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abstract

Background: Women with a history of venous thromboembolism (Vte) have a 2 % to 
10 % absolute risk of Vte recurrence during subsequent pregnancies. therefore, current 
guidelines recommend that all pregnant women with a history of Vte receive phar-
macologic thromboprophylaxis. the optimal dose of low-molecular-weight heparin 
(lMWH) for thromboprophylaxis is unknown. in the Highlow study (nCt 01828697; 
www.highlowstudy.org), we compare a fixed low dose of lMWH with an intermediate 
dose of lMWH for the prevention of pregnancy-associated recurrent Vte. We present 
the rationale and design features of this study.

Methods: the Highlow study is an investigator-initiated, multicenter, international, 
open-label, randomized trial. pregnant women with a history of Vte and an indication 
for ante- and postpartum pharmacologic thromboprophylaxis are included before 14 
weeks of gestation. the primary efficacy outcome is symptomatic recurrent Vte during 
pregnancy and 6 weeks postpartum. the primary safety outcomes are clinically rel-
evant bleeding, blood transfusions before 6 weeks postpartum and mortality. patients 
are closely monitored to detect cutaneous reactions to lMWH and are followed for 3 
months after delivery. a central independent adjudication committee adjudicates all 
suspected outcome events.

Conclusion: the Highlow study is the first large randomized controlled trial in preg-
nancy that will provide high-quality evidence on the optimal dose of lWMH throm-
boprophylaxis for the prevention of recurrent Vte in pregnant women with a history 
of Vte.



47

low-molecular-weight heparin to prevent recurrent venous thromboembolism in pregnancy

3

introduction

Venous thromboembolism (Vte), comprising deep vein thrombosis (DVt) and pulmo-
nary embolism (pe), is an important cause of short and long term morbidity during 
pregnancy and postpartum periods. Moreover, pe is one of the leading causes of ma-
ternal mortality in developed countries. in the united kingdom for instance, between 
2006 and 2008, 0.79 deaths per 100.000 maternities (95 %Ci 0.49–1.25) were attributed 
to Vte (1–3). Vte occurs in 1 to 2 per 1000 pregnancies, and the risk is 5-fold higher in 
pregnant women compared to non-pregnant women of the same age (2). the ante- 
and postpartum incidences of Vte are similar, but given the much longer duration of 
the antepartum period than the postpartum period, the daily absolute risk of Vte is 
highest postpartum (4,5). the majority of postpartum Vte occur in the first 6 weeks 
after delivery, with event rates decreasing sharply thereafter (6,7).

Women with a personal history of Vte have a 2 % to 10 % absolute risk of develop-
ing recurrent Vte during a subsequent pregnancy in the absence of pharmacologic 
thromboprophylaxis, with an odds ratio of 24.8 (95 % Ci 17.1 – 36.0) compared to preg-
nant women without previous Vte (2,8–10). Circumstances under which the first Vte 
occurred influence the risk of recurrence. in two retrospective studies, women whose 
first Vte was provoked by the use of oral hormonal contraceptives or was related to 
pregnancy had a higher risk of recurrent Vte during a subsequent pregnancy com-
pared with women whose first Vte was unprovoked or provoked by a non-hormonal 
transient risk factor, although these differences did not reach statistical significance 
(9,10). similarly, in a large retrospective cohort of women with prior Vte, those who 
had a history of pregnancy-associated Vte had a higher risk of recurrence during sub-
sequent pregnancies compared to those with prior unprovoked Vte (4.5 % versus 2.7 % 
respectively; relative risk 1.7; 95 % Ci 1.0 – 2.8) (11).

the american College of Chest physicians (aCCp) guideline recommends that all 
pregnant women with a history of Vte receive postpartum pharmacologic throm-
boprophylaxis (12). low-molecular-weight heparin (lMWH) is the preferred anti-
coagulant for Vte prophylaxis in pregnant women, as it does not cross the placenta 
and is therefore safe for the fetus (13). the risk threshold for instituting antepartum 
thromboprophylaxis is higher than for postpartum thromboprophylaxis. the rational 
for this is the lower average daily risk of antepartum Vte and the need to self-inject 
lMWH for several months compared to 6 weeks postpartum. therefore, in women with 
a low risk of recurrence (e.g. women with a single prior Vte associated with a major 
transient risk factor such as surgery, use of a plaster cast or trauma), close antepartum 
clinical surveillance rather than pharmacologic thromboprophylaxis is recommended. 
in contrast, women with a moderate or high risk of Vte recurrence (e.g. women with 
prior hormone/pregnancy-associated Vte or recurrent unprovoked Vte or Vte associ-
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ated with a persistent risk factor such as paralysis) should receive thromboprophylaxis 
during the entire pregnancy (table  3.1). antepartum thromboprophylaxis should be 
commenced as early as possible, as the risk of Vte recurrence is increased from the 
beginning of pregnancy (14).

