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Background: Rapid diagnosis (dx) of acutely decompensated heart failure (ADHF) may be challenging in
the emergency department (ED). Point-of-care ultrasonography (US) allows rapid determination of
cardiac function, intravascular volume status, and presence of pulmonary edema. We test the diagnostic
test characteristics of these 3 parameters in making the dx of ADHF among acutely dyspneic patients in
the ED.

Methods: This was a prospective observational cohort study at an urban academic ED. Inclusion criteria were
as follows: dyspneic patients, at least 18 years old and able to consent, whose differential dx included ADHF.
Ultrasonography performed by emergency sonologists evaluated the heart for left ventricular ejection
fraction (LVEF), the inferior vena cava for collapsibility index (IVC-CI), and the pleura sampled in each of
8 thoracic regions for presence of B-lines. Cutoff values for ADHF were LVEF less than 45%, IVC-CI less than
20%, and at least 10 B-lines. The US findings were compared with the final dx determined by 2 emergency
physicians blinded to the US results.
Results: One hundred one participants were enrolled: 52% male, median age 62 (25%-75% interquartile, 53-
91). Forty-four (44%) had a final dx of ADHF. Sensitivity and specificity (including 95% confidence interval) for
the presence of ADHF were as follows: 74 (65-90) and 74 (62-85) using LVEF less than 45%, 52 (38-67) and 86
(77-95) using IVC-CI less than 20%, and 70 (52-80) and 75 (64-87) using B-lines at least 10. Using all 3
modalities together, the sensitivity and specificity were 36 (22-51) and 100 (95-100). As a comparison, the
sensitivity and specificity of brain natriuretic peptide greater than 500 were 75 (55-89) and 83 (67-92).
Conclusion: In this study, US was 100% specific for the dx of ADHF.

Published by Elsevier Inc.
1. Introduction

Congestive heart failure (CHF) is a major public health concern.
Approximately 5.7 million patients in the United States carry the
diagnosis of CHF with lifetime incidence of 1 in 5 for individuals
older than 40 years [1–5]. Heart failure is the most common hospital
discharge diagnosis, and more Medicare dollars are spent for the
diagnosis and treatment CHF than for any other diagnosis [1,6]. The
Centers for Medicare and Medicaid Services has targeted heart failure
as the disease most worthy of cost-effective management; however,
cademic Emergency Medicine
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providing cost-effective treatment requires rapid and accurate
differentiation of CHF from other causes of dyspnea [7]. Acutely
decompensated heart failure (ADHF) is also the most common cause
of acute dyspnea among elderly patients in the emergency
department (ED) [8]. Although early appropriate diagnosis and
therapy are associated with a decreased mortality [8–11], ADHF is
also the most common cause of death among dyspneic patients
presenting to the ED [12].

Correctly diagnosing ADHF among acutely dyspneic patients in the
ED to provide early appropriate treatment has proven challenging
[8,10,13–18]. Traditional diagnostic modalities such as physical exam-
ination, plain radiographs, and laboratory studies have variable, and
frequently limited, diagnostic utility. The signs and symptoms of ADHF
are frequently nonspecific and highly variable as well [15,18–20],
especially among the increasingly larger group of patients with
coexisting respiratory illness such as chronic obstructive pulmonary
disease (COPD). Plain chest radiographs have limited correlation with
CHF exacerbation [21,22]; and although natriuretic peptides may lend
weight to a suspected diagnosis, they are insufficiently accurate to
confirm or exclude the diagnosis of ADHF [1,11,16,23] and have a
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“gray zone” of values that have little diagnostic value at all [24].
Unfortunately, misdiagnosis is associated with an increase in morbidity
and mortality among patients with ADHF [8–10]. Conversely, treat-
ments for CHF have deleterious effects among patients with noncardiac
causes of dyspnea that often present with the same primary physical
findings [10,25].

