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Abstract: Acute dyspnea is one of the common diseases in emergency department. This systematic review aims to
evaluate the sensitiveness and specificity of acute dyspnea by ultrasonic examination. Studies were searched form
database PubMed, EMBASE, Ovid MEDLINE and Cochrane Library. This study includes randomized controlled trial,
perspective study or prospective case control study. Patients represented the symptoms of acute dyspnea, suspi-
cious congestive heart failure or sensitiveness/specificity of ACPE. The patients who represent no typical symptom
and patients not with ACPE were excluded. Database retrieval and literature review were independently processed
by two authors. The acceptable research methodology quality was evaluated by QUADAS-2, and related sensitive-
ness and specificity were analyzed by situation analysis tables. Results indicated that there were total 7 studies met
inclusion criteria (1075 patients), related methodologies were in range of medium to excellent. B lung ultrasound
examination showed that the sensitiveness of ACPE was 94.1% (95% Cl: 81.3%-98.3%), and the specificity was
92.4% (95% Cl: 84.2%-96.4%). The related subgroup analysis results showed no obvious significant difference
among research types, patient population distribution and methods for lung ultrasound examination. In conclusion,
B lung ultrasound has relatively higher sensitiveness and specificity for diagnosis of expiratory dyspnea, which is
caused by acute cardiac pulmonary edema. For moderate and severe pulmonary edema, B lung ultrasound can help
emergency physicians make diagnosis effectively and accurately. If result of ultrasound examination is negative,
then pulmonary edema or mild pulmonary edema can be excluded, but it still need a lot of specimens for further
confirmation.
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Introduction nosis to expiratory dyspnea [6, 7]. Based on
the above backgounds, this review aims to

Expiratory dyspnea always caused by the acute evaluate the accuracy of B pulmonary ultraso-

cardiac pulmonary edema (ACPE), and which nography in testing the expiratory dyspnea

is also one of the common diseases in the caused by ACPE, by comparing and referring the

emergency department. [t will be dangerous related literatures. At the same time, we made

for patients when the disease attacking the a subgroup analysis for the types of research

individuals. And it is difficult to diagnose for (alignment or case-control study), patient po-

the patients who are old, fat and with chronic pulation distribution and concrete operation

obstructive pulmonary disease (COPD). There- of ultrasonic to explore whether the threshold

fore, the related death incident rate is relative- effect exists or not.

ly higher. The key method for treatment is to

diagnose this disease quickly and accurately Materials and methods

[1-5]. Ultrasonic examination can be applied to

diagnose many kinds of emergency diseases Literature retrieval and data statistics

quickly and effectively. Then, many researches

suggested that the pulmonary B line ultrasonic The retrieval databases, including the PubMed,

examination can be used for the auxiliary diag- EMBASE, Ovid MEDLINE and Cochrane Library,
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Electronic retrieval related database

6125 literatures are included

13 literatures are obtained

from manual retrieval

4507 literature remained after removing

4309 literatures are excluded according to title

1 Exclude 143 literatures

Consult the abstract part for the rest 198 literatures

look through the whole passage for the rest 55 literatures

I—| Exclude 48 literatures

l

Quality evaluation for the 7 studies

Figure 1. Document retrieval process chart.

Finally 7 studies are included in meta analysis

were used in this study. And the key words,
including “lung ultrasound”, “emergency treat-
ment”, “acute pulmonary edema”, “sensitive-
ness” and “specificity” were researched in the
above databases. At the same time, EndNote
software was applied to organize related refer-
ences and reference documentations. The rel-
evant conference abstracts were retrieved by

manual searching.

