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A B S T R A C T   

Introduction: Venous thrombosis is the leading cause of pregnancy-related maternal morbidity and mortality. The 
thrombosis risk is increased by caesarean section and blood loss, though underlying mechanisms of these pro-
thrombotic changes remain unknown. 
Materials and methods: This prospective study recruited 50 pregnant women at term undergoing elective 
caesarean section at University Hospital Magdeburg, Germany. Blood loss during surgery was correlated with the 
changes in total protein S, full length TFPI (TFPIfl), prothrombin, the endogenous thrombin potential (ETP) and 
resistance to activated protein C (APCsr) determined via calibrated automated thrombography. 
Results: Mean blood loss was 506 ml (95%CI: 456 to 557 ml). Total protein S was 0.63 (95%CI: 0.60 to 0.67) U/ 
ml preoperatively, decreased by 14.8% after caesarean section and almost normalised five days later. TFPIfl was 
0.47 (95%CI: 0.41 to 0.53) U/ml before, remained unchanged immediately after and increased by 11.5% five 
days after surgery. Prothormbin was 1.10 (95%CI: 1.03 to 1.16) U/ml preoperatively, reduced by 10.4% 
immediately after and increased again five days after caesarean section, exceeding the preoperative values by 
4.4% (− 0.7 to 9.6). The ETP decreased by 3.9%, whereas the APCsr increased by 37.0% immediately after 
caesarean section. The changes in total protein S, prothrombin, thrombin generation and APC resistance showed 
a trend to be more pronounced in the subgroups with higher blood loss. 
Discussion: Moderate blood loss during caesarean section hardly reduces thrombin generation but aggravates 
pregnancy-induced APC resistance and combined deficiency of TFPI and protein S, which can account for the 
increased thrombosis risk in early puerperium.   

1. Introduction 

In pregnancy the coagulation system undergoes physiological 
changes towards a hypercoagulant state, thereby preventing severe 
haemorrhage during delivery. Notwithstanding, postpartal haemor-
rhage (PPH) is still the leading cause for maternal death in developing 
countries [1]. Optimisation of the bleeding management allows to 
reduce maternal mortality due to PPH but on the other hand can 
aggravate the pre-existing hypercoagulability, thereby increasing the 
risk of another important pregnancy-related complication- venous 
thromboembolism (VTE) [1]. The risk on VTE is elevated 4 and 20 times 
during pregnancy and in puerperium respectively, as compared to age- 
matched non-pregnant women [2]. The incidence of VTE is estimated 

to be highest during the first week after delivery, gradually decreasing 
thereafter and persisting over the 12th week postpartum [3]. Various 
genetic and acquired factors, such as thrombophilia, caesarean section, 
infection and severe blood loss can modulate the risk of pregnancy- 
related VTE [1]. 

Pregnancy-induced changes in coagulation factors and anticoagulant 
proteins are thought to greatly contribute to the increased risk of VTE. 
Most coagulation factors are elevated during pregnancy [4], whereas 
anticoagulant proteins decrease progressively [4,5]. Additionally, 
fibrinolytic activity diminishes and the levels of thrombin activable 
fibrinolysis inhibitors increase during pregnancy [6,7]. These alter-
ations may amplify or counteract each other, therefore the impact of 
particular changes on haemostasis is difficult to assess. Some evidence 
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suggests an importance of activated protein C (APC) and the protein S/ 
tissue factor pathway inhibitor (TFPI)-system in the pathogenesis of 
pregnancy-induced thrombosis [8]. Decreased sensitivity to APC, also 
known as APC resistance has been shown to be dose-dependently asso-
ciated with the risk of VTE in different populations [9]. Several global 
coagulation tests were proposed to evaluate the net effect of single 
changes at different levels of the coagulation cascade and to assess APC 
resistance. Among others, calibrated automated thrombography-based 
assays, measuring the endogenous thrombin potential of plasma, were 
validated in various prothrombotic and haemophilic phenotypes. APC 
resistance test, based on the quantification of the effect of APC on the 
endogenous thrombin potential of plasma was shown to be particularly 
sensitive to coagulation changes during hormonal therapies and preg-
nancy [8]. 

