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Abstract
Objectives: Sonographic thoracic B-lines and N-terminal pro-brain-type natriuretic peptide
(NT-ProBNP) have been shown to help differentiate between congestive heart failure (CHF) and chronic
obstructive pulmonary disease (COPD). The authors hypothesized that ultrasound (US) could be used
to predict CHF and that it would provide additional predictive information when combined with
NT-ProBNP. They also sought to determine optimal two- and eight-zone scanning protocols when differ-
ent thresholds for a positive scan were used.

Methods: This was a prospective, observational study of a convenience sample of adult patients present-
ing to the emergency department (ED) with shortness of breath. Each patient had an eight-zone thoracic
US performed by one of five sonographers, and serum NT-ProBNP levels were measured. Chart review
by two physicians blinded to the US results served as the criterion standard. The operating characteris-
tics of two- and eight-zone thoracic US alone, compared to, and combined with NT-ProBNP test results
for predicting CHF were calculated using both dichotomous and interval likelihood ratios (LRs).

Results: One-hundred patients were enrolled. Six were excluded because of incomplete data. Results of
94 patients were analyzed. A positive eight-zone US, defined as at least two positive zones on each side,
had a positive likelihood ratio (LR+) of 3.88 (99% confidence interval [CI] = 1.55 to 9.73) and a negative
likelihood ratio (LR)) of 0.5 (95% CI = 0.30 to 0.82), while the NT-ProBNP demonstrated a LR+ of 2.3
(95% CI = 1.41 to 3.76) and LR) of 0.24 (95% CI = 0.09 to 0.66). Using interval LRs for the eight-zone US
test alone, the LR for a totally positive test (all eight zones positive) was infinite and for a totally negative
test (no zones positive) was 0.22 (95% CI = 0.06 to 0.80). For two-zone US, interval LRs were 4.73 (95%
CI = 2.10 to 10.63) when inferior lateral zones were positive bilaterally and 0.3 (95% CI = 0.13 to 0.71)
when these were negative. These changed to 8.04 (95% CI = 1.76 to 37.33) and 0.11 (95% CI = 0.02 to
0.69), respectively, when congruent with NT-ProBNP.

Conclusions: Bedside thoracic US for B-lines can be a useful test for diagnosing CHF. Predictive
accuracy is greatly improved when studies are totally positive or totally negative. A two-zone protocol
performs similarly to an eight-zone protocol. Thoracic US can be used alone or can provide additional
predictive power to NT-ProBNP in the immediate evaluation of dyspneic patients presenting to the ED.
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D yspnea is a common presentation in the emer-
gency department (ED). Emergency physicians
(EPs) often need to make rapid diagnoses and

treatment plans with limited clinical information. Acute
decompensated congestive heart failure (CHF) is particu-
larly challenging, as clinical, radiographic, and labora-
tory test parameters have variable diagnostic value.1–10

In addition, many patients carry dual diagnoses of CHF
and chronic obstructive pulmonary disease (COPD).
Distinguishing between the two is often difficult,11 and
always essential, because management is different and
incorrect treatment may be associated with detrimental
cardiovascular effects.12,13 Therefore, rapid bedside tests
that help to make this distinction are extremely useful to
EPs and could also be helpful to out-of-hospital emer-
gency care providers, intensive care specialists, and
other health care providers as well.

Brain-type natriuretic peptide (BNP) and N-terminal
pro-brain-type natriuretic peptide (NT-ProBNP) have
recently emerged as useful laboratory biomarkers in
determining the cause of a patient’s dyspnea.14–17

However, there are limitations in that NT-ProBNP
levels can be increased in many non-CHF disease
processes, such as acute coronary syndromes, right
heart strain or failure, pulmonary embolism, critical ill-
ness, renal failure, atrial fibrillation, and advanced age,
and can be decreased in patients with a high body
mass index.18–23

Thoracic ultrasound (US) is emerging as an increas-
ingly helpful tool for evaluating a whole spectrum of
thoracic pathology. It is unique as it largely relies on
the identification of sonographic artifacts for diagno-
sis. There are two very distinct sonographic imaging
artifacts in the evaluation of extravascular lung water
or pulmonary edema. A-lines suggest aerated or hy-
peraerated lungs and are seen in patients with normal
lungs, asthma, or COPD; B-lines suggest thickened
interstitia or fluid-filled alveoli and are seen most
commonly in patients with CHF.24 Identification of
these artifacts has been helpful in differentiating
between COPD and CHF. Lichtenstein et al.25,26 first
described diffuse B-lines as an US sign of interstitial
edema in 1997. Further work in the cardiology litera-
ture correlated US findings with wedge pressure and
extravascular lung water.27–29 Volpicelli et al.30 simpli-
fied the scanning technique and studied diffuse B-lines
in emergency patients, finding a high sensitivity and
specificity for alveolar interstitial syndrome. However,
the broad definition of alveolar interstitial syndrome,
and the fact that some USs were performed up to
48 hours after presentation, limited the applicability of
their findings.

