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Improvement of Predicting Preeclampsia with Onset at <36 Weeks of Gestation

Using Normal Reference Ranges of Angiogenesis-related Factors:
Development of Onset Threshold of sF1t-1/PIGF Ratio

Akihide OHKUCHI
Department of Obstetrics and Gynecology, Jichi Medical University School of Medicine, Tochigi
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AT 4% &5 1M T JiE % #¥ (pregnancy induced hyper-
tension ; PIH) ¥ H1#E, & & 2R & I & B
(preeclampsia ; PE) PANE DS S BIRE SN TE
7oh, RDFEVLV. BEERRET, TRPHO
= B R 0 O O I B PR R P T L X
Vo, ML I Hr A B E R S5 A%, PIH RIE T
MAFELTREFENREINTEBED, £
NOEHWFHEDMETE S LI R WY,

MEFEFERFIZOVTUTARENTE
7z. vascular endothelial growth factor (VEGF) 12

i3 VEGF receptor type 1 (VEGFRI1, fms-like tyro-

sine kinase-1[Flt-1]) 8 & U VEGF receptor type
2(VEGFR2, fetal liver kinase 1[Flk-1]) ® 2 & %8
DZEREH Y, MEFEICHEEL -4

S2MEOSERENLTREETA (K 1A). pla—

cental growth factor (PIGF) I&, #-aRH ZGHE C i

EENERVEYTHSED, Flkl ITIIHEEET,
Fit-1 lCOAEEL Y 5. F72, ki3, KB
5 soluble fms-like tyrosine kinase 1(sFlt-1) A% B
£ EN LA, sFit-1 ikid @ VEGFE B8 X U PIGF
ICHEET 5L, free VEGE B & U free PIGF %%
PF 570, MREIZHEEL Twb VEGFRL B &
O VEGFR2 IZ# &9 A VEGF B & U PIGF 2% %
BLT, MR EZ & - L1585 (M 1B). £,
RIS, BRSO REE SN S sFIt-1 OILFRE
NEME I % A L, I placental growth factor
(PIGF)EFMET$AZ &7, 20X ) RIRED
v MCPEMREARESE LT LY soluble
endoglin (SEng) MARENEMEIC R 5 &, FDH
sFlt-1 L AFEMICE &, MENKEEIMAE SN
LI EENRDbIhoTERY. Hed, ZEE SFit-
177/ 94 NVARY ¥ —%BALI<T X PE
EFNVERELL, FO 7 AAND PIGF #%5 Tl
EPMETTA2Z 2D TRLA(EIC~F).
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[#£1] FIREIMERBE (preecelampsia, PE)D Y X 7 HF
— IR — Jm s
-2A — I JE = E
- B%E L - FEBIRMFAEERZICB T 5 SRR EEORY
— B MLE R IR mean notch depth index (mNDI),
- PE K& mean pulsatility index (mPI),
—PIH DBEfE mean resistance index (mRI),
—-¥ERIE, BIJE, SLE, #tY Y IRERERE, B bilateral notching (BN), etc.
[ELES ~ I AR T
~%h - sFlt-1 754,
- PIGF 1 1#,
- sEng &l

DX )T, RBFEIER O sFlt-1 518, PIGF & 1H,
sEng BfEA PIH BIE ISR DB Z ARSI
T, ThHMEHFERERTFIZ L5 PE RIETH
bHEINTEL LrL, EL4ORTFHEMTO
M 1 A BE M (positive likelihood ratio s LR+ )13
<10 RS ERABTIE RV (K 2A)™. 72, ME
FAERT-UAN O £ O BARK F % BV 72 PE 74
ELMEEINTERLD, wihd LR+<10 &K
CEAWTIE WY,

