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Abstract

Background: Lung ultrasound and echocardiography are mainly applied in critical care and emergency medicine.
However, the diagnostic value of cardiopulmonary ultrasound in elderly patients with acute respiratory distress
syndrome (ARDS) is still unclear.

Methods: Consecutive patients admitted to ICU with the diagnosis of suspected ARDS based on clinical grounds
were enrolled. Cardiopulmonary ultrasound was performed as part of monitoring on day 1, day 2 and day 3. On
each day a bedside ultrasound was performed to examine the lungs and calculate the Left Ventricular Ejection
Fraction (LVEF). On day 3, a thoracic CT was performed on each patient as gold standard for ARDS imaging
diagnosis. According to the results from CT scan, patients were grouped into ARDS group or Non-ARDS group. The
relation between the cardiopulmonary ultrasound results on each day and the results of CT scan was analyzed.

(Continued on next page)

* Correspondence: huanglhuang2@163.com; mina0511@hotmail.com;
hdzdoctor@sina.com

"Daozheng Huang, Huan Ma and Zhiyuan Xiao are contributed equally to
this work as Co-first authors

"Department of Critical Care Medicine, Zhongshan Dongsheng Hospital,
Zhongshan 528400, China

“Department of Critical Care Medicine, Guangdong Geriatric Institute,
Guangdong General Hospital and Guangdong Academy of Medical Sciences,
Guangzhou 510080, China

'Department of Cardiology, Guangdong Cardiovascular Institute, Guangdong
General Hospital and Guangdong Academy of Medical Sciences, Guangzhou
510080, China

Full list of author information is available at the end of the article

© The Author(s). 2018 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12890-018-0666-9&domain=pdf
http://orcid.org/0000-0002-0397-1916
mailto:huang1huang2@163.com
mailto:mina0511@hotmail.com
mailto:hdzdoctor@sina.com
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/

Huang et al. BMC Pulmonary Medicine (2018) 18:136

Page 2 of 9

(Continued from previous page)

Results: Fifty one consecutive patients aged from 73 to 97 years old were enrolled. Based on CT criteria, 33
patients were classified into the ARDS group, while 18 patients were included in non-ARDS group. There was no
significant difference between the two groups in baseline characteristics, including gender, age, underlying disease,
comorbidities, APACHE Il score, SOFA score, and PaO2/FiO2 ratio (P> 0.05). Lung ultrasound (LUS) examination
results were consistent with the CT scan results in diagnosis of pulmonary lesions. The Kappa values were 0.55, 0.74
and 0.82 on day 1, day 2 and day 3, respectively. The ROC analysis showed that the sensitivity, specificity and area
under curve of ROC (AUROQ) for lung ultrasound in diagnose ARDS were 0.788,0.778,0.783;0.909,0.833,0.871,0.970,0.
833,0.902 on day 1, day 2 and day 3, respectively. However, cardiopulmonary ultrasound performed better in
diagnosing ARDS in elderly patients. The sensitivity, specificity and AUROC were 0.879,0.889,0.924,0.939,0.889,0.961;
and 0.970,0.833,0.956 on day 1, day 2 and day 3, respectively. The combined performances of cardiopulmonary
ultrasound, N-terminal pro-brain natriuretic peptide (NT-proBNP), and PaO2/FiO2 ratio improved the specificity of
the diagnosis of ARDS in elderly patients.

Conclusions: LUS examination results were consistent with the CT scan results in diagnosis of pulmonary lesions.

specificity of the diagnosis of ARDS in elderly patients.

Cardiopulmonary ultrasound has a greater diagnostic accuracy in elderly patients with ARDS, compared with LUS
alone. The combined performances of cardiopulmonary ultrasound, NT-proBNP, and PaO./FiO, increased the
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Background

Acute respiratory distress syndrome (ARDS) is a clinical
syndrome, which is a type of acute diffuse, inflammatory
lung injury, leading to increased pulmonary vascular per-
meability, increased lung weight, and loss of aerated lung
tissue [1]. ARDS has a high incidence rate and caries mor-
tality of nearly 50% for patients with severe ARDS [2]. At
present, there are limited methods of improving the accur-
acy of ARDS diagnosis in patients [3-5]. Elderly patients
generally have a higher number of comorbidities and
poorer homeostatic capability. The diagnosis of ARDS
in this patient population is even more challenging
and needs improvement [2]. Therefore, early diagno-
sis and intervention are very important to improve
the prognosis for elderly patients with ARDS. The
diagnosis of ARDS at our institution is largely based
on change noted on lung ultrasonography (LUS).
The data collection of thoracic X-ray, especially bed-
side X-ray examination, can be affected by various
factors. Hence we found it to not be valuable in the
diagnosis of ARDS [6, 7]. Even with advantages over
chest X-ray, thoracic CT has limited usage among critic-
ally ill patients, due to its high risk in patient transport,
high cost, and risk of radiation exposure. Therefore, there
are various underlying difficulties in early diagnosis of
ARDS, especially imaging diagnosis.

