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[(HE] a6 Fr 40 IR S (2D PC-MRI) <& 2 W I 1 5 02 K A FRE Rt 3 K I 2 1 2= 0 T £ 7
P, DL ARRE XTIt sh B LR sl J 24058 . ek BEFF 2019 4F 5 A 2 2020 47 1 A 7EFR B 70 IE 2D PC-MRI
A ) I BAEWARRR IR 49 £, ICRWRSE (WORBREE | AR . BG4 ) o SRA 2D PC-MRI I filigh ik
FTMmiRsh %250, Wi EnEERE (PPV) | Ml ERE (PNV) | F¥MmiaE (AF) | SFRIE R
(APF) . “FEEyfai i (ANF)., {4 NAERE (ICC) XFHizhik £ T iksh S B0 T AN . A —2
P, (R B A BT AR S S il 3 ik 3 T i e sh ) 2800 GE, AR EWARZE (TR (3] <20 4F, n=24)
SEEWAHAE (AR =20 4, n=25) HEEMZIIKET MR =S80 ES . 4% MshbkET s h
S PPV, PNV, AF, APF, ANF fY41P9. 41[8] ICC {4 0.890~0.987, il —erk R4, WA ] -5 il 2l bk =
T PPV, AF. APF &A% (r=—0321. —0.350, —0.311, P=0.024. 0.014, 0.029) . 3 J& Il KA 2H fi¥ fili 5 ik &=
T PPV, AF. APF ¥IEFIEEERINL (P<0.05) o £+ 2D PC-MRIFZARREDS F T W I 1E H A [7] 05 A A
JBE X Aitish ok 2B 1 it i sh S 2E e, il sh ik 321 1R i i sh 12580 (PPV., AF . APF ) i WCAR S (] 28K iR IS,
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Evaluation of pulmonary arterial hemodynamics changes in normal smoking population by two-dimensional
phase contrast magnetic resonance imaging

MA Shuang-chun, LI Xin, CHE Si-yu, SONG Qing-wei, LIU Ai-lian, LI Zhi-yong"
Department of Radiology, the First Affiliated Hospital of Dalian Medical University, Dalian 116011, Liaoning, China

[Abstract] Objective To explore the feasibility of two-dimensional phase contrast magnetic resonance imaging (2D
PC-MRI) for quantitatively monitoring the pulmonary arterial hemodynamics in normal population, and evaluate the influence
of different levels of smoking status on pulmonary hemodynamics in normal population. Methods A total of 49 normal male
smoking volunteers who underwent pulmonary artery 2D PC-MRI examinations in our hospital from May 2019 to Jan. 2020
were included in the study, and smoking parameters (smoking intensity, smoking time, and smoking burden) were recorded.
The hemodynamic parameters of the main pulmonary artery were measured by 2D PC-MRI, including positive peak velocity
(PPV), negative peak velocity (PNV), average blood flow (AF), average positive blood flow (APF) and average negative blood
flow (ANF). Intraclass correlation coefficient (ICC) was used to analyze the intra- and inter-group consistency of hemodynamic
parameters. The correlation between smoking parameters and hemodynamic parameters was analyzed. The differences of
hemodynamic parameters between non-heavy smoking group (smoking time <<20 years, 7=24) and heavy smoking group (smoking
time =20 years, n=25) were also analyzed. Results The intra- and inter-group ICC values of PPV, PNV, AF, APF and ANF
were 0.890-0.987, indicating good consistency. Smoking time was negatively correlated with PPV, AF and APF, respectively
(r=-—0.321, —0.350, —0.311; P=0.024, 0.014, 0.029). PPV, AF and APF of the heavy smoking group were significantly
lower than those of the non-heavy smoking group (all P<<0.05). Conclusion The 2D PC-MRI technology can be used
to monitor the influence of different smoking degrees on the main pulmonary hemodynamics in normal population.

