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Abstract
Objective: Establish reference ranges for the Elecsys® solu-
ble fms-like tyrosine kinase-1 (sFlt-1)/placental growth fac-
tor (PlGF) immunoassay ratio in twin pregnancies. Methods: 

Data analyzed were from 3 prospective studies: Prediction of 
Short-Term Outcome in Pregnant Women with Suspected 
Preeclampsia (PE) (PROGNOSIS), Study of Early-onset PE in 
Spain (STEPS), and a multicenter case-control study. Median, 
5th, and 95th percentiles for sFlt-1, PlGF, and the sFlt-1/PlGF 
ratios were determined for normal twin pregnancies for 7 
gestational windows and compared with the previous data 
for singleton pregnancies. Results: The reference range 
analysis included 269 women with normal twin pregnancies. 
Before 29 weeks’ gestation, median, 5th, and 95th percen-
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tiles for sFlt-1/PlGF ratios did not differ between twin and 
singleton pregnancies. From 29 weeks’ gestation to delivery, 
median, 5th, and 95th percentiles for sFlt-1/PlGF ratios were 
substantially higher in twin versus singleton pregnancies. 
sFlt-1 values were higher in women with twin pregnancies 
across all gestational windows. PlGF values were similar or 
higher in twin versus singleton pregnancies; PlGF concentra-
tions increased from 10 weeks + 0 days to 28 weeks + 6 days’ 
gestation. Conclusions: Reference ranges for the sFlt-1/PlGF 
ratio are similar in women with twin and singleton pregnan-
cies until 29 weeks’ gestation but appear higher in twin preg-
nancies thereafter. © 2021 The Author(s)

Published by S. Karger AG, Basel

Introduction

Women with twin pregnancies are twice as likely to 
develop preeclampsia (PE) compared with singleton 
pregnancies, but the reason for this is unclear [1, 2]. PE is 
associated with dysregulation of angiogenic factors solu-
ble fms-like tyrosine kinase-1 (sFlt-1) and placental 
growth factor (PlGF), and a high sFlt-1/PIGF ratio is a 
useful predictor of PE in singleton pregnancies [3–8]. 
Higher sFlt-1 concentrations are observed in twin versus 
singleton pregnancies, suggesting angiogenic factor im-
balance may play a role in PE development [9–14].

The Elecsys® sFlt-1/PlGF immunoassay ratio is Certi-
ficat de Conformité Européen (In Vitro Diagnostics) ap-
proved as a diagnostic and short-term predictive aid for 
PE [7, 15, 16]. The Prediction of Short-Term Outcome in 
Pregnant Women with Suspected PE Study (PROGNO-
SIS) derived and validated an sFlt-1/PIGF ratio cutoff of 
38 to predict PE development. The negative predictive 
value (NPV) of an sFlt-1/PlGF ratio ≤38 to rule out PE 
within 1 week in singleton pregnancies was 99.3% (95% 
confidence interval [CI], 97.9–99.9); the positive predic-
tive value (PPV) to rule in PE within 4 weeks was 36.7% 
(95% CI, 28.4–45.7) [17, 18]. The sFlt-1/PlGF ratio cutoff 
of 38 for short-term prediction of PE was also validated 
in 764 Asian women with singleton pregnancies and sus-
pected PE (PROGNOSIS Asia); an sFlt-1/PlGF ratio of 
≤38 had a NPV of 98.6% (95% CI, 97.2–99.4) for ruling 
out PE within 1 week [19]. The clinical utility of the sFlt-
1/PlGF ratio for ruling out PE was confirmed in the ran-
domized, interventional INSPIRE study on prediction of 
PE/eclampsia in women with suspected PE [20].

It is unclear how these data translate to twin pregnan-
cies, as reference ranges for the sFlt-1/PlGF ratio in twin 
pregnancies have not been published. Maternal sFlt-1 

and PlGF are predominantly produced in the placenta, 
and the placental mass in twin versus singleton pregnan-
cies differs substantially [21–23]. Maternal blood volume 
is increased in twin pregnancies, which could also influ-
ence the sFlt-1/PlGF ratio measurement [24]. We aimed 
to establish reference ranges for the Elecsys sFlt-1/PlGF 
immunoassay ratio in twin pregnancies and assess the 
short-term PE predictive performance of the sFlt-1/PlGF 
ratio cutoff of 38 in women with twin pregnancies and 
suspected PE.