LUS has drawn increasing attention among clinical phy-
sicians recently [8—12]. The guideline of international
evidence-based recommendations for point-of-care lung
ultrasound [13] aimed to improve and standardize the clin-
ical application and scientific research of lung ultrasound.
However, there has yet to be a good comparison between
point-of-care ultrasound (PoCUS) and the imaging gold

standard of CT diagnosis of ARDS. Persistent questions in-
clude: what ultrasound signs are best for the diagnosis diag-
nose ARDS? What are the sensitivity and specificity of
PoCUS in diagnosing ARDS? What is the effect of the
underlying diseases of the patients in diagnosis, especially
those in lungs? In order to answer these questions, we per-
formed a prospective observational study using dynamic
ultrasound monitoring and other clinical indicators on 51
elderly patients with suspected ARDS, in order to investi-
gate the diagnostic value of cardiopulmonary ultrasound in
this patient group.

Methods

Subjects

Elderly patients with suspected ARDS based on clinical
grounds, admitted to the department of Critical Care Medi-
cine, Guangdong Geriatric Institute, Guangdong General
Hospital and Guangdong Academy of Medical Sciences be-
tween January 2014 February 2016 [1]. Inclusion criteria:
age is greater than or equal to 65 years old; risk factors of
ARDS, including pneumonia, aspiration pneumonia, sep-
sis, septic shock, coma, multiple injuries, pancreatitis or
large quantity of infusion of blood products; acute onset
within 1 week or occurrence of severe acute respiratory
system syndrome; Respiratory rate of more than 20
breaths per minute or presence of respiratory distress;
PaO,/FiO, < 300 mmHg; acute respiratory failure which
cannot be explained by cardiac insufficiency or fluid over-
load [2]. Exclusion criteria: age < 65 years; end stage malig-
nant neoplasms; no consent given or not able to have
thoracic CT. Fifty-one patients were enrolled to this study,
in which, fifteen patients with aspiration pneumonia,
eleven patients with severe pneumonia, 10 patients with
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acute exacerbation of chronic obstructive pulmonary dis-
ease (AECOPD), eight patients with septic shock, seven
patients with other diseases (including three cases with
acute severe pancreatitis, two cases with multiple injury
and two cases with cerebral hemorrhage). These included
patients were divided into ARDS group (# = 33) and Non-
ARDS group (n = 18), based on the results of thoracic CT
scan on day 3. This study protocol was approved by
the ethics committee of Guangdong General Hospital
and Guangdong Academy of Medical Sciences [No.
GDREC2015106H (R1)], and written informed consent
was obtained from each patient’s next of kin.

Instrument and diagnosis criteria

1.2.1 A Phillips EPIQ5 ultrasonic diagnostic apparatus was
used. An abdominal convex array probe (Frequency 1-
>5 MHz) was used for the lung ultrasound examination; A
phased array probe (frequency <?A3B2 thyc=1-5 MHz) was
used for the cardiac ultrasound examination.

LUS examinations

The examined locations were decided using a 12 partition
method (Fig. 1). The ultrasound scan was operated using
the longitudinal scan recommended by the international
consensus on LUS published in 2012. The following ultra-
sound signs were set as indicative of an ARDS diagnosis
(Fig. 2) © Normal pattern (Fig. 3); @ Interstitial syndrome
(Fig. 4); ®Consolidation (Figs. 5 and 6); @Pleural effusion
(Fig.7); ®Pleural line abnormalities (irregular thickened
fragmented pleural line, absence or reduction of lung slid-
ing) (Fig. 8). Currently, there are no consistent standards in
diagnosing ARDS using lung ultrasound. However, Re-
spiratory failure of patients without ARDS was mainly