Remarkably, PPH also increases the risk of VTE in puerperium, [1] 
despite a consecutive loss of coagulation factors. Blood loss over 1000 ml 
increases the thrombosis risk 4-fold after vaginal delivery and even 12- 
fold after caesarean section [10]. Blood transfusion, infusion and sub-
stitution therapies can additionally influence haemostasis. Therefore, 
exact knowledge on the changes occurring during and after bleeding and 
fluid administration is required for the optimal management of PPH. 
However, the current guidelines are based on studies performed in non- 
pregnant patient populations, without considering the specificity of the 
coagulation changes during pregnancy. We hypothesised that PPH may 
increase the thrombosis risk by further aggravation of the pre-existing 
during pregnancy hypercoagulability. As the levels of natural in-
hibitors of coagulation are already decreased antepartum, blood loss can 
possibly affect the anticoagulant pathways to a greater extent as 
compared to the procoagulant mechanisms. 

In the current prospective study, we investigated coagulation 
changes after caesarean section and their association with blood loss. 
The endogenous thrombin potential of plasma was chosen to assess the 
net effect of blood loss on coagulation. As the capacity of plasma to build 
the key enzyme of the coagulation cascade - thrombin - is largely 
determined by prothrombin [11], we also measured prothrombin levels. 
In order to evaluate changes in the anticoagulant pathways, we assessed 
APC resistance with a thrombin generation-based test. Protein S and 
TFPI are the major determinants of this assay [12] and were suggested to 
play a pivotal role in the development of APC resistance during preg-
nancy [8]. To confirm our hypothesis that peripartal blood loss can 
aggravate simultaneous deficiency of these proteins, we also evaluated 
changes in the protein S and TFPI levels. 

2. Materials & methods 

2.1. Collection of plasma samples 

Sample size was based on the number of subjects required to detect 
significant changes in the APC sensitivity ratio (APCsr) after blood loss 
during caesarean section. Assuming the standard deviation of the APCsr 
in pregnant women is 1.37 [8], we calculated that 40 women were 
needed to find a difference in the APCsr of 0.8 (β = 0.95 and α = 0.05). 

We recruited prospectively 50 women who underwent elective 
caesarean section at term at the University Clinic of Magdeburg, Ger-
many, between August 2014 and May 2015. Exclusion criteria were a 
personal or family history of VTE and coagulation disorders or medi-
cation that might interfere with blood coagulation. During hospital stay 
all participants obtained a prophylactic therapy with low molecular 
weight (LMWH), starting 6 h after caesarean section according to the 
national standards. Five blood samples were drawn: before, immedi-
ately, 6 h, 24 h and five days after the caesarean section. The later two 
samples were taken about 12 h after LMWH injection. All blood samples 
were proceeded to plasma as described before [13], snap frozen and 
stored at − 80 ◦C until analysis. The study was approved by the Medical 
Ethical Committee of the University of Magdeburg, Germany and 
registered with DRKS under DRKS00019879. All volunteers gave 

written informed consent. Pooled normal plasma was prepared by 
pooling plasma of 28 men and 17 women (mean age 33.6 years) and 
pooled pregnant plasma was prepared by pooling plasma of 23 healthy 
pregnant women (mean age 33.3 years) as previously described [14]. 

2.2. Assessment of blood loss 

Assessment of blood loss during caesarean section was challenged by 
the presence of the amniotic fluid, therefore three different methods 
were used for this purpose. First, the surgeon estimated the blood loss 
visually. Additionally, the blood loss was objectively assessed by 
weighing the abdominal bandages and swabs used during the surgery 
under subtraction of the weight of dry materials. The amount of blood in 
the bandages, swabs and in the suction device bottles was corrected for 
the dilution with amniotic fluid. The dilution factor was calculated using 
the haemoglobin levels in blood (before caesarean section) and in the 
suction device bottles. Finally, blood loss was calculated using the “one- 
compartmental biometric method” (OCBM) described as V = [0.0115 ×
body weight (kg) × ln (preoperative Hb/postoperative Hb)] + [0.1905 
× height3 (m) × ln (preoperative Hb/postoperative Hb)] + 0.3158 [15]. 

