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HE By 5 TBid A F = s 536 35 (2-D-STE) i# 47 £ & B & 94 3497 R Bk s &8 £ (COVID-19)
BHEFTH ARG EREFOME, F ik PR M IR G S H % COVID-19 5+ #2557 7% 69 162
BB FHATT MR FCFHEHR2-D-STE o, RBERASBEEFSALTRANBHFELTR(LIETR)
20 124 45, Yedx 2 20 dniF N K 3% B A J4h Bk AT 48 (NT-proBNP) w3 JLILAS & & T(cTnl) #4% C K5 & & (hs-CRP) |
Ao LEF Ao 5T (ESR) L @ A& 6(1L-6) \IL-10 i 75 37 58 B -F (TNF-o) Fe i #LAE 5 5 3 B (TTE) A4S MLEAR 06 B
% (GLS) .42 & % (GRS) Z | B 5 & (GCS) #h £ 7, RMEW F A0 % W& logistic = JaBEA 547 COVID-19 & & A
Ak AR FE, 4R EA M E ) NT-proBNP cTnl . hs-CRP e JLEF, X 2 B F/K-F & THELEZTHU(HP<
0.05), RERMAEFARAIMAEZ(LVEDD) £ £ M % K4 W 42 (LVESD) £ & M 45 K # &4 (LVESV) [ GLS,
GRS .GCSI& T A ER (35 P<0.05), B & logistic B2 5 #7 B &, F#.Sp0, , NT-proBNP c¢Tnl . hs-CRP ESR ,
IL-6 TNF-a,GLS GRS, GCS £ COVID-19 £ &R eyAa%k £ B % (3 P<0.05), % B % logistic ®)3 547 B+,
Sp0, \GLS #= GCS.cTnl IL-6 #= TNF-a 52 COVID-19 & & A 84 3k 5 £ e B % (39 P <0.05) ;GLS GRS, GCS #4& COV-
ID-19 &4 R BB WE T @R 40.825(95% CI:0.765 ~0.885) .0.757(95% CI:0.682 ~0.831) .0. 687 (95%
CI:0.595 ~0.766) , %5 :2D-STE 49 £ % 1 % 447 Ak COVID-19 &% 4772 £ E R G AR S RA A ERME A
R, 54 COVID-19 &4 £ £ W% I it RAE T 218 35,
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Evaluation of left ventricular function in COVID-19 patients by left ventricular strain analysis LI Rui, MA
Fei, CUI Guang-lin, PENG Li-yuan, WANG Hong " . Tongji Hospital, Tongji Medical College, Huazhong University of Sci-
ence and Technology, Wuhan 430030 , China

Abstract Objective: To explore the applied value of left ventricular strain analysis by two-dimensional speckle tracking
echocardiography (2D-STE) in evaluating left ventricular function and severity of COVID-19 patients. Methods: Two-dimen-
sional echocardiography and 2D-STE were performed in patients with COVID-19 in the fever ward. According to clinical clas-
sification, the patients were divided into critical group(n = 38) and non-critical group (n = 124). Serum N-terminal B-type
natriuretic peptide ( NT-proBNP) , cardiac troponin I (¢Tnl) , hypersensitive C-reactive protein ( hs-CRP) , serum creatinine
and ESR, IL-6, 1L.-10, TNF-o and routine echocardiography parameters were compared between the two groups, as well as
the differences in global longitudinal strain ( GLS) global radial strain ( GRS) and global circumferential strain ( GCS) of the
myocardium. Univariate and multivariate logistic regression models were used to analyze the factors associated with COVID-
19 critical syndrome. Results: The levels of NT-proBNP, c¢Tnl, hs-CRP, serum creatinine and inflammatory factors in the
critical group were significantly higher than those in the non-critical group (all P <0.05). The left ventricular end-systolic
diameter (LVESD) , left ventricular end-diastolic volume (LVESV), GLS, GRS, and GCS were significantly lower in the
critical group than those in the non-critical group (all P <0.05). Univariate logistic regression analysis showed that age,
SpO,, NT-proBNP, ¢Tnl, hs-CRP, ESR, IL-6, TNF-a, GLS, GRS, and GCS were significantly correlated with critical dis-
ease status (all P <0.05). Multivariate logistic regression analysis showed that SpO,, ¢Tnl, IL-6, TNF-a, GLS and GCS
were all independent factors influencing critical status of COVID-19 (all P <0.05). The area under the curve for assessing
critical status of COVID-19 by GLS, GCS, and GRS was 0. 825 (95% CI: 0.765 —0.885), 0.757 (95% CI. 0. 682 —
0.831) and 0.687 (95% CI: 0.595 —0.766) , respectively. Conclusion; Left ventricular strain analysis by 2D-STE can objec-
tively reflect the extensive left ventricular systolic dysfunction in COVID-19 patients especially critical cases, and provide an
important basis for the assessment of the severity in COVID-19, which has good clinical application value.

