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Abstract: In clinical practice lung ultrasound (LUS) is becoming an
easy and reliable noninvasive tool for the evaluation of dyspnea. The
aim of this study was to assess the accuracy of nurse-performed LUS, in
particular, in the diagnosis of acute cardiogenic pulmonary congestion.

We prospectively evaluated all the consecutive patients admitted for
dyspnea in our Medicine Department between April and July 2014. At
admission, serum brain natriuretic peptide (BNP) levels and LUS was
performed by trained nurses blinded to clinical and laboratory data. The
accuracy of nurse-performed LUS alone and combined with BNP for the
diagnosis of acute cardiogenic dyspnea was calculated.

Two hundred twenty-six patients (41.6% men, mean age 78.7 £ 12.7
years) were included in the study. Nurse-performed LUS alone had a
sensitivity 0f 95.3% (95% CI: 92.6—98.1%), a specificity of 88.2% (95%
CI: 84.0-92.4%), a positive predictive value of 87.9% (95% CI: 83.7—
92.2%) and a negative predictive value of 95.5% (95% CI: 92.7—
98.2%). The combination of nurse-performed LUS with BNP level
(cut-off 400 pg/mL) resulted in a higher sensitivity (98.9%, 95% CI:
97.4—100%), negative predictive value (98.8%, 95% CI: 97.2—100%),
and corresponding negative likelihood ratio (0.01, 95% CI: 0.0, 0.07).

Nurse-performed LUS had a good accuracy in the diagnosis of acute
cardiogenic dyspnea. Use of this technique in combination with BNP
seems to be useful in ruling out cardiogenic dyspnea. Other studies are
warranted to confirm our preliminary findings and to establish the role of
this tool in other settings.
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Abbreviations: ARDS = acute respiratory distress syndrome, BNP
= brain natriuretic peptide, CHF = congestive heart failure, COPD
= chronic obstructive pulmonary disease, ESC = European Society
of Cardiology, LUS = lung ultrasound.

INTRODUCTION

D yspnea, one of the most common symptoms in clinical
practice, affects 25% of patients in ambulatory care and
more than 50% of patients admitted to acute tertiary hospitals.'*>
Prompt identification of the correct cause of dyspnea may
optimize the management and improve the outcome of
these patients.

Diffuse use of ultrasonography as an ‘‘ultrasound stetho-
scope”” is rapidly becoming a reality into medical education.’
In particular lung ultrasound (LUS), once considered uncon-
ceivable, is emerging as a bedside imaging tool for evaluating
the whole spectrum of thoracic diseases: pulmonary congestion
and fibrosis, pneumonia, pneumothorax, pleural effusion,
tumors, and pulmonary embolism. Growing evidence showed
that LUS is more accurate than physical examination and
conventional chest radiography for rapid detection of pulmon-
ary congestion due to heart failure.*~’ Also in nonphysicians
hands chest ultrasound could discriminate between cardiac and
noncardiac dyspnea.’ Today, trained nurses are already able to
perform ultrasound in the placement of central,® peripheral
line,” and for the focused assessment of urologic,10 obstetric,!!
and cardiocirculatory'>'? diseases. On the other hand, there is
only a single pilot study that evaluates the utility of nursing
LUS in the broad differential diagnosis of dyspnea.'* Thus, we
performed a prospective study to assess the accuracy and of
nurse-performed LUS in the diagnosis of acute cardiogenic
dyspnea.

MATERIALS AND METHODS
The study was conducted and reported according to the
Standards for Reporting of Diagnostic Accuracy Studies initiat-
ive, which established reporting guidelines for diagnostic
accuracy studies to improve the quality of reporting.'” Local
ethics committee approved the study protocol, and a written
consent was obtained from all the study participants.

Aim of the Study

The aim of the study was to evaluate the accuracy of the
nurse-performed LUS in the diagnosis of cardiogenic dyspnea.
Subsequently as a secondary aim of the study the accuracy of a
combination of LUS and brain natriuretic peptide (BNP)
was assessed.
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Sonographers Training

Five nurses of the Internal Medicine Department of Livorno
Hospital, Italy, were trained in lung ultrasonography in order to
identify typical signs of interstitial syndrome of cardiogenic pul-
monary congestion. The 4-week training course consisted of a
8 hours of didactic lectures followed by overall 20 hours of practice
using living models and 4 hours of chest ultrasound image review.