To our knowledge, no study has compared the diag-
nostic utility of thoracic US to NT-ProBNP levels. Our
primary goals were to determine the optimal protocol
and test threshold for the US test to diagnose CHF, to
compare the diagnostic efficiency of US with NT-ProB-
NP levels in diagnosing CHF, and to determine if US
adds incremental diagnostic information when com-
bined with NT-ProBNP. The outcomes used to measure
and compare efficacy were the positive, negative, and
interval likelihood ratios (LRs).

METHODS

Study Design
In this prospective, blinded observational study we
enrolled a convenience sample of patients presenting to
the ED with undifferentiated dyspnea. The study was
approved by the Human Research Committee Internal
Review Board of Massachusetts General Hospital.

Study Setting and Population
The study was performed between December 2006 and
June 2007 in the ED of an urban academic Level 1
trauma center and tertiary care facility with an annual
ED census of 80,000 visits. The ED is a primary teach-
ing site of an emergency medicine residency. EPs fre-
quently use bedside US in their daily practice.

We included adult patients age 18 years and older
who presented with shortness of breath and in whom
an NT-ProBNP level was already being sent by treating
physicians as part of the diagnostic workup. We chose
this as an inclusion criterion because we felt that it is
this group of patients for whom the diagnosis is not
clinically clear, so that the potential utility of bedside
thoracic US would be the most helpful. A convenience
sample of patients was enrolled and only when an
investigator was present (most frequently during day-
time hours on weekdays). The investigator would
screen for patients by asking treating physicians in the
ED if any NT-ProBNP levels had been ordered as part
of the diagnostic workup of a dyspneic patient. If a
patient was identified, he or she was approached for
written, informed consent. Exclusion criteria were
inability to consent or not having an NT-ProBNP level
sent. Patients with fever or respiratory distress were
not excluded.

Study Protocol
Each patient had an eight-zone thoracic US performed
and NT-ProBNP level checked. These were compared to
a ‘criterion standard’ diagnosis of CHF, based on a con-
sensus of chart review analysis. After informed written
consent was obtained, baseline demographic and clini-
cal data were gathered, from the chart, from the
patient, or by asking the treating physicians. An US
was performed by whichever study member was avail-
able at that time as soon as possible within the patient’s
ED visit. All study members were EPs with specialized
training in US or departmental researchers who were
medical students who had undergone didactic training
(30 minutes), and hands-on instruction (2 hours) on tho-
racic US. Each student then demonstrated proficiency
in performing and interpreting a minimum of five scans
under direct attending supervision. There is a precedent
for using this training protocol and literature support
for its efficacy.31 Patients were enrolled, and an US scan
was performed by a medical student, an attending EP,
or a medical student who performed the US scan with
direct attending EP oversight at the bedside. The study
member interpreted scans in real time. Sonographers
were blinded to the NT-ProBNP.

Ultrasound images were saved to a hard drive, and
all available scans were later reviewed by a single
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Registry of Diagnostic Medical Sonographers (RDMS)-
credentialed study member blinded to clinical parame-
ters and NT-ProBNP results, who ultimately determined
positivity for each of the eight zones.

Patients’ charts were reviewed at a later date, after
the hospital course was completed. Each chart was
independently reviewed by two EPs blinded to the US
results. They determined if the patient’s dyspnea on
presentation was related to CHF or not (CHF+ or
CHF)). Reviewers had available the entire electronic
medical record, which includes all lab results (including
NT-ProBNP), radiographic results, echocardiography
results, admission notes, intensive care unit transfer
notes, consultations, and discharge summaries, but not
handwritten daily progress notes. In the cases of
attending disagreement, a third EP independently
reviewed the charts and served as the tie-breaker.
There was no standard abstraction form, and the
reviewers were not instructed on how to arrive at their
conclusions. Reviewers put most emphasis on the
discharge diagnosis and summary, which gave a clear
etiology in the vast majority of cases. They referred to
cardiology consults, echo results, chest x-ray, lab
results, and other information as needed when the
diagnosis was unclear. This expert physician-
determined consensus of chart review analysis served
as our criterion standard and is similar to the criterion
standard used in other CHF research.14,16,17

Measurement and US Protocol. NT-ProBNP levels
were checked on all patients (F. Hoffmann-La Roche
Ltd, Basel, Switzerland). Normal levels for this
NT-ProBNP assay are age-dependent: age <50 years,
0–450 pg ⁄ mL; age 50–75 years, 0–900 pg ⁄ mL; and
age >75 years, 0–1800 pg ⁄ mL.32 Each patient was
categorized as having a normal or elevated level (NT-
ProBNP) or NT-ProBNP+).

