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Lung Water
Zoltan Jambrik, MD, Simonetta Monti, MD, Vincenzo Coppola, MD,

Eustachio Agricola, MD, Gaetano Mottola, MD, Massimo Miniati, MD, and

Eugenio Picano, MD, PhD

t
o
u
1
<
e
w
t
b
a
I
l
s
T
a
t
s
a
l

he “comet-tail” is an ultrasound sign detectable with
ltrasound chest instruments; this sign consists of multi-
le comet-tails fanning out from the lung surface. They
riginate from water-thickened interlobular septa and
ould be ideal for nonradiologic bedside assessment of
xtravascular lung water. To assess the feasibility and
alue of ultrasonic comet signs, we studied 121 consec-
tive hospitalized patients (43 women and 78 men;
ged 67 � 12 years) admitted to our combined cardi-
logy-pneumology department (including cardiac inten-
ive care unit); the study was conducted with commer-
ially available echocardiographic systems including a
ortable unit. Transducer frequencies (range 2.5 to 3.5
Hz) were used. In each patient, the right and left chest
as scanned by examining predefined locations in mul-

iple intercostal spaces. Examiners blinded to clinical
iagnoses noted the presence and numbers of lung com-
ts at each examining site. A patient lung comet score
as obtained by summing the number of comets in each
f the scanning spaces. Within a few minutes, patients
nderwent chest x-ray, with specific assessment of ex-
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ravascular lung water score by 2 pneumologist-radiol-
gists blinded to clinical and echo findings. The chest
ltrasound scan was obtained in all patients (feasibility
00%). The imaging time per examination was always
3 minutes. There was a linear correlation between

chocardiographic comet score and radiologic lung
ater score (r � 0.78, p <0.01). Intrapatient varia-

ions (n � 15) showed an even stronger correlation
etween changes in echocardiographic lung comet
nd radiologic lung water scores (r � 0.89; p <0.01).

n 121 consecutive hospitalized patients, we found a
inear correlation between echocardiographic comet
cores and radiologic extravascular lung water scores.
hus, the comet-tail is a simple, non–time-consuming,
nd reasonably accurate chest ultrasound sign of ex-

ravascular lung water that can be obtained at bed-
ide (also with portable echocardiographic equipment)
nd is not restricted by cardiac acoustic window

imitations. �2004 by Excerpta Medica, Inc.
(Am J Cardiol 2004;93:1265–1270)
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he “comet-tail” is an echographic sign detecta
with cardiac ultrasound on the chest consistin

ultiple comet-tails fanning out from the lung s
ace.1 It originates from water-thickened or fibro
nterlobular septa.2 Its presence allows a bedside d
inction between pulmonary edema and chronic
tructive pulmonary disease.1,2 This difference is log

cal when one considers that the intersti
ompartment reaches the lung surface, wherea
ronchial compartment does not. Because the sc
rs generating the lung comets can be physically i

ified with water-thickened interlobular septa,2 this
ign is theoretically appealing for detecting and qu
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ifying extravascular lung water—a key paramete
he serial evaluation of the cardiologic patient w
eart failure.3 This parameter is not quantified
ltrasound diagnosis and remains a technique
efined by the chest x-ray,3 which allows semiquan

itative estimation of alveolar and interstitial lung w
er with extensively validated radiologic scores.4,5 The
resent study hypothesis was that chest ultras
etection of lung comets may provide a feasible
ccurate nonradiologic bedside estimation of extra
ular lung water, independently assessed by c
-ray.

ETHODS
Patients: From January to April 2002, 121 cons

tive patients (aged 67� 12 years; 43 women and
en) admitted to our adult cardiology-pneumolo
epartment were included in the study. The inclu
riteria were: (1) in-hospital patients (admitted to
epartment), (2) chest x-ray on admission or repe
hest x-ray, and (3) echocardiogram for specific
essment of lung comets performed within a few m
tes of chest x-ray. Exclusion criteria were: (1) ti

ag between chest x-ray and chest 2-dimensional e
ardiogram�1 hour (n� 2), and (2) chest X-ray o

echnically poor quality, making an accurate quanti-

12650002-9149/04/$–see front matter
doi:10.1016/j.amjcard.2004.02.012
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ative scoring impossible (n � 9). An almost simul-
aneous chest x-ray and chest 2-dimensional echocar-
iographic evaluation was obtained in 135 paired
ltrasound radiologic measurements of 121 consecu-
ive in-hospital patients admitted to our cardiology-
neumology department. The physical examination
as performed on admission by the cardiologist on
uty, and, in particular, the presence or absence of
edal edema, pulmonary rales, and jugular venous
istension were noted. Experienced physicians, un-
ware of the other test results and of the clinical
resentation, independently read the ultrasound and
hest x-ray films. The hospital’s institutional review
oard approved the study, and all patients gave in-
ormed consent.

