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Effect of microvascular obstruction on left ventricle function and prognosis in patients with ST-
segment elevation myocardial infarction
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[Abstract] Objective- To investigate the effect of microvascular obstruction (MVO) on left ventricle function and prognosis in patients with ST-segment
elevation myocardial infarction (STEMI) by using cardiac magnetic resonance (CMR) technique. Methods* A total of 124 patients with STEMI in the
Department of Cardiology of Renji Hospital, Shanghai Jiao Tong University School of Medicine from January 2016 to December 2017 were enrolled. The
percentage of myocardial infarction size, the percentage of myocardial MVO size and left ventricle function after reperfusion were evaluated by CMR
technique. According to the percentage of myocardial MVO size, the patients were divided into MVO (+) group and MVO (=) group. The baseline
characteristics, blood biochemical indexes and CMR indexes of the two groups were compared. The MVO (+) group was further divided into 4 subgroups
according to the quartiles of the percentage of myocardial infarction size. Pearson correlation analysis was used to explore the correlation between the
percentage of myocardial MVO size and left ventricular ejection fractions (LVEF) in each subgroup. The incidence of adverse events within 30 days was
observed. Receiver operating characteristic curve (ROC curve) was used to analyze the predictive value of the percentage of myocardial MVO size for
adverse events. Results- The white blood cell count, creatine phosphokinase, creatine kinase MB, cardiac troponin I and total cholesterol in the MVO (+)
group were significantly higher than those in the MVO (=) group (all P<0.05), while baseline characteristics showed no significant difference. LVEF in
the MVO (+) group was lower than that in the MVO (=) group (P=0.000). Pearson correlation analysis showed that the percentage of myocardial MVO
size was negatively correlated with LVEF (all P<0.05). ROC curve showed that the area under the curve of the percentage of myocardial MVO size in the
prediction of adverse events within 30 days was 0.889 (95%CI 0.823-0.975), and the sensitivity and specificity of the percentage of myocardial MVO
size were more higher than that of the percentage of myocardial infarction size. Conclusion - The left ventricle function and prognosis in STEMI patients
with MVO are worse, suggesting that more attention should be paid to the clinical intervention for such patients.
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Wit 28 B2 AR BBk /e AR 9T (percutaneous coronary
intervention, PCI) i ARMH# L, ST Bedfr i 8.0 JLEESE
(ST-segment elevation myocardial infarction, STEMI) &
H B ATUS T Y, AR A BB E AR T
TR WG, AR BUE AR IR R 45 R SO A R
FefR KA B, A B A B LA O WU i A B 2
(microvascular obstruction, MVO) ' . F ] £ BE 1 ff
F¢ =0 ¢ 8] STEMI B FHETE 5 & A MVO (Y HL 1
K 60%~70%, HL1E PCLEH I 5P 11 J7 2 i) 22 5 A
ST

O E#E LR (cardiac magnetic resonance, CMR) 4%
AREEHEA AR MVO IR TELXT L (ELR)) 35 x5
HHATE BT . MHREL TN A G R A2 MR ] f 1
AP MVO 43 R MVO R A MVO., 58 7 £ 8],
HIAMVO 5 MVO ¥ 5 A E AR EM LEENRF
A2, HBMIMVO BB (A I MVO B . H
i, MVOXf STEMIE# 7c 2% D RE S U (9 HLAAGE i it A
TARERE . AWEFER H CMR H AR5 STEMIEE #1190
B AT, B APEAL IR MVO 5.0 D Be S U5 1 56
, LU STEMI B 3 FRIE 1A 7 J5 1 I R 1 i 2 it o
AR

1 HEeERE

1.1 WEEATR

P 20164F 1 H—2017 4 12 A W8] F 1 ¥ 508 Kot
[ 27 B B s A 55 5 e 0 P RF 12 19 STEMI F8 5 124 3] .
WAFRHE: OFF & STEMIZWibriE . @ H IR KA,
IR 12 h I T FRETETRYT . @MINTT CMRiG#E, H
G R BT R e 8 . HERRARIE . DAFEIMLE . O R 5 MR 3l
FI% AR R . QB IO FEEOERE . GCMRE
B A, @OREEHEYT

