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5 RBC.fe4r % & (Hb) 4ot 4k #2 A 5% B (RDW) | o /s #5336 (PLT) £ 48 % % & (P >>0. 05) ; mtDNA #
B APE 9 ROC W & F @A A4 0. 995, AL A 91 %, 45 F B 4 90% s cut-off 14 % 557 copies/mL., #it APE
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The diagnostic value of plasma free mtDNA in acute pulmonary embolism and
its correlation with disease severity and common clinical indicators
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Abstract: Objective To investigate the diagnostic value of plasma free mitochondrial DNA (mtDNA) in
acute pulmonary embolism (APE) and its correlation with the severity of the disease and common clinical in-
dicators. Methods A total of 90 patients with APE diagnosed for the first time by CT pulmonary arteriogra-
phy (CTPA) in the Department of Respiratory and Critical Care Medicine of the First Hospital of Shanxi
Medical University from March 2021 to December 2022 were selected as the study subjects,including high-risk
group, medium-risk group and low-risk group,with 30 cases in each group. A total of 30 healthy subjects of
similar age were selected as the healthy group. General data of all subjects were recorded, untreated plasma
and whole blood samples were collected from all subjects on the first day of admission,and blood routine, D-
dimer (D-D).fibrin degradation product (FDP),cardiac troponin T(cTnT),N-terminal brain natriuretic pep-
tide precursor (NT-proBNP) were detected. Plasma free mtDNA was extracted from all the above subjects,

and the plasma free mtDNA level was detected by real-time fluorescence quantitative polymerase chain reac-
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tion standard curve method, the mtDNA and other common clinical indicators were compared in different
group,the correlations between other common clinical indicators and mtDNA were analyzed. Receiver operat-
ing characteristic (ROC) curve was used to evaluate the diagnostic value of plasma free mtDNA and other
common clinical indicators in APE. Results Plasma free mtDNA levels in healthy group,low-risk group,me-
dium-risk group and high-risk group were 272 (199),813 (529),2 983 (3 327) and 10 097 (6 889) copies/mL
respectively. The levels of mtDNA were successively decreased in high-risk group, medium-risk group, low-
risk group and healthy group, the differences were statistically significant (P <C0. 05). The levels of plasma
free mtDNA in APE patients correlated positively with WBC, D-D, FDP, ¢TnT, NT-proBNP (» = 0. 304,
0.446,0.532,0.673,0. 666, P <C0. 05), there was no correlation with RBC, Hb, RDW and PLT (P >0.05).
The area under ROC curve for mtDNA diagnosis of APE was 0. 995, the sensitivity was 91% ,the specificity
was 90% .and the cut-off value was 557 copies/mL. Conclusion The level of plasma free mtDNA increases in
APE patients and correlated with the severity of disease risk stratification. The level of free mtDNA in plasma

is helpful for the diagnosis of APE and mtDNA can also be used as a marker to predict the severity of APE,
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PCR X7 & (K% TaKaRa 26 EBAF RS H (K
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FFAG G (h KERAY TRA RN R D .
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CAAGGAGAGCCAAA-3"; 16STRNA R: 5-TGGA-
CAACCAGCTATCACCA-3',
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1.3.2  I2KIEE mtDNA 20 REFTAHRIT L
ABES 1 RARGIRIT N # K 5 mL, 28 £ — %
LT 8 (EDTA-K) Pk CEE) B Ir A fr A& F 30
min P48 3 000X g B0 10 min, W B 5 200 pL
TREKERY EP & Bk LER TR EE0ILE
i 18 000 X g B0 10 min, B G 150 pL F
B EP &, —80 CUKAA AT, FH T I K Ui 2§ miD-
NA K, 4 42 B DNA 2 BR800 35 42 B
mtDNA,