Faix, LREMEFERERFIZ, EXEEPE
WL, BEAPE CIIEFED S ORBIED &
Dz xR L2(K2B)Y. S H5IZEF3
HoOWEMHICES V2. DPEXEET S [PE
AR L (K 2B 1 KWiER), mi ol
BEHAMERNTOIEEEIORESND [RE
] Tid% < [PE RERMME] ¥4 PE FHIEED
BWOTR RV ?2)FMY 27 HTF 2 lA
EhEEERETFIVH PE BIEFHBE Y &E
BEDZDOTERZP?NEEEET VLD D,
KK+, PIGF i, sFIt-1 BELFHEEE = &
REARLZIE TN Y A7 ER 28 Y AT “three-
step approach " O A K ) ZhEM 2 FHETIE
e ? PLE 3 FBEED 72 OISR T & A X
L7

Hi% 1. ELISA 3&IC & B 1M7E sFit-1, PIGF, sEng
REZR T, 3R 36 ARBRAEDITIRS ME
BAEDFAEFH (3 — b RAEBIXS ERFRFE)

1. sFIt-1/PIGF e PE HiERE
(% & HiE] 2004~2008 4612, 1R 1,724 445
5 RE 28 CRAKER (FIFE - B0, F£#, TIRER

W7z HEHEOMEL NV H VT L0 il
L7z iR O F = B IR M 5T # B I 2 O mean
resistance index (mRI), mean pulsatility index
(mPI), B XU, mean notch depth index (mNDI)
#EH U 7o iR R (AR 19~25 38) & iR
B (AEdR 26~31 38) IZERIM L 72. 24K — b, PE
% Z835E L7z 36 44, GH/PE 3 smallfor-gestational-
age (SGA) 2 b FIE L 2 2 o 72 IE ¥ I 400 4,
BLO, RERERICEEEE - M/ Sz PE
I 15 51 44 12 2 W T, ELISA ¥ C Il i sFlt-1,
PIGF, B & U sEng iREZI%E L72. ABIZETII,
sFlt-1, PIGF, sEng, sFlt-1/PIGF licoWwT, #
o O PE BEREDS, PERIETFHRF L LTR
YHhBPEREEL 72, 2O PE RBERMEZ A7
WE D 36 BAMIIE PE ORRETHEE, ZHETL
72. LR+ =10, J& & (sensitivity ; SE) =>0.80 ® ¥
A2, PEFHANLEE L THRIRMEHE &V EH
WL 7z (12 3).

[H#&] ELISA 3Tl L 7 sFIt-1/PIGF 3 X
OV sFIt-1 124, TS RERE] 2 L2 (R2C, 2
D). ZDOZAERE % 2 72 sFIt-1/PIGF } &R L
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(sFR-TBERRETI) - l
1000 3
3 * A °
PEHAE E
&ME § 00 YN _:'_
FER 2 . S S
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] S S 2 <t
. W
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[RORSFARRT T/ DL ARG E— |

Control

3x10% 1x10° 2x10°
n=9 n=6 n=6

3x100 1x10° 2x10°

n=7 n=7 n=6 n=7

E F
i} ETITIR
ﬁg%,igfm’; ggﬁ ~e VEGFET[XPIGFR BIC LB MEDEL
EEEN ' £ . . al 120 7
050rL5  8Sor9s 14501155 16.50r17.5 —~ 100 -
t ottt ¥ I
Mating Ad m-sFit-1 BRAES B E 80 1
28M 2x 1?’PFU :;; IE |
e ( TMVEGE,, 100ua/kg ) g &0 —e— Ad m-sFit-1+ Non
TmPIGE2 100k/ks ETT —m—  Ad m-sFit-1 + Vehicle
B —a— A mesFIt-1+ rm VEGF g
% %@ 20 4 —e— Ad m-sFlit-1+ rm PIGF-2
0 .
m&fmz mz;ut MEE;E MENE 5 0 S e 10 15 20
PR
m; &fm *:P<0.02 1
Mating AV-sFlt-1iv. VEGF/PIGFi.p.
(1] sFlt-1 77/ 74 VAR ¥ =2k 3<% AFRE T EEE TV, 8L VEGF,
PIGF i X % If%: b AP %) 5