Methods

Included Studies
Combined data for the sFlt-1/PlGF ratio, sFlt-1, and PlGF con-

centrations were analyzed from 3 studies in which pregnant wom-
en were enrolled: Prediction of Short-Term Outcome in Pregnant 
Women with Suspected PE Study (PROGNOSIS); the Study of 
Early-onset PE in Spain (STEPS); and a case-control study of the 
Elecsys sFlt-1/PlGF immunoassay ratio. The full methodologies 
for all 3 studies have been previously published [5–7, 17, 18, 25]. 
PROGNOSIS was a prospective, observational study in pregnant 
women (≥18 years of age; 24 weeks + 0 days to 36 weeks + 6 days’ 
gestation at the time of the first visit) with suspected PE from 14 
countries, which derived and validated an optimal sFlt-1/PlGF ra-

Table 1. Baseline characteristics for women with normal twin 
pregnancies

Characteristic Women with normal twin 
pregnancies, n = 269*

Age, years
n 269
Mean 34
Missing 0

BMI, kg/m2

n 266
Mean 25
Missing 3

Gestational age at delivery, weeks
n 268
Mean 36
Missing 1

Mode of delivery, n (%)
Cesarean section 156 (58)
Vaginal 109 (41)
Missing 4 (1)

Baseline characteristics for the women with singleton pregnan-
cies used as comparisons can be found in the method sheets for the 
Elecsys sFlt-1 and Elecsys PlGF immunoassays [15, 16]. * PROG-
NOSIS, n = 22; STEPS, n = 222; Case-control, n = 25.
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tio cutoff for the short-term prediction of PE [17, 18]. STEPS was 
a prospective, Spanish study across 10 sites, which evaluated the 
sFlt-1/PlGF ratio as a predictive marker for early-onset PE in 
pregnant women aged ≥18 years and at risk of this condition [25]. 
The prospective, multicenter, case-control study of the Elecsys 
sFlt-1/PlGF immunoassay ratio enrolled women with normal 
pregnancy outcome and PE and aimed to establish a gestational 
phase-adapted sFlt-1/PIGF ratio cutoff to aid the diagnosis of PE 
[5–7].

Participants
The reference range analysis included women with twin preg-

nancies without PE, eclampsia, intrauterine growth restriction, or 
hemolysis, elevated liver enzymes and low platelet count (HELLP) 
syndrome. These pregnancies were defined as normal pregnancies 
for the purposes of this study and will be referred to as such 
throughout the rest of this manuscript. Twin pregnancies with pre-
term deliveries were eligible for inclusion in this analysis. Any 
pregnancies with major fetal malformations or chromosomal dis-
orders were excluded. The sFlt-1/PlGF ratios, sFlt-1, and PlGF 
concentrations in normal singleton pregnancies, which were used 
as comparators in this analysis, were obtained from the prospec-
tive, multicenter, case-control study of the Elecsys sFlt-1/PlGF im-
munoassay ratio.

Statistical Analyses
The median (50th percentile), 5th, and 95th percentile values 

for the sFlt-1/PlGF ratio, sFlt-1, and PlGF concentrations in nor-
mal twin pregnancies were generated for 7 gestational age win-
dows and compared with those in normal singleton pregnancies. 
The gestational age windows were 10 weeks + 0 days to 14 weeks 
+ 6 days; 15 weeks + 0 days to 19 weeks + 6 days; 20 weeks + 0 days 
to 23 weeks + 6 days; 24 weeks + 0 days to 28 weeks + 6 days; 29 
weeks + 0 days to 33 weeks + 6 days; 34 weeks + 0 days to 36 weeks 
+ 6 days; and 37 weeks + 0 days to delivery [15, 16]. However, it 
should be noted that Breathnach et al. [26] proposed delivery be-
fore 37 weeks in twin pregnancies, and in the largest study to esti-
mate the best moment for pregnancy termination (n = 29,685 di-
chorionic; n = 5,486 monochorionic pregnancies), Cheong-See et 

al. [27] suggested that, to minimize perinatal deaths, delivery 
should be considered at 37 weeks’ gestation in uncomplicated di-
chorionic twin pregnancies and at 36 weeks in monochorionic 
pregnancies; the same recommendation is given by the National 
Institute of Health and Care Excellence [28]. If a patient had >1 
visit in 1 of the specified time frames, the first visit was used. Per-
centiles were calculated using inverse cumulative distribution 
function with averaging at discontinuities.

