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Abstract Venous thromboembolism (VTE) remains a
leading cause of maternal morbidity and mortality in the
developed world. Low molecular weight heparins
(LMWH) are routinely used to provide therapeutic anti-
coagulation during pregnancy for women with VTE, with
measurement of plasma anti-FXa activity used to guide
dosing in certain patient groups. There is limited evidence
to support the use of anti-FXa monitoring in pregnant
patients. This study seeks to ascertain whether anti-FXa
monitoring of pregnant patients with VTE influences
patient outcomes. We performed a single-centre case series
including two consecutive groups of pregnant patients
treated with LMWH for VTE sustained in the index
pregnancy with and without monitoring of anti-FXa levels.
35,394 patients delivered during the study period in a large
urban stand-alone maternity hospital, with 26 cases of VTE
eligible for inclusion. There was no significant difference
between the two groups in any clinical outcome; including
maternal blood loss at delivery, recurrent thromboembolic
events or rates of planned delivery. These data provide
clinical evidence to support current international guideline
recommendations that measurement of plasma anti-FXa
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activity in the majority of patients receiving therapeutic-
intensity antenatal LMWH is not warranted.
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Introduction

Venous thromboembolism (VTE), comprising deep vein
thrombosis (DVT) and pulmonary embolism (PE), remains
a leading cause of maternal death in the developed world
and represents a significant source of morbidity, with
affected women frequently reporting debilitating post-
thrombotic symptoms including chronic lower limb pain,
swelling and ulceration [1, 2].

Providing effective and safe anticoagulant therapy during
pregnancy remains a significant clinical challenge. In order
to reduce the risk of morbidity and mortality associated with
VTE, clinicians must deliver effective anticoagulant therapy
but must also be cognizant of the potential risks that anti-
coagulation poses to both the mother and fetus. The low
molecular weight heparins (LMWH) have emerged as an
attractive option for providing therapeutic anticoagulation
during pregnancy [3]. In contrast to the vitamin K antago-
nists and direct oral anticoagulants, LMWH does not cross
the placenta and consequently does not confer a risk of fetal
haemorrhage or teratogenicity. Moreover, while unfrac-
tionated heparin (UFH) is safe in pregnancy, the more pre-
dictable pharmacokinetics and more favourable risk profile
associated with LMWH therapy (with reduced incidence of
heparin-related adverse effects such as osteoporotic fracture
and heparin-induced thrombocytopenia) have led to LMWH
being considered the treatment of choice for treatment of
VTE in many centres [3].
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LMWH preparations are all derived by various methods
of either chemical or enzymatic depolymerisation from the
parent compound, unfractionated heparin (a heterogenous
polymer comprised of heparin polysaccharide chains of
varying length extracted from porcine or bovine mucosa)
[4, 5]. The anticoagulant activity of LMWH is mediated
through its ability to interact with antithrombin (AT), a
plasma glycoprotein which acts as one of the primary
physiological inhibitors of blood coagulation [6, 7]. In its
native conformation, AT has limited capacity to bind to its
primary targets, thrombin and activated coagulation factor
X (FXa) [8, 9]. Binding of LMWH to the AT heparin-
binding site, mediated by a specific heparin pentasaccha-
ride sequence, leads to a conformational change within the
AT protein structure which exposes its reactive site, lead-
ing to a dramatic acceleration in its rate of inhibition of its
target proteases [7, 10]. While UFH accelerates the rate of
inhibition of both thrombin and FXa, the LMWH-mediated
acceleration of AT activity is largely directed against FXa
alone [7].

As LMWH-mediated anticoagulant activity is primarily
mediated through inhibition of FXa, laboratory assays
which facilitate the assessment of plasma FXa activity may
be utilised to assess the intensity of anticoagulation among
patients receiving therapy with these agents [11]. Chro-
mogenic assays of FXa activity are commonly used in
clinical haematology laboratories, where the plasma con-
centration of LMWH can be estimated indirectly by mea-
surement of residual FXa activity (by spectrophotometric
measurement of FXa-mediated cleavage of a chromogenic
substrate) which is proportional to the concentration of
LMWH present in the plasma sample [12].

For the majority of patients receiving LMWH treatment,
the measurement of plasma anti-FXa activity is unneces-
sary in view of the predictable pharmacodynamic profile
[13]. However, in certain clinical scenarios, measurement
of anti-FXa activity may be required, including in the
setting of renal impairment or extremes of body weight,
where the distribution and clearance of LMWH may be
altered [5, 14].