Ultrasound: Commercially available echocardio-
raphic equipment with a 2.5- to 3.5-MHz cardiac
ransducer was used: Philips-Agilent OptiGo portable,
ewlett-Packard Sonos 5500 (Andover, Massachu-

etts). The investigator was unaware of the result of
he chest radiogram and clinical data of the patient.
he echocardiographic examinations were performed
ith patients in the near-to-supine or supine positions.
ltrasound scanning of the anterior and lateral chest
as obtained on the right and left hemithorax, from

he second to the fourth (on the right side to the fifth)
ntercostal spaces, and from parasternal to midaxillary
ine. The comet-tail sign was defined as an echogenic,
oherent, wedge-shaped signal with a narrow origin in
he near field of the image. In each intercostal space,
he number of comet-tail signs was recorded at the
arasternal, midclavear, anterior axillary, and mid-
xillary sites (Figure 1). The sum of the comet-tail
igns yielded a score denoting the extent of extravas-
ular fluid in the lung. Zero was defined as a complete
bsence of comet-tail artifact on the investigated area.
he intra- and interobserver variabilities of echocar-
iographic comet lung scores were assessed by 2
ndependent observers in a set of 20 consecutive pa-

IGURE 1. Methods of echo lung scanning.
ients and was 5.1% and 7.4%. Standard echocardio- �

266 THE AMERICAN JOURNAL OF CARDIOLOGY� VOL. 93
raphic measurements were obtained in each patient
ccording to the recommendations of the American
ociety of Echocardiography.6 Measurements in-
luded left ventricular ejection fraction, end-diastolic
iameter, and systolic pulmonary pressure derived
rom flow velocity profiles of tricuspid regurgitation,
hen present.

Chest x-ray: Every patient underwent a chest x-ray
xamination within 1 hour of the ultrasound investi-
ation. The chest radiograms were recorded by com-
ercial available x-ray machines. The reading of the

-ray image was done by 2 pneumologist-radiologists
SM, MM) blinded to the clinical and echocardio-
raphic findings. A previously validated radiologic
core of extravascular lung water was used4,5 (Table
). The intra- and interobserver reproducibilities of
adiologic lung water scores among experienced ob-
ervers were very high, as previously described.4,5 In
articular, the interobserver correlation was r � 0.9 (p

TABLE 1 Radiologic Scoring of Extravascular Lung Water

Scores

Hilar vessels
Enlarged 1 2 3
Increased in density 2 4 6
Blurred 3 6 9

Kerley lines
A 4 8
B 4 8
C 4 8

Micronoduli 4 8
Widening of interlobar fissures 4 8 12
Peribronchial and perivascular cuffs 4 8 12
Extensive perihilar haze 4 8 12
Subpleural effusion 5 10
Diffuse increase in density 5 10 15

The score assignment of a given sign depends on the entity, stratified into 3
(mild, moderate, or severe) or 2 (mild or severe) degrees as originally de-
scribed.4
0.0001).
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Statistical analysis: Continuous measures are ex-
ressed as mean values � SD. Continuous variables
re analyzed according to Student’s t test and Pear-
on’s correlation. To find predictors of extravascular
ung water assessed by chest x-ray, multivariate re-
ression analysis was performed. Dichotomous vari-
bles were compared by chi-square analysis. The sta-
istical analyses of the data were performed with SPSS
version 11.0, SPSS Inc., Chicago, Illinois). A p value
0.05 was considered significant.

ESULTS
In all, 135 paired echos (chest x-ray evaluations)

ere obtained in 121 patients. Thirteen patients were
tudied twice (at admission and on discharge), and 1
atient was studied 3 times. Reasons for hospital ad-
ission were acute coronary syndrome in 10 patients,

table angina in 37, dyspnea in 33, exacerbation of
hronic heart failure in 9, and miscellaneous causes
worsening of chronic pulmonary disease after coro-
ary artery bypass surgery, atrial fibrillation, palpita-
ion, pulmonary embolism, atrial myxoma, renal fail-
re, or after general surgery) in the remaining patients.

Echocardiographic and echo lung findings: The fea-
ibility of the chest ultrasound examination for the
iagnosis of pulmonary extravascular water was
00%. The time needed for the echo lung examination
as �3 minutes (mean 2.8 � 0.4) in all patients. Lung

omets were observed in 82 patients. The mean num-
er of comets per person (comet score) was 17 � 25.

IGURE 2. Echographic view of the lung (left) and chest x-ray (righ
ut extravascular lung water.