ARWFFE L Zoad 11 3858 KA s 2 e B A DF B B A2
HERESHEA S {3 ©R% [2020] 006%5), Jf
TGRS BB 2 M (S . NCT03768453) . firf
AL XF R ] 7

1.2 I A Rk B

R MY SRR BE th B2 BRI ) | KA O SR,
LG AR . PERI . MRS L AR L EimE . OBE IR
FMLAE . FIR R . B IIREAN A Al AN &
WITETE . AR AL JRER A . Killip 4y gk . &
I 22 CMR H6 25 i) 1] 452
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JIr A R T R BT 4 i s B 2280 L SE BRI,
B 220 6 DU A i A= AL AR ARG . C R (C reactive
protein, CRP) . [ 40 it i+ % (white blood cell count,
WBC) . Il 2L % 4 (hemoglobin, Hb) . Ifil /) ¥z i1 %k
(platelet count, PLT) ., #[4E& H )i (fibrinogen, FBG) .
HE I 5 1] (prothrombin time, PT) . 1 Pk 4E i 75
1A (activated partial thromboplastin time, APTT) .
FRbriESL LR (international normalized ratio, INR) . Il
WL (serum creatinine, Scr) . IfiL /K 2 & (blood urea
nitrogen, BUN) %5, FULIA ABER H & R H0HT R ML,
F A A FEAn L 4E . EIE MBE (glucose, Glu) ., =
Bt H 9l (triacylglycerol, TAG) . & JlH [& F% (total
cholesterol, TC) . & % FZ g 25 11 IH[E B (high density
lipoprotein-cholesterol, HDL-Ch) . &% J& fig &% 171 M [ it
(low density lipoprotein-cholesterol, LDL-Ch) %5, fEf
Be 397 18] , I 3@ % R LR i W% (creatine phosphokinase,
CPK) . WIFR# W] 1.8 (creatine kinase MB, CK-MB)
O UILES 8 F 1 (cardiac troponin I, ¢Tnl) . B 7Y i 4/ Ak
(type B brain natriuretic peptide, BNP) %5 Ifil 4= 1k 48 45 4
24 WA 1, BOHAE B S ] (R e {70 55 o

IR EEFEFBITE0dNMARES, Uihe
KIAET: . CHVESERE & (R E S HRRAT PCUTIFE SC R 1
B MRk R IS AR ik, (A0
T FHRATPCL) | 0 )3y RS . B E AR BE W 1a) A A= 1
AR FFRIGREIC S, HBEE A RS s
Rl AT T2 BE VR I IE 5% .

1.3 BRERA . R R Al
TEAMBHEHHEEBITEN (744) dN, PR
RS I LAFIE R &S, 17 CMR ke . RAS 3.0T i34k
1 (Philips, fif %), HWE K 350 mmx350 mm, 7F & i
Ja, TR A it 35 (steady state free precession,
SSFP) 4, LASRAS Ac = il I [l B U0 T -5 4t s 0
SR DUV L ERH TR A = g B
J5 K 5 AR 4k B (Bayer HealthCare Pharmaceuticals, 1
B VERXTEEH, LL0.15 mmol/kg Y HEAT i ik EE 4
SEER S5 HEIR 247 10 min LUAH A B8URR Y S 55K & 751 (phase-
sensitive inversion recovery, PSIR) %% 75 % 5 il 4] 1 4]
1% 8~10 )22 , LL3K 15 4F 3R £L % 3% (late gadolinium-
enhancement, LGE) K& TiHEREBYIMVO, £5E
FHESECH . Bl E] (echo time, TE) 1.7 ms, B
[ (repetition time, TR) 3.3 ms, BH%fH25°, FAHIFR
FH Look-Locker 5+ 31 ¥ 5 &% i) S 4 Hf 0] (inversion time,
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K CVI 42 % (Circle Cardiovascular Imaging, Il
FR) X CMR EMGHEAT)a Ab 3, 2 A %) BB T OUAS A
(RS2 ARBE B0 N BEBE I3 500 0 57 58 B e Ak BEAR S 1Y
CMR ¥8 b5 A 4§ 22 % 3t 1l 43 %% (left ventricular ejection
fraction, LVEF) . ‘0IUEESEE 43t . O HLMVO A 43 b .
BARBAER RN . fEe S W G, R & A2 =
&k R & M
LVEDV) FIZEZE W4 AR 45 (left ventricular end systolic
volume, LVESV), LA3k7% LVEF, U JUSEIX £ LGE ]
B R EAES X, AL X HO ARG S X 0 L

