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Introduction

Venous thromboembolism (VTE) remains the leading cause
of direct maternal mortality associated with pregnancy in
theUnited Kingdom.1 The incidence of pregnancy-associated

VTE peaks in the postpartum period, with a fivefold increase
in risk.2 Identification of the at-risk woman and provision of
thromboprophylaxis is key to reducing morbidity and mor-
tality associatedwith VTE. The Royal College of Obstetricians
and Gynaecologists (RCOG) recommends all pregnant
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Abstract Introduction Venous thromboembolism (VTE) is a significant cause of maternal
mortality with the greatest risk postpartum. Mode of delivery influences VTE risk, with
emergency caesarean section (CS) associated with the highest risk (CS). Thrombopro-
phylaxis is recommended for selected women to reduce the risk of VTE.
We aimed to investigate the impact of mode of delivery and thromboprophylaxis on
hypercoagulability as measured by thromboelastometry (TEM) and thrombin genera-
tion (TG) in women at high VTE risk.
Materials and Methods Blood was collected from 99 pregnant women with VTE risk
factors at up to five time points from pre- (T1) and post (T2)-delivery to 6 weeks
postpartum (T5). Multiple linear regression was utilised to compare TG and TEM
between those with vaginal delivery (VD) and CS at each time point. Paired sample t-
test with post hoc Bonferroni correction was utilised to compare laboratory markers
over time.
Results Women in both groups had a median of three postpartum VTE risk factors,
with higher body mass index and parity post-VD. In both the groups, TG and TEM
parameters suggested hypercoagulability at T2 compared with T1, with resolution at
T5. There were minimal differences between groups, apart from T2 with shorter clot
formation time and higher maximum clot firmness in the VD group.
Conclusion TG and TEM illustrate hypercoagulability associated with pregnancy and
delivery. The pattern of postpartum hypercoagulability seen in women with VTE risk
factors was similar irrespective of mode of delivery. Further research is required to
establish the effect of labour on TG/TEM in the absence of low molecular weight
heparin use.
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women are risk assessed for VTE both antenatally at booking,
during any hospitalisation and postdelivery.3,4 The risk
assessment incorporates both maternal risk factors (e.g.
increased age or body mass index [BMI]) and those specific
to pregnancy (e.g. twin pregnancy, emergency caesarean
section [CS]). There is evidence to support mode of delivery
as impacting on VTE risk; with elective CS associated with
twofold increase in risk comparedwith vaginal delivery (VD)
and further twofold increase in risk following emergency
CS.5,6 In England, the RCOG recommends all women follow-
ing emergency CS, with BMI>40 or with twoVTE risk factors
receive postpartum anticoagulant thromboprophylaxis for
7 days.3 Those at very high risk including those with a
personal history of VTE, high-risk thrombophilia or with
three or more persistent risk factors should be offered
extended postpartum thromboprophylaxis (anticoagulant
and anti-embolism stockings [AES]) for 6 weeks.

Global coagulation assays such as thrombin generation and
thromboelastometry (TEM) may provide a useful measure of
hypercoagulability associated with pregnancy. TEM has dem-
onstrated a hypercoagulable state in healthy pregnant women
compared with age-matched controls7 and with changes
reflecting hypercoagulability increasing significantly in
the second and third trimesters.8,9 Similarly, thrombin gener-
ation has been demonstrated to increase from first to second
trimesterwitha subsequentplateau in the third trimester.10–13

In this study, we aimed to measure hypercoagulability in
women requiring postpartum thromboprophylaxis at the
time of delivery with thrombin generation and TEM, and to
evaluate the impact of mode of delivery and thrombopro-
phylaxis on these parameters. Specifically, we aimed to
disprove or confirm the following null hypotheses:

1. There is no difference in thrombin generation between
womenwith delivery by VD comparedwith CS in the peri-
and postpartum period.

2. There are no differences in thrombin generation within
the VD and CS groups over time (peri-/postpartum).

3. There is no difference in coagulability as measured by
TEM betweenwomen delivering by VD versus by CS in the
peri- and postpartum period.