An exploratory analysis was also conducted in women with 
twin pregnancies and suspected PE (who had or had not gone on 
to develop PE during their pregnancy) enrolled into the PROG-
NOSIS study to assess the short-term PE predictive performance 
of using a cutoff of 38 for the sFlt-1/PlGF ratio. The sensitivity, 
specificity, PPV, NPV, and area under the receiver operating char-
acteristic curve for predicting the occurrence of PE within 1 and 4 
weeks, based on a cutoff of 38 for the sFlt-1/PlGF ratio, were cal-
culated. All statistical analyses were performed using SAS software 
(version 9.4).

Results

Participants
A total of 269 women with normal twin pregnancies 

were included in the reference range analysis (PROGNO-
SIS, n = 22; STEPS, n = 222 and case-control study of the 
Elecsys sFlt-1/PlGF immunoassay ratio, n = 25). The 
mean age of the women was 34 years, the mean BMI was 
25 kg/m2, and the mean gestational age at delivery was 36 
weeks. More women in this analysis underwent cesarean 
section (58%) versus vaginal delivery (41%) (Table 1).

A total of 62 women with twin pregnancies and sus-
pected PE from the PROGNOSIS study were included in 
the exploratory prediction performance analysis, of 
whom 21 (34%) developed PE. There were 19 women 

Table 2. Median, 5th, and 95th percentile values for the Elecsys sFlt-1/PlGF immunoassay ratio in women with normal twin and singleton 
pregnancies

Gestational age (weeks + days)

10+0–14+6 15+0–19+6 20+0–23+6 24+0–28+6 29+0–33+6 34+0–36+6 37+0–delivery

Women with twin pregnancies, n 5 71 208 335 65 60 49
5th Percentile 9.59 2.33 1.95 1.33 1.49 9.80 9.69
Median 21.6 6.69 4.92 3.88 10.2 38.7 38.7
95th Percentile 39.1 15.6 12.5 19.0 69.2 165 176

Women with singleton pregnancies, n7 246 157 217 346 319 224 176
5th Percentile 9.27 3.51 1.82 0.95 0.94 1.23 2.18
Median 24.8 10.5 4.92 3.06 3.75 9.03 19.6
95th Percentile 54.6 25.7 14.6 10.0 33.9 66.4 112

Participants could provide a sample for >1 gestational age window. PlGF, placental growth factor; sFlt-1, soluble fms-like tyrosine 
kinase-1.
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with intrauterine growth restriction who were excluded 
from the reference range analysis, but who were included 
in the exploratory performance analysis.

sFlt-1/PIGF Ratio Reference Ranges
Median, 5th, and 95th percentile values for the sFlt-1/

PlGF ratio in normal twin pregnancies were generated 
for the 7 gestational age windows assessed (Table 2). No 
differences were observed in median sFlt-1/PIGF ratios 
in twin versus singleton pregnancies up to 28 weeks + 6 
days’ gestation (Table 2; Fig. 1). From 29 weeks’ gesta-
tion onward, median sFlt-1/PlGF ratios were higher for 
twin (10.2, 38.7, and 38.7) versus singleton (3.75, 9.03, 
and 19.6) pregnancies for gestational age windows 29 
weeks + 0 days to 33 weeks + 6 days, 34 weeks + 0 days 
to 36 weeks + 6 days, and 37 weeks + 0 days to delivery, 
respectively (Table 2; Fig. 1). However, it should be not-
ed that the sample size for gestational window 37 weeks 
+ 0 days to delivery for twin pregnancies was small (n = 
49). Consistent with the median values, the 5th and 95th 
percentile values for the sFlt-1/PlGF ratio from 29 weeks’ 
gestation onward were higher for twin versus singleton 
pregnancies (Table 2). Median, 5th, and 95th percentile 
values for the sFlt-1/PlGF ratio in twin pregnancies dur-