The two primary findings on thoracic US are A-lines
and B-lines. A-lines were defined as hyperechoic
horizontal lines parallel to the pleural line occurring
at regular intervals below the pleural line. These are

artifacts caused by reverberation between the probe
and pleura and are commonly found in normal or hyper-
aerated (emphysematous) lungs. B-lines (also called
comet tail artifacts or lung comets), on the other hand,
are hyperechoic reverberation artifacts that originate at
the pleural line and extend radially from the probe to
the edge of the screen, perpendicular to the pleural
line. They move across the screen with pleural sliding
and do not fade as they extend. B-lines are artifacts
indicative of interstitial thickening. When interstitia and
alveoli become edematous with fluid, as in CHF, B-lines
become more prominent, numerous, and diffuse
(Figure 1). Single B-lines can be a normal finding. Mul-
tiple B-lines have also been described in pneumonia,
acute respiratory distress syndrome, and pulmonary
fibrosis.33

We followed a scanning protocol described by
Volpicelli et al.30 in which eight zones of the lungs are
scanned (Figure 2). A 2–5 MHz 60-mm broadband
curved array probe (Sonosite Titan or Micromaxx,
Sonosite Inc., Bothell, WA) on abdominal settings was
placed in sagittal and coronal orientations on the chest
wall, perpendicular to the ribs, and the thoracic space
was visualized to a depth of 18 cm. These are the scan-
ning parameters that have been used in prior research
in this field. Patients were scanned in their position of
comfort.

The goal of the US was to identify the presence or
absence of three or more B-lines in each of the eight
zones. A zone was considered positive if multiple (at
least three) B-lines were identified in an intercostal
space. We defined each possible combination of num-
ber of positive zones on the right and number of posi-
tive zones on the left (right number–left number) by the
maximum amount of zones present bilaterally, as sum-
marized in Figure 3. A ‘‘4-B’’ scan is one in which all
four zones are positive bilaterally (4–4). A ‘‘3-B’’ scan is
one in which at least three zones are positive bilaterally
(4–3, 3–3, 3–4). A ‘‘2-B’’ scan is when two or more zones
are positive bilaterally (4–2, 3–2, 2–2, 2–3, 2–4). A ‘‘1-B’’
scan is when one or more zones are positive bilaterally

Figure 1. Ultrasound images demonstrating A-lines and B-lines. On the left, A-lines appear as hyperechoic lines between the ribs
(R) and parallel to the pleural line (PL). On the right, B-lines appear as hyperechoic lines originating at the pleural line and extend-
ing radially to the bottom of the screen, perpendicular to the PL. Note that these are different from the anechoic rib shadow seen
posteriorly to the ribs.
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(4–1, 3–1, 2–1, 1–1, 1–2, 1–3, 1–4). A ‘‘1-U’’ scan is when
at least one zone is positive unilaterally, but the other
side is negative (4–0, 3–0, 2–0, 1–0, 0–1, 0–2, 0–3, 0–4).
Finally, a ‘‘0-B’’scan is when there are no positive zones
bilaterally (0–0).

In the protocol of Volpicelli et al.,30 these classifi-
cations were grouped into only two dichotomous
outcomes. A positive study was one in which at least
two zones on each side were positive; 4-B, 3-B, and 2-B
scans would all be considered positive. A negative
study was one in which these conditions were not met;
1-B, 1-U, and 0-B are negative.

Data Analysis
All data, including the results of the scans, were input
into a Microsoft Excel (Microsoft Corp., Redmond,

WA) spreadsheet. These were analyzed using Excel
2004 (Version 11.3.5) and EPIDAT (Version 3.1, Pan
American Health Organization, Washington, DC).
Cohen’s kappa with associated 95% confidence interval
(CI) was used to assess interobserver agreement.

Ultrasound results were analyzed using a dichoto-
mous positive or negative result or generalized to multi-
ple test outcomes using interval LRs. The use of
multiple interval LRs allows the clinician to gain maxi-
mal predictive value from a diagnostic test by, for
example, addressing the difference between an US
where all of the zones are positive or only some of the
zones are positive.34,35 For dichotomous analysis, a
minimum threshold of zones for positivity was set, and
any scan that met these criteria or more was consid-
ered a positive test. We define these thresholds for pos-
itivity as such: totally positive includes only 4-B; very
positive includes 4-B and 3-B; positive includes 4-B,
3-B, and 2-B (as defined by Volpicelli et al.); minimally
positive includes 4-B, 3-B, 2-B, and 1-B; and anything
positive includes 4-B, 3-B, 2-B, 1-B, and 1-U, which is
all scans except ones that are totally negative (0-B).
These thresholds are demonstrated in Figure 3. No
adjustment was made for clustering on investigators
performing the scans because the majority were
students with similar scanning training and limited
medical knowledge.

