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Background: Thrombocytopenia affects 12-20% of women with preeclampsia and a low platelet count impairs
coagulation. Women with preeclampsia have an increased risk of both cerebral hemorrhage, thromboembolism,
and postpartum hemorrhage. Studies of platelet function and coagulation in women with preeclampsia show
conflicting results. Therefore, we aimed to study platelet aggregation and coagulation in women with
preeclampsia.

Method: Women with preeclampsia and women with normotensive pregnancies were included prior to delivery in
a prospective observational study as a part of the Gothenburg Preeclampsia Adverse Event (GoPROVE) Biobank
and Database. Sampling and analyses were performed shortly before delivery. Platelet count was analyzed and
impedance aggregometry was used for examining platelet adhesion and aggregation. Thromboelastometry was
used to assess coagulation.

Results: Ninety-three women with preeclampsia and 45 normotensive pregnant control patients were included.
There was no difference in platelet aggregation (adenosine diphosphate, ADP-test), (arachidonic acid, ASPI-test)
or (thrombin receptor-activating peptide, TRAP-test) between women with preeclampsia and women with
normotensive pregnancies. Women with preeclampsia had lower platelet counts, shorter clotting (EXTEM-CT and
INTEM-CT) and clot formation (EXTEM-CFT and INTEM-CFT) times than women with normotensive pregnan-
cies. Platelet aggregation and coagulation were hyperactivated in women with preeclampsia and normal platelet
counts. In women with preeclampsia and thrombocytopenia, platelet aggregation and thromboelastic tests of
coagulation were impaired compared with normotensive pregnancies.

Conclusion: Platelet aggregation and thromboelastic tests of coagulation are dependent on platelet counts in
women with preeclampsia. At normal platelet counts, women with preeclampsia have hyperactivated tests of
coagulation. In contrast, women with thrombocytopenia demonstrated lower coagulation test values.

Introduction

Preeclampsia complicates 3-5% of all pregnancies and represents a
leading cause of maternal and neonatal morbidity and mortality
worldwide."? The central theory is that preeclampsia is triggered by the
release of vasoactive substances from the uteroplacental unit that con-
tributes to subsequent widespread maternal endothelial dysfunction.'**
Coagulation disturbances are common in women with preeclampsia.®

Women with preeclampsia also have an increased risk of both bleeding
and thromboses, including cerebral hemorrhage, thromboembolism,
and postpartum hemorrhage.*®

For women with preeclampsia, spinal anesthesia is preferred during
caesarean delivery to avoid the risks of cerebral hemorrhage during
tracheal intubation. However, some women with preeclampsia may
have an increased risk of spinal hematoma due to low platelet
count.” %! These risks are challenging to balance. Thrombocytopenia

* Corresponding author at: Department of Anesthesiology and Intensive Care, Institute of Clinical Sciences. The Sahlgrenska Academy, Sahlgrenska University

Hospital, Diagnosvégen 8, 416 85 Gothenburg, Sweden.
E-mail address: malin.ma.andersson@vgregion.se (M. Andersson).

https://doi.org/10.1016/j.ijjoa.2024.104297
Accepted 10 November 2024
Available online 21 November 2024

0959-289X/© 2024 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


mailto:malin.ma.andersson@vgregion.se
www.sciencedirect.com/science/journal/0959289X
https://www.elsevier.com/locate/ijoa
https://doi.org/10.1016/j.ijoa.2024.104297
https://doi.org/10.1016/j.ijoa.2024.104297
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijoa.2024.104297&domain=pdf
http://creativecommons.org/licenses/by/4.0/

M. Andersson et al.

is common, affecting 12-20% of women with preeclampsia, and coag-
ulation is hyperactivated due to endothelial injury.' %