Inclusion criteria: O Types of the research were
prospective cohort and prospective case con-
trol study, which contain the sensitivity and
specificity of using B lung ultrasound to diag-
nose ACPE. 2 The patients who were included
in the research expressed expiratory dyspnea,
and they were suspected to be infected by
ACPE. (3 Parameters were tested by using the
B line ultrasonic examination. There was no
limitation on the specific operational methods
which were applied for using lung ultrasound to
diagnose ACPE. But the research indicated to
use B line ultrasound for auxiliary diagnosis,
which should be the premise. There also was
no specific limitation on Specific ultrasonic
testing machine model, operator title and so
on. Volpicelli method (anocelia was divided into
8 sections) was applied to diagnoses of ACPE
or diffuse interstitial syndrome. If there were at
least positive 2 sections in each side of the
chest wall, then the diagnosis was established.
The section was positive if there were at least 3
groups of B line in intercostal space. In Vitturi
and other researches, 8 groups of B line exist-
ed in the whole anocelia, then it was defined as
positve. While Gargani and etc defined that if
comet score was more than 5 scores, then it
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meant the acute dyspnea was caused by acute
cardiac pulmonary edema. At present, there
was no unified diagnostic criteria of ACPE, but
the linear relationship truly existed in the num-
ber of B line and the water level outside the
pulmonary vessels. It was always difficult to
distinguish congestive heart failure and ACPE,
lung ultrasound was usually regarded as one
of the effective methods for auxiliary diagno-
sis. @ Data extraction and processing: 2 re-
searchers preliminary selected title and sum-
mary of the electronic and manual searches
according to objective and inclusion criteria
of the study. Then compared and discussed
the literature which were consistent with the
requirement with each other, obtained and
screened the whole passage, extracted rele-
vant variable data. If these two researchers
had disagreement, then the result would be
judged by the third party.

Exclusive criteria: Q) Pure case reports, retro-
spective studies and other kinds of case-con-
trol studies; @ The symptoms were not typical
or non ACPE patients.

Quality and risk evaluation

Two researchers independently analyzed and
evaluated the quality of the studies, which were
included in this study by using QUADAS-2. There
were 4 main aspects, including D cases selec-
tion; @ parameters examination; 3 reference
standards; @ flow and time.

There is a high risk of bias in the following situ-
ations: (D the case studies were not in the con-
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Table 1. Basic characteristics of the studies

Characteristics Lichtenstein [19]  Lichtenstein [6] Gargani [12] Liteplo [7] Vitturi [11] Prosen [22] Cibinel [23]
Published tme 1998 2008 2008 2009 2011 2011 2012
Magazine Intensive Care Chest European Journal of Academic Emergency Journal of Critical Care International
Medicine Heart Failure Medicine Ultrasound Emergency Medicine
Country France France Italy America Italy Slovenia Italy
Case number 146 260 149 94 152 218 56
Ultrasonic instrument Hitachi 405 Hitachi 405 Philips Sono Sonosite Toshiba Aplio XV Sonosite GE Electric LOGIQ 3
Type of probe 3.5-MHz cardiac 5-MHz microconvex  2.5-to 3.5-MHz cardiac  2.5-MHz curved array ~ 3.5-MHz convex / 3.5-MHz convex
Ultrasound operator Lichtenstein Lichtenstein Comet score Volpicelli Comet score Volpicelli Volpicelli
Reference standards Blind trial case Blind trial case Blind trial case Blind trial case Blind trial case  Final diagnosis Final diagnosis
Ultrasonic testing time <1 min <3 min <5 min <5 min <3 min <1 min <5 min
Type of reseach Casecontrol Alignment Alignment Alignment Alignment Alignment Alignment
Sensitivity, % (95% Cl) 100 97 76.2 58 (33-77) 97 100 (98-100) 93.6
Specificity, % (95% Cl) 97 95 88 85 (69-95) 79 95 (91-100) 84
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Table 2. QUADAS-2 methodological quality assessment

Bias risk Possible error of practical application

Study Case Test Reference  Flow and Patient Inspection of  Reference

selection  parameters standards time selection parameters standard
Lichtenstein [19] High Unknown Unknown High Low Low Low
Lichtenstein [6] Unknown Low Low Unknown Low Low Low
Gargani [12] Low Unknown Low Low Low Low Low
Liteplo [7] Unknown Low Low Low Low Low Low
Vitturi [11] Low Low Low Unknown High High Low
Prosen [22] Unknown Low Low Low Low Low Low
Cibinel [23] Low Low Low Low Low Low Low
Table 3. Features of ultrasonic operator

