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ABSTRACT

Background and Objectives : Aggressive medical management, such as thrombolytic therapy, is necessary to
save the lives of patients with acute severe pulmonary thromboembolism (PTE). The ECG changes associated
with PTE are usually nonspecific, but severe PTE can produce some specific ECG findings. The purpose of this
study was to determine the role of 12-lead ECG in the diagnosis of PTE, as well as the evaluation of its severity
in therapeutic decision making. Subjects and Methosds : We analyzed 42 patients (60.5%+14.9 years, 17 men),
in whom PTE had been confirmed by chest CT angiography or radionuclide ventilation-perfusion scan, and 63
control patients (60.3+16.5 years, 21 men), who had various cardiovascular diseases, with the exception of PTE.
The systolic pulmonary artery pressure (sPAP) was estimated by Doppler echocardiography. Results : Among
the finding derived from the 12-lead ECG, the sinus tachycardia (35.7 vs. 12.7%, p=0.005), a QRS axis over 90
degree (28.5 vs. 7.9%, p=0.005), the S;Q;T; sign (45.2 vs. 23.8%, p=0.021) and T-wave inversion at V2-4 (31.0
vs. 14.3%, p=0.040) were more common in the PTE than the control group. There were no significant ECG
changes in 3 patients (7.1%) in the PTE group. In the PTE group, the T-wave amplitudes at leads II and aVF
showed correlation with the sPAP (r=-0.400, p=0.009; r=-0.321, p=0.038, respectively). A T-wave amplitude
greater than 0.5 mm at lead II was predictive of severe pulmonary hypertension (50 mmHg) in patients with
PTE, with a sensitivity , specificity, positive predictive value and negative predictive value of 59.3, 86.7, 88.9 and
54.2%, respectively (OR=6.532, 95% ClI, 1.592 to 26.785). Conclusion : The use of common ECG abnorma-
lities as diagnostic tools of PTE was limited, due to their low sensitivity, despite the high specificity. However, the
T-wave amplitude (cut-off value=0.5 mm) at lead II was very simple and useful in distinguishing patients with
severe pulmonary thromboembolism from those without. (Korean Circulation ] 2005;35:389—395)

KEY WORDS : Electrocardiography ; Thromboembolism, pulmonary.
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Fig. 1. Panel A shows T-wave inversion in lead II. Panel B shows D-shape left ventricle during systole on parasternal short axis view. Panel C shows
tricuspid regurgitation on Doppler echocardiography. Peak velocity was 3.9 m/sec. Calculated systolic pulmonary arterial pressure was 70.8 mmHg.
Panel D shows thromboembolic occlusion (arrow) in main pulmonary artery on chest CT angiography.
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el o) AAE HEW FHAMAF ECG scored
Aelsith, dxSuolAs A FEE, AT HAE
Ao A, At AR 23 5 HleWa HaEH
A%, 57 deWe), Bt HesHel, A4 5] FA,
SAA A B, Al A, 57] 2 o] 44
o] A7), AHEE 5= St 57 He UYL =
o AESTEE ol SAE AT @R S5 o83t
o] “4%7] HEWHmmHg)=4 x AP BF % (m/sec)”
+10(mmHg) " 2H= 34 02" ahzsglth(rig, 1),

Zk oA A7) x| 39| SAEHA Afo|ef HlE el A
o HlsW FHMAZY FFEet RHAE RABEL o]
£ He AMATO ATyt 5% o] 48 5
U=A] RIS}, A4 Bt 5 HARE #7]5k%
1 EAEMA BAo|= B4 =219 SPSS for Windows®
10,02 0]g3lo] H<&H49] B Student t—test, H|A

< H29] H| W= Chi-square test, AEHAQ] 11H-L sim-
ple Pearson’s correlation, multivariate logistic regre-
ssiong o|g3lo] FFAL, p7t 0.05 vk of EA s}
How golgt Aow st

iz
H

oy 2y
0.5+14 94|,

o, Jy A= 17 1 25 i}, tfRate] Btedw 60.3+

16,5419 0H, HY Adul= 21 1 42 ok = Al 7,

BMI(body mass index)+= ZA8F2 2] 2}o]7} QAT Table 1),

oEL o

Table 1. Baseline characteristics and echocardiographic charateristics
Control (n=63) PTE (n=42) »p

