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[Abstract] Objective Analysis of the factors affecting the accuracy of non-invasive prenatal testing.
Method A total of 441 cases were selected for prenatal diagnosis of amniocentesis in our hospital from
January 2015 to November 2017 due to the abnormal NIPT result (a number of test companies). Accord-
ing to the results of NIPT anomalies. the classification and statistics were carried out. Results The ab-
normal results of NIPT included 149 cases of trisomy 21 with high risk (116 cases of true positive, 78. 0%
of positive predictive value), 49 cases of high risk of trisomy 18 (22 cases of true positive, 45. 0% of posi-
tive predictive value) , 24 cases of high risk of trisomy 13 (5 cases of true positive, 21. 0% of positive pre-
dictive value), 81 cases of excessive number of sex chromosomes (54 cases of true positive, 67. 0% of pos-
itive predictive value), 53 cases of decreased number of sex chromosomes (9 cases of true positive, 17. 0%
of positive predictive value), 26 cases of abnormal number of sex chromosomes (9 cases of true positive,
35.0% of positive predictive value), due to the number of microdeletion/microrepeats was less, and the
statistical significance was poor, 59 cases were classified as rare chromosome abnormalities (7 cases of true
positive, 12.0% of positive predictive value). Conclusions The results of NIPT are affected by many fac-
tors (test company, gestational weeks of blood collection, age of pregnant women, BMI, etc. ). The sta-
tistical results show that NIPT is only a screening method, which cannot replace the diagnostic methods

commonly used in clinic at present. It has the highest detection rate for trisomy 21, but has poor effect on
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other types of chromosome abnormalities. In addition, NIPT has not been recommended for rare chromo-

some aneuploidy and microdeletion/microduplication screening. Therefore, before the NIPT, it is necessa-

ry to clarify the suitable population, strengthen the quality control, and further improve its positive predic-

tive value. The prenatal counselors should clearly inform patients and their families of the limitations of

screening methods and interpret the screening results in order to obtain further medical assistance in a

timely manner.
[Key words])

dromes; positive predictive value

NIPT (non-invasive prenatal testing, NIPT),
RPFI R B4 A0 J o 86 L E 25 40 8 DNA (cell-free
fetal DNA, cffDNA) 47 K MBS AT 52, A
M 2011 4F NIPT GEGIAG R, H A (8 ek
Fr ol R BE A FRFAIE AN SR DG . B B RO R 1Y
HEA . H T NIPT f 5 A5 3 B 2 A AU W4
REZAR QISR AE 18-S AR LA AE L 13-= k45
AL AL G P e 0 (AR R R IR 5 L A S
AR S B R R LR R AR B A . AR L B
& Ui A3 Y0 A AS W 9O 38 DD O R B gk — 2P
WESZ G R AT A5 4 . NIPT [ 1 % % 2 Fp A
B 5L — R T A bR UE TR A B NIPT
Tl PR A R

Wit 5 T 5 1 AN W i i s O B € 1R I . T 4 A
A Rk A IF A D I A RE R AR AR
JRUIRS T A 75 45 ) T 9 G L A I DR R S AR ik
RMEZLEAMER R RN 10 ~1. 7% ik
2 HCEE S LA R AE 7 I BOME R A IR A S LA
P D S 0 480 Bl DN B L 7 R 7 A
A AE LA B AR SN T 40 D0 AE Hh
P A e R B TR O T A S R s @O [
TARRAE A AFTE R R S W G B R . K25
¥ 01 #0745 % (copy number variants, CNVs) fift = ]
BRGNP, H AR cfIDNA T3k |
T 5 255 U 1 9 A X 77 T 3 A% 5 A X AR
R U AR T A B R B Pk A

ABIEFE ) H Y 2% 52 M NIPT 6 1 i A OC A
RAEAT oA . W HGSE TR Jon o o o 4 B 0 —
A B F M U

1 #MEHE
1.1 FEAR¥ER #2015 4 1 HE 20174 11 A

non-invasive prenatal testing; prenatal diagnosis; microdeletion/microduplication syn-

IR L NIPT 4550 5 (2 80 24 vk — 2 Tk
HET 0 BB BEAT 2 R 2E AT T2 BT Y
B IARRHE : OHR TG R AT IR ; @ F KI5, TG
TR ML 5 O A BTG G2 M P 35t 1% P P2 L G 1ML VK R 2 1% &
PRIP S K e S R B e s D A AR 2 4 R A2 4
U1 IV Jifs o A 56 Al 1 A= B R B 4T %