the optimal lMWH dose for pharmacologic thromboprophylaxis of pregnancy-asso-
ciated recurrent Vte is unknown, as no randomized controlled trials (rCts) have been 
performed. therefore the aCCp guideline suggests the use of either a prophylactic or 
intermediate (half therapeutic) dose of lMWH in this setting, without a preference for 
one dose over the other (12). Many centers prescribe a prophylactic dose. However, 
numerous treatment failures have been reported in retrospective studies and in the 
tipps trial, with an estimated recurrence risk of 5 to 8 % using this strategy (9,10,15–18). 
of note, compliance was not assessed in these studies and the results are inconsistent 
with those from another study (19). it has been postulated that an intermediate dose 
of lMWH could have superior efficacy compared to a prophylactic dose of lMWH, but 
potentially at the cost of a higher bleeding risk. reassuringly, in a retrospective study 
in pregnant women receiving therapeutic doses of lMWH, there was no increased 
risk of clinically relevant or severe postpartum bleeding compared with women who 
had delivered in the same hospital without lMWH use (20). in another study, women 
receiving therapeutic lMWH during pregnancy were found to have an increased risk of 

table 3.1. summary of the 9th american College of Chest physicians (aCCp) recommendations to 
prevent pregnancy-related venous thromboembolism (Vte) in women with prior Vte (12).

antepartum and postpartum 
prophylaxis

postpartum prophylaxis during 
6 weeks

no pharmacological 
prophylaxis

Women with a single unprovoked 
episode of Vte

Women with a history of a single 
episode of Vte related to a major 
nonhormonal transient risk factor#

General pregnant population

Women with a single episode of 
Vte provoked by use of hormonal 
contraceptives, pregnancy or the 
postpartum period

Women with a single episode 
of Vte provoked by a minor 
nonhormonal transient risk factor£

Women with a history of multiple 
unprovoked episodes of Vte

Women with a history of Vte and a 
persistent risk factor

Vte: venous thromboembolism; £ long distance travel or minor trauma; # surgery, major trauma or 
plaster cast immobilization in the 3 months prior to Vte.
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blood loss > 500ml and < 1000ml after vaginal delivery (21). the use of therapeutic-
intensity lMWH for pharmacologic thromboprophylaxis during pregnancy is not widely 
accepted in view of the anticipated elevated bleeding risk in the peripartum period and 
because this strategy may preclude neuraxial anesthesia.

there is an urgent need for evidence regarding the optimal strategy in pregnant 
women who require pharmacologic thromboprophylaxis. to investigate the optimal 
lMWH dose for prevention of recurrent Vte in pregnant patients with a history of Vte, 
we are currently conducting the Highlow study (nCt 01828697). the results of this rCt 
are very likely to impact current clinical practice and modify consensus guidelines. We 
summarize herein the design of this study, and discuss the rationale for some of the 
unique study design features.

Study objective and hypothesis
We aim to compare a fixed low dose of lMWH with an intermediate dose of lMWH 
in the prevention of recurrent Vte in pregnant women with a history of Vte and an 
indication for ante- and postpartum thromboprophylaxis. We hypothesize that an 
intermediate dose is superior to a fixed low dose of lMWH in preventing recurrent Vte, 
with a comparable safety profile in terms of clinically relevant bleeding complications.

study design

Overview of study organization
the Highlow study is an investigator-initiated, multicenter, international, randomized, 
open-label, superiority study for efficacy. patients receive either a fixed low dose or an 
intermediate dose of lMWH during pregnancy and 6 weeks after delivery.

the protocol was reviewed and approved by the regulatory authority of the nether-
lands and the ethics committee of the academic Medical Center in amsterdam. in each 
participating country, the protocol is or has been subsequently reviewed by the local 
regulatory authority and for each participating center by the local institutional review 
board or ethics committee. informed consent is obtained from eligible patients prior to 
randomization. a central independent adjudication committee (CiaC) whose members 
are unaware of the treatment allocation will adjudicate all suspected episodes of recur-
rent Vte, major bleeding events, clinically relevant non-major bleeding events, cases 
of suspected type 1 allergy to lMWH injections, cases of suspected heparin-induced 
thrombocytopenia (Hit), and deaths. an independent data monitoring committee 
(DMC) monitors patient safety and outcomes at regular intervals during the study, and 
makes recommendations to the coordinating investigators. Monitoring is performed 
via an interdepartmental monitoring system.
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Patient population and eligibility
pregnant women of 18 years or older with a history of Vte and an indication for ante- 
and postpartum thromboprophylaxis (table  3.1) are eligible for the study. the inclu-
sion- and exclusion criteria are listed in table 3.2. patients enter the study as soon as a 
home test confirms pregnancy, up to 14 weeks after the last menstrual period.