IGURE 3. Comet-tail artifact (left) and radiogram (right) of a patie
titial syndrome.
typical echo pattern of a patient with and without 0

METHODS/ULTRASO
comets is shown in Figures 2 and 3.
The spatial distribution of comets on
the chest is displayed in Figure 4.
Comets were more obvious on the
right than on the left hemithorax.

Echocardiographic abnormalities
outside lung comets consisted of re-
gional wall motion abnormalities in
68 patients, valvular heart disease in
41, and pulmonary hypertension in
65. The mean ejection fraction was
47 � 14% and the left ventricular
mean end-diastolic diameter was 53
� 8 mm. When compared with those
without comets, patients with comets
had significantly lower ejection frac-
tions (43 � 15% vs 54 � 10%; p
�0.01) and significantly higher sys-
tolic pulmonary pressures (48 � 18
vs 35 � 14 mm Hg; p �0.01) and
end-diastolic diameters (55 � 10 vs
49 � 6 mm; p �0.01).

Chest x-ray: Twenty-three pa-
tients had signs of extravascular lung
water: 32 interstitial, 17 alveolar.
The mean radiologic score was 8 �
14. Thirty-three patients had at least
1 lung abnormality other than ex-
travascular lung water: 10 had
chronic obstructive pulmonary dis-
ease, 2 had pleuritis, 2 had pulmo-

ary fibrosis, 2 had radiologic signs of pulmonary
ypertension, and 18 patients had pleural effusion. A
ypical example of a patient with and without ex-
ravascular lung water is shown in Figures 2 and 3.

Comparison of clinical and chest x-ray findings: Pa-
ients with pulmonary rales on physical examination
n � 20) had a higher radiologic score than patients
ithout rales (15 � 18 vs 5 � 8, respectively, p
0.01). Patients with jugular venous distention also

ad higher radiologic scores than patients without it
13 � 13 vs 4 � 8, respectively, p �0.01). Patients
ith pedal edema had radiologic scores similar to
atients without pedal edema (7 � 11 vs 6 � 10, p �
.40).

Comparison of lung echo and chest x-ray findings: In
he overall population of 135 cases (121 patients),
here was a significant linear correlation between echo
omet score and radiologic score of extravascular lung
ater (r � 0.78, p �0.01) (Figure 5). The significant

orrelation was present also when only the 62 patients
valuated with portable echocardiographic instru-
ents were considered (r � 0.63, p �0.01) and when

he radiologic score was compared with the comet
core of a single intercostal space (no. 6, right side at
he third intercostal space on the anterior axillary
ine), which gave the highest echo comet score in the
verall population (r � 0.64, p �0.01). The degree of
orrelation was better in patients admitted to our car-
iologic unit (n � 119, r � 0.82, p �0.01) than in
atients admitted to the pneumologic unit (n � 16, r �

f a patient with-

with acute inter-
t) o
nt
.45, p � 0.07). The correlation was also improved

UND ASSESSMENT OF EXTRAVASCULAR LUNG WATER 1267
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hen intrapatient correlations in the 14 patients (15
ases) with �1 examination were analyzed (r � 0.89,
�0.01; Figure 6. A frequent source of discrepant

esults was the presence of lung echo comets in the
bsence of extravascular lung water on chest x-ray.
his false-positive response was often associated with

adiologic abnormalities other than extravascular lung
ater.

At multivariate analysis, the presence of radiolog-

IGURE 4. Spatial distribution of comet-tail sign on the chest. Num
s in Figure 1 (from 1 to 16, right side; from 17 to 28, left side).

IGURE 5. Correlation between radiologic score of extravascular
ung water and echographically assessed comet score (number
f comets).
cally assessed extravascular lung water was predicted A

268 THE AMERICAN JOURNAL OF CARDIOLOGY� VOL. 93
nly by echocardiographically assessed ejection frac-
ion (p � 0.007, odds ratio 0.95, 95% confidence
nterval 0.92 to 0.99) and by echo comet score (p �
.001, odds ratio 1.06, 95% confidence interval 1.03
o 1.10).

ISCUSSION
Previous studies have clarified the likely biophys-

cal mechanism underlying the comet-tail artifact.1,2

s of sites (from left to right and from upper row to lower row)
W � extravascular lung water.