4. There are no differences in TEM parameters within the VD
and CS groups over time (peri-/postpartum).

Materials and Methods

Participants
Pregnant womenwere recruited from antenatal clinics where
an indication for postnatal thromboprophylaxis was evident,
from preassessment clinics prior to planned CS, and women
admitted to the labour ward. The inclusion criteria were aged
over18yearswithplannedhospital delivery. Exclusion criteria
were inability to provide informed consent, antenatal throm-
boprophylaxis or long-term anticoagulation, inability to
return to follow-up, non-local residence, no indication for
postpartum thromboprophylaxis or a contraindication to
low molecular weight heparin (LMWH), AES or intermittent
pneumatic compression devices (IPCDs). Data on patient
demographics, VTE and bleeding risk factors, delivery and its

complications were collected. The height and weight of all
participants were measured to enable calculation of BMI.

Women were prescribed weight-based enoxaparin throm-
boprophylaxis (40mg daily for weight 51–99kg; 80mg daily
for weight 100–150kg) on the basis of their postpartum VTE
risk assessment (see►Supplementary Material) for 7 days or
6 weeks. Women delivering by CS had IPCD (Covidien,
Hampshire, United Kingdom) applied while in theatre and
until mobile on the ward, in addition to thigh length AES
(Covidien). AESwere provided to all women at high riskof VTE
to continue for the sameduration as enoxaparin, based onVTE
risk assessment. Blood samples were collected at five time
points: (T1/antepartum) on presentation in labour, at induc-
tion or prior to planned CS, (T2/postdelivery) after delivery,
(T3/post-enoxaparin) at least 4hours after first dose of
enoxaparin, (T4/d7 postdelivery) at 7 days postdelivery, and
(T5/6w postpartum) at 6 weeks postdelivery.

The studywas approved by the London Riverside Research
Ethics Committee (REC reference: 12/LO/1763) and King’s
College Hospital NHS Foundation Trust Research and Devel-
opment department. All participants provided informed
written consent prior to data and sample collection.

Sample Collection
Blood was collected with 23G butterfly winged infusion sets
into syringes (Greiner Bio-One, Kremsmünster, Austria),
following an initial 5mL discard draw, and then immediately
dispensed into trisodium citrate vacuettes (0.109mol/L)
(VACUETTE, Greiner Bio-One). Corn trypsin inhibitor (CTI;
Cambridge Biosciences, Cambridge, United Kingdom) was
added to one vacuette prior to blood collection to give a final
CTI concentration of 18.3 ug/mL. The first 5mL of blood was
divided into one K2E ethylenediaminetetraacetic acid vacu-
ette (VACUETTE, Greiner Bio-One) and any other samples
required as part of their routine clinical care.

Laboratory Analysis
Plasma for international normalised ratio (INR), activated
partial thromboplastin time (APTT), D-dimer, Clauss fibrino-
gen, anti-Xa activityandplatelet-poor plasma (PPP) for throm-
bin generation was prepared as previously described.14 In
brief, PPP was prepared by double centrifugation (Hettich
46R Rotina Centrifuge, Tuttlingen, Germany) at 4,750� g for
10minutes, at room temperature. Following the first centrifu-
gation, the top three-quarters of supernatant was decanted
into a polypropylene tube and centrifuged a second time. The
top three-quarter of the resulting supernatant was decanted
into a plastic tube, frozen immediately and stored at –40°C
within 60minutes of sample collection. Standard coagulation
assays were performed by senior biomedical scientists in the
haematology laboratory as previously reported.14 INR and
APTTwere measured by coagulation-based assays, with STA-
Neoplastine and STA-Cephascreen, respectively. D-dimer was
measured with a latex photometric immunoassay, using STA-
Liatest. Fibrinogen was measured by the Clauss method, with
STA-Fibrinogen. Anti-Xa activity was measured after thawing
in a water bath at 37°C immediately prior to testing, with the
STA-Rotachrom heparin colorimetric assay within 4 weeks of
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collection. Reagents were purchased from Diagnostica Stago
(Asnieres, France) and assays were performed as per manu-
facturer’s instructions on the fully automated STA-R Evolution
analyser (Diagnostica Stago).

Thrombin generation was measured with calibrated auto-
mated thrombography (CAT) (ThrombinoscopeBV,Maastricht,
the Netherlands) as previously described in triplicate,15 using
the reconstituted PPP-LOW reagent to initiate thrombin gen-
eration (final concentration of 1 pM tissue factor and 4μM
phospholipids) (PPP-Reagent LOW, Thrombinoscope BV).
Thrombin generation was measured in samples with and
without CTI within 6 weeks of sample collection. The param-
etersmeasuredwere lag time, time topeak, peak thrombinand
endogenous thrombin potential (ETP). Intra-assay variability
was<5% for all parameters and inter-assay variability was
<17% for all parameters.

