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Abstract

Background: Postpartum hemorrhage is a leading cause of
maternal morbidity and mortality worldwide. Contradictory
information exists regarding the relevance of prepartum
platelet count on postpartum hemorrhage. We have shown
prepartum coagulation factor XlIl to be associated with post-
partum blood loss; however, little is known about the asso-
ciation of platelet count with factor XIIl activity. Our objec-
tives were, first, to evaluate the impact of prepartum platelet
count on measured postpartum blood loss in the context of
prepartum measurements of coagulation factors |, Il, and XIlI
and, second, to evaluate the association of platelet count
with coagulation factor Xlll, both pre- and postpartum. Ma-
terial and Methods: This is a secondary analysis of a prospec-
tive cohort study (PPH 1,300 study) which analyzed the im-
pact of prepartum blood coagulation factors on postpartum
blood loss in 1,300 women. Blood loss was quantified using
a validated technique. The impact of prepartum platelet
count on measured blood loss was assessed by continuous
outcome logistic regression; the association of platelet
count with factor XlII activity by Spearman rank correlation.
Results: Prepartum platelet count was significantly associ-
ated with measured postpartum blood loss: every one unit
(G/L) increase in prepartum thrombocytes was associated

with an odds ratio of 1.002 (95% confidence interval, 1.001-
1.004, p = 0.005) to keep blood loss below any given cut-off
level. This means that the probability of postpartum hemor-
rhage decreases with increasing prepartum platelet levels.
Moreover, a significant association of platelet count with fac-
tor Xlll activity was shown (Spearman rank correlation coef-
ficient for prepartum values 0.228, p < 0.001, and for postpar-
tum values 0.293, p < 0.001). Discussion/Conclusion: The
significant association of prepartum platelet countand post-
partum blood loss as well as the association of platelet count
with blood coagulation factor Xlll activity support the likely
role of platelets in preventing postpartum hemorrhage and
support the new guidelines for the treatment of postpartum
hemorrhage in Germany, Austria, and Switzerland, which
calls for optimizing platelet counts peripartally in case of
postpartum hemorrhage. A possible effect of platelets on
the level of circulating factor Xlll cannot be ruled out and
should prompt further investigation.

© 2023 The Author(s).
Published by S. Karger AG, Basel

Introduction

Thrombocytopenia in pregnancy is frequently en-
countered by obstetricians or hematologists. Its preva-
lence in all pregnancies is estimated to be 10% [1]. Little
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and contradictory evidence exists on the role of prepar-
tum platelet counts on postpartum blood loss and its pos-
sible influence on the other coagulation factors. Over the
last years, evidence that platelet counts have an influence
on the volume of postpartum hemorrhage has been ac-
cumulating; however, most studies interpreted the results
by categorization, using thresholds of platelet counts
(e.g., <100 G/L or <150 G/L) instead of interpreting dis-
tributed data continuously, thus reflecting the biological
reality more adequately. Several studies using the thresh-
old approach demonstrate that mild thrombocytopenia
(100-149 G/L) increases the likelihood of postpartum
hemorrhage in cesarean deliveries as well as in vaginal
deliveries [2-5].

On the contrary, some other studies did not reveal any
correlation of platelet count with an increased risk for
postpartum hemorrhage [6-8]. However, some of these
mentioned studies might have been underpowered by in-
cluding fewer than 200 parturients [6, 7].

The Association of the Scientific Medical Societies
(AWMEF) recently updated its guideline on the manage-
ment of postpartum hemorrhage [9]. An expert group of
obstetricians, anesthesiologists, and hematologists from
Germany, Switzerland, and Austria were part of the
AWMEF scientific panel developing the revised guideline.

The algorithm on hemostatic therapy for PPH in the
updated guideline recommends 6 steps to optimize ther-
apy (temperature regulation, pH correction, early use of
tranexamic acid, fibrinogen, and blood coagulation factor
X IIT [FXIII”] substitution) in an escalating protocol.
The sixth step, which was newly added to the guideline,
suggests platelet transfusions for continued bleeding that
requires blood product support with the aim of reaching
a platelet count >100 G/L [10, 11].

Recently, the studies of Haslinger [12] and Bamberg
[13] showed that prepartum FXIII levels are associated
with postpartum blood loss. The influence of platelets on
FXIII activity has been discussed in a basic research envi-
ronment [14] but not in a clinical setting. Available data
show that the catalytic A subunits of FXIII (FXIII-A) are
present in the cytoplasm of platelets [14]. Moreover, ac-
tivated FXIII is likely involved in certain phases of the
platelet spreading process and might participate in clot
retraction, as was shown in a mouse model (10).