As fluid redistribution between the interstitium and plasma occurs 
gradually and is reflected by decreasing haemoglobin levels that reach a 
steady state approximately two days after acute bleeding [16], we 
calculated blood loss using the haemoglobin values determined 24 h 
after caesarean section. Blood loss calculated using the OCBM was used 
for statistical analysis. The pre-operative blood volume was calculated 
as follows: V = 0.75 × {[maternal height (inches) × 50] + [maternal 
weight (pounds) × 25]} [17]. 

2.3. Materials and laboratory methods 

Prothrombin concentrations were determined in a chromogenic 
assay after complete activation of plasma prothrombin with Ecarin 
(Kordia Life Sciences, Leiden, the Netherlands) and subsequent mea-
surement with the chromogenic thrombin substrate D-phenylalanyl-L- 
pipecolyl-L-arginine-p-nitroanilide (S2238, Chromogenix, Milano, Italy) 
[18]. Protein Stotal and TFPIfl were determined using ELISA, as described 
elsewhere [19]. Prothrombin, protein Stotal and TFPIfl levels were 
expressed in U/ml, where 1 U is the amount present in 1 ml of pooled 
normal plasma. 

Thrombin generation was performed as previously described [20]. 
Briefly, the ETP was measured by calibrated automated thrombography 
(Stago) in reaction mixtures (125 μl) containing 80 μl plasma, 10.2 pM 
tissue factor (Dade Innovin®, Behring, Germany), 16 mM added CaCl2, 
30 μM phospholipids, 0.32 mM fluorogenic substrate Z-Gly-Gly-Arg- 
AMC (Bachem, Bubendorf, Switzerland) in the absence (ETP-APC) and in 
the presence of 15 nM APC (ETP+APC). 1,2-dioleoyl-sn-glycero-3-phos-
phoserine (DOPS), 1,2-dioleoyl-sn-glycero-3-phosphoethanolamine 
(DOPE), 1,2-dioleoyl-sn-glycero-3-phosphatidylcholine (DOPC), were 
from Avanti Polar Lipids, Alabaster, AL, USA. DOPS/DOPE/DOPC, 20/ 
20/60, M/M/M vesicles were prepared as described before [20]. APC 
(Xigris®) was obtained from Eli Lilly. The lag time, peak height, ETP, 
time to peak and time to start tail were calculated from thrombin gen-
eration curves by the software provided by Thrombinoscope B.V. 
(Maastricht, The Netherlands). The concentration of APC was chosen to 
inhibit approximately 85% of the ETP-APC in the pooled pregnant 
plasma. The ETP-APC and the ETP+APC were normalised for day-to-day 
variations and the APC sensitivity ratio (APCsr) was calculated as pre-
viously described, using pooled pregnant plasma as a reference [14]. 
Because of the prophylactic therapy with LMWH only the first three 
samples were used for the thrombin generation-based assays. 

All laboratory tests were performed in duplicate. 

2.4. Statistical analysis 

The statistical analysis was performed with IBM SPSS Statistics 25. 
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The Kolmogorov-Smirnov test was used to test for normal distribution 
and all data was visually assessed for linearity using scatter charts. 
Normally distributed data were expressed as mean with 95% confidence 
interval (95%CI) and analysed with parametric tests (paired t-test). Not 
normally distributed parameters were expressed as median and range 
and analysed with non-parametric tests (Wilcoxon test). Correlations 
were evaluated by Pearson coefficient (r) for normally linearly distrib-
uted parameters and Spearman coefficient (rs) for non-normally 
distributed values. P < 0.05 was considered statistically significant. 
Eight blood samples after 5 days were missing due to an earlier 
discharge from the hospital and therefore pairwise excluded from the 
analysis. 

3. Results 

3.1. Population baseline characteristics 

Table 1 summarises the baseline characteristics of the participants of 
the study. Fifty women meeting the inclusion and exclusion criteria were 
recruited to participate in the study. The study population was ho-
mogenous with respect to age and BMI, with an average of 30.7 years old 
and 23.3 kg/m2, respectively. The indications for caesarean section 
were: one or more previous caesarean section 27 (54%) or other previ-
ous uterus surgery 2 (4%), breech presentation 12 (24%), large for 
gestational age fetus and possible cephalopelvic disproportion 4 (8%), 
twin pregnancy with non-cephalic presentation of the first fetus 2 (4%), 
other medical conditions such as spondylolisthesis, previous multiple 
surgeries in the genital area and the patients request 3 (6%). Most 
women had at least one pregnancy before, with a median of two pre-
vious pregnancies. The caesarean section was performed at term and the 
average fetal weight at birth was 3480 g. None of the participants 
developed a VTE during pregnancy or in puerperium. 

