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Introduction: Pregnancy is a thrombogenic state, increasing the risk for venous thromboembolism (VTE), and the
risk of valve thrombosis amongst women with mechanical heart valves (MHV). While low molecular weight
heparins (LMWH) are generally dosed based on weight (i.e., enoxaparin 1 mg/kg every 12 hours), data in preg-
nant women have shown that weight-based dosing does not consistently achieve target anti-Xa levels. In women
with MHV, our practice includes titrating LMWH doses to target both trough and peak anti-Xa levels, while for
those with VTE peak anti-Xa levels guide dosing.

Materials/Methods: This retrospective case series included pregnant women requiring LMWH treatment doses
with at least 3 peak (+/— trough) anti-Xa levels. Our primary objective was to describe the actual LMWH dose
required to achieve targeted anti-Xa levels relative to weight-based dosing in patients with MHV. Secondarily,
we compared the same for VTE patients; compared actual dosing between those with MHV and VTE; and exam-
ined maternal and fetal outcomes.

Results/Conclusion: Women with MHV (N = 4) required greater than weight-based dosing of enoxaparin
(1.35 mg/kg Q12H) to achieve targeted anti-Xa levels. Importantly, achieving target peak anti-Xa levels did
not always ensure maintenance of minimum trough levels. VTE patients (N = 12) did not require more
enoxaparin (0.96 mg/kg Q12H) than weight based dosing. MHV patients received more enoxaparin compared
to VTE patients (P < 0.001). No bleeding or clotting complications were associated with LMWH administration.
In pregnant women with MHV at high risk of thromboembolism, LMWH dosing guided by trough and peak
anti-Xa levels should be considered.
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Introduction

Pregnancy is often described as a hypercoagulable state with an
increased risk of venous thromboembolism (VTE) [1]. VTE is one of
the leading causes of maternal morbidity and mortality in the devel-
oped world [2]. While anticoagulation therapy is routinely used
during pregnancy for both the treatment and prevention of VTE,
the day-to-day management of anticoagulation during pregnancy
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inine clearance; CVA, cerebrovascular accident; IV, intravenous; LMWH, low molecular
weight heparin; MHV, mechanical heart valves; NA, not applicable; OAC, oral anticoagulant;
OMOC, Obstetric Medicine Clinic; SC, subcutaneous; Scr, serum creatinine; SD, standard devi-
ation; TIA, transient ischemic attack; UFH, unfractionated heparin; VKA, vitamin K antago-
nist; VTE, venous thromboembolism.
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remains an ongoing challenge for clinicians. Balanced with the in-
creased risk of VTE, pregnancy is also associated with physiologic
changes, including increased renal clearance and plasma volume,
which have implications for the pharmacokinetics of commonly
used anticoagulant medications [3].

Low molecular weight heparins (LMWH) are generally the anticoag-
ulant of choice for pregnant patients with acute VTE [4-6]. While vari-
ous clinical practice guidelines for treatment of VTE in pregnancy
agree that initial dosing of LMWH should be weight-based, there is a
lack of consensus around the need for monitoring of anti-Xa levels as
well as adjustment of LMWH dose as pregnancy progresses (due to in-
creasing maternal weight and the changes in LMWH distribution and
clearance) [4-6].

Several observational studies of pregnant patients with VTE treated
with weight-based LMWH dosing strategies demonstrated a low risk
of thromboembolic recurrence or bleeding in the absence of routine
anticoagulation monitoring [7-9]. Similarly, other studies have shown
that LMWH dosage adjustments were not required in pregnant
women with VTE to maintain target levels of anticoagulation (as mea-
sured by anti-Xa levels) [10-12]. Conversely, a number of studies have
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demonstrated that weight-based dosing in pregnant patients results in
lower than expected levels of anticoagulation (as measured by anti-Xa
levels) [13-15]. There is also evidence to suggest that the physiologic
changes of pregnancy alone may result in increased LMWH dosage
requirements [4,13-18]. Despite these differing findings from observa-
tional studies, there remains, however, a paucity of data to support
that maintaining LMWH therapy within an expected range of anti-Xa
activity translates to improved clinical outcomes (maternal, fetal or
obstetrical) during pregnancy in patients treated for VTE.

