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Outcomes and risk factors for critically ill COVID-19 patients with myocardial injury WANG Lu-yun, CHEN
Peng , YU Bo, LI Chen-ze, ZHOU Ning, WANG Dao-wen" . Tongji Hospital, Tongji Medical College, Huazhong University of
Science and Technology , Wuhan 430030 , China

Abstract Objective: To explore the impact of myocardial injury induced by SARS-CoV-2 virus on the outcomes and
risk factors for critically ill COVID-19 patients. Methods: In this study, we retrospectively analyzed 2 787 patients with COV-
ID-19. Results: Among these 2 787 patients, there were 392 critically ill patients, including 236 deceased cases. In the de-
ceased patients (8.47% ), 78.81% had elevated serum levels of hs-cTnl, a biomarker of myocardial injury at admission. A
total of 392 critically ill cases were divided into hs-cTnl elevated ( > 34.2 pg/mL) and normal ( < 34.2 pg/mL) groups ac-
cording to the serum levels at admission. It was found the mechanical ventilation was more frequently required for patients in
hs-cTnl elevated group (92.86% wvs. 64.29% , P <0.01). The 14-day and 30-day in-hospital mortality was higher in ele-
vated than normal groups (65.71% vs. 26.37% , and 84.28% vs. 32.42% , P <0.01). The hs-cTnl level was related to
14-day and 30-day in-hospital mortality with hazard ratios of 2.34 and 3. 15, respectively. Attribution analysis revealed sig-
nificantly declined peripheral immune cells but increased serum levels of procalcitonin, C-reactive protein, IL-2R, IL-6, IL-
8, IL-10, and TNF« in hs-cTnl elevated as compared with normal groups, indicating that the virus-triggering inflammatory
storm was the underlying mechanism of myocardial injury. Conclusions: Our data suggested that elevated serum hs-cTnl level
indicated a high risk of in-hospital mortality in critically ill patients with COVID-19. The myocardial injury was associated
with SARS-CoV-2 virus-triggering cytokine inflammatory storm.

Keywords SARS-CoV-2; Critically ill COVID-19; Myocardial injury; Inflammatory storm; Prognosis
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1 IChs-cTnl) 7K PR 8 0 br 75 4, ok HI4dt e A A
5599 HAMEE IS X [R) B, B H i %=
KM hs-cTnl >34.2 pg/mL A .0 UL A5 B4 5
B (M TR ) o I R AR Ao A AL 46 M0 AR 4%
FERBPAG LU0 A A IR YT I SO A, S E
G A A 5 ML YRR A A ARG D R L TRT A5 i 3R T
554 0200 PR35 C P 0 B v A 4 A 7 2 A
/i) ML E JFE e (A& E ARG 2
fiff K114 B R B U L I 2% IR A L N LI % B
/NERUE TR ) (S R 5 (PCT) (C-J )i 4 H (CRP) |
hs-cTnl LZTAR 1 2056 A it oG 60 UK R A4 | LR D3k 7l
JUURR V34 1 1] T D-— 2R A& 48 ik 00k B2 (SpO, ) By
Jhk48 53 e (PaO, ) A1 48 Ak AK 53 R (PaCO, ) , Ik L 41 Y
A3 Gt 4R 500 AN 98 RE 4N i IR 7 (fk2E ROt
%) W1 ~3, K H LI I COVID-19 B A E
RAFE] Ao IR IR L A BENIET

%t F A KA SPSS 21. 0 St =444, &
SRAR B LU B0 DU 437 X 8] ) F2om , T HECR R LA
BORE (%) Fomo IEBDARIGRH ¢ K56,
AFFE IER 53 A B 52 HE H Mann-Whitney U ki 5
ZH 18] He AR A Wilcoxon kK B0 A1 x* K6 0L
45 5 BE NI SE AR AR DG R FH Kaplan-Meier 37
il log-rank K355 . i FH Cox H {5 RS AR HU 3 AT |
PR B2 (o I e 0o AR R ) \SpO, i £1 8K
1B /NER I G R RN 20 i - B FE T G EL D
95% Bi5XIA], LI P<0.05 HZEtAa g4 X,