If the diagnostic accuracy of decompensated heart failure is to be
improved in the acute setting, a rapid tool that is more specific for
the diagnosis of ADHF must be developed. Such a tool, if positive,
would allow treating physicians to begin treating even the most
unstable patients with ADHF before the traditional diagnostic tests
are available for interpretation without the increased morbidity and
mortality associated with misdiagnosis and mistreatment. Further-
more, in less critically ill patients, a highly specific test would aid in
making the diagnosis of ADHF when traditional testing is equivocal
or delayed. Echocardiography is commonly used to support the
diagnosis of CHF, but comprehensive echocardiography is rarely
available in the ED and is too time consuming for the acutely
decompensating patient. However, limited bedside cardiac and lung
ultrasonography (US) is becoming a standard tool in EDs and
intensive care units (ICUs). Emergency point-of-care US is ubiquitous
among emergency medicine residency training programs, and most
emergency residents are graduating with proficiency in limited
cardiac US since the American College of Graduate Medical Education
began requiring procedural competency in point-of-care US in 2008
[26]. In addition, many emergency physicians (EPs) who graduated
before this requirement, as well as many critical care physicians, have
also learned limited cardiac US skills. There are 3 point-of-care US
modalities that have potential utility in the diagnosis of ADHF:
cardiac US (which gives direct visualization of ejection fraction) [27–
34], inferior vena cava (IVC) US (a noninvasive method of estimating
intravascular volume status), [35–45] and lung US (which can detect
the presence of interstitial edema [IE]) [46–51]. Each of these
modalities has been used alone in evaluating for the diagnosis of
ADHF; however, when used alone, each one lacks the accuracy
needed to definitively make the diagnosis among acutely dyspneic
patients in an ED setting—a depressed left ventricular ejection
fraction (LVEF) is present in chronic heart failure but does not
indicate whether there has been an acute reduction in systolic
function, and neither a plethoric IVC nor the presence of IE is specific
to ADHF.

Recently, there has been speculation that a combination of the 3 US
modalities might yield a tool that is useful in making the diagnosis of
ADHF among acutely dyspneic patients in the ED setting. One report
has suggested that a focused US examination consisting of point-of-
care cardiac, IVC, and lung examinations would be “an ideal tool to
rule in or rule out the diagnosis of CHF”; however, this report has no
data to support this assumption [52]. Only 1 case report has been
published as evidence that this “Triple Scan” could potentially be used
to identify the etiology of acute dyspnea in the ED [53]. Another recent
study, performed by cardiologists, demonstrated that an echocardio-
gram, including valvular and IVC interrogation, combined with lung
US is more accurate than lung US alone in distinguishing cardiac from
noncardiac etiologies of dyspnea [54]. Accordingly, we set out to
assess the accuracy of point-of-care US in making the diagnosis of
ADHF among acutely dyspneic patients in the ED setting by combining
all 3 modalities (cardiac, IVC, and lung US). We also performed a
secondary analysis to determine if the combination of any 2 of the 3
modalities would perform as well as all 3 together.

2. Materials and methods

2.1. Study design

This was a prospective convenience sample of adult patients
designed to assess the accuracy of EP-performed point-of-care
cardiac, IVC, and lung US in the diagnosis of ADHF among dyspneic
patients in the ED. The University of Pennsylvania Human Research
Committee Institutional Review Board approved this study.

2.2. Study setting

The study was performed in the ED of an urban academic tertiary
care facility with an annual ED census of 55,000. The ED is a primary
teaching site of an emergency medicine residency program and an
emergency US fellowship.

2.3. Study population

Adult patients were eligible for inclusion if they presented to the
EDwith acute dyspnea and if the treating attending physician felt that
CHF exacerbation was part of the differential diagnosis after the
history and physical examination but before any testing being
completed. A convenience sample of patients was enrolled when 1
of the 5 clinical investigators was present in the ED. Participants were
identified by the treating physician, a brain natriuretic peptide (BNP)
laboratory studywas ordered, and thenwritten informed consent was
obtained by one of the clinical investigators. Clinical investigators did
not enroll their own patients when they were on a clinical shift to
ensure that the sonologist performing the scans remained blinded to
the clinical data; if one of the clinical investigators was acting as the
treating physician during a clinical shift and desired to have one of his
or her patients enrolled, another one of the investigators enrolled the
patient and performed the scans. Patients were excluded if they were
younger than 18 years or unable to consent.

2.4. US evaluations

Ultrasonographic evaluations were performed by 1 of 5 clinical
investigators who were blinded to the clinical data provided by the
treating physician. Investigators were not privy to the details of the
patients’ clinical course, laboratory values, or other diagnostic
information either. The investigators performing the US studies
were either emergency US fellows or emergency US fellowship
trained. Scans were performed using a 1- to 5-MHz phased array
transducer for the limited cardiac US and either a 3- to 5-MHz
curvilinear transducer or the phased array probe for the B-line
assessment (Siemens G-60, Acuson X-300 [both Siemens AG, Munich,
Germany] or Sonosite M-Turbo [Sonosite Inc, Bothell, WA]).