Age, year 60.3£16.5 60.5+14.9 0.963

Sex M : F) 21:42 17 025 0.460

Height (cm) 159.3+9.6 158.3+9.2 0.727
Weight (kg) 55.7+8.8 58.21+12.8 0.417
BMI 219+2.9 22.5£3.2  0.453
CI (L/min/m?) 1.60£2.15 2.26*=1.84 0.257

EF (%) 60.8*t13.8 65.7+11.4 0.059

TR grade 1.39£091 1.76£0.96 0.059
sPAP (mmHg) 40.1+14.1  57.7%+20.1 <0.001*
mPAP (Mahan)(mmHg) 55.0*t17.1 52.0£21.8 0.442
mPAP (Masuyama)(mmHg) 27.0£16.6  46.4+20.2 <0.001*
IVS (cm) 1.01£0.15 1.02£0.11 0.922
RVESD (cm) NA 3.50£0.97

RVEDD (cm) NA 3.60=1.34

PTE: pulmonary thromboembolism, BMI: body mass index, M:
male, F: female, CI: cardiac index, EF: ejection fraction, TR! tri-
cuspid regurgitation, sPAP: systolic pulmonary arterial pressure,
mPAP: mean pulmonary arterial pressure, [VS! interventricular se-
ptum thickeness, S: systolic, D: diastolic, RVESD: right ventricular
end systolic diameter, RVEDD: right ventricular end diastolic dia-
meter, NA: not available

5 FHNHS SxLe] $27] HEWre 57,
20 mmHg, &2 40,1+14.1 mmHg® 575H%
o] 9= Zpol7t Y1SITHp<0.001)(Table 1),

7+
o=

HisM JTMTT AN HTETY Ol HS| B

s WHAAE B 7o) AAEIIA SQTs Felrh
7].;(1— u}o] 14-15]_1/1-1;].(45 2%). 1;]..%»_@ %/\-1 H] uﬂ(35 7%)
FHOT Vi—40A4 Tule] 97A(31.0%), QRSE S-=HE]
(28.6%), -ZIAH23.8%), AHAIE(16.7%)<=0] It Table 2).

ARAEANA B4 HIH(35.7% vs 12.7%, p=0.005), QRSI}
Q=5 9(28.6% vs 7.9%, p=0,005), F-= Io]|A SuH73,8%
vs 52.4%, p=0.,027), %= oA QuH45,2% vs 25.4%, p=
0.035), 9= o)A Ta 97(45.2% vs 23.8%, p=0,021),
FHEG= VoA Tk oA (54.8% vs 19.0%, p<0.001), &
o= V3olA T A (45.2% vs 17.5%, p=0.002), S5
K& VaolA Tak JA(31.0% vs 14.3%, p=0,040)0] F%&
) SAAAS 8H) oA o 3] ekt Daniel 579
ECG scorex= &F tofl Zpol7} QIIck6.3+3.8 vs 5.0+

il

Table 2. Incidence of characteristic ECG findings in patients with
pulmonary thromboembolism

ECG findings

Present study (n=42)

S1Q5T; pattern 45.2%
Sinus tachycardia 35.7%
T inversion in V1-4 31.0%
QRS axis >90° 28.6%
RBBB 23.8%
Atrial fibrillation 16.7%

S1Q;T5: S wave in lead 1, Q wave and T wave inversion in lead III,

RBBB: right bundle branch block

Table 3. Comparison of ECG parameters between PTE group and
non-PTE group

Control (n=63)
Notched P wave 18/63 (28.6%)
QRS axis 38+43.1
QRS axis>90° 5/63 ( 7.9%)
QTc 440+374
8/63 (12.7%)
Atrial fibrillation — 16/63 (25.4%)
RBBB 10/63 (15.9%)
33/63 (52.4%)
16/63 (25.4%)
15/63 (23.8%)
T inversion in V1~ 25/63 (39.7%)
12/63 (19.0%)
11/63 (17.5%)