Using all eight US zones, the threshold for a positive
test was varied, and a receiver operating characteristic
(ROC) curve was constructed. To gain some sense for
the dependence of the US test on the scanner, the ROC
curve was also produced for those scans performed
solely by medical students and for those performed by
or in the presence of an ED attending. Next, multiple
interval LR outcomes were calculated. A simplification
of the US exam using a single zone on each side was
explored with dichotomous outcomes and ROC curves.
Interval LR outcomes were calculated for the best-per-
forming two-zone US exam. The test characteristics of
the dichotomous NT-ProBNP test were determined and
compared to the US test using LRs and the ROC curve.
Finally, the additional benefit of combining the eight-
or two-zone US and the NT-ProBNP tests was assessed.
Only dichotomous LRs were calculated when combin-
ing the eight-zone US and NT-ProBNP tests because
interval LRs would have led to an unwieldy 12 different
outcome categories.

A total of 28 sensitivity and specificity measurements
and 45 LRs were calculated. An adjustment of the anal-
ysis for multiple testing was considered to address the
increased chance of a Type I or false-positive statisti-
cally significant result. However, because the various
tests were highly correlated, standardized adjustments
such as the Bonferroni correction might be overly con-
servative and lead to increased Type II or false-negative
errors. Assessing and adjusting for the degree of corre-
lation would be difficult. Ultimately, no specific adjust-
ment for multiple testing was made, but conservative
99% CIs are presented for all of the test data as recom-
mended by Campbell et al.36 to decrease the likelihood
of a Type I error.

StatXact (Statxact 3, Cytel Software, Cambridge, MA)
was used to compute exact 99% CIs of sensitivities and

Figure 2. The right anterior chest wall divided into four zones.
PSL is the parasternal line, AAL is the anterior axillary line, and
PAL is the posterior axillary line. Zones 5 through 8 are the con-
tralateral equivalents (also numbered medially to laterally).

Figure 3. Numbers indicate the total number of positive zones
on a side. Each combination of zones falls into a single defini-
tion, seen on the right and below. They are 4-B, 3-B, 2-B, 1-B,
1-U, and 0-B. Five thresholds for positivity are defined: totally
positive, very positive, positive, minimally positive, and
anything positive. Any scan that has the minimal number of
positive zones or more is positive, and the others were consid-
ered negative.
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specificities, and the log method was used to calculate
99% CIs for LRs.37 The area under the curve (AUC) and
associated nonparametric 99% CI for ROC curves were
computed using SPSS 15 (SPSS Inc., Chicago, IL). No
power calculation was performed prior to initiation of
the study.

RESULTS

A total of 100 patients were enrolled. US studies were
feasible 100% of the time and always took less than
5 minutes to perform. The study investigators always
attempted to enroll patients as close to their time of
arrival as possible. The distribution of US scanners
and readers is depicted in Table 1. The median time
after patient arrival to the ED to NT-ProBNP being
drawn was 79 minutes (interquartile range
[IQR] = 105 minutes) and to US was 96 minutes
(IQR = 117 minutes). All US studies were performed in
the first 12 hours after arrival, with 95% occurring in
the first 6 hours. One patient did not have complete
US interpretations available for review. Five patients
did not have an NT-ProBNP level. Ninety-four patients
had complete data sets that were available for review.
Forty patients were CHF+ (34 NT-ProBNP+, 6 NT-
ProBNP)), and 54 patients were CHF) (20 NT-ProB-
NP+, 34 NT-ProBNP)).

All available US images were reviewed by an
RDMS-credentialed physician as described previously,
and this overview result was compared to the inter-
pretation documented by the study member who
obtained the scans. The reviewer agreed with the ini-
tial zone assessment in 92.4% of the cases, and the
overall positivity or negativity of the study in 97.7%.
The Cohen kappa index for interobserver reliability
was 0.82 (95% CI = 0.78 to 0.87). Eight patients did not
have images available for review. We included them in
the analysis as we felt that the sonographers’ interpre-
tations agreed well with the reviewers’. Overall, 64%
of patients were enrolled by medical students only,
14% by EPs only, and for 22% of patients both were
present. Of the two independent reviewers who served
as criterion standards for CHF, the overall Cohen
kappa index for interreviewer reliability was 0.87 (95%

CI = 0.76 to 0.97). A third reviewer was only necessary
in 6 of 94 cases. Patient demographics are summarized
in Table 2.

Positive US as a Predictor of CHF. In this study, we
used the methods and definitions of a positive US as
defined by Volpicelli et al.30 Their definition of a posi-
tive scan requires two or more positive zones bilaterally
of eight zones measured. The operating characteristics
of positive US findings for the diagnosis of CHF based
on the criterion standard consensus diagnosis are pre-
sented in Table 3.