1.3.3  HAblm R HAE R RETA ZIAH 5
mL oK 20 Bk S A IR IT I N FE bk L T 554 (B ED-
TA-K, Fr#E#) o, i H A Sysmex XN-20 4= H 3h
I8 A3 AT ASCHE AT iR A D 5 [ B SR 46 5 mL JB
oL TR W A S MR B BT EE D b BT H A Sys-
mex CS5100 4 [ i EE il 43 A {5 5R FH S5 L w32
11 D-ZRAK(D-D) L £F 4k 8 1 (50 B figt 7= ) (FDP) £
W5 53 A0 R4 5 mL JRF# K i T 4 0 684 O AR BE D
LSRR E T AW Caris200 4 A 31 & AN CRE %
RED AT O MU E B T (cTnT) AN K S ik 44 ik
R (NT-proBNP) & . 7 A5 38 751 ¥4 fiff A D e i &
TR o B A A% e R R U0 B A5 S A DG A E R VR LR
AT .

1.4 pRUEMLR R4 a6 R E If A
75 3 FURL I ¥ BE Ry 2. 05X 10" copies/mL, HI K B &
B KR A AR B A5 B B 43 iR 2. 0510,
2.05>x10",2.05X10",2. 05X 10", 2. 05X 10°,
2.05X10" copies/mL 9 6 445 #fE & 8 € [H Qua-
ntStudio™5 PCR {3 il £ 5 #fE i 4. PCR [ W & &
M 10 pl,95 CHUAEM: 10 5,95 CAEME 5 5,58 Ci &
85,72 ‘CHEAN 10 s, 4k 40 DMPFER, bRk i £ 019 5
FERY=-—3.772X +55. 079(R*=0. 995) , Hth X K
ROAFE VUL 10 IR A X R .Y 2 CofH.

1.5 Siitephbs R SPSS25. 0 4834k 4 vk 17 %K
WA H R Ge it A A, RIES AT RERLL 2 £
For.ZHB KR HREZ T Z 00 ARG IES
A3 A B T R LA 57 50 Y o5 K] D M (QR) ]
Fon . Z A ) R R H Kruskal-Wallis H ¥ 5, 7 20
[A] Lt %% % F Wilcoxon #: A& 56 5 11 9% R DL B =
AR E R AN R X R sk Fisher B Y1
Rk s TR ] Spearman BRI OG ; R I Z K T
YEFFE (ROC) il Z T Al 45 T 46 b1 X APE (1912 W7 i
HoRIEA BB (REE R E—D e
cut-off {A, 7 5 4% & (1 2 80 MR 5 B, O 115 3
95U AEIX A (CI)., L P<C0.05 h% %A%t
2 % R

2.1 SARLERIE HAER K. ER
TG 5 L(P=>>0.05) ; (= fa 414 B KA & £ T
Rfad . 2R A5 E X (P<<0.00D), & fa 4l 0%
BT EHS5@EN. ZRAERITFE L (P<
0.05) s = fa 2 h i H ARG 4H SaO, AR Tl FE4H
ERA G E L (P <T0. 05); & 1 4 19 0 46 s
(SBP) W] @ AIC T fe 20 AR A 20 AR B 20 v e 40 1) &
ik (DBP) W] Wik T 1I% 6 40 A g B4 L 22 5 483
BN (P<0.05), W1,

2.2 AL E A I IR B AR L S dlar
1 ff A B4 A B8 B (RDW) il /R 5 (PLT) K B
LSRG X (P>>0.05) ; 5 fa 40 40 i i1 %k
(WBC) .D-D.FDP.cTnT /K-8 & & FHad K fa
R A . 22 A Gt (P <<0. 05) s R f 4 41
Y a1 H 4 (RBO) | il 21 2 F (Hb) 7K 7 B AR T i 3
M EFAHGIFE L (P<<0.05); &G4 NT-proB-
NP 7KF 0 5 @ T fe 40 R fa 4, 22 A St =
X (P<C0.05), W3 2.3,