Women previously enrolled in the Highlow study are allowed to participate during 
subsequent pregnancies, if the 6 weeks of postpartum thromboprophylaxis have been 
completed (after a full-term pregnancy, miscarriage, active termination or stillbirth).

Stratification and randomization
once the patient has signed the informed consent form, the investigator provides 
information to a secure web-based randomization program (alea version 2.2), which 
randomly assigns the patient to either the fixed low dose or intermediate dose of 
lMWH. randomly permuted blocks with maximum block size of 6 are applied, stratify-
ing for center.

LMWH regimen
lMWH is injected subcutaneously once daily. nadroparin is the preferred type of 
lMWH, but different types of lMWH are allowed in the study to reflect heterogeneity in 

table 3.2. inclusion- and exclusion criteria of the Highlow study.

inclusion criteria

•	 Age	≥ 18	years
•	 Pregnancy	confirmed	by	urinary	pregnancy	test,	blood	test	or	ultrasound	examination
•	 Gestational	age	< 14	weeks	since	the	first	day	of	the	last	menstrual	period
•	 Previous	objectively	confirmed	VTE*,	either:
 - unprovoked, or
 - in the presence of oral contraceptive or estrogen/progestogen use, or
 - related to pregnancy or the postpartum period, or
 - in the presence of a minor provoking risk factor£

exclusion criteria

•	 Previous	VTE	related	to	a	major	provoking	risk	factor# as the sole risk factor
•	 	Indication	for	treatment	with	a	therapeutic	dose	of	anticoagulant	therapy	(e.g.	acute	VTE,	atrial	

fibrillation, a mechanical heart valve, recurrent Vte for which an indefinite duration of anticoagulant 
therapy is used prior to pregnancy)

•	 Inability	to	provide	informed	consent
•	 Any	contraindication	listed	in	the	local	labeling	of	LMWH

Vte: venous thromboembolism; lMWH: low-molecular-weight heparin; £ long distance travel or 
minor trauma; # surgery, major trauma or plaster cast immobilization in the 3 months prior to Vte
*patient with a history of extensive superficial thrombophlebitis that was treated as deep vein 
thrombosis (i.e. if it was close to the deep venous system), are also eligible
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current clinical practice. table 3.3a depicts the dosing schemes for all available types of 
lMWH. the fixed low dose regimen is based on weight at randomization and will not 
be changed throughout pregnancy or the 6 weeks postpartum. in the intermediate 
dose regimen, the patient’s weight will be monitored at every follow-up visit and if 
necessary the dose will be changed accordingly.

table 3.3.

A. Dosing schemes for all LMWH types in the Highlow study.

Fixed low dose intermediate dose

Weight
nadro-
parin

enoxa-
parin

daltepa-
rin

tinzapa-
rin

Weight
nadro-
parin

enoxa-
parin

daltepa-
rin

tinzapa-
rinIn kg In lbs In kg In lbs

< 100 < 220 2,850 iu 4,000 iu 5,000 iu 3,500 iu < 50 < 110 3,800 iu 6,000 iu 7,500 iu 4,500 iu

50 to
< 70

110 to
< 154

5,700 iu 8,000 iu 10,000 iu 7,000 iu

≥ 100 ≥ 220	 3,800 iu 6,000 iu 7,500 iu 4,500 iu 70 to
< 100

154 to
< 220

7,600 iu 10,000 iu 12,500 iu 10,000 iu

≥ 100	 ≥ 220	 9,500 iu 12,000 iu 15,000 iu 12,000 iu

all doses are administered once daily
lMWH: low-molecular-weight heparin; kg: kilograms; lbs: pounds; iu: international units; mg: milligrams

B. Ratios of the intermediate dosages and the fixed low dosages

nadroparin enoxaparin dalteparin tinzaparin

Low dose group

< 100 kg / < 220 lbs ref ref ref ref

Intermediate dose group

< 50 kg / < 110 lbs x 1.3 x 1.5 x 1.5 x 1.3

50 to < 70 kg / 110 to < 154 lbs x 2 x 2 x 2 x 2

70 to < 100 kg / 154 to < 220 lbs x 2.7 x 2.5 x 2.5 x 2.9

≥ 100	kg	/	≥ 220	lbs x 3.3 x 3 x 3 x 4.3

ref = reference category

C. Ratios of the low dosages for obese patients

nadroparin enoxaparin dalteparin tinzaparin

Low dose group

< 100 kg / 220 lbs ref ref ref ref

≥ 100	kg	/	≥ 220	lbs x 1.3 x 1.5 x 1.5 x 1.3

ref = reference category
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prior to delivery, women are instructed to stop lMWH when contractions start or 
when membranes rupture. if delivery is planned, the last dose of lMWH is given at least 
24 hours prior to delivery. in the fixed low dose group, neuraxial anesthesia is allowed 
if the interval after the last lMWH dose is more than 12 hours. in the intermediate 
dose group, an interval of 24 hours between the last injection and neuraxial anesthesia 
is required. lMWH is restarted 12 to 24 hours after delivery at the discretion of the 
obstetrician.

the use of lMWH is open-label, and the medication is prescribed by the treating 
physician and supplied by pharmacies in the standard setting of patient care or in ac-
cordance with national regulatory requirements.