Key words COVID-19; Left ventricular systolic function; Two-dimensional speckle tracking echocardiography;
Global strain
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S B 56 R 96 22 I 8 ( coronavirus disease 2019,
COVID-19) 5 i — 7 357 780 55 IR 9% 2 (2019 novel
coronavirus ,2019-nCoV ) -/ 5 2 P -1 25 A 1iF 768 4R:
7% 2 (severe acute respiratory syndrome coronavirus
2,SARS-CoV-2) 5|2 iy 2P i 1B 1% Y s, HRETE
IR A BR A TR B A SR TR S 2, COVID-19
S I O LB AR 1E 9 (Tl \NT-proBNP) Jt
i, $&7n COVID-19 JBEAAE O F Bk = 45
RS FE N A SC AR SR

TYEBE S B BB & 0 3h I (two-dimensional
speckle tracking echocardiography,2D-STE ) 1] Jij 75 Ji;
R BERS Loy I [ 125 8] 4398 48 0 G IO R R (R
SRS LI RE" 7 el R et UL S JE e 7, A
S0 LS B0 R 41 8 A R B S L BREE B SR
UESIEIZ T ¥ 00 3 i A /o R 2 R 460 3 1) A 00 Al B ARy
(8" AICREAR 25 T O R R B A TR
THAERS LT R REAR Sh kg g T A
WFgE% COVID-19 11 g f & 4748 7= .0 3 18] (transtho-
racic echocardiographic, TTE ) ¥ v .U JE 25 #4 Fl1 T g,
K 2-DSTE f) #4242 73 A A fis sl 41 AR f R
AR ZE WA DI RE , #R 1 2-DSTE 78 3% 720
T RE Ko ™ R A PPAR M

ARERE

—f& A H20204E3 H 15 H ~4 A1 Hi#
SEVEAN A 184 BilFEAE R Rk HE K2 [ T 15~ g B )i [
TrEEBE & BR B AR BE W2 COVID-19 B3, 39t 17
2o TTE K a0 A bR : OFF A Gl B e s 75
TG il 2297 7 & CIRAT 56 L ) ) M i2 4
WD BT T BRI IR R R B, B TR AR
2019-nCoV A% RGN 25 5 A B 5 @045 Jo i VA W Affy
B ER LB R] 2020 45 H 10 H

A3 M 184 {5 5 A IR AR VOB AN TTE A6 2 45
HEBR 12 514 U LB ZE FN 56 ok 2 200 A5 5 A8 0
FIHEU U WU IR O JUES A0 508 TR A o FUFE R ) 28
# o [FIBHHERR 10 BR TTE A5 5 it 22 Ao B0
MGIE AT R A 3 H A SR 3 . IR XA 162 5]
e

R A A R ] R % A M B 2 B 4 A
) T U e bR 7 B YL Y i R 1297 O % (AT 48 £
R D AR I PR 40 A 15 F R 4 A A
ERI(EEEM) A, CERTEHFSUTHNZ —:
WP Rk, L 75 ZEHLAGE s R v 5 & I HAb 2%
H IR EIB T TE Wi (ICU) 1 79R77 .
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HHH R COVID-19 JRY7 y 2alb AT o AR kA
HE R R 2 ) 5 B2 2 e M U ] 0% BE B A B D 2%
oo, R R RHE 44 HL COVID-19 4Bk K7
PG G PSR | ORI 8 R 1 ) K