1 BABEZHABEEE /2 FM(QR)]

41541 n o HEHICH /2o AR ) A B i [ (d) LFEQR /55 8a0, (26) SBP(mm Hg) DBP(mm Hg)
fifad 30 14/16 65.5410.6 7.5(6.0) 76.0(13.3) 94, 4(4.6)° 128.0(17.6) 79.0(14. 8)
s 30 17/13 67.64+9.8 10.0(6.0) 79.0(16.0) 96.1(8.8)° 126.0(14.5) 75.0(11.5)
A 30 19/11 67.2412.4 13.0(10.0)" 87.5(16.3)™  92.9(7. D¢ 107.0(19. 0)™* 64.0(23.0)™
f B 4 30 15/15 61.447.5 — 78.0(17.0) 99.5(1.0) 124.0(17.0) 78.0(14.5)
XZ/F/H 2.506 2. 347 17.716 14. 874 63. 482 27.741 12. 465

P 0.474 0. 760 <<0. 001 0.020 <20. 001 <20. 001 0. 006

T W EER SR G 4 A" P<T0. 05; 5G4 Hed . " P<C0. 055 S {d B4 &%, P<<0. 05,

2.3 KM NHFE mtDNA KF-Ed  SERF 28 &
i PCRE R E/R, HEH. P ad REH . @EHAN

ML 37 2 mtDNA /K435 4 10 097 (6 889) .2 983
(3 327).813(529).272(199) copies/mL, Ifil 3 JiF &5
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mtDNA /K V-7E = fa 4l v fa 21 AR e 2R £l B 44 ik
BRAIG , P L3, 22 A G2 L (P<<0. 001D,

2.4 APE B M U755 miDNA /K5 HAl i R %
FHARAR Z [ A AR CME RUAS B Spearman FLAH SC 40 #F
5B R L APE BE AR 1 KIS mDNA K
V-5 WBC.D-D.FDP, ¢TnT.NT-proBNP & iF #f 3
(r=0.304,P =0.004; r =0. 446, P <<0. 0013 r =

P<0.001),%5 RBC,Hb,RDW . PLT JCAH % (r =
—0.037, P =0.733;r =—0. 181, P = 0. 087; r =
0.087.P=0.412;r=—0.084,P=0.429),

2.5 IR E mDNA 7K P K H A I IR 5 48 Bk 6
APE 12k Be I % 3 25 mtDNA 2 W7 APE 9 i
2 T m L CAUC) B 0. 955, cut-off {H A 557
copies/mL, H R B 91%, K¢ & B2l 902, W

0.532,P<C0. 001;r=0.673,P<C0. 001;r=0. 666, 4,

®2 BANEMREAMIEKRERBEREEIM(QR)]

AH n WBC(X10” /L) RBC(x10"/L) Hb(g/L) RDW (%) PLT(X10"/L)
fKfEdl 30 5.7(1.7) 4.3(0.5)°¢ 139.5(18. 8) 13.8(1.4) 222.5(83.0)
hfadl 30 6.1(2.5) 4.5€0.6) 138.0(18.5) 13.6(1.6) 187.0(114. 0)
FfE4 30 9.5(8.8)" 4.4(1.D°¢ 130.0(52.0)° 13.8(2. 1) 224.5(259.0)
fHEA 30 5.8(1.3) 4.7C1.7) 144.5(15.5) 13.4(1. D 226.5(54.3)
H 18. 245 12.229 15. 539 5. 984 1.377

P <0.001 0. 007 <0. 001 0.112 0.711

U SR SE L e Ee,  P<C0. 055 5P G T4, " P<<0. 055 S{d B4 e %, < P<<0. 05,

%3 # 4% D-D.FDP.cTnT NT-proBNP 7k F bt B[ M (QR )]