Efficacy outcome variables
the primary efficacy outcome is symptomatic confirmed recurrent Vte, defined as 
the composite of recurrent DVt and pe during pregnancy and 6 weeks postpartum 
(table 3.4). the secondary efficacy outcomes are 1) symptomatic confirmed recurrent 
Vte, defined as the composite of recurrent DVt and pe up to 3 months postpartum and 
2) symptomatic confirmed superficial thrombophlebitis up to 3 months postpartum.

table 3.4. Diagnostic criteria of confirmed symptomatic recurrent venous thromboembolism or 
superficial thrombophlebitis.

•	 Suspected	(recurrent)	DVT	or	superficial	thrombophlebitis	with	one	of	the	following	findings:
 If there were no previous DVT investigations:
 - abnormal Cus
 - an intraluminal filling defect on venography
 If there was a previous DVT investigation:
 -  abnormal Cus where compression had been normal or, if non-compressible during screening, a 

substantial increase (4 mm or more) in diameter of the thrombus during full compression,
 -  an extension of an intraluminal filling defect, or a new intraluminal filling defect or an extension of 

non-visualization of veins in the presence of a sudden cut-off on venography.
•	 Suspected	PE	with	one	of	the	following	findings:
 - a (new) intraluminal filling defect in subsegmental or more proximal branches on spiral Ct scan
 -  a (new) intraluminal filling defect or an extension of an existing defect or a new sudden cut-off of 

vessels more than 2.5 mm in diameter on the pulmonary angiogram
 -  a (new) perfusion defect of at least 75 % of a segment with a local normal ventilation result (high-

probability) on Vpls
 -  inconclusive spiral Ct, pulmonary angiography or lung scintigraphy with demonstration of DVt in 

the lower extremities by compression ultrasound or venography
•	 Fatal	PE	is:
 - pe based on objective diagnostic testing, autopsy, or
 -  Death which cannot be attributed to a documented cause and for which pe/DVt cannot be ruled 

out (unexplained death)

DVt: deep vein thrombosis; Cus: compression ultrasonography; pe: pulmonary embolism; Ct: com-
puted tomography; Vpls: ventilation/perfusion lung scan
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Safety outcomes
the primary safety outcomes are major bleeding, the composite of major bleeding and 
clinically relevant non-major bleeding, early postpartum hemorrhage (within 24 hours 
postpartum), late postpartum hemorrhage (within 6 weeks postpartum), blood transfu-
sion within 24 hours postpartum, blood transfusion within 6 weeks postpartum, and 
mortality. the definitions of major bleeding and clinically relevant non-major bleeding 
are based on the criteria of the international society of thrombosis and Hemostasis (22) 
and are provided in table 3.5. the CiaC will adjudicate major bleeding, clinically relevant 
non-major bleeding, and postpartum hemorrhage (defined as more than 500ml).

the secondary safety outcomes are minor bleeding, bruises, mild skin complications 
(e.g. itching, swelling, pain), severe skin complications (e.g. local erythema, edema, 
vesicles or bullae), type 1 allergic reactions to lMWH, the medical necessity to switch 
to another lMWH type, confirmed Hit and congenital anomalies or birth defects. the 
CiaC will adjudicate type 1 allergic reactions to lMWH and Hit.

table 3.5. Definitions of major bleeding, clinically relevant non-major bleeding and postpartum 
hemorrhage in the Highlow study (34).

major bleeding

is defined as overt bleeding and
•	 Associated	with	a	fall	in	hemoglobin	of	2g/dL	or	more,	or
•	 Leading	to	a	transfusion	of	2	or	more	units	of	packed	red	blood	cells	or	whole	blood,	or
•	 	Occurring	in	a	critical	site:	intracranial,	intraspinal,	intraocular,	pericardial,	intra-articular,	intramuscular	

with compartment syndrome, retro-peritoneal, or
•	 Contributing	to	death

Clinically relevant non-major bleeding

is defined as overt bleeding not meeting the criteria for major bleeding but associated with medical 
intervention, unscheduled contact (visit or telephone call) with a physician, (temporary) cessation of study 
treatment, discomfort such as pain or impairment of activities of daily life
•	 	Hematuria	if	it	is	macroscopic,	and	either	spontaneous	or	lasts	for	more	than	24	hours	after	

instrumentation (e.g. catheter placement or surgery) of the urogenital tract, or
•	 	Macroscopic	gastro-intestinal	hemorrhage:	at	least	one	episode	of	melena/hematemesis,	if	clinically	

apparent, or
•	 Rectal	blood	loss,	if	more	than	a	few	spots,	or
•	 Vaginal	blood	loss,	if	more	than	a	few	spots,	or
•	 Hemoptysis,	if	more	than	a	few	speckles	in	the	sputum,	or
•	 Intramuscular	hematoma,	or
•	 Subcutaneous	hematoma	if	the	size	is	larger	than	25	cm2, or larger than 100cm2 if provoked, or
•	 Multiple	source	bleeding