TEM was performed on whole blood collected in 0.109M
trisodium citrated tubes following incubation at 37°C. All
analyses were commenced within 30minutes of sample
collection. Reagents purchased from the manufacturer
were used with the assay performed on the ROTEM Delta
(Pentapharm GmbH, Münich, Germany) following manufac-
turer’s instructions. Three assays were performed; INTEM,
EXTEM and FIBTEM as previously described.16 The param-
eters of interest were clotting time (CT), clot formation time
(CFT) and maximum clot firmness (MCF).

Statistical Analysis
Continuous variables are given as means and standard devia-
tion or median and interquartile range (IQR) for normal and
non-normal data, respectively. The means of continuous nor-
mally distributed variables were compared with the indepen-
dent t-test between women with VD and CS with 95%
confidence interval given for the difference in means. Non-
normal data were compared between groups utilising inde-
pendent theMann–Whitney rank-sum test. Fisher’s exact test
was employed to compare nominal data between groups. A
paired samples t-test was used to compare parameters within
each group across different time points, with post hoc Bon-

ferroni correction. To calculate the Bonferroni corrected α
level, the original α-value (in this case 0.05) was divided by
thenumberofanalyses (α/n). For thecomparisonofCATresults
by mode of delivery, an α-value of<0.0025 was assigned, as
this hypothesis involved 20 analyses. For the comparison of
CAT variables between time points, an α-value of<0.001 was
applied, as thehypothesis involved a total of 80 tests (40 forVD
and 40 for CS). For the comparison of TEM results by mode of
delivery, anα-valueof<0.001was assigned, as this hypothesis
involved 35 analyses. For the comparison of CAT variables
between time points, an α-value of<0.001 was applied, as
thehypothesis involveda totalof140 tests (70 forVDand70 for
CS). Predelivery (T1/antepartum) laboratory variables were
compared with T2 (postdelivery) and T5 (6w postpartum)
variables only. Comparisons were made between all postde-
livery variables (T2–T5). Linear regression was undertaken to
adjust for potential confounders (BMI, parity, active labour at
T1, time from enoxaparin at T3) and for baseline coagulation
parameters (6-week postpartum, T5 sample). Thrombin gen-
eration and TEM parameters were the dependent variable in
all analyses. Further exploratory analyses were conducted to
investigate the effect of labour and comparing VD to elective
and emergency CS separately. Statistical significance was
assumed at p<0.05 for all exploratory analyses. All statistical
analyses were undertaken on IBM SPSS version 21.0 software
(SPSS, Chicago, Illinois, United States).

Results

One hundred and seventeen women were recruited; 99
provided blood samples both before and after enoxaparin
administration (at least one of T1 or T2 and one of T3–T5) and
were included in the study (►Fig. 1). There were 32 VD
(including 7 instrumental deliveries) and 67 CS (42 elective,
25 emergency); at the time of emergency CS, 16womenwere
in active labour. Baseline characteristics are summarised in
►Table 1. The proportion of women with two or more
antenatal risk factors was higher in the VD group compared
with CS (78.1% vs. 52.2%, p¼0.01); the proportion of women

Fig. 1 Study flow diagram.
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with two or more postnatal risk factors was not significantly
different between groups (96.9% vs. 92.5%, respectively,
p¼0.7). The median number of postpartum VTE risk factors
in both groups was 3, with higher parity in the VD group
(parity � 2, 59.4% vs. 25.4% in the CS group, p¼0.001). No
other significant differences in the prevalence of risk factors
were seen. Of note, none of the women had known throm-
bophilia. All women were prescribed enoxaparin for at least
7 days, with the majority receiving 40mg daily (n¼76,
76.7%). Enoxaparin 80mgdailywas prescribed for 24women
(based on weight � 100 kg). The median time to first dose of
enoxaparin postdelivery was 11hours (IQR, 8–16). Twenty-
four (24.2%)women continued enoxaparin for 6weeks (21 on
40mg daily and 3 on 80mg daily). There were no thrombotic
events during the study period.

