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ABSTRACT

Placental growth factor (PIGF) and soluble fms-like tyrosine kinase 1 (sFit-1) are biomarkers used for
diagnosis and risk estimation of preeclampsia. Stability in room temperature (RT) may affect the
usefulness of these analyses, as shipping at ambient temperature is the most practical and suitable way
to ship samples. To date, scientific studies of such stability are lacking. We aimed to assess the stability
of PIGF and sFlt-1 at RT in serum from pregnant women. In addition, a smaller study of stability at 4°C
was performed. Serum was collected from 69 pregnant women and stored at RT or at 4°C for up to
192h. Analytes were considered stable if the mean percent change + 90 confidence interval of the
mean was within the baseline concentration + allowable bias. Allowable bias was calculated from data
on biological variation. In addition, an instability equation was calculated to assess loss of stability, in
line with recent European Federation of Clinical Chemistry and Laboratory Medicine (EFLM)
recommendations. The mean percent change was <3.5% for PIGF, <1% for sFlt-1 and <4.5% for sFlt-1/
PIGF ratio up to 192h. PIGF was considered stable for 168h, and sFlt-1 and sFlt-1/PIGF ratios were
considered stable for 192h at RT. At 4°C, PIGF was considered stable for 120h, sFlt-1 for 168h and
sFIt-1/PIGF ratio for 120h. Both PIGF and sFlt-1 as well as sFlt-1/PIGF ratio show sufficient stability
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(minimum 168h) for samples to be shipped at RT.

Introduction

Pre-eclampsia (PE) is a leading cause of maternal and peri-
natal morbidity and mortality worldwide [1]. Placental dys-
function and an angiogenic imbalance of placental growth
factor (PIGF) and soluble fms-like tyrosine kinase 1 (sFlt-1)
are central pathophysiological elements in PE [2,3]. sFlt-1, a
soluble receptor for PIGF and vascular endothelial growth
factor (VEGF), is produced in the placenta, and is a potent
antagonist of the pro-angiogenic factors PIGF and VEGF as
it binds them in the circulation and prevents interaction
with their receptors [3]. Numerous papers have reported
increased maternal circulating levels of sFlt-1 and decreased
levels of PIGF in PE, as well as an increased sFlt-1/PIGF
ratio [3,4]. The concentration of sFlt-1 often correlates with
disease severity, and is higher in severe PE compared to
mild PE [4]. Clinical guidelines recommend using PIGF
together with other clinical risk factors for first trimester PE
risk estimation, as low concentration of PIGF is linked to
increased risk of PE [5]. Women with high risk (=1:100) are
offered low-dose aspirin, which has been shown to reduce
the risk of early onset PE [6]. Later in pregnancy (after
week 20), the sFlt-/PIGF ratio can be a useful tool to predict
the imminent risk of developing PE, allowing for a closer

monitoring of high risk women. A low ratio can be used to
rule out PE. Using the ratio is recommended in the National
Institute for Health and Care Excellence (NICE) guidelines
[7]. Thus, measurements of both PIGF and sFlt-1/PIGF ratio
could improve both prediction and diagnosis of PE.

Specialized analyses such as PIGF and sFlt-1 are often
performed at central laboratories, requiring shipment of
samples. Shipment at ambient temperature (i.e. room tem-
perature, RT) is practically the best way to transport sam-
ples, as shipping of frozen samples is cumbersome and
expensive, and dry ice can affect assay results [8,9].

To date, only a few studies have assessed the stability of
PIGF and sFlt-1 [10-12]. Armstrong-Buisseret et al. investi-
gated stability of both PIGF and sFlt-1 in five serum sam-
ples stored at RT, but only for up to 24h [10]. Cowans et al.
investigated stability of PIGF at RT in serum pools made
from leftover first trimester samples, and found that PIGF
was stable for 3.3 days [11]. Rowson et al. stored whole
blood at 4°C for up to 48h, and found that stability was
acceptable for PIGF and sFlt-1 up to 48h. However, no
assessment of stability at RT was made [12]. For PIGE the
assay manufacturer Thermo Fisher claimed stability at RT
for 24h [13], Perkin Elmer claimed five days stability at
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RT [14] and Roche provided no data on sample stability at
RT [15]. For sFlt-1, Thermo Fisher claimed that sFlt-1 is
stable at RT for 72h [16], whereas Roche provided no sta-
bility data at RT [18].