L2 #FRJE  WOERBE 5 AR B A G R
(B R AR PR TR YO L B4 iR L3
iz W] 2 JEE B NTPT 2% 24 R o i 28 R 25 3. iy
TN NIPT K ) 28 7 A [ 6 2 g 4 K 5
WG — WS AR SR T NIPT X F A 5] 28 7
Qo (AR H 50 1O IR AN AR A B NTPT
SEIRA RN W YR = R (21- =R 18- =4k 13-
MO R UK P S A K B i 2 v G 1K H i
N SR A SN CR G N L1
W45 R 5 7 i A A R BEAT N A . TR B WO
ZEAAAE Y | B R R 48 5 (body mass index, BMD) %
PR 3R 2 A5 59 T A 245 2R 1 s

1.3 St 48 SRH SPSS 20. 0 483t #4447
BT TR &£ s F25 . 4] A AR U 4%
PRI ¢ K000 o ® KB, Fisher 0 HE 2 54T 40 7 -
M P<<0.05 By G225,

2 HXR

2.1 HADA N REAMA NIPT 574 45 5%
B3 441 ], NHE—MRRFAE LR 1. X 441 i i o
A7 3 JR I 2 0 7 T2 W % NPT RIS Ji frs 2 ) 45
Wikt 2R5 0T, 11 5 H H FHE (true positive, TP)
%% - B A% U {8 (positive predictive value, PPV)
FI BH 4 2 (false positive rate, FPR) (& 2) , A< B



(PEPRZE2AECLFHO) 2019 455 11 55 2 )

FX T HHPEBIEC AP HER TS O & 45 R 5
FRHTIZ WA R 58 AT s @12 W4 A ol R R
(- NIPT 2 13 =K, i = Aii2 Wi 45 SR o 13 =1k
R BE B s @ FF 43 AHAT - 40 NIPT 255124 13 =
PP HTS s SR o =R i — 3 o 13- =44,
FFE LA B AT — S0 BP S F AP . BB P A 1 D
NIPT 5= /ii2 Wi 45 R A FF. NIPT 21-— 1K
AU L 18- = 4% &5 XU L 13- = 4% /25 XU | 1 e o 5
HmZ Mo EH R Rk E w5
U 4R S 1 O B3 30 R 149 1] .49 4] 24 ]
81 1] .53 il .26 5] .59 1] , e 2% 7 HiI 2 Wi i 12 1) 197 5
Iy h 116 4] (78. 0%) . 22 f] (45. 05%) .5 i
(21.0%) .54 ] (67. 0%).9 f] (17. 0%). 9 #
(35.0%6) .7 1 (12.0%) ,

BiE NIPT H AR K- 0 A B 42 &, 57 0L g% 4k
SRR B WA LT AT, AR5 NIPT &
PR DL Y R S8 59 1 (e o (R B H S sk DLk
AR5 RS W R ZUESE T B 5 O A A R — B0 1
TR, Rt NIPT FH T 25 0 g o ik 5= 6 1) 0 25
58k 5 Bt — L 5%

2.2 ZUSRAZHTHELREREND W

h T AR A I R R T 0 A 4 M R 5
M o NIPT 4278 21- = 4K (18- =14 13- =K D) K 44
e R S 1 441 (5] 8 3 R AR AT 0 43 Dy A < 1R
ZH (=35 ) FIIE 41 (18 ~34 %), E s 41 139 4],
L 2 A% B 3 B e A 45 2R 39 910 46, XN, 100
191 A e €5 1K F % A5 0K HL 5 0 A 45 SR R A 5 Ol i 20

243 1], = R 2 00 A% T 43 BT o A5 R 127 R
46XN, 116 i g Yo €0 (R Af A5 7k B 5 0 2 25 SR AH A5
(£ 3. Git2Eaai g% P=0(P<0.05),%
AR 1% 5 0 AT o R LA G R S BB Y
S NIPT WM RN R 22— Beoh, widl a2 K .
FPRRGEH 4y Hr it B P<<0. 05, fF1E S i % 5.
P UL, 6 F AR S =35 27 1 48 IR 10 4 4 77 B # kA7
B2 WT . A WE R Ge 1T 45 5 3 ] B 08 vk 1 10 AH
—3.