PTE (n=42) p
18/42 (42.9%)  0.133
55+66.5 0.123
12/42 (28.6%)  0.005*
448 £28.7 0.206
15/42 (35.7%)  0.005*
7/42(16.7%)  0.294
10/42 (23.8%)  0.286
31/42 (13.8%)  0.027*
19/42 (45.2%)  0.035*
19/42 (45.2%)  0.021*
24/42 (57.1%)  0.080
23/42 (54.8%) <0.001*
19/42 (45.2%)  0.002*
T inversion in V4 9/63 (14.3%) 13/42 (31.0%) 0.040*

Kurt’s ECG score'® 5.0£3.6 6.31+3.8 0.066

PTE: pulmonary thromboembolism, QTc: corrected QT interval,
RBBB: right bundle branch block

Sinus tachycardia

S wave in |
Q wave in III

T inversion in III

T inversion in V2

T inversion in V3
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3.6,

p=0.066)(Table 3).
5

W NS 2t 5 57] #HEete] 50 mmHg
el SAl= 279019l 50 mmHg m]THe] $RM= 1570)
o}, 571 #smeto] 50 mmHg o1}l EALOA S1QsTs
He(44.4%), 54 WIM(44.4%), FHESE VI-40)|A Tz}t
@-ls,x%(ss 3%), AHAIE(22.2%), S-ZFAFEH22.2%), QRS

$% W) (22.2%) «O& VRt $:%7] wEuiglo]
50 mmHg v|9kel SRjo A= S,QsTs HEN(46.7.0%), QRS
a2 H(40,0%), FH-GE Vi—40)4 Tuke] <A (26,
%), $-ZYAH(26.7%), &7 W1H(20.0%), AEAE(6.7%)
«O 2 Uit F 2 Atojol] FAISHARI Zpol= Kol
oFexet.

1o ofh 3@ ©

1;

His it M A Hit AR
e dAMAS FAF oA = 10, aVFe] Tuke)

7= 57] AeHd} fot AT UKzt
r=—0,400, p=0.009; r=—0,321, p=0.038), 2 &
A= Fe oA Tuke] =7]9f ECG score= 42571
HEmeal AREAS BATHZEZt r=-0,286, p=0.02T;

Table 4. Correlation between systolic pulmonary artery pressure
and ECG parameters

Control PTE Total

r p r p r p
ECG Score™ 0.329 0.010* 0.180 0.254 0.312 0.001*
QRS axis 0.171 0.191 -0.007 0.963 0.066 0.509
R/Sinl -0.085 0.631 -0.108 0.585 -0.086 0.508

T amplitude in II  -0.286 0.027* -0.400 0.009* -0.344 <0.001*
T amplitude in III  -0.190 0.146 -0.289 0.063 -0.257 0.009*

T amplitude in aVF -0.212 0.104 -0.321 0.038* -0.282 0.004*
R/S: R wave/S wave, T: T wave, PTE: pulmonary thromboembolism

120
r=-0.400
1007 ¢ . p=0.009
o o
o B
80 . °

SPAP (mmHg)

Twave amplitude in lead Il (mm)

Fig. 2. Correlation between systolic pulmonary arterial pressure and
T wave amplitude in lead I in patients with pulmonary thrombo-
embolism (sPAP, systolic pulmonary arterial pressure).

r=0,.329, p=0.010). AA| A7 o] EAoA= f-= 10,
I, aVFoA] Tu}e] 37|2} ECG score= 4~=7] w52t
I ofn] Q= A HATHZHE r=—0.344, p<0.001;
r=—0,257, p=0,009; r=—-0,282, p=0.004; r=0,312, p=
0.001), §% 119 Tu} =7)¢} =7 HlFwelute] Ayl
Ale tiztolA Bt dism FHMAS 2t ol o Zirk
(&2 r=—0.286, p=0.027; TEA}Z r=—0,400, p=0,009)
(Table 4)(Fig. 2).

AE WAUHE SAlN $E 110 Tae] 7]}
+0.5 mm ofelel 2 %7 HFGIo] 50 mmg o4kl
7Fsdol =UTHENIE 59.3%, E°l® 86.7%, ¥ %
= 88.9%, 24 9|&% 54.2%, OR=6.532, 95% CI, 1,592
to 26.785)(Fig. 3).