Samples were provided at T1 (antepartum) by 84 (84.8%)
women, T2 (postdelivery) by 88 (88.9%), at T3 (post-enox-

aparin) by 95 (96%), at T4 (d7 postdelivery) by 63 (63.6%) and
by 78 (78.8%) women at T5 (6w postpartum). T2 (postdeli-
very) samples were collected at amedian of 3 (IQR, 2–6) hours
postdelivery,with T3 (post-enoxaparin) at amedian of 24 (IQR,
20–27) hours postdelivery and 14 (IQR, 6–17) hours post-
enoxaparin. T4 (7d postdelivery) was collected at a mean of
8 (�1) days postdelivery at a median of 29 (IQR, 15–25) hours
post-enoxaparin. T5 (6w postpartum) samples were collected
at a median of 46 (IQR, 42–53) days postdelivery. The collec-
tion time at T3 (post-enoxaparin) was significantly sooner
after enoxaparin administration in the VD group compared
with the CS group (9.9hours, IQR, 4.4–14.1 vs. 15.2hours, IQR,
9.8–17.6; p¼0.001). There were otherwise no significant
differences in time of sample collection between groups
(data not shown).

Standard Coagulation Assays
INRandAPTTwerewithin normal limits at all timepointswith
no significant differences detected between groups or time
points (data not shown). D-dimer was significantly increased
at T1 to T4 in both groups, with values peaking at T2 (postde-
livery) and resultswithinnormal rangeat T5 (6wpostpartum).
Claussfibrinogenwas increased inbothgroups at T1 toT4with
results within reference range at T5 (6w postpartum). There
were differences by mode of delivery over time as shown in
►Table 2. Median anti-Xa activity at T3 (post-enoxaparin) and
T4 (d7 postdelivery) were 0.07 IU/mL (IQR, 0.04–0.14) and
0.06 IU/mL (0.04–0.10), respectively.

Thromboelastometry
TEM profiles were hypercoagulable at T1 (antepartum) and
T2 (postdelivery) with shortened CT, CFT and increased MCF
on INTEM and FIBTEM MCF compared with T5, refer to
►Fig. 2. These changes were attenuated following the first
dose of enoxaparin (T3, post-enoxaparin). There were no
significant differences in TEM parameters between VD and
CS at T5 (6w postpartum). Similar changes were seen with
EXTEM parameters (data not shown).

The differences in parameters by mode of delivery are
summarised in ►Table 3, and suggest hypercoagulability in
the VD group at T2 (postdelivery), compared with CS. At
6 weeks postdelivery, INTEM MCF and FIBTEM MCF were
significantly reduced in both groups compared with prede-
livery. Changes in TEM profiles throughout testing period are
shown in ►Fig. 2.

Thrombin Generation
Changes in thrombin generation measured in the absence of
CTI are shown in►Fig. 3. Thrombin generation profiles at T2
(postdelivery) were hypercoagulable with reduced lag time,
time to peak and increased peak thrombin and ETP compared
with T1 (antepartum). These changes were attenuated post
first dose of enoxaparin (T3). At T5 (6wpostpartum), lag time
and time to peak were significantly longer comparedwith T2
(postdelivery)with reduced peak thrombin and ETP, suggest-
ing a return to baseline levels. The pattern seenwas similar in
samples collected both with and without CTI (data not
shown).

Table 1 Baseline characteristics

Characteristic Whole
cohort
n¼99

Vaginal
deliveries
n¼32

Caesarean
sections
n¼67

Mean age (SD) 35.8 (5.0) 36.5 (5.4) 35.4 (4.8)

Ethnicity, n (%)

White European 64 (64.6) 19 (59.3) 45 (70.3)

African-Caribbean 33 (33.3) 13 (19.4) 20 (29.8)

Other 2 (2.1) 0 2 (3.0)

Mean BMI, kg/m2 (SD) 29 (7.3) 31.2 (8.1) 27.9 (6.8)

Current smoker, n (%) 3 (3.0) 1 (3.1) 2 (3.0)

Parity, predelivery, n (%)

0 33 (33.3) 5 (15.6) 28 (41.7)

1 30 (30.3) 8 (25.0) 22 (32.8)

2 23 (23.2) 10 (31.3) 13 (19.4)

3 13 (13.1) 9 (28.1) 4 (6)

Other VTE risk factors

Assisted conception,
n (%)

11 (11.15) 3 (9.4) 8 (11.9)

Multiple pregnancies,
n (%)

13 (13.1) 4 (12.5) 9 (13.4)

Pre-eclampsia, n (%) 35 (35.4) 11 (34.4) 24 (35.8)

Infection, n (%) 10 (10) 5 (15.6) 5 (7.5)