(left ventricular end diastolic volume,
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MVO X, A X A 2 g il D) T P40 . oA BSE B0 b
FEHEATHEIL , BRI SR S AR SR A B R
4o BFEEAT A SO HEEZEX FLCHLMVO X (& 1),
B TSR AR UM X B S U e AU S B
BT o5 O U8 5 43 Eb - (BRI BIURE BB X AR FLUTE A2 =
DA P IS H 5 ) ALOHIMVO B 20 e (BRI L
MVO RFUE 22 &0 IUAR TR BT 5 4 L) o AR AR 0
WLMVO 158, 4.0 )L MVO T3 43 F>0.01% I %1 43
MVO (+) 4, W45 MVo (-) H., Hi,
MVO (+) AR CUEESE & 53 LU 090U o307 B i — 25 43
J AL, R Q4. Q241. Q341l. Q44l.

Note: A. Original CMR image. Red arrow is pointing at the myocardial infarction region, and green arrow is pointing at the myocardial MVO region. B. CVI 42 software

marked the myocardial infarction region as golden yellow, and the myocardial MVO region as orange. Colored lines were drawn by software operator.

1 CVI42REIRFDOAEEX LA MVO X

Fig 1 Identification of myocardial infarction region and myocardial MVO region by CVI 42 software

14 ek

T 7 T 5% 0 34 % FH SPSS 24.0 #4441 581434 -
FEMETORILUEL (A ) Fon, R4k iE
FAFBE R ] 2 K 5 ok Fisher B VIS 04T LR . SR A
Shapiro-Wilk £ 50 X} 1 & 5ORH AT IESVER S, A7 G IE
BN xes T, FER R RIEAT HES ;. #5455
BN M (Q,, 0,) Fa~, R H Wilcoxon rank-
sum KB UEA T LA . FEMVO (+) #H A, R FH Pearson
KAHRLLILMVO 1 43 He5 LVEF Z [R] ) C & EA 773 #r
K Z I BVERFE 4R (receiver operator characteristic
curve, ROC curve, ROC k) Z3#r.LILMVO F 53 Hox
MVO (+) £330 d A RFERBINAE. L P<0.05
LKz AAGFE L

2 &R
2.0 24U E ML AR AE e i

MG 0L MVO T 2 L& 45 R, AF5
MVO (+) HEH N2 (566.1%), MVO (-) i
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HRA2H] (d733.9%) . X B IELARIE R AT ST
W, AR (R R 2 4L BT A R AR IR 22 S 20
gt

2.2 241 F WAL 5 b B2 CMR $5 47 L 8%

XF 2 A WA AR PR AT e, AR (R
2) /R CPKIE(E (P=0.000), CK-MBI&(E (P=0.000) .
cTnl Wff (P=0.022), WBC (P=0.016). TC (P=0.039)
25 ¥HASI#E L, HRERETEMVO (+)
HEET TR 24 8E M CMRIERT, 458 (%
2) B, 5MVO (-) diflk, MVO (+) HEFED
LVEF X (P=0.000) , 0> WLHESE H 43 1L 3/ (P=
0.000) .