During pregnancy, the anticoagulation of women with mechanical
heart valves (MHV) poses additional challenges to clinicians. Pregnant
women with MHV are at particularly high risk of adverse maternal
and fetal outcomes for many reasons [19]. First, MHV are inherently
thrombogenic, which can be further compounded by the hypercoagula-
ble state of pregnancy, thereby placing women with MHV at extremely
high risk of serious thromboembolic complications including valve
thrombosis and systemic thromboembolism [20,21]. Second, while
warfarin is reported to be the most effective anticoagulant for reducing
thromboembolic complications in pregnant women with MHV, it is as-
sociated with significant fetal morbidity and mortality in this population
[22,23]. Third, while LMWHs do not cross the placental barrier and thus
have fewer complications relating to fetal development and miscar-
riage, they have been associated with higher rates of maternal thrombo-
embolic complications during pregnancy in women with MHV [24-27].
Of note, most of these thromboembolic complications were associated
with inadequate LMWH doses, anti-Xa levels below target, or lack of
anti-Xa monitoring altogether [26,28-30]. As a result of these chal-
lenges, researchers have examined the utility of and need for anti-Xa
monitoring during pregnancy for women with MHVs treated with
LMWH.

Studies have demonstrated that adjusting LMWH dosages based on
weight alone in pregnant patients does not consistently achieve the
targeted anti-Xa levels that would be recommended for a woman
with a MHV [27,29]. Accordingly, there is a growing body of evidence
to support monitoring of peak anti-Xa levels (i.e., anti-Xa level drawn
4 hours after a dose of LMWH) in this population during pregnancy
[27,28,31-33]. Despite this practice, there are reported cases of valve
thrombosis in pregnant patients who achieved the recommended
peak anti-Xa range [27,32,34]. Furthermore, two studies which included
pregnant women treated with LMWH during pregnancy monitored
anti-Xa levels immediately prior to the next LMWH dose and observed
that measured levels were below the target anti-Xa range in the
majority of patients [14,16]. These findings suggest that peak levels
alone may not be representative of anticoagulation throughout the
dosing interval, and that it may also be valuable to assess trough
anti-Xa levels (i.e., anti-Xa level measured immediately prior to a
LMWH dose) to ensure that minimum anti-Xa levels are consistently
maintained in pregnant patients with MHV.

Current clinical practice guidelines provide varying recommenda-
tions for the management of anticoagulation therapy in pregnant pa-
tients with MHV (Table 1) [4,5,35]. Each of the practice guidelines
recommend the use of warfarin and LMWHs at various times during
pregnancy, but the circumstances under which each anticoagulant is
recommended differ. Moreover, these guidelines recommend that
LMWH be administered twice daily if used, and that peak anti-Xa levels
be drawn 4-6 hours after a dose of LMWH to ensure targeted or
“therapeutic” anticoagulation [4,5,35]. Some experts recommend mon-
itoring anti-Xa levels weekly throughout pregnancy [5], while others do
not comment on the frequency of monitoring as it relates to time course
of pregnancy [4,35]. These varying evidence-based guideline recom-
mendations highlight the clinical controversies in managing this patient
population at high risk of thrombosis.

Within Edmonton, Alberta, Canada, the Anticoagulation Manage-
ment Service (AMS) at the University of Alberta Hospital, and the
Obstetric Medicine Clinic (OMC) at the Royal Alexandra Hospital have
collaboratively managed several high-risk pregnant women who

required anticoagulation during pregnancy. In keeping with published
literature [13-15], we had also observed that the use of standard
weight-based LMWH dosing yielded lower than anticipated anti-Xa
levels. As such, we routinely monitor a combination of trough and
peak anti-Xa levels in high-risk patients (i.e., women with MHV), and
only peak anti-Xa levels in lower-risk patients (i.e.,, women with acute
VTE during pregnancy). In general, LMWH is administered every
12 hours, and dosages are adjusted to maintain anti-Xa levels based
on the specific indication for anticoagulation (i.e., for patients with
MHV: target trough anti-Xa level >0.6 U/mL, and peak anti-Xa level
1.0 -1.2 U/mL; and for patients with acute VTE: target peak anti-Xa
level 0.5-1.0 U/mL).

The primary objective of this case series was to report the actual
LMWH dose (mg/kg) required in pregnancy to achieve targeted trough
and peak anti-Xa levels relative to weight-based dosing amongst
patients with MHV. Secondary objectives were to: compare actual
LMWH dosages required in pregnancy to achieve peak anti-Xa levels
relative to weight-based dosing in patients with VTE; compare actual
(anti-Xa level guided) LMWH dosing between the MHV patients and
the VTE patients; and describe maternal and fetal outcomes for each
of the dosing strategies.