Shipping samples frozen is both unpractical and expensive,
and it is important to determine the stability of PIGF and sFlt-1
at RT. This work aimed to determine the stability of PIGF and
sFlt-1 at RT in serum from pregnant women. The stability of
serum PIGF and sFlt-1 at RT is important to determine, as it
has a great impact on the utility of these analyses.

Materials and methods

Pregnant women at various gestational ages (1st to 3rd tri-
mester) were recruited from the hospital’s pregnancy outpa-
tient clinic. Written informed consent was obtained from all
participants. Samples were de-identified, and no information
regarding any diagnoses and gestational age were collected.
Five milliliters of blood was drawn in Vacuette Serum Sep
Clot Activator Tube (Greiner Bio-One, Frickenhausen,
Germany). Samples were centrifuged at 2200 x g for 10min
at 20°C, most (87%) within one hour from sample collec-
tion and some (13%) within three hours. One aliquot was
transferred into a polypropylene tube and immediately put
in the freezer (T0). The remaining serum was divided in
two; one aliquot was put in a refrigerator (4°C), and the
other kept at RT (22-23°C). Aliquots for the different time
intervals were pipetted into polypropylene tubes (200uL)
and subsequently frozen at 24, 48, 72, 96, 120, 144, 168 and
192h after sample collection (see Supplementary Figure 1
for a flowchart of the sample collection). If there was lim-
ited serum volume available, aliquots for storage at RT was
prioritized. After the work on collecting the samples was
well underway, we observed that the stability was better
than first anticipated and prioritized samples to be stored
for longer time intervals. This explains why n is larger at
168h than at 144h. When all aliquots from a participant
were fully collected, aliquots were thawed simultaneously
and analyzed in the same run within two hours after thaw-
ing. The majority of samples (85%) were analyzed in dupli-
cate to reduce random analytical variation, and the mean of
the two replicates were used in further calculations. Samples
from any participant were analyzed within two weeks after
completing the sample collection.

Serum sFlt-1 and PIGF concentrations were measured
using BRAHMS Kryptor sFlt-1 and PIGF plus assays
(Thermo Scientific, Waltham, MA) on a Kryptor compact
PLUS analyzer at the Department of Clinical Chemistry, St.
Olav’s University Hospital, Trondheim, Norway. The limit of
quantitation was 6.91ng/L for PIGF and 34ng/L for sFlt-1
(measuring range: sFlt-1, 22-90,000ng/L; PIGE 3.6-
7000ng/L). The assays were calibrated against internal refer-
ence standards prepared from recombinant human sFlt-1 or
PIGE. Internal quality control intermediate coefficients of
varjation (CV) were <1.7% at 1500ng/L, <2.2% at 3000 ng/L
and <2.4% at 10,000ng/L for sFlt-1; and <4.9% at 32ng/L,
<3.3% at 90ng/L and <3.1% at 400ng/L for PIGF (Thermo
Fisher, Waltham, MA). We also evaluated the within-run

analytical CV for PIGF at very low concentrations, and
found it to be 8.4% at 11.5ng/L using 24 replicates. For
external quality control, the laboratory used the Preeclampsia
Marker survey from UK NEQAS.

Mean percent change was calculated from values at base-
line (T0) compared to the various storage time points at RT
(24, 48, 72, 96, 120, 144, 168 and 192h). Not all samples
were stored in the same time intervals due to practical rea-
sons, as samples were handled during working hours on
weekdays. The analyte was considered stable if the mean
percent change in concentration + 90 confidence interval
(CI) of the mean was within baseline concentration + allow-
able bias, in accordance with national Norwegian recom-
mendations [19]. In addition, we calculated an instability
equation in line with the newly published recommendations
for the design of stability studies on clinical specimens from
the European Federation of Clinical Chemistry and
Laboratory Medicine (EFLM) Working Group Preanalytical
Phase [20]. More specifically, the mean percent change was
fitted with a least squares regression line through the origin,
weighted by the number of observations at each time point.
The goodness of fit was assessed by R?, and significant devi-
ations from baseline values assessed by testing (with a t-test)
whether the slope of the regression line was significantly
different from zero.