Modified Thresholds of US Positivity. Physiologically,
it is reasonable to postulate that more positive zones
bilaterally would indicate a greater likelihood of CHF.
The data were analyzed using dichotomous and interval
LRs. Eight-zone USs were given one of six possible
classifications based on the number of positive zones
per side (Figure 3). The operating characteristics of
dichotomous LRs were determined for the five resulting
test thresholds and plotted on an ROC curve (Figure 4).
This approach used a dichotomous outcome of positive
or negative, as the threshold for positivity was varied
from anything positive to totally positive (Table 3). To
assess for the influence of the scanner, Figure 5 splits
the ROC curve into patients scanned by medical stu-
dents only and patients scanned with an attending pres-
ent. Finally, an interval LR was calculated for each of
the six possible individual outcomes (Table 4).

Table 1
Distribution of Enrollment by US Scanner and Reader

US
Scanner

US
Reader

Total
Number

of Patients

Scans Done
with Faculty
Supervision

MS-1 Att-2 49 7
MS-1 MS-1 1 0
MS-2 Att-2 13 11
MS-3 Att-2 11 3
MS-3 MS-3 7 0
Att-1 Att-2 3 0
Att-2 Att-2 10 0
Total 94 21

All faculty supervision provided by Att-2.
Att = attending; MS = medical student; US = ultrasound.

Table 2
Patient Demographics

Demographic Number (%)

Average age, years (±SD) 74 (±14)
(range, 18–94)

Male 55 (59)
Medical history

CHF 46 (49)
Hypertension 37 (40)
COPD 29 (31)
Atrial fibrillation 23 (26)
Diabetes 21 (22)
Chronic renal insufficiency 17 (18)
Asthma 6 (6)

Diagnosis
ED

(n = 94)
Hospital
(n = 88)

Shortness of breath 26 (28) 2 (2)
CHF 20 (21) 25 (28)
Chest pain, NOS 11 (12) 11 (13)
Pneumonia 10 (11) 17 (19)
COPD 9 (10) 9 (10)
Atrial fibrillation 3 (3) 4 (5)
Asthma 1 (1) 0 (0)
ACS 0 (0) 6 (7)
Other 11 (12) 19 (22)

Admitted patients 88 (94)

ACS = acute coronary syndrome (includes unstable angina,
coronary artery disease, non-ST elevation myocardial infarc-
tion); CHF = congestive heart failure; COPD = chronic
obstructive pulmonary disease; ED = emergency department;
NOS = not otherwise specified.
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The performance of individual pairs of symmetric
bilateral zones as a test for CHF was also analyzed
(Table 3). ROC curves were drawn for zone pairs 1 and
5, 2 and 6, 3 and 7, and 4 and 8, and the AUC was cal-
culated for each pair. Although there was no statisti-
cally significant difference between zone pairs, Zones 4
and 8 (AUC = 0.78; 99% CI = 0.65 to 0.91) most closely
approximated the eight-zone protocol performance
(AUC = 0.81; 99% CI = 0.70 to 0.93). Interval LRs were
calculated for the two-zone (Zones 4 and 8) US test
(Table 4).

NT-ProBNP as a Predictor of CHF. The performance
of NT-ProBNP as a test for CHF was determined

(Table 3). The performance of NT-ProBNP when com-
bined with the eight-zone US test with a threshold of
positive or minimally positive for positivity was also cal-
culated. The two tests were combined in a fashion that
required both to be positive (e.g., NT-ProBNP and US)
or either to be positive (e.g., NT-ProBNP or US; Table 3).
Finally, the NT-ProBNP test was combined with the
two-zone (Zones 4 and 8) US test. To investigate the
maximal predictive power when the two tests are con-
gruent (both positive or negative), the LR interval
approach was taken to yield six possible test outcomes
and associated LRs (Table 4).

Table 3
Operating Characteristics of US and NT-ProBNP for CHF

Threshold for a Positive Test Sensitivity Specificity LR+ LR)