Materials & methods

This retrospective case series included pregnant women, aged
18-52 years, with normal renal function (CrCL > 60 mL/min), having
at least 2 weights recorded, who were prescribed treatment doses of
LMWH with a minimum of 3 peak (+/— trough) anti-Xa levels drawn
at separate time points during the pregnancy. As per local laboratory
procedures, trough levels were drawn by the laboratory within 1 hour
prior to the next scheduled time for LMWH administration and peak
levels were drawn 3.5-5 hours after the LMWH dose was given.
Throughout the course of this case series, two different assays were
used to measure anti-Xa levels. Since November 2009, the Biophen
Heparin 6 hybrid (UFH/LMWH) chromogenic anti-Xa assay
manufactured by Hyphen Biomed and calibrated with the Biophen Hep-
arin Calibrator (Neuvill-Sur-Oise, France) with a precision of 0.90 U/ml
and standard deviation of 0.064 U/ml was used. Prior to this time, our
laboratory used the STA(R) Rotachrom Heparin assay from Diagnostica
Stago, calibrated by the STA(R)-Calibrator LMWH (made from INSERT)
from Stago (Asnieres Sur Seine, France). Of note, only one patient
(Patient A with MHV) was included from this earlier time period.
Normal ranges for anti-Xa levels did not change over this time period.

Women were systematically identified from both the AMS and the
OMC. Standardized data collection forms were completed for each eligi-
ble patient. Data collected included: patient demographic information
(i.e., maternal age, past medical history, etc.); anticoagulation informa-
tion (i.e., indication for anticoagulation, dose of LMWH, anti-Xa range
targeted, etc.), obstetrical information (i.e., gestational weight gain,
delivery information, etc.), and obstetrical outcomes (i.e., fetal morbid-
ity and mortality, maternal bleeding, etc.). This study was approved by
the Health Research Ethics Board at the University of Alberta,
Edmonton, Alberta (study identification number Pro00034665).

Descriptive statistics were used to analyze the baseline demographic
and clinical characteristics for all study participants. In order to deter-
mine LMWH dosages required to target trough and peak anti-Xa levels
for women with MHV, individual data were plotted. The average dose
requirements were calculated in mg/kg for each trimester (where appli-
cable) and throughout the pregnancy for each patient, and were then
compared to weight-based dosing. Patient’s missing weights were in-
terpolated or extrapolated to span the entire pregnancy. To study within
subject changes in LMWH doses with gestational age and compare the
changes between actual and weight base dosing for each patient
group a random effects model was used. Comparisons for anti-Xa
guided dosing requirements across the patient groups of MHV and
VTE were then performed. For patients who were switched from
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Table 1

Current clinical practice guideline recommendations for anticoagulation management in pregnant women with MHV.

Recommendation ~ American College of Cardiology/American American College of Chest Physicians European Society of Cardiology
Heart Association (ACC/AHA) 20083 (ACCP) 20124 (ESC) 2011°
Anticoagulant For pregnant patients with MHV, up to 36 For pregnant women with MHV, one of the During the 1st trimester:

recommended in
pregnant women

weeks gestation, the therapeutic choice of
continuous IV or dose-adjusted SC UFH,

* 1. Adjusted dose BID LMWH throughout

2. Adjusted dose UFH throughout pregnancy

» 3. UFH or LMWH until the 13th week, with
substitution by VKA until close to delivery when
UFH or LMWH is resumed
In women judged to be very high risk of throm-
boembolism in whom concerns exist about
efficacy and safety of UFH/LMWH
(i.e., older prosthetic valve in mitral position or
history of thromboembolism), VKA throughout
pregnancy with replacement by UFH or LMWH
close to delivery is suggested rather than the
regimens above (Grade 2C)

with MHV dose-adjusted LMWH or warfarin should
be discussed fully (Class I, level C)
pregnancy
Dosage
recommendations SC and the dose adjusted to maintain the
for L(MWH anti-Xa level between 0.7-1.2 U/mL

4 hours after

administration (Class I, level C)
Monitoring (levels/ « LMWH should not be administered to
timing/frequency) pregnant patients with MHV unless anti-Xa
levels are monitored 4-6 hours after
administration
(Class 111, level C)
No additional comments regarding
frequency or timing of levels relative to
time throughout pregnancy

manufacturer’s peak anti-Xa LMWH 4 hours post
SC injection (Grade 1A)

If LMWH is used, it should be administered BID
(evidence summary, not included in official
recommendation)

No additional comments or recommendations * LMWH should be avoided, unless anti-Xa levels
regarding frequency or timing of levels relative
to time throughout pregnancy

following regimens is recommended in preference
to no anticoagulation (all Grade 1A):

Continuation of OACs should be considered if
required warfarin dose to maintain therapeutic
anticoagulation is < 5 mg/day after patient
information and consent (Class Ila, level C)
Discontinuation of OAC between weeks 6-12 and
replacement by adjusted-dose UFH or LMWH
twice daily under strict dose control should be
considered in patients with warfarin dose
requirements of > 5 mg/day