We defined allowable bias or maximum permissible sys-
tematic error as 0.25 times the standard deviation of the
distribution of reference values from a healthy population,
as recommended [21]. Our analytical goal was derived from
reference limits from healthy pregnant women [13,16].
Reference values of sFlt-1, PIGE, and the sFlt-1/PIGF ratio
may best be described as log-normally distributed [22], so
the analytical goal of 0.25 times the standard deviation had
to be applied on log-transformed reference values [23,24].
We used the 5- and 95 percentile of the most narrow refer-
ence range of each analyte (for sFlt-1 only gestational weeks
after week 20), as given by Thermo Fisher [13,16], and cal-
culated the standard deviation on the log scale as In_
sd = (In(95 percentile) + In(5 percentile))/3.29 (in a normal
distribution there are 3.29 standard deviations between the
5 and 95 percentile). Then, we calculated the allowable In_
bias as +/+0.25 x In_sd, which backtransforms to
100 x (exp(Iln_bias) + 1) % as the allowable positive bias
and 100 x (1/exp(Iln_bias) + 1) % as the allowable negative
bias on the measurement scale [24]. In this way, we defined
the allowable positive and negative bias of sFlt-1 as +13.6%
and +12.0%, respectively. The corresponding values for PIGF
were +9.3% and +8.5%, and for the sFlt-1/PIGF ratio +18.2%
and +15.4%.

Further, to assess the possible clinical impact of a bias
equal to the allowable bias for the sFlt-1/PIGF ratio, we
used the dataset of Andersen et al. [25, and personal com-
munication June 2022] with logistic regression to derive a
function for the likelihood ratio (LR) of the sFlt-1/PIGF
ratio [26]. Andersen et al. recommended a cut-off value of
66 [25]. We calculated the LR associated with a sFlt-1/
PIGF ratio of 66, and compared that value with the LRs
associated sFlt-1/PIGF ratio of 66 + 154% = 56 and
66 + 18.2% = 78.
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Figure 1. Concentration of serum PIGF for all samples (A), serum PIGF for 21 samples with concentration <35ng/L (B), serum sFlt-1 for all samples (C), as well as
sFIt-1/PIGF ratio in the full range (D) and in the range close to the recommended decision limit at 66 (E) at various storage times at room temperature.

Results

A total of 69 serum samples from pregnant women were col-
lected. The concentration range was 9-916ng/L for PIGE
49-20,940ng/L for sFlt-1 and 0.8-1432 for the sFlt-1/PIGF ratio
(Figure 1). At RT, the mean percent change in concentration
was <3.5% for PIGE <1% for sFlt-1 and <4.5% for sFlt-1/PIGF
ratio for up to 192h (eight days) (Table 1). At 4°C, the mean
percent change was <5% for PIGF up to 120h and <7.5% up to
168h. The mean percent change in concentration was <2.3% for
sFlt-1 and <6.5% for sFlt-1/PIGF ratio up to 192h (eight days),

except for the sFlt-1/PIGF ratio at 144h which was 8.5%.
(Supplementary Table 1), wich has fallen out of the manu-
script:According to national recommended criteria for stability
[19], where stability is considered acceptable if the mean per-
cent change in concentration + 90 % CI of the mean is within
mean baseline value + allowable bias, we found PIGF to be sta-
ble for 168 hours, and sFlt-1 and sFlt-1/PIGF ratio to be stable
for 192 hours at RT (Table 1, Figure 2).

At 4°C, PIGF was stable for 120h, sFlt-1 for 168h and
sFlt-1/PIGF ratio for 120h, using the criteria for stability as
described above (Supplementary Table 1 and Figure 2). Using
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Figure 1. Continued.

the instability equation proposed by EFLM [20], we found no
significant loss of stability in RT up to 192h for PIGF and
sFlt-1/PIGF ratio (p = .23 and .91, respectively). For sFlt-1, the
slope of the regression line was —0.004 (p = .049, > = 04), ie.
marginally significantly different from zero. At 4°C, a decrease
in PIGF concentration (—0.043, p < .01, ¥ = 0.96) and increase
in sFlt-1/PIGF ratio (0.047, p < .01, r* = 0.88) were observed.
No significant loss of stability was observed for sFlt-1 for up
to 168h at 4°C, p = .72 (Supplementary Figure 1). By using
the PE dataset from Andersen et al. [25], we calculated the LR

associated with a sFlt-1/PIGF cutoff at 66 + allowable bias. The
LR of PE was 2.0 with no bias at cutoff 66, 2.5 with 18.2%
positive bias and 1.7 with 15.4% negative bias.