Postpartum hemorrhage

Blood loss of more than 500 ml within 24 hours of delivery*

*according to the criteria of the World Health organization
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Duration of study treatment and follow-up
all patients have specified scheduled contacts; 2 weeks after starting treatment (in the 
outpatient clinic or by telephone), at 20 weeks of pregnancy (in the outpatient clinic 
or by telephone), at 30 weeks of pregnancy (in the outpatient clinic or by telephone), 
24 hours to 1 week after delivery (in the outpatient clinic or by telephone), 6 weeks 
after delivery (by telephone) and 3 months after delivery (by telephone). During these 
contacts efficacy and safety of lMWH will be evaluated. in parallel, patients are followed 
at the outpatient clinic by a midwife or gynecologist. in case of a suspected efficacy or 
safety outcome, appropriate physical examination, laboratory or diagnostic testing is 
performed. figure 3.1 depicts the flowchart from randomization until end of follow-up.

in the event that a pregnancy results in a miscarriage or stillbirth, the patient will 
continue the use of lMWH until 6 weeks after termination, and will be followed up as 
usual.

Laboratory tests
at baseline, creatinine level, platelet count and D-dimer are collected. two weeks after 
randomization, the platelet count is determined in order to detect a possible Hit. anti-
Xa peak levels (optional) and platelet count are determined 2 weeks after randomiza-
tion, at 20 weeks and at 30 weeks of pregnancy.

Baseline ultrasonography
if the patient has a history of DVt, it is recommended that an ultrasound examination 
of the affected leg be performed at baseline, if this has not yet been performed after 
initial treatment of the prior DVt. knowing whether there is any residual thrombosis in 
the leg, will be helpful in interpreting a new ultrasound examination in case the patient 
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Figure 3.1. flow chart Highlow study: from randomization to end of follow-up
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presents with a suspicion of a recurrent Vte during the study. However, a baseline 
ultrasound examination is not obligatory.

Sample size and statistical analysis
there is uncertainty about the actual incidence of recurrent Vte among pregnant 
women receiving pharmacologic thromboprophylaxis. Hence, an approach with a fixed 
sample size could lead to severe under-powering or undue lengthening of the study. 
the sample size calculation in this study is based on the required number of events. 
assuming a 65 % relative risk reduction with the intermediate dose, a total of 29 events 
would provide a power of 80 % to demonstrate that an intermediate dose is superior to 
a low dose (two-sided α = 0.05). similar risk reductions have been achieved with current 
versus sub-standard anticoagulant treatment to prevent recurrent Vte in patients after 
elective hip arthroplasty (23). the efficacy analysis will be based on intention-to-treat 
(itt) and the outcome is a symptomatic, objectively diagnosed recurrent Vte. the ex-
pected loss to follow-up is close to zero, hence no further sample size adjustment was 
made. Based on the available literature an incidence of recurrent Vte of 4 to 5 % in the 
low dose group is expected, leading to a proposed sample size of 859 to 1074 women. 
However, this might be adjusted upward and downward based on the overall number 
of events observed during the primary analysis period in the study. the itt population 
will consist of all patients who have been randomized. patients will be analyzed in the 
treatment group to which they were assigned. the valid-for-safety-analysis population 
will consist of all patients who were randomized and received at least one dose of study 
treatment. the per-protocol (pp) population will consist of all randomized patients 
without any major deviation from the protocol. all efficacy analyses will be performed 
on the itt population. additionally, the primary efficacy outcome will be analyzed in 
the pp population.

rationale for some aspects of the highlow study

the Highlow study is the first large rCt in pregnancy that will provide high-quality 
evidence on the optimal prophylactic dose of lMWH in pregnancy in women with a 
history of Vte. at present, only two rCts with major methodological weaknesses have 
evaluated the safety and efficacy of thromboprophylaxis (compared with placebo or 
no treatment) in pregnant women with a history of Vte, containing very small sample 
sizes of 40 and 16 patients respectively (24,25). our study has several unique features 
that deserve explanation and that may help others design future studies on thrombo-
prophylaxis in pregnant patients.
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Rationale for open-label design
a double-blind design with labeling of the investigational medicinal product (iMp) 
would have been the ideal design for this study, but the associated costs make it impos-
sible for investigator-initiated studies to implement such design. By law, iMps should 
be available to subjects by the sponsor free of charge, but in several countries, includ-
ing the netherlands, an exception is made for registered medicines even if they are 
administered in a trial for another indication. furthermore, in current practice lMWH 
is widely used in pregnant women in the dosages that are compared in the Highlow 
study, based on the aCCp guideline recommendations. following these principles, the 
Highlow study uses a pragmatic open-label design, and we believe that our study will 
be representative of how lMWH is likely to be used in clinical practice. as the CiaC will 
adjudicate all primary outcome events blindly, we trust that the lack of blinded treat-
ment will have little impact on the evaluation of efficacy and safety. Compliance will be 
assessed by history taking during follow-up visits and by collection of batch numbers 
and other details of used medication boxes.