(Class Ila, level C)

Discontinuation of OAC between weeks 6-12 and
replacement by adjusted-dose UFH or LMWH
under strict dose control may be considered on an
individual basis in patients with required
warfarin dose to maintain therapeutic
anticoagulation is < 5 mg/day (Class IIb, level C)
Continuation of OACs may be considered between
weeks 6-12 in patients with required warfarin
dose to maintain therapeutic anticoagulation

is > 5 mg/day (Class IIb, level C)

OACs are recommended during the 2nd and 3rd
trimesters until 36th week (Class I, level C)

* LMWH should be administered twice daily < Suggest that doses be adjusted to achieve the * LMWH should be administered twice daily with

dose adjustment according to weight and target
anti-Xa level 4-6 hours post-dose 0.8-1.2 U/mL
(Class Ila, level C)

In pregnant women managed with LMWH, the
post-dose anti-Xa level should be assessed
weekly (Class I, level C)

are monitored (Class III, level C)

MHV, mechanical heart valve; IV, intravenous; SC, subcutaneous; UFH, unfractionated heparin; LMWH, low molecular weight heparin; BID, twice daily; VKA, vitamin K antagonist; OAC,

oral anticoagulant.

enoxaparin to dalteparin (or vice versa), enoxaparin 1 mg/kg was
considered equivalent to dalteparin 100 IU/kg, enabling reporting of
both the dalteparin and enoxaparin on the same mg/kg axis. Lastly,
maternal and fetal bleeding and clotting complications were described
for both groups (MHV and VTE). Data analysis was completed using

Table 2

Baseline demographics and clinical characteristics of study population.
Variable Overall MHV VTE

Population Population Population

n 16 4 12
Age (years); mean (SD) 31.2 (4.8) 33.0 (6.9) 30.6 (4.1)
Weight (kg); mean (SD) 69.6 (18.5) 50.7 (7.1) 74.3 (17.4)
Height (cm); mean (SD) 164.6 (6.4) 157.6 (5.2) 166.9 (4.9)
SCr (mmol/L); mean (SD) 59 (15) 64 (15) 57 (15)
CrCL > 60; n (%) 16 (100) 4 (100) 12 (100)
Hemoglobin (g/L); mean (SD) 131 (11) 134 (8) 130 (12)
Platelets (x 10%/L); mean (SD) 218 (57) 263 (96) 204 (31)

Past Medical History

Hypertension, n (%) 0 0 0
Diabetes (Type 1 or 2), n (%) 0 0 0
Obesity, n (%) 1(6.3) 0 1(8.3)
Atrial Fibrillation, n (%) 1(6.3) 1(25.0) 0
History of CVA/TIA, n (%) 1(6.3) 1(25.0) 0

Prior history of thrombosis, n (%) 4(25.0) 0 4(333)
Family history of thrombosis, n (%) 3(18.8) 0 3(25.0)

SCr, serum creatinine; CrCL, creatinine clearance; CVA, cerebrovascular accident; TIA,
transient ischemic attack.

IBM SPSS Statistics (version 21.0, SPSS Inc., Armonk, New York, USA)
and STATA (version 12.1, Stata Corp., College Station, Texas, USA).

Results
Patient Characteristics

From the AMS and OMC, 31 women were screened. Fourteen were
excluded due to having less than 3 anti-Xa levels done during the
pregnancy while 1 was excluded because only 1 weight was
documented. Of the 16 patients included, 4 had MHV with both trough
and peak anti-Xa levels measured, while 12 received LMWH for acute
VTE and had only peak anti-Xa levels measured. In general (results pre-
sented as mean, standard deviation [SD]), women with MHV tended to
be of lower body weight (50.7, 7.1 kg) compared to those with VTE
(74.3,17.4 kg), and were slightly older (MHV age was 33.0 (6.9) years
versus 30.6 (4.1) years in women with VTE). (Table 2). In terms of
previous obstetric history, women with MHV had a total of 12 pregnan-
cies with 3 live births compared with 25 pregnancies and 6 live births in
the VTE patients.