Platelets affect both primary and secondary hemostasis by forming
and maintaining blood clots. Platelet count is considered important.
Based on international consensus, a platelet count greater than 70 x
10%/L is usually considered sufficient, after clinical assessment, for safe
spinal anesthesia.”'! However, new methods for the surveillance of
coagulation integrated into clinical practice in trauma and major sur-
gery are becoming more commonly used in obstetric care.'? > Imped-
ance aggregometry (Multiplate®) is used to monitor adhesion and
aggregation of platelets and thromboelastometry (ROTEM®) to assess
coagulation function. The role of platelet aggregation in preeclampsia,
and how a declining platelet count affects platelet aggregation and
coagulation, have not been extensively studied and currently published
study result are conflicting.'* '8

Our hypothesis is that preeclampsia changes platelet aggregation
and coagulation compared with normotensive pregnancies, and the
differences are associated with the platelet concentration in women with
preeclampsia. Therefore, our primary aim was to investigate platelet
aggregation and coagulation in women with preeclampsia compared
with normotensive pregnancies regardless of platelet count. Secondly,
we examined how platelet aggregation and coagulation were affected at
different platelet counts in preeclampsia. Finally, we examined platelet
aggregation and coagulation in women with preeclampsia with and
without severe features and complications.

Method
Population

Women with preeclampsia were included at diagnosis and women
with normotensive pregnancies were included at first hospital visit in a
prospective observational study as a part of the Gothenburg Pre-
eclampsia Adverse Event (GoPROVE) Biobank and Database.'® The
study design and all measurements were planned before recruitment of
patients to the present study. Women were enrolled by staff, PhD stu-
dents and research assistants at Sahlgrenska University Hospital, a ter-
tiary university hospital with approximately 11,000 births annually. All
women with a diagnosis of preeclampsia were eligible for inclusion.
Women with multifetal pregnancies, prior diagnosis of chronic hyper-
tension, or any significant systemic disease such as diabetes were not
included in this study. The study was approved by the Regional Research
Committee in Gothenburg (registration number EPM 955-18,
2019-03734, 2020-02291). Enrollment in the present study occurred
between October 2019 and February 2022. The biometrics and standard
laboratory results of the women were retrieved from the GoPROVE
database, an electronic case report form with double authentication
provided by MedSciNet®.'° ROTEM® and Multiplate® were performed
on blood samples exclusively on the women included in this study, not
on all women included in GoPROVE (Fig. 1).

76 normotensive

controls were included
Oct 2019 - Feb 2022

3 were excluded due to
developing
preeclampsia, 2 due to
incomplete testing

50 Rotem® + Multiplate®
were performed

45 normotensive

controls were finally
included
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Exposures

Preeclampsia and severe features of preeclampsia were defined ac-
cording to the criteria of the American College of Obstetricians and
Gynecologists, with the additional criterion that only women with
elevated proteinuria (albumin/creatinine ratio >8 mg/mmol) were
included.?® Small-for-gestational age (SGA) was defined as —2 standard
deviations for gestational age according to Swedish reference curves.”!
Severe thrombocytopenia was defined as platelet count <100 x 10°/1,
mild thrombocytopenia was defined as platelet count between 100-150
x 10%/L, and normal platelet count was defined as platelet count >150
x 10°/L. All variables from the medical records were inserted into the
GoProve database, an electronic case report form (eCRF) with double
authentication provided by Omda® (previously MedSciNet®).

Outcomes

Impedance Aggregometry (Multiplate®) was used to assess platelet
adhesion and aggregation, and coagulation was assessed with throm-
boelastometry (ROTEM®). Analyses were performed as close as possible
to the time of delivery (within 24 hours).

Sample collection:ROTEM® and Multiplate® were managed accord-
ing to routine clinical practice and analyzed within recommended time
interval after sampling, at the Pediatric Intensive Care Unit and the
Obstetric Surgery ward at Sahlgrenska University Hospital.

Whole blood was sampled through a fresh venipuncture (18G nee-
dle) directly into three different vacuum test tubes for the analyses. For
platelet count, in K2-EDTA 5-mL test tubes, for platelet adhesion and
aggregation in heparin-anticoagulated Vacate LH Lithium Heparin test
tubes (Greiner Bio-One GmbH), and for coagulation measured with
ROTEMW®), a citrate-containing test tube (Greiner Bio-One) was used.