Randomization < 14 weeks of gestation
patients should be randomized before the 14th week of gestation in this study. We have 
carefully considered including patients at more advanced gestations, but as this would 
lead to the potential for selection of low risk patients with associated implications for 
generalizability, a decision was made to not include these patients. furthermore, as the 
risk of Vte is already increased early in pregnancy, we believe that setting this cut-off 
enhances institution of prophylaxis as early as possible, following the recommenda-
tions of the current international guidelines.

Rationale for doses of LMWH in the ‘intermediate dose group’ and in 
obese patients in the ‘low dose group’
the aCCp guideline recommends the following daily doses of lMWH for prophylaxis 
in pregnancy: nadroparin 2,850 international units (iu), enoxaparin 4,000 iu, dalteparin 
5,000 iu or tinzaparin 4,500 iu (12). We use the same doses in the ‘fixed low dose’ group, 
except for tinzaparin for which we chose 3,500 iu instead of 4,500 iu, mainly based on 
availability of syringes. the doses in the ‘intermediate dose group’ are approximately half 
of a therapeutic dose, and were chosen based on 1) the examples given in the aCCp 
guideline, 2) the availability of pre-filled syringes and 3) similarity in ratios between the 
intermediate and low dose for all lMWH types. We chose a ratio between the most com-
mon intermediate dose group (70 – 100kg) and the fixed low dose group of 2.5 to 3.0 
(table 3.3B). it should be emphasized that no direct evidence is available to guide choos-
ing a low dose or intermediate dose of lMWH in pregnancy, and that guideline recom-
mendations are extrapolated from thromboprophylaxis studies in patients undergoing 
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general surgery or hip arthroplasty. in the tipps trial, in which pregnant women with 
thrombophilia at increased risk of Vte or with previous placenta-mediated pregnancy 
complications were randomized to either antepartum thromboprophylaxis with dalte-
parin or to no dalteparin, the dose of dalteparin was increased from 5,000 iu to 10,000 iu 
at 20 weeks of gestation (18). this decision was based on results from pharmacokinetic 
studies, suggesting that at this point, the dose requirement increases (26).

no specific recommendations are given in the aCCp guideline regarding modification 
of prophylactic doses at extremes of body weight. several studies on thromboprophy-
laxis in surgery or cancer patients have applied either dose elevations at cut-off values 
ranging from 70 to 100kg, or no dose elevation at all. in the fruit trial that evaluated the 
addition of lMWH to aspirin at less than 12 weeks gestation in women with inherited 
thrombophilia and prior delivery for hypertensive disorders and/or small-for-gestational 
age infants, the dalteparin dose was increased in women weighing above 80kg from 
5,000 iu to 7,500 iu (27). the royal College of obstetricians and Gynecologists suggests 
a dose elevation above 90kg, and the product monograph of nadroparin recommends 
an increase of the prophylactic dose at a cut-off value of 100kg in patients undergoing 
hip arthroplasty (28). thus, in the absence of consensus or evidence we pragmatically 
chose for a cut-off value of 100kg in the ‘fixed low dose’ group, above which the dose is 
elevated approximately 1.5-fold (table 3.3C).

Prophylaxis following early termination of pregnancy
limited data are available on the Vte recurrence risk after an induced abortion, miscar-
riage or stillbirth. in a study by pabinger and colleagues, 2 of 83 patients (2.4 %) with 
a terminated pregnancy had a recurrence, and this was the case in 1 of 53 patients 
(1.9 %) after miscarriage and in 3 of 10 (30 %) following stillbirth (9). Based on these 
observations, patients with early termination of pregnancy in the Highlow study should 
continue lMWH injections until 6 weeks after termination of pregnancy.