PPH, n (%) 8 (8) 2 (6.3) 6 (9)

Median postpartum
risk factors, n (IQR)

3 (2–4) 3 (2–3) 3 (2–4)

Breastfeeding
at T4, n (%)

75 (75.8) 28 (87.5) 47 (70.1)

Planned enoxaparin
duration, n (%)

7 d 75 (75.8) 20 (62.5) 55 (82.1)

6 wk 24 (24.2) 12 (37.5) 12 (17.9)

Abbreviations: BMI, body mass index; IQR, interquartile range; PPH,
postpartum haemorrhage; SD, standard deviation; VTE, venous
thromboembolism.
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The differences in parameters bymode of delivery in non-
CTI samples are summarised in►Table 4, with no significant
differences between groups detected at any time point post-
Bonferroni correction. Changes in thrombin generation
parameters over time are illustrated in ►Fig. 3.

Effect of Labour on Haemostatic Markers
At T1 (antepartum), 16 (VD¼12)womenwere in active labour
at the time of blood sampling. Thesewomen exhibited signifi-
cantly increased Clauss fibrinogen (5.4�0.6 vs. 4.9�0.8g/L;
p¼0.028), FIBTEMMCF (28�5 vs. 25�4mm; p¼0.004), ETP
(1950�281 vs. 1628�402nM/min; p¼0.004) and peak
thrombin (337�64 vs. 225�83nM; p<0.001) and shortened
time to peak (9.1�1.3 vs. 10.6�2.3minutes; p¼0.012) com-
paredwithwomennot in labour. At T2 (postdelivery), of the88
women providing samples, 36 women had been in active
labour predelivery (including 8womenwith CS). Active labour
prior to delivery was associated with significantly increased
Claussfibrinogen (5.0�0.6 vs. 4.2�1.0 g/L; p¼0.001), INTEM
MCF (73�3 vs. 70�3mm; p¼0.001), FIBTEMMCF (29�9 vs.

23�4mm; p¼0.001), ETP (1975�360 vs. 1756�360
nM/min; p¼0.009) and peak thrombin (362�66 vs.
206�73nM; p¼0.001) with significantly shorter INTEM
CFT (49�9 vs. 57�11seconds; p¼0.001) compared with
women without prior active labour at T2 (postdelivery). No
correlations were seen between duration of labour and hae-
mostatic markers. At T3 (post-enoxaparin) and T4 (7d post-
partum), there were no differences in any haemostatic
markers betweenwomenwith or without prior active labour.

Further exploratory sub-group analyses considering emer-
gency and elective CS separately were attempted. Of note, the
emergency CS numbers were small (T1 n¼18; T2 n¼14; T3
n¼18; T4n¼12; T5n¼13).Womenwith emergency CShad a
significantly more hypercoagulable thrombin generation pro-
file comparedwithwomenwith elective CS at T1 (predelivery)
only (►Supplementary Table S1), with no significant differ-
ences in thrombin generation at later time points (data not
shown).ComparingelectiveCStoVDrevealed thesamepattern
as themainanalyses,withsignificantdifferencesonlyatT5 (6w
postpartum; data not shown). When the emergency CS group

Table 2 Comparison of median D-dimer and mean Clauss fibrinogen between women with vaginal delivery compared with
caesarean section

N Median D-dimer, μg/mL (IQR) Mean fibrinogen, g/dL (SD)

T1/antepartum 85

Vaginal delivery 1780 (1010–2115) 5.4 (0.6)

Caesarean section 2140 (1402.5–2827.5) 4.9 (0.8)

Mean difference (95% CI) – �0.5 (�0.9, �0.1)

p-Value 0.063 0.007

T2/postdelivery 85

Vaginal delivery 2730 (2190–3670) 5.0 (0.6)

Caesarean section 3859 (2705–6755) 4.3 (1.0)

Mean difference (95% CI) – �0.7 (�1.1, �0.3)

p-Value 0.006 0.001

T3/post-enoxaparin 95

Vaginal delivery 1725 (1047–2297.5) 5.0 (0.7)

Caesarean section 2690 (1650–3940) 5.2 (0.8)

Mean difference (95% CI) – 0.3 (�0.1, 0.6)

p-Value < 0.001 0.12

T4/d7 postpartum 63

Vaginal delivery 1060 (644–3182.5) 4.5 (0.7)

Caesarean section 2230 (1310–3720) 5.1 (0.9)