Measurement of anti-FXa levels in pregnant women
receiving LMWH is often empirically undertaken in view
of alterations in LMWH pharmacodynamics due to physi-
ological changes including alterations in plasma volume
and renal clearance which occur during pregnancy [5, 13].
However, there is limited evidence to support the use of
anti-FXa levels in guiding LMWH-dosing in pregnancy
because no trial has defined anti-FXa levels associated with
optimal clinical outcomes in pregnant patients with VTE
[15].

The aim of this study was to compare clinical outcomes
of recurrent thrombosis and bleeding complications at
delivery in two consecutive groups of pregnant patients
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treated with LMWH for VTE sustained in the index
pregnancy—with and without monitoring of anti-FXa
levels.

Methods

This study was a single-centre case series in which retro-
spective analysis was performed of data on consecutive
patients who were prospectively identified in a large urban
stand-alone maternity hospital in Dublin, Ireland during
01/04/2011-31/12/2014. The study was approved by the
Rotunda Hospital Research and Audit Advisory Group
(RAAG) under the auspices of the Hospital Ethics Com-
mittee. Women who were pregnant and who commenced
therapeutic-intensity anticoagulation during this time for a
diagnosis of acute VTE commencing at 38 weeks’ gesta-
tion or less were eligible for inclusion. Diagnosis of VTE
was by either Doppler ultrasonography of the lower limbs,
CT pulmonary angiography, or CT cerebral angiography.
Patients receiving anticoagulation for very high risk indi-
cations including prevention of mechanical heart valve
thrombosis were excluded, as current international guide-
lines recommend LMWH dose-adjustment to achieve
specific peak plasma anti-FXa targets in these very high-
risk patients [3]. Hospital guidelines stipulate that patients
newly diagnosed with a VTE or who are receiving thera-
peutic-intensity anticoagulation are urgently referred to a
Consultant Haematologist with a subspecialist interest in
thrombosis and maternal haematology. During this study
period, all patients were prospectively identified by the
same Consultant Haematologist who led each woman’s
multidisciplinary care throughout her pregnancy.

At the time of LMWH commencement, LMWH Tin-
zaparin 175 IU/kg was prescribed, to be administered once
daily subcutaneously. The patient’s booking weight or
most recently available weight was used to dose LMWH.
At the time of booking, patients were weighed in light
clothing without shoes. A full blood count and renal profile
were drawn prior to commencement of Tinzaparin in each
case. For patients with suspected acute VTE, LMWH was
commenced in the hospital emergency department or ward.

Until 01/12/2012, hospital guidelines recommended
adjustment of a patient’s daily subcutaneous LWMH dose
to achieve a target peak plasma anti-FXa activity of
0.5-1.0 IU/ml. Timing of this plasma sample and dose
adjustment was overseen by the same Consultant Haema-
tologist. Blood samples for measurement of peak anti-FXa
activity were collected 4 h post LMWH administration into
vacutainer tubes containing 3.2 % sodium citrate
(0.105 mol/L)). Samples were hand-delivered to the labo-
ratory after collection. Platelet poor plasma (PPP) was
prepared by centrifugation of citrated blood at 3000 g for
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10 min at room temperature. Samples were transported to
the nearby Mater Misericordiae University Hospital coag-
ulation laboratory and plasma anti-FXa activity measured
using the ACL TOP® analyser with Haemosil® liquid anti-
Xa reagent, Haemosil® LMWH control and Haemosil®
heparin calibrator (Instrumentation Laboratory). Samples
received on a day when the assay was not due to be per-
formed were immediately frozen at —80 °C and processed
when feasible (but always within 1 week). Anti-FXa
results were phoned directly to the Consultant Haematol-
ogist and dose adjustments recommended. After a dose
adjustment was made, a repeat anti-FXa level was per-
formed in 1 week or as soon as was feasible for the patient.

After 01/12/2012, a hospital multidisciplinary team
jointly agreed to discontinue routine anti-FXa monitoring
for patients receiving therapeutic-intensity anticoagulation
based on a lack of clinical evidence for this assay, in line
with the recommendations of the American College of
Chest Physicians (ACCP) [3]. It was agreed that anti-FXa
monitoring would continue to be considered on an indi-
vidual basis for patients who were at extremes of body
weight (less than 50 and 90 kg or more) or with other
complicating factors (for example with renal impairment or
recurrent VTE) putting them at high risk, as suggested by
UK guidelines [16].

Consequently, during the overall study period there were
two consecutive phases, during which LMWH dose-ad-
justment to achieve target peak Anti-FXa activity was and
was not routinely recommended respectively.