Number of - Inheren
Study :petjaetoc: Training level reliaeb(ialit;
Lichtenstein [19] May be 2 ICU physician Unreported
Lichtenstein [6] 2 ICU physician Unreported
Gargani [12] Unclear  Unclear Unreported
Liteplo [7] 7 2 Electro physiological physicians, 5 trained medical students 0.82
Vitturi [11] Unclear  Unclear 0.98
Prosen [22] 10 Electro physiological physician Unreported
Cibinel [23] Unclear  Electro physiological physician 0.92

trol study; ® non-continuity or non-random-
ness selection of patient samples in this study;
3 not properly adopted. If the patients did
not receive ultrasonic examination during the
emergency treatment or detected after know-
ing the result of the chest X-ray or BNP level,
it was regarded that the level of applicability
was higher.

Reference standards: If the reference stan-
dards were not able to accurately define the
target, then the related bias risk wound be
higher. If in-appropriate intervals existed in
test parameters and reference standards, not
all the patients accepted the reference stan-
dards, all patients received different reference
standards or the research analysis did not
include all the patients, then the related bias
risk wound be higher.

Data analysis

By intuitive evaluation of sensitivity and spe-
cific heterogeneity in the study through fo-
rest map, the initial aim was to make meta
analysis by curve model for hierarchical sum-
mary receiver operating characteristics (HSR-
0OC). This model assumed that the ROC curves
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lied in each study, which is similar to the ran-
dom effect model of the traditional meta analy-
sis in a certain degree, the related variables
existed in or between the studies. In addition,
the advantage of this model also included the
control of reference standards, which was the
general limitation of DTA research. At the same
time, we made subgroup heterogeneity analy-
sis of 3 aspects, including disease category,
basic feature design and operation method
for ultrasonic examination. All the related data
were analyzed by using the STATA 11.2 sta-
tistical analysis software.

Results

By the method of electronic access database,
there were total 6125 literatures, and 13 litera-
tures were retrieved by other manual ways
(Figure 1). Through retrieving 198 abstracts
and 55 articles for the second time, there were
finally 7 passages met the inclusion criteria
(1075 cases, Table 1). Table 2 showed that
QUADAS-2 quality assessment levels of all the
studies were from the moderate to excellent
range. All the ultrasono-grapher knew nothing
about the result of reference standards in all
the researches. Only 1 case was the control
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Sensitivity (95% CI)

Specificity (95% CI)

2011 Prosen @® 100 (097-100) 094 (0.87-098) =
2011 Vitturi @ 097 (090-100) 079 (0.68-0.87) ®
2011 Cibinel [ ] 094 (0.79-099) 084 (064-095) L
2009 Liteplo =S 058 (0.41.-073) 085 (0.73-0.93) ®
2008 Gargani @® 097 (091-099) 045 (0.32-060) ©
1998 Lichtonstein ® 093 (0.81-099) 1.00 (0.96-1.00) :
2008 Lichtenstein ® 087 (0.77-094) 099 (0.96-1.00)

Figure 2. Forest map shows

sensitivity and specificity val-

0 0.2 04 06 08 1
Sensitivity

Table 4. Analysis of 2 meta study results

Meta analysis
of 7 studies of 4 studies

Variable Meta analysis

Sensitivity 94.1% (81.3-98.3) 93.4% (81.8-97.8)
Specificity 92.4% (84.2-96.4) 88.8% (78.6-94.5)

HSROC A 5.4 (3.7-7.1) 4.7 (3.2-6.1)
HSROC®  -0.53(-1.9-0.8)  -0.22(-1.7-1.3)
HSROCB  -0.51(-1.5-0.5)  -0.43(-1.7-0.8)

Exclude Liteplo and Lichtenstein, there were total 3
researches. Because Cook’s distance >1.0, which indi-
cated that large residual error or impact on the higher
overall results.

study, and pulmonary ultrasonic examination
method for 5 researches were basically the
same. By scanning the anterior or lateral chest
to test B line, if there were more than 3 groups
exist in each side of the chest, then the result
was positive. In the 2 studies, comet score was
applied to the diagnosis of ACPE (Figure 1).