Ultrasonographic results were recorded using a standardized
data collection form. The US measurements included LVEF, IVC
maximum diameter (IVCDmax), IVC minimum diameter, calculated
IVC collapsability index (IVC-CI), as well as the number of B-lines
present in each of the 8 thoracic zones used in the lung US
examination (Fig. 1). The US data were entered at the bedside while
measurements were being made. Details regarding the acquisition
of US images are as follows:

2.4.1. Cardiac US
Limited cardiac US involved examination of the heart in 4 standard

views when available (sometimes limited by habitus or dressings):
parasternal long-axis, parasternal short-axis, subxyphoid 4-chamber,
and apical 4-chamber views [55]. Left ventricular ejection fractionwas
visually estimated as the reduction in the cross-sectional area of the
left ventricle viewed in the short axis as previously described
[27,28,56–58].

2.4.2. Inferior vena cava US
Evaluation of the IVC involved examination at a level approxi-

mately 2 cm distal to the junction of the hepatic veins [57,59].
Sonographic views of the IVC were obtained either in the epigastric
window or via the right intercostal spaces through the hepatic



Fig. 1. The 8 thoracic zones considered in the B-pattern scoring method. Dividing lines
include the sternum medially, the anterior axillary line dividing medial and lateral
zones, and the posterior axillary line laterally. The third intercostal space divides the
superior and inferior zones. Reproduced with permission from the American Institute
of Ultrasound in Medicine.

Table 1
Characteristics of enrolled participants

Characteristic Total, N = 101 ADHF+, n = 44 ADHF−, n = 57

Demographics
Mean age (y)
(25th-75th interquartile)

62 (53-91) 63 (53-91) 62 (52-88)

Male (%) 52 (51) 25 (56) 27 (47)
Symptoms (%)
Shortness of breath 101 (100) 44 (100) 57 (100)
Chest pain 31 (31) 11 (25) 20 (35)
Orthopnea 50 (50) 32 (73) 18 (32)
Paroxysmal nocturnal
dyspnea

19 (19) 11 (25) 8 (14)

Medical history (%)
CHF 52 (51) 33 (75) 19 (33)
COPD 29 (29) 9 (20) 20 (35)
Asthma 19 (19) 5 (11) 14 (25)
Both CHF & COPD 18 (18) 8 (18) 10 (18)
Diabetes 33 (33) 19 (43) 14 (25)
Tobacco use 32 (32) 13 (30) 19 (33)
Prior myocardial infarction 28 (28) 15 (34) 13 (23)
Renal failure 19 (19) 10 (23) 9 (16)
Physical signs (%)
Rales 36 (36) 18 (41) 18 (32)
Wheezing 25 (25) 7 (16) 18 (32)
Jugular venous distention 22 (22) 16 (36) 6 (11)
Lower extremity edema 48 (48) 29 (66) 19 (33)
S3/S4 gallop 14 (14) 9 (20) 5 (9)
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window. The choice of sonographic window was determined by
availability (limited by dressings, wounds, bowel gas, or habitus)
and sonologist preference. Scans were performed in both the
longitudinal and transverse orientations. Longitudinal images were
used to make the measurements and calculations found in the
results of our study, and transverse views were also measured to
verify that the longitudinal scan was in the IVC midline. Maximal
measurements were made during expiration, and minimal mea-
surements were made during inspiration. The IVC-CI was calculated
according to the standard formula: IVC-CI = (IVCDmax − IVC
minimum diameter)/(IVCDmax).

2.4.3. Lung US
There are a number of sonographic artifacts that may appear at the

pleural surface; however, the primary artifact of interest when
examining for IE is the presence of B-lines (in the past, these artifacts
have also been referred to as comet tail artifacts or lung comets).

We followed a scanning protocol that was originally described by
Volpicelli et al and has been used by other investigators in ED and ICU
settings [49,60,61]. The transducer was placed on the chest wall,
perpendicular to the ribs; and 8 predefined thoracic zones were
interrogated to a depth of 15 cm (Fig. 1).