A. VEGF, PIGF, Flt-1(VEGFR1), Flk-1(VEGFR2), sFlt-1(sVEGFRI1) & D%

B. sFIt-1 28 CH¥ML72HA Flk-l BEOFItl 2A LY 7 FAPBRIT 52 E DB
C.wYASFIt-l BETF/ 94 VARY ¥ —IZ L B IIRE LEEEE 7V

D. sFlt-1 BEEHEFNVIIBIT 2 RIPFHEOE(L

E. R IEBHE € 7V ~® VEGF % 7213 PIGF O 5-£Bo7a b a—n

F. IR & ILE BHE € 7V ~D VEGF % 7213 PIGF 512 & 2 P ME D1k

DEHFHEFHT 29 2 TEHTH LW EMEA
R N7z (K 2E). 4R 26~31 3B sFlt-1/PIGF
D IFERE] 2hy A 7L L84, TR 36

72 PE TlX, #NKiGD sFlt-1/PIGF #7587 PE
LB LT, AEICPERIET COHBEL2 -
722 &5, sFIt-1/PIGF .o PE BERK iz PE
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-sP 1-5P
O 1925wk
@ 631wk
mEHERERF PEDREREK
AR PiE
tog, §Fit-1 -0.494 0.002
logy PIGF 0.598 <0.001
Iog1 Eng -0.381 0.022
Iog,‘ dsFIt-ﬂPIGF) -0.703 <0.001
SDS of log, sFit-1 -0.799 <0.001
SDS of |091 d’IGF 0.726 <0.001
SDS of logy Eng -0.865 <0.001
- 0.869 <0.001

SDS of Iog1 0(sFlt-1IPIGF)

E

sFit-1/PIGFLL DPESEERME L PESIEE TO M &
DR

ﬁ Mean = SD
10
) T P<0.001
Q 8
e
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£ i
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STAEY
o EWMLEN

Onset <36w PEREEFHID1—SP, SE

1.0
" 5 08
19-25:8 DR M 26-31@D1FMm

O sFit-1 O sFit1 0.6

©
PIGF O PIGF %)

® SEng @® stng 0.4

® SFIt-1/PIGF @  sFI-1/PIGF 0.2

0.0

(2] ELISA ¥ : sFlt-1/PIGF H.® PE %4 B
A, T A B N - BT O ik 36 JH R RIED PE ORIEF A

B. (] L1)PE BIEHOIME sFIt-1 18, ()5L)PE BIEH DM PIGF 1, (X TF)PE BIEH DI sEng 1, (5 F)PE RIEHE
® sFlt-1/PIGF ke
C. I P4 M8 T B (raw data O, BXU, #d SDS fl) & PE OREEEK & OIEBEBRI

D. (2 L)sFlt-1/PIGF k@ SDS & PE ORAEAE L OEIRER, €D 25% B LI 975% BHEXE. 25% EHEXMOEEN

old of sFlt-1/PIGF ratio T& 5.

sFlt-1/PIGF . & D B35,

(£ L) onset threshold of sFlt-1/PIGF ratio % raw data IR L7223 .
(F7F) ar— MHIEREE 400 51 & onset

E. sFit-1/PIGF . PE RJEMfE & PE FHE £ TOHIRM & OB
F. 14K 36 :BAK#HFEHED PE FHID 1-SP & SE.

26-31w; SFILPIGF
SP: 0.990, SE: 0.36
LR#: 38 (11-132)
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[FHOEFBELTEELD(E3D]

1. BHELEL (LR+)
LR+=SE/(1-SP)

2. FiE (SE)

3. [BiErhE (PPV)

(ERERRYE AtEHY LH T 5E %]
« LR+210
c 25~49.BEOTHRE

+ 5.0~9.9:hEEDFTHEE

« 10.0LLE:EEOFHBEE

(Conde-Agudelo et al. Obstet Gynecol

2004;104:1367)
+ SE=20.8
+ PPV20.2

H P ak65%11%

By

06

SE

04 |

02

00 02 04 06 08 1.0

1-SP

%

1 10 100 1000 10000
LR+

(M3] 3onFmisEs, BWKRNAREDER

BRBGFAED PE O LR+13 38, SE 13 036 TH -
7= (K 2F).