Discussion

The stability of serum PIGF and sFlt-1 at RT is important to
determine, as it has a great impact on the utility of these anal-
yses. In this work, we found that both serum PIGF and sFlt-1
as well as the sFlt-1/PIGF ratio were stable for at least 168h at
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Figure 1. Continued.

Figure 2. Mean percentage change of serum PIGF concentration (A), sFlt-1 concentration (B) and sFlt-1/PIGF ratio (C) +90% confidence intervals at various storage
times at room temperature compared to baseline values (T0). The regression line for the instability equation is indicated in black. The horizontal red lines indicate
the allowable bias (PIGF: +8.5 to 9.3%, sFlt-1: +12 to 13.6% and sFlt-1/PIGF ratio +15.4 to 18.2%).
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Table 1. Changes in serum PIGF and sFlt-1 concentrations in samples stored at room temperature at various times compared to baseline concentrations (T0).

PIGF

Storage TO, n = 69 24h, n = 40 48h, n = 38 72h, n = 33
times

% of TO 100 98.3 98.3 99.7
(90% Cl) (96.7-99.9) (96.3-100.2) (97.4-102.0)

sFlt-1

Storage T0, n = 69 24h, n = 40 48h, n = 37 72h, n = 32
times

% of TO 100 100.4 100.4 100.0
(90% Cl) (100.2-100.7)  (100.0-100.7)  (99.7-100.4)

sFlIt-1/PIGF ratio

Storage TO, n = 69 24h, n = 40 48h, n = 37 72h, n = 32
times

% of TO 100 104.1 104.8 102.1
(90% Cl) (102.1-106.2)  (101.8-107.8)  (99.5-104.8)

96h, n =23 120h, n =10 144h,n =10 168h,n =33 192h,n=3
99.5 99.2 100.9 103.9 101.1
(96.5-102.4) (94.3-104.1) (95.4-106.3) (101.9-105.9)  (81.9-120.2)
9h, n = 23 120h,n =10 144h,n =10 168h,n=33 192h,n=3
99.6 99.1 99.2 99.1 100.6
(99.1-100.0) (98.1-100.2) (98.5-99.9) (98.6-99.6) (95.9-105.3)
96h, n =23 120h, n =10 144h,n =10 168h,n =33 192h,n=3
100.8 101.8 99.5 95.8 100.3
(97.8-103.7) (95.9-107.8) (93.3-105.6) (93.9-97.7) (85.1-115.6)

Allowable bias for PIGF; +8.5% to +9.3, for sFlt-1; +12% to +13.6%, and sFlt-1/PIGF ratio; +15.4% to +18.2%.

RT. By using the instability equation proposed by EFLM [20],
both PIGF and sFlt-1/PIGF ratio was stable for 192h, but as
we only have three samples at 192h, stability beyond 168h
should be interpreted with caution. We report considerably
longer stability of sFlt-1 at RT than Armstrong-Buisseret et al.
who only investigated stability for up to 24h in five samples
[10]. Thermo Fisher found that sFlt-1 was stable for 72h at
RT, using 10 samples and allowing up to 10% mean change in
concentration from baseline [17].

Regarding PIGFE, Thermo Fisher claim 24h stability at RT
[13], whereas Perkin Elmer claim five days [14], both using
less than 10% mean change in concentration from baseline
as a criterion for stability. Armstrong-Buisseret et al. only
investigated stability of PIGF for 24h at RT [10], whereas
Cowans et al. found that PIGF was stable for 3.3 days at
20°C, with shorter stability (1.1day) at higher temperatures
(30°C) and longer stability at 2-4°C, using pools of first
trimester serum samples and less than 10% mean change as
a criterion [11]. Our results, with RT stability for at least
168h are in line with these data, but we used stricter crite-
ria for stability. Cowans et al. [11] and others [13,14] pos-
tulated that PIGF concentrations increase over time, possibly
due to the dissociation of PIGF bound to sFlt-1. We found
no such pattern of increased PIGF concentration over time
at RT. This pattern was not obvious in other publications
either [10,12]. However, it is possible that a dissociation of
PIGF from sFlt-1 occurs simultaneously with a degradation
of PIGE, possibly eradicating this pattern, or that the differ-
ent antibodies used have varying affinity for the degradation
products.

