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Chapter 1

Venous thromboembolism
Venous thromboembolism (VTE) is a multifactorial disease with broadly two presenting
entities: deep venous thrombosis (DVT) or pulmonary embolism (PE). A Belgian study
found that 61% of the patients presenting with a confirmed DVT also had PE, and that
83% of the patients presenting with a confirmed PE also had a DVT.1 In the pathogenesis
of venous thromboembolism three main components have been identified and are known
as the Virchow’s triad, named after a nineteenth century German physician.2 This
triad consists of alterations in blood coagulation, diminished blood flow and damage
of the vascular endothelium. Risk factors of VTE influencing one or more of these
components include immobility, previous VTE, active infection or cancer, smoking,
trauma, advanced age, pregnancy, venous insufficiency, antiphospholipid antibodies
and certain genetic traits such as the factor V Leiden mutation.3-5 The more risk factors,
especially when targeting different Virchow’s categories, the higher the risk of VTE.6
Despite all known risk factors and availability of numerous anticoagulant drugs VTE
is still a common health problem with an incidence of 1 per 1000 in adult populations.7
In the past century, the one-month survival rate of patients diagnosed with VTE in
Minnesota, US, was 94.5% for DVT and 67% for PE.8,9 This makes the risk of early death
18-fold higher among PE patients compared with patients with DVT alone.10 However,
mortality rate after PE was lower in more recent studies performed in Europe, with a
3-month mortality rate of 8.2 % in the Dutch population, in-hospital case fatality rate
of 10.1 % in an Italian study and one-month mortality rate of 4.9% in a Spanish cohort
study.11-13 It must be noticed that reported mortality rates include deaths from all causes,
the proportion of PE-related deaths is much smaller with only 1.8% PE-related deaths
reported in the Spanish cohort.13
Haemostatic system and fibrinolysis
The haemostatic system in general triggers formation of a clot in case of a trauma to
prevent further bleeding, but inappropriate activation of the haemostatic system may
lead to thrombosis.6 During primary haemostasis, a soft aggregate platelet plug is
formed. Secondary haemostasis is responsible to stabilize and strengthen this soft plug
into a cross-linked fibrin clot.14 Next, the fibrinolytic system plays an important role to
dissolve this blood clot. First, the inactive proenzyme plasminogen is converted by tissue
plasminogen activator (t-PA) or urokinase-type plasminogen activator (u-PA) to the
active enzyme plasmin.15,16 Plasminogen activator Inhibitor-1 (PAI-1) can regulate these
converting enzymes. Second, thrombin converts fibrinogen into fibrin, but also activates
thrombin-activatable fibrinolysis inhibitor (TAFI) which can inhibit fibrinolysis. Lastly,
the activated plasmin degrades fibrin into fibrin degradation products, which is regulated
by plasmin inhibitor (Figure 1).
10
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Figure 1. Schematic overview of fibrinolysis
Figure 1: Schematic overview of fibrinolysis
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Haemostatic biomarkers
Biomarkers are measurable indicators of a specific biological state, particularly relevant
to the presence of, or risk for a disease.17,18 They can be used for screening, diagnosing or
monitoring of the activity of a disease, to guide targeted therapy or to assess therapeutic
response. A biological marker (biomarker) is defined by the Biomarkers Definitions
Working Group as “a characteristic that is objectively measured and evaluated as an
indicator of normal biological processes, pathogenic processes, or pharmacological
responses to a therapeutic intervention.” 18 Within the haemostatic system blood levels
of clotting factors, proteins involved in haemostasis and fibrinolysis and also coagulation
times could be considered as biomarkers following this definition.19,20 For interpretation
and determination of the role and value of haemostatic biomarkers in VTE, it is
important to know their function within the haemostatic system. The D-dimer, a fibrin
degradation product, is probably the most well-known haemostatic biomarker. In clinical
practice this D-dimer has a central role in the diagnostic work-up of VTE and could
11
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also be used in the decision to discontinue anticoagulant therapy after a DVT or PE.21,22
Other haemostatic biomarkers that might give more information about the fibrinolytic
activity within patients include fibrinogen, plasminogen activator inhibitor-1 (PAI-1),
tissue-type plasminogen activator (t-PA), TAFI and plasmin inhibitor. Plasma fibrinolytic
potential could be used to evaluate fibrinolysis in general, by determining the clot lysis
time.23,24 A balance in the activity of all enzymes within the fibrinolytic system is crucial
as the risk of VTE has been shown to be increased by hypofibrinolysis.24,25 Patients with
elevated blood levels of coagulation factor VIII and antithrombin deficiency are also
considered to have a higher risk of VTE.26,27 Although haemostatic biomarkers, especially
D-dimer levels, are used in the diagnostic management of suspected VTE, they may be
influenced by different factors like cancer, infection and co-medication. Therefore a very
high D-dimer level in an individual patient might point to a thrombotic disease, but it
needs to be confirmed by imaging tests.