Mean difference (95% CI) – 0.6 (0.2, 1.0)

p-Value 0.021 0.013

T5/6w postpartum 78

Vaginal delivery 305 (270–480) 3.3 (0.9)

Caesarean section 350 (270–492.5) 3.5 (0.7)

Mean difference (95% CI) – 0.1 (�0.2, 0.5)

p-Value 0.404 0.5

Abbreviations: CI, confidence interval; IQR, interquartile range; SD, standard deviation; -, not applicable.
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was compared with the VD group, there were no significant
differences in thrombin generation between the groups at any
time point, suggesting that active labourmay play a part in the
coagulationprofile. Thedifferences inClaussfibrinogenseen in
the main analysis were replicated on comparing VD with
elective CS, but for VD compared with emergency CS, there
were no significant differences in fibrinogen (data not shown).
Therewere no significant differences in fibrinogen across time
points between women with emergency CS compared with
elective CS (data not shown). On subgroup analysis of D-dimer
between VD with emergency and elective CS, there were
similar findings to the main analysis (►Supplementary

Table S2). Additionally, D-dimer was significantly higher in
women with subsequent emergency CS compared with VD at
T1 (antepartum). There were no significant differences in D-
dimer between women with elective versus emergency CS.
Differences in TEM parameters between VD, elective and
emergency CS were similar to the main analysis
(►Supplementary Tables S3 andS4). Therewerenosignificant
differences inTEMparameters between elective and emergen-
cy CS (data not shown).

Discussion

We investigated markers of hypercoagulability around the
time of delivery inwomen qualifying for postpartum throm-
boprophylaxis. To our surprise, mode of delivery had little
impact on thrombin generation or TEM parameters, with the
key findings being evidence of hypercoagulability on TEM in
women with VD immediately postdelivery. These women
also exhibited higher peak and ETP at 6 weeks postpartum
(T5) compared with those with CS (but without reaching
significance). Further exploratory analyses separating emer-
gency and elective CS, suggested a similar pattern of hyper-

coagulability to the main analysis but was limited by the
small numbers of women undergoing emergency CS.

Additionally, we report the evolution of hypercoagulability
in the peri-/postpartum period and the effect of enoxaparin;
there was evidence of hypercoagulability immediately post-
delivery with shortened lag time, time to peak and increased
peak thrombin and ETP. These changes were attenuated
following enoxaparin and continued to resolve at 1 week
postdelivery. Similarly, TEM demonstrated hypercoagulability
on the INTEM and FIBTEM assay in both groups immediately
postdeliverywith persistent changes at 1weekpostpartum. At
6 weeks postpartum, hypercoagulability had resolved on both
assays (compared with earlier time points) in keeping with
prior reports.9,12,17–19

In contrast, D-dimer was higher in women with CS
following delivery until 6 weeks postpartum, with in-
creased fibrinogen 1 week postpartum. Fibrinogen was
increased in women with VD predelivery and immediately
postdelivery compared with women with CS. These differ-
ences had resolved by 6 weeks. D-dimer has been previous-
ly reported to increase following delivery with subsequent
return to normal levels by 4 weeks postpartum, and with
more marked increase following CS compared with VD.20

Fibrinogen has also been reported to increase following
delivery with normalisation by day 19.18 Previous disparity
between D-dimer and thrombin generation has been
reported in other settings, for example, following major
orthopaedic surgery.21 This is likely due in part to D-dimer
reflecting prior in vivo clot formation, in contrast to throm-
bin generation which measures the ex vivo potential of
plasma to generate thrombin. Increased thrombin–anti-
thrombin levels have been reported post-CS compared
with VD suggesting increased in vivo activation of coagula-
tion and supporting this hypothesis.22

Fig. 2 INTEM and FIBTEM parameters in women before (T1) and after vaginal delivery (A) or caesarean section (B) (T2), following enoxaparin
(T3), at 1 week postpartum (T4) and 6 weeks postpartum (T5). �p< 0.001, ��p> 0.001 and< 0.05. Following a Bonferroni correction, significance
was assumed at α< 0.001.
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Strengths and Weaknesses
The strengths of our study include prospective recruitment
of high VTE risk women, high rate of study completion
(78.8%) and the use of global coagulation assays sensitive
to the hypercoagulable state.23 Thrombin generation has an
established role as a research tool in demonstrating hyper-
coagulabilitywith recognised independent associationswith
risk of both first and recurrent VTE24–28 and sensitivity to
hypercoagulable states including pregnancy, increasing age,
ethnicity, obesity, heritable thrombophilia and hormone
replacement therapy.12–14,29–31