Totally positive 0.23 (0.08, 0.43) 1.00 (0.91, 1.00) Infinite 0.78 (0.62, 0.97)
Very positive 0.43 (0.23, 0.64) 0.96 (0.84, 0.99) 11.48 (1.78, 74.22) 0.60 (0.42, 0.86)
Positive 0.58 (0.36, 0.77) 0.85 (0.69, 0.95) 3.88 (1.55, 9.73) 0.50 (0.30, 0.82)
Minimally positive 0.78 (0.57, 0.92) 0.72 (0.54, 0.86) 2.79 (1.51, 5.15) 0.31 (0.14, 0.69)
Anything positive 0.90 (0.72, 0.98) 0.46 (0.29, 0.64) 1.68 (1.18, 2.40) 0.22 (0.06, 0.80)
NT-ProBNP 0.85 (0.65, 0.96) 0.63 (0.45, 0.79) 2.30 (1.41, 3.76) 0.24 (0.09, 0.66)
Positive and NT-ProBNP 0.53 (0.32, 0.73) 0.91 (0.76, 0.98) 5.67 (1.75, 18.35) 0.52 (0.33, 0.81)
Positive or NT-ProBNP 0.90 (0.72, 0.98) 0.57 (0.39, 0.74) 2.11 (1.37, 3.25) 0.17 (0.05, 0.61)
Minimally Positive and NT-ProBNP 0.68 (0.46, 0.85) 0.87 (0.71, 0.96) 5.21 (1.99, 13.61) 0.37 (0.20, 0.68)
Minimally Positive or NT-ProBNP 0.95 (0.79, 0.99) 0.48 (0.31, 0.66) 1.83 (1.28, 2.61) 0.10 (0.02, 0.62)
Zones 1 and 5 (anterior ⁄ superior) 0.40 (0.21, 0.61) 0.89 (0.74, 0.97) 3.64 (1.19, 11.16) 0.68 (0.48, 0.97)
Zones 2 and 6 (anterior ⁄ inferior) 0.40 (0.21, 0.61) 0.96 (0.84, 0.99) 10.80 (1.66, 70.28) 0.62 (0.44, 0.87)
Zones 3 and 7 (lateral ⁄ superior) 0.50 (0.29, 0.71) 0.94 (0.81, 0.99) 9.00 (1.98, 40.99) 0.53 (0.35, 0.81)
Zones 4 and 8 (lateral ⁄ inferior) 0.53 (0.32, 0.73) 0.89 (0.74, 0.97) 4.73 (1.62, 13.85) 0.53 (0.34, 0.83)

All data reported as n (99% CIs), n = 94 (40 CHF+, 54 CHF)).
CHF = congestive heart failure; CI = confidence interval; LR+ = positive likelihood ratio; LR) = negative likelihood ratio;
NT-ProBNP = N-terminal pro brain-type natriuretic peptide; US = ultrasound.

Figure 4. ROC curve of sonographic B-lines and NT-ProBNP
in the detection of CHF. CHF = congestive heart failure;
NT-Pro-BNP = N-terminal pro-brain-type natriuretic peptide;
ROC = receiver operating characteristic.

Figure 5. The ROC curve for ultrasound with dichotomous
thresholds, analyzing the effect of the presence of an attending
physician. When an attending scanned alone or with a medical
student, there was a statistically insignificant trend toward
better performance than when medical students scanned alone.
ROC = receiver operating characteristic.
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DISCUSSION

The benefits of US are many. It is a rapid, immediate,
reproducible, noninvasive, and nonirradiating tool that
is increasingly available to many EPs. It can be per-
formed at the bedside and repeated frequently and is
inexpensive and portable. Finally, thoracic US can be
used in settings where other techniques are not readily
available, such as in remote locations, at high alti-
tudes,38 in developing parts of the world with limited
radiographic capabilities, or even in the out-of-hospital
setting (e.g., ambulances and helicopters).

The thoracic US technique itself is easy to learn. Med-
ical student researchers with limited clinical and US
experience were able to perform and interpret the exam
with excellent correlation with an RDMS-credentialed
US fellowship-trained EP. In fact, 64% of patients were
enrolled by a medical student only. The study was
always feasible, and patients were scanned in their posi-
tion of comfort; they did not have to sit erect or lie
supine for the study to be performed.

Prior research on thoracic US for pulmonary edema
has primarily focused on patients in intensive care
units. In a study of dyspneic patients presenting to the
ED, USs were done within 24 hours of presentation and
not upon arrival to the ED. This study adds to the
current body of knowledge about thoracic US in the
following ways: it studies the operating characteristics
of B-lines when the US is performed in the ED, it com-
pares performance of thoracic US to NT-ProBNP, and it
analyzes the eight-zone scanning protocol and
compares its performance to a simplified two-zone
protocol.

This study was designed to investigate the use of US
alone, or in combination with serum NT-ProBNP, to
diagnose CHF in ED patients. When used alone, tho-
racic US was investigated with an eight-zone technique
and a dichotomous positive or negative outcome, or six
incremental outcomes. A simplified two-zone technique,
which would have the advantage of being faster to per-
form, was also investigated in an analogous manner.
Thoracic US alone using an eight-zone technique and
dichotomous outcome demonstrated a high LR+ and
low LR) depending on the threshold chosen for a posi-
tive test, but the test did not demonstrate both a high
LR+ and a low LR) simultaneously at any single diag-

nostic test threshold (Table 3). Using the US test with
six interval LR outcomes, 38 of 94 patients (40%) had a
congruent US exam with all eight zones positive (4-B)
or negative (0-B) and an infinite (specificity of 1.00) or
0.22 LR, respectively (Table 4). This suggests that it in a
significant proportion of patients, bedside US results
can strongly increase or decrease the likelihood of
CHF.