2.3 WILMVO 5 SNRIN I FR

K F Pearson A &3 A X MVO  (+) 234 /9.0 AL
MVO H 516 5 LVEF AHDCPERETTIF5E, 455 (K2) 1
N, A AR L MVO A 43 5 LVEF 35 & 6 A 56
(¥1P<0.05)
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Tab 1 Comparison of baseline characteristics between the two groups

Characteristic

Agelyear
Gender/n (%)

Male

Female
Smoking history/n (%)
Drinking history/n (%)
Hypertension/n (%)
Diabetes mellitus/n (%)
Hypercholesterolemia/n (%)
Previous angina/n (%)
Renal dysfunction/n (%)
Previous stroke/n (%)
Pain-to-balloon time/h
Reperfusion therapy/n (%)

PPCI

PCI after thrombolysis
Culprit vessel/n (%)

LAD

LCX

RCA
Killip class/n (%)

1

i

Iir

Time delay from the onset of chest pain to CMR/d

MVO (+) group (N=82)

58.6+7.9

76 (92.7)
6(7.3)
65(79.3)
22 (26.8)
48 (58.5)
30 (36.6)
46 (56.1)
42 (51.2)
3(3.7)
0(0)
55432

41 (50.0)
41 (50.0)

47 (57.3)
10 (12.2)
25 (30.5)

74 (90.2)
7(8.5)
1(1.2)

52422

MVO (-) group (N=42)

58.7+8.4

34 (81.0)
8 (19.0)
30 (71.4)
13 (31.0)
19 (45.2)
12 (28.6)
19 (45.2)
25 (59.5)
0(0)
1(24)
4.9+1.6

21 (50.0)
21 (50.0)

25(59.5)
2 (4.8)
15 (35.7)

38 (90.5)
3(7.1)
1(24)

53+1.8

2021, 41(2)

P value
0.958

0.098

0.329
0.629
0.160
0.372
0.252
0.380
0.524
0.732
0.166
1.000

0.398

1.000

0.863

Note: PPCI—primary percutaneous coronary intervention; LAD—Ieft anterior descending artery; LCX—left circumflex artery; RCA—right coronary artery.
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Tab 2 Comparison of blood biochemical indexes and CMR indexes between the two groups

Index

Blood biochemical index

CRP/(mg-L™)

WBC/(x10°-L")

Hb/(g-L™")

PLT/(x10°-L™")

FBG/(g-L™")

PT/s

APTT/s

INR

Ser/(pmol L)

BUN/(mmol-L™")

Glu/(mmol-L™")

TAG/(mmol-L™")

TC/(mmol-L™")

HDL-Ch/(mmol-L™")

MVO (+) group (N=82)

5.92 (1.52, 22.03)
11.95 (10.01, 13.95)
145.23+16.16
195.85+48.77
2.81+0.71
10.70 (10.00, 11.83)
32.10 (28.70, 36.30)
0.94 (0.88, 0.99)
71.70+19.35
5.60+1.65
5.72 (5.09, 6.61)
1.37 (0.96, 2.51)
5.21+1.10
1.1740.26

@ JOURNAL OF SHANGHAI JIAO TONG UNIVERSITY (MEDICAL SCIENCE)

MVO (-) group (N=42)

3.95 (242, 12.53)

10.21 (7.92, 12.85)
140.31£14.37
211.36+49.15
2.88+0.58

10.60 (10.10, 11.70)

33.65 (29.15, 36.18)
0.93 (0.88, 1.01)
70.11+14.27
5.32+1.76
5.29 (4.80, 6.16)
1.31 (0.95, 1.63)
4.77+1.05
1.16+0.27

P value

0.720
0.016
0.109
0.097
0.588
0.755
0.748
0.919
0.640
0.375
0.093
0.240
0.039
0.920
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Index MVO (+) group (N=82)

LDL-Ch/(mmol-L™")

CPK/(U-L™)

CK-MB/(U-L™")

cTnl/(ng-mL™")