Fig. 1 The four chest areas per side considered for complete
twelve- zone lung ultrasound examination. Areas 1 and 2 denote the
upper anterior and lower anterior chest areas, respectively. Areas 3 and
4 denote the upper lateral and basal lateral chest areas, respectively.
PSL parasternal line, AAL anterior axillary line, PAL posterior axillary line.
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Fig. 2 Areas 5 and 6 denote the upper backside and basal backside
chest areas, respectively. PL paravertebral line, SL scapular line, PAL
posterior axillary line

caused by cardiogenic factors, such as acute cardiogenic
pulmonary edema. Whereas for patients with ARDS, se-
vere hypoxemia caused by acute respiratory failure will
affect heart function [14], and manifest as pulmonary
edema and consolidation [15, 16]. In ARDS and
non-ARDS, it appears that there will be pulmonary edema.
How to differentiate between acute cardiogenic pulmon-
ary edema in non-ARDS and ARDS? In contrast to cardio-
genic pulmonary edema, the sonographic findings that are
indicative of ARDS include the following: anterior sub-
pleural consolidations, absence or reduction of lung slid-
ing, “spared areas” of normal parenchyma, pleural line
abnormalities (irregular thickened fragmented pleural line)
and nonhomogeneous distribution of B-lines [13]. In this
analysis,the ARDS diagnostic image standard include the
following:that bilateral lung fields must have a combination
of the two ultrasound signs of interstitial syndrome and

TIS0.2 MI1.0

Fig. 3 Sonographic signs of lung Normal pattern: sliding sign plus
Adlines or less than three B-lines in a longitudinal plane between two ribs
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Fig. 4 Interstitial syndrome: two or more positive regions bilaterally,
A positive region is defined by the presence of three or more B-lines
in a longitudinal plane between two ribs

consolidation plus other signs, such as normal pattern,
pleural effusion and pleural line abnormalities. There were
at least three or more signs required. The imaging data of
all patients was prospectively documented and stored.
These US evaluations were performed prospectively. The
results of ultrasound examinations were analyzed blindly by
two intensivists trained with critical ultrasonography. In
case of a disagreement, the final decision was made after
discussion between three experienced ultrasound clinical
physicians with specific expertise in ARDS. All US evalua-
tions were blinded from chest CT scan results.

Cardiac ultrasound

Cardiac ultrasound was evaluated using the standard sec-
tions, recommend by the American College of Cardiology
Foundation (ACCF) 2011 [17]. Left and right heart function
was evaluated by cardiac ultrasound utilizing an apical four

TIS0.1 MI13

Fig. 6 Lung consolidation: the sonographic sign of lung consolidation
is a subpleural echo-poor region or one with tissue-like echotexture

chamber, parasternal long axis, parasternal short axis and
subxiphoid views. LVEF and stroke volume (SV) were mea-
sured using an apical double plane Simpson method, in
order to assess left ventricular systolic function. If sound
transmission windows were inadequate, the LVEF was then
estimated visually, to exclude left ventricular failure caused
by acute respiratory failure. In the studied population, if
LVEF<35%, the patient with short of breath was caused by
acute left heart failure, and these patients were classified
as non-ARDS. Acute left heart failure was ruled out if
LVEF>50%. If LVEF is between 35 and 50%, the clinical
symptomatology and lung ultrasound findings of the pa-
tients were considered to differential diagnosis of ARDS
or non-ARDS. Right ventricular dysfunction (RVD) was
defined using semi-quantitative size and function, frac-
tional area change and tricuspid annular plane systolic ex-
cursion and tissue Doppler systolic velocity. In this study,
we evaluated RVD through the shape of right ventricular

TIS0.1 MI13

Fig. 5 Shred sign:This consolidation is non-translobar and has the
expected fractal, shredded border with the black aerated lung

TIS0.2 MI13

Fig. 7 Pleural effusion: A space (usually anechoic) between the
parietal and visceral pleura
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Fig. 8 Pleural line abnormalities: irregular thickened fragmented
pleural line

by eyeballing. RVD was defined using end-diastolic RV/LV
area ratio > 0.6. There was 91 % of patients had adequate
US views for LVEF and SV to be measured, and five pa-
tients were excluded for poor US images. The cardiac US
images were collected and analyzed by two investigators
and the inter-observer variability was good.