2.3 ZUBMLBIILAAZRAEREENS THES
REHEN T O T4 BMI X T 7= 6 i
B 5 L FRATT B LR A T 187 Bl 2R i Y
BMICH Ht NIPT 45 5y 8 UL e £ 04 IR 8 A% 04 5l
e o AR AR 22 42 105 () AR 4l BMI 43 25
W AT G (R 4 A A B 5T 3 i % G G L 3
Wi%E B /2 & B (nuchal translucency, NT), gt —
B UE NIPT X e 2 =l 4 A% i o A 0 iz FH A0 16
441 ] NIPT S8 B h REAL A A T 48 il 5 1)
FUNT %046 . o 6 4l NT=3. 0mm B 84 7 Jif
W ZAUESE 5 B AR A iR, H 5 NIPT 45 A
.1 Bk 46XN, 42 ] NT /NF 3. 0mm [ 3% 7=
B2 Wi i R S5 21 5]y 46 XN 21 f51) oAy e 2 A
f& A H'5 NIPT 45 5AH4F (3% 5) .2k i Fisher 4]
BER ST ST 4307 . P=0. 199(P>>0. 05) , A It , 4%
WFoEh 48 Bl iR & NT {EH 1Y 2 5 NIPT #6152
Wi %A Ge 2 X

RN BIRE

BB () Z 5 (D ZEWR (PO =R (O

xS 441 32.0745. 60 21.36+1.85 2.3241. 28 0.60+0. 68

CI — 31.54~32.59 21.19~21. 36 2.20~2. 44 0.53~0. 66

£ 2 cffDNA Hy=gii2 Wrgh #

c[fDNA n(fi) FHE (D BH P T3 € 26 BB PR (70)
21- =1k 149 116 78.0 22.0
18-= 1k 49 22 45.0 55.0
13-= 1k 24 5 21.0 79.0
Y5 R Bk H R £ 81 54 67.0 33.0
PE Y 4 1R % H > 53 9 17.0 83.0
MY (o R H S 26 9 35.0 65. 0
I YAl A S 59 7 12.0 88.0

it 441 222 — —




CFREPRIZWZ2E (B TRHD ) 2019 455 11 45 2

®3 RS NIPT EFRMN LR

AR () (O R/ ee/9 1% () TPf) PPV(%)
= 40 38.24+2.83 3.1141.27 0.96=0. 80 139 100 71.9
i i A 28. 663, 40 1.8440.94 0.40+0.51 243 116 47.7
F1{E/2 8.97 12. 48 14. 67 — — 19. 28
P <0.05 <0. 05 <0.05 - - <0.05

T il T NIPT AT 5 0 e 0 A 5 19 2800 14 0 A DD 500l » AR s b 500l 00 NIPT 3% 21 = 0 g XIS L 18- = 1A g XU, 13- = ¢ g XL

VA B e 0 1A S 10 9 R AT B

£ 4 Z BMI AT NIPT #6200 5%

cffDNA TP PPV

€7D €D %0

A IEH (BMI19~24. 9) 64 38 59. 4
B.#i T (BMI25~29. 9) 34 21 61.8
CHERE T 2% (BMI30~34. 9) 5 1 20. 0
D AEJFE 1T 9% (BMI35~39. 9) 1 0 0.0
E A% 3 IE i (BMIZ=40) 1 0 0.0

G = R AR NIPT $278 21-= 44 im KUK L 18-= 1 3 UG
13- = A i RIS LA B P e 0 A e i i 40 1 A7 2 1)

RS 480 NIPT @ KU A H NT (5" si2 W& R KR

CffDNA 16x1§f5§%;§§§1ﬁ1¢ P
<D ‘ i 0.05
: HCeH] D]
NT<3.0mm 42 21(50.0) 21(50.0)
NTZ=3. 0mm 6 5(83.3) 1(16.7)
3 itig

e £ R Al B A5 R R T B0 A% B B 1 32 2R
FETE 7 L b B UL B Y £ A AR B A 1RO 21-=fk
EFREGAHME) 18- =1k (Edwards 54 fE) L 13-= 4K
(Patau Zi 45 fiE) PR O (0 PR AR A5 1 . R AT 5T 36
B, 5 800 BT A= L A 1 B FRER & AE B LY
1115 FL B8 % — 2 BOR 1 T i 8 7= I i ke 22, e (6
PR AR # R30I & A S8 28 0 18 Jn s A DG BIF 98 R B0 F
—A 45 B IR M IR L E A 21- =R ZE BRI
W A& 1/350 0 L WFg R BT, NIPT Xt F 21-
AR 18- AR U B T 9900 X T 13- =R
R g 78. 6% ~ 91, 7Y% T 36 Tk Y 4k
3 5 U R BE (R B AR 0 . AR AT T — IR
UET NIPT % F 21- = A& B i 22 5 55 (78. 0060) L
W 18-=4K (45, 0%) 13- =R &A% A 21. 0% ., 2K
T AR O T R RE A BF 5% 5040, A A 9 v 21- = AR i o
B R AT SR A 4 LT B 1 J R S DL LA
Jrif . @ NIPT A i) 28 & AS 5] 5 o i %6 AR i) s @
cIIDNA (144 B 52 5 1L 4 J& 1) 56 0 22 J) b /s 25 5