With the prolongation of smoking time, the main pulmonary artery positive flow parameters (PPV, AF and APF) decrease,
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especially in heavy smokers.
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MREIHZS &4 4 500 ZFRb G, Hrh RZ5
e RE R VE A, AR A A R . RA
FICAD S PR PE ) 0T, X BT 2> 3 B R MU 2
I8 R o i LA TR ) B L B T S AR
— EUAR R R U T B AR . A GE WL s A D il
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S, W5 & SO E A B ks A A DA AE
DR, BEOTEURDRS o Ak I -5 A sl Jp =i vy % i
BN R A BRI R

YR AR AR G R St 4R iR (two-dimensional
phase contrast magnetic resonance imaging,
2D PC-MRI) J2—RhHFIRIE B MRITJ5 5, EAH]
FIER R AL IR AR OGS, ToBI W L i N £
PeB R B A AR, TSR A Bl | (s
B RSBk FR, BB s R
UTAEAR, 2D PC-MRI MR Z g H T i3l K i 3
BT AR E SRS T ULV T 2D PC-
MRI X AN [7) 2 J3E IR AR A 30 ik L i 3 0“7 Ak
TIPS RS . ABFFEN ] 2D PC-MRIE B4l K
Ml D IE H W KA AR Sl K i s ) 2 i) 8 1, 1R
TN [ W X B sl K L 8 )~ R

1 FRFFE

1.1 AR % WS 201945 H % 2020 4F 1 A
FER T BB B i 25— = Be B4 7.0 IE MRT KA (1)
BN EE S . APRHE: (1) DREE
LBEIER; (2) TOEFARL; (3) FTTOHUE
FE. LI NS RGP (4) ToHEIR
W, mBRILAE S s (5) JosemaCo Ik D) RE A% = i &
s (6) JoHF. B . BE RGUM GBI Kb o
(7) REXLL AR5 (8) HARIKTI 5584,
WMEIG, #2m, A, DAETEES. HEBRis
WE: (1) AONEMRIAGAEZESIUE, EHISEA
Hob NS P B A (2) GRfR. R, &L
8% (3) BRI A Sk s ok Kz Kt
[i) A6 5 111 A E 58 W0 IE MRIAS #5455 (4) (O JE
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WAHZE, AW (B R, (1) . )
SREEE] (AR ) | MO (BRI B
AR ) =8 RIMER(4) X WA E (48 ) ¥,
A R R s T A PR 0 g AR H W KA (R R s
] <20 4F ) S EEW AL (WO MR =20 4F )
ENGIETST Fup N U r s N o Y R VS (L S A
Hiflt, A SRS B E R I R .

12 &5 F* KHEE GE A w Signa HDxt
3.0 T g Fe AR AL, O WE L 8 38 18 AH 45 B 4%
W2k B, AeC HL T T AP T 45 N #4700 JJIE MRI
o Aro ok AR A& i 3 P B & (fast imaging
employing steady-state acquisition, FIESTA ) ¥ %
HEAT I FR AR T ALK T BISCR AR, FEeiRim . K
T E L ARAS I B 3 TR BUE, SRS AR
7 B EE Mt 3 bk 32 T It sl kA | 2 om AR Fast
Cine PC JP I 44 R A Mt 20 ok == 1 il 3 A . A AR 67
FURIR I (1) o FIESTA JRSIME 250 &
S HFA] (repetition time, TR ) A 3.2 ms, [A] 3 A}
[d] (echo time, TE) N 1.1 ms, BN 45°, #i
¥ (field of view, FOV ) >k 350 mm X350 mm,
FEFE N 224 X256, JRJE N 8 mm, JZE[EEE A 0,
Fast Cine PC )75 iif4 2% TR N 7.3 ms, TE 3.7
ms, BHFEFH 20°, FOV 24 350 mm X350 mm,
Wk 128 X235, J2)Ek 10 mm, J2[AIEE R O, il
WHECH 1, HIBTAEA 60 S AH o

1.3 Mishhk £ T s h FAHME O Fast
Cine PC J¥ 41 % 1% % GE 3.0 T g IR 145 1%
i) ADW 4.4 J5 b PR T /ES,, R Report Card {2
EAT 09 A5 3 T o AR B P b T 2 g T Y
Bk X (region of interest, ROI) ili i fik 3=+ I %5 11
L, B A ZHTE 1 A0 RIS I AHIE S ROI,
AT XA T F B IE . B A SRR iR 5
T2 280 BRI EE (peak positive velocity,
PPV) . i [n] g {E il # ( peak negative velocity,
PNV) | ¥ (average flow, AF) | ‘F3
1E 9 IfiL 3% & (average positive flow, APF) | ~“F1y
LA & (average negative flow, ANF) .
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1 REEEE 2D PC-MRI flizh Bk 3 #3348 5 { B & Al 5h Bk = 2 4a AR 48 i T i B2 I S AR (i [
A K TT X it 8l fk S R AT R L, LR il 3l Jk R RE (5 5 B il s bR Al A i 0 K e o O e )= £
B, ER RSk T LA R S R 82 5 C Tl K R A IR el ) ) DX A i s ok = TR A SR BT T 5 D - fiti 3y
Jok T ARAL I, 153 B 22 A 4 DX Sk A i st Dk = b2 4 SRR T THT . 2D PC-MIRT: —ZERH 20 U REHEAR L fS