ik W RGIETA AL EE A
ABE SV #UE H 1912020 45 H 10 H ) i1l K%
I3 AP R s SR B AR SR A B R AR AR
) — M PR, £ 455 A 0% ) 0 A A 4
O MBI AR PR T 385 9 A 1T 7 o2 26 52
0 3 K AT 45 R AL HE T DI BE L L7 NT-proBNP | cT-
nl G C SO A 1 (hs-CRP) FIZAE K I H A &R
6 (IL-6) IL-10 Iy IR+ (TNF-o ) o SR 4
EALFEIES CT, i 2 AR PRI L [F] A s b,

ffiH] GE Vivid E 95 # (A, 2 5 i #8 75 12 Wi { .
TEB A B R #E AT TTE fadr, B ZEMEML, T
e 5 A R A T ) i BT K A0 5 ) B JRE BE (inter-
ventricular septum, IVS) F1 75 %= J5 BE J& B (left ven-
tricular posterior wall, LVPW ) | /2 & 47 5k K ] N 1%
(left ventricular end-diastolic diameter, LVEDD ) F11Jit
45 K W] N 42 (left ventricular end-systolic diameter,
LVESD) , KA XF M Simpson %318 2.0 2= G 1L
4381 (ejection fraction, EF) /528 &858 KA FH (left
ventricular end-diastolic volume , LVEDV ) Fll /£ &= W 45
K 25 FL (left ventricular end-systolic volume,
LVESV) . 7E#f RS T 228K Bl 50 2 1Y JiE
AR =R U AR I 22 B O AR e 3
FLR UK 222 R il — IR 3 NS FRE
OB EIABI A% . W Echo PAC BT 12 T ARG
BLA BT 35 B O JIFE P52 ( American Heart Association
AHA) 720 Z AL E SCHY 17 AN 760 %95 By Wi 4
2 1] ;A5 14 {H (longitudinal strain, LS) (44 [a] i 25 I
{H (radial strain, RS) F1 & J& 5 25 1% {8 ( circumferen-
tial strain, CS) "o 45§ B o7 28 04 {1 A F- 24 P B
F AR 17 i 2% ( global longitudinal strain, GLS) | & {A&
JEIR; 7% (global circumferential strain, GCS') A% {4
12 m) W A% ( global radial strain, GRS) ,

YuitFas® R SPSS 20. 0 Geit# i ft, £F
BIES IR TRLL (7 £5) £, HIA HLECR
k% . AFFE RS AT BT 2 OB M(QL,
Q3) 2R , A 1] LR H] Mann-Whitney U BRI 5
T (% ) T 7050 % ) o | 2] HE R
Pearson Xz K., KRB EMEZMHNZE Logistic [0
U538 COVID-19 fi R AR SCSE B PN 3R o 227 32
B TAERHIE (ROC) thZkiH5T GLS (GRS GCS PFil
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COVID-19 3 9 1 & 5 2 19 il 28 F i AL (AUC) .
PLP<0.05 AESAHGIHE L,

S PPAb A B R A R ) I ] S AT
P, 162 {3 535 e Bl AL I 20 i) 58 A% i 2
DAL BB AT 0 WU A8 43 BT, 133K 2 3 () A8 5
81 R R 17 BB SEA T O LS AR 4T
TR 7 28

& B

EH LN RAFAE ARUIFH AL COVID-19
1624, b fa wE R R H 38 (fE A ) AF
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fe AR 124 B (AEfaERIL) AFH% 49 ~74 2 h
PIAFEH% 63.0(54.6, 69.4) %, B 14 84 4] (51.9% ),
Wk 1,

SAefa E A A, fa E A (AT P
2L A 53 EE L I LI NT-proBNP | ¢Tnl 7K - ke 4
FEAH SEARIC Y hs-CRP | 1Lt (ESR) \IL-6 1 TNF-o
AR, TR L AR A A LA AR AR (33 P <
0.05) . f&EEAILH B BN Y 57 BRIk fa dE A2
JL(P<0.05), 2 4HEFHAFER S5 ERAS
J1% 3 (P <0.05) ,IL-10 /KF i & R 5%
HY(P>0.05), WFE1,