Type of LMWH Use

All 4 women with MHV were transitioned from warfarin to
enoxaparin at varying time points during pregnancy; however one pa-
tient was subsequently switched from enoxaparin to dalteparin mid-
way through her pregnancy. Of the women anticoagulated for VTE,



M. Berresheim et al. / Thrombosis Research 134 (2014) 1234-1240 1237

9 were on enoxaparin throughout pregnancy, and 3 were changed from Women with Venous Thromboembolism
dalteparin to enoxaparin during pregnancy.
Relative to the 4 patients with MHV, the 12 patients receiving
Women with Mechanical Heart Valves enoxaparin for VTE had a lower but broader peak anti-Xa target range
(namely 0.5-1.0 U/mL). As pregnancy progressed, the actual enoxaparin
Specific details of each patient case are outlined in Appendix 1. Fig. 1 dosing requirements decreased relative to weight based requirements
represents the enoxaparin dose and anti-Xa levels for each patient plot- (P < 0.001, for the slope of the line). Overall, for this group of patients,
ted by gestational age. As pregnancy progressed, the actual enoxaparin the mean actual dose of enoxaparin received was 0.96 mg /kg every
dosing requirements increased relative to weight-based requirements 12 hours, whereas weight-based dosing was calculated as 1.01 mg/kg
(P = 0.026, for the slope of the line) (Fig. 2). Each of the four pregnant (Fig. 3). Over the course of pregnancy, however, the anti-Xa levels in
women with MHV required higher than weight-based enoxaparin dos- the majority of women treated for VTE trended down yet remained
ing to achieve target anti-Xa levels, with an overall mean increase to within the wide anti-Xa target range. As such, enoxaparin dosages
1.35 mg/kg every 12 hours compared with 1 mg/kg every 12 hours were typically not increased in these cases. Eight women with VTE dur-
(Table 3). In all four cases, achieving target peak anti-Xa levels did not ing pregnancy delivered via C-section, and the remaining 4 women de-
ensure maintenance of a minimal trough level. In order to sustain the livered vaginally. No hemorrhagic complications were documented.
minimum target trough anti-Xa level (>0.6 U/mL), peak levels However, one woman developed bilateral deep vein thrombosis
exceeded the upper target of 1.2 U/mL in the majority of women. Two (DVTs) at 2 days post-partum while LMWH was held. This patient had
of the four women with MHV delivered via C-section, one delivered Protein S deficiency, with previous bilateral DVTs, previous cerebral
vaginally, and the fourth woman miscarried in her first trimester. Two vein thrombosis and a family history of VTE.
maternal obstetrical bleeding events occurred postpartum. Patient B
had an obstetric bleed on the 5th post-partum day while on UFH, and Comparison of Dosing Between Women with MHV and VTE
Patient D was readmitted to hospital 15 days post-miscarriage for
bleeding secondary to retained products of conception. All four The enoxaparin dose required for the 4 patients with MHV (having
women had no maternal clotting complications identified. While one both trough and peak anti-Xa levels measured) was significantly higher
spontaneous abortion occurred at 70 days gestation, all other babies (1.35 mg/kg) compared to women with VTE (having only peak anti-Xa
survived, and no fetal complications (thrombotic or hemorrhagic) levels measured) (0.96 mg/kg) (p < 0.001). Overall, this implies a rela-
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Fig. 1. Changes in anti-Xa levels and LMWH dosage for women with MHV throughout pregnancy. Patient A: On gestational age day 155, enoxaparin was switched to dalteparin. Through-
out the course of pregnancy, non-adherence with LMWH administration was suspected, making interpretation of some anti-Xa levels challenging. Patient B: Pregnancy was discovered at
9 weeks and given her high thromboembolic risk (having both aortic and mitral mechanical valves with atrial fibrillation) she continued on warfarin until 33 weeks gestation. She was
then transitioned to LMWH to ensure warfarin clearance from the fetus in anticipation of delivery prior to 40 weeks. Patient C: The OMC/AMS assumed responsibility for anticoagulation
management for this patient at 110 days gestation. Patient D: Most recent patient managed, subsequently enoxaparin was started at a higher than weight based dose. Patient spontane-
ously miscarried at 70 days gestation.
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Table 3
Mean enoxaparin dose (mg/kg) per trimester and overall for MHV patients.

Patient Trimester 1 Trimester 2 Trimester 3 Overall pregnancy
(Days 1-84 gestation) (Days 85-189 gestation) (Days 190-280 gestation)

Patient A 1.05 1.12 1.71 1.36

Patient B NA NA 133 133

Patient C NA 1.16 1.06 1.11

Patient D 1.58 NA NA 1.58

Patients A-D 1.35

NA, not applicable.

higher peak target anti-Xa level and maintenance of a targeted trough
anti-Xa level. Moreover, relative to weight-based dosing, our data dem-
onstrate a slight reduction in actual dosing for pregnant women with
VTE having only peak anti-Xa levels targeted (Fig. 3) whereas an in-
crease in the actual dose was required for women with MHV who had
both trough and peak anti-Xa levels targeted (Fig. 2).