3.2. Estimation of blood loss 

The blood loss estimated visually by the surgeon was not normally 
distributed and had a median of 500 ml with a range between 247 ml 
and 900 ml (Table 1). The OCBM and the objective assessment resulted 
in somewhat higher volumes with a mean of 506 ml (95%CI: 456 to 557) 
and 611 ml (95%CI: 533 to 689), respectively (Table 1). The objectively 
evaluated blood loss correlated with visual assessment rS = 0.41, p <
0.005 and with the values calculated via the OCBM rS = 0.53, p < 0.001 
and was significantly higher than the visual estimation, p < 0.014. The 
mean pre-operative blood volume was calculated to be 6081 ml 
(Table 1), meaning that the blood loss (OCBM) was 8.4% of the initial 
blood volume (95%CI: 7.6 to 9.3). The perioperative fluid replacement 
was performed with a median of 1500 ml crystalloid solutions (range 
1000 to 2500 ml). No blood transfusion or colloid administration was 

carried out. 
The haemoglobin levels decreased from the initial level of 7.5 mmol/ 

l (95%CI: 7.4 to 7.7) by 6.9% (range − 28.8–56.9), 6.9% (range 
− 37.5–67.2), 8.8% (range − 28.2–7.5), 10.8% (range − 35.8–8.2) 
immediately, 6 h, 24 h and five days after caesarean section (Table 2). 
The haemoglobin changes did not correlate with the visually estimated 
blood loss. In contrast, the objectively evaluated blood loss showed a 
good correlation with the haemoglobin decrease, rS = 0.55, p < 0,001. 
As the OCBM uses haemoglobin values for the calculation, an excellent 
correlation was observed between blood loss calculated via OCBM and 
the haemoglobin changes (data not shown). 

3.3. Prothrombin 

Mean prothrombin levels at baseline were 1.10 U/ml (95%CI: 1.03 to 
1.16) (Table 2). Prothrombin gradually decreased immediately and 6 h 
after surgery (p < 0.0001) and started increasing after 24 h. Five days 
after caesarean section the prothrombin levels exceeded the baseline, 
reaching 1.14 U/ml (range: 0.62–2.36). 

3.4. Protein Stotal 

The initial levels of protein Stotal showed a mean of 0.63 U/ml (95% 
CI: 0.60 to 0.67) (Table 2). The concentrations of protein Stotal decreased 
by 14.8% (95%CI: − 18.6 to − 11.0), p < 0.0001 from the baseline 
immediately after caesarean section and remained stable 6 h after sur-
gery (Table 2). Protein Stotal started to normalise after 24 h and reached 
0.93 U/ml (95%CI: 0.87 to 0.98) already five days after caesarean 
section. 

3.5. Tissue factor pathway inhibitor 

The baseline concentrations of TFPIfl were 0.47 U/ml (95%CI: 0.41 
to 0.53), hardly changed after caesarean section and slowly increased 
after five days by 11.5% (range: − 53.2–409) (Table 2). 

3.6. Thrombin generation without APC 

Thrombin generation without APC showed an acceleration of the 
initiation phase of thrombin generation (lag time) by 11.8% (range: 
− 31.6–0.0) and the time to peak by 8.4% (range: − 19.4–0.0) immedi-
ately after the caesarean section (p < 0.001) and did not change 
significantly thereafter (data not shown) (Table 3). After the caesarean 
section the peak of thrombin and the ETP decreased by 5.5% (95%CI: 

Table 1 
Baseline characteristics.  