Diagnostic strategies
Diagnosing VTE in clinical practice can be challenging. VTE can only be diagnosed using
imaging tests, at present usually compression venous ultrasonography for diagnosing
DVT and computed tomography pulmonary angiography (CTPA) for PE.28,29 These
imaging tests and in particular CTPA are associated with high healthcare costs, time
consumption, radiation exposure, and risk of allergic reactions and contrast-induced
nephropathy.28,30 VTE guidelines therefore recommend combining clinical decision rules
and measurement of D-dimer levels to identify patients in whom DVT or PE may be ruled
out without performing imaging tests (with high level of evidence).21,31 This integrated
approach in a validated diagnostic algorithm helps to stratify patients into different risk
categories leading to the most appropriate diagnostic management. The most famous
and commonly used clinical decision rule in DVT and PE was introduced by Wells et
al.32,33 The Wells score for PE consists of seven different items and is sequential. When
these clinical decision rules are used correctly, the physician can exclude VTE safely in
patients which are considered unlikely to have PE after scoring the items in combination
with a low D-dimer test result without performance of an imaging test. After correct
application of the Wells algorithm, imaging tests are not needed in 32% of the patients
initially suspected to have PE.34 When CTPA was indicated following the algorithm,
20.4% of the patients were diagnosed to have pulmonary embolism. Unfortunately, in
clinical practice adherence to this validated diagnostic strategies is variable, probably
because of hectic emergency departments and the complexity of the algorithms.35,36

12
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Medication and association to venous thromboembolism
Risk factors of VTE such as immobility, active infection, cancer, pregnancy, trauma,
advanced age, antiphospholipid antibodies, obesity and genetic traits such as the factor
V Leiden mutation all influence one or more of the three components described by
Virchow.5,6 Additionally, it has gradually become clear that many drugs can lower or
increase the risk of VTE by different mechanisms influencing this triad of Virchow.37
Antiplatelet drugs, such as aspirin and clopidogrel, inhibit platelet aggregation and
prevent thrombus formation. As expected by this mechanism, antiplatelet drugs reduce
the risk of VTE and have been considered as secondary prevention in patients with
VTE.38 Also other groups of drugs, with a less obvious effect on the haemostatic system,
can lower the risk of thrombosis. HMG-CoA reductase inhibitors, more commonly
known as statins, lead to a lower risk of venous thrombosis as confirmed in a recent
meta-analysis of intervention studies: the risk of a primary venous thrombosis was 15%
lower in the statin-treated group.39 This effect on incidence of thrombosis is probably
due to inhibition of geranylgeranylation of the Rho/Rho kinase pathway as one of the
key mechanisms of the anticoagulant effects. The antithrombotic action of statins is
one of the so-called pleiotropic effects of this class of drugs.40,41 It is unknown whether
novel lipid lowering drugs, such as Proprotein Convertase Subtilisin/Kexin 9 (PCSK9)
inhibitors have similar effects.42