# 1 COVID-19 R ZiE &4 NIE i — % #

40 5 41 Bk (H]) F# (%) % fJE FANT
hs-cTnl 7+ %4 210 66.19(139/210)  71.00(63.00 ~79.00) *  49.46(91/184) 16.85(31/184)*
hs-¢Tnl % 41 182 62.64(114/182)  64.00(54.00 ~71.25) 51.32(78/152) 9.21(14/152)
BAR 392 64.54(253/392)  68.00(59.00 ~77.00) 50.30(169/336) 13.39(45/336)

il 151 A SRR B AL X REWE REE/ EE
hs-cTnl F+ %41 210 20.65(38/184) 92.86(195/210) * 64.76(136/210) * 78.57(165/210) *
hs-cTnl % 41 182 18.95(29/153) 64.29(117/182) 23.08(42/182) 59.89(109/182)
Bk 392 19.88(67/337) 79.59(312/392) 45.41(178/392) 69.90(274/392)

28 %) 15 1S3 & % (Jk/min) W& 4% B (mmHg) A%k /& (mmHg)

hs-cTnl 5+ F 48 210
hs-cTnl iE 7 280 182 40.11(73/182)
Bk 392 65.31(256/392)

87.14(183/210) *

95.00(82.00 ~110.00)
94.00(82.00 ~104.00)
95.00(82.00 ~108.00)

132.00(118.00 ~145.00)
131.00(119.50 ~148.50)
132.00(119.00 ~ 145.00)

80.00(70.00 ~88.00)
80.00(72.00 ~88.00)
80.00(71.00 ~88.00)

283 1) pH

Sp0, (% )

Pa0, (mmHg) PaCO, (mmHg)

hs-cTnl 4t % 20 210 7.45(7.42~7.48)" 92.00(82.00 ~97.00)"
95.00(89.00 ~97.00)
94.00(85.00 ~97.00)

hs-cTnl % 21 182 7.43(7.40 ~7.45)
BAR 392 7.44(7.41 ~7.47)

37.40(32.75 ~44.10)
41.20(33.05 ~45.83)
39.00(32.95 ~45.40)

74.00(55.80 ~120.00) *
100.95(70.88 ~162.75)
80.80(62.60 ~131.50)

.35 hs-cTnl EF4b%, "P<0.01;"P<0.05, $#3E T 5K L PI1as(wolasaie) £+
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28 %) %] G x10°/L)  Phismia( x10°/L) ke x10°/L) AR ( x10°/L)
hs-cTnl FZH48 210 9.15(6.16~13.39) " 7.97(4.96 ~12.21)*  0.62(0.44 ~0.85) " 163.50(104.75 ~222.25) *
hs-cTnl EE440 182  7.24(5.18 ~10.25)  5.63(3.80 ~8.72) 0.78(0.49 ~1.12)  204.50(145.50 ~272.00)
Bk 392 7.99(5.76 ~11.95)  6.64(4.42 ~10.58) 0.65(0.46 ~0.98)  178.50(125.00 ~247.25)
28 5| 141 g (g/L) R AR 3% B h BRAT AR (pg/mL) B E G (pg/mL)
hs-cTnl 7+ % 41 210 128.00(111.00 ~143.00)  6202.00(1694.50 ~14601.75) *  364.60(106. 88 ~1544.32) *
hs-¢Tnl %4 182 127.00(113.00 ~141.00) 414.00(154.50 ~1028.25) 9.00(4.20 ~17.88)
Bk 392 128.00(112.00 ~143.00)  1629.50(425.75 ~7644.00) 48.65(10.07 ~450.30)
28 %) ) WU i B B T8 (ng/ L) WUER 38 (U/L) M4 % @ (ng/mL)
hs-cTnl 9 & 41 210 6.40(2.75~17.85) " 248.50(109.00 ~581.25) * 583.15(180.28 ~1200.00) *
hs-cTnl % 41 182 1.00(0.50 ~2.50) 65.50(36.00 ~180.75) 65.00(39.05 ~174.90)
B 392 2.80(1.00 ~8.68) 149.50(57.75 ~404.75) 198.20(65.95 ~830.50)

15 41 D-Z 4K 71 2B 4% 0% B PARES ¥ 83 4. %4

(pg/mL) (U/L) (U/L) (&/L)

hs-cTnl #4210 4.57(1.73 ~21.00) °
hs-cTnl £ 20 182 1.51(0.72 ~3.86)
Bk 392 2.55(1.09 ~12.37)

44.50(28.00 ~88.75)"
40.50(23.00 ~71.75)
42.00(25.25 ~80.00)

30.00(26.68 ~33.80)
31.50(28.40 ~35.73)
30.80(27.38 ~34.40)

57.00(36.50 ~125.50)
34.00(23.00 ~62.00)
43.00(29.00 ~81.00)

28 3 151 S Z f.(mmol/L)