Population baseline characteristic (n = 50) Mean (95% CI-Interval) 

Age, years 30.7 (29,5 to 31,9) 
BMI, kg/m2 23.3 (22.5 to 24.1) 
Previous pregnancies 1 (0–8)* 
Previous deliveries 1 (0–3)* 
Gestational age, weeks 38,5 (38,3 to 38,7) 
Weight at birth, g 3480 (3239 to 3521) 
Calculated pre-operative blood volume, ml 6081 (5870 to 6292) 
Estimated blood loss, ml 500 (247–900)* 
Blood loss calculated with OCBM, ml 506 (456 to 557) 
Objectively assessed blood loss, ml 611 (533 to 689) 

The data are presented in mean with 95% CI in parenthesis, except for param-
eters that were not normally distributed (*), where the values are provided as a 
median with range in parenthesis. BMI: body mass index, OCBM: 1-compart-
mental biometric method. 

Table 2 
Changes in haemoglobin and coagulation parameters.   

Baseline 
level 

Change after surgery 

Immediately 6 h 24 h 5 days 

Hb 7.5 (7.4 to 
7.7) 

− 6.9% (− 28.8 
to 56.9)* 

− 6.9% 
(− 37.5 to 
67.2)* 

− 8.8% 
(− 28.2 to 
7.5)* 

− 10.8% 
(− 35.8 to 
8.2)* 

PS 0.63 (0.60 
to 0.67) 

− 14.8% 
(− 18.6 to 
− 11.0) 

− 13.4% 
(− 18.2 to 
− 8.6) 

− 9.3% 
(− 13.9 to 
− 4.7) 

48.0% 
(37.0 to 
59.1) 

TFPIfl 0.47 (0.41 
to 0.53) 

1.1% (− 100 to 
55.3)* 

− 4.1% 
(− 31.5 to 
38.1)* 

6.3% 
(− 49.8 to 
193)* 

11.5% 
(− 53.2 to 
409)* 

PT 1.10 (1.03 
to 1.16) 

− 10.4% 
(− 14.1 to 
− 6.8) 

− 12.5% 
(− 16.9 to 
− 8.1) 

− 9.3% 
(− 37.3 to 
35.4) 

4.4% (− 0.7 
to 9.6) 

Haemoglobin (Hb) is expressed in mmol/l, total protein S (PS), tissue factor 
pathway inhibitor full length (TFPIfl) and prothrombin (PT) are expressed in 
units considering that normal pooled plasma contains 1 U/ml. The data are 
presented in mean with 95% CI in parenthesis, except for parameters that were 
not normally distributed (*), where the values are provided as a median with 
range in parenthesis. 
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− 7.1 to − 3.8) and 3.9% (95%CI: − 5.7 to − 2.0), respectively (p < 0.001) 
(Table 3). The reduction was even more pronounced after 6 h: − 6.2% 
(95%CI: − 8.3 to − 4.1) and − 4.7% (95%CI: − 7.1 to − 2.4), respectively 
(p < 0.0001) (Table 3). 

3.7. Thrombin generation in the presence of APC 

The time parameters of thrombin generation in the presence of APC 
did not change after caesarean section. In contrast the ETP+APC 
increased by 24.7% (p = 0.015) and 40.0% (p < 0.0001) immediately 
and 6 h after caesarean section, respectively (Table 3). Similar changes 
were observed in the peak height and the APCsr, reaching an increase of 
36.5% and 39.7%, respectively after 6 h, p < 0.001 (Table 3). 

3.8. Blood loss and coagulation changes 

The blood loss calculated with OCBM demonstrated the best corre-
lations with the studied coagulation parameters, therefore this method 

was assumed to be the most accurate to measure blood loss after 
caesarean section and the data for the visual and objective assessment 
are not shown in the further analysis. 

Changes in prothrombin immediately after caesarean section corre-
lated with blood loss calculated using the OCBM, r = − 0.38, p < 0.01. 
The correlation remained significant in the later samples, becoming 
somewhat weaker with time. Additionally, significant correlations were 
found between the postoperative changes in prothrombin and the hae-
moglobin levels after six, 24 h and five days (data not shown). 

Changes in protein Stotal immediately after the surgery also corre-
lated with blood loss, rS = − 0.4, p = 0.002, however this correlation 
disappeared in the later plasma samples. The same applies for the cor-
relation of the protein Stotal changes and the postoperative haemoglobin 
decrease (data not shown). Interestingly, the changes in prothrombin 
and protein Stotal correlated immediately after surgery, rS = 0.48, p <
0.001, but not thereafter. The TFPIfl changes correlated neither with the 
blood loss nor with the changes in prothrombin or protein Stotal (Fig. 1). 