1 BHERERBEN LR

48 7] 4 F#(Y) B[ 41(%) ] G it ( x10°/L) PRk % )
ErETAHM 124 61 (53,68) 58(46.8) 6.1 (4.8,8.1) 65.6 (54.6,79.9)
o 38 64 (58,73) " 26(68.4) " 10.4 (6.6,13.4) " 88.7 (80.3,93.6) "
28 5 1) e m A% ) a%&a(gl) sf2 JUEF (mmol/L) NT-proBNP( pg/1.)
EAERM 124 22.4 (11.5,30.1)  37.5(33.2,42.2)  65.8 (54.0,78.0) 112 (38.5,338.5)
fEAM 38 7.2 (4.3,10.6)°  30.2 (26.4,34.2)*  74.0 (55.0,91.6) * 596 (201.5,1718.0) *

i) 14 c¢Tnl(pg/L) hs-CRP(mg/L) ESR (mg/L) IL-6 (pg/mL)
FAERNM 124 3.8 (2.1,11.8) 8.4 (1.7,45.6) 21 (7.5,56.7) 3.9 (1.6,11.8)
e ERM 38 16.6 (6.4,58.7) " 69.0 (42.3,199.8) " 58 (31.5,81)" 46.7 (10.8,106.7) *

28 51 ) IL-10 TNF-a CT A A vt 9 2 o=

(pg/mL) (pg/mL) [#1(%)] [#1(%)]
By R il 124 5.0(5.0,5.6) 8.0 (6.2,11.4) 67(54.0) 0(0.0)
fo &R 38 7.2 (5.0,14.4) 11.2 (7.3,16.2) * 35(92.0) " 2(5.2)

EBEAERMER, " P<0.05; £ SR T FAPER S EEEALKF (%) AT

TTE % M A% F GIS wesx  HIEfMEMLL L
B BT RAL EF G0 U AR 188, 4 GLS . GCS A
GRS FAK (3 P <0.05) , $7R 2c 5.0 YU 15 P B 1
HA R E FIEfEEAA, FIRER GLS 455
N —16.9% F - 12. 1% , 725 D fE 2 45 RE B fi T
BAETAfEEARER WA 1, 1o, 5 EF M,

GS=-16.9%

EREERLA—-BH

W2 EE GLS(LA17. 8% Jy BIfE) KA, #71E 90% ()
FETE I BT 50% AR MG H Y (8, 3R BUR LAY
COVID-19 FAEAFAECNUZAR, Hrp AR =5 Lu i 2 3 0
W PR 728 S RESZ A0, W3 2 W A8 2 80 M ) A
A BRI A 2 8] A n] S A A A
MR R K >0.95,

GS=-12.1%

EEMA—BE

Bl 24E%GLS+RA
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logistic )2 547 B[R & logistic [8] 33 #7 i
7R, AR SpO, . NT-proBNP _ ¢Tnl  hs-CRP  ESR | IL-6
S TNF-a FHE /& COVID-19 fi d AR A AH G 2 (3
P <0.05) , 7 % $145 4% LVESD |LVESV .EF {f
2D-STE 1) GLS .GCS .GRS F#{fJ& COVID-19 g & #I
FIAHSCH ZR (38 P <0.05) . B HRHERpHrd P <
0.05 K R4l A Z &K Logistic [l IH LAY, 45 AL
Sp0, /& ¢Tnl & IL-6 1 TNF-o fI% GLS FIik GCS J&
COVID-19 fa 541 88 35 B AH GRS R 2R, L3k 3,

ROC # % 5 # GLS.GRS.GCS i COVID-
19 BEREIE BRI WGE, WK 2 £ 4, =
A, GLS Wiz lralthig s T GCS il GRS,
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\_‘1_ ‘/E

ARHFFEH,90% f 5 AL B3 1 50% JE 5 T AR
RN 2 22 2 K N AR AR, $278 COVID-19 #R
HAAER 2 W Lz 48, b G 4y 3 R Bl
W IRZE L T e A 4>, 2D-STE (0 JJLA 25 8 %1 GLS
SO WU A3 1 v WU B, 6 0 80 LT BB 2 15 52
AR AT G AL T 0 LA 405 1L 375 s 32 4 A LA 26 A
GLS [#{IX 5 COVID-19 85 i 1% ™ o A% B A1 ¢
XTI COVID-19 £ 35 il PREG VA HA — 3 M L