Patients receiving therapeutic-intensity anticoagulation
were formally discussed periodically during pregnancy at
the Rotunda hospital bimonthly haematology multidisci-
plinary team (MDT) meeting. At this meeting, obstetric,
anesthetic, pediatric, laboratory and midwifery colleagues
join the Consultant Haematologist to jointly agree written
care pathways for each individual patient. All patients
receiving therapeutic LMWH are discussed in this forum.
Risk assessment is performed to determine whether deliv-
ery should be planned, cognizant of individual risk factors.
If a planned delivery has been agreed upon, the recom-
mendations of the ACCP are implemented, which recom-
mend discontinuation of LMWH at least 24 h prior to
induction of labor or cesarean section (or expected time of
neuraxial anesthesia) rather than continuing LMWH up
until the time of delivery. LMWH was recommenced as
soon as possible after a vaginal delivery and a minimum of
4 h post epidural catheter removal. For cesarean sections
under spinal anesthesia, a prophylactic dose of LMWH
(tinzaparin 75 IU/kg) was given a minimum of 4 h post
removal of spinal needle with a therapeutic dose of LMWH
given 12 h later. All patients included in this study were
managed according to the recommendations of the Rotunda
hospital haematology MDT meeting.

Basic data were prospectively recorded on a hospital
database, including the date and gestation at which the
VTE event occurred, its mode of objective diagnosis, all
initial LMWH doses and subsequent LMWH dose adjust-
ments and laboratory data. Detailed MDT minutes and
clinic letters pertaining to each patient were collected
prospectively. Additional data were obtained by retro-
spective analysis of medical records and hospital electronic
databases. In addition to the above, data on age, parity,
body mass index (BMI), mode of delivery, planned deliv-
ery, birthweight, Apgar scores, estimated blood loss at
delivery, and use of regional anesthesia were collected.

Statistical analysis

Statistical analysis was performed using SPSS. Data are
expressed as mean and standard deviation (SD). Distribu-
tion of each parameter was checked for normality using the
Kolmogorov—Smirnov test and the Shapiro—Wilks test. The
Mann—-Whitney Test was used to compare differences
between means. Fisher’s Exact test was used to ascertain
any association of anti-FXa monitoring with mode of
delivery and use of regional anesthesia. In all circum-
stances, a p value of <0.05 was considered statistically
significant.

Results

35,394 patients delivered during the study period. Of these,
30 were diagnosed with VTE in a pregnancy. One patient
miscarried, leaving 29 viable pregnancies. All 29 pregnan-
cies were singleton. These 29 patients were prospectively
identified, as outlined in “methods”. Two patients were lost
to follow up because they chose to move back to their home
country during the antenatal period. Consequently, data
pertaining to labour and delivery were not available for these
patients. In a further patient’s case, it was not possible to
retrieve medical records. 26 patients were therefore included
in the data analysis (Fig. 1). 25 of the 26 patients had VTE
confirmed. There were 14 DVT, 10 PE, 1 DVT with asso-
ciated PE, and 1 cerebral venous thrombosis (CVT)
(Table 1). The overall VTE incidence in pregnancy was
0.08 %.

All patients received Tinzaparin at an initial weight-
adjusted dose of 175 IU/kg once daily subcutaneously,
using booking or most recently available weight. 14
patients underwent LMWH dose-adjustment in order to
achieve peak plasma anti-FXa activity of 0.5-1.0 IU/ml
during the pre-1/12/2012 phase of the study. All of these
patients achieved target anti-FXa activity after dosage
adjustment. 16 patients did not undergo anti-FXa moni-
toring (post-1/12/2012). One patient switched from the
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Fig. 1 Flow diagram of study
population

Number of patients delivered during study period

n=35,394

/

//
Excluded:
Mechanical heart valves
n=2

/

Total number of patients eligible for inclusion

non-monitoring group to the monitoring group as they
developed to worsening pain at the thrombosis site, after
discussion at a multidisciplinary team meeting. Recurrent
DVT was not proven upon imaging at the time. While
LMWH dosage was calculated by weight, and adjusted
according to anti-FXa activity in the monitored group,
there was no statistically significant difference in mean
LMWH dosage between the two groups (12800 IU vs
13300 IU tinzaparin, p = 0.26). Pulmonary embolism
accounted for 18 % of VTE in the monitoring group, and
34 % in the unmonitored group.