Study Population

All the consecutive patients admitted to the Emergency
Department of Livorno Hospital, Italy, for dyspnea between April
and July 2014 were prospectively evaluated. Dyspnea was con-
sidered as a conscious shortness of breath with a respiratory rate
more than 24 breaths per minute, an oxygen saturation of less than
92% or been started on oxygen therapy. Only patients in whom a
hospital admission was planned were considered eligible for the
study purpose. Conversely, patients were ineligible if they were
aged <18 years, had trauma or known pneumothorax, required
dialysis or intensive observation, had severe instability of vital signs,
refused consent or had technical limitations for the ultrasound
examination (mental disability or extreme agitation) (see Supple-
mentary Appendix for details, http:/links.lww.com/MD/A737).

Study Procedures

All eligible patients underwent, within 90 minutes from
admission, a bedside LUS performed by a trained nurse. Results
were registered, sealed, and stored. Nurses were unaware of
primary clinical assessment, diagnostic tests (laboratory and
radiological) and treatments performed in the Emergency and
Medicine Department. To not break the blind protocol, patients
were asked to not provide information on their medical history
to the operators during LUS.

Lung Ultrasound Diagnosis: LUS

All bedside LUS were performed using a GE Vivid S5 (GE
Healthcare, Milwaukee, WI) witha2-to 5.5-MHz curved-array
transducer (M4C-RS). According to the International evi-
dence-based recommendations for point-of-care LUS,'¢ after
individuating pleural line, operators searched the artifacts.
Normal lung artifacts, so called A-line or A-pattern, are the
repetition of the pleural line appearing as horizontal hyper-
echoic lines parallel to the pleural line, due to air block in
ultrasound diffusion among pulmonary tissue. The B-lines, or
comet-tail signs, are defined as laser-like, vertical hyperechoic
reverberation artifacts that arise from the pleural line, extend to
the bottom of the screen without fading, and move synchro-
nously with lung sliding. These lines are related to the presence
of extravascular fluid in the lung and the rate was considered
directly proportional. The term ““B-pattern’” should be used to
describe interstitial pulmonary syndrome through the presence
of multiple diffuse bilateral B-lines. A positive region is
defined by the presence of three or more B-lines in a longi-
tudinal plane between two ribs. The consensus process defined
the basic eight-region of the chest for sonographic technique
(Figure 1): 4 anterior and 4 lateral. LUS was positive for
cardiogenic pulmonary congestion if B-patterns were observed
in 2 or more areas bilaterally.'® Similar B-patterns are observed
in many acute and chronic conditions with diffuse interstitial
involvement. However, some sonographic signs other than B-
lines (eg, alterations of the pleura, as small subpleural con-
solidations or evident thickening; ‘‘spared areas,” defined as
areas of normal sonographic lung appearance surrounded by
areas of multiple B-lines; and large consolidations of various
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FIGURE 1. The basic eight-region of the chest for sonographic
technique.

size) are useful to differentiate the B-pattern of cardiogenic
pulmonary edema from acute respiratory distress syndrome
(ARDS) or pulmonary fibrosis."’

Brain Natriuretic Peptide (BNP)

BNP levels were measured at the time of the enrollment in
all patients (Architect I2000SR, Abbott Diagnostics, Abbott
Park, Illinois, USA). According to the literature,18 value
<100 pg/mL was within the normal range and ruled out con-
gestive heart failure (CHF), whereas value >400pg/mL
strongly suggests heart failure while BNP levels <400 pg/mL
are not diagnostic.

Reference Test: Overall Final Diagnosis

Standard reference test was the overall final diagnosis which
indicated the leading cause of patient’s dyspnea. The final leading
diagnosis of dyspnea was assessed by 2 external independent
physicians (JV and FD) through review of the entire medical
record of each patients: clinical history and assessments, clinical
course and evolution, diagnostic tests (echocardiography, bio-
chemical data, and other imaging studies), treatment outcome
using European Society of Cardiology (ESC) guidelines algor-
ithm'® (for details see Supplementary Appendix, http://
links.lww.com/MD/A737). In case of a disagreement a third
physician (MC) was consulted and adjudicated the case. All
external physicians were masked to LUS results.

In case of concomitant presence of more than one causes of
dyspnea (eg, cardiogenic dyspnea and acute exacerbation of a
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Consecutive patients admitted,
(n=587)

Patients with acute
dyspnea, (n = 253)

l

Excluded for
predefined exclusion
criteria, (n = 20)

Excluded for having
broken blind
protocol, (n=5)

Excluded for revolving
door, (n =2)

FIGURE 2. Summary of selection.

chronic obstructive pulmonary disease (COPD)), patient was
considered to have cardiogenic dyspnea for the study purpose.

Statistical Analysis

Since there are only sparse data on the accuracy of LUS
performed by trained nurses in the diagnosis of acute decom-
pensated CHF a formal calculation of the study sample could
not be performed. Thus a convenience sample of at least 200
patients has been chosen.