Additionally, the correlation analysis showed an association of the 
blood loss (OCBM) with changes in the ETP and peak height in the 
absence of APC after 6 h with r = − 0.298, p = 0.036 and r = − 0.40, p =
0.004, respectively. The correlations between blood loss and thrombin 
generation parameters in the presence of APC did not reach the level of 
statistical significance (data not shown). 

To demonstrate the trends in the haemostatic changes as a function 
of the blood loss, the study population was divided according to the 
quartiles of the blood loss calculated via OCBM. The blood loss ranged 
from 176 to 387 ml, from 396 to 599 ml and from 615 to 1015 ml for the 
lower, median and upper quartiles, respectively. In line with the cor-
relation analysis, protein Stotal and prothrombin gradually decreased 
from the lower to the upper quartile (data not shown). Further, the ETP 
decreased slightly in a dose dependent manner with an increasing blood 
loss (Fig. 2), reaching a median of − 11% decrease six hours after 
caesarean section for the upper quartile of the blood loss. In contrast, 
APC resistance gradually rose with increasing blood loss, reaching a 
median of 67% (6 h after surgery) for the upper quartile. 

4. Discussion 

In the present study we investigated changes of the coagulation 
system after caesarean section. Quantification of the blood loss during 
caesarean section is challenging, but can reliably be done with the 
OCBM [15]. Visual assessment underestimates the blood loss and cor-
relates poorly with objective methods and with the changes in haemo-
globin or coagulation parameters. 

Similar to other surgical procedures [21], early changes in the 
studied coagulation parameters after caesarean section could be 
explained by blood loss and perioperative fluid administration. How-
ever, the initial state of the coagulation system before caesarean section 

Table 3 
Thrombin generation parameters.   

Baseline Changes after caesarean section 

Immediately 6 h 

Lag no APC 1.8 (1.5–2.4)* − 11.8% 
(− 31.6–0.0)* 

− 9.7% (− 28.4–0.0)* 

ETP no APC 996 (637–1398)* − 3.9% (− 5.7 to 
− 2.0) 

− 4.7% (− 7.1 to 
− 2.4) 

Peak no APC 373 (359 to 387) − 5.5% (− 7.1 to 
− 3.8) 

− 6.2% (− 8.3 to 
− 4.1) 

ttpeak no 
APC 

3.1 (2.6–3.8)* − 8.4% 
(− 19.4–0.0)* 

− 8.5% (− 18.0–0.0)* 

Start tail no 
APC 

11.9 (9.4–15.9)* 0.0% (− 15.0 to 
17.0)* 

0.0 (− 9.0 to 22.0)* 

Lag +APC 3.0 (1.4–3.9)* 0.0% 
(− 33.3–153.6)* 

3.9% (− 27.3–162.3)* 

ETP +APC 169.2 
(17.6–690.4)* 

24.7% 
(− 62.3–397.1)* 

40.0% 
(− 69.5–852.9)* 

Peak +APC 50.6 (2.1–247.5)* 15.7% 
(− 67.9–537.1)* 

36.5% 
(− 79.5–1784.5)* 

ttpeak +APC 5.3 (3.7–7.5)* 0.0% (− 21.2–27.9)* 0.0% (− 16.4–23.1)* 
Start tail 

+APC 

16.7 (12.6–30.5)* 2.9% (− 39.0 to 
58.0)* 

3.1% (− 33.0 to 
95.0)* 

APCsr 1.3 (0.1–6.0)* 37.0 
(− 50.9–366.8)* 

39.7 (− 60.4–851.8)* 

Lag time (Lag), time to peak (ttpeak) and start tail are expressed in minutes, peak 
height in nM thrombin and the endogenous thrombin potential (ETP) in nM 
thrombin.minutes. The data are presented in mean with 95% CI in parenthesis, 
except for parameters that were not normally distributed (*), where the values 
are provided as a median with range in parenthesis. APCsr: the APC sensitivity 
ratio. 