Sample analyses

Platelet count was analyzed with the Advia 2120i® (Siemens
Healthineers, Erlingen, Germany), the standard method used by the
accredited Sahlgrenska University Hospital laboratory. This method
uses flowcytometry and phase contrast microscopy to count platelets.

Platelet adhesion and aggregation were analyzed using impedance
aggregometry (Multiplate® Roche Diagnostics, Switzerland). The test
kits used were as follows: adenosine diphosphate (ADP-test) for the
detection of P2Y12-dependent aggregation, the arachidonic acid (ASPI-
test) to assess cyclooxygenase-dependent platelet aggregation, and the
thrombin receptor-activating peptide (TRAP) test to assess PAR-1 re-
ceptor-dependent platelet aggregation. The change in impedance in the
test is expressed as the area under the curve, as a quantification of
platelet aggregation, reported in arbitrary aggregation units (U). Coag-
ulation was analyzed by rotational thromboelastometry (ROTEM®;
Pentapharm GmbH). Clotting time (CT), clot formation time (CFT),
maximum clot firmness (MCF) in the EXTEM, INTEM and FIBTEM
channels were analyzed. The technical details of Multiplate® and
ROTEM® and evaluation of the methods have been reported

193 women with

preeclampsia were

included Oct 2019 — Feb

2022

2 were excluded due to
of Active Protein C
Resistance, another 1
due to Prothrombin
resistance

95 Rotem® + Multiplate®
were performed

93 women with
preeclampsia were
finally included

Fig. 1. Flowchart patient inclusion.
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previouslyzz’23 (Supplemental Material 1).

Statistical analysis

Continuous data were presented as median (interquartile range). For
the comparison of continuous variables between two groups, the Mann
Whitney U test was used. The Jonckhere-Terpstra test for trends among
groups was used to compare the aggregation and thromboelastrography
tests among the women with preeclampsia with normal platelet count,
and mild and severe thrombocytopenia. Fishers exact test was used to
compare binary outcomes between two groups and the chi-squared test
was used to compare outcomes of nominal data with more than two
variables in any group. A P value <0.05 was considered statistically
significant. Statistical analyses were carried out with the SPSS software
version 25.0 (Armonk, NY, USA).

The study was a prospective observational study; there were limited
data on platelet aggregation in women with preeclampsia. A sample size
estimation was performed: we assumed a 20% standard deviation in
platelet aggregation data and anticipated a 10% decrease in platelet
aggregation values in the preeclampsia group. With a 2:1 enrollment
ratio, this result in a sample size of 94 women in the preeclampsia group
and 47 women in the control group.

Results

A total of 95 women with preeclampsia were included in the study.
Two women were excluded from analysis, one due to active protein C
resistance and another due to prothrombin gene mutation, resulting in
93 women in the final analysis. In total, 50 women with normotensive
pregnancies were enrolled. Three were excluded due to development of
preeclampsia after inclusion and two were excluded due to incomplete
tests, resulting in 45 women in the control group (Fig. 1). There was one
intrauterine fetal death reported among the women with preeclampsia.
Baseline characteristics on the included patients are described in
Table 1. The women with preeclampsia had higher body mass index,
were more commonly nulliparous, and delivered at earlier gestational
age than women with normotensive pregnancies.