Continuous variables were summarized as mean and
standard deviation, and noncontinuous variables as frequencies
and percentages. Diagnostic accuracy, sensitivity, specificity,
positive and negative predictive values, and likelihood ratios
(LR) of nurse-performed LUS with their 95% Cls were calcu-
lated, using the overall final diagnosis as the reference test. The
posttest probability of having or not having the target disorder
in the case of positive or negative nurse-performed LUS was
calculated. Subsequently, the accuracy of LUS in combination
with BNP was evaluated. Statistical analyses were performed
using SPSS 15.0 software (SPSS, Inc., Chicago, IL).

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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RESULTS

From April to July 2014, 253 of the 587 patients admitted
to the Internal Medicine Department patients had acute dyspnea
(43%). Twenty patients were excluded for one or more pre-
defined exclusion criteria, additional 5 patients were excluded
from the analysis from blind protocol violation, having com-
municated results of prior exams or their medical history, and 2
patients for revolving door in short time (Figure 2). The
characteristics of the remaining 226 patients are outlined in
Table 1. Ninety-four patients (41.6%) were men and mean age
was 78.7 years (£12.7). BNP was not available in 4 patients,
was abnormal (>400 pg/mL) in 119 patients and nondiagnostic
in 103 patients. LUS was suspected for cardiogenic dyspnea in
116 patients (51.3%).

At the end of the diagnostic work up acute cardiogenic
dyspnea was diagnosed in 107 patients (47.3%); 48 (21.2%) had
COPD exacerbations, 50 (22.1%) pneumonia, 13 (5.7%) pul-
monary embolism and the remaining 8 patients (4%) had other
causes as the leading final diagnosis (Table 1). LUS median
time execution was 4 minutes, range 2 to 6 minutes.
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TABLE 1. Patient and Dyspnea Characteristics

All Patients

Characteristics (n=226)

Mean age (SD), y 78.70 (£12.7)

Range age, y 32-104

Men, n (%) 94 (41.6)

Dyspnea characteristics
Decompensated CHF, n (%) 107 (47.3)
COPD exacerbations, n (%) 48 (21.2)
Pneumonia/bronchopneumonia, n (%) 50 (22.1)
Pulmonary embolism, n (%) 13 (5.7)
Other causes, n (%) 8 (4.0)
Nurse LUS positive 116
BNP positive (>400 pg/mL) 119

CHF = chronic heart failure, COPD = chronic obstructive pulmonary
disease.

Nurse-performed LUS, compared to a reference overall
diagnosis, showed a sensitivity 0f 95.3% (95% CI: 92.6-98.1%)
and specificity of 88.2% (95% CI: 84.0-92.4%), a positive
predictive value of 87.9% (95% CI: 83.7-92.2%) and a nega-
tive predictive value of 95.5% (95% CI: 92.7-98.2%). Positive
and negative LRs were 8.1 (95% CI: 7.1, 9.1) and 0.05 (95% CI:
0.02, 0.08), respectively. Thus, the posttest probability of
having acute cardiogenic dyspnea increased to 88% in case
of positive LUS, and it decreased to 4% when the LUS was
negative (Table 2). The accuracy of LUS in specific subgroups
according to gender and age (<80 and >80 years) is reported in
Table 3. In these subgroups LUS had in general a similar
accuracy with a perfect sensitivity (100%, 95% CI: 80.8—
100%) and negative predictive value (100%, 95% CI: 93.4—
100%) in patients younger than 80 years.

Subsequently, we tested the accuracy of combining nurse-
performed LUS with BNP level using the cut-off 400 pg/mL for
BNP and considering as positive any LUS suspected for car-
diogenic dyspnea and any BNP >400 pg/mL. With these com-
bined test, 51.9% had suspected cardiogenic dyspnea, the
sensitivity increased to 98.9% (95% CI: 97.4—-100%), the
negative predictive value increased to 98.8% (95% CI: 97.2—
100%) with a corresponding negative LR of 0.01 (95% CI: 0.0,
0.07) (Table 2).

DISCUSSION
Cardiogenic dyspnea is one of the most common causes of
dyspnea.'? A substantial proportion of patients presenting to the
emergency and medical departments with dyspnea has an incor-
rect diagnosis and inappropriate treatment of this disease which

increases the number of deaths and length of hospital stay.?’
Many doubts rise about the true value of clinical examination in
patients admitted with suspect of cardiogenic dyspnea.”'>* On
the other hand, especially in the last few years, a number of studies
consistently demonstrated a good accuracy of LUS in this field.*
716 In particular, in patients presenting with dyspnea, the easy and
reliable approach of chest ultrasound rapidly allowed to differ-
entiate with good reproducibility between acute cardiogenic and
noncardiogenic dyspnea.*~"-'®

Results of our study suggested a potential role of LUS in
this setting even in nonexpert hands. Overall, LUS performed by
nurses with a limited clinical and ecographic experience (8 hours
of didactic lectures followed by overall 20 hours of practice using
living models and 4 hours of chest ultrasound image review) had
a good accuracy in the diagnosis of cardiogenic dyspnea. More-
over, this technique, in combination with BNP, seems extremely
useful in ruling out the cardiogenic origin of dyspnea with a
negative predictive value of 98.8% (95% CI: 97.2—100%) and a
negative LR of 0.01 (95% CI: 0.0, 0.07).