Definition of ARDS

Bedsides onset time, risk factors and chest radiog-
raphy, the Berlin definition proposed three mutually
exclusive categories of ARDS according to PaO,/FIO, ra-
tios: mild (200 mmHg<PaO,/FIO, < 300 mmHg), moder-
ate (100 mmHg<PaO,/FIO, <200 mmHg), and severe
(PaO,/ FIO, < 100 mmHg) and four ancillary variables for
severe ARDS: radiographic severity, respiratory system
compliance (<40 mL/cm H O), positive end expiratory
pressure (210 cm H,0), and corrected expired volume per
minute (>10 L/min) [1].

Thoracic CT scan

A Siemens 128-layer dual-source spiral CT (Germany) was
used to perform the CT scan. Followed the implemented
program, patients were supine, the layer distance was set as
5 mm. The scan duration was 2.5-3 min. Bilateral opacities
consistent with pulmonary edema on the CT scan were
considered as defining criteria for ARDS [1].

Definition of sepsis and septic shock

Sepsis is defined as the presence (probable or documented)
of infection coupled with systemic manifestations of infec-
tion. Septic shock is defined as sepsis-induced hypotension
persisting despite adequate fluid resuscitation, and vaso-
pressors were needed to maintain mean atrial pressure
(MAP) > 65 mmHg [18].
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Other procedures

The blood tests for NT-proBNP and arterial blood gas
(ABQG) analyses were drawn on the day of admission (la-
beled as day 1), day 2 and day 3, and test time of the 2
days thereafter were 7:30 a.m. The levels of NT-proBNP
were measured by enzyme immunoassay. The upper limit
of normal for apparently healthy persons (95th percentile)
was 125 pg/mL for NT-proBNP. ABG blood samples for
the measurement of ABG were obtained by arteriopunc-
ture. ABG analyses were measured by bedside blood gas
analyzer (ABL 800, RADIOMETER, Denmark). All opera-
tions are carried out in accordance with the operating
procedures.

Research methods

On day 1, day 2 and day 3, lung ultrasound was monitored
and the LVEF values were measured for this elderly patient
sample with acute respiratory failure, who met the inclusion
criteria. A positive cardiopulmonary US exam for ARDS
was defined as follow: [1] bilateral lung fields must have a
combination of two ultrasound signs of interstitial syn-
drome and consolidation plus other signs [2]. LVEF>50%. If
LVEF is between 35 and 50%, the clinical symptomatology
and lung ultrasound findings of the patients were consid-
ered to resolve the possibility of left heart failure [3]. If bi-
lateral lung fields had less than three US finds or LVEF
<35%, diagnosis of ARDS would be excluded. According to
the results of CT scan, patients were stratified into ARDS
group and non-ARDS group (control group). The relation
between cardiopulmonary ultrasound monitoring results
and the results of CT scan was analyzed.

Statistics

Data were analyzed using a SPSS 19.0 statistic software.
Metric data that were consistent with normal distribu-
tion were analyzed using X £ S, with a t-test comparison
between two groups. Metri data that were not consistent
with normal distribution were represented by average
rank, with the Mann-Whitney rank sum test to compare
the two groups. The comparison of the count data be-
tween groups was tested using Pearson X°. The ROC curve
analysis was used for the second classification diagnosis.
The results of different monitoring methods were tested for
consistency. All P values were yielded from a bilateral test,
if P<0.05, the difference was statistical significant.

Results

Comparison of the baseline characteristics of ARDS and
control groups

Fifty one elderly patients with acute respiratory failure and
suspected ARDS were enrolled, among which, 39 were
male. Mean age was 82 [73, 97] years. 33 patients fell into
the ARDS group, while 18 patients fell into the control
group (non ARDS). There was no significant difference
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Table 1 Comparisons of the baseline characteristics between the ARDS group and the non-ARDS group

Baseline ARDS group Non-ARDS group Test statistic P value
Gender X2 = 0.026 0.871
male 25(76.0) 14(78.0)
Female 8(24.0) 4(22.0)
Age (years) 8252556 82.83+522 t=-0.199 0.843
Diagnosis
Aspiration pneumonia 9 6 x2 =0.206 0.650
Severe pneumonia 7 4 x2 =0.007 0933
AECOPD 7 3 x2=0.153 0.696
Septic shock 5 3 X2 =0.020 0877
Others 5 2 ¥x2=0.161 0.689
PaO,/FiO, day1 14045 £ 52.53 148.72 3540 t=-0.668 0.507
PEEP day1 827 +344 7.17£3.00 t=1.147 0.257
NT-proBNP day1 995.7 (339.4,5944.0) 3229.0 (8386,16,339.0) Z=-1999 0.046"
APACHElIIscore 2633 +5.69 2544 +5.20 t=0.549 0.585
SOFA score 948+336 9724295 t=-0.251 0.803
Time of respiratory failure(hours) 1745+ 1897 15.83+13.29 t=0321 0.749