Table 3. Median, 5th, and 95th percentile values for the Elecsys sFlt-1 and Elecsys PlGF immunoassays in women with normal twin and 
singleton pregnancies

Gestational age (weeks + days)

10+0–14+6 15+0–19+6 20+0–23+6 24+0–28+6 29+0–33+6 34+0–36+6 37+0–Delivery

sFlt-1, pg/mL
Women with twin pregnancies, n 5 71 208 335 65 60 49

5th Percentile 524 1,373 1,269 1,316 514 624 519
Median 1,549 2,461 2,600 2,729 4,448 8,408 7,279
95th Percentile 1,873 5,278 5,144 6,103 10,073 29,009 17,602

Women with singleton pregnancies, n7 246 157 217 346 319 224 176
5th Percentile 652 708 572 618 773 992 1,533
Median 1,328 1,355 1,299 1,355 1,742 2,552 3,485
95th Percentile 2,501 2,807 2,997 3,205 5,165 7,363 9,184

PlGF, pg/mL
Women with twin pregnancies, n 5 71 208 335 65 60 49

5th Percentile 37.9 166 231 218 98.3 20.1 17.4
Median 50.7 376 455 657 495 260 1,804
95th Percentile 93.1 1,017 1,264 1,727 2,919 3,919 6,545

Women with singleton pregnancies, n7 246 157 217 346 319 224 176
5th Percentile 28.8 66.2 119 169 114 78.0 54.4
Median 52.6 135 264 465 471 284 191
95th Percentile 122 289 605 1,117 1,297 984 862

Participants could provide a sample for >1 gestational age window. PlGF, placental growth factor; sFlt-1, soluble fms-like tyrosine 
kinase-1.

10

0

20

30

40

50

10
 + 0 

– 1
4 +

 6

15
 + 0 

– 1
9 +

 6

20
 + 0 

– 2
3 +

 6

24
 + 0 

– 2
8 +

 6

29
 + 0 

– 3
3 +

 6

34
 + 0 

– 3
6 +

 6

37
 + 0 

– d
eli

ve
ry

n = 5 n = 71 n = 208 n = 335 n = 65 n = 60 n = 49
n = 246 n = 157 n = 217 n = 346 n = 319 n = 224 n = 176

Gestational age, weeks + days

M
ed

ia
n 

sF
It-

1/
PI

GF
 ra

tio

Singleton pregnancies
Twin pregnancies

Fig. 1. Comparison of median Elecsys sFlt-1/PlGF immunoassay 
ratios in normal twin and singleton pregnancies [7]. The lines in 
the figure link the median values at each gestational age window 
and are not the result of a model. PlGF, placental growth factor; 
sFlt-1, soluble fms-like tyrosine kinase-1.

Co
lo

r v
er

sio
n 

av
ai

la
bl

e 
on

lin
e

D
ow

nloaded from
 http://karger.com

/fdt/article-pdf/48/4/288/2786176/000514378.pdf by U
niversidad Zaragoza user on 03 M

arch 2025



De La Calle et al.Fetal Diagn Ther 2021;48:288–296292
DOI: 10.1159/000514378

ing the 2 gestational age windows of 34 weeks + 0 days 
to 36 weeks + 6 days (38.7, 9.80, and 165) and 37 weeks 
+ 0 days to delivery (38.7, 9.69, and 176) were similar 
(Table 2).

sFlt-1 and PlGF Reference Ranges
Median, 5th, and 95th percentile values for sFlt-1 and 

PlGF concentrations in normal twin pregnancies were 
also generated for the 7 gestational age windows assessed 
(Table 3; Fig. 2). Across all gestational age windows, me-
dian and 95th percentile sFlt-1 concentrations were high-
er in twin versus singleton pregnancies (except for the 
95th percentile at 10 weeks + 0 days to 14 weeks + 6 days’ 
gestation; Table 3; Fig. 2). There was a steeper increase in 
median and 95th percentile sFlt-1 concentrations after 
gestational week 29 (Table 3; Fig. 2), which is consistent 
with the finding that median sFlt-1/PlGF ratios are high-
er in twin versus singleton pregnancies from 29 weeks’ 
gestation onward (Table 2; Fig. 1). Median and 95th per-
centile sFlt-1 concentrations from gestational week 29 
onward were around 2–3 times higher in twin versus sin-
gleton pregnancies (Table 3; Fig. 2). The 5th percentile 
sFlt-1 concentrations were higher in twin pregnancies 
from 15 weeks + 0 days’ gestation to 28 weeks + 6 days’ 

gestation, but lower in twin versus singleton pregnancies 
from gestational week 29 onwards (Table 3).