Except for Zones 2 and 6, which tended to perform
worse, the two-zone US test demonstrated comparable
test characteristics to the full eight-zone study (Table 3).
The lateral zone pairs 3 and 7 and 4 and 8 tended to
demonstrate higher sensitivity. These results suggest
that for a two-zone test, lateral probe placement may
be preferred, but in general, precise probe placement
does not appear to be critical. The AUC was not signifi-
cantly different for any of the two-zone tests, but Zones
4 and 8 demonstrated the highest AUC in our sample
and thus were used for further two-zone analysis
(Table 4).

The comparability of the eight-zone and two-zone US
tests suggests that a faster and easier two-zone test
may suffice for evaluation of CHF. This is because the
different zones tended to be positive or negative
together in the same patients. Thus, the two-zone tests
demonstrated high, but not perfect, collinearity. The
eight-zone test, however, has strong predictive abilities
in ruling in CHF when all eight zones are positive or
significantly decreasing the likelihood when all are neg-
ative (as was the case in 40% of patients), as seen when
using the six-outcome interval LR approach (Table 4).

The serum NT-ProBNP test alone was more sensitive
but less specific than a positive threshold of an eight-
zone US. Combinations were tested with both the posi-
tive and the minimally positive thresholds and the
requirement that one or both of the NT-ProBNP and
US tests be positive for a positive test result. In none of
the four combinations tested were the LR+ and LR)
simultaneously improved when the NT-ProBNP test
was combined with the dichotomous eight-zone US test
(Table 3). However, in 18 cases, a US (using the positive
threshold) was a better predictor of CHF than the NT-
ProBNP, in 16 patients without CHF the NT-ProBNP
was positive but the US negative, and in 2 patients with
CHF the NT-ProBNP was negative and the US positive.

Table 4
Interval LRs

Eight-zone US
Two-zone US (Zones 4

and 8 only)
Two-zone US (Zones 4 and 8 only) and

NT-ProBNP Combined

n LR Zone positivity n LR Zone positivity NT-ProBNP n LR

4-B 9 Infinite Both (4+ 8+) 27 4.73 Both (4+ 8+) + 21 8.04 (1.76, 37.33)
3-B 10 5.4 (0.74, 39.21) (1.62, 13.85) ) 6 1.35 (0.17, 10.51)
2-B 12 1.35 (0.33, 5.47) Either (4+ 8) or 4– 8+) 23 1.24 Either (4+ 8) or 4– 8+) + 16 2.25 (0.66, 7.68)
1-B 15 1.54 (0.45, 5.28) (0.48, 3.17) ) 7 0.23 (0.01, 3.62)
1-U 19 0.48 (0.14, 1.66) Neither (4– 8)) 44 0.3 Neither (4– 8)) + 17 0.74 (0.22, 2.46)
0-B 29 0.22 (0.06, 0.80) (0.13, 0.71) ) 27 0.11 (0.02, 0.69)

99% CIs are in parentheses, n = 94.
CI = confidence interval; LR = likelihood ratio; NT-ProBNP = N-terminal pro brain-type natriuretic peptide; US = ultrasound.
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Combining the NT-ProBNP test with the two-zone
US test and using six interval LR outcomes, 48 of 94
patients (51%) had a congruent outcome where the NT-
ProBNP and both US zones 4 and 8 were positive or
negative. The LRs for these tests were 8.04 and 0.11,
respectively (Table 4). These LRs are not significantly
more extreme than the positive and negative LRs for
the NT-ProBNP test alone. In approximately half of the
patients in this sample, the two-zone US test could be
used in combination with the serum NT-ProBNP to
strongly suggest or refute the diagnosis of CHF. In the
other half of patients, the NT-ProBNP and US tests
would not be completely congruent and would provide
little predictive information (Table 4).

Five patients who were enrolled ultimately did not
have NT-ProBNP levels performed. These five patients
were thus excluded from the analysis. All of these
patients had totally negative (0-B) USs with no positive
zones and none had a diagnosis consistent with CHF.
Inclusion of these patients would have improved the US
test characteristics. It is possible that enrolling all dys-
pneic patients presenting to the ED, including those
that are clinically obviously having a COPD or CHF
exacerbation, would have further improved the operat-
ing characteristics. We specifically chose not to include
these patients, as we felt that US would be most helpful
in patients in whom there is diagnostic uncertainty.
This may also explain why our sensitivities and specific-
ities for US as a diagnostic tool for CHF are not as high
as in other published studies.

Ultrasound could be used alone to assess for CHF in
dyspneic ED patients. It performs similarly (overlapping
CIs) to NT-ProBNP in that the likelihood of CHF is
increased when the test is positive and decreased when
negative, but has the advantage of being noninvasive
and immediately available. It would be especially useful
in settings such as developing countries, austere envi-
ronments, or out-of-hospital care where laboratory or
radiographic tests are unavailable. The current results
are promising and suggest there are advantages and
disadvantages to using either an eight- or a two-zone
protocol and using dichotomous or interval LR out-
comes. The overall predictive power of the eight- and
two-zone protocols is similar, and the two-zone test is
faster. However, using the eight-zone test, when all
zones are either positive or negative, the likelihood of
CHF is greatly increased or decreased, respectively.
This immediate, significant information that is available
at the bedside could have a direct and positive impact
on patient care.