2. 3ZEETI

[xF% & 4] sFIt-1/PIGF F o PE %82 Rl &
WMRIEZFE L. AFETIE, ZEEEFVERHW
e @ 36 AKRMFEIE PE OFIETF AL, ZMETL
7.

[4&] £ZBESE TV G, IR IEREE
oMM, BMI, ¥FHmE, B L& UIME sFit-1 8
(44 26~31 8) O A E bEH IR 36 B AR5
JE PE A2 & B C(X4A, 4B), # O LR+
42,SE 12 082 T&H - 72 (1M 4C).

FEI. ECLIA ik GFBBIER) (T K 5 M3E sFit-
1,PIGF # H\ /-, RI#% 4 BELURICHEET S
imminent onset of PE #AE-FH (25— MAE)

1. sFit-1/PIGF Lt ® PE #IERE

[xF5 & ] BRge 1 Lt &IEREES 28, Mg
RIS NIIEFN OV T L 72, $XTO 3
A — M (AR 19~ 25 5B HR I o £ 47 1,199 B, 1T

% 26~31 BRMOLELE 798 B, D95 H 34 i
PE 23%4E), B L, EEBRBER I RS - 8
I3 N7z PE 0§ 34 4122w T, ECLIA Tl
¥ sFlt-1 & PIGF g & 2ll%E L7z, AKBFFE T,
outcome % £ DILHE 36 MK HIAE PE 705,
Mm% 4 A LLNIZFE $ 4 imminent onset of PE
\ZZEFE L, sFlit-1/PIGF }o> PE SiERIE % #ad L
72(K5A). LR+ >10, & JE (sensitivity ; SE) >
0.80 12 /M 2 T, B M #Y H 5 (positive predictive
value, PPV) =020 ®3&12, PE FHIEE L CHi
RHA A E &Il L 7= (1X03).

[B4&] ECLIA % Toatll, outcome % immi-
nent onset of PE ~ % & L 72 #% &, sFIt-1/PIGF
o PE BEMMEE V73546, ik 19~25 4,
26~31 HAOWTNORIRICBWTDH, FHIFES
E5ZmEL7 (™58, 5C, 5D).

2. 3XEETIN

(%% & %] sFit-1/PIGF K. PE &#E R &
SHRIZFE L. RFFETIE, SERETVEREL
7o, ZEEBETFTVOMERICIE, THEEMNERRED
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A
Z2ZEBETILOROCHER (19-258)

10 10

08
Y 0.0574 06 = 0.0951

€ 5 | Previous history of
Previous history of GH/PE+age+MBP
GH/PE+MBP+sFlt-1 02 | +sEng
AUC=0,917 AUC=0.930

X
00 02 04 06 08 1.0

08

06
SE
04
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0.0
00 0.2 04 06 0.8 10

1-5p 1-5p
19-25B Dski-EF L 5% BET)VICLH0nset <36w PEDFIERER

y = 2129 x, (if previous history of GH or PH is present, xy = 1) + 0.122x, (x,;: MBP) +
5.624 x, (x3: $Flt — 1) — 33.290
o
P= e
19-258DsEngfBE ST S L RE T LIk BOnset <36w PEQRERE

v= 1612 1, (if previous history of GH or PH is present,x, = 1} + 0109 x, (xz: MBP) +
4.006 2 (xy:SEng) + 0.192x, (x4: age) - 23.343

-
P= e

B
ZZRTTILOROCH# (26-3138)