Similar results were obtained in a previous study'* where
the nurse-performed LUS had sensitivity and specificity above
95% for the diagnosis of cardiogenic dyspnea. However, the
small study sample (96 patients) and the lack of an established
protocol for the diagnosis of dyspnea of cardiac origin limited
the validity of their results. Furthermore, in that study, the
potential adjunctive role of BNP was not evaluated.

Our results, if confirmed in other larger prospective high
quality studies, have potentially significant clinical implications.
LUS is an easy to learn and easy to perform, rapid and high
accurate technique, in the diagnosis of cardiogenic dyspnea. It
could be potentially used in settings where other techniques are
not readily available, such as remote locations, at high altitudes,
in developing countries with scant resources and capabilities, or
even in the out-of-hospital setting (eg, residential care, ambu-
lance, and helicopters) where the availability of a trained phys-
ician may be limited. Results of our study suggest that nurse-
performed LUS may be a potential useful alternative to the
traditional physician-performed LUS. However, nurses should
be adequately trained, and at the moment further studies are
needed to standardize the training and the setting in which this
practice could be safely and efficiently applied.

Our study has some limitations. First, observational stu-
dies are at high risk of bias that may affect the internal validity
of the results. However several strategies were carried out to
minimize the risk: patients were enrolled consecutively and
prospectively; the protocol of blindness has been rigidly
respected; investigators were properly trained. Second, the
study was conducted on a single center and the same evaluation
in another setting may give different results, but we tried to
reflect real-world practice excluding from the study a few
patients only and involving 5 nurses without significant

TABLE 2. Diagnostic Accuracy of Nurse-Performed LUS for Decompensated CHF

Sensitivity Specificity PPV NPV LR+ LR—-
Nurse LUS 95.3 88.2 87.9 95.5 8.1 0.05
95% CI (92.6-98.1) (84.0-92.4) (83.7-92.2) (92.7-98.2) (7.1-9.1) (0.02—-0.08)
N-LUS + BNP 98.9 92.0 93.0 98.8 12.3 0.01
95% CI (97.4-100) (88.0-95.9) (89.3-96.7) (97.2-100) (10.5-14.0) (0,0-0.02)

CHF =chronic heart failure, LR+ =positive

likelihood ratio,

LR-=negative likelihood ratio, LUS=Ilung ultrasonography,

N-LUS + BNP = combination of nurse-performed LUS with BNP level, NPV =negative predictive value, PPV = positive predictive value.
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TABLE 3. Diagnostic Accuracy of Nurse-Performed LUS for Decompensated CHF in Specific Subgroups of Patients

Sensitivity Specificity PPV NPV LR+ LR—
95% CI) (95% CI) 95% CI) 95% CI) 95% CI) (95% CI)

Male patients  95.6 (83.6-99.2)  85.7 (72.1-93.6)  86.0 (72.6-93.7)  95.5(83.3-99.2) 6.7 (3.4-13.3)  0.05 (0.01-0.18)
Female patients  95.1 (85.6-98.7)  90.0 (79.9-95.5) 89.4 (78.8-95.2) 95.5 (83.3-99.2) 9.5 (4.7-19.3)  0.05 (0.02-0.16)
Age <80y 100 (80.8-100)  90.8 (81.4-95.9)  75.0 (54.8-88.6) 100 (93.4-100)  10.9 (5.4-22.0) 0 (0-NC)

Age>80y 942 (86.3-97.8)  83.7 (68.7-92.7)  92.0 (83.8-96.5) 87.8 (73.0-95.4) 5.8 (2.9-11.4) 0.07 (0.02-0.16)

CHF = chronic heart failure, CI = confidence interval, LR+ = positive likelihood ratio, LR— =negative likelihood ratio, LUS = lung ultrasono-
graphy, NC =not calculable, NPV = negative predictive value, PPV = positive predictive value.

differences in the accuracy among themselves. Third, since central catheter insertions: final report of investigation. J Infus Nurs.
only patients in whom a hospital admission was planned were 2009;32:145-155.
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not excluded and our results may not be applicable to patients guided intravenous line placement by emergency nurses reduces the
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potential bias. 2012;65:872-878.
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