Limitations of our study include the lack of control group,
small number of women in active labour at the time of CS,
variable timing of sample collection postdelivery/administra-
tion of enoxaparin and incomplete sample provision at each
time point. Given the standard of care in England is to provide
thromboprophylaxis towomenwith two ormore postpartum
risk factors following VD (and this was a study inclusion
criterion), it would have been unethical to include a ‘no
treatment’ arm. However, it is possible that the use of enox-
aparin in all participating women masked a later differentia-
tion in hypercoagulability. We included women delivering by
electiveCS irrespectiveofother risk factors inkeepingwithour
local VTE guidance to offer postpartum thromboprophylaxis
for all CS; of note inour cohort 98.5%ofwomenhad at leastone
additional VTE risk factor. We previously reported 93.6% of
women delivering by elective CS qualified for anticoagulant
prophylaxis with RCOG risk stratification; supporting our
approach to offer it to all such women.32 We did not recruit
a ‘low VTE risk’ group.While we attempted additional explor-
atory analyses of the effect of active labour on haemostatic
markers, we were limited by the small number of women in
labour at the time of sampling. Active labour was associated
with both TEM and thrombin generation markers of hyperco-

agulability prepartum and immediately postpartum. The
longer duration of labour for VD may contribute to hyperco-
agulability both directly (which was adjusted for in analyses)
and potentially indirectly through factors such as dehydration
(which were not measured/adjusted for). Thus, further study
incorporating a low risk group would be valuable to evaluate
whether the changes found are secondary to labour alone or
moderated by the presence of VTE risk factors. Finally, it was
not possible to standardise the sample collection time
postdelivery/LMWH administration, due to variation in time
of delivery.We therefore took a pragmatic approach to collect-
ing when possible, and adjusted for timing when appropriate.

Interpretation
TEM has been previously reported to demonstrate hyperco-
agulability in pregnancy.33 Results from our cohort fall
within previously proposed normal ranges for the peri-
partum period but were skewed towards the proposed
upper/lower limit of normality.33 This is not unexpected
given that we recruited women at high risk of VTE. TEM was
insensitive to prophylactic enoxaparin; while INTEM CTwas
prolonged in the CS group at T3 (post-enoxaparin), therewas
no correlation between INTEM CT and anti-Xa activity (data
not shown). A recent study utilising thromboelastography
(TEG) to investigate the effect of prophylactic tinzaparin
supports our findings; no detectable anticoagulant effect
was seen at 4 to 10hours following administration (with
undetectable anti-Xa activity).34 An in vitro study investi-
gating the effect of dalteparin in whole blood collected from
pregnant women revealed a dose-dependent effect on TEG
only when anti-Xa activity was greater than 0.25 U/mL.28,35

The changes in thrombin generation seen over time in our
study compare with that previously reported in women
receiving LMWH12,19with attenuation of hypercoagulability

Fig. 3 Thrombin generation parameters in women before (T1) and after vaginal delivery (A) or caesarean section (B) (T2), following enoxaparin
(T3), at 1 week postpartum (T4) and 6 weeks postpartum (T5). �p< 0.001, ��p> 0.001 and< 0.05. Following a Bonferroni correction, significance
was assumed at α< 0.001.
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following first dose of enoxaparin (T3), and further at 1 week
postdelivery. This may reflect physiological resolution of
hypercoagulability in addition to anticoagulant effect. In
contrast to our findings, Ismail et al reported higher ETP
and peak thrombin inwomenwith lowVTE risk followingVD
compared with those following elective CS.22 There was no
significant change in thrombin generation pre- to post-CS
and they did not measure predelivery thrombin generation
in the VD group. It is therefore unclear whether the changes
reported relate to mode of delivery, labour or other patient
characteristics. It may be that global assays do not fully
reflect underlying VTE risk given our findings do not support
the well-established risk profile associated with mode of
delivery5,6 (highest with emergency CS and lowest with VD).

This may be explained by additional factors not measured
with these assays such as micro-trauma to pelvic vascula-
ture, endothelial activation and consumption of coagulation
factors intra-operatively. Measurement of thrombin–anti-
thrombin levels may help elucidate this further.