With the implementation of the new AWMF guide-
lines for the management of postpartum hemorrhage,
platelet transfusion is gaining further importance. Due to
the scant evidence available on this subject, our aims
were, first, to evaluate the role of platelets on postpartum
blood loss in a continuous logistic regression analysis
rather than the categorical analysis used so far and, sec-
ond, to evaluate the association between platelet numbers
and FXIII activity.
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Methods

This secondary analysis of a prospective single-center cohort
study [12] was performed at the Department of Obstetrics, Uni-
versity Hospital Zurich, Switzerland, between October 2015 and
November 2016 following Institutional Review Board approval
(KEK-ZH 2015-0011, ClinicalTrials.gov registration
NCT02604602). The study was funded by University Hospital Zu-
rich, CSL Behring Switzerland (unrestricted research grant), the
Center for Laboratory Medicine St. Gallen, and a private donor (a
former patient). The nonacademic funding entities involved (i.e.,
CSL Behring and the private donor) had neither influence on the
design or the performance of the study; nor on the collection, man-
agement, analysis, or interpretation of data; the preparation, re-
view, or approval of the manuscript; or on the publication.

Prospective data collection was performed by dedicated re-
search personnel, using patient data from the general and obstet-
rics-specific clinical information systems. Blood coagulation fac-
tors I, I1, and XIII were analyzed at the Center for Laboratory Med-
icine, Hemostasis and Hemophilia Center, St. Gallen, Switzerland,
only after the last patient was enrolled, thus preventing potential
treatment bias. The samples for pre- and postpartum platelet
counts were immediately analyzed at the University Hospital Zu-
rich and were unblinded for the personnel.

Women admitted to the labor ward before vaginal delivery or
cesarean section was included if they were >18 years of age and
their pregnancy was >22 weeks of gestation. Informed written con-
sent was obtained from all study participants before enrolment.
Patients with known congenital disorders of hemostasis, on anti-
coagulant therapy, and women with preeclampsia or eclampsia
were not eligible. Enrolment was consecutive.

The prepartum blood sample was drawn in the 36 h preceding
the onset of delivery, defined as regular contractions or rupture of
membranes, whichever occurred first. The postpartum blood sam-
ple was taken 24-48 h after delivery. Blood loss measurement fol-
lowed a strict protocol, which has been validated and was pub-
lished previously [15]: Immediately after the birth, the midwife
places a fresh drape under the woman’s pelvis to collect blood. The
drape is regularly checked and if continued bleeding is observed,
the drape is weighed on a neonatal balance which is installed in
every suite. If the overall weight (i.e., fluid minus drape) exceeds
300 g, a plastic bag with a quantitative scale is placed under the
pelvis for blood collection and exact measurement. Details of the
study protocol, blood sample processing, blood loss measurement,
and details of the statistical methods applied have been published
before [12].

Fibrinogen concentration (Clauss assay) and FII activity (one-
stage clotting assay) were determined on an ACL 500 coagulation
analyzer (Instrumentation Laboratory) according to the manufac-
turer’s recommendations; FXIIT activity was measured by chromo-
genic assay (Berichrome) on an XP analyzer (Siemens), also accord-
ing to the manufacturer’s recommendations. Prepartum hemoglo-
bin (low levels of which may influence postpartum blood loss) was
analyzed on an ADVIA (Siemens) or XN-20 (Sysmex) instrument.

Platelets were analyzed on an ADVIA (Siemens) or XN-20
(Sysmex) instrument. According to the platelet values, one of the
following methods was chosen: impedance measurement princi-
ple, fluorescence optical method, or fluorescence flow cytometry.

Baseline demographics, fetomaternal and perinatal character-
istics, and prepartum coagulation factor values were stratified by
mode of delivery and are presented in Table 1 using descriptive
statistics. In a first step, the conditional distribution of measured
blood loss (MBL) in relation to prepartum platelet count (G/L),
hemoglobin (g/L), fibrinogen (g/L), FII (%), and FXIII (%) was
estimated by continuous outcome logistic regression [16, 17].
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Fig. 1. Graph of odds ratios to remain be-
low a certain volume of postpartum blood
loss based on measured blood loss (MBL).

Prepartum platelet count

Dashed line: postpartum blood loss-con-
stant regression coefficient (on the exp-
scale) from the continuous outcome logis-
tic regression model; gray area: confidence
interval pertaining to the constant regres-
sion coefficient; red line: absent effect
(odds ratio 1.0); continuous black line:
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blood loss-cut-off-specific logistic regres-
sion coefficients. If the measured blood
loss-constant ~ regression  coefficient
(dashed line) with its confidence interval
(gray area) remains above the OR of 1 (red
line), this represents a statistically signifi-
cant influence of increasing platelet num-
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Fig. 2. Prevalence of postpartum hemorrhage (PPH) as a function
of prepartum platelets for a hypothetical subject with prepartum
hemoglobin 127 g/L, prepartum F I 4.5 g/L, prepartum F IT 128%,
and prepartum F XIIT 96% (reflecting the median of the overall
population). The blue area represents a 95% confidence band.
Rugs on the horizontal axis indicate actually measured prepartum
platelet counts; the darkness of a rug reflects the number of mea-
surements of a certain value (the darker the rug, the more frequent
this platelet number was observed).