BNP/(pg-mL™")
CMR index

LVEF/%

Percentage of myocardial infarction/%

Group Q1

w
(=)

W A
(=]
[ ]
o

LVEF/%

[5e]
(=]

r==0.835 P=0.000

S

1 1 1 J
1 p] 3 4
Myocardial MVO size/%

(=]

Group Q3

® e
4
4

°s

(=]
T
@

LVEF/%
W B »
T

20 ==0.707 P=0.000

—
(=]
T

1 1 1 1 1 1 J
0 1 2 3 4 5 6 il
Myocardial MVO size/%

2 MVO(+)TARGAMVO B4tk 5 LVEF R X4

3.21+0.86
3632.00 (2547.00, 5 151.25)
370.75 (241.43, 480.45)
26.34 (1.54, 80.85)
101.50 (37.95, 275.00)

47.07+8.94

23.09 (17.41, 30.46)
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Continued Tab

MVO (=) group (N=42) P value
3.09+0.88 0.450
1 565.00 (1 074.50, 3 228.00) 0.000
201.60 (120.95, 288.25) 0.000
10.33 (0.93, 28.40) 0.022
93.80 (17.38, 203.00) 0.202
53.95+5.79 0.000
11.25 (6.40, 18.14) 0.000

70 Group Q2
[ ]
60
° )
sord o %@ @
® o o ([ ]
40 . *
30
20
10

LVEF/%

r==0.637 P=0.003

1 L 1 1 J

0 1 2 3 4 5
Myocardial MVO size/%

Group Q4
60
505 ".
40 0®® °

[ ]
- [ ]
30 ° o [ ] o0

LVEF/%

r==0.663 P=0.001

0 2 4 6 8 10 12 14
Myocardial MVO size/%

Fig 2 Correlation between the percentage of myocardial MVO size and LVEF in the MVO (+) subgroup

2.4 24U F A RPEE5

XFRTA B VAT )R 30 d N A AR BN KB SR E
FHCE, 2558 (F3) BARMVO (+) HBFHLHERE
YEM Bl m T MVO () 41 (P=0.018). >R ROC £k
ST ILMVO A 43 5.0 WUERE A 43 EXTMVO . (+) f#
H30 AN R TN, 55 (B13) BoRo il
MVO H 43 b 1y il 4 T L 0.889  (95%CT 0.823~
0.975), CWUEEZE A 43 e ry 2T ALK 0.785  (95%CT
0.660~0.911) ; H R4 ROC fili £k L 5 — 3% 1% #0041 1 %

£3 2BEENIATRRERLER

Tab 3 Comparison of adverse events within 30 days between the two groups

MVO (+) MVO (-)
Adverse event group group P value
(N=82) (N=42)
All-cause mortality/n (%) 1(1.2) 0(0) 1.000
Myocardial reinfarction/n (%) 2(2.4) 0(0) 0.548
Recurrent angina/n (%) 8(9.8) 3(7.1) 0.880
Heart failure/n (%) 14 (17.1) 1(2.4) 0.018

http://xuebao.shsmu.edu.cn

B, LWIMVO B 73 b B SO R S BE R i T LRESE
At (R4).

1.0

0.8

0.6

Sensitivity

0.4

0.2 —Percentage of myocardial MVO size
—Percentage of myocardial infarction size
Reference line

0 0l‘2 OI.4 OI.6 078 1.I0

1- Specificity
3 OIMVO B 5O AUEFRE X MVO(+) BE 30 d H R R B4R
MM EH ROC B2

Fig 3 ROC curve of predictive value of the percentage of myocardial MVO size

and myocardial infarction size for adverse events within 30 days in the MVO(+)

patients
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F4 DIMVO BRI SOMERE S LEFNMER LR S
Tab 4 Comparative analysis of predictive value of the percentage of myocardial MVO size and the percentage of myocardial infarction size
Index AUC 95%CI Youden index  Cut-off value Sensitivity/% Specificity/% P value
Percentage of myocardial MVO size 0.899 0.823-0.975 0.730 2.99 83.3 89.7 0.000
Percentage of myocardial infarction size 0.785 0.660-0.911 0.512 29.70 66.7 84.5 0.000