There was no statistically significant difference between
the two groups in any of the data parameters examined
(Table 2). Mean blood loss was 323 ml (200-500) ml and 297
(100-550) ml respectively (p = 0.446). Only one postpartum
haemorrhage (PPH; defined as blood loss >500 ml post
vaginal delivery) was identified in the group of 27 patients, a
rate of 3.7 %. This is within the usual expected incidence of
PPH of 1-5 %. There were no incidences of coagulopathy,
transfusion or requirement for surgical management of
haemorrhage. Mean platelet count at booking visit was similar
in both groups; 285 (175-400) x 109/L and 297 (100-500)
x109/L. (p = 0.856). There were no incidences of heparin
induced thrombocytopenia. Age, BMI, parity, gestation at
delivery, birth weight and Apgar scores had no significant
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Medical records unavailable: 1
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Total number of patients included in study

n=26

differences between the two groups. There were no recurrent
VTE events in either group up to three months postpartum.
The majority of patients in both groups underwent a
planned elective delivery following individualized multi-
disciplinary discussion, either by induction of labour or by
cesarean section (80.7 % total). All of the remaining
unplanned deliveries had spontaneous onset of labour.
There was no difference in the rate of planned delivery
between the two groups, (80 and 81.8 % respectively).
Spontaneous onset of labour occurred in 30.7 %. The total
cesarean section rate was 26 %, with the number of
cesarean sections slightly higher in the anti-FXa monitor-
ing group (36 vs 20 %)—however all cesarean sections
were performed for obstetric reasons only. One instru-
mental delivery was performed for obstetric reasons. Anti-
FXa monitoring had no significant association with mode
of delivery (p = 0.80) or the use of regional anesthesia
(p = 0.07). The overall use of regional anesthesia was
42 %. Only one patient (3.8 %) was refused regional
anesthesia due insufficient time from last dose of heparin.

Comment

This study has three key findings. In pregnant patients
receiving therapeutic-intensity LMWH, adjusting the
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Table 1 Type of VTE, method used to confirm diagnosis; gestation at confirmation and LMWH type

Patient Diagnosis Objectively confirmed by Gestation LMWH type Anti-Xa monitoring
1 DVT Doppler US 14 Tinzaparin Yes
2 DVT Doppler US 9 Tinzaparin Yes
3 DVT Doppler US 16 Tinzaparin Yes
4 DVT Doppler US 23 Tinzaparin Yes
5 DVT; PE Doppler, clinical diagnosis PE 7 Tinzaparin Yes
6 CVA CVT CT cerebral angiography 34 Tinzaparin Yes
7 DVT Doppler US 27 Tinzaparin Yes
8 DVT Doppler US 10 Bemiparin initially, switched to tinzaparin Yes
9 DVT Doppler US 23 Tinzaparin Yes
10 PE CTPA 13 Tinzaparin Yes
11 DVT Doppler US 12 Tinzaparin Yes*
12 PE CTPA 36 Tinzaparin No
13 PE NoP 25 Tinzaparin No
14 DVT Doppler US 12 Tinzaparin No
15 DVT Doppler US 17 Tinzaparin No
16 DVT Doppler US 37 Tinzaparin No
17 PE CTPA 14 Tinzaparin No
18 PE CTPA 34 Tinzaparin No
19 PE CTPA 34 Tinzaparin No
20 DVT Doppler US 26 Tinzaparin No
21 DVT Doppler US 32 Tinzaparin No
22 DVT Doppler US 35 Tinzaparin No
23 PE CTPA 22 Tinzaparin No
24 PE CTPA 30 Tinzaparin No
25 PE CTPA 11 Tinzaparin No
26 PE CTPA 33 Tinzaparin No

Switched from non-monitoring to monitoring after developing worsening symptoms

® CTPA performed, but of poor quality—PE diagnosed on basis of clinical findings

Table 2 Comparison of
variables between patients

monitored and not monitored

Variable Monitored n = 11 Non-monitored n = 15 p value
Age (years) 31.1 £3.6 303 £ 6.1 0.676

Body mass index (kg/m?) 249 £33 269 £ 4.1 0.264
Parity 1.2+£1.0 15£15 0.726
Gestation at delivery (weeks) 383+ 3.6 38.6 = 0.9 0.530
Estimated blood loss (ml) 323 £90.5 297 £ 128.8 0.446
Birthweight (kg) 317 £ 0.8 324 £ 0.6 0.736
Apgars @ 1 min; 5 min 8; 10 9; 10 0.092; 0.181

Data presented as mean £ SD

LMWH dose to achieve specific peak anti-FXa levels had
no significant effect on either maternal blood loss or
recurrent thromboembolic events. In addition, no signifi-
cant difference was observed in rates of planned delivery.