1

That certain drugs can also increase the risk of VTE became strikingly obvious in the
1990s. Based on several case series describing an association between oral contraceptives
and a higher risk of VTE, eventually a large case-control study was performed by
the World Health organization (WHO). This study confirmed a two- to four-fold
increase in the risk of VTE in oral contraceptive users, particularly in third generation
contraceptives.43 A riot started when both the German Federal Institute for drugs and
medical services and the British government initially discouraged the use of third
generation oral contraceptives because of this increased risk of VTE. The European
Medicines Agency (EMA) and Food and Drug Administration (FDA) on the other hand
had decided that these drugs should not be withdrawn. This resulted in many more
studies, which were evaluated in a Cochrane review in 2014. The final conclusion was
that oral contraceptive users indeed have a higher risk of VTE with third generation
contraceptives, and that this increased risk is a slightly higher compared to the risk of
VTE associated with the use of second generation contraceptives.44 Glucocorticoids,
another class of commonly prescribed drugs, are also well known for their increased
risk of thrombosis as expected by their working mechanism leading to increased levels
13
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of coagulation factors and fibrinogen.45 Other less frequently prescribed drugs may also
increase the risk of VTE as expected based on their mechanism of action. For example,
anti-epidermal growth factor receptor (EGFR) agents, classified as either monoclonal
antibodies (MoAbs) or tyrosine kinase inhibitors (TKIs) have both been associated with a
significant increase in the risk of VTE.46 The most difficult associations to detect are in the
groups of drugs that unexpectedly increase the risk of VTE. Schizophrenic patients for
example are at increased risk of developing VTE, because of many factors including the
use of antipsychotics. In this specific population symptoms such as lethargy and impaired
pain perception may result in different pain perception and pain expression. Therefore
they unfortunately are also more likely to have a delay in the diagnosis of VTE.47-49 Lists
of drugs associated with a higher risk of arterial or venous thromboembolism have been
published before.50,51 An overview of drugs that are associated with a higher risk on VTE
specifically is presented in Table 1.
Table 1: An overview of medication associated with a higher risk of venous thromboembolism
Oral and transdermal contraceptives
Hormone replacement therapy
Thalidomide analogs
Testosterone
Selective estrogen receptor modulators
Glucocorticoids

Monoclonal antibodies (MoAbs)
Tyrosine kinase inhibitors (TKIs)
Antipsychotics
Antidepressants
Cisplatin

Based on spontaneous reporting from various resources to the pharmacovigilance
databases such as the Netherlands Pharmacovigilance Centre of Lareb and the worldwide
Vigilyze pharmacovigilance database maintained by the WHO collaborating centre for
international drug monitoring, Reporting Odds Ratios (RORs) have been developed.
These RORs have been developed as a hypothesis generating tool in the signal detection
of an association between a certain drug and a side effect.52 As shown by the publication
of several case series about the association between oral contraceptives and the higher risk
of VTE, it remains of main importance that physicians keep reporting unexpected cases
of VTE that might be related to a certain drug to pharmacovigilance databases. This will
increase our knowledge on the risk of thrombosis and possibly may prevent new events.

14
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Aim and Outline of the Thesis
The goal of the studies described in this thesis is to improve diagnostic strategies
and therapeutic management in VTE for specific patient groups. From the above we
know that the diagnosis of venous thromboembolism may be ruled out with different
decision making strategies. D-dimer levels can be used as haemostatic biomarkers and
low D-dimer levels can support the clinician in deciding to not expose the patient to
radiologic imaging. However, co-medication can influence the thrombotic risk and
haemostatic biomarkers, and potentially could affect the diagnostic performance of
clinical decision rules. With these considerations we have formulated the following
aims of this thesis.