Discussion

This case series provides clinical insight into the management of
LMWH therapy in the setting of women at high risk of thromboembo-
lism during pregnancy (i.e., women with MHV and acute VTE). Our
case series showed that women with MHV required higher doses of
enoxaparin (mg/kg) to achieve target anti-Xa levels compared with
weight-based dosing alone. In contrast, women with VTE who had
only peak anti-Xa monitoring, required a mean enoxaparin dose slightly
less than the calculated weight-based dose throughout the pregnancy.
We also found that women with MHV required higher doses of
enoxaparin (mg/kg) than women with VTE. This may, in part, reflect
the higher peak target in women with MHV (1.0-1.2 U/mL vs
0.5-1.0 U/mL in VTE patients) or the monitoring algorithms (i.e., both
trough and peak in women with MHV compared with peak alone in
VTE). Overall the use of enoxaparin was safe from a fetal perspective.
Two maternal bleeding events occurred post-partum in women with
MHYV that were not associated with the administration of LMWH.

Consistent with prior literature [27,29], our 4 patients with MHV
required more enoxaparin (1.35 mg/kg) than weight-based dosing
alone (1 mg/kg) to achieve targeted anti-Xa levels. Furthermore, our
cases highlight that achieving target peak anti-Xa levels (1.0-1.2 U/mL)
alone does not ensure maintenance of a minimum trough level
(>0.6 U/mL). Importantly, our patients with MHVs had sub-therapeutic
trough anti-Xa levels 46% of the time, whereas their peak levels were ei-
ther within or above target 90% of the time. This is consistent with the
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Fig. 2. Comparison of LMWH dosing strategies in women with MHV: trough and peak
anti-Xa guided vs calculated weight based.

findings of two studies that assessed both trough and peak levels which
demonstrated that anti-Xa levels decline significantly over a 12 hour dos-
ing interval, and the majority (73-91%) of trough levels were found to be
below the anti-Xa target of 0.5 U/mL [14,16]. These variations in anti-Xa
levels may, in part, be attributable to the increase in LMWH clearance
during pregnancy as renal clearance increases [3,36,37]. Overall, these
findings relating to anti-Xa levels suggest that the use of both trough
and peak levels may be useful in guiding overall LMWH dosing in
women with MHV at high risk of thrombosis, however a well-designed
randomized controlled trial evaluating the effect of anti-Xa monitoring
strategies on clinically important outcomes is needed.

Another important clinical finding was the differences in trough and
peak anti-Xa levels achieved varied significantly amongst our patients
with MHV. For example, only one patient had trough and peak levels
that consistently correlated with one another (i.e., patient B: both levels
were sub-therapeutic or both at target when measured on the same
day) whereas the other 3 patients with MHV had trough and peak levels
that did not consistently correlate (i.e., while troughs were within tar-
gets, the peak anti-Xa levels were often above targets, and vice versa).
This discordance in anti-Xa trough and peak levels amongst the
majority of our women who were receiving LMWH for similar
indications (i.e., MHVs) likely reflects the altered and unpredictable
changes in the pharmacokinetics of LMWH for an individual during
pregnancy and adds support for the need to further evaluate the role
of both peak and trough anti-Xa measurements for women with MHV
during pregnancy.

In contrast to those with MHV, our case series did not demonstrate
an increased enoxaparin dose requirement amongst the 12 women
with acute VTE to sustain peak anti-Xa levels of 0.5-1.0 U/mL. The
dose of enoxaparin remained fairly steady throughout the pregnancy,
and by delivery had decreased to slightly lower (0.96 mg /kg) than
the traditional weight-based dosing (1 mg/kg). While this decrease in
mean dosing requirement from 1.0 to 0.96 mg/kg was statistically
significant, the overall difference in dose is unlikely to be clinically
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Fig. 3. Comparison of LMWH dosing strategies in women with VTE: peak anti-Xa guided vs
calculated weight-based.
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meaningful. This reduction in LMWH dose may correspond to the wide
anti-Xa target range or the lack of dosage titration as the measured peak
anti-Xa levels actually trended down over time. However, it is impor-
tant to note, these women with VTE had peak anti-Xa values within
their target anti-Xa range only 73% of the time.