1.4 MEHTELHE B2 4.0 MEFREINTE
ANHGE R ELARAE BB OL R 23 i 2 it 2 bk 3 1l
Tl 1501 U WeAh, i 1 44 BRI A [R]
FORLRRRGHA I E, [RIRRAS A >1 S H o

1.5 St a3 W SPSS 22.0 Bkt giio#
I TR RS R H B EEA Kolmogorov-Smirnov
K AT IE SRS, 27 5 ES A DL X £5 IR,
Ay Ry a U1 D R v G G N U3 7 v Rl i L B 1A
) Fon. L NAICZEEL (intraclass correlation
coefficient, ICC ) Xfitizhiik 3 T 1 i 2l J1 2% S 45k
PN ZHIR ST, ICCIE>0.75 FRnHE L
PE#F . R H] Spearman AH G /3B PEAG W I8 2 8505 il
SRS 2= S E A G . JE WA 5
JEWG AR 2[RIt S il i 30 ) 2 S8 A, RS
I3 AR GORER AR ST REA e K258, IS 737 0 BER
Mann-Whitney UKz, f3a7KidE (o) 24 0.05,

2 & R

2.1 BMERE—AEFHEI IR ET R F
B LY AMERE B EA 49 4, IR 25~68

OB AE IS H (46.53111.62) % B 5k (174.67+
6.04) cm, /A5 Ky (76.99+10.30) kg, BMI Hy (25.17+
2.50) kg/m®, & 18 ALK (2.01£0.15) m?, LR Ky
(71.65+11.62) min ™", Mg M5 & 4 0.75 (0.25, 0.75)
£, WA B[R] >R 20.00 (3.00, 25.00) 4F, W 4 £ 4H
11.25(0.75, 22.50) 4F, filighfik £ T M sh Ji% =
BORBEI 126 1 RIS RZ5 R, PPV R (77.70£11.75)
cm/s, PNV }—23.00 (—19.30, —25.70) cm/s, AF K
(69.75+15.54) mL, APF Jj (74.74£16.04) mL, ANF
J9(—5.02+£2.37) mL.,

22 MiFRETF A D FHRKGEAN, MiE—
BT 2 24 ERVIINAS Al B ik 32 T i 8h )2
ZHPPV. PNV, AF, APF, ANF Y20 N, 41 [H]
ICC 7 0.890~0.987, Uil —PERAF, W 1,
23 BIALAKE MR E T IR A A4
KX W4HT Spearman A MATEE A IR, TR ]
Sshk FE T sh J1 2= 24 PPV, AF, APF &
Tk (r=—0.321, —0.350, —0.311, P=0.024,
0.014, 0.029) ;5 MM XHGRE . WA 7 4H 5 il 3 ik
F TGN I12: 48 SEO T . W3k 2.

F1 2 ZEWNESHERBESEEMNKETFTNRHNFSHHARN. AR—-HEFRER

n=49
i e
2H 51 Gl 52 Yt Iéﬂc‘j“ﬁ BT 2 1cC fii
PPV (Cm'Sil),)iciS 77.70+11.75 78.83+11.47 0.978 78.42+11.88 0.984
PNV (cmes "), M (0, Oy) —23.00 (—19.30, —25.70) —23.10 (—18.70, —26.30) 0.963 —23.40 (—21.10, —25.40) 0.976
AF (mL), x£s 69.75+15.54 69.63+15.80 0.972 69.91+15.51 0.987
APF (mL), xts 74.74+16.04 74.74+16.37 0.971 74.92+15.58 0.986
ANF (mL), x*s —5.02+2.37 —5.11+2.24 0.890 —5.02+2.35 0.919

PPV : IE ] DB 3 s PNV« £71 [ U (R0 B s AF P2 1ML i 52 5 APF : P-4 0E [n] if i 8 s AN : ~P-X5 671 [ 1l i 2 5 ICC - ZH N A DG