1

Aim 1. To present optimal diagnostic management of venous thromboembolism in
different (sub)populations
In Chapter 2.1 we prospectively validated a simplified diagnostic algorithm (the YEARS
algorithm) for suspected acute pulmonary embolism. Chapter 2.2 investigates if this
YEARS algorithm could also be safely used in statin and antiplatelet users.
Aim 2. To investigate the influence of co-medication on haemostatic biomarkers or
VTE risk
Chapters 3.1 and 3.2 provide an overview of the literature evaluating the effect of statins
and antiplatelet drugs on D-dimer levels. In addition the effects of PCSK9 inhibitors
on D-dimer and fibrinogen levels in patients with familial hypercholesterolemia were
evaluated in Chapter 4. Chapter 5 explores the association between olanzapine and
VTE. In Chapter 6 we describe the effect of rosuvastatin use on fibrinolysis in patients
with previous VTE.

15
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Chapter 2.1

Abstract
Background: Validated diagnostic algorithms in patients with suspected pulmonary
embolism are often not used correctly or only benefit subgroups of patients, leading to
overuse of computed tomography pulmonary angiography (CTPA). The YEARS clinical
decision rule that incorporates differential D-dimer cutoff values at presentation, has
been developed to be fast, to be compatible with clinical practice, and to reduce the
number of CTPA investigations in all age groups. We aimed to prospectively evaluate
this novel and simplified diagnostic algorithm for suspected acute pulmonary embolism.
Methods: We did a prospective, multicentre, cohort study in 12 hospitals in the Netherlands,
including consecutive patients with suspected pulmonary embolism between Oct 5, 2013,
to July 9, 2015. Patients were managed by simultaneous assessment of the YEARS clinical
decision rule, consisting of three items (clinical signs of deep vein thrombosis, haemoptysis,
and whether pulmonary embolism is the most likely diagnosis), and D-dimer concentrations.
In patients without YEARS items and D-dimer less than 1000 ng/mL, or in patients with one
or more YEARS items and D-dimer less than 500 ng/mL, pulmonary embolism was considered
excluded. All other patients had CTPA. The primary outcome was the number of independently
adjudicated events of venous thromboembolism during 3 months of follow-up after pulmonary
embolism was excluded, and the secondary outcome was the number of required CTPA
compared with the Wells’ diagnostic algorithm. For the primary outcome regarding the safety of
the diagnostic strategy, we used a per-protocol approach. For the secondary outcome regarding
the efficiency of the diagnostic strategy, we used an intention-to-diagnose approach. This trial
is registered with the Netherlands Trial Registry, number NTR4193.
Findings: 3616 consecutive patients with clinically suspected pulmonary embolism were
screened, of whom 151 (4%) were excluded. The remaining 3465 patients were assessed
of whom 456 (13%) were diagnosed with pulmonary embolism at baseline. Of the 2946
patients (85%) in whom pulmonary embolism was ruled out at baseline and remained
untreated, 18 patients were diagnosed with symptomatic venous thromboembolism during
3-month follow-up (0·61%, 95% CI 0·36–0·96) of whom six had fatal pulmonary embolism
(0·20%, 0·07–0·44). CTPA was not indicated in 1651 (48%) patients with the YEARS
algorithm compared with 1174 (34%) patients, if Wells’ rule and fixed D-dimer threshold
of less than 500 ng/mL would have been applied, a difference of 14% (95% CI 12–16).
Interpretation: In our study pulmonary embolism was safely excluded by the YEARS
diagnostic algorithm in patients with suspected pulmonary embolism. The main
advantage of the YEARS algorithm in our patients is the absolute 14% decrease of CTPA
examinations in all ages and across several relevant subgroups.
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Introduction
The clinical diagnosis of pulmonary embolism is non-specific and should therefore be
followed by objective testing. Because of its diagnostic accuracy and wide availability,
multidetector row computed tomography pulmonary angiography (CTPA) is the imaging
test of choice to confirm acute pulmonary embolism in most patients. Increasing use of
CTPA with diminishing prevalence of pulmonary embolism—to even less than 10%1—
has led to overdiagnosis of mostly subsegmental pulmonary embolism and unnecessary
risks of radiation exposure and contrast medium induced nephropathy.2-6 To avoid these
problems, validated diagnostic algorithms for suspected acute pulmonary embolism,
using sequential testing, have been introduced.7 In these algorithms, a normal D-dimer
test result in patients with low probability safely excludes pulmonary embolism.8 Correct
application of these algorithms obviates the need for CTPA in 20–30% of patients, with
an overall 3-month diagnostic failure rate of less than 1·5% after initial negative ruling of
the algorithm.7-9 An age-adjusted D-dimer threshold (age × 10 ng/mL for patients aged
>50 years) has been validated prospectively, reporting an absolute reduction of 11·6%
(95% CI 10·5-12·9) in the need for CTPA.10 Importantly, only patients aged 50 years or
older, and foremost those older than 75 years benefit from this strategy whereas when
considering the life-time attributable cancer risk, the exposure to unnecessary radiation
is considered more relevant to younger individuals, particularly women.1