In this model, all possible binary logistic regression models for
all MBL volumes were estimated, thus allowing us to apply this
model to any blood loss-cut-off point (i.e., the regression coeffi-
cients were treated as constants). This statistical approach and its
validity are explained in detail elsewhere [12]. In summary, the
regression coefficients describe the odds ratio and assess the
change associated with a one-unit increase in one of the evaluated
prepartum blood parameters at any given blood loss. Thus, the
calculated odds ratios describe the effect of a one-unit increase in
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the respective prepartum parameter on the probability to remain
below any amount of MBL chosen. A binary logistic regression
model using the conventional cut-off at 500 mL, as postpartum
hemorrhage is defined in vaginal deliveries [18], was performed as
well, to compare the binary with the more complex continuous
logistic regression model. The regression coefficients calculated by
the continuous outcome logistic regression model and by the MBL
cut-off dependent binary logistic regression model are depicted
graphically. Moreover, a spearman rank correlation coefficient
was calculated to evaluate the association of platelet count with
Factor XIII activity both in the prepartum as well as the postpar-
tum setting.

Results

Prepartum platelet counts significantly influenced
MBL: every one unit (G/L) increase in prepartum plate-
lets was associated with an odds ratio of 1.002 (95% con-
fidence interval, 1.001-1.004, p = 0.005) to keep blood
loss below any given volume (continuous outcome logis-
tic regression model). In other words, the probability of
postpartum hemorrhage decreased with increasing pre-
partum platelet counts. After stratification for delivery
mode, the effect observed in the continuous outcome lo-
gistic regression model remained significant for vaginal
deliveries (OR 1.002, 95% CI 1.000-1.005, p = 0.05) and
showed a similar trend for cesarean deliveries (OR 1.002,
95% CI 1.000-1.005, p = 0.08).

According to the graphical representation depicted in
Figure 1, the interpretation of constant effects for all MBL
values in a continuous outcome logistic regression model
can thus be considered appropriate. Using the conven-
tional cut-off of 500 mL MBL (binary logistic regression
model, WHO definition for of postpartum hemorrhage),

Brun/Hothorn/Eigenmann/Frevert/
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Fig. 3. Correlation of prepartum FXIII ac-
tivity and prepartum platelet count (p
0.228, p < 0.001).
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Fig. 4. Correlation of postpartum FXIII ac- 50
tivity and postpartum blood count (p
0.293, p < 0.001).
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the odds ratio was 1.003 (95% confidence interval, 1.001-
1.005, p = 0.007).

Having established the association of platelet count
with postpartum blood loss, the overall prevalence of
postpartum hemorrhage (defined as MBL =500 mL) as a
function of prepartum platelet count was calculated
(Fig. 2). If an option to increase prepartal platelet counts
existed, e.g., by 50 G/L, the continuous outcome logistic
regression model predicts the probability to remain under
any given blood loss volume to rise by 11% and the prob-
ability for a PPH to occur to decrease by 16%. In addition
to the observations described above, a significant associa-
tion of prepartum platelet count and prepartum factor
XTI activity (Spearman rank correlation coefficient 0.228,
p < 0.001) as well as postpartum platelet count and post-
partum factor XIII activity (Spearman rank correlation
coefficient of 0.293, p < 0.001) was shown (Fig. 3, 4).

Discussion

This secondary analysis of a prospective study involv-
ing 1,300 parturient women reports important results:
that prepartum platelet counts are significantly inversely
correlated with the postpartum blood loss, measured with
a validated technique and that platelet counts significant-
ly correlate with FXIII activity both pre- and postpartum.

Previous studies have analyzed the association of
platelet counts with postpartum blood loss as well, but the
bloodloss was merely estimated and arbitrarily set thresh-
olds were used (e.g., 500 mL, 1,000 mL, etc., for blood loss
and 100 G/L, 150 G/L, etc., for platelet counts). As catego-
rization is prone to a loss of information, this might have
led to the contradictory results reported by these studies
[2-8]. In contrast, we performed a continuous outcome
logistic regression analysis involving blood coagulation
factors I, II, and XIII and analyzed the effect of prepartum
platelet counts on postpartum blood loss over the whole
spectrum of MBL volumes.