Women with preeclampsia had a lower platelet count than women

Table 1
Demographic characteristics.
Women with Normotensive P value
preeclampsia (n = controls (n = 45)
93)
Gestational age 36+4[33-+0-38+5] 40+1[39+1-40+1] <0.001
(weeks + day)
Age (years) 31 [29, 34] 32 [29, 35] 0.029
Body mass index at 25.2 [21.8, 30] 23.3 [21, 26.2] 0.326
booking (kg/mz)
Nulliparous, n 15 (16%) 22 (49%) <0.001
Tobacco use, n 3 (3%) 1 (2%) 0.742
Alcohol use, n 0 (0) 0 (0) -
Delivery mode 0.006
Spontaneous vaginal 36 (38%) 30 (67%)
delivery, n
Operative vaginal 4 (4%) 2 (4%)
delivery, n
Pre-labour 39 (42%) 7 (16%)
caesarean delivery, n
Intrapartum 14 (15%) 4 (9%)
caesarean delivery, n
Intrauterine fetal 1 (1%) 0 (0) <
death, n 0.999
HELLP syndrome, n 6 (6%) 0 (0) 0.081
Eclampsia, n 0 (0) 0 (0) -
Small-for-gestational- 17 (18%) 2 (4%) 0.026

age neonate, n

Values are presented as median with interquartile range [IQR] or n (%).
HELLP, Hemolysis, Elevated Liver Enzymes, Low Platelets.
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with normotensive pregnancies (Table 2). There were no differences in
platelet aggregation adenosine diphosphate (ADP), arachidonic acid
(ASPI), or thrombin receptor-activating peptide (TRAP) between the
two groups. Women with preeclampsia had shorter coagulation times
(EXTEM-CT) and shorter clot formation times (EXTEM-CFT).

Seven of the women with preeclampsia using prophylactic aspirin
therapy (75 mg, last dose within seven days) had no significant differ-
ence on the ASPI-test compared to normotensive women.

Sixty-three women with preeclampsia had a normal platelet count,
23 had mild thrombocytopenia and seven women had severe thrombo-
cytopenia. Women with preeclampsia and normal platelet count had
shorter INTEM-CFT and EXTEM-CFT times and higher INTEM-MCF and
EXTEM-MCF values compared with normotensive pregnancies. Women
with preeclampsia and mild thrombocytopenia had less platelet aggre-
gation measured as lower counts of ADP and ASPI units compared to
normotensive pregnancies. They also had shorter EXTEM-CT time and
lower INTEM-MCF and EXTEM-MCF values. Women with preeclampsia
and severe thrombocytopenia had longer INTEM-CFT and EXTEM-CFT
and lower INTEM-MCF and EXTEM-MCF compared to normotensive
pregnancies.

The Jonckhere-Terpstra test showed a statistical significance for
lower ADP counts and lower INTEM-MCF and EXTEM-MCF, as well as
longer clotting time in INTEM-CT and longer clot formation times in
EXTEM-CFT and INTEM-CFT when platelet count decreased within the
group of women with preeclampsia (Fig. 2).

There were no differences in platelet aggregation and coagulation in
women with preeclampsia with one or more severe features compared to
women with preeclampsia without severe features (Table 3). In a sub-
group analysis, the only complication of preeclampsia associated with
altered coagulation was found in women with small-for-gestational-age
neonates; these women had increased platelet aggregation (higher
TRAP-counts) (Supplemental Material 2).

Discussion

Platelet aggregation and thromboelastic tests of coagulation are
dependent on platelet counts in women with preeclampsia. At normal
platelet counts, women with preeclampsia have a hyperactivated tests of
coagulation. In contrast, women with thrombocytopenia demonstrated
lower coagulation test values.

We found no difference in platelet aggregation (ADP, ASPI, or TRAP-
test) between women with preeclampsia and normotensive women,
probably due to the heterogeneity of platelet counts in the group of
women with preeclampsia. Women with preeclampsia had a faster onset

Table 2
Platelet counts, platelet aggregation and coagulation in women with pre-
eclampsia compared to normotensive controls.