Median, 5th, and 95th percentile PIGF concentrations 
were generally higher in twin versus singleton pregnan-
cies, except at 10 weeks + 0 days to 14 weeks + 6 days’, 29 
weeks + 0 days to 33 weeks + 6 days’, and 34 weeks + 0 
days to 36 weeks + 6 days’ gestation, when twin and sin-
gleton pregnancies showed similar PIGF concentrations 
(Table 3; Fig. 2). Overall, in women with singleton or twin 
pregnancies PlGF concentrations increased from 10 
weeks + 0 days to 14 weeks + 6 days’ gestation until 28 
weeks + 6 days’ gestation. In women with singleton preg-
nancies, PlGF values (median, 5th percentile, and 95th 
percentile) then plateaued before decreasing until deliv-
ery. By contrast, in women with twin pregnancies, PlGF 
values (median and 5th percentile) decreased until weeks 
36 weeks + 6 days’ gestation before PlGF values (median 
and 95th percentile) increased sharply from 37 weeks + 0 
days’ gestation until delivery (260–1,804 pg/mL [median] 
and 3,919–6,545 pg/mL [95th percentile] at 34 weeks + 0 
days to 36 weeks + 6 days’ gestation to 37 weeks + 0 days 
to delivery; Table 3; Figure 2). Again, it should be noted 
that the sample size for gestational window 37weeks +0 
days to delivery for twin pregnancies was small (n = 49).
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Exploratory Prediction Performance Analysis
In women with twin pregnancies and suspected PE, an 

sFlt-1/PlGF ratio ≤38 had an NPV to rule out a diagnosis 
of PE within 1 week of 91.9% (95% CI, 78.1–98.3) and 
within 4 weeks of 83.8% (95% CI, 68.0–93.8; Table 4). The 
corresponding PPVs of an sFlt-1/PlGF ratio >38 to rule 
in a diagnosis of PE within 1 week was 20.0% (95% CI, 
6.8–40.7) and within 4 weeks was 44.0% (95% CI, 24.4–
65.1; Table 4). The area under the receiver operating char-
acteristic curve for predicting the occurrence of PE with-
in 1 week was 0.6 (95% CI, 0.5–0.8) and within 4 weeks 
was 0.8 (95% CI, 0.6–0.9; see online suppl. Fig. 1-4; see 
www.karger.com/doi/10.1159/000514378 for all online 
suppl. material).

Chorionicity of Twin Pregnancies
Although chorionicity data were not recorded in the 

PROGNOSIS and the Roche case-control study, we evalu-
ated the proportion of monochorionic twin pregnancies in 
the STEPS study and found 35 monochorionic and 145 
dichorionic twin pregnancies in the group of 180 twin 
pregnancies for which we had chorionicity data. Therefore, 
the proportion of monochorial to dichorionic twin preg-
nancies of the evaluable twin pregnancies in the STEPS 
study was 19.44% (95% CI 14.33–25.84). We analyzed the 
sFlt-1/PlGF ratios between monochorionic and dichori-
onic pregnancies of the STEPS study and found no statisti-
cally significant differences in the sFlt-1/PlGF ratios be-
tween monochorionic and dichorionic twin pregnancies 
across the age windows analyzed (online suppl. Table 1).