FHGM (O, Q) HALECR DU KL, B P oK)

24 AFEBRIAMAL FERIMMAZ A IR ET
R Eh A AR E T ARG TP AU R ]

fiti sl ik = F 1L sh 1124 S48 PPV, AF. APF £
AR, i EL WA s [a] SR S R S A, DRI SR
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F 1511 s VA L s s s AA25 R | 0= £ 5=
H(2440) SEEWANA (254 ) o FEERANH
B il sh Jhk = T 13 8 J1 24 28 PPV . AF., APF

K TARE WA (P<<0.05) , HFZHE] PNV
JANF 2R g 22 m X(PY>0.05), W33,

F2 49 BRERBIREREEMIKET MR NFSHERESEHE Spearman 18X 317

B RS R AR s ] g

= r P{H r P r PAH
PPV —0.037 0.800 —0.321 0.024 —0.178 0.220
PNV 0.096 0.510 0.135 0.354 0.132 0.368
AF —0.152 0.298 —0.350 0.014 —0.229 0.114
APF —0.124 0.397 —0.311 0.029 —0.197 0.174
ANF 0.049 0.738 0.069 0.514 0.082 0.574

PPV IE [ WEAFL I s PNV« 971 [ WEEL T 5 AF - VI LR 8 5 APF « P2 0 [ LY 8 5 ANF P-4 6 [ ff 3

3 FEENRAMEERRARRSEEMIIKETNRHNFSHLE

25 AEEEWANAL n=24 LA n=25 Geilfe P
PPV (cmes ), X% 81.21+10.60 7433+12.01 =2.124 0.039
PNV (cmes ™), M (Q,, Oy) —23.50 (—19.10, —25.70) —23.00 (—21.30, —25.70)  Z=—0.800  0.424
AF (mL), X+ 75.09+17.54 64.62+11.50 1=2.482 0.017
APF (mL), x£s 79.97+18.05 69.72+12.20 1=2.335 0.024
ANF (mL), x£s —4.90+2.28 —5.13+2.50 1=3.333 0.741

A E R ARIZEL < W P[] <<20 4 ; T BE AR ZH - WA ] =20 4F. PPV : IF [m] WEE 0 28 ; PNV« 7 1] W {37038 ; AF : P340 L3
5 APF P-E IR [ LR 5 ANF - P39 G i i i s M (O, Q) SRR DU, E Do %)

Jils 2y Jo 1L 38 21 7 2 9 ORI 9 B
TR ) S F AR, RIS R K
Oy il S B SR AR IR, R A
FOR R T B EE ALLAME, JFHRR AL &
DL b SCAbKSF B LR T3 55 83 S EAR A A5
W, SRR AT RE SN A . IR AR A A
FXHA B IR L3 B0 F1 24 2 SR T3 AR
F 2D PC-MRI J5 i3 18 fifi 2 Jok 3= 1 1l 3 3l ) 5 2
BOF X T E AT T AN Al — 2y
Br, S5 ERPTA ML 8h J124 S8 . 418
—HMER 4 (ICC{H M 0.890~0.987, 4>0.75) ,
55 Czerner % (BFFE 45 SARD . ASBFSE R 2D
PC-MRI J5 1045 (4 i 2l ik 32 1 1l 3 85 71 22 S 508
oS SckaoE O S R EO, (B R s
5, X ATRE S AREAN SR s R L D
J7 ORIRA

Sekhon 25 " 3 3t kB S 6 BIF 5T E S0 4 7T B
FERVE I S PR IR S5 # . Santos 251 7R 54 B8 1 B
FEVERTP FB RN D) BE 1 H B W AR Hh 34 & BT
VR LA R R e 3 g L LA i 2 ik P 2 1) A
PR R IR LT A TR S . AP S R BoR, )
R 1] 5 il 3l Jok 32 19 3h 154 S 40 PPV, AF,
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P¥J<<0.05) , $FE/RIGENIKIE 0 M. i
B A AR (B R 5 A 2 4, S N R, FEL
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TEARMETE D, SARE WL AE L, oA
BN ik FE T M3 7122 S50 PPV BRAIR, [aI4EEIIE
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25 R I AS I3 Bh ) 2, ik SRR AT 4
RUORAT, MeAh, ML AF . APF LK
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M, WA I A S, WAl e E A . W
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