ALEF (mol/L) B kgt & (mL/min)

hs-cTnl F+ % 28 210 15.20(10.08 ~26.60) *
hs-cTnl iE % 48 182 6.90(5.48 ~10.95)
AR 392 11.05(6.43 ~19.95)

108.00(79.00 ~250.25) *
69.50(56.00 ~90.25)
86.00(62.00 ~147.75)

86.20(60.03 ~99.93) *
96.60(85.60 ~111.10)
92.10(74.23 ~105.85)

7 :5 hs-cTnl JEF2AIE, “P<0.01;"P<0.05; %% A F 5

VoS A5k (W 4 R 9B ) R

%3 COVID-19 /& Z JE B # N[5 i KEFE AT

ik 41 ai-%-2 %4 (pg/mL) G A-%-6(pg/mL) & /% -8(pg/mL)
hs-cTnl 440 210 1096.00(701.00 ~1538.00) * 63.03(24.81 ~155.25) * 28.30(15.90 ~55.60) *
hs-cTnl iE 40 182 844.00(581.50 ~1182.50) 19.71(5.69 ~55.02) 16.10(8.30 ~25.00)
Bk 392 993.00(634.50 ~1452.50) 37.40(12.73 ~108.93) 21.50(11.33 ~43.88)

28 7 1) G A~2-10( pg/mlL) P 9 3% 58 B F-a( pg/mL) %45 % & (pg/mL)
hs-cTnl F&48 210 9.00(5.00 ~14.95) * 11.10(7.95 ~16.60) * 0.37(0.14 ~1.08) "
hs-cTnl iE% 41 182 5.40(5.00 ~13.00) 8.90(6.30 ~12.90) 0.10(0.06 ~0.24)
Bk 392 7.50(5.00 ~14.00) 9.90(7.10 ~14. 80) 0.18(0.09 ~0.61)

20 %) 41 C-B 5% 4 (mg/L) BT s (A/L) % Bmpp(A/L)  CD4+T mp(A/L)
hs-cTnl #+Z4 210 51.10(26.28 ~97.05) * 222(126 ~289) * 95(50 ~167) 136(94 ~243)*
hs-cTnl JE 8 481 182 4.75(1.70 ~43.45) 587(341 ~931) 147(46 ~281) 320(195 ~614)
Bk 392 33.25(4.50 ~74.65) 332(216 ~692) 137(49 ~229) 231(135 ~436)

20 5] %) CD8 + T(A/L) NK(A/L) T+B +NK @ ( A/L) Th/Ts
hs-cTnl F+ &4 210 39(30 ~99) * 32(22 ~68) " 345(286 ~472) " 3.59(1.87 ~4.89)"
hs-cTnl EEF 40 182 222(75 ~323) 83(48 ~130) 766 (677 ~1184) 2.20(1.07 ~2.78)
Bk 392 99(39 ~307) 68(32 ~118) 674(337 ~1091) 2.50(1.10 ~3.59)

.15 hs-cTnl EH 214k, “P<0.01;"P<0.05; 33 A G »
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70 % PN 68.22% o BT R E S E LAY LAl
95 k7 5 1L (100210 ,47. 62% ) | 5i 095 (317210,

e RoE JQ PR IO F P S

14.76% ) FAE JR 95 (40/210,19. 05% ) . APz £ 5E
T-HPEI S ] R 9 d. 236 6] 36 T 3% 5] v, 102 5]
(43.22% ) %% T WF W ¢ v 45 JF .0 WLH 1, 84 4
(35.59% ) FE.F 0> LA 455 AH 5C 04 1 24 5 8, 27 151
(11.44% ) 58T W0 sz v, 7 451 (2. 97% ) HEF 1k i
YW, 6 1] (2. 54% ) B T i YL, 3 B
(1.27% ) BC.F ML B fff S 25 8L, 741 (2. 97 % ) AET=
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JRRANE 53 203 b s BE Tl 2208 60 % L) |
B, Sp0, < 95% , i hs-cTnl > 34.2 pg/mlL, 4
FEA S i S AR AT > 2 000 pg/mlL. 78. 81% fYFET-
HH L hs-cTnl >34.2 pg/mL, HoAp 2 80% X 5ET=
B MFRER M 5 AR 2R(IL2R) (H A -
6 (1L-6) Fl g8 SR AL H --o ( TNF-0 ) AKF-FH . >
90% MIFLT-RKATEARES 21 d N, WLIE 1,
LA 42 & COVID-19 & & 3 & 4 9%t & Jw
A E MR MG hs-cTnl KP4 392 44 f; HE 8 ¥
SR 2 4, Hop i i hs-cTnl IE%52H ( <34.2 pg/mL)
182 {4, IfiL 37 hs-cTnl F}iE52H ( >34.2 pg/mL)210 ],
2 dH ARV ZE L R s I R PR Sz
HiR, 2R gt B (3 P >0.05) . SIfLY hs-
Tl TEH AL L H, Fh i 41 58 35 47 % 0T R, IR 4 1l i
PG NCIE 45 E S TRy Tl R SR ol el IR
A PR SR B LU B, SpO, B PaO, 7K
PR, SEERE AR, S hs-cTnl 1EH 24 AL,
T e 2H A T A M T S A B B N BRE R
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K AR KT S 3 ST 0l v WILET & 1 LIRS T e
GAHEAR I BRI D- R AR TR R e =l L K
I AR e 2 R 2 A S UK PS5 (34 P <
0.058%P <0.01), L3 1 .2,