Ultrasound could also be used in combination with
NT-ProBNP to assess for CHF in the ED. One major
advantage of this approach is the immediate availability
of US, which can be performed at the bedside within
the first moment of a patient’s arrival to guide initial
management before the radiographic or blood results
are available. Once the NT-ProBNP test result is avail-
able, the results of the two tests can be used in combi-
nation. Combining multiple interval LR outcomes seems
advantageous. In particular, if the NT-ProBNP and US
results are congruent, then this will significantly alter
the likelihood of CHF. The data suggest that when a
dichotomous US outcome and NT-ProBNP are com-

bined, there is a modest increase in predictive abilities.
However, using the two-zone US in combination with
NT-ProBNP and multiple interval LR outcomes, it is
suggested, but not proven, that half of the patients can
be segregated into groups at very high or low risk for
CHF.

LIMITATIONS

Although USs were performed as close to patient arri-
val as possible, it is conceivable that US results may
have been altered by treatment (e.g. diuretics) either
early in their ED course or in the out-of-hospital set-
ting, decreasing the sensitivity of the test. The issue of
the lack of a true criterion standard remains a difficulty
in CHF studies. We chose to have two attending physi-
cians (and three in the cases of discrepancy) review the
charts as a criterion standard. This is a limitation, as
analysis is subjective. However, we feel that the high
kappa value between the reviewers indicates that sub-
jective differences were minimal.

The results of NT-ProBNP in comparison to the cri-
terion standard composite analysis involve some inher-
ent bias as well. Reviewers had access to these data
points and were able to use a positive or negative
result in their ultimate determination of the etiology of
shortness of breath. This means that NT-ProBNP status
may not be completely independent from CHF diag-
nosis status and hence the test characteristics of
NT-ProBNP may be positively biased in this study.
Even if the chart reviewers were blinded to the
NT-ProBNP values, these values would have likely
affected the treating physicians’ judgments and deci-
sions and indirectly biased the chart reviewers. It
seems difficult to remove this bias from a composite
clinical diagnosis of CHF.

The US test did not suffer from similar bias because
the US readers were blinded to other patient data and
the chart reviewers were blinded to the US test results.
Nevertheless, the US examiners were not explicitly
blinded to other patient data at the bedside. This bias is
likely minimized by the fact that the majority of patients
were enrolled by medical student researchers, who
would have less clinical acumen with which to influence
their scans or interpretations. Despite this potential
bias, the presence or absence of B-lines is an objective
finding that is not generally subject to scanner bias. No
interobserver reliability of US scanning was assessed,
as the patients were each scanned only once.

The units of analysis in this study were the 94
patients. The medical student scanners could also be
the units of analysis, and this would require adjustment
for clustering on the various individuals. This approach
was not formally taken because the student background
and training were limited, and their technique was
likely to be stereotyped and homogenous. The effect of
attending physician presence during the scan was
assessed; improvement in the diagnostic ability of US
was not noted.

There was only a single US-trained EP reader. As a
derivational study, this clearly represents an optimal
scenario for EP expertise in reading USs in the ED. The
generalizability of this skill in reading pulmonary USs,
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and thus the study results to other EPs without
advanced training, remains to be seen.

Even for patients with congruent NT-ProBNP and US
test results, the LR+ and LR) were not statistically
significantly different from the analogous LRs for NT-
ProBNP alone or the two-zone US test alone. Our preli-
minary work suggests that the US test can be predictive
of CHF. However, this must be confirmed in other set-
tings and more research done with larger patient sam-
ples to examine whether the trends are significant.

Our study population was dyspneic patients present-
ing to the ED in whom an NT-ProBNP level was already
being sent for diagnostic purposes. Generalizability of
our findings may be limited, as our population is likely
to have a higher proportion of patients with a diagnosis
of CHF than a population of all dyspneic patients pre-
senting to the ED.

CONCLUSIONS

Bedside thoracic US for B-lines can be used to predict
CHF when a predefined threshold is used. Interval LRs
are powerfully predictive when all or no zones are posi-
tive. A two-zone protocol performs similarly to a full
eight-zone protocol. Thoracic US can be used alone or
in conjunction with NT-ProBNP in immediate evalua-
tion of dyspneic patients presenting to the ED. The data
suggest that congruent NT-ProBNP and US results may
alter the odds of CHF, compared to the NT-ProBNP test
alone. Further studies are needed to evaluate US’s util-
ity, both alone and in combination with NT-ProBNP
testing, to diagnose CHF in the ED and to evaluate the
potential for practicing EPs to perform and interpret
this test.
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