2.1

Despite firm evidence of its safety and efficiency, adherence to recommended diagnostic
strategies in clinical practice is variable. This variation might be partly due to complexity
of these strategies, and insufficient time at busy emergency departments, which hampers
the use of sequential tests.11–14 In daily practice, D-dimer testing is frequently ordered and
known at a low clinical threshold or even before the clinical assessment.15,16 Improved
adherence to the algorithm, for instance by implementation of a clinical decision support
system, has been shown to significantly decrease the mean number of diagnostic tests
used along with— and more importantly—the number of diagnostic failures.17,18
On the basis of a post-hoc derivation and validation study,19 three items of the original
Wells’ clinical decision rule—ie, clinical signs of deep vein thrombosis, haemoptysis, and
whether pulmonary embolism is the most likely diagnosis—were the most predictive
for pulmonary embolism. They allowed the use of a differential D-dimer threshold
based on the presence of one of these items, without losing sensitivity. Hence, this
algorithm—which we call YEARS—involves the simultaneous assessment of only the
three abovementioned items and a D-dimer test threshold of 500 ng/mL in presence, and
1000 ng/mL in absence of one of the YEARS items. The YEARS algorithm was designed
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to be more easily applied in a busy clinical practice than currently used diagnostic
strategies, and to further decrease the number of necessary CTPA examinations in
patients of all ages. In this study, we aimed to prospectively evaluate this novel and
simplified diagnostic algorithm for suspected acute pulmonary embolism.

Methods
Study design and patients
We did a prospective, multicentre, cohort outcome study evaluating the safety and
efficiency of the YEARS algorithm in patients with suspected acute pulmonary embolism
between Oct 5, 2013, and July 9, 2015 (Figure 1).19 The algorithm was implemented as
standard diagnostic strategy in 12 participating hospitals in the Netherlands. The full
study protocol is available in the appendix.
Figure 1: YEARS algorithm

CTPA=computed tomography pulmonary angiography

Consecutive outpatients and inpatients with clinically suspected acute (first or recurrent)
pulmonary embolism were eligible for inclusion if they were aged 18 years or older.
Exclusion criteria were treatment with therapeutic doses of anticoagulants initiated
24 hours or more before eligibility assessment, life expectancy less than 3 months or
geographic inaccessibility precluding follow-up, pregnancy, or allergy to intravenous
contrast agent. The protocol was centrally approved by the institutional review board
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of the Leiden University Medical Center, Leiden, Netherlands, which waived the need
for informed consent; this decision was endorsed by the local institutional review board
of each participating centre.
Procedures
An attending physician who suspected acute pulmonary embolism assessed the
patients, and then evaluated the YEARS score by assessing the presence or absence of
each of the YEARS items—ie, symptomatic deep vein thrombosis, haemoptysis, and
whether pulmonary embolism is the most likely diagnosis—(scored as yes or no) with
the pretest probability dependent threshold of the D-dimer test (Figure 1). D-dimer
concentrations were measured upon presentation of the patient, according to local
practice, with automated well validated high-sensitive quantitative D-dimer assays
(Vidas D-dimer Exclusion, Biomerieux, Marcy-L'Étoile, France; Tinaquant, Roche
Diagnostica, Mannheim, Germany; STA-LIA, DiagnosticaStago, Asnieres, France; and
Innovance, Siemens, Marburg, Germany). Our study reflected daily clinical practice in
which D-dimer concentrations are often determined at presentation to the emergency
ward. Physicians were not blinded for the D-dimer test result when they assigned the
YEARS items.