21 51 n D-D(mg/L) FDP(pg/mL) ¢TnT(ng/L) NT-proBNP(pg/mlL)
Kol 30 1.2€0.9 3.5(3. 1D 10.0€0. 9) 75.9(55. 6)
s 2 30 0.9(1.9) 4.4(3.6) 11.5(5.3) 1402.0(1 726.7)
i fEdl 30 4.0(9.2)™ 11.7(23.8)" 28.0(17. 0)™ 1337.1(4 821.2)*
et B 21 30 0.4(0.4) 2.5(0.0) 11.0€2.0) 57.9(28.8)
H 57.151 65.978 64.497 78. 050
P <<0. 001 <<0. 001 <<0. 001 <<0. 001
T SREA g P<<0. 05; 5 fa 2t . P<<0. 05 5 B 4L L 4%, < P<<0. 05,
F 4 AEEYFIERIT APE 8912 W 368
T AUC AUC #y 95%CI A Froei cut-off {8 iR
73] %) 0
mtDNA 0. 955 0.920~0. 991 91 90 557 copies/mL 81 <<0. 001
WBC 0. 605 0.503~0.708 53 80 6.65x10°/L 33 0.085
DD 0. 824 0.752~0. 896 71 97 1.11 mg/L 68 <<0. 001
FDP 0. 867 0.816~0.936 77 93 3.25 pg/mL 70 0.031
¢TnT 0. 650 0.553~0. 748 46 100 13.27 ng/L 46 0.014
NT-proBNP 0. 828 0.756~0. 901 70 100 101. 43 pg/mL 70 0.037
¢TnT+NT-proBNP 0. 832 0.760~0. 904 74 97 71 <<0. 001
. — A THURE .
3 3 i 2=, DR R IR R0 B0 T KU B¢ e 1 4H A Bl T AR 4R 9

YA BEIE R - APE B 520 R 4F T, Al BE L
B N A e R Z . APE R I
5 77 AR B A5 AN AH ] 2 B R BOE AR B A 0 DI g
AT = O IR, E AT R, AR )=
14 J8 25 U R AN TR] o s 4R P R A, B

T 1 71 B A R 2 T DU BE U A S5 VE 3R T A
TAE 4P B S R DT B AR AT 0L I A 2E 1 R
B S 224~ 3045 R 2 80 35 N B4 A R i
TEfRE FE R A A A R e PR E L EAR . H AT
LR APE (835 (9 il 4L U Byt BLAA AL 8 A A
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FH 5 A 38 R gt P T BT . meDNA 2 Tk
7 A 3 5 AR — A4S /N 3 R 41, X 48 AR 8 R 1k (OX-
PHOS M A T %, mtDNA 78 £ k7K 35 I b i 4> %k
BEFR N mtDNA (45 0L %, AR R 2 5040 i o
10°~ 10" copies mtDNA Ff {4435 41 XF £ & L X XF T 4
Frp o R H Y, BFSE A G B mtDNA K
2 T A9 I A B AR E BN R A 43 1) v T AR
PR, 24 4 1k, mDNA BT L
IR0 I A IR L RRE L Be A A 22l o T 1Y
277 0 mtDNA 78 APE % 5 it 7 i £ 1 £ 3% [
HETF 52 5 20, I ABF 98 mtDNA £ APE & /4 fil &
Jr gb A v (R KT AR A B B AR T S ACRT SR 5RO
(IR Y7 I A5 B LAt 1T FL AT 2R 8 — o i 2R 2
FREY T APE 927,

ARG T A 32 4 3 I K o SR P S O
H PCR #E17 K 0, 25 3R W /R . APE B8 3% I 2% Ui 2
mtDNA 7KV 5 %950 & [ 43 J2 56 Z 5 Y1 Bl 25 92 0 1
W 43 2 3 BB 1ML U B9 miDNA JK 3B W Fh i, i
Uiz B mtDNA 7K F7E & fE 41 b e 411K S 4 R ik
HARRKEMR . W L EZ R A S E X (P <
0.001), ARNALICH %" ¥£ — T §ij b5 o4 BA 51 #F 5%
R, M G4l APE &% mtDNA Fl# DNA (nD-
NA) KU B 5 TR a4l APE B, 9F H mtDNA
J& APE BOE LTIk Sr W B 1. 2R IR AE R OX-
PHOS I bt s w] 7 A oK 1 480 Ay B I 2o 4
M TN AR SR AT, T mtDNA it
ZHBEAMRI . BE R I AR, B mtDNA H) B
AL 5 1 BURPE 249 nDNA 9 50 /51, O 4 B
FRW,APE KA, i Tl sl ik & A= 28, HSZ Ry
s 2023 py F o 3 v T ka3 2 BEL T & A= 3K B R i A
BE o M 5 | 762 A T AR 11 4 2 ke A, a0 T A A0 2 A 4R
] FE AL S EUR # SaO, TR, HS 5 ATP th
AR 4 B P T R 0T R T & K R
VL IR 19 4 B 98 E SN, 5 B0k R R 1 XL S A7 48
mtDNA M AZ 458 14 40 i R, AT A I 31 APE BB 3%
ML 25 mtDNA K3,