The ultrasonic inspection operators were the
physician-in-charge who were trained before.
Medical students finished the operation part
in one research. Table 3 showed quantitative
information of the related operators. However,
in this study, there was no way to specifically
analyze and compare reliability quality of each
operator. Figure 2 showed sensitivity and spec-
ificity values of each research. The sensitive-
ness of ACPE which was diagnosed by B pul-
monary ultrasonography was 94.1% (95% Cl:
81.3%-98.3%), and the specificity was 92.4%
(95% Cl: 84.2%-96.4%). In the further subgroup
analysis, there were no obvious effects of
research type, patient population distribution
and concrete operation of ultrasonic inspec-
tion on the sensitiveness and specificity analy-
sis in this study. At the same time, a further
diagnostic threshold effects showed no signifi-
cant relevance (relevant parameter of Spear-
man were 0.393, P=0.383).
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ues of each study.

0 02 04 06 08 1
Specificity

Cook’s distance measurement showed that
there were 3 studies might change the whole
sensitivity and specificity analysis results. Lite-
plo and other studies (Cook’s distance were
2.03, 3.84) were excluded from the initial me-
ta analysis to evaluate the effect of it on the
whole evaluation results. The obtained sen-
sitiveness was 93.4% (95% Cl=81.8%-97.8%)
and the specificity was 88.8% (95% CI=78.6%-
94.5%) (Table 4).

Discussion

The main objective of this study is to evaluate
the sensitiveness and specificity of acute dys-
pnea by using the ultrasonic examination. In
clinical, the acute dyspnea is caused by the
acute cardiac pulmonary edema (ACPE). Two
studies were chosen from emergency study
(156 cases), which reported different degrees
of sensitiveness and specificity. Volpicelli pul-
monary ultrasonic examination method was
applied in both of these two studies, but the
methodological differences between studies
were one of the reasons that causes the differ-
ent results. The ultrasonic inspection operators
in Liteplo’s studies were mainly medical stu-
dents, while the operators in Cibinel et al.’s
study were physicians. Patients with no definite
diagnosis were probably included in Liteplo,
and all the patients were detected by NT-BNP.
So that it probably caused further decrease
of lung ultrasound examination. And the pa-
tients were inspected by ultrasound after en-
tering the hospital for a period of time. The
patients maybe received diuretic or nitrate
treatment, therefore, the degree of pulmonary
edema might decrease significantly. Therefore,
the sensitivity of detection was decreased.
These differences led to the different accuracy
among studies. Therefore, from this point of
view, an accurate research of the patients with
dyspnea in the emergency department is real-
ly necessary in clinical [8-10].
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The other test methods for cardiac pulmonary
edema, such as chest X-ray examination, BNP
examination, were also very important. It was
reported that the sensitivity and specificity of
ACPE, which was diagnosed by chest X-ray
examination, were 14% to 68% and 53% to
96%, respectively. The latest 2 meta analysis
results on BNP showed that the BNP was sug-
gested to exclude the ACPE. However, both of
these two inspection methods presents the
characterize of deficiency in chronergy and con-
venience. And compared with them, lung ultra-
sound examination processes the advantages
of high efficiency, convenience, good repeat-
ability and so on, which could significantly
assistant the clinical decision [11-13, 19, 20].
The result of this study showed that B linear
lung ultrasound could be applied near the bed,
which not only could assist to diagnose ACPE,
but also could distinguish ACPE and the diseas-
es which were caused by acute respiratory
problems. This was very important for the
patients with acute dyspnea who were in the
emergency department [14, 15]. In the study,
we applied strict search strategy to retrieve the
related literature and made systematic review.
At the same time, standardized and validated
data were used in this study, which improved
the validity of the results.

Although we have received some of the interest
results, there are also a few limitations. First of
all, the cases amounts finally included in the
research were limited, and there was no evalu-
ation of the publication bias. The patients who
were included came from different population,
the operation methods for ultrasonic examina-
tion were different. Meanwhile, the other relat-
ed reasons all included different checking
machines, different training degree for opera-
tors, and ect [16-18]. We made subgroup and
sensitivity analysis, a further limitation could
also be found in the subjectivity of each vari-
able in the study.