10 10

08 {—I 08 ,—‘
K0v157 KIZU:!G

05 06

04 | Previous history of 04 | Previous history o
GHIPE+BMI+MBP GHIPE+BMI+MBP

0.2 +sFit-1 02 +sEng
AUC=0.931 AUC=0.940

00

00 0.2 04 06 08 1.0 00 02 04 06 08 10

1-5p 1-5p

26-3EDsE-1{EF AL S ERET ML BO0nset 36w PED RAEHE
y = 2.656 x, (if previou: s history of GH or PH is present,x, = 1) + 0.082 x; (x,: MBP) +
4441 x3 (x3: SFUE = 1) + 0.219x,(xy: prepregnancy BMI) — 32.023

e
P=rs

Z
19-25 8 DsenglE# B $ HRET IVITHBOnset <36w PEQ RHAERR
¥ =2.657 x, (if previous history of GH or PH is present, x, = 1) + 0.090x; (xu: MBP) +
3.954 x3 (x3:5Eng) + 0.192x, (x4: prepregnancy BMI) — 20.934

v
P

+e?

19-25w: sEng + PH
PE/GH + age + MBP
SP: 0.94, SE: 0.84

192580%M  26-31:808RM 08 @ Re18(0220)
O sFit-1 O sFit1 i
° 0.6
PIGF O PIGF % 26-31w: sFIt-1+ PH
PEIGH + BMI + MBP
®  sEng @ sEng 04 5 sp;o,g;,se-o,&?
i

® SFI-/PIGF @  sFIt-1/PIGF LR+ 42 (20-88)

%000 05 04 06 08 10
1-SP
[X14] ELISA ¥ : 4ZEBEFL

A IR 19 ~ 25 B sFIt-1 B & O sEng Z W% %E
BEFNVDOROC M, BLY, HEEZRDLZDHD
FHaER

B. #4% 26 ~ 31 D sFlt-1 B L O sEng # V724 %
BEFVOROCHE, BIV, HRERDLLHDOD
HEE:W

C. 1R 36 HRWFHIED PE 41D 1-SP & SE.

LZEUI AT 4 v 7 BIRGIEE 7.

[5#&] ECLIA #To#Hil, outcome % immi-
nentonset f PENERE LR, $EEET IV
H25E, Tk 19~25 8, 26~31 BoOwVwTh
DBV TH, PHBE S LI EL (K
5E, 5F).

YIURITA2 2609

3. three-step approach i%

(X4 & J7i%] sFlt-1/PIGF ko> PE i B il &
MNRIEE L. AFFETIE, first step T, THEEF
(#- 4% 20~23 WO I F L X)L 25 120/80mmHg LL
L, HBviE, BT PIH BEEO VT AR
FUT 54, second step T, ECLIA & Tl
L 7-1m4E PIGF i2J¥<5% fE, # L <, third step
T, sFIt-1iRE=>95% L, Thbonki#ErHwv
TNA ) A7 il & NEKRAL Y #A¢e [three-step ap-
proach ] % 7234 ® imminent onset of PE
(PRI 4 AR AN FEE) OFIEF HaE % et L7z
(K 6A).

[Bi#&] #Hi#iETdH B three-step approach %12
& % imminent onset of PE FH1#E TlZ, third step
B THRERL 4% 2T TRV AL I EPTE
72 (K 6B). #E#k 19~25:8, 26~31 BAOWVTIhD
RO B W TS, LR+ >100, SE>0.80, PPV >0.40
TH Y (H6C, 6D, 6E, 6F), &HIT, A7 —
SVZIETLIAXA MRS ICRRTE (R
2).