day1 refers to the first day included in the study; respiratory failure time: refers to the patients with respiratory failure (with arterial blood gas as the diagnostic
criteria, if not to check for blood gas analysis, clinical judgment as to the diagnostic criteria) included in the study of the time difference, in hours (H) said. ‘The

difference was statistically significant (P < 0.05)

between the two groups in the baseline characteristics, in-
cluding sex, age, underlying disease, APACHE 1I score,
SOFA score, PaO,/FiO, on dayl, PEEP on day 1 and re-
spiratory failure distance at screening, etc. On day 1, there
was an increase in the NT-proBNP levels of the patients in
both groups. NT-proBNP levels at admission were signifi-
cantly higher in the control group compared with ARDS
group (995.7 vs. 3229.0,Z = - 1.999,p = 0.046) (Table 1).

2.2 LUS diagnostic results were consistent with CT re-
sults in both patient groups, based on the previously men-
tioned diagnostic standards of ARDS. The consistency test
indicated that pulmonary ultrasound results were consist-
ent with the CT results of the patients on day 1, day 2 and
day 3, with Kappa values of 0.55, 0.74 and 0.82, respectively.

The consistency of lung ultrasound and CT results was the
highest on day 3 (Tables 2 and 3). All patients met criteria
for ARDS on admission, and they continued to meet the
Berlin criteria for ARDS on day 2 and day 3.

2.3 The ROC analysis showed that the sensitivity, spe-
cificity and AUROC of using lung ultrasound to diagnose
ARDS were 0.788,0.778,0.783;0.909,0.833,0.871,0.970,0.833,
0.902 on day 1, day 2 and day 3, respectively (Table 4).

ROC curve analysis of cardiopulmonary ultrasound in
diagnosing ARDS

The sensitivity, specificity and AUROC were 0.879,0.889,
0.924;0.939,0.889,0.961;and 0.970,0.833,0.956 on day 1,
day 2 and day 3, respectively (Table 5).

Table 2 Comparison of lung ultrasound and CT scan in the diagnosis of lung lesions in ARDS group and Non-ARDS group

Group Method No. of Normal Interstitialsyndrome Lung Pleural line Pleural effusion
subjects pattern consolidation abnormalities

ARDS group cT 33 30 30 33 - 31
Ultrasound
day1 30 29 32 32 17 27
day2 33 28 32 33 16 28
day3 35 29 32 33 17 32

non-ARDS group cT 18 13 13 5 - 15
Ultrasound
day1 21 15 16 3 1 10
day2 18 12 14 3 1 "
day3 16 16 13 3 1 14
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Table 3 Consistency test of dynamic monitoring of LUS and CT
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Table 5 The analysis of ROC curve in diagnosis of ARDS by

scan dynamic monitoring of Cardiopulmonary ultrasound
Time ARDS Non-ARDS Kappa Cardiopulmonary  Cutoff  Sensitivity ~ Specificity ~ Youden ~ AUROC
group group ultrasound values index

LUS day1 0.55 day1 0.531 0.879 0.889 0.768 0.924
+ 26 4 day2 0499 0939 0.889 0.828 0.961
- 7 14 day3 0441 0.970 0.833 0.803 0.956
LUS day2 0.74
+ 30 3 T . .

lead to poor reliability of ARDS diagnosis [8]. The develop-
N 3 1> ment of clinical application and research of PoCUS pro-
LUS day3 082 vides a novel way of ARDS diagnosis in imagine.
+ 32 3 Cardiopulmonary ultrasound can help evaluate the cardio-
_ 1 15 pulmonary morphology and function, but more exploration

ROC curve analysis of the combined performances of
cardiopulmonary ultrasound and NT-proBNP in
diagnosing ARDS

Combination of cardiopulmonary ultrasound and NT-
proBNP or PaO,/FiO, improved the specificity of the
diagnosis of ARDS. AUROC values were > 0.90 on day 1,
day 2 and day 3. The combination of LUS + LVEF+NT-
proBNP had the highest diagnostic value on day 2, with
sensitivity, specificity and AUROC of 0.939, 0.889 and
0.965, respectively (Table 6).