2.1

In patients with no YEARS items and a D-dimer concentration less than 1000 ng/mL,
pulmonary embolism was considered excluded and further testing was withheld. In
patients with one or more YEARS items and a D-dimer concentration less than 500 ng/
mL, pulmonary embolism was also considered excluded and further testing was withheld.
All other patients—ie, either with no YEARS item and a D-dimer concentration of 1000
ng/mL or more, or with one or more items and a concentration of 500 ng/mL or more—
were referred for CTPA to show or exclude the diagnosis of pulmonary embolism. The
appendix shows the full CTPA scan protocol. Patients in whom pulmonary embolism
was ruled out were left untreated and followed up for 3 months. They were instructed
to return to the hospital in the event of symptoms of venous thromboembolism, after
which objective diagnostic tests were done to confirm or refute the disease. Followup consisted of a scheduled outpatient visit or telephone interview after 3 months. At
this visit, information about complaints suggestive of venous thromboembolism was
obtained. Patients in whom acute pulmonary embolism was confirmed at baseline were
treated with anticoagulants according to international guidelines.
Outcomes
The primary outcome was the 3-month incidence of symptomatic venous
thromboembolism in the overall population and in patients managed with and without
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CTPA separately. The diagnosis of pulmonary embolism or deep vein thrombosis was
based on predefined criteria (appendix). In case of clinically suspected pulmonary
embolism or deep vein thrombosis, objective diagnostic tests were required, including
CTPA for suspected pulmonary embolism and compression ultrasonography for
suspected deep vein thromboembolism. In case of death, information was obtained
from the hospital records. Deaths were classified as caused by pulmonary embolism if
it was confirmed by autopsy, was shown by objective testing before death, or could not
be confidently excluded as a cause of death. An independent adjudication committee
assessed and adjudicated all suspected venous thromboembolism and deaths during
follow-up.
The secondary outcome was the proportion of required CTPA examinations to complete
the YEARS algorithm at baseline, as compared post hoc with the theoretical proportion
of CTPA examinations that would have been required if the algorithm, using the twolevel Wells’ rule outcome and fixed D-dimer threshold of less than 500 ng/mL, would
have been applied in the study population and to historical data.20 Finally, we compared
the efficiency to the scenario in which the age-adjusted D-dimer concentration would
have been applied (calculated by age × 10 μg/L in patients >50 years). This comparison
was done post hoc because the final evidence supporting this approach was not available
at the moment of drafting of the protocol.10 The Wells’ rule was calculated by an
independent researcher (TvdH) based on the YEARS criteria entered in the case record
form and information from the medical charts.
Statistical analysis
On the basis of derivation cohort of the YEARS algorithm, we expected a failure rate of
1·2% in patients managed without CTPA.19 The sample size was based on this assumption,
with the aim to keep the upper limit of the 95% CI of this point estimate below 2·7%.21
This number reflects the 3-month incidence of venous thromboembolism after normal
conventional pulmonary angiography. Any venous thromboembolism incidence with a
complete confidence interval below this safety threshold was considered to be safe. We
calculated that we needed to include 1333 patients managed without CTPA, with a twosided α of 5% and a β of 80%. Because 44% of patients in the combined YEARS derivation
and validation cohort could have been managed without CTPA and accounting for up to
7·5% loss to follow-up, a total of 3260 patients with suspected pulmonary embolism would
be required.19 For the primary outcome regarding the safety of the diagnostic strategy, we
used a per-protocol approach. For the secondary outcome regarding the efficiency of the
diagnostic strategy, we used an intention-to-diagnose approach. The difference between
approaches was how to report the number of CTPA that were done but not indicated by
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the strategy. By using this approach, pulmonary embolism diagnosed at presentation
on a CTPA that was not indicated was considered as failures of the diagnostic strategy.
For the secondary outcome analysis, we determined the absolute difference in the
number of required CTPA examinations between the different clinical scenarios. Finally,
we reported outcomes of not predefined post-hoc analyses for relevant subgroups:
patients with malignancy, patients 50 years or older, patients with a history of venous
thromboembolism, and inpatients and patients with complaints for more than 7 days.
All descriptive parameters and exact 95% CIs around the observed incidences were
calculated. All analyses were done with SPSS (version 23).