HREISSIUCHARIDEE

RFRIZBWT, UTO3SHMEZ RH L7
(1)ELISA #:CT#Hll L 72 sFit-1/PIGF Hici%, [PE
AERMME] 2SFEE L, MEUR26~31 8T, ik 36
BERWGIZHIET S PEOREFHEEL LTHEHT
& - 7. ECLIA % T&HM L 7z sFlt-1/PIGF Hi
b, [PE ZRERME | 29712 L, 8k 19~31 HDJL
W#iPH ¢, imminent onset of PE D FEF ML &
LTHHATS - 72" (2) KT & ELISA & T
ML 72 iE sFIt1 i & 2 AR DY S EET
TViE, R 26~31 H T, IR 36 BEREICHRE
$5PEOFMEL LTHEEIENIFFEELRL
729, BHMKRF & ECLIA #CEHA L 7213 sFlt-1
e zMAGDLELSEREET VI, HIE19~31
LR VELB T, imminent onset of PE D FIEF
Mgkt LTERTH - 72, Q) BERETF & ECLIA
FCEHAN L 721 4E PIGF {88 X OF sFIt-1 B & 2
HE 7 [three-step approach ] % A%
L72". ZOHFEIZ LR+, SE & QICERBKRL X
VOREZRLDD, 361, A7V —=r71C
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Synopsis

Although many prediction methods for pregnancy-induced hypertension (PIH), especially
preeclampsia (PE), have been developed, there are no clinically useful single markers, whose positive
likelihood ratios (LR +s) are =10. LR + s of maternal factors, such as primipara, obesity, past history
of PIH, family history of hypertension, blood pressure levels, and uterine artery indices are all <10:
and LR +s of angiogenesis-related factors, such as placental growth factor (PIGF), soluble fms-like ty-
rosine kinase 1 (sFlt-1), soluble endoglin (sEng) and sFlt-1/PIGF ratio, are also < 10.

In the first clinical study, we developed a prediction method of PE with onset at <36 weeks of ges-
tation using the onset threshold of the sFlt-1/PIGF ratio at 26—31 weeks of gestation and using mul-
tivariate models containing maternal factors and angiogenesis-related factors at 19—31 weeks of ges-
tation, which showed LR + of >10. In the second clinical study, while changing the laboratory meth-
ods from enzyme-linked immunosorbent assay (ELISA) to electrochemiluminescence immunoassay
(ECLIA), we developed a prediction method of the imminent onset of PE with onset at <4 weeks af-
ter blood sampling during 19—31 weeks of gestation, resulting in improvements of LR +, sensitivity
(SE), and the positive predictive value (PPV). In addition, we developed a three-step approach: the
first step is a positive selection using either blood pressure levels of 120/80mmHg at 20—23 weeks of
gestation or a past history of PIH, the second step is a positive selection using plasma levels of PIGF
at 19—31 weeks of gestation, and the final third step is a positive selection using plasma levels of sFlt-
1 at 19—31 weeks of gestation. This approach resulted in improvement of cost performance while
showing LR + of >10, SE of >0.80 and PPV of >0.20.

In Guideline 2009 for the Care and Treatment of Hypertension in Pregnancy (PIH) (edited by the
Japan Society for the Study of HYPERTENSION IN PREGNANCY), the editors clearly concluded
that there are no clinically useful ways to predict PE. We tried to solve this difficult clinical problem
by the following 5 approaches: first, the outcome was changed from PE to PE with onset at <36
weeks of gestation, and imminent onset of PE with onset at <4 weeks from blood sampling at 19—31
weeks of gestation; second, cutoff level of the sFlt-1/PIGF ratio was changed from normal reference
ranges to the onset threshold of PE; third, multivariate logistic regression models using maternal fac-
tors and angiogenesis-related factors were introduced; fourth, the measurement method of
angiogenesis-related factors was changed from ELISA to ECLIA; finally, concomitant measurements
of sFlt-1 and PIGF were changed to serial measurements. These approaches successfully resulted in
not only high LR +, high SE and high PPV, but also good cost performance. Measurements of sFlt-1
and PIGF by ECLIA are very easy, fast and automated. In addition, the measurements of sFlt-1 and
PIGF at 19—31 weeks of gestation informed us about the imminent risk of PE. When should we intro-
duce the measurements of sFlt-1 and PIGF into clinical practice for predicting and managing PE?
Now.
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