Discussion

Reference ranges have previously been established for 
the Elecsys sFlt-1/PlGF immunoassay ratio in women 
with normal singleton pregnancies [7]. The aim of this 
study was, therefore, to determine reference ranges for 
the Elecsys sFlt-1/PlGF immunoassay ratio in women 
with normal twin pregnancies (without PE, eclampsia, in-
trauterine growth restriction, or HELLP syndrome). Our 
analysis demonstrated that there were no substantial dif-
ferences in median, 5th, and 95th percentile values for the 
sFlt-1/PIGF ratio in women with normal twin pregnan-
cies up to 28 weeks + 6 days’ gestation versus women with 
singleton pregnancies. However, from 29 weeks’ gesta-
tion onward, median, 5th, and 95th percentile values for 
the sFlt-1/PlGF ratio were higher in women with twin 
pregnancies, driven primarily by an increase in circulat-
ing concentrations of sFlt-1. Although placental mass is 
associated with the production of sFlt1 [21], this does not 
fully explain why sFlt/PLGF ratios differed after 29 weeks 
compared to before 29 weeks between single and twin 
pregnancies, otherwise the differences would also be 
present at 24–28 weeks; other unknown factors may, 
therefore, play a role. Interestingly, median, 5th, and 95th 
percentile values for the sFlt-1/PlGF ratio in twin preg-
nancies of 29 weeks + 0 days to 33 weeks + 6 days’ gesta-
tion (10.2, 1.49, and 69.2) were similar to the respective 
values in singleton pregnancies of 34 weeks + 0 days to 36 
weeks + 6 days’ gestation (9.03, 1.23, and 66.4), indicating 
an earlier increase in the sFlt-1/PlGF ratio in twin preg-
nancies during the course of pregnancy (Table 2; Fig. 1).

It should be noted that the median PlGF concentration 
in twin pregnancies of 37 weeks + 0 days’ gestation to de-
livery (1,804 pg/mL) was substantially higher than for the 
other gestational windows assessed (50.7–657 pg/mL). 
This may be due to the small sample size for the 37 weeks 
+ 0 days to delivery gestational window (n = 49). The me-
dian sFlt-1/PlGF ratio for twin pregnancies in this gesta-
tional window remained higher than in singleton preg-
nancies.

Our findings are consistent with previously published 
data, which have shown higher sFlt-1/PlGF ratios after 
gestational week 28 in normal twin pregnancies than in 
normal singleton pregnancies [9–11, 13, 14]. For exam-
ple, 1 study reported a median sFlt-1/PlGF ratio of 13.3 
among normal twin pregnancies versus 4.9 among nor-
mal singleton pregnancies [10]. Another study reported a 
median sFlt-1/PlGF ratio of 47.4 in all normotensive 
women with twin pregnancies, and a median sFlt-1/PlGF 
ratio of 17.9 in normotensive women with twin pregnan-

Table 4. Exploratory analysis of an sFlt-1/PlGF ratio cutoff of 38 
for short-term prediction of PE in women with twin pregnancies 
and suspected PE

PE occurrence Estimate, % (95% CI)

Within 1 week
NPV: rule out 91.9 (78.1–98.3)
PPV: rule in 20.0 (6.8–40.7)
Sensitivity 62.5 (24.5–91.5)
Specificity 63.0 (48.7–75.7)

Within 4 weeks
NPV: rule out 83.8 (68.0–93.8)
PPV: rule in 44.0 (24.4–65.1)
Sensitivity 64.7 (38.3–85.8)
Specificity 68.9 (53.4–81.8)

NPV, negative predictive value; PE, preeclampsia; PlGF, pla-
cental growth factor; PPV, positive predictive value; sFlt-1, soluble 
fms-like tyrosine kinase-1; CI, confidence interval.
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cies before 34 weeks’ gestation [13, 14]. It should be noted 
that this study used plasma samples to measure the sFlt-1/
PlGF ratio, while the Elecsys sFlt-1 and Elecsys PlGF as-
says are validated for use with blood serum samples. An-
other limitation is that the sFlt-1 and PlGF assays of an-
other manufacturer were used in one of these studies, 
which may differ from the Roche Elecsys immunoassays 
[9, 29, 30]. However, as the sample sizes were relatively 
small [13] or provided a limited representation of the full 
gestational period [9], reference ranges for the sFlt-1/
PIGF ratio could not be established from these previous 
studies.