2.1

This study is registered with the Netherlands Trial Register, number NTR4193.
Role of the funding source
This study was an academically sponsored trial. The steering committee, consisting of
the authors, had final responsibility for the study design, oversight, and data verification
and analyses. The sponsor was not involved in the study. All members of the steering
committee contributed to the interpretation of the results, approved the final version
of the manuscript, and vouch for the accuracy and completeness of the data reported.
The final decision to submit the manuscript was made by the corresponding author on
behalf of all coauthors.
Appendix
see online for appendix
https://www.thelancet.com/cms/10.1016/S0140-6736(17)30885-1/attachment/b47fbcc6a3a0-4608-beb4-8ab8261ab559/mmc1.pdf

Results
From Oct 5, 2013, to July 9, 2015, 3616 consecutive patients with clinically suspected
pulmonary embolism were screened in the 12 participating hospitals, of whom 151 (4·2%)
were excluded (Figure 2).
Table 1 summarises the baseline characteristics. Overall, pulmonary embolism was
detected in 456 (13%) of 3465 patients: in 55 (3·2%) of 1743 patients with none of the
YEARS items and 401 (23%) of 1722 patients with one or more YEARS items.
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Figure 2: Flowchart of study patients

CTPA= computed tomography pulmonary angiography

Table 1: Baseline characteristics of 3465 included patients with suspected pulmonary embolism
Mean age, years (SD)
Female, n (%)
Duration of complaints, days (median and IQR)
COPD with treatment, n (%)
Heart failure with treatment, n (%)
Estrogen use, n (% of women)
Immobilization or surgery in the previous 4 weeks
Outpatient, n (%)
Heart rate greater than 100/min, n (%)
Previous history of PE or DVT, n (%)
Malignancy, n (%)

53 (18)
2154 (62)
3 (1-8)
423 (12)
137 (4.0)
337 (16)
407 (12)
2996 (86)
683 (20)
359 (10)
336 (9.7)

Data are mean (SD), n (%), or median (IQR). COPD=chronic obstructive pulmonary disease.
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According to the intention-to-diagnose approach, of the 2946 (85%) patients in
whom pulmonary embolism was ruled out at baseline, who remained untreated, and
completed the follow-up period, 18 patients were diagnosed with symptomatic venous
thromboembolism during 3-month follow-up, with an incidence of 0·61% (95% CI
0·36-0·96). The incidence of fatal pulmonary embolism was 0·20% (six patients, 95%
CI 0·07-0·44; Table 2). In a worst case scenario, accounting the five patients who were
lost to follow-up (four patients had pulmonary embolism excluded without CTPA and
one patient had a negative CTPA) as recurrent venous thromboembolism, the 3-month
incidence would have been 0·78% (23 of 2951 patients, 95% CI 0·49-1·2). For the perprotocol approach, the failure rate of the diagnostic algorithm was 0·51% (15 of 2943
patients, 95% CI 0·31-0·84) with a 0·20% 3-month risk of fatal pulmonary embolism (six
of 2943, 0·08-0·46).