2.6 ROC curve analysis of cardiopulmonary ultrasound
+NT-proBNP+ PaO,/FiO, diagnosing ARDS: The above
combination was of high value with AUROC> 0.920 on
day 1, day 2 and day 3; In which, the diagnostic value
was the highest on day 2, with sensitivity, specificity and
AUROC of 0.939,0.889 and 0.965, respectively (Table 7).

Discussions

Chinese society is aging [19],and resulting in an increasing
number of critically ill elderly patients. The mortality and
morbidity of those patients may be much higher than youn-
ger patients. This may be attributed to a lower reserve cap-
acity in most important organs and systems functions,
which will reduce ability to deal with physical stress and the
presence of acute or chronic comorbidities. Therefore, early
diagnosis maybe have a marked impact on interventions
and outcomes of elderly patients with ARDS. However, the
Berlin diagnostic criteria of ARDS widely used in clinical
practice, is not very clear about the evaluation standard of
pulmonary imaging, especially thoracic X-ray, which may

Table 4 Analysis of ROC curve of pulmonary dynamic
monitoring results in patients with ARDS

LUS  Cutoff values  Sensitivity ~ Specificity = Youden index = AUROC
dayl 10 0.788 0.778 0.566 0.783
day2 10 0.909 0.833 0.742 0.871
day3 10 0.970 0.833 0.803 0.902

is needed to investigate the relation between cardiopulmo-
nary ultrasound and chest CT scan in chest imagines for
diagnosis of ARDS. If ultrasound proved sensitive and spe-
cific in early ARDS diagnosis, it may become part of a novel
diagnostic imaging standard of ARDS diagnosis.

This study was a single-center, prospective observational
study. Patients were divided into ARDS group (n = 33) and
control group (n = 18), based on the results of chest CT
scan on day 3. There were no significant differences be-
tween the two groups in gender, age, underlying disease,
APACHEII score, SOFA score, PaO,/FiO, ratio and PEEP
levels day 1. It’s reported that NT-proBNP is an important
biomarker of heart failure [20]. Previous studies suggested
that patients with diagnosis of ARDS often had right ven-
tricular dysfunction [21, 22], which would damage cardio-
pulmonary function. This study showed that, the levels of
NT-proBNP on day 1 were increased in both groups, while
the levels in control group were statistically significantly
higher than those in the ARDS group (p = 0.046). Respira-
tory failure of patients without ARDS was mainly caused by
cardiogenic factors, whereas for patients with ARDS, other
factors, such as hypoxia, can also affect the cardiac function.
There are obvious limitations to using NT-proBNP alone to
differentiate ARDS from acute or chronic heart failure.

Our study showed that the results of LUS examinations
were comparable with those of ARDS diagnosis using CT
scan. Consistent with the results of the preliminary animal
experiment in the research group, the Kappa value was
0.82 on day 3,indicating early ARDS diagnosis using LUS
was of similar clinical value as a CT scan. In our study, the
results of CT scan in 33 patients with ARDS on day 3
showed different degrees of pulmonary consolidation, es-
pecially obvious in the gravity-dependent areas, such as
lateral chest and back. This is a characteristic finding of
ARDS on chest CT scan. The relation between ultrasound
signs and ARDS diagnostic criteria through chest CT scan
was analyzed according to the ARDS diagnosis standard
using ultrasound suggested in this study. The sensitivity,
specificity and AUROC of LUS on day 1, day 2 and day 3
were high and increased between day 1 and day 3. Our



Huang et al. BMC Pulmonary Medicine (2018) 18:136

Page 8 of 9

Table 6 ROC curve analysis of ARDS diagnosis with cardiopulmonary ultrasound combined with NT-proBNP or PaO,/FiO, ratio

Combination Index Cutoff Value Sensitivity Specificity Youden index AUROC
Cardiopulmonary ultrasound +NT-proBNP day1 0.556 0.879 0.889 0.768 0.938
Cardiopulmonary ultrasound +NT-proBNP day?2 0487 0939 0.889 0.828 0.965
Cardiopulmonary ultrasound +NT-proBNP day3 0.745 0.939 0.889 0.828 0.961
Cardiopulmonary ultrasound + PaO,/FiO, day1 0.764 0.848 0.944 0.793 0919
Cardiopulmonary ultrasound + PaO,/FiO, day2 0496 0.939 0.889 0.828 0.962
Cardiopulmonary ultrasound + PaO./FiO, day3 0442 0.970 0.833 0.803 0.958

results indicated that diagnostic imaging of ARDS could
be partially based on LUS signs. The results on day 3 were
of higher diagnostic value, since the third day may be the
peak of the inflammation.

