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Combining Tissue Doppler Echocardio-
graphy and Lung Rockets Sign in the
Differential Diagnosis of Acute Dyspnea

Young Geun Lee, M.D., Jung Hwan An, M.D., Jun
Su Kim, M.D., Jin Jun, M.D., Tae Yong Shin, M.D.,
Young Sik Kim, M.D., Young Rock Ha, M.D.

Purpose: We tried (1) to determine the discriminating ability
of lung rockets sign in lung ultrasound and E/Ea (the ratio of
peak early diastolic mitral inflow velocity to peak early mitral
annular velocity measured by tissue Doppler echocardiog-
raphy) known as an indicator of pulmonary edema in acute
dyspnea and (2) to develop a new algorithm using two vari-
ables.

Methods: This prospective observational study was per-
formed in an urban emergency department. For the patient
with dyspnea at rest, we performed bedside emergency
ultrasound assessing the presence of lung rockets sign and
measuring the E/Ea. Patients were divided into two groups
depending on the cause of dyspnea: puimonary edema or
other cause. We compared the two variables and devel-
oped an algorithm using decision tree analysis.

Results: A total of 66 patients (39 pulmonary edema, 27
other causes) were enrolled. By univariate analyses, there
were significant differences between the two groups in the
presence of lung rockets sign (p<0.001) and E/Ea
(p<0.001). The area under the receiver operating character-
istic curve of the new scoring system with two variables for
detecting pulmonary edema was 0.90 (95% CI, 0.801-
0.960). The presence of lung rockets sign and E/Ea > 13.27
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had 100% specificity and positive predictive value for pul-
monary edema.

Conclusion: Lung rockets sign in lung ultrasound and
measurement of E/Ea could be helpful in the differential
diagnosis of shortness of breath quickly and easily in ED.

Key Words: Acute dyspnea, Pulmonary edema, Lung rock-
ets, E/Ea

Department of Emergency Medicine, Bundang Jesaeng
General Hospital, Seongnam, Korea, Department of
Emergency Medicine, Ajou University Hospital, Suwon, Korea*
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Fol A 7“@r(diffuse interstitial lung disease),
TET oA BEEHE HxST Lol
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TEEGHE FAE AT 849 1Y 93, 89 4%
o 24, o34 Al A%l 237 AAE Adeteint
o5 FE 712 A, BNPE X8 W A4S A
getgon v FY BN 29L AT Aad
#Fol glo] ol TFs e Aol 4¢F Agetut BT
o5 WA Fu1E ol gato] sl B WAz B
Jeteith. BAT F WA G £ Aol B
olLf Fael e Au glol G AR} HE
A3 o] 319

1) €5 BNP2| &3

o BazRE W 302 ool YuEe A stol
EDTA tube®] Ho} HAMIE By ow ADVIA Centaur
system (Bayer Healthcare LLC, Diagnostics Division,
Tarrytown, USA) A0 & o] &3t €5 BNP ¥ L& 5
Jakd .

2) ME =20 A Y H ==1f A
259 HAF A8+ Acuson X500TM (Siemens.
Mountain view, USA) & o] €& 1 43 253 AAe=

Patients with dyspnea at
rest visiting ED (N=867)

2~4 MHz 9§42, 9 259 fdAhs 2~6 MHz =54
£ o] gsto] S oeta Ayt g Hd oA A
Ptk 2 AT AAAES 207 o4 ATYEE
29 SFoety A wg FH) o) 457k A 2
312 Bd BES 0 649 ol AFE P AL
Ao g & A% FHA 9 (Hands on) A& &3 AL
w5 olagdn
A4 G99 E (left ventricular ejection fraction:
Exclusions
« No admission
« Transferred to another hospital
----- > * No BNP drawn in ED
+ No ultrasound study

Patients meeting
inclusion criteria (n=66)

Pulmonary edema (n=39)

Other cause (n=27)

Fig. 1. Enrolled patients flow diagram and fina diagnosis
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LVEF) & =4 #= WX (parasternal long axis 259 A7 A lung rockets A3 (B Ao] 37 o)A}, z+zt
A

view) o] 4] M2 (M mode) & A3 4% v = (apical Atol 7+Z 0] 7 mmoldh) FF-= AU, o714 B A

4 chamber view) 22 3% 2% @ % (apical 2 cham— olgl A9 dAmY AFERA St FE A F =,

ber view) “¢°lA modified simpson’ s methods & ¢]¢ Z R sEAA 4 o] E7hK] M dlo] A

sto] ST SR 7] o] EREE(E) v HA Tkl #-E onlstd A A& 291 Hn 128 d % (lung

4 drold 284S SE® 2o AAA7 L 18 sliding) 7} 37 240l Q&S 53 (Fig. 2).