Women with Normotensive controls P value

preeclampsia (n = 93) (n = 45)
Platelet count 193 [134, 244] 234 [183, 276] <0.001
x 10°/L
ADP, U 62 [43, 78] 63 [51, 77] 0.541
ASPL, U 73 [55, 97] 79 [66, 102] 0.145
TRAP, U 85 [62, 104] 80 [68, 101] 0.908
Fib-MCF, mm 25 [21,27] 23 [19, 25] 0.052
Ex-CT, s 53 [49, 57] 55 [52, 59] 0.032
Ex - CFT, s 51 [43, 61] 57 [51, 63] 0.004
Ex — MCF, mm 72 [69, 74] 71 [68, 73] 0.083
In-CT,s 166 [155, 178] 169 [161, 181] 0.146
In - CFT, s 50 [44, 60] 55 [48, 64] 0.077
In - MCF, mm 71 [67, 731 69 [66, 72] 0.368

Data presented as median with interquartile range [IQR].

U: units; mm: millimeter; s: seconds; ADP: adenosine diphosphate; ASPIL:
arachidonic acid; TRAP: thrombin activating peptide-6; Ex: EXTEM; In: INTEM;
CT: clotting time; CFT: clot formation time; MCF: maximum clot firmness; Fib:
fibrinogen.
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Fig. 2. Platelet count, platelet aggregation (Multiplate) and coagulation (ROTEM) in preeclampsia with severe thrombocytopenia, mild thrombocytopenia, normal
platelet count compared with normotensive controls (controls = non-PE). Activity: units. PE: preeclampsia; Non-PE: normotensive controls; PLT: platelets; ADP:
Adenosindiphosphate; ASPI: arachidonic acid; TRAP: thrombin activating peptide-6; Fib: fibrinogen; CT: clotting time; CFT: clot formation time; MCF: maximum clot
firmness. * P <0.05 for comparison between women with preeclampsia vs normotensive controls. $ P <0.05 for Jonckhere-Terpstra test for trends within women
with preeclampsia and normal platelet levels, mild thrombocytopenia, or severe thrombocytopenia.

of coagulation compared with women with normotensive pregnancies.
This is consistent with previous research in which Spezia et al. also
found a faster onset of coagulation measured with thromboelastography
(TEG®) in women with preeclampsia compared to women with
normotensive pregnancies.'® Another study reported that women with
preeclampsia who had normal platelet counts had faster onset of coag-
ulation, more stable clots, and no difference in aggregation compared to
women with normotensive pregnancies.”’ Davis et al. showed that the
platelet aggregation measured with PFA-100 detected impaired platelet

aggregation in women with preeclampsia while thromboelastography
(TEG) did not detect coagulopathy.'”.

We also examined how platelet aggregation and coagulation were
affected at different platelet counts in preeclampsia. At normal platelet
counts, women with preeclampsia had a faster onset of clotting and
stronger clot formation than normotensive women. When preeclampsia
was complicated by thrombocytopenia, even mild thrombocytopenia, a
decline in platelet aggregation was observed. Maximum clot firmness
was also slightly decreased while the clotting time was faster. Our study
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Table 3
Platelet aggregation and coagulation in women with one or more severe features
of preeclampsia compared to women with preeclampsia without severe features.

Women with preeclampsia ~ Women with preeclampsia P

with severe features without severe features value
(n=42) (n=51)
Platelet 203 (122-229) 189 (135-248) 0.534
Count,
x10%/L
ADP, U 64 (43-77) 58 (42-81) 0.850
ASPL, U 75 (60-97) 72 (48-97) 0.442
TRAP, U 86 (66-107) 85 (60-102) 0.711
Fib — MCF, 25 (21-27) 25 (20-27) 0.972
mm
Ex — CT, s 54 (49-58) 52 (49-56) 0.349
Ex — CFT, s 51 (43-66) 50 (43-60) 0.360
Ex — MCF, 72 (69-74) 72 (69-74) 0.650
mm
In - CT,s 167 (157-181) 162 (153-176) 0.146
In — CFT, s 52 (45-62) 49 (43-59) 0.299
In — MCF, 70 (67-73) 71 (68-72) 0.441
mm

Data presented as median, interquartile range [IQR]. Mann Whitney U test. * =
significant.
U: units; mm: millimeter; s: seconds; ADP: adenosine diphosphate. ASPI:
arachidonic acid. TRAP: thrombin activating peptide-6; Ex: EXTEM; In: INTEM;
CT: clotting time; CFT: clot formation time; MCF: maximum clot firmness. Fib:
fibrinogen.

indicates that, in women with preeclampsia, a platelet count <150 x
10°/L is associated with altered tests of coagulation.