Two methods of counting B-lines have been described. We used
both methods of counting so that they can be compared. In the first
method, initially described by Volpicelli et al [62], the goal is to
determine how many of the 8 thoracic zones have 3 or more B-lines
(B-pattern). Because diffuse IE has been defined as 2 or more zones
bilaterally that demonstrate the B-pattern, we used a bilateral B-
pattern count (BBPC) for this first method. The other method of
quantifying B-lines includes counting the total number of B-lines
present rather than identifying spaces with the presence of the B-
pattern; the total number of B-lines in the entire thorax is then
summed and can be referred to as a B-line count (BLC) [48,49,63–65].
We used a BLC of all 8 zones for this second method.

2.5. Cutoffs

Cutoff values for LVEF, IVC-CI, and BLC were determined from the
optimal cutoff value for identifying ADHF among a pilot group of 20
patients using receiver operating characteristic (ROC) curve analysis.
These cutoffs were used because there are no established standard
cutoff values for diagnosing ADHF using any of these US modalities.
The cutoffs were as follows: LVEF less than 45%, IVC-CI less than 20%,
and BLC at least 10. The BBPC cutoff was 2 or more bilateral B-pattern
positive zones as previously described [62].

2.6. Clinical data

Clinical data were entered onto a separate standardized data
collection form at the time of enrollment by the treating physician
who was blinded to the US results. Clinical data included the patients’
age and sex, presenting symptoms, medical history, and physical
examination findings as listed in Table 1. The BNP level was entered
once it had resulted from the laboratory.

2.7. Statistical analysis

Each participant was diagnosed as either having a primary
diagnosis of ADHF or not having ADHF (ADHF+ or ADHF−) via
medical record review that was performed after each participant had
been discharged from the hospital. Participant medical records were
independently reviewed by 2 EPs who were blinded to the US results.
Reviewers had the entire electronic medical record available to them
including the ED note, laboratory results (including BNP), plain
radiographs and final radiology reads, comprehensive echocardiog-
raphy results, and discharge summaries. Admission notes, consulta-
tion notes, and daily progress notes were not available in the
electronic record; however, a synopsis of these was present in the
discharge summary. In the case of reviewer disagreement, a third EP
independently reviewed the medical record and served as a
tiebreaker. For medical record reviews, there was no standard
abstraction form. This expert physician consensus with medical
record review analysis served as our criterion standard and is similar
to the criterion standard used in prior CHF investigations
[61,66,10,67]. Patients who may have had CHF as a secondary or
contributing diagnosis were not identified because the treatment of
the few patients whose CHF is contributing only partially, if any, to
their dyspnea differs greatly from that of patients whose dyspnea is
primarily caused by ADHF. Based on the criterion standard diagnosis
of physician consensus and each of the 3 independent diagnostic tests,
LVEF, IVC-CI, and BLC, with predetermined optimal cutoff values
determined, 2 × 2 contingency tables were constructed; and
sensitivity, specificity, positive predictive value (PPV), and negative



Table 2
Detection of ADHF with single variables and with combinations of 2 and all 3 variables

Variable(s) Specificity
(95% CI)

Sensitivity
(95% CI)

PPV
(95% CI)

NPV
(95% CI)

LVEF b45% 74 (62-85) 77 (65-90) 69 (57-82) 81 (70-92)
IVC-CI b20% 86 (77-95) 52 (38-67) 74 (59-90) 70 (59-81)
B-lines ≥10 75 (64-87) 70 (52-80) 67 (53-81) 74 (63-85)
B-lines & IVC-CI 97 (92-100) 39 (24-53) 90 (76-100) 67 (57-77)
B-lines & EF 93 (86-100) 52 (38-67) 85 (72-99) 72 (61-82)
IVC-CI & EF 98 (95-100) 48 (33-62) 96 (87-100) 71 (61-81)
All 3 100 (95-100) 36 (22-51) 100 (77-100) 67 (57-77)
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predictive value (NPV) were calculated for each diagnostic test to
assess performance of each test independently. In addition, the same
statistical measures of performance were calculated for each pairwise
comparison of the 3 tests, with cases defined by a positive
classification of test pairs. Lastly, the performance of the 3 tests
combined with cases only defined by an overall 3-way positive
classification was assessed by sensitivity, specificity, PPV, and NPV.
Interrater agreement between the 2 physician raters was determined
using a nonweighted Cohen κ. The number of patients who met the
cutoffs for all 3 US modalities were compared with their final
diagnosis to determine how specific the tool is in making the
diagnosis of ADHF.