F HIDNA ¥ AR, 52 M NIPT B i g 2%, A 5%
Hh BT AN A B 1 R I 2 T R AT O 42 40 AR i BMI
b R ffDNA He BE DL K& NIPT i fiff 2% (1) 51 22
HZEM BanAmF s o 1 G0AE k1T 9 fn 1 5 4% 52 e
WEZE IR B T 0t 45 NIPT 938 B 3iE » 3 5% T 15 BE
PEMZE SR . PR 76 77 1 0 A RS W7 op % ik — 4
5 S ) AL i/ B R B R e A B
bt NIPT ZE I R W sk fr. ok, 56 F
NIPT X - e o A =l 5 1 o iy 23R 35 A1 19 D 1R 4 7
£ 08, AT RE Y I R 2 NTPT 6 # 19 38t 1% 15 5 B
cffDNA K 5 T 16 £ 77 2 40 I i AS J& BOE iR L
MM DR YA AR Y A A R BR A R i
i 2 2 NTPT {5 BH o i A B PR 25 21 BT AL i
2 NIPT §fi £ A6 % F 1% 56 4% 7 43 B 1 Jmy BR 1 22

HaiH NIPT T 0 25 fl Bk 2k L 3 &2 28 B AR
FURAUL . AR T A5 B A A0 A, K 2 80% W1 3L
Bk M ER G A AR Z AR E KL, A U5 IA
o NIPT i 5 45 5 1 el dike 2% BT 2 255 45 A0E ] DA
R W B P TS T LA KU D I R B SO B Y
CNVs 3 A SRR T 38 % 5 W g b o
e R @A B A R . R 1T (A 1 HE A L I A R
W AS A 211 70 A2 A 50 LA F B SEL A R L B
fHE . ABEFE 441 ) NIPT &5 KUK 59 41 2 5
UL AR B SR 5 CN Vs, 77 BT 12 W B 4 iF 52 7
BIFFAE S H 5 NIPT 45 3t — 3. 4 fl 718 5 % H
5 NIPT 4554/ —% . NIPT Xf F 5% L 4 ¢ fh 5
G B R A, S ARG STk 28 — 3 . B T ARE
U > H CNVs [ 5 & 4 R, R k. 4
AHEVEHA NIPT 3 — 45 dek i A 1 . e 40 A
KAem H AT AN HEFE S NIPT T 0 & 7 A
CNVs, U T 4 & i CNVs, B, xF T 3% #%
NIPT SE A7 ik 2 A 5 A2 255 45 AiE 0 i 1) 2 4 o I 4



CHREMRTIZWI 245 (R0 ) 2019 4E55 11 4555 2

N NIPT £ AR B i Jey BR A DUGE B8 4 1 2R 17 35 1%
BT AR,

P B A B0 I R R A T L T R . AR
WEIE h E WA 240 & SR Y 35. 8%, NIPT 5 UG Y
o I 21 2 30 5 0 W 2 2 00 e A e B R S 5 A 1
BRAFTEG 55 P=0(P<<0.05), &40 i 4
R B R R A B I A . B L AR 5T A
g NIPT % = H& A% 0 ™ 1l i 25 A % AR KA 0 34
ACOG 57" NIPT & T 35 % L | Jir 242
18R R E H AT JC A G R S w7 R B
e (B 2R [ e % 25 b L 8 B AR 2

S AR TR GE W i A 7 v NIPT A5 £
(O3 it ELREE NIPT £ AR K i AS W7 48 - HoAe
P HTR A oA A N R N AT R 4R X
— B AR AR RS B ) B X I R TR R T MR K
(R o R I AR v B T R 9 ) A N )RR
R @ 45 0 NIPT §ifi 2 14 Jay B 1 DA B A ey o s s 2%
BB E W TAED . NIPT HEi R 22 T %
LG £ R A A A D Bk e ik S i i . X
Tl 2 R A 5 A AE DA B DL e R S Y O A
ARFE— IR, W E UL ARSI B
It H AW AN K U5 T 2 & NIPT Kl 28 w) . A5 98 75
B 2 W B AT S

2 & X #

[ 1] Sparks AB,Wang ET,Struble CA,et al. Selective analysis of
cell-free DNA in maternal blood for evaluation of fetal triso-
my[J]. Prenat Diagn,2012,32(1):3-9.