Debate on extended prophylaxis after 6 weeks postpartum
there has been some debate on the need of prolonging prophylaxis beyond the 
6th week postpartum until the 12th week postpartum. the current aCCp guideline 
recommends prophylaxis until the 6th week postpartum, based on the fact that most 
pregnancy-related Vte episodes occur in the first 6 weeks postpartum (12,29,30). a re-
cent study demonstrated that the risk of a primary Vte is 11-fold higher within 6 weeks 
after delivery than in the same period 1 year later. During the period of 7 to 12 weeks 
after delivery, the absolute Vte risk is low, with a 2-fold higher incidence as compared 
with the same period 1 year later (7). in the Highlow study patients are followed up 
until 12 weeks postpartum, which will allow us to assess the risk of recurrent Vte in the 
6 weeks after cessation of lMWH.
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Cutaneous reactions to LMWH
Hypersensitivity skin reactions following lMWH injections are frequently seen, but are 
probably underreported in most observational studies. it is estimated that at least half 
of all pregnant women experience these side effects and switch to at least one alterna-
tive lMWH type (31–33). one unique feature of our study is the close monitoring of 
skin reactions such as redness, swelling, pain and itchiness, and the necessity to switch 
to other lMWH types. in addition, the occurrence of easy bruising is carefully recorded.

Therapeutic doses of LMWH
one may wonder why we chose not to compare an intermediate dose to a therapeutic 
dose of lMWH. in preparation of the Highlow study design, we found that most experts 
did not support the use of therapeutic doses of lMWH in the prevention of recurrent 
Vte, mostly based on concern of bleeding. although in one study therapeutic doses of 
lMWH in pregnancy were found not to be associated with an increase in postpartum 
hemorrhage (20), a study with a therapeutic dose arm seems premature. if we find an 
unacceptably high incidence of recurrent Vte in the intermediate dose group in the 
Highlow study, a next step could be a randomized trial comparing an intermediate to 
a therapeutic dose of lMWH.

Challenges in setting up the study internationally
setting up the study in different countries is challenging. legislation has hampered ap-
proval of the study protocol in several countries; the waiver regarding supply of study 
medication by the sponsor is a frequent problem as not all countries have such waiver 
by law. furthermore, the academic sponsor (academic Medical Center, amsterdam, 
the netherlands) is only able to provide patient research insurance for Dutch patients, 
which cannot be extended to foreign patients. Consequently, local patient research 
insurance often needs to be arranged which may be costly. the institutional ethics 
committee unfortunately did not waive the need for patient research insurance, even 
though we believe that the risk for patients participating in this study is negligible, as 
there is a large body of evidence on the safety lMWH in pregnancy. lMWH is widely 
used in pregnant patients outside of a trial setting for the very indication and in the 
doses that are investigated in the Highlow study (12,13). a modest inclusion fee of € 
250 is available for every randomized patient with a completed case record form (Crf), 
to partly overcome the abovementioned expenses.
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conclusion

in conclusion, this study is likely to greatly impact patient care and modify guideline 
recommendations. although we have met several challenges, especially in setting up 
the study internationally, we are convinced that our goal of including approximately a 
1000 patients will be reached within the foreseeable future.

trial status

the Highlow study is registered on Clinicaltrials.gov (nCt01828697). an updated list of 
the number of included patients, participating centers and countries can be found at 
www.highlowstudy.org
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supplementarY appenDiX

Highlow investigators

Study Centers

Netherlands
Albert Schweitzer Ziekenhuis, Dordrecht – s. rombout, M. van den Heuvel, M. van der Vlist, p. Westerweel
AMC, Amsterdam – s.M. Bleker, J.W. Ganzevoort, s. Middeldorp, M. oudijk, J. van der post,
Amphia Ziekenhuis, Breda – J. Cantineau, D. papatsonis
Atrium MC, Heerlen – J. langenveld, J. Willems-robberts
Bronovo Ziekenhuis, Den Haag – M. Verhart, W. van Wijngaarden
Canisius-Wilhelminus Ziekenhuis, Nijmegen – D. schippers, G. zijderveld
Deventer Ziekenhuis, Deventer – J. faber, k. kamphorst, e.r. lubbers, J. zwart
Diakonessenhuis, Utrecht – M. de reus, n. schuitemaker
Erasmus MC, Rotterdam – M. kruip, n. van sebille
Flevoziekenhuis, Almere – C. esveld, G. kleiverda, M. ten Wolde
Gelderse Vallei, Ede – M. Weinans, C. Verkuijlen-van sleuwen
Gelre Ziekenhuis, Apeldoorn – t. van Bemmel, s. sloof
Groene Hart Ziekenhuis, Gouda – C. kolster, C. van Meir, B. tanis
Haga Ziekenhuis, Den Haag – s. ramgolam, p. Ypma
Jeroen Bosch Ziekenhuis, Den Bosch – i.p.M. Gaugler-senden, M. linders, r. rijnders
LUMC, Leiden – k.W.M. Bloemenkamp, J. eikenboom, M.V. Huisman, f.a. klok, C. kolster-Bijdevaate, M. sueters, 
M. Verhart
Martini Ziekenhuis, Groningen – D. van der Ham, i. Hamming, a. van loon
Máxima Medisch Centrum, Veldhoven – M. porath, s. van Weelden
Medisch Centrum Leeuwarden, Leeuwarden – l. Morssink, l. ulkeman
MUMC, Maastricht – M. prins, H. scheepers, n. teeuwen
OLVG, Amsterdam – e.s.a. van den akker, r. van Doornik, s.l.M. logtenberg
Radboud UMC, Nijmegen – M. Woiski, G. zijderveld
Reinier de Graaf Gasthuis, Delft – H. Bremer, a. van der ster
Rijnstate Ziekenhuis, Arnhem – s. Brouwer, M. Hovens
Slingeland Ziekenhuis, Doetinchem – t. Verhagen, G. zijderveld
Spaarne Gasthuis, Haarlem – B.Y. van der Goes, a. van paassen, k.C. Vollebregt
St. Jansdal, Harderwijk – J. klunder, H. van der straaten
UMCG, Groningen – M. franssen, i. Hamming, J. keurentjes, l. ulkeman, i. van der Wal,
UMCU, Utrecht – M. Bekker, k.W.M. Bloemenkamp, J. Monteiro, M. de reus
VUmc, Amsterdam – a. de Vos-Brouwer, J.i.p. de Vries
Wilhelmina Ziekenhuis Assen, Assen – J. keurentjes, a. koops
Ziekenhuisgroep Twente, Almelo en Hengelo – e.r. lubbers, M. sikkema