3. Results

Over a 12-month period, 101 patients were enrolled. Themean age
was 62 years, and the numbers of male and female patients were
almost equal. Forty-four of the participants had a final diagnosis of
ADHF. Interrater agreement between physician raters for the
diagnosis of ADHF was near-perfect: κ = 0.97 (95% confidence
interval [CI], 0.94-0.99). The demographics and clinical characteristics
of participants diagnosed as ADHF+ and ADHF− are listed in Table 1.
Among the 57 ADHF− patients, the final diagnoses were as follows:
pneumonia (n= 10), COPD (n= 8), renal failure (n= 5), and asthma
(n = 4); there were an additional 20 patients with unique diagnoses
such as malignant pleural effusion, pericardial tamponade, sepsis,
laryngospasm, pulmonary fibrosis, and others.

The specificity for the diagnosis of ADHF using all 3 US modalities
was 100% (95% CI, 95-100). The specificity of LVEF, IVC-CI, or B-lines
alone is listed in Table 2. Using a combination of 2 modalities, the
specificities for the diagnosis of ADHF were as follows: B-lines and
IVC-CI, 97% (95% CI, 92-100); B-lines and EF, 93% (95% CI, 86-100); or
IVC-CI and EF, 98% (95% CI, 95-100) (Table 2). The specificity of BNP
greater than 500 pg/mL was 83% (95% CI, 67-92).

The specificity and sensitivity of a BBPC alone and in combination
with the other 2 US modalities in making the diagnosis of ADHF are
listed in Table 3.

4. Discussion

We set out to assess the test characteristics of point-of-care US in
making the diagnosis of ADHF among acutely dyspneic patients in the
Table 3
Detection of ADHF using BBPC alone and in combination with other variables

Variable(s) Specificity
(95% CI)

Sensitivity
(95% CI)

PPV
(95% CI)

NPV
(95% CI)

≥2 B+ zones 91 (83-99) 34 (20-49) 74 (54-94) 65 (54-75)
≥2 B+ zones & IVC-CI 97 (92-100) 16 (5.1-27) 78 (51-100) 60 (50-70)
≥2 B+ zones & EF 100 (92-100) 23 (10-35) 100 (66-100) 63 (53-73)
All 3 100 (92-100) 16 (7.1-31) 100 (56-100) 61 (50-70)
ED when cardiac, IVC, and lung modalities are combined. Our findings
suggest that point-of-care US is perfectly predictive in making the
diagnosis of ADHF in an ED population.

The clinical role of US has changed rapidly and drastically over the
past 2 decades, as technology has allowed portable US machines with
ever-improving image quality to be developed. The most dramatic
change has been in the emergency and critical care settings where
bedside US by the clinician caring for the patient has proven to rapidly
render immediately interpretable, reproducible, and noninvasive
answers to time-sensitive questions without requiring an unstable
patient to leave the department or be subjected to unnecessary
irradiation. Ultrasonography has proven to be so useful that the
American College of Graduate Medical Education requires all
emergency medicine residents to demonstrate procedural competen-
cy in bedside US as a core skill in their specialty training [26].

When limited cardiac US (including a standard IVC assessment)
indicated the presence of ADHF, no other testing was needed for
confirmation in this study. The 2008 Emergency Ultrasound Guidelines
published by the American College of Emergency Physicians defines
the limited cardiac US performed by EPs as an ability to assess for
pericardial effusion and evidence of tamponade, presence of cardiac
activity, general cardiac contractility, and the central venous volume
status [68,69]. These cardiac US guidelines have subsequently been
accepted as reasons for EPs to perform and interpret limited cardiac
US in the ED by the American Society of Echocardiography [34]. This
study only required the clinician sonologist to assess for contractility
and central venous volume status. In this study, the combination of
LVEF, IVC-CI, and B-lines was 100% specific in making the diagnosis of
ADHF; however, the combination of LVEF and IVC-CI alone performed
equally well, which allows these findings to be generalizable to EPs
who have the limited cardiac US skills suggested by the American
College of Emergency Physicians.