[ 2] Bianchi DW, Parsa S, Bhatt S, et al. Fetal sex chromosome
testing by maternal plasma DNA sequencing: clinical labora-
tory experience and biology[J]. Obstet Gynecol, 2015, 125
(2):375-382.

[3] Benn P, Cuckle H, Pergament E. Genome-wide fetal aneu-
ploidy detection by maternal plasma DNA sequencing [ ] ].
Obstet Gynecol,2012,119(6) :1270.

[ 47 Palomaki GE,Deciu C,Kloza EM, et al. DNA sequencing of
maternal plasma reliably identifies trisomy 18 and trisomy 13
as well as Down syndrome: an international collaborative
study[J]. Genet Med,2012,14(3):296-305.

[5] Rose NC,Benn P,Milunsky A. Current controversies in pre-
natal diagnosis 1: should NIPT routinely include microde-
letions/microduplications? [J]. Prenat Diagn, 2016,36(1):
10-14.

[ 6] Helgeson J, Wardrop J.Boomer T,et al. Clinical outcome of

(7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

I EE 4

subchromosomal events detected by whole-genome noninva-
sive prenatal testing[ J]. Prenat Diagn, 2015, 35(10): 999-
1004.

Pescia G,Guex N,Iseli C,et al. Cell-free DNA testing of an
extended range of chromosomal anomalies: clinical experience
with 6,388 consecutive cases[ J]. Genet Med,2017,19(2):
169-175.

Wapner RJ,Martin CL,Levy B,et al. Chromosomal microar-
ray versus karyotyping for prenatal diagnosis[J]. N Engl J
Med,2012,367(23):2175-2184.

Driscoll DA,Gross S. Clinical practice. Prenatal screening for
aneuploidy[J]. N Engl J] Med, 2009,360(24) :2556-2562.
Morris JK, Mutton DE, Alberman E. Revised estimates of the
maternal age specific live birth prevalence of Down's syndrome
[J1. J Med Screen,2002,9(1) :2-6.

Savva GM,Morris JK,Mutton DE, et al. Maternal age-specif-
ic fetal loss rates in Down syndrome pregnancies[ J]. Prenat
Diagn,2006,26(6) :499-504.

Canick JA, Kloza EM, Lambert-Messerlian GM, et al. DNA
sequencing of maternal plasma to identify Down syndrome and
other trisomies in multiple gestations[]J]. Prenat Diagn,
2012,32(8) :730-734.

Dan S,Wang W,Ren J,et al. Clinical application of massively
parallel sequencing-based prenatal noninvasive fetal trisomy
test for trisomies 21 and 18 in 11,105 pregnancies with mixed
risk factors[J]. Prenat Diagn,2012,32(13):1225-1232.
BEAE, T, BORGE, SF. ZEIAEIS (2P TR R MR T 4R RO 22 1
AN A b i JLE B DNA Bl [J/CDY. v [ ™ 15 2 Wi
J BT » 2017, 9€03): 5-10.

Chim SS, Tong YK,Chiu RW,et al. Detection of the placen-
tal epigenetic signature of the maspin gene in maternal plasma
[JJ. Proc Natl Acad Sci U S A,2005,102(41) :14753-14758.
Song Y, Liu C,Qi H,et al. Noninvasive prenatal testing of fe-
tal aneuploidies by massively parallel sequencing in a prospec-
tive Chinese population[ J]. Prenat Diagn,2013,33(7):700-
706.

Petersen AK,Cheung SW,Smith JL,et al. Positive predictive
value estimates for cell-free noninvasive prenatal screening
from data of a large referral genetic diagnostic laboratory[ J].
Am J Obstet Gynecol,2017,217(6) :691. el-691. e6.

ACOG. Committee Opinion No. 640; Cell-Free DNA Screen-
ing For Fetal Aneuploidy[J]. Obstet Gynecol, 2015, 126
(3):e31-e37.

Lewis C, Hill M, Chitty LS. Offering non-invasive prenatal
testing as part of routine clinical service. Can high levels of
informed choice be maintained? [J]. Prenat Diagn, 2017, 37
(11).:1130-1137.

(ks B #1:2019-04-21)
Yt i« SR SR



	封面a
	产前19N2 ML
	产前19N2
	封面b