S B oA SI0YE hs-cTnl 1E% 24 i, T+
RSl o S IR 7 1K N R R N S e
(¥1P<0.058 P<0.01), 1.9% py % ST Btis
1o, 0 BE PR EE ST Brdh B0 UREBE ; 1ML 75 hs-cTnl
A 14.76% (P B E HBLOHER H L I IE R 46
6.59% , L3 4,

WS ILF G B A COVID-19 /% 55 % % 12 MRt
F AR5 B & COVID-19 A& E i 84 AR
A I3 hs-cTnl F4 & i 53.57% , 392 {4 f& i R
i, ABEIE 14 d INBET 184 i (46.94% ) ,30 d IFET™
236 4 (60.20% ) . 5 IfiLJE hs-cTnl 1E & 40 L5, hs-
cTnl FHEGAL R 14 d BE PR 48K (138/210,65. 71%
vs 46/182,25.27% , P <0.01) F1 30 d % M 9 IF %
( 177/210,84.28%vs59/182 ,32.42% ,P <0.0001 )

A AT & AL1.27% B 40, c 80
A 55 R 2.54% A 2.97%
W 297% - 301 - 60
£ 20/ £ 40
40, =20
0 0
S Soql\or\g ,%° ) WX o
TR H A fER el
D 100, E 40 F ~ 601 G 50
. 80 E 39 2 £ 40
K g < 401 €20
- 60 g = N
5 520 Y 3
s 401 = & 20 52
& %10 g <y
204 iE o #r 10
>4 7
0l @ 0 (pg/nL) 0- (pg/nL) 0 S oo (l./min)
A N TSSO RO > &, P9
A lg’b‘ '5550\55&1'5@ L\\n’g»\ﬁ’o 1’50 - S
,bbtr'bgg. \6(196
BE IR MYEREBMILEEE  NT-proBNP B /NER BT &
B 1 COVID-19 5ot % &9l ik 5 A= R B 547
%4 COVID-19 i EEAFOE A [61(%)]
. . W Uk A SR E
- Aeit ST 44  STHEML  TRFE  BEE QK% &t N Eu NS IECE
hs-cTnl #5208 210 32(15.24) °  4(1.90) 12(5.71)  16(7.62) 4(1.90) 31(14.76)*  29(13.81) 2(0.95)
hs-cTnl EE%40 182 13(7.14) 0(0) 4(2.20) 9(4.95) 0(0) 12(6.59) 9(4.95) 3(1.65)

3% .45 hs-cTnl B 404k45, “ P <0.05;*P <0.01
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W 5, UL 2, Logistic 2784 COX [l 943 #7 i
718, L3 hs-cTnl FHE55 ABEE 14 d 130 d BEPIRsEsR
PIAROC, SET KR 70 00 2. 34 A1 3. 15, HABSET-fE
KN A4 Sp0, < 93% ' /INEkUEIE 3R <90 mL/min
IRELZMMHAL < 1.1 x10°/L(# P <0.05) , WL 5,