Note: AUC—area under the curve.
3 itig

AR, W& FRETIRIT ORI, STEMI S #
AR BEAET RN T B, (HLO 7 305 11 & A 9 T8 B 8 it
00 HAWGT Y R, MVO RTRERE R & T R
EH BBE, s vFAlk MVO Xtk — 252l STEMI &
HWHUE T EE ., fEHRIIZYT TAE T, STEMIAE#H
(e bR 3 ik 32 T B Ay 3P s Bk KB T E , R0
LT P B AT AS 2 PP A R T i, CMR B A H 98
RETCAN . XS AT 28 (6] 50 BER B S L 35y 1 i
R ERFIAEMVO 1 2 J5: . WF5E B iz AR T 43
HHIMVO KM MVO, Fi# Z7EELXT HE A 2~5 min
Ja R AR EAR DLk A B 4L 3 R (early gadolinium-
enhancement, EGE) E%& "'¥; J5 & WIRLEELXT L7 A
10~15 min 5 REEE, LI5S LGE BIE . AR5 E
FIH LGE EUEXT STEMI B # i M MV O #E4743#7 .

RIFFRAELLIE T MVO (+) A5MVO (-) HEH
LR ARIE I . X L il A= A8 A7 A CMR $8 b5 647 L 48853
Mr, =X MVO (+) WAHBHHLILMVO H 45
5 LVEF ARSI T /b . S5 RBR, TERTA AN &
HH, MVO (+) 41 b 66.1%, X 5 BE A i 4
T UM 7E 2 41 H I SRR AR T 1B 25 4R
T, MVO (+) 4 EE MO NUEEH e br (404 CPK.
CK-MB. c¢Tnl), TCHRZF & TMVO (-) 41, HCMR
EARI R I MVO  (+) 410 WUESE & 5 i 3w T
MVO (-) 4, #—F4R MVO IR REE 5™ Y
O WU 3 B AU B 05, X5 8 A e 3 AR B 5 e
I RSZ BRI A—3k ) B4, WBCIRTEMVO (+) 41
R TS BKF, X AR S MVOJE Bt 2 i 48
MR DG, HAHCHLE AT Re s . O N s
T REEN AL, Gl MmN R RES R
B e QB R A AE RN I AEAE R A A 9 0E 40
Mg SR8 . (Hl T WBC 1845 5 Z Hofh N & T4k,
H.Ial— 835 1) WBC Al REAFTER R AE AL, BTy i — 5B
FEINLAGRAIE

FES3 AT MVO X} 72 Z D) RE 52 I, ABIE 506 Fr A
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MVO (+) 21 83 # B0 IUREBE B 43 H i U 4357 B0 Ik
S A, Pearson A 5C 4 BT R AE 45 4H o UL
MVO 4 It 5 LVEF ¥ &2 & 3 (9 A 5C ;. gk i $2 7,
MVO ()7 5 F2 5 A2 DR R0 B FR R S WA oG . AR g
MSEARIE ) R, MVO X722 D RE AR IR o] REA7- 76 4N
NIRE . —JriE, MVO (7™ 5 50 WU E Y e R
JEBYIAH G, B R LAY MV O T P B 5 3R FRL A0
UUAEE , i i 2 0 ] fin & A2 2 25 R ATy RE R 5 5 59—
D7 T, MVO BT 85 T 7 5 0 LAY AS A 5 453 45 4 56 o
PEAMERIFSE 2 3, e U B Rl ol A i 1 17
T, MVO/Jy Al Sz #i LVEF (1R [, H 1000 8 7] fig
5MVO XA E DRI AG 5%,

ARAFFEREDT T B 30 d NN R /R0 & AMEH, I
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