Our exploratory prediction performance analysis in-
dicates that using a cutoff of 38 for the sFlt-1/PlGF ratio 
has an NPV of 91.9 and 83.8% to rule out PE within 1 and 
4 weeks, respectively, in women with twin pregnancies 
and suspected PE. This is in agreement with the study by 
Binder et al. [31] which determined that using a cutoff of 
38 for the sFlt-1/PlGF ratio has an NPV of 98.8 and 96.4% 
to rule out PE within 1 and 2 weeks, respectively. As fail-
ure to detect PE can have serious clinical implications, a 
very high NPV is crucial when assessing patients with 
suspected PE. For this reason, further analyses are re-
quired to determine optimal sFlt-1/PlGF ratio cutoffs for 
the prediction of PE in women with twin pregnancies, 
and it remains unclear whether these values should be dif-
ferent to the cutoffs for singleton pregnancies [7, 17, 18]. 
Until 28 weeks + 6 days’ gestation, the reference ranges 
(median, 5th, and 95th percentile values) for the sFlt-1/
PlGF ratio in twin and singleton pregnancies were simi-
lar; thus, the cutoffs until this time point should also be 
similar. However, from 29 weeks + 0 days’ gestation on-
ward, median and 95th percentile values for the sFlt-1/
PlGF ratio in women with twin pregnancies were sub-
stantially higher than in women with singleton pregnan-
cies. Median sFlt-1/PlGF ratios in normal twin pregnan-
cies of 34 weeks + 0 days to 36weeks +6 days’ gestation 
and 37 weeks + 0 days’ gestation to delivery were 38.7 and 
38.7, respectively, that is, higher than the validated sFlt-1/
PlGF ratio cutoff of 38 for the short-term prediction of PE 
in women with singleton pregnancies and suspected PE 
[17, 18]. Therefore, the sFlt-1/PlGF ratio cutoff of 38 for 
short-term prediction of PE is not useful in twin pregnan-
cies from 29 weeks + 0 days’ gestation until delivery. This 
finding is consistent with the results of a small previous 
study, which showed sFlt-1/PlGF ratios above 38 in some 
women with twin pregnancies without PE [32].

While we found no statistically significant differences 
in the sFlt-1/PlGF ratios between monochorionic and di-
chorionic twin pregnancies, in agreement with Binder et 

al. [31], Faupel-Badger et al. [9] suggest that monochori-
onic twin pregnancies have higher values of sFlt-1 and 
sFlt-1/PlGF ratios. This discrepancy may be due to the 
low number of cases in the study by Faupel-Badger et al. 
[9] (n = 5 monochorionic pregnancies; n = 36 dichori-
onic pregnancies). Although our study has a greater num-
ber of cases, it may be underpowered, therefore, an ade-
quate response to this discrepancy would be given by fu-
ture studies with a larger number of cases.

Our study is the largest to date on the Elecsys sFlt-1/
PlGF immunoassay ratio and angiogenic factors in wom-
en with twin pregnancies. The data included are from 
large, multicenter studies and so are representative of 
women with twin pregnancies. However, the sample sizes 
for the gestational age windows after 28 weeks’ gestation 
were smaller, which may limit interpretation of reference 
ranges for later gestational stages; data from future analy-
ses may provide additional information to more defini-
tively resolve this point. In addition, the amnionicity of 
the pregnancies was not known in this analysis, and the 
chorionicity data were only partially available.

In conclusion, this is the first analysis to establish ref-
erence ranges for the Elecsys sFlt-1/PlGF immunoassay 
ratio in women with normal twin pregnancies. Up to 28 
weeks + 6 days’ gestation, median, 5th, and 95th percen-
tile values for the sFlt-1/PlGF ratio in twin pregnancies 
did not differ from values in singleton pregnancies. From 
29 weeks of gestation onward, median, 5th, and 95th per-
centile values for the sFlt-1/PlGF ratio appear to be high-
er in twin pregnancies; however, more studies are needed 
to confirm these findings. These data suggest that the in-
terpretation of the Elecsys sFlt-1/PlGF immunoassay ra-
tio may be useful in women with twin pregnancies. Fur-
ther studies are needed to determine optimal sFlt-1/PlGF 
ratio cutoffs for the short-term prediction of PE in wom-
en with twin pregnancies.
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