Pulmonary ultrasound yields considerable advantage
in the diagnosis and management of various pleural cav-
ity and pulmonary diseases [23-26]. Change in pulmon-
ary ventilation area can be determined by LUS before
the reduction of PaO,/FiO, [27]. Our previous animal ex-
periment showed that LUS could semi-quantify pul-
monary edema [28, 29]. Inevitably, the diagnosis of
ARDS must be differentiated from acute left heart fail-
ure, and cardiac ultrasound is an important means of
comprehensive evaluation of cardiac function. Previous
studies showed that cardiopulmonary ultrasound had
obvious advantages in investigating the etiology of
acute respiratory failure [30, 31]. Therefore, we believe
that a cardiopulmonary ultrasound approach will have
broad application prospects in ARDS diagnosis. The
sensitivity, specificity and AUROC of ARDS diagnosis
using cardiopulmonary ultrasound on day 1, day 2 and
day 3 were 0.879,0.889,0.924;0.939,0.889,0.961;and 0.970,
0.833,0.956, respectively.

Our study’s main aim was to investigate the diagnostic
value of cardiopulmonary ultrasound in elderly patients
with ARDS. According to the guideline of point of care
LUS [13], there are no consistent standards in diagnosing
ARDS using LUS findings. Combined with Berlin criteria
of ARDS [1] and our clinical experience, pulmonary edema
and consolidation are the main imaging findings in ARDS
patients. If there is normal LVEF or even hyperdynamic
state in patients, combined with the results of LUS,we ba-
sically believe that the patient’s respiratory distress is caused
by pulmonary edema caused by ARDS. Our results showed
that cardiopulmonary ultrasound was of greater advantage

Table 7 The ROC curse analysis of Cardiopulmonary Ultrasound
combined with NT-proBNP and PaO./FiO, ratio in the diagnosis
of ARDS

Time Cut-off value  Sensitivity ~ Specificity = Youden index AUROC
dayl 0726 0.848 0.944 0.793 0.928
day2 0486 0.939 0.889 0.828 0.965
day3 0738 0.939 0.889 0.828 0.961

compared with LUS alone in ARDS diagnosis. The reason
may be that cardiopulmonary ultrasound can exclude the
interference of heart failure in ARDS diagnosis. Both NT-
proBNP and PaO,/FiO, are important clinical indicators in
pathophysiology. We also evaluated the combination of car-
diopulmonary ultrasound and NT-proBNP or PaO,/FiO,
in ARDS diagnosis, with sensitivity, specificity and AUROC
on day 2:0.938,0.887,0.964;0.939,0.889,0.965, respectively.
These results suggest a combination of ultrasound signs
and pathophysiology indicators was of greater application
value in ARDS diagnosis.

This study investigated the ARDS diagnosis in elderly pa-
tients using PoCUS. Lung ultrasound, especially cardiopul-
monary ultrasound was of important clinical application
value in ARDS diagnosis in elderly patients. A combination
of ultrasound signs and pathophysiology indicators was of
more application value than ultrasound signs alone. PoCUS
is mainly applied not only in critical care, emergency
medicine, and trauma surgery, but also in pulmonary and
internal medicine, especially in the assessment of cardio-
pulmonary function. Respiratory failure of patients without
ARDS was mainly caused by cardiogenic factors, whereas
for patients with ARDS may be promoted in the diagnosis
and treatment management in elderly patients with ARDS.

This study had a few of limitations including its observa-
tional design and finite study arms. Initial indications are
promising for cardiopulmonary ultrasound in the diag-
nosis of ARDS. However, the effect of underlying dis-
ease of elderly patients on its diagnostic value needs to
be investigated in larger prospective and also interven-
tional studies to evaluate any effect on outcomes.

Conclusions

Cardiopulmonary ultrasound has a greater diagnostic ac-
curacy in elderly patients with ARDS, compared with lung
ultrasound alone. The combined performances of car-
diopulmonary ultrasound, NT-proBNP, and PaO,/FiO,
increased the specificity of the diagnosis of ARDS in
elderly patients.
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