2.1

Table 2: Primary outcomes of venous thromboembolism events during 3-month follow-up
Category
Completed algorithm
Patients managed without CTPA
Patients managed with CTPA

Total venous
Patients (n) thromboembolism,
(n [%, 95% CI])
2944
18 (0.61%)
[0.36-0.96]
1629
7 (0.43%)
[0.17-0.88]
1315
11 (0.84%)
[0.47-1.5]

Fatal pulmonary
embolism*
( n [%, 95% CI])
6 (0.20%)
[0.07-0.44]
2 (0.12%)
[0.01-0.44]
4 (0.30%)
[0.12-0.78]

Patients in whom pulmonary embolism was excluded by either a low YEARS score or CT scanning were left
untreated. CTPA=computed tomography pulmonary angiography. *Patients who remained untreated and
were not lost to follow-up

In the intention-to-diagnose approach, CTPA was not done in 1611 (46%) patients and
it was not indicated in 1651 (48%) patients following the per-protocol approach. If the
standard diagnostic algorithm using Wells’ rule and D-dimer with fixed threshold of
<500 ng/mL would have been applied, 1174 (34%) patients could have been managed
without CTPA at baseline, for an absolute difference of 13% (difference in intention-todiagnose approach 437 CTPA examinations, 95% CI 10–15%) and 14% (difference in perprotocol approach 477 CTPA examinations, 12–16%) in favour of the YEARS algorithm.
If Wells’ rule and the age-adjusted D-dimer threshold would have been applied, 1348
(39%) patients could have been managed without CTPA at baseline, an absolute difference
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of 8·7% (difference in per-protocol approach CTPA examinations 303, 95% CI 6·4-11%)
and of 7·6% (difference in intention-to-diagnose approach CTPA examinations 263,
95% CI 5·3-9·9%).
In the subgroups of patients younger than 50 years and 50 years and older, a 14% absolute
reduction in the number of required CTPA examinations was observed when the YEARS
algorithm was applied compared with the standard diagnostic algorithm, with failure
rates of 0·11% (one of 894, 95% CI 0·02-0·63) and 0·81% (six of 740, 0·37-1·8), respectively.
Table 3 summarises the results for the other subgroups.
Figure 2 shows the management of all 3465 included patients. Of the 1651 patients who
should have been managed without CTPA, the protocol was violated in 40 patients. CTPA
showed pulmonary embolism in three patients who were treated with anticoagulants.
These observations were considered diagnostic failures and are included in the primary
outcome. Furthermore, 18 (1·1%) of 1651 patients were treated with oral anticoagulants
for other reasons (ie, eight atrial fibrillation, one superficial thrombophlebitis, and nine
other reasons including idiopathic pulmonary hypertension and peripheral arterial
disease) and four (0·24%) of 1651 patients were lost to follow-up. Four of the remaining
1589 patients returned with symptomatic events of venous thromboembolism (Table
4). The 3-month incidence of venous thromboembolism in patients who did not have
CTPA according to the YEARS algorithm was 0·43% (seven of 1629, 95% CI 0·17-0·88)
and of fatal pulmonary embolism was 0·12% (two of 1629, 0·01-0·44; Table 2). Seven other
patients (0·43%) died of non-venous-thromboembolism-related causes.
Of the 1358 patients in whom CTPA ruled out pulmonary embolism, 40 patients
(2·95%) were treated with anticoagulants for other reasons (ie, 20 atrial fibrillation,
three superficial thrombophlebitis, one splanchnic vein thrombosis, one thrombus in
the left ventricle, one high-dose thrombosis prophylaxis, one suspected but later ruled
out pulmonary vein thrombosis, one vena cava superior syndrome due to mediastinal
mass, and 12 other reasons including idiopathic pulmonary hypertension and peripheral
arterial disease) and one patient (0·07%) was lost to follow-up. Of the 1317 remaining
patients, 11 patients returned with symptomatic events of venous thromboembolism
(Table 5). The 3-month incidence of venous thromboembolism was 0·84% (11 of 1317,