In whole blood, the reported stability of PIGF at RT is
relatively short at only 19h [11], but longer if kept refriger-
ated before serum separation [12]. At 2-4°C, PIGF is
reported to be stable for at least 30 days [11] and sFlt-1 up
to seven days [27]. In line with this, we found that PIGF
was stable for 120h (five days), and that sFlt-1 and sFlt-1/
PIGF ratio was stable for at least 168h (seven days) at
refrigerator temperature. Serum sFlt-1 and PIGF are reported
to be stable for at least three years stored at +80°C [28],
and for up to seven freeze-thaw cycles [27].

There are no universally accepted criteria to define sam-
ple stability, and a wide variety of statistical approaches are
used to assess stability. These include testing for statistically
significant changes in mean analyte concentration over time

[12], or demanding that the average concentration at each
time point should be within baseline value + 1 analytical
standard deviation [29]. Such criteria for stability are rarely
justified. We have previously published a paper on determi-
nation of analyte stability [30], arguing that the mean con-
centration * the 90% CI of the mean should be within
baseline concentration + allowable bias, for analytical results
to retain their supposed clinical usefulness, which also pro-
vides at least a 95% probability of detecting a change greater
than the allowable bias.

In previously published data assessing PIGF and sFlt-1
stability, a +10% mean change in concentration from base-
line is most frequently used as a stability criterion for PIGF
and sFlt-1 [10,11,27,28]. We believe that using total biolog-
ical variation to determine allowable bias is a more appro-
priate approach. So far, only one study has assessed the
biological variation of PIGF and sFlt-1 [31]. If we had used
these estimates of intra- and interindividual biological vari-
ation to determine the total biological variation, the maxi-
mum allowable bias would have been 6% for PIGF and 3%
for sFlIt-1 [31]. This is unfeasible as the analytical CV alone
is 8% and 3%, respectively, for these analyses in the lower
concentration ranges. Such studies of the components of
the total biological variation often include relatively few
individuals. In addition, samples in the study from Braga
et al. [31] were from non-pregnant women and may not be
representative for biological variation in pregnancy. We
therefore chose to use the reference values from a healthy
pregnant population [22] to determine the total biological
variation. We defined allowable bias as 0.25 times the stan-
dard deviation of the distribution of reference values
[21,24], which amounted to an allowable positive and neg-
ative bias of sFlt-1 as +13.6% and +12.0%, respectively. The
corresponding values for PIGF were +9.3% and +8.5%, and
for the sFlt-1/PIGF ratio +18.2% and +15.4%. The allowable
bias of sFlt-1/PIGF should have virtually no clinical conse-
quences, as changes in LR from 2.0 to 2.5 (18.2% positive
bias) or from 2.0 to 1.7 (15.4% negative bias) are relatively
small differences on the LR scale [32]. Recently, the EFLM
Working Group Preanalytical Phase (WG-PRE) published
recommendations for the design and evaluation of stability
studies on clinical specimens, recommending an instability
equation to model the change in stability [20]. Using this
approach, we found no significant loss of stability up to
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192h for both PIGF and sFlt-1/PIGF ratio at RT, and a very
small decrease (—0.004% per hour) in sFlt-1 concentration,
of little clinical significance. However, we only had three
samples at 192h, and stability beyond 168h should be
interpreted with caution.

Scientific studies of PIGF and sFlt-1 stability are scarce,
and so far, none has investigated sFlt-1 stability for more
than 24h. We believe this is the largest study of stability for
sFlt-1 and PIGF at RT, using 69 samples from a clinically
relevant population of pregnant women in 1st to 3rd trimes-
ter, providing data in a broad concentration range for both
analytes. Overall, sFlt-1 and PIGF in serum kept at RT was
stable for at least 168h, which allows for sample ship-
ment at RT.
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