5 AMHSO] AhollA] SiQ:Ts FE ] ¥l
16.7%, E01%= 92.1% At FHGT Vi-4o)4 TI} o
9] Rl 19.0%, Eolk+= 92.1% ATt

30
] sPAP>50 mmHg
[ sPAP<50 mmHg
19
20
5
< 8
=}
(=
<
20
°
o
104
11
4
0 T T
>0.5mm <0.5 mm
Twave amplitude in lead Il

Fig. 3. T wave amplitude in screening of severe pulmonary throm-
boembolism. T-wave amplitude in lead II (cut-off value=0.5 mm)
predicted severe pulmonary hypertension (>50 mmHg) in patients
with PTE with a sensitivity of 59.3%, a specificity of 86.7%, a po-
sitive predictive value of 88.9%, and a negative predictive value of
54.2% (OR=6.532, 95% ClI, 1.592 to 26.785). PTE: pulmonary

thromboembolism, sPAP: systolic pulmonary arterial pressure.

Table 5. Cardiac enzyme and pro-BNP in both group
Control PTE p

CK (U/L) 120.7£116.3 132.0+198.6  0.818
CK-MB (U/L) 6.51t5.2 11.6£17.4 0.257
Troponin-T (ng/mL)  0.100%+0.178 0.031£0.035 0.154
Troponin-I (ng/mL)  0.137£0.310 0.339+0.491 0.114
Myoglobin (ng/mL) 108.2£157.2 87.9*t146.3 0.644

Pro-BNP (#£g/mL)  2396.9%2057.6 7215.1£7664.8 0.352

BNP: brain natriuretic peptide, PTE: pulmonary thromboembolism,
CK: creatinine kinase
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SQILFH, $2AAE, $4 Ule A5 B

ASEE wou dusel 84 d3Es W, Wel
dhtol AlAE Hilulo 2 g FHMAHZ 222
IASKE | Rk SICHL o] KR Aol EOG
scoreo|t}, Horak, Tles 592 =2 ECG score= HEW
PRAEF Fele] 550 AW TEWo] YL A
Agbeka 2t 2] Tes 578 oEue ol gl
WHo| 2o Aoz Aol BAIHO| ZHgelo] BCG
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JALSIRZE o A= CT |4 A]E(CT obstruction index)
AL 4= Qltk, o] = o] whl Ql= #HleW o
9] 318 EX|(segmental branch)o] =9} xo] Q=
Hsme] Haf J= H(score 1, F2 H4; score 2, 2
4 w2 AR Y AR el Ae gl
e AdE 4 i 2238 AzgutEolME A

et

o

At T3 FE T4 ToHe] 271(0.5 mm)E F5 #HE
52 oET 4 ASch. web §E Hollx] T
2 v gEshEAE S BaNaEe) %

FuE Bt ARR AT 4 UL AR gz

=
o
2}
z
2o}
N
O
2
A\

%5 34 TEY QUAEE Bjel B gt
e ASA AR B Aot A AH HEY @
HAHZOIA ek AHE 4708 diRE ulSo]golut
3% W% GHARSAE EAHe AHE Wt U

o) Aut 5% Wy W A2 A S gloid 12
fE AR GEE FHYSHE Aol
Y g
20081 6 197 A5 FHAYAZOR RS
42 (gt 17, of: 25, 60,514 9A4)) 2} 59 FHMHZ
2 Alofat tharet AAERS 7H e 639(ek 21, of:
H

42, 60,3+16. 54D tjatoR sk FANAZS
At S0 HlaRel) FAke Austint %7
AEuee wZe] A2 STES Algste] 7] B
HmmHg)=4 X AP8T 97 HIEE(n/s) +10” 2= A
2 TS olgatel st ol 1sE AHE
=] =

B Aol S BT,

fu

tf 2ol wis] HlEw HMNAZ Ta; ol T4 v
(35.7% vs 12.7%, p=0.005), QRSY} 9= HO( 90°)(28.5%
vs 7.9%, p=0.005), SiQsTs FEN(45.2% vs 23.8%, p=0.021),
FH S V2404 Ta} 92(31.0% vs 14.3%, p=0.040)

of § &3] Uehitth. wEu AMAES Asts o
7} A% A oulEel Bojwi B4 vuolq 242}
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