98 T Z7 (pulsed wave Doppler) & o] £3}0] =4 &9

i, 7] ol¢] £RBE £E(Fa) = AH 4% ddx 4 3) EHT

oA T4 SEIFE BELEHS AN L 24 BE HE A SHAlE A Alg A 2 Sl S

o] Ax253E o] &ste] St F #el vl (E/Ea)+ F7HA 0 R AR s HA, kAL gk AL

Z53 71 Ao A Zbs AR o] AL Foll &l 7ksskith A7 AAE A U3 Aol g xS AA 55
H 253 A 829 A Aol whet okebg] = vgo g AU dEe £ 5571 Ul dEgel 9

& REES oA AlSakgl o, Hogu o} A ool o] F3k AL 3l A4E S o] &sto] HAR-Fol o3 sFLHdI

o] &FHo AT rtEY FHAH (AHFA] i) e ohE dold o8t T 5w F o7 Wrelth(Table 1)

A o¥E Zhzt sk AlEsiTh st 9, ofdl o] xgh

5 Alo]l2 F9A (pleural line)©] Hol=, & wHA% 4) E

(bat sign) 7} Kol 3t BA3)o] oFz HEFH9] 4 EAEAL SPSS 12.0 (Apache Software, Chicago,

Fig. 2. Scan of normal lung ultrasound (A) which shows lung sliding sign (in real) and A lines and lung rockets sign (B)
which consists of multiple B lines.

Table 1. Final diagnoses and category

Category Final diagnoses Number (%)

Pulmonary edema 39 (59.1)
Congestive heart failure 34 (51.5)
Rena failure with pulmonary congestion 5(7.6)

Other causes 27 (40.9)
Normal or inconclusive 6( 9.1
Pneumonia 7 (10.6)
Airway disease (COPD or asthma) 6( 9.1
ARDS 1( 15
Pulmonary embolism 3( 45
Interstitial lung disease with exacerbation 1( 15
Pericardial effusion 0( 0.0
Large pleura effusion with any etiology 3( 45
Pneumothorax 0( 0.0

COPD: chronic obstructive pulmonary disease, ARDS: acute respiratory distress syndrome
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USA)Z ol g3tk AEAWYe] e el R4S o AFES FAste] A gAY gLt B olssic o
Apzo] LT A9 #4189 WMl 4ol Mann— FEArAG A ol mE HFAIHE | g oS 9=
Whitney u testE 0] €3} 1, MEHSQ Hf-of = 1A 9 BEA317] 93t receiver operating characteristic
AN S o] gtk WA B4 oA pgle] 0.100]5 (ROC) HA EAWE o] gafo] Solx, WIFtE, Y55
Ql AAME A Este] JAPA Y UFEA] S o] g-5fo] HFEHch (positive predictive value), %)= % (negative pre—
H o o FAAE FE3 Y. JAME G UF-E4 2 SPSS dictive value), A%k (cut—off value) = FE3FA T},
Answer tree 3.1 (Apache Software, Chicago, USA) & ROC =4 EA¥ & MedCalc (ver. 7.4, MedCalc
e o] £39 11 CHAID (Chi—square automatic Software, Mariakerke, Belgium)-< ©]-&3}3it}.
interactive detection) ¢ 18]&S o]&sth A Abdl
= F vl (parent node) ol A4 9, Z}“ v}t] (child node)
o4 302 BRAYA, vt FR UAE AP z
maximum tree depth:= 5% A4 }9113}. ] (splitting) <}
e (merging) o ¢y 25 0.1002 A4t 9 1. Aol Aot £ L BHAZ 24
AAGUFEEA A FFE dS5AAE Tl d5H5E
AR A FEE AALS 71O sto] o] E5}s) 2 A 238 s WAl 6670l Hd dFS
ATk AAPA AU FAEA 1 ] Fo kel we 27 66.0£17.6401%3 o] & AAZA7} 30" =2 45.5%
FeAE 1, 2807 AE5AAze AFE Folagla, 7 £ At 7 Adg e 2= nddo] 399 (59.1%) &
Table 2. Univariate analyses between pulmonary edema and other causes in acute dyspnea
Variables Pulmonary edema (n=39) Other causes (n=27) p-value
Age (yrs) 67.81+18.2 64.91+-16.8 0.318
Women 18 (46.2) 12 (44.4) 1.000
Prior history
Diabetes 18 (46.2) 6(22.2) 0.115
Hypertension 24 (61.5) 15 (55.6) 1.000
CHF 14 (35.9) 4(14.8) 0.097
Arrhythmia 2(51 2(74 0.644
Coronary arterial disease 8 (20.5) 5(18.5) 1.000
Asthma 1( 2.6) 4(14.8) 0.074
COPD 1( 26) 3(111) 0.292
CRF 7(17.9) 2( 7.4 0.465
ILD 1( 2.6) 1( 37 1.000
Vital signs
Systolic blood pressure (mmHg) 159.1£33.2 149.0+29.9 0.238
Diastolic blood pressure (mmHg) 83.618.0 845*17.3 0.705
Heart rate (beats/min) 90.7+24.9 92.6+21.4 0.814
Respiratory rate (times/min) 24657 24.1%6.3 0.347
Body temperature (° C) 365105 36.7£0.9 0.448
Laboratory
pH 7.36+0.13 7.42+0.11 0.037
PaCO, (mmol/L) 36.3+10.8 34.7£12.2 0.578
Pa0, (mmol/L) 64.4+27.4 74.7+40.3 0.466
Sa0; (%) 86.5+12.8 89.61+12.6 0.075
BNP (pg/mL) 1,160+1,125 349+ 525 <0.001
Echocardiographic
LVEF (%) 411211 55.2+16.4 0.006
E/Ea 16.2+7.2 95+41 <0.001
Pulmonary congestion (+) on X ray 16 (24.2) 2( 3.0 0.004
Lung rockets (+) 33 (50.0) 5( 7.6) <0.001