At present, it is widely accepted to apply
Volpicelli method of B line positioning to detect
ACPE, but the specific positioning in operation
also depends on patient’s position and mainte-
nance time of a certain posture [19-25]. In 5
researches, patients were in dorsal decubitus
or semireclining position. In 1 research, the pa-
tients were in their comfortable position. While
there was no description in another study. It
is still not clear that whether it will cause any
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bias to the results of the research, a further
confirmation is needed. At the same time, the
evaluation of research quality, which includes
in the research was poor (kappa=0.44), and
the instrument was Cochrane Collaboration.
In the latest report, the value of kappas was
between 0.53 and 0.82 by using this instru-
ment. Quantitative quality assessment results
were not shown in this meta analysis.

In conclusion, this study confirmed that B linear
lung ultrasound could help emergency physi-
cians to diagnose expiratory dyspnea, which
was caused by acute cardiac pulmonary edema.
B linear lung ultrasound processes good sensi-
tiveness and specificity, which could help emer-
gency physicians diagnose moderate and
severe pulmonary edema efficiently and accu-
rately. If the ultrasound result was negative,
then pulmonary edema could be excluded or
only mild pulmonary edema exists, so a large
number of specimens will be needed to
confirm.

Disclosure of conflict of interest
None.

Address correspondence to: Dan Jiao, China-Japan
Union Hospital of Jilin University, Xiantai Street,
126#, Changchun 130021, China. E-mail: jiao-
dann@yeah.net

References

[1] He M, YuS, Wang L, Lv H, Qiu Z. Efficiency and
safety of pulmonary rehabilitation in acute ex-
acerbation of chronic obstructive pulmonary
disease. Med Sci Monit 2015; 21: 806-812.

[2] Storrow AB, Jenkins CA, Self WH, Alexander PT,
Barrett TW, Han JH, McNaughton CD, Heavrin
BS, Gheorghiade M, Collins SP. The burden of
acute heart failure on U.S. emergency depart-
ments. JACC Heart Fail 2014; 2: 269-277.

[3] Tresch DD. The clinical diagnosis of heart fail-
ure in older patients. J Am Geriatr Soc 1997;
45:1128-1133.

[4] Remes J, Miettinen H, Reunanen A, Pyorala K.
Validity of clinical diagnosis of heart failure in
primary health care. Eur Heart J 1991; 12:
315-321.

[5] Salpeter SR, Ormiston TM, Salpeter EE. Cardio-
vascular effects of beta-agonists in patients
with asthma and COPD: a meta-analysis. Chest
2004; 125: 2309-2321.

[6] Lichtenstein DA, Meziere GA. Relevance of
lung ultrasound in the diagnosis of acute re-

Int J Clin Exp Med 2017;10(2):3345-3351


mailto:jiaodann@yeah.net
mailto:jiaodann@yeah.net

[7]

(8]

(9]

[10]

(11]

[12]

[13]

[14]

[15]

Ultrasound diagnosis for acute pulmonary edema

spiratory failure: the BLUE protocol. Chest
2008; 134: 117-125.

Liteplo AS, Marill KA, Villen T, Miller RM, Murray
AF, Croft PE, Capp R, Noble VE. Emergency tho-
racic ultrasound in the differentiation of the
etiology of shortness of breath (ETUDES): so-
nographic B-lines and N-terminal pro-brain-
type natriuretic peptide in diagnosing conges-
tive heart failure. Acad Emerg Med 2009; 16:
201-210.

Volpicelli G, Mussa A, Garofalo G, Cardinale L,
Casoli G, Perotto F, Fava C, Frascisco M.
Bedside lung ultrasound in the assessment of
alveolar-interstitial syndrome. Am J Emerg Med
2006; 24: 689-696.

Leeflang MM, Deeks JJ, Gatsonis C, Bossuyt
PM; Cochrane Diagnostic Test Accuracy Work-
ing Group. Systematic reviews of diagnostic
test accuracy. Ann Intern Med 2008; 149:
889-897.