Fig. 1. Changes coagulation parameters after caesarean section. 
The plasma levels of protein Stotal (A), prothrombin (B) and tissue factor pathway inhibitor full length (C) before (filled circles), immediately after (open circles), 6 h 
after (filled diamonds), 24 h after (open diamonds) and five days after caesarean section are presented. The solid lines represent the median of the group. 
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differs from that outside pregnancy. The haemostasis balance during 
pregnancy is already shifted towards a procoagulant state due to an 
elevation of coagulation factors and decrease of anticoagulant proteins 
[4,5]. Under these conditions, physiological peripartal blood loss leads 
to a normalisation or clinically not relevant decrease of coagulation 
factors. Only severe haemorrhage can cause a consumption coagulop-
athy, with prothrombin decrease likely to be one of the most important 
factors, reducing the capacity to generate the key enzyme of the coag-
ulation cascade-thrombin [14,22]. Confirming previous data [4,5], 
participants of our study had low protein S and TFPI and high pro-
thrombin levels before caesarean section. Blood loss and plasma dilution 
during surgery reduced levels of prothrombin and protein Stotal. These 
changes correlated with each other and were determined by the blood 
loss. In contrast, TFPIfl demonstrated large inter-individual variation 
and did not change immediately after caesarean section, suggesting an 
influence of other regulating factors. For instance, a release of TFPI by 
endothelial cells after exposure to tissue factor during surgery [23] 
could be one of the possible mechanisms counteracting the influence of 
the blood loss. 

Consistent with reports on coagulation changes after other major 
surgeries [21], we could detect a marginal decrease in the ETP after 
caesarean section that was more pronounced in the subgroup with 
higher blood loss. Thrombin generation was accelerated immediately 
after caesarean section (Table 3) without significant correlation with the 
blood loss, which could possibly be explained by the tissue damage and 
release of procoagulant substances. After delivery the probability of 
haemorrhagic complications declines rapidly, whereas the risk of VTE 
increases, reaching the peak during the first postpartum week [3]. 
Interestingly, the thrombosis risk is higher after PPH [1], despite the loss 
of coagulation factors and a decrease in the ETP. Consequently, the 
changes in thrombin generation cannot explain the elevated thrombosis 
risk in puerperium. APC resistance correlates with the risk of VTE in 
different populations with and without genetic thrombophilia [9]. In 
line with previous reports [24], pregnant women in our study were more 
resistant to APC as compared to the normal plasma (data not shown), 
reflecting a higher risk of VTE during pregnancy. Moreover, APC resis-
tance increased immediately after caesarean section and correlated with 
the blood loss (Fig. 2). As protein S and TFPI are the major determinants 
of the APCsr, a decrease of protein Stotal and the persisting low TFPIfl 
levels after caesarean section could account for postpartum APC resis-
tance. The plasma levels of protein S and TFPIfl in our study population 

after the surgery were about half of those in normal plasma. Such low 
protein S levels were comparable to the cut-off levels for protein S 
deficiency (2.5‰) in women using oral contraceptives in the LETS study 
and were associated with a 2.4-fold increase of the VTE risk [25]. The 
same study provided evidence that low TFPI levels are also related to an 
increased risk of VTE [26]. Altogether this suggests that simultaneously 
reduced levels of anticoagulant proteins, occurring due to the 
pregnancy-induced hormonal changes and postpartum blood loss, can 
account for the increased thrombosis risk in the early puerperium, 
particularly after excessive bleeding. This hypothesis is further sup-
ported by the observation of James et al., demonstrating an anti-
thrombin decrease of 30% after delivery [27]. Natural anticoagulants 
that remain unchanged or increase in pregnancy, e.g. protein C and 
thrombomodulin are most likely to normalise or slightly diminish after 
moderate blood loss and, therefore, are probably less relevant for the 
pathogenesis of VTE after peripartal haemorrhage. Additionally, lower 
mobility due to acute anaemia may further increase the risk of post-
partum VTE. 