FDP 245 4t 25 11 () B fff 55 7 19 S0 FR . o D-D
S doCH UL | g5 A7 SR £F 4 B R AR, KO T
& AL AL T 1l 8 v S5 TR S N 4k Mk 2R s R gt
FEDEARY I #9547 BB L A O
R, Efad APE 8 A 6 72 B 5 D-D K 2
TEAH 56, I A B 6 B, D-D K Bk &, GEIS-
SENBERGER %" 58 % 8 . APE #.3 1L 3% D-D /K
S L B 7R S & A I R L AR S O LIS 2 T
B D IIRESZ BRI BN D-D KE R BES APE
B EREA &, I3 cTnT Ml NT-proBNP /K I+

15 A0 D) RE AR A OC B B 5T UE B L A 7 I S
Xt APE B E WA 4 2 KB E B A =200
Y, AE— 0K Y ] i BA 8 B 5% P % B APE R
HABEE WBC KV 30 d WIHFEZ A %, 4 APE
BHABE WBC>9. 8107 /L i}, APE 4 30 d N9k
FER f . Ik WBC FH5 . APE 3% Bl 5 8 7
LIU 25 i 5% % B WBC /K& b f APE 8 3% 4 B
WA RE5 RS fE N R, R AR, &fEdl
13 4 ¢TnT, NT-proBNP,D-D, FDP, WBC 7k °F Bj
B ARG A fd B4, (HAE 2 7 APE B, mtDNA
B R H T <TnT.NT-proBNP,D-D,FDP, WBC,
¢cTnT+ NT-proBNP, [l A BF 98k % 3 APE M 3%
I 2% 3 2 mtDNA /K F 5 WBC,D-D,FDP, ¢TnT,
NT-proBNP & iE # 5% (r = 0. 304, 0. 446, 0. 532,
0.673.,0. 666, P <C0.05), X — &5 J & W 1, 3¢ 7 =
mtDNA 7K [d] WBC.D-D,FDP,cTnT,NT-proBNP
— M5 APE %9 % P A O¢. R ROC il £ 1 4
mtDNA Fllfi PR # 48055 APE (1932 Wi {8, 25 % &
7~ I3 U B mtDNA 2 APE B9 AUC & 0. 955,
cut-off {H >} 557 copies/mL, e REE N 91% . 457
JER 900 s 75 APE 2 Wi J5 T, 3% mtDNA s i [
HoAth I PR H T8 br 5247 09 B 5 05 . L, miDNA 7E
Wi APE I, B 5 m i R U 58 5 0T LLSCh
APE 2 Wi i) — Fogh BLAE Yibr B4

MR ARBEFEAAEAE AN JE Z AL . AHF 5T Ry Bl
WFIE AR B AT BB A AE A S5 R 25 . R B S S
52 g v HE AT Z2 b L REEAR B BF T 1 2% miDNA
14 2k FBE R B 4 D BRI AT R H IH T T R BE S PR AKL (H E
FH I BR AL N Vs RS T B — L SOk T i
' T RE T Ty B8 32 Bt A8 & 10 2% U 25 mtDNA ALY
MU . Bl 5 5 A 2 0 AS I8 % R 5 78 5k bR i 75
Jepe sk T 36 2 PCR 50560 = 1Y g %, &5 X PCR
RN E UL PCR AR E MRS, Wit A
R mtDNA E Ry — T 5 B AE B 27 48 A, %35 995 180T
K e PEA

Zx PR, APE S8 3% 1l % UiF 2 mtDNA /K -F
1o s FE 5 P I 4 J2 T R A O I B mitD-
NA K047 B) T2 Wi APE. mtDNA b 1] /5 4 i
W APE 955 1f5 /™ 55 R B 1) — Fi b 5

S % ik
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