IGURE 6. The intrapatient correlation between changes in the
adiologic (rad) score of extravascular lung water (y-axis) and
chographically assessed comet score (x-axis).
ber
EVL
ll diagnostic ultrasound methods are based on the

MAY 15, 2004
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rinciple that ultrasound is reflected by an interface
etween media of different acoustic impedance.6 In
ormal conditions, with the transducer positioned on
he chest wall, the ultrasound beam finds the lung air
i.e., high impedance and no acoustic mismatch on its
athway through the chest) (Figure 7). In the presence
f extravascular lung water, the ultrasound beam finds
ubpleural interlobular septa thickened by edema (i.e.,
low impedance structure surrounded by air and with
high acoustic mismatch). The reflection of the beam

reates a phenomenon of resonance. When the beam
eets the subpleural end of the thickened septum,

he time lag between successive reverberations is
nterpreted by the transducer as a distance, resulting
n a center that behaves like a persistent source, gen-
rating a series of very closely spaced pseudointer-
aces.1,2 The physical basis of the water comets also
xplains the sources of false-positive comets, which
ere often found in the presence of radiologic alter-

tions, such as pleuritis, bronchiectasia, or emphy-
ema. In all these conditions, fibrosis in the parietal
leura or interlobular septa may occur, which can lead
o reflection of the ultrasound wave, generating echo
omets.

Chest x-ray is an essential diagnostic tool for the
linical cardiologist. In patients with chronic heart
ailure, chest x-ray is especially useful to detect car-
iomegaly and pulmonary congestion.7 Even in the
resent echocardiographic era, it is often necessary to
ave serial chest x-rays to evaluate extravascular lung
ater to tailor the best treatment in the patient.8 When
ulmonary interstitial edema is present, the lungs may
e clear to auscultation, because the extravascular
uid is confined to the interstitium.3 According to the

IGURE 7. The hypothesized physical and anatomic basis of echo
nterlobular septa proved comet-tail artifact in patients with extrav
resent study, echocardiography had the potential to R

METHODS/ULTRASO
dentify and quantify radiologically assessed extravas-
ular lung water. The clinical impact of this informa-
ion is further increased by the nonionizing nature of
he examination,9 which can be performed at bedside
ith a hand-held device and is very simple to inter-
ret, is easily quantified, and is not dependent on
ardiac acoustic windows or patient decubitus. Echo-
ardiography is now an essential part of first-line
ardiologic evaluation, and lung water comets can
urther expand its application domain.

Chest x-rays were adopted as a gold standard for
ssessing extravascular lung water. A more accurate
valuation could have been obtained with more com-
lex, invasive, or technically demanding techniques,
r a combination of these, such as electrical imped-
nce tomography,10 photon transmission,11 computer-
zed tomography,12 or double-indicator dilution tech-
iques.13 However, chest x-ray films remain the
tandard clinical method for assessing interstitial and
lveolar pulmonary edema and evaluation of other
spects of lung pathology.
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ecommendations for quantitation of the left ventricle by two-dimensional echo-

UND ASSESSMENT OF EXTRAVASCULAR LUNG WATER 1269



c
S
E
7
g
t
C
8
J
g
h
9
2

1
c
2
1
p
c
1
c
p
1
R
w

1

ardiography. American Society of Echocardiography Committee on Standards,
ubcommittee on Quantitation of Two-Dimensional Echocardiograms. J Am Soc
chocardiogr 1989;2:358–367.
. Remme WJ, Swedberg K. European Society of Cardiology. Comprehensive
uidelines for the diagnosis and treatment of chronic heart failure. Task force for
he diagnosis and treatment of chronic heart failure of the European Society of
ardiology. Eur J Heart Fail 2002;4:11–22.
. Thomas JT, Kelly RF, Thomas SJ, Stamos TD, Albasha K, Parrillo JE, Calvin
E. Utility of history, physical examination, electrocardiogram, and chest radio-
raph for differentiating normal from decreased systolic function in patients with
eart failure. Am J Med 2002;112:437–445.
. Picano E. Sustainability of medical imaging. Education and debate. BMJ

004;328:578–580. b

270 THE AMERICAN JOURNAL OF CARDIOLOGY� VOL. 93
0. Noble TJ, Harris ND, Morice AH, Milnes P, Brown BH. Diuretic induced
hange in lung water assessed by electrical impedance tomography. Physiol Meas
000;21:155–163.
1. Bergstrom P, Jacobsson L, Lomsky M. Measurement of lung density by
hoton transmission for monitoring intravascular and extravascular fluid volume
hanges in the lungs. Clin Physiol 1999;19:519–526.
2. Kato S, Nakamoto T, Iizuka M. Early diagnosis and estimation of pulmonary
ongestion and edema in patients with left-sided heart diseases from histogram of
ulmonary CT number. Chest 1996;109:1439–1445.
3. Eising GP, Niemeyer M, Gunther T, Tassani P, Pfauder M, Schad H, Lange
. Does a hyperoncotic cardiopulmonary bypass prime affect extravascular lung
ater and cardiopulmonary function in patients undergoing coronary artery

ypass surgery? Eur J Cardiothorac Surg 2001;20:282–289.

MAY 15, 2004