Interestingly, the normalisation of the studied proteins after 
caesarean section followed various patterns, suggesting involvement of 
different regulatory mechanisms. TFPIfl levels rose slowly and reached 
0.58 U/ml on the fifth day after the surgery. Since TFPI can be down-
regulated by oestrogens [28], their increased levels during pregnancy 
and rapid decrease after delivery [29] could explain the observed 
changes of TFPIfl. Additionally, a partial depletion of free TFPI after 
repetitive injections of LMWH was demonstrated previously and could 
slow down normalisation of TFPIfl in our study population [30]. How-
ever, the effect of subcutaneous application of a prophylactic dose of 
LMWH on the TFPIfl levels is much less pronounced as that of unfrac-
tionated heparin [30]. The prothrombin changes correlated with the 
blood loss at all studied time points, implying the major influence of this 
factor on the prothrombin levels. Remarkably, prothrombin did not only 
normalise, but even slightly exceeded the elevated preoperative values. 
This excessive increase can result from an influence of the residually 
elevated steroid hormones [31] in early puerperium, combined with the 
acute-phase response [32]. In line with previous reports [33], we 
observed a rapid postoperative increase of protein S, with a steeper 
incline as compared to that of prothrombin or TFPIfl, so that it nearly 
doubled within five days. The correlation between the changes in pro-
tein Stotal and blood loss as well as prothrombin disappeared already 6 h 
after surgery, suggesting involvement of other regulation mechanisms. 
As protein S is an estrogen-dependent protein [34], normalisation of 
steroid hormones is undoubtedly one of these mechanisms. However, 
hormonal changes are possibly responsible for slower changes, like 
those observed in the TFPIfl levels. Yet, the time courses of hormone- 
induced changes in the synthesis and release of TFPI and protein S by 
endothelium can differ from that of prothrombin and protein S in the 
liver cells. Additionally, a transient increase of protein S after a major 
abdominal surgery was described before in non-pregnant women [35], 
suggesting its upregulation in the acute phase, which can additionally 
contribute to the rapid postoperative normalisation of protein Stotal in 
our study. 

Surprisingly limited data are available on the effect of peripartal 
blood loss on the coagulation system besides the clinical routine tests. 
We present here the results of a prospective study in a well characterised 
homogenous collective, where changes in thrombin generation, APC 
resistance as well as in prothrombin, protein Stotal and TFPIfl were 
investigated after primary caesarean section with respect to the peri-
partal blood loss. Our study has a few limitations, among others is a 
relatively narrow range of blood losses during surgery due to the defined 
inclusion criteria and a low risk for PPH during elective caesarean sec-
tion. Only five women had a blood loss exceeding 1000 ml and thereby 
fulfil the criteria of PPH, which allowed us to detect only trends in the 
coagulation changes with increasing blood loss. Additionally, the 
thrombin generation-based assays could only be performed on the 
samples obtained before the first administration of LMWH. However, to 

Fig. 2. Association of the ETP and APC resistance with the blood loss. 
The changes in the endogenous thrombin potential (ETP) immediately after 
(open bar) and 6 h after (filled bar) caesarean section as well as in the APCsr 
immediately after (dashed bar) and 6 h after (dotted bar) are depicted for the 
subgroups with the lower (25‰), the median (50‰) and the upper (75‰) 
quartiles of the blood loss. 
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our knowledge this is the first study addressing the coagulation changes 
after peripartal blood loss as a predisposing factor for VTE in 
puerperium. 

In conclusion, we demonstrated considerably reduced levels of TFPI 
and protein S and increased APC resistance after caesarean section. The 
changes in protein S and APC resistance were more pronounced in the 
subgroup with higher blood loss. Simultaneously decreased levels of 
natural coagulation inhibitors after peripartal blood loss can be a 
plausible explanation for an increased risk of VTE, associated with PPH. 
The current recommendations for the management of PPH are based on 
the randomised trials in non-pregnant patients and the special features 
of the coagulation system during pregnancy are not given sufficient 
consideration. Based on our data, we suggest that there is a need for 
further research, investigating effects of infusion and substitution ther-
apies for bleedings in pregnant women in order to optimise management 
of PPH. For instance, an excessive crystalloid administration during PPH 
can lead to further plasma dilution with subsequent lowering of the 
natural inhibitors, secondarily increasing the VTE risk and, therefore, 
should be avoided. Additionally, a prophylactic administration of 
LMWH after achieving haemostasis, should be carefully considered in 
early puerperium after severe postpartum bleeding to reduce the risk of 
postpartum VTE. 
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