One question that arises from the results of this study is whether
B-lines should play any role at all in the diagnosis of ADHF because the
combination of limited cardiac and IVC US (LVEF and IVC-CI) performs
just as well at making the diagnosis without their inclusion. A review
of the results suggests that they are not necessary for making the
diagnosis of ADHF, but may be of use in some instances. B-lines in
combination with IVC-CI also perform about as well as LVEF + IVC-CI
or all 3 modalities combined; indeed, there is no significant difference
between these 3 different combinations of US modalities. If a patient
has difficult cardiac windows, then B-lines and IVC-CI could
reasonably be used as an alternative because the pleura is a superficial
structure that is much simpler to visualize than the heart.

In this study, US was very specific inmaking the diagnosis of ADHF.
With the use of US, the treating clinician can be very confident that the
diagnosis is correct, which is important when beginning therapies
that are potentially deleterious if the diagnosis is incorrect. However,
the sensitivities demonstrate that US only makes the diagnosis less
than half the time. At first glance, these findings may seem to contrast
with studies that have demonstrated that US for B-lines alone has
excellent diagnostic accuracy in detecting IE [46,49,50,62] or that IVC-
CI alone has both an excellent sensitivity and specificity for the
diagnosis of decompensated heart failure [44]. However, diffuse IE is
not always cardiogenic in nature. In 1997, Lichtenstein et al [46]
showed that, among patients in the ICU, most of whom were
mechanically ventilated, B-lines had a sensitivity of 93% and a
specificity of 93% in diagnosing diffuse IE; however, in this group,
only 37 of the 121 patients with IE were diagnosed with acute
cardiogenic pulmonary edema. A study among an ED population
showed similar results with a sensitivity of 86% and a specificity of
98% for the diagnosis of diffuse IE; this group reported that 59 of the
75 patients diagnosed with diffuse IE had ADHF [60]. Other disease
states that were reported as causing diffuse IE on US include adult
respiratory distress syndrome, multilobar pneumonia, interstitial
pneumonia, exacerbation of chronic interstitial lung disease, and
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pulmonary tuberculosis. To our knowledge, the only other study that
has used IVC-CI to diagnose ADHF demonstrated a sensitivity of 92%
and a specificity of 84%. This sensitivity is much higher than our IVC-CI
data, but still lacks the specificity needed to be confident with the
diagnosis [44]. The improved performance of IVC-CI by this group was
likely due to a CHF population that was much more acutely ill than
ours. Their group reported an average IVC-CI of 9.6% among the CHF
cohort compared with our CHF cohort that had an average IVC-CI of
17%, suggesting that our CHF population suffered from less intravas-
cular volume overload. These observations are important because
they point out that more than one US modality is needed to make the
diagnosis of CHF. They also suggest that, among more severely
decompensated patients, the sensitivity of the US findings is likely to
be increased.

To increase the diagnostic accuracy and utility of the B-line
examination, we modified the Volpicelli protocol to produce a BLC. In
the protocol described by Volpicelli et al, the goal is to determine how
many of the 8 thoracic zones have the B-pattern. However, the B-
pattern method may not perform as well in the ED where the severity
of pulmonary edema from CHF is often not as marked as in the ICU
[61]. One ED study revealed that the optimal cutoff for identifying
ADHF using an ROC curve analysis is one or more B-pattern positive
zones bilaterally [61]. Pilot data for our study plotted on an ROC curve
were almost identical with these previous ED data, suggesting that the
optimal cutoff for diagnosing ADHF among an ED cohort is lower than
the arbitrary cutoff previously suggested by Volpicelli et al in
diagnosing diffuse IE. Using the same pilot data, when we compared
the ROC curves for a BLC compared with a BBPC, a BLC for the 8 zones
had a greater area under the curve than a BBPC for predicting the
presence of ADHF. For these reasons, we decided to use both a BLC, as
it may be more accurate, as well as a more traditional BBPC in our
study. In addition, for the busy EP who may be constrained by time,
using a BLC will often be advantageous because there are sometimes
10 B-lines in a single intercostal space; instead of having to scan at
least 4 intercostal spaces, as is required by the BBPC, 1 or 2 rib spaces
may suffice.