LVEF: Ieft ventricular gection fraction, E/Ea: peak early diastolic mitral inflow velocity/peak early diastolic mitral annular
velocity measured by tissue Doppler echocardiography



2 b 2ok1, dx 249 (36.4%), AFA 1
(27.3%) oItk THTe] dilo] HF-Fo]
© A2 66 Fol 399 (59.1%) 0o, thiH
A= HA4A +9E (p=0.006), lung rockets %
(p<0.001), E/Ea(p<0.001), pH(p=0.037), BNP
(p<0.001), &% HAMA AR H&8 474 (p=0.004)
o] HF-FL HFFo] ofd FeA g xolE B3]
o (Table 2).
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E/Ea, pH, BNP,
sto] QAPA YA S Algst A3 Lung rockets &
29 5% E/Eas o]&dt Ao] garEAA F a3

A AL EA A FE2E ASAAEY FRE
w2} Lung rockets®] 402 E/Ea’} 13.27
o]l Aol 1H o2 WAL, F A5AA 577}
A Aol 3¥o s wpAstqlth 04, 14, 23, 392
Zy7y 259 (37.8%), 3 (4.5%), 149 (21.2%), 24
(36.3%) ©1%lt}t. ROC FAlstd 42 0.90(95% CI, 0.801
~0.960) o1l om, FHFFIAAG ] RN E, ok,
G dE5E, A 5% 87.2%, 85.1%, 82.9%, 80%

-

o1, A 18 23, & 24 ool dth(Fig. 4).
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B AT At ARge @ 34 sEF2A B9l
ASAAZA Ao, 7P & S A= 29l Lung rockets A%¢} E/Ead] A% 27o] F9aHA o=
2 Lung rockets®] 53t T3, BNPFA & JAMEA HE Aol gelyglen, o5& 34 5@ &4 7
oA o ARAA 18g oA g AR B dage] 4450 ol§F S Ao & 5 Uk 53
9tk E/Eal ZAAZE 13.272 A5}, Lung Lung rockets A3 7} 91, E/Ea7} 13.270]42 A-$+=
rockets AF7} 13 E/Ea7} 13.270173% Af-d= &5 HH-Fol dist Solk, FAFASE7E BF 100%°] oA
2o d]lo] BF HE-Fel ot Aottt (Fig. 3). TEEHEL dlo] HEFo o3 A Gt dlef
- fEe Id PHAS & 5 AT S SHAE
Node 0
category A n
Other causes 40.91 27
Pulmonary edema 59.09 39
Total (100.00) 66
[
Lung rockets positive
Adj. P-value=0.0000, Chi-square=34.2045, df=1
|
[ ]
Lung rockets negative Lung rockets positive
| |
Node 1 Node 2
category % n category % n
Other causes 82.14 23 Other causes 10.53 4
Pulmonary edema 17.86 5 Pulmonary edema 89.47 34
Total (42.42) 28 Total (57.58) 38
|
E/Ea
Adj. P-value=0.0796, Chi-square=6.8549, df=1
|
[ |
<=13.27 >13.27
| |
Node 3 Node 4
category % n category % n
Other causes 26.27 4 Other causes 0.00 0
Pulmonary edema 73.33 11 Pulmonary edema 100.00 23
Total (22.73) 15 Total (34.85) 23

Fig. 3. Extraction of predictors by decision making tree anaysis.
E/Ea peak early diastolic mitral inflow velocity/peak early diastolic mitral annular velocity
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Fig. 4. Receiver operator characteristic (ROC) curve for
diagnosing pulmonary edema in acute dyspnea using
the new developed score by decision tree analysis.
We gave one point to high E/Ea and two points to
lung rockets sign along the weigh on the decision
tree analysis. Area under the curveis 0.900.
E/Ea: peak early diastolic mitral inflow velocity/
peak early diastolic mitral annular velocity
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