This study has potential limitations and strengths.
Firstly, this was a retrospective analysis of data collected

prospectively in a clinical database. However, local clinical
guidelines were very clear during each retrospective study
period and management of each patient was in line with
these guidelines. Moreover, hospital policy stipulates that
each patient receiving therapeutic-intensity LMWH is
reviewed regularly by a Consultant Haematologist in the
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hospital thrombosis clinic. Data on each patient receiving
therapeutic-intensity LMWH are then prospectively recor-
ded by the same Consultant Haematologist in a hospital
database with tight clinical follow-up. Consequently, we
are confident that consecutive patients were included.

Secondly, this was a small, single-centre study in which
a single LMWH (Tinzaparin) was utilized and dose-ad-
justed in the first trial period to achieve a specific target
peak plasma anti-FXa activity (0.5-1.0 IU/ml) and may be
of limited relevance to centres using different LMWH
formulations, twice-daily rather than once-daily LMWH
dosing and different anti-FXa targets.

Clearly, a randomized clinical trial comparing weight-
adjusted to anti-FXa-adjusted LMWH dosing would be the
optimal trial design to answer this research question.
However, given current international guideline recom-
mendations against anti-FXa monitoring in the majority of
patients [3], securing ethical approval for such a study
would be challenging.

The tight management of each patient included in this study
by a small multidisciplinary team led by a single consultant
haematologist may also be considered a strength that likely
enhanced standardization of care. Of particular note, during
the first study phase, when anti-FXa-based LMWH dosing
was performed, the Consultant Haematologist always deter-
mined that anti-FXa levels were timed precisely to correspond
to peak anti-FXa activity and LMWH dose adjustments were
recommended by the same consultant.

VTE remains the top cause of direct maternal death in
the UK and Ireland [1]. Bleeding and treatment failures
continue to be recorded during treatment of VTE with
LMWH in pregnant women [17]. Consequently, care pro-
viders are correctly keen to provide the best possible
management for these high-risk patients. The stakes are
high. The death of a mother is a devastating event with far-
reaching consequences. However, management of pregnant
patients with VTE is challenged by a lack of clinical evi-
dence for many important questions including LMWH
dosing and timing. One of these important questions is:
does an optimal, clinically validated plasma anti-FXa
“target” exist for each LMWH formulation? Currently, no
clinical data exist to support achieving such a target in
pregnant women with VTE.

It is well established that the pharmacodynamics of
LMWH alter during pregnancy, due to an increased volume
of distribution and enhanced renal LMWH clearance
[18-20]. These altered pharmacodynamics have been
postulated to be the underlying mechanism for the pro-
gressive decline in peak anti-FXa levels in response to a
particular LMWH dose with advancing gestation [18-22].
However, the implications of these findings to clinical
management of pregnant women receiving LMWH during
pregnancy is uncertain. Of particular relevance, no studies
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have been performed to date that compare clinical out-
comes in pregnant women receiving therapeutic LMWH
adjusted to achieve specific anti-FXa targets and those
managed by weight-adjusted dosing alone. Moreover, the
anti-FXa assay has important limitations. The timing of the
assay is critical and significant inter-laboratory variation
has been reported [23].

This study is, to our knowledge, the first to assess the
clinical impact of LMWH dosing to achieve specific anti-
FXa targets upon maternal and fetal outcomes in pregnant
patients receiving therapeutic-intensity LMWH. These
patients were all receiving LMWH for VTE. We reiterate
that this study excluded patients with mechanical heart
valves and those in whom current international guidelines
continue to recommend anti-FXa monitoring such as those
at extremes of body weight and patients with renal failure.
Although plasma anti-FXa activity in response to a fixed
LMWH dose gradually reduces during pregnancy, our
clinical data do not support the hypothesis that adjusting a
patient’s LMWH dose to achieve a “target” FXa activity
results in superior maternal and fetal outcomes. At present,
there is no clinically validated optimal anti-FXa “target” in
pregnant patients receiving any LMWH formulation.

In conclusion, based on these limited numbers, not
measuring plasma anti-FXa activity in the majority of
pregnant patients receiving therapeutic-intensity antenatal
LMWH does not appear to expose them to an increased
risk of recurrent VTE. These data provide some clinical
evidence to support current international guideline rec-
ommendations that measurement of plasma anti-FXa
activity in the majority of patients receiving therapeutic-
intensity antenatal LMWH is not warranted.
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