A
14dPE WIRFER
1.0 - cTnl E#4A
- cTnl A&4A

e
fuad
eyl
ﬁ_
Eﬁ 0.6
R

041 HR 2.342 p<0.0001

0 25 50 75 100 125

ABERE (D)
B
30dBE A RSB
1.0 I cTnl E%éﬂ
M cTnl A®A

0.81
P
&
1 0.6
*
$ 0.4

0.21

HR 3.150 p<0.0001
0.01

5 10 15 20 25
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COVID-19 & ¥ & & # S LHi4 5 K g KR
A% hs-cTnl T 411 hs-cTnl 1F 5 41 88 % 22 (8] 9 1M
ERIEFERR, RIS hs-cTnl 1E% 41 48, hs-cTnl Ft
B2 %1% PCT .CRP . IL-2R \IL-6 \IL-8 & TNF-o fi
B EN (P <0.01) X hs-cTnl FFE 4111 5 F1 hs-
cTnl TEH 20 16 5] fis 5 i85 A1 1 ik T 240 e 43 74
S3MT: 5 hs-cTnl IEH 41 4L, hs-cTnl Fh i 41 &
AR E L T 40 .CD4 + T 40l .CD8 + T 4 Fn
SR AL (NK) 41 Mo B30 i S5 BRI 5 1) Thy/'Ts FofE
T (# P <0.05 58 P <0.01),2 20 %1% B 401
TR, 22 R Tege it L (P >0.05) , IL# 3,

i

FEA BB RF 58 7,236 f6i] COVID-19 f5 HiE 4L
TR P AP Il R e T R ki 11, 44%
1Rk 78. 81% 1)1 HUAE 85 SE T I I e 0y 45 50 AL
PO WU AR SRR 3 o X 47RO L
BT LA P 3 2 COVID-19 fi FEAE &
HACTHYE RN M hs-cTnl TH& 5 AL T XU
MK Z2PE A 7B o S 850 LR 433 J2: COVID-
19 FEHUAE B B N AL T 1B 2N 3R

TEAR T WP 38 v T B AL O ) T S R
i A BIARASE AT & A0 LS A 3 1, 2ne WUDLAS
MO VB I, B2 0 L. 55
HE COVID-19 3 LA, fa FAE /3 O LR 45 &
PESREE  ARBFRARR BH I  BE A O
SEAABERHR AR & COVID-19 f& S 0 L
PO FER R 3, 5B TR — 8T ik
B kit O WU 13 A I, SR 1T A A BA A7)
AT 4 91 B AR B g S L TR R 75 0 Bl P A

%5 COVID-19 fi & & # - HUM B % B Logistic % % & Cox [ )3 247

14d J% 5t % HR(95% CI) P 30d smse & HR(95% CI) P

SFHHEMEEG 1, 2.34(1.62 ~3.38) <0.0001 3.15(2.26 ~4.40) <0.0001
>34.2pg/mL

>60 ¥ 0.85(0.50 ~1.46) 0.5631 0.84(0.52 ~1.35) 0.4694
HE 1.33(0.78 ~2.27) 0.3024 1.31(0.81 ~2.12) 0.2798
2 o JE 0.86(0.62 ~1.18) 0.3370 0.87(0.66 ~1.16) 0.3558
RN 0.90(0.57 ~1.43) 0.6635 0.96(0.64 ~1.42) 0.8272
e Fr IR 1.04(0.70 ~1.54) 0. 8450 0.92(0.65 ~1.32) 0.6629
FEARE <93% 1.69(1.21 ~2.36) 0.0019 1.58(1.18 ~2.13) 0.0024
firi g <115 g/L 1.44(1.01 ~2.07) 0.0463 1.22(0.88 ~1.70) 0.2305
Bkt & <90 mL/min 2.09(1.49 ~2.93) <0.0001 1.67(1.25~2.25) 0. 0006
Hetmp <1.1x10°/L 1.88(1.16 ~3.04) 0.0102 1.55(1.04 ~2.31) 0.0317
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RIS W Ry 2Pk O WA AT, By e 1% 1 18], T35 = Xt
e BB AT DN A TR0, 285K
REDEAT TREAR Bl ik 1 52 46 2 LA WA 1 B S e R 2k dsle
I AL, T A BEARAR T 6005 5 RS O LA 9 7
Vs E

Jy—A~ 0 WL A R R 2 s L 1, CoVID-
19 B35 Ik SARS-CoV-2 g 8 1] g B4 5 | ik 2 1
O, Bl O WU BOF S ERES: " T
PR ISR B AR ML A 55 15 1) BB 0 R o o 2
51 2 01 6 H 8 B A PR 1 JXUER A 0 LA
Yo ERTTASTE 2 Hrp a8 — oy ke & A .
#£ COVID-19 fa & AE /B &, A SCR 30 LI 105 1
A1 E I 20 40 i # E CD8 + T 4i i (CTL) |
CD4 + T 4ifd( Th) F0 NK f 41 348 7 R Fg,
Th/Ts AR BH 2 5. COVID-19 £ 2% i 5 Ik 12
20 5 D, S B R R A R
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