Mcinnes E. Cochrane reviews-in their own
words. Support surfaces to prevent pressure
ulcers. J Evid Based Med 2010; 3: 132.

Vitturi N, Soattin M, Allemand E, Simoni F,
Realdi G. Thoracic ultrasonography: A new
method for the work-up of patients with dys-
pnea. J Ultrasound 2011; 14: 147-151.
Gargani L, Frassi F, Soldati G, Tesorio P,
Gheorghiade M, Picano E. Ultrasound lung
comets for the differential diagnosis of acute
cardiogenic dyspnoea: a comparison with na-
triuretic peptides. Eur J Heart Fail 2008; 10:
70-77.

Jambrik Z, Monti S, Coppola V, Agricola E,
Mottola G, Miniati M, Picano E. Usefulness of
ultrasound lung comets as a nonradiologic
sign of extravascular lung water. Am J Cardiol
2004; 93: 1265-1270.

Agricola E, Bove T, Oppizzi M, Marino G,
Zangrillo A, Margonato A, Picano E. “Ultrasound
comet-tail images”: a marker of pulmonary
edema: a comparative study with wedge pres-
sure and extravascular lung water. Chest
2005; 127: 1690-1695.

Whiting PF, Rutjes AW, Westwood ME, Mallett
S, Deeks JJ, Reitsma JB, Leeflang MM, Sterne
JA, Bossuyt PM; QUADAS-2 Group. QUADAS-2:
a revised tool for the quality assessment of
diagnostic accuracy studies. Ann Intern Med
2011; 155: 529-536.

3351

(16]

(17]

[19]

[20]

[22]

(23]

(24]

[25]

Rutter CM, Gatsonis CA. Regression methods
for meta-analysis of diagnostic test data. Acad
Radiol 1995; 2 Suppl 1: S48-56; discussion
S65-7, S70-1.

Rutter CM, Gatsonis CA. A hierarchical regres-
sion approach to meta-analysis of diagnostic
test accuracy evaluations. Stat Med 2001; 20:
2865-2884.

Dendukuri N, Schiller |, Joseph L, Pai M.
Bayesian meta-analysis of the accuracy of a
test for tuberculous pleuritis in the absence
of a gold standard reference. Biometricsm
2012; 68: 1285-1293.

Lichtenstein D, Meziere G. A lung ultrasound
sign allowing bedside distinction between
pulmonary edema and COPD: the comet-tail
artifact. Intensive Care Med 1998; 24: 1331-
1334.

Moses LE, Shapiro D, Littenberg B. Combin-
ing independent studies of a diagnostic test
into a summary ROC curve: data-analytic
approaches and some additional consider-
ations. Stat Med 1993; 12: 1293-1316.

Elliott HA, O'Connor GA, Lu P, Brinton S. Influ-
ence of water treatment residuals on phos-
phorus solubility and leaching. J Environ Qual
2002; 31: 1362-1369.

Prosen G, Klemen P, Strnad M, Grmec S.
Combination of lung ultrasound (a comet-tail
sign) and N-terminal pro-brain natriuretic pep-
tide in differentiating acute heart failure from
chronic obstructive pulmonary disease and
asthma as cause of acute dyspnea in prehos-
pital emergency setting. Crit Care 2011; 15:
R114.

Cibinel GA, Casoli G, Elia F, Padoan M, Pivetta
E, Lupia E, Goffi A. Diagnostic accuracy and
reproducibility of pleural and lung ultrasound
in discriminating cardiogenic causes of acute
dyspnea in the emergency department. Intern
Emerg Med 2012; 7: 65-70.

Rihal CS, Davis KB, Kennedy JW, Gersh BJ.
The utility of clinical, electrocardiographic, and
roentgenographic variables in the prediction
of left ventricular function. Am J Cardiol 1995;
75:220-223.

Chang C, Yao W. Time course of inflammation
resolution in patients with frequent exacer-
bations of chronic obstructive pulmonary dis-
ease. Med Sci Monit 2014; 20: 311-320.

Int J Clin Exp Med 2017;10(2):3345-3351