We also point out that using a BBPC instead of a BLC produces
results with equal specificity in making the diagnosis of ADHF;
however, the sensitivities suffer when using a BBPC in making the
diagnosis of ADHF. This is likely due to the BBPC requiring the patient
to have more findings than the BLC. By forcing the patient to have at
least 2 B-pattern positive zones bilaterally to qualify as diffuse IE, the
patient must have a BLC of at least 12, which is higher than our BLC
cutoff of 10. The more B-lines you require the patient to have, the
more specific the study will be at the expense of sensitivity. Similarly,
simply requiring the patient to have at least 4 B-pattern positive zones
results in a sacrifice of sensitivity, as several of our patients in
decompensated CHF had fewer than 4 positive zones.

The findings of this study would most likely affect the clinical
outcome of patients with more severely decompensated heart failure
where incorrect treatments are more detrimental; however, further
studies are needed tomore precisely characterize which population of
acutely dyspneic patients will benefit most from the rapid and correct
diagnosis of ADHF using US early in their ED management. Our
findings assume that the US examinations can be performed rapidly;
and although our study did not measure the time it took to perform
the US examinations, prior literature demonstrates that a point-of-
care cardiac US (including both LVEF and IVC-CI) and B-line
assessment both take less than 5 minutes to perform [63,70].

4.1. Limitations

The sample size of this study is relatively small. A larger
prospective study would be necessary to validate our cutoffs as
diagnostic criteria for ADHF. However, this is currently the only study
that has combined the 3 US modalities in the ED setting to assess
whether they actually can be considered “an ideal tool to rule in or
rule out the diagnosis of CHF” [52].

In this study, there was no attempt to identify patients with
isolated diastolic heart failure using US. The evaluation of diastolic
dysfunction was intentionally excluded because this is a skill set that
is not typically learned by most EPs and would make the results
much less generalizable. Similarly, because valvular examination is
not typically part of the limited cardiac US skills learned by EPs,
there was no attempt to evaluate whether a diminished IVC-CI was
due to intravascular overload or valvular regurgitation. Although
these intentional exclusions may affect the sensitivity of the study
slightly, they would not affect the specificity, which is the important
finding in our study; and their exclusion makes the results much
more generalizable.

Although US examinations were performed as close to patient
arrival as possible, it is possible that US results were affected by
treatment that was initiated in the prehospital setting. Again, any
prehospital administered medications would have the effect of
decreasing the sensitivity but not the specificity of the test.

The design of this study leaves open the possibility for selection
bias by using a convenience sample; however, a convenience sample
was the only feasible way to enroll patients so that all 3 US modalities
could be performed by investigators with similar scanning ability.
With 5 investigators available to perform the scans, at least one of the
scanning investigators was usually available in the ED at all times—if
one of themwas not available, it was usually during an overnight shift.
Furthermore, there is the possibility of expectation bias because all 3
US modalities were performed by a single investigator. We attempted
to minimize bias by blinding the investigators to all clinical data;
however, if an investigator noted that a participant had a low EFwhile
performing the cardiac examination, he or she may have inadver-
tently measured the IVC with a lower IVC-CI with the expectation that
the participant had ADHF. Although the investigators were blinded to
clinical data, they could not practically be blinded to the clinical
condition of the patient they were scanning.

The US examinations in this study were performed by emergency
US fellows or fellowship-trained physicians. It is possible that cardiac
images obtained by non–fellowship-trained EPs may be more
technically limited than those obtained for this study, thus limiting
the generalizability of the study. However, the cutoff values for
evaluating LVEF and IVC-CI in this study are simple enough that EPs
with proficiency in limited cardiac US can use these criteria. Some
residency training programs do not expect their graduates to be able
to determine a specific ejection fraction (eg, b45%); rather, they are
taught to determine whether cardiac contractility is hyperdynamic,
normal, diminished, or severely diminished. Our cutoff for diagnosing
CHF was an LVEF of less than 45%, which is the upper limit of
diminished; so even EPs that have learned this categorical method
should be able to use the methods outlined in this study. Assessment
for B-lines is a newer modality that may not be taught at all
emergency medicine residency training programs yet; however, our
study shows that an assessment for B-lines may be useful but not
necessary in making the diagnosis of ADHF.

The lack of a true criterion standard is a limitation among CHF
studies where a diagnosis must be reached because all accepted
standards include a subjective analysis. However, the high
agreement between our raters indicates that subjective differences
were minimal.
5. Conclusions

In ED patients with a suspected diagnosis of ADHF, the diagnosis is
made almost certain when the LVEF is less than 45% and the IVC-CI is
less than 20%; the presence of 10 or more B-lines adds to the
specificity of the diagnosis.
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