Our findings in women with VTE differ slightly from other evidence
which found that standard weight-based dosing of LMWH in pregnant
patients with acute VTE resulted in anti-Xa levels below the peak anti-
Xa target range [13-15]. A recent prospective study of 13 pregnant
women with VTE demonstrated that fixed weight-based dosing of
LMWH failed to achieve target peak anti-Xa levels (0.5-1.2 U/mL) in
over 50% of patients [13]. By the third trimester, the LMWH dosage in-
creases of up to 19% were required to achieve these target peak anti-
Xa levels [13]. While our study showed little dose difference between
the actual and weight-based LWMH requirements in pregnant women
with VTE, it is notable that the peak target range was fairly wide
(i.e., 0.5-1.0 U/mL). As pregnancy progressed, many of our patients
had a decline in their peak anti-Xa levels however few required
LMWH dose adjustment to have anti-Xa levels remain above the
lower target of 0.5 U/mL. The discrepancy in findings on LMWH dosing
between this current study and others for pregnant women with VTE
highlights the need for larger studies to assess maternal and fetal out-
comes relative to the respective dosing strategies (i.e., weight-
adjusted alone compared with anti-Xa level adjusted) as well as
whether peak (+4/— trough) anti-Xa monitoring significantly impacts
clinical outcomes.

Our data are reassuring amongst the 4 pregnant women with MHV
in that no maternal thrombotic episodes occurred while on LMWH.
Although thromboembolic complications have previously been report-
ed in pregnant patients with MHV who were anticoagulated with
LMWH, most complications were associated with patient non-
compliance and/ or inadequate LMWH doses [26,28-30,38]. In addition,
the majority of thrombotic events occurred in the setting of no monitor-
ing of anti-Xa levels or monitoring peak levels only [26,28-30]. In our
small case series, one of the four MHV patients had a spontaneous abor-
tion at 70 days. While we could not rule out the role LMWH may have
played (as LMWH is generally associated with lower rates of fetal loss
than higher doses of warfarin), fetal losses in the first trimester are
relatively common and may be due to many causes [22]. Finally, for
the women with MHVs, there were two bleeding episodes in the post-
partum period that were not related to LMWH administration. For the
pregnant women with VTE in our case series, no major bleeding was
reported. One patient (of 12) with an extensive history of thrombosis
developed bilateral DVTs diagnosed at 2 days post-partum while
anticoagulation therapy was held.

While this case series offers insight into the clinical management of
this complicated population, there are limitations of the study that war-
rant discussion. First, due to the retrospective nature of the study, we re-
lied solely on documentation from the medical records. Second, the
small sample size, the limited number of anti-Xa measurements, and
our inability to prospectively control the timing or frequency of anti-
Xa levels limited the number of statistical analyses that could be reliably
performed. Third, we were unable to analyze LMWH dose differences
between the patients who achieved target anti-Xa levels and those
who did not. While this is a limitation, it should be noted that in our
case series, clinicians responded to anti-Xa levels that were below target
by increasing the LMWH dose prescribed. As such, this may have less-
ened the degree of dosage difference evident between those achieving
and not achieving targets. Fourth, we reported the mean LMWH dose
received over each trimester and overall for our patients with MHV as
a method of summarizing the data. Reporting means in this manner
may not account for the day-to-day variation in dosage requirements
over the course of the pregnancy (as higher dosage requirements
were noted later in pregnancy). Lastly, given the small sample size, we
could not control for certain clinical variables (e.g., renal function, etc.)
in our random effects model.

Overall, the findings of this study add to the management controver-
sies in LMWH dosing (weight-based vs anti-Xa guided) for women with
MVHs and acute VTE during pregnancy. Until larger, well designed
prospective studies assessing dosing and monitoring strategies in
pregnancy are completed, clinicians managing pregnant women with
MVHs and acute VTE may consider using anti-Xa (peak and/or trough)
monitoring to guide LMWH dosing on a case-by-case basis.
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Appendix 1. Women with Mechanical Heart Valves: Individual
Case Summaries

Patient A had 8 trough and peak anti-Xa levels monitored through-
out her pregnancy (Fig. 1). While the majority of her peak anti-Xa levels
achieved the target, the majority of her trough levels did not. Two sets of
levels were far below what was anticipated (day 117 and 159), leading
to large proportionate increases in LMWH dose. Of note, on gestational
age day 155, Patient A was switched from enoxaparin 80 mg Q12H to
dalteparin 7500 IU Q12H and levels on day 159 were very low, resulting
in an increase to dalteparin 12,500 IU Q12H. The mean anti-Xa level
titrated dosages of LMWH received by this patient throughout her
pregnancy were considerably higher than weight-based dosing
(enoxaparin dosing range: 0.99-1.90 mg/kg Q12H, overall mean dose
1.36 mg/kg Q12H). Throughout the management course for this
patient, non-adherence with LMWH administration was suspected,
making some of these levels difficult to interpret. Moreover, in order
to achieve target tough levels, the upper limit of peaks were occasionally
intentionally exceeded (bleeding was monitored). Patient A was
transitioned to unfractionated heparin (UFH), which was held 6 hours
prior to vaginal delivery that occurred at 262 days gestation, without
any reported maternal thrombotic or hemorrhagic complications. The
neonatal birth weight was 2.64 kg, and the APGAR scores were 8 and
9 at one and five minutes, respectively. The newborn was not admitted
to the neonatal intensive care unit (NICU), and there were no fetal
thrombotic or hemorrhagic complications documented in the maternal
chart.