France
APHP Antoine Béclère, Paris – a. Benachi, a. letourneau, s. nedellec,
APHP Beaujon, Clichy – D. luton
APHP Bichat, Paris – D. luton, a. trefoux-Bourdet, a. Voulgaropoulos
APHP Louis Mourier, Colombes – H. Jabbarian, H. legardeur, l. Mandelbrot, e. peynaud
APHP Port Royal, Paris – e. Bournaud, p. Delorme, f. Goffinet, G. plu-Bureau, l. kremer, s. le levier, C. parents, 
M. Virlouvet
APHP Tenon, Paris – M. Bornes, f. richard, s. sanyan, a-s. zanini-Grandon
CHU de Besancon – t. albayrak, a. Bourtembourg, a. eckman lacroix
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CHU de Bordeaux – M-C. Boiteux, M-a. Coustel, o. Delorme, J. Horovitz,
CHU de Brest – J-B. Brest, f. Couturaud, a. Delluc, M. Goar, k. lacut, e. le Moigne, a-s. Morvan, e. pasquier, e. 
postec-ollitrault, C. tremouilhac,
CHU de Caen – G. Beucher, s. Brucato, s. Gautier, D. laneelle, C. le Hello, H. osmont Chauvin
CHU de Clermont-Ferrand – n. Breuil, C. Camminada, n. Dublanchet, D. Gallot, G. Giroud, s. Heuser, f. 
Moustafa, V. rieu, G. roy, M. ruivard, J. schmidt, C. shinjo
CHU de Grenoble – V. equy, p. Hoffmann
CHU de Limoges – H. Bezanahary, s. Dumonteil, J-l. eyraud
CHU de Marseille – J. Blanc, f. Bretelle, C. Brot, C. Chau, J-f. Cocallemen, C. Couteau, l. einaudie, f. Marchand, 
M. petrovic
CHU de Nancy – n. Dumont, e. Gauchotte, C. lamy, o. Morel
CHU de Nîmes – e. Mousty, n. rumeau
CHU de Saint Etienne – t. Barjat, a. Buchmüller, C. Chauleur, t. Corsini, H. Décousus, M. Donnat, C. Duvillard, C. 
fanget, B. felloni, a. Garcin, a. Genod, M. Huss, e. Jasserand, C-r. lacoste, s. lima, a. Mehdi, n. Moulin, e. noblot, 
a. stadler, J. techer
CHU de Tours – C. arlicot, M. Cayrol, s. Chretien, C. Denis, C. Guerin, f. perrotin, J. potin, a. Viallon
La Réunion, Saint-Denis – p. Von theobald
La Réunion, Saint-Pierre – M. Boukerrou, C. Desveaux, s. iacobelli
Polyclinique de Sète – f. Bousquet

Ireland
Mater Misericordiae University Hospital and Rotunda Hospital, Dublin – B. Cleary, J. Donnelly, J. Griffin, f. 
ní aínle, e. tully

Belgium
University Hospital Leuven, Leuven – B. Debavaye, V. robesyn, V. servaes, t. Vanassche, p. Verhamme

Norway
Oslo University Hospital, Oslo – a. flem Jacobsen, M. Hertzberg, M. nyberg, p.M. sandset

Canada
The Ottawa Hospital, Ottawa – a.M. Clement, t. kraushaar, M. rodger

United States of America
Weill Cornell Medical Center New York, New York – M. Desancho, r. newaz, M. payan

Germany
University Hospital “Carl Gustav Carus”, Dresden – J. Beyer-Westendorf
Johannes Gutenberg University, Mainz – s. konstantinides

Austria
Medical University of Vienna, Vienna – i. pabinger
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