Despite a small number of women with severe thrombocytopenia, we
found a decrease in clot formation time (EX-CFT, IN-CFT) and the
maximum clot firmness (EX-MCF, IN-MCF). Leduc et al. found similar
results, with a general decrease in activated partial thromboplastin time
(aPTT) and prothrombin time (PT) when the platelet count declined to
less than 100 x 10°/L.>* Consistent with our study, the Roadmap
—Preeclampsia study found slower onset of clot formation and
decreased maximum clot firmness in women with severe preeclampsia
(one criterion for severe preeclampsia is thrombocytopenia).'®

A consensus statement from the Society for Obstetric Anesthesia and
Perinatology discussed neuraxial procedures and the risk for spinal he-
matoma in patients with thrombocytopenia. The experts agreed that,
regardless of pathogenesis of thrombocytopenia, a platelet level higher
than 70 x 10%/L is sufficient for the safe use of spinal anesthesia after
clinical assessment.'°

The ADP receptors, crucial to metabolism, have been suggested by
others to play a role in the development of preeclampsia.”” Clopidogrel
is being investigated as a possible treatment of preeclampsia because of
the effect on antioxidant defense and suppressed endothelial
dysfunction.?®

Women with preeclampsia and small-for-gestational-age (SGA) ne-
onates had increased aggregation, but unaltered coagulation compared
with women with preeclampsia without SGA. Norris et al. suggested that
the release of vasoactive amines from activated platelets in the periph-
eral circulation may be responsible for the clinical syndrome of hyper-
tension and proteinuria present in pregnancies complicated by
preeclampsia and fetal growth restriction (FGR); this is absent in
normotensive women with FGR.?” One possible explanation for the as-
sociation between increased platelet aggregation and SGA is that
elevated platelet aggregation may cause microthrombi and infarctions
in the placenta, a common histopathological finding in preeclampsia.’®
This outcome might in turn contribute to an impaired placental function
and subsequent impaired fetal growth.?®

Platelet aggregation (Multiplate®) and coagulation (ROTEM®)
measurements can be used bedside and can provide additional infor-
mation about platelet aggregation and coagulation in preeclampsia.
Observation of platelet function and its relation to platelet count might
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provide new insights into preeclampsia pathophysiology. We suggest
further studies to confirm our results and evaluate if platelet count is
enough for developing safe strategies for clinical decisions such as spinal
or general anesthesia or for assessing risk for thromboembolism. Clinical
recommendations cannot be undertaken based on this single study.
Future studies should assess platelet function in a larger cohort of
women with preeclampsia and severe thrombocytopenia.

Strengths of this study included well-characterized women with
preeclampsia and normotensive controls enrolled prospectively in a
large university hospital setting. The analyses of coagulation and
platelet function were assessed using validated instruments. The study
also has some limitations. Only seven women had severe thrombocy-
topenia. This small number might be due to the difficulty of enrolling
women with severe thrombocytopenia for analyses of coagulation
function before delivery. These women are often delivered within a few
hours of presenting to the hospital, and are thus challenging to include
in a prospective study. Another limitation is the platelet aggregation
method (Multiplate®) which has an inter-individual variance that might
influence results and clinical interpretations.*’

Conclusion

Platelet aggregation and thromboelastic tests of coagulation are
dependent on platelet counts in women with preeclampsia. At normal
platelet counts, women with preeclampsia have hyperactivated tests of
coagulation. In contrast, women with thrombocytopenia demonstrated
lower coagulation test values.
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