ARG H G E Y AR ML Tl 7K B 2 T
L BN B O . EF 2 ETIRRN

-~

%2 TIE ¥ A 547 GLS i

231 ) LVEDD LVEDV LVESD LVESV VS LVPW
. (cm) (mL) (cm) (mL) (cm) (cm)
E| s i 124 4.5£0.2 76.9 +42.8 3.020.3 31.4£9.3 0.9+0.2 1.0+0.3
ERM 38 4.6+0.5" 78.0 +28.5 3.420.6" 43.5+24.5" 1.0+0.2" 1.0+0.2
o ) EF EF <50% GIS GIS<17.8% AGLS <17.8% GRS GCS
- (%) [#1(%) ] (%) [#1(%)] [#1(%)] (%) (%)
E/AEMM 124 57.4+7.6  13(11.2) -17.5+2.4 62(50) 49(44.1) 37.8+9.4 -16.4+3.7
fERM 38 46.8+10.2° 22(57.8)" -13.5x4.6"  34(90)" 14(87.5)"  29.4+16.8" -12.0+8.2"

B AEAE " P<0.05;% AT EF >50% 9 % % GLS A& ( <17.8% ) &4 tb 4
k3 REAMXAREZNEEEZMSEE logistic [F 7447

0 $R& EX: kS

OR 14.(95% CI) P OR 14.(95% CI) Pk
EEN 1.043(1.020 ~1.083) 0. 002 1.022(0.975 ~1.064) 0.522
B 2.742(1.183 ~6.426) 0.058 4.161(1.012 ~11.261) 0.075
Spo, 1.28(1.19 ~1.38) <0.001 1.34(1.16 ~1.42) <0.001
NT-proBNP 0.999(0.999 ~1.0) <0.001 1.0(0.99 ~1.0) 0. 050
Tnl 0.996(0.993 ~1.0) <0.001 0.998(0.995 ~1.02) 0. 001
hs-CRP 0.98(0.98 ~0.99) <0.001 1.002(0.997 ~1.012) 0.083
ESR 0.98(0.97 ~1.08) <0.001 0.999(0.987 ~1.013) 0.933
IL-6 0.98(0.97 ~0.99) <0.001 1.010(0.97 ~1.13) 0. 001
IL-10 0.99(0.99 ~1.01) 0.71 1.003(0.99 ~1.021) 0. 964
TNF-a 0.86(0.81 ~0.93) <0.001 0.89(0.81 ~0.96) 0.005
LVEDD 0.37(0.16 ~0.86) 0.02 0.42(0.18 ~0.92) 0.232
LVEDV 0.99(0.99 ~1.05) 0.77 0.99(0.91 ~1.07) 0.983
LVESD 0.39(0.20 ~0.76) 0. 006 0.36(0. 14 ~0.86) 0.065
LVESV 0.98(0.97 ~1.03) 0.001 0.94(0.81 ~1.39) 0.092
EF(% ) 1.04(1.02 ~1.06) <0.001 1.07(0.98 ~1.17) 0. 044
GLS 0.71(0.63 ~0.80) <0.001 0.71(0.63 ~0.81) <0.001
GCS 0.74(0.68 ~0.87) <0.001 0.78(0.75 ~0.91) 0. 002
GRS 0.92(0.86 ~1.01) 0. 002 1.02(0.99 ~1.04) 0.24
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— BEL
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1-Re ik