Patient B became aware of her pregnancy at 9 weeks gestation, up
until which time she had been on warfarin for both aortic and mitral
mechanical valves, as well as atrial fibrillation. She ultimately decided
to remain on warfarin until 33 weeks gestation when she was advised
to transition to enoxaparin to ensure warfarin clearance from the
fetus, in anticipation of delivery prior to 40 weeks. During her third
trimester she had 5 peak and 6 trough anti-Xa levels assessed (Fig. 1).
The first 2 sets of trough and peak levels were all lower than targeted,
resulting in aggressive enoxaparin dosage escalation (from 60
mgQ12H to 90 mg Q12H), yielding target peak (1.0-1.2 U/mL) and
trough (>0.6 U/mL) levels for the remainder of the pregnancy.
Ultimately Patient B received enoxaparin at doses ranging from 1.14
to 1.42 mg/kg (mean dose 1.33 mg/kg) SC every 12 hours, with mean
anti-Xa titrated enoxaparin dosages being 33% higher than the standard
weight based dosages of enoxaparin. Patient B was transitioned to UFH
that was held 6 hours prior to her caesarean section (C-section) at
272 days gestation. UFH was restarted 6 hours post C-section at
500 U/hour and titrated as per local protocol. An average amount of
blood loss was reported at delivery. The patient went on to have an
intra-abdominal obstetrical bleed on postoperative day 1. Her pre-
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delivery haemoglobin was 111 g/L and on post-op day 1 it was 67 g/L
which later drifted to 53 g/L on day 5 post-partum. She was admitted
to ICU for one week, with eventual full recovery after a 4 week hospital
course. No surgical intervention was required. No maternal thrombotic
complications were reported. The fetal birth weight was 3.14 kg, with
APGAR scores of 4 and 6 at one and five minutes, respectively. No fetal
thrombotic or hemorrhagic complications were documented.

Patient C: The OMC/AMS assumed responsibility for anticoagulation
management for this patient at 110 days (approximately 16 weeks)
gestation. Prior to this point, only peak levels were drawn with unclear
anti-Xa targets. In total, she had 21 peak and 22 trough anti-Xa levels
measured and managed by the OMC/AMS during the second and third
trimesters of her pregnancy (Fig. 1). All peak anti-Xa levels drawn met
or exceeded target with the majority of trough levels at or above
0.6 U/mL. Notably, Patient C often had peak anti-Xa levels above her
target to sustain the minimally required trough level with only a slight
increase in enoxaparin dosing throughout her pregnancy. The
enoxaprin dosage received by this patient from 110 days gestation
onward ranged from 0.92 to 1.31 mg/kg (mean dose 1.11 mg/kg) SC
every 12 hours, having an overall mean enoxaparin dose of 11% higher
than the standard weight-based dose. At 259 days gestation, Patient C
delivered via C-section without any reported maternal thrombotic or
hemorrhagic complications. Neonatal birth weight was 2.46 kg, with
APGAR scores of 9, both at one and five minutes. There were no fetal
thrombotic or hemorrhagic complications.

Patient D had 5 trough and peak anti-Xa levels measured in her first
trimester (Fig. 1), and ultimately spontaneously miscarried at 70 days
gestation. Patient D is the most recent patient with a MHV managed,
and subsequently the enoxaparin was started at an above average
weight-based dose based on our prior patient experience. Initially,
a greater than targeted anti-Xa peak level with a low trough level
was noted, therefore a slight dosage increase was made which main-
tained trough levels very close to 0.6 U/mL with peak anti-Xa levels
exceeding target throughout her pregnancy. Enoxaparin dosage ranged
from 1.50-1.62 mg/kg SC every twelve hours, with a mean dose of
1.58 mg/kg SC every twelve hours during the first trimester. The mean
dose of anti-Xa titrated enoxaparin for this patient was 58% higher than
the standard weight-based dosing. This patient was readmitted to hospi-
tal 15 days after her miscarriage due to bleeding secondary to retained
products of conception. She had been transitioned back to warfarin (INR
2.1 on day of readmission) by the time of the bleed, but she also remained
on enoxaparin 1 mg/kg SC every twelve hours for bridging. No reports of
maternal thrombotic complications were identified.
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