The Impact of Prepartum Platelet Count
on Postpartum Blood Loss

To our knowledge, this study is to date the largest
study of postpartum blood loss in parturient women in-
volving blood coagulation factors as well as prepartum
platelet count and hemoglobin levels as possible con-
founders in the analysis of prepartum platelet counts. Our
results reveal that every one unit (G/L) increase in prepar-
tum platelet count is associated with an odds ratio of
1.002 to remain below any MBL volume and an odds ratio
of 1.003 not to suffer from PPH (MBL >500 mL). To il-
lustrate in other words: an increase of prepartal platelets
by 50 G/L rises the probability to remain under any given
blood loss volume by 11% and decreases the probability
for a PPH to occur by 16%.

The prediction from the continuous outcome logistic
regression model that increasing prepartum platelet
counts will be associated with a decrease in postpartum
blood loss and the frequency of PPH raises the question
whether raising the prepartum platelet count could be a
novel treatment approach for PPH prevention, albeit the
response expected might be smaller than the one expect-
ed through FXIII supplementation [12]. The important
message, however, is that the biological signal is clearly
seen across the entire study population and for all select-
ed blood loss volumes.

This underlines the importance of platelet count in the
risk stratification for PPH and the potential use of plate-
lets in the therapy of postpartum hemorrhage. We hence
welcome the increased attention that the role of platelets
receives in the new German, Austrian, and Swiss guide-
line [9] for the treatment of PPH.

The American College of Obstetrics and Gynecology
suggests in their 2017 practice bulletin that massive trans-
fusion in PPH should be performed according to a proto-
col with fixed ratios of packed red blood cells, fresh frozen
plasma, and platelets. A 1:1:1 ratio was used in over 80%
of all American institutions [19]; it remains to be con-
firmed whether this is the optimal approach as compared
to other (ratio of 4:4:1 or 6:4:1) recommendations [20].
The 2007/2008 RCOG guidelines presented in the Green

Transfus Med Hemother 5
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Top Guideline Nr. 47 recommends platelet transfusion in
case of platelet counts below 50 G/L in active peripartum
bleeding; transfusion can also be considered in (decreas-
ing) platelet counts below 75 G/L to provide a margin of
safety [21].

Besides the obvious and established role of platelets in
the formation of blood clots, the second finding, the sig-
nificant association of platelet counts with FXIII activity,
both pre- and postpartum, might add valuable informa-
tion to the importance of platelets on clot firmness. The
influence of prepartum FXIII levels on postpartum blood
loss has now been proven by our working group [12] and
by others [13], while the importance of FXIII has also
been recognized in other emergency situations and med-
ical fields [22-26]. As it has been shown that factor XIII
is present in the cytoplasm of platelets [14, 27], it might
be postulated that the increased risk for postpartum blood
loss not only derives from the reduced absolute number
of platelets and the associated reduction in adhesion and
aggregation but also from the reduced factor XIII avail-
ability at the scene of the platelet effect.

Our report comes with all the usual caveats of a post
hoc analysis. However, the greatest strength of our study
is the robust prospectively collected data set from a large
study population of 1,300 parturient women. The con-
tinuous regression analysis performed with these data, in-
cluding not only prepartum platelet counts but also co-
agulation factors I, II, and XIII as well as prepartum he-
moglobin is, to the best of our knowledge, unique. It is
also important to mention that the method we used for
blood loss measurement has been clinically validated [15]
and thus provides more accurate results than a mere esti-
mation of blood loss volume (a method that has frequent-
ly been utilized in other studies).

Our data help explain why even mild thrombocytope-
nia might increase postpartum blood loss [3, 5]. It might
also help clarify why conflicting results have been report-
ed in the past. It seems that increased postpartum blood
loss has a multifaceted pathophysiology.

The treatment of PPH must follow a multimodal ap-
proach taking into account multiple factors, thrombo-
cytes being one of these. Reduced platelet counts and, po-
tentially, therefore, reduced platelet-derived FXIII activ-
ity, in addition to other factors, seem to contribute to
increased postpartum blood loss.

We do not assume that many women have severe
thrombocytopenia or that only severe thrombocytopenia
leads to severe PPH; however, we think that thrombocy-
topenia might deteriorate blood loss due to another pa-
thology — with the extent of deterioration depending on
the number of thrombocytes.

In conclusion, we suggest here that reduced prepar-
tum platelet counts and thus platelet-derived FXIII activ-
ity are risk factors for increased postpartum blood loss.

6 Transfus Med Hemother
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We thus support the new German, Austrian, and Swiss
guideline on postpartum hemorrhage, which now also
underlines the importance of platelet counts and poten-
tial platelet transfusions. The association of platelet
counts and measured FXIII activity in the peripartal set-
ting requires further investigation.
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