B2 &R%AHHF4 COVID-19 B~ E4E i ROC ¢4 &
s bR, fE R 57. 8% WY % EF <50% , /1
ZF,90% Wy famRIH B4 GLS <17.8% (GLS 1E%#
)Y FIRE, AR AL 11.2% R EF <
50% ,50% ()AE fa AL GLS <17.8% , 25 F 3R
LERZWAR DI Z Pt i) 2D-STE () GLS 3 ik [t LVEF
RAARG T AL 5 %, X6 S e PR 2 % T R A2 1811 )
GLS WAL 4L, X4 EF {RFFA7E, cTnl
F1/8¢ NT-proBNP 7K 1E % , K Z 80 f: e COVID-19
SEEAT B R 22 = D Rg R A, H S AL AL Y
GLS GRS ,GCS 7KW A% T f& F AV, R 5
BRI OB & TIEfa EAA , A EREA 4
AT gt COVID-19 £ 5 (R 5 i Jr FIAN R 45 Jmy A3 i
SEMA), DT 5% M 5835 9 i DR /% 13 At J , ik 2D-
STE w] RE TN £6 25 90 15 % A A LIS o
DA 4 B 2 TS 82 & R HED 2544
WU A2 Bl AN RS 38 200 238 O LT 2 4
B VNI A0 PR LT 234 55 LT ) )2 T UL
SRR, P TR 1B S AL 18 8 5 22 O LB B
Tl i sh s vIgE 27 . 2D-STE i i Xt 17 48 i ]
MZZi A VRO LA ] | (B A 428 1) 1 22 T 42 B g
I ARON ZE B e . ASBEIESE R BOR,
COVID-19 3% Ji H fa 1 A 24l GLS | GRS , GCS ¥ ik
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%, TR AT B2 O WU 3 R O WUB AR RE ) T B, Lo AL
TGN AR R B RS B R . Horp GLS Wik
Zo il LA Y L A OE 0 2 2D-STE 4.0
LR AZ X P4l COVID-19 f 5 72 % T Re 3z 5 i I
o P AR A TR, A B TR IR IRIR YT, 2L
HIRFL 3 . HE—2 %t 2D-STE 45 1 A8 24171 ROC
HIZR 5307 8.7, GLS 1 GCS 1) AUC ¥ > 0.7, 375
HEVEAL COVID-19 £ 3% 9 1 ™ 5 & B 10 48 - 45
b, B GLS | GCS JuH I GLS N AR S HUH Bl F 4
1 ERTEH COVID-19 B34 A2 = IRERY ™ AR

SARS-CoV-2 J&: 15 g 1 0o LR AE B %5 i 5
RO WUERE , BT A AE 47 b B A,
A 2 A 3 a0 B A R AR R 0 LK
Jit, MSAA% 2 ff BE 7 COVID-19 £ 3% Al RELE7E O
LA 2 s 3 A 1 AR O JUL P RS A, A6 0
WL ZUREA R B3 BB T SARS-CoV2120 ) {H |34
UM ZE 48, HATTE COVID-19 BAF B 5% 1%
ORI B

B O LA RE S, 4 Bf 98 RE FIIK 4 15 7F 5 2 2%
PR ATRE SRR ) o FEAHETE R I3
SMEAN ML PR 40 IL-6 \IL-10 F1 TNF-o LA B2 R $E b5
A& ESR AT CRP 7KF-H4 1 Ty, U HR TR fa Al
A LI E U N [ S K40 el = B N R o v
By e TG E AV, BRI Hr s TR
IL-6 1l TNF-o 215 5 AU J 5 B 3 7 AH S fa B R R
52 R SCERARE— 3 o R, AR SR BE A B S
Al RE S 3 COVID-19 4k & M0 LA o HE & Se ik
RIENTHES COVID-19 BF IO EB 5 ¢

JUE /e Z N AR FE bR BF SRS BUR HUR AR
N st A 1 KT 3 W o o4 114 PR 4% 2 MR G AR B, 7
TG B 22 COVID £ K i i 2 A X 184 Jipi
65 I 5 11 2% R ) ], 3 J2 2D-STE AR 19 Ry B

x4 ANASH COVID-19 B4 fa i 7 B 12 B R 6 09 i i

B AUC 95% CI A R (%D) HFFHE(%)
GLS 0.825 0.765 ~0.885 0.555 80.8 74.7
GCS 0.757 0.682 ~0.831 0.433 65.3 78.0
GRS 0.681 0.595 ~0.766 0.294 89.8 39.6
IAE . R BRI A KSR F RiRATE Cm[)]. PEES,
2 & 3wk
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