important, because the radiologist interpretation
is often not contemporaneous with initial patient man-
agement, and EPs are likely to miss a significant pro-
portion of pulmonary edema based on their
interpretation of chest radiographs. Second, the vast
majority of pulmonary edema is due to acute left-sided
heart failure, regardless of primarily systolic or diastolic
dysfunction. We therefore decided to use a method of
strict chart review by expert physicians to establish the
most likely diagnosis of AHFS, a method that has been
used in prior AHFS studies, since the diagnosis for
AHFS relies on a constellation of historical, clinical, lab-
oratory, and imaging data. There is no single diagnostic
test to evaluate whether a patient’s presenting symptom
of dyspnea is primarily due to AHFS. A multiphysician
chart review provides the best surrogate for this
test.11,12,19

There are pertinent false-positives and false-negatives
to mention. Subjects may have pulmonary edema, but
due to noncardiogenic causes. Expert reviewers would
assign another cause of dyspnea in these cases other
than AHFS, leading to false-positives. Likewise, patients
may have acute right heart failure or primarily systemic
congestion with paucity of pulmonary congestion,
which would lead to false-negatives. In addition, in
cases of flash pulmonary edema from acute diastolic
dysfunction, the BNP elevation may be delayed by sev-
eral hours.30 Subjects who had BNP levels assessed
therefore may have pulmonary edema on US but not
elevated BNPs, unless repeat BNPs were performed.
Therefore, the expert reviewers may have been influ-
enced to interpret a subject with pulmonary edema and
a normal BNP as due to a noncardiogenic cause. This
was rare, as fewer than five subjects had pulmonary
edema from noncardiogenic causes as their primary
diagnoses.

Our study design also likely excluded two extreme
spectra of dyspneic patients: those who, by attending
physician determination, had other clear sources for
dyspnea than acute heart failure, and those who either

Figure 6. Receiver operating characteristic curves for novice
sonographer and expert sonographer thoracic B-line ultraso-
nography in diagnosing pulmonary edema from AHFS.
AUC = area under the curve; AP = anything positive; MP = mini-
mally positive; P = positive; Sn = sensitivity; Sp = specificity;
TP = totally positive. VP = very positive.
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were on positive pressure ventilation or too ill to con-
sent. The former group had an extremely low pretest
probability of acute heart failure, while the latter group
had a high pretest probability of acute heart failure. By
eliminating these groups from our study, we are able to
increase the utility of B-line US, since it is in patients
with intermediate pretest probability of acute heart fail-
ure that this procedure would benefit most in diagnosis
and management.

In addition, given the large number of calculations
performed, we considered the increased probability of
false-positives generated due to multiple comparisons.
However, these comparisons are highly correlated, and
the test characteristics agree well with prior similar
studies. So while we decided not to account for
increased Type I error, we believe that our results are
valid based on these points.

Last, this was a single-site, prospective, cross-sec-
tional study, so findings for novice sonographers may
not apply to other institutions. No patient-centered out-
comes were assessed, nor did we examined the added
utility in diagnosis of AHFS. Future research plans
include assessing the effect of B-line US on clinical deci-
sion-making, as well as on its ability to affect patient
outcomes such as intensive care unit length of stay, ven-
tilator days, the rate of worsening renal function, and
inpatient mortality. We also did not study the effect of
number of US performed on interpretative accuracy,
nor the minimum number of scans needed to achieve
competency.

CONCLUSIONS

Inexperienced sonographers can identify sonographic
B-lines with greater than 80% sensitivity and specificity
compared to an expert sonographer after a brief tuto-
rial. Lung ultrasonography has fair predictive value for
pulmonary edema from acute heart failure in the hands
of both novice and expert sonographers.

Michael Franklin, DO, and Gabriel Wardi, MD, provided assistance
with data collection and data entry. Jerome Abramson, PhD, pro-
vided statistical expertise.
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