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[ ABSTRACT] Aim  This study analyzed the relationship between the concentration of circulating microparticles
(MPs) with different diameters and the application of positive inotropic drugs in the patients undergoing cardiac surgery

with cardiopulmonary bypass (CPB). It aims to find out the effects of MPs on the postoperative cardiac function.
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Methods 103 patients undergoing cardiac surgery with CPB were enrolled.  Age and gender matched 56 healthy subjects

were recruited as control group.
eration 12 h (post-op 12 h) and 72 h (post-op 72 h).

centration and size distribution of MPs were detected by nanoparticle tracking analysis system.

The blood was collected from healthy subjects and patients before (pre-op) and after op-
The MPs were isolated by differential centrifugation.  The con-
MPs were divided into dif-
ferent subgroups according to the size of MPs.  The clinical data were collected and the correlation analysis was performed
between the MPs and the clinical data. Results The level of MPs was increased in patients before and after surgery
compared with healthy subjects (P<0.05). There was no significant difference of the concentration of MPs in the surgery
group among the different time points ( pre-op, post-op 12 h and post-op 72 h). The MPs were divided into four groups
according to the diameter (0 ~ 100 nm, 100 ~200 nm, 200 ~300 nm and 300 ~400 nm). The levels of “100 ~200 nm”
MPs were decreased in post-op 12 h and post-op 72 h groups compared with pre-op group, but the levels of “200 ~ 300
nm” MPs were increased after operation( P<0.05). In post-op 12 h group, the concentration of “0 ~100 nm” MPs was
negatively correlated with N terminal pro B type natriuretic peptide ( NT-proBNP ), dopamine, norepinephrine and
milrinone and the level of “200 ~300 nm” MPs was positively correlated with NT-proBNP ( P<0.05).

group, the level of “O ~ 100 nm” MPs was negatively correlated with NT-proBNP ( P<0. 05) and the concentration of “200

In post-op 72 h

~300 nm” MPs was negatively correlated with dobutamine (P<0.05). Conclusions  After CPB assisted cardiac sur-

gery, MPs with different particle size range was correlated with postoperative positive inotropic drug dosage, suggesting that
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there was a certain relationship between MPs and postoperative cardiac function.

size may be used to reflect the cardiac function after CPB.
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1 #RITE

1.1 —fE&EMN

FARY K 2017 4£8 H—2018 4£ 8 H &\ k¥
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MR AR BRI MR E T R
MERUKZAEHRNERRFENAEZ, EFXR
4 B HIHE 3R 56 4 £t MR T A R R
B#, HEHMERSEHEHRT 18 ¥, Kt
REEHAFLAFHES —ERARBEFEZ RSN
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A BT R 2 MR SRR 48 2L (body
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Heart Association, NYHA) 4% . % E Wk Bt ) 2 ( A-
merican Anesthesiologists Association, ASA) 2 % ; K
R AR R B TR 20 ik PEL BT B[R] 4 BY 4 3R
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FEZ /MR B EE IR 400 pl & 5L Bl
(4 °C,13 000 g,45 min) , F L&, v N G H B B
HEHRELERSIE L oL, A THESN,

1.4 AR S ERHKIT

20 K FURL 3R B /94T (nanoparticle tracking analysis,
NTA) B A 7 38 5 4 /N BUAL 09 A7 B 32 2h 3 3 k4% 2|
HP B Ry MR gL LR BRSEMRA
A, K NTA 45 & %4 BA F ALK
M ARBEI2h KRJE72h i MPs B4 8, & &
EHHNO0~1000 nm, HFMERELNES K, HFX
30 s,

HRAE MPs #r42 A /N MPs 4% 0 ~ 100,100 ~
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BREAWN EFARAKNAEE MPs 2B L1,

1.5 Sit=4iE

Fit A B 98 Bk A 34 L SPSS18. 0 4t it 5 2k 1
T, ES AT EVR U (vts) R, HHFH
UHERT, FEAPH T ERH U FEH LA
¥5 (Median+IQR) %k 7=, EA M T EXA XA ¢
Bk BRI RA AR, FEA>AITE
R4 A E B R B W 4 LA K Mann-Whitney U 4
Bor, A 79 %% K A P A K FF R Wilcoxon £ 5 #k A
%, EEX M E R HE K A Spearman 48 XK 2
. FTE Gt g3 8 WM ,P<0.05 X Z R A
gt E L,

2 & B

2.1 WA—MAMBLER
A IE 1Y T AR 20 R0 IE H 6 IR 2 — e %R
FERRFI  TFAT (] 25 W3 1, PIZEZ 4RI P
BMI 2 R e it 255 X (P>0.05) .
2.2 BAARB AKE VP EEENTH
FARUARRT AT MIE MPs & HE 5% 1F 5 % 18
HIt i (P<0.05,3R2) . FARALBE] A MPs S5
ML ZE R TG I E L (P>0.05) fHEARG 12 h
172 h MPs & 3R FTA W @ # (P>0.05)
2.3 FARAKZHEG MPs ReT ARESEHTL
M3 A, RJF 12 h ARG 72 h S ARHEEE
3,0 ~ 100 nm MPs 7% 2 ¥#1 /N ( P<0.05),200 ~
300 nm MPs 34301 (P<0.05) , HAb k12 7
MPs & AL (P>0.05), RJF 12 h 5K
72 h A SRR VE E MPs S AR L TR R R X
(P>0.05) .
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Table 1. Comparison of clinical characsteristics in two groups

ok 1EH X R ZH FARH
(n=56) (n=103)
GRS 55.8+13.2 57+14
B/ [H(%) ] 32(57.14)  58(56.31)
IBM/ (kg/m?) 23.88+5.32  24.25+4.06
NYHN % (VI IV ) /4 - 10/50/39/4
ASA 438 (VI N/ V) /5] - 1/4/85/12/1
PIRIZI (% ) ]
XA R L - 59(57.28)
TG - 17(16.50)
RN I0C 15 76 L - 7(6.80)
FakIe 2 - 7(6.80)
2o B BB - 5(4.85)
HoAth, - 8(7.77)
FARHFA]/ min - 377.50£142. 48
RELYBT ]/ min - 103.02+52. 81
%5 BHG PRI 6]/ min - 50.65+30.23
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Table 2. Comparison of total circulating particulate concen-

tration between two groups ~/mL
i s T A5 MPs &
4.65x10°
W IR
BN R4 (3.49x10*,7.85x10%)
5.95x10°
FARH T
x A (4.30x10*,8.25x10%)*
6.0x10°
AJF 12 h
" (4.19%10% ,8.05x10°)*
RIET2h 6.20x10°
=

(4.30x10% ,8.76x10°)*

a iy P<0.05, 5 1E# X R4 i,
2.4 AEHRREZEMPs SETHKERFEEAN Y
FIERIHE

YEF ARG 0 ~100 nm F1200 ~300 nm 5 AREFTH
BOR A 22 5L R X W RiAE X [A] MPs 7% 6
ARG D Retebn m i AH M (R 4) . RE
12 h 0 ~ 100 nm Fif2 75 [ MPs &% & 5 NT-proBNP |
Z OB E A E LRI K &5 & 27
FHIG(P<0.05) , 52 Ul T iR & JoAH Pk (P>
0. 05) ;200 ~300 nm FiFEFLHE MPs 25 5 5 NT-proB-
NP R IEM K (P<0.05), 52U 2T g, 2
S EIRER ORI TCA G (P>0.05) . RJF
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72 h 0 ~ 100 nm Fi 423 F MPs % # 5 NT-proBNP
BRI (P<0.05) , 5208 0BT ZHE
R KA & A e (P>0. 05) ;200 ~ 300

®3. FRATEHRZEE MPs 2ETH

nm FARVEFHE MPs & 5 2 Ml T B2 AR C (P<
0.05) ,5 NT-proBNP . Z iz . EH W EIRE kT
A TCH M (P>0.05)

Table 3. Variation of MPs concentration in different particle size ranges ~/mL
AifE (nm) ARHT AJF 12 h ARJE72 h
0~100 1.12x10%(0. 44x10% ,2. 69x10*) 0.91x10%(0.3x10%,1.93x10%)* 0.76x10%(0.3%x10* ,1.91x10%)*

100 ~200 3.0x10%(2.21x10* ,4. 44x10%)
200 ~ 300 0.72x10°(0.52x10* ,1.16x10%)
300 ~ 1000 0.35x10%(0.26x10*,0.51x10%)

3.07x10%(2.23%10% ,4.36x10%)
0.96x10%(0. 67x10%,1.34x10%)*
0.32x10%(0.25x10* ,0.49x10*)

3.47x10%(2.42x10% ,4.89x10%)
0.89x10%(0. 64x10% ,1.35x10%)*
0.35x10%(0.26x10*,0.52x10*)

a N P<0.05, 5RETH %,

x4, B EETHXSOONENENXR

Table 4. Relationship between cMP concentration and cardiovascular function

ARJG 12 h ARIG 72 h

E it 0 ~100 nm 200 ~300 nm 0 ~100 nm 200 ~300 nm

r P r P r P r P
NT-proBNP -0.20 0.04 0.23 0.02 -0.23 0.05 0.04 0.72
EAN IS -0.22 0.02 0.05 0.60 -0.03 0.80 0.10 0.34
Z BT -0.15 0.13 -0.08 0.44 -0.09 0.38 -0.26 0.01
LR IR -0.20 0.04 0.08 0.45 0.03 0.77 0.08 0.45
KA -0.23 0.02 -0.07 0.49 -0.08 0.44 0.13 0.18
3o ® s
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RAMEIZIT R AR E A NTA ARG 10 ~
1000 nm FYFICRE , X FAF5E 43l MPs AR fL R4 T 7
ARSEHF, I MPs BRI LR 605 T B 5 1Y

AHFTE KB TF AR LA T MPs & 7% & B & T
IEH R IR (P<0.05) ,Rf5 12 h 72 h MPs &5 i
BN 25 BRI G T 5 0 0 (H A58 T LI
FEH| MPs & s G M AYEH 3X 5 T AT 919 = 20
{CEAGI MPs 15 B 258 AR, ARBF 5285 MPs
FEAS TR RE AR 0 [l 43 A R AT L3, KBRS 0 ~ 100
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BT K, FFEr MPs & &= AL R E
HAEAYE BN AL, X YRy RS S
CPB J& i HiA: B2z 72 | R0 20 28 B T RE
AR LIMARSG 12 h 5ARJG 72 h [3] MPs FEEAR L
B @25 {HZ& 0 ~ 100 nm F1 200 ~300 nm FifEil
il MPs 7E ARG 72 h LRSS 12 h BRI T R
A R, A B 500 350 G AN R AR T8 BB MPs 5
AT AR T — g S5 8 LS R
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J& MU ) 12 AN e AT T 2 IE WL 259 51 3=
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56 B A D 6E, I BRI a) 5 % #5 1)
YEFAASIA] DR ARG AR J AN [] Bt AR AS TR 42 9 Rl A
MPs il IRA —E$8-F 5 XL

[ &% 30Hk]

(1] #hT T, Bt RIMEIR RIS HLE SBR[ ], F 5K
SEPRAEBEER, 2016, 52(1) ; 115-118.

[2] Gudrun K, Milan M, Christa B, et al. 2019 EACTS/EACTA/

O

EBCP guidelines on cardiopulmonary bypass in adult cardiac surgery
[J]. BrJ Anaesth, 2019, 123(6) : 1-42.
[3] Reyes-flandes EN, Herrera-landero A, Bobadilla-gonzdlez P, et al.

Risk factors associated with postoperative acute renal failure in pediatric

patients undergoing cardiopulmonary bypass surgery[ J]. Rev Chil Pedi-
atr, 2017, 88(2) : 209-215.
Krispinsky LT, Stark RJ, Parra DA, et al. Endothelial-dependent

—
A~
i

vasomotor dysfunction in infants after cardiopulmonary bypass[ J].
Pediatr Crit Care Med, 2020, 21(1) : 42-49.

Cabrera-benitez NE, Valladares F, Garcia-hernandez S, et al. Al-

—
W
[

tered profile of circulating endothelial-derived microparticles in vent-
ilator-induced lung injury [ J]. Crit Care Med, 2015, 43 (12):
549-551.

(6] VL Mg, & b, 3K 18, 55, kol HERE (L ARE P MmNk i &
HBEAH 1], PESIKEELZL, 2016, 24(9) : 865-874.

[7] Berezin AE. Microparticles in chronic heart failure[ J]. Adv Clin
Chem, 2017, 81(1) . 1-41.

[8] VL B, HAH, T X, &5 SN SRR AL S 3T i T
THEAL)]. HESAKEE R, 2017, 25(4) ; 411-416.

[9] Fu L, Hu XX, Lin ZB, et al. Circulating microparticles from pa-
tients with valvular heart disease and cardiac surgery inhibit endothe-
lium-dependent vasodilation [ J]. J Thorac Cardiovasc Surg, 2015,
150(3) : 666-672.

[10] Ou ZJ, Chang FJ, Luo D, et al. Endothelium-derived microparti-
cles inhibit angiogenesis in the heart and enhance the inhibitory
effects of hypercholesterolemia on angiogenesis| J]. Am J Physiol En-
docrinol Metab, 2011, 300(4) : 661-668.

(117 Bk, Sk, sKZ0F, 4. SN I RNA 723 kol
FEREAE P A E R LT, v [ 3l Bk Ak 2% 7, 2019, 27 (1)
75-80.

[12

[

Jian YP, Yuan HX, Hu KH, et al. Protein compositions changes
of circulating microparticles in patients with valvular heart disease
subjected to cardiac surgery contribute to systemic inflammatory re-
sponse and disorder of coagulation[ J]. Shock, 2019, 52(5):
487-496.

[13] Lin ZB, Ci HB, Li Y, et al. Endothelial microparticles are in-
creased in congenital heart diseases and contribute to endothelial
dysfunction[ J]. J Transl Med, 2017, 15(1); 1-12.

[14] Yuan HX, Chen CY, Li YQ, et al. Circulating extracellular vesi-
cles from patients with valvular heart disease induce neutrophil
chemotaxis via FOX03a and the inhibiting role of dexmedetomidine
[J]. Am J Physiol Endocrinol Metab, 2020, 319(1) : 217-231.

[15] Li YQ, Yuan HX, Chen CY, et al. Concentration of circulating

microparticles: a new biomarker of acute heart failure after cardiac

surgery with cardiopulmonary bypass [ J]. Sci China Life Sci,

2020. DOI. 10. 1007/s11427-020-1708-9.

[16] Vanky F, HAkanson E, Maros T, et al. Different characteristics of

s

postoperative heart failure after surgery for aortic stenosis and coro-
nary disease[ J]. Scand Cardiovasc J, 2004, 38(3) ; 152-158.

[17] Jiang HQ, Vanky F, Hultkvist H, et al. NT-proBNP and postoper-
ative heart failure in surgery for aortic stenosis[ J]. Open Heart,
2019, 6(1): €001063.

[18] Schumann J, Henrich EC, Strobl H, et al. Inotropic agents and
vasodilator strategies for the treatment of cardiogenic shock or low
cardiac output syndrome[ J]. Cochrane Database Syst Rev, 2018,
1(1): CD009669.

(WLl RER)