Six-weekpostpartum(T5) thrombingenerationparameters
suggested hypercoagulability in women with VD compared
with CS (but did not reach significance post-Bonferroni correc-
tion). This was not explained by ‘single factors’ but may result
from synergy betweenmultiple non-significant factors,with a
greater proportionofwomen in this grouphaving twoormore
VTE risk factors prior to delivery. The persistence of hyperco-
agulability at 1 week postpartum in our and former studies
supports the role for extended thromboprophylaxis inwomen

Table 4 Comparison of CT parameters between women with vaginal delivery compared with those with caesarean section,
showing the means ¼/– 1 SD for the values in each group

Lag time (min) ETP (nM/min) Peak thrombin (nM) Time to peak (min)

T1/antepartum

Vaginal delivery 6.4 (1.5) 1887 (402.9) 306.7 (89.8) 9.7 (2.2)

Caesarean section 6.4 (1.6) 1608.6 (373) 222.7 (80.5) 10.6 (2.2)

Difference between
groups (95% CI)

0 (�0.73 to 0.8) 278.4 (�464.7 to �92.2) 84 (124.8 to �43.6) �0.9 (�0.17 to 1.9)

p-Value 0.90 0.005 (0.86 adj) 0.001 (0.17 adj) 0.10

T2/postdelivery

Vaginal delivery 4.9 (1.1) 1972 (385) 363.6 (70.1) 7.4 (1.5)

Caesarean section 4.8 (1) 1794 (355.6) 314 (72) 7.8 (1.4)

Difference between
groups (95% CI)

0.1 (�0.5 to 0.5) 178 (�347.4 to �8.6) 49.6 (�82.2 to �16.1) �0.4(�0.3 to 0.99)

p-Value 0.90 0.04 (0.567 adj) 0.004 (0.897 adj) 0.30

T3/post-enoxaparin

Vaginal delivery 6.8 (2.7) 1663.8 (425.9) 271.1 (105.8) 10.1 (3.4)

Caesarean section 6.7 (2) 1613.8 (378.7) 255.7 (87) 10.1 (2.6)

Difference between
groups (95% CI)

0.1 (�1.2 to 0.9) 50 (�227.8 to 127.8) 15.4 (�57.3 to 26.5) 0 (�1.3 to 1.3)

p-Value 0.75 0.58 0.47 0.96

T4/d7 postdelivery

Vaginal delivery 8.8 (4) 1544.7 (411) 247 (90.7) 12.3 (4)

Caesarean section 8.9 (2.7) 1357.7 (378) 206.3 (105) 12.7 (10.4)

Difference between
groups (95% CI)

�0.1 (�1.7 to 1.9) 187 (�406.5 to 32.3) 40.7 (�97 to 15.6) �0.4 (�1.6 to 2.4)

p-Value 0.93 0.09 (0.94 adj) 0.15 0.67

T5/6w postpartum

Vaginal delivery 6.0 (1) 1443 (361.5) 226.6 (84) 9.7 (1.3)

Caesarean section 6.2 (1) 1192.7 (318.7) 156.3 (72.6) 10.6 (1.5)

Difference between
groups (95% CI)

�0.2 (�0.4 to 0.6) 250.3 (�415.7 to �84.9) 70.3 (�108.4 to �32.4) �0.9 (0.2–1.6)

p-Value 0.67 0.004 (0.042 adj) < 0.001 (0.009 adj) 0.10

Abbreviations: BMI, body mass index; CI, confidence interval; CT, calibrated automated thrombography; ETP, endogenous thrombin potential; SD,
standard deviation; T1-T5, time point 1–5.
Note: Confidence intervals of the mean difference and p-values reported for comparison of means using t-test, and following adjustment for BMI,
active labour prior to sampling at T1, duration of labour and baseline values (as defined as T5). Following a Bonferroni correction, significance was
assumed at α< 0.0025.
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with very high VTE risk.12,17–19 The optimal duration of
thromboprophylaxis remains unknown with laboratory data
suggesting 6weeksmaybeexcessive.However, clinical studies
suggest the increased risk of VTE persists for up to 12 weeks
postpartum.36

Conclusion

Wehavedemonstrated thatwomenwithVTE risk factorspost-
VDhave a similar pattern of postpartumhypercoagulability to
women with CS. Further research is required to better define
peri-partum hypercoagulability; specifically examining the
effect of labour on haemostatic markers and TEM/thrombin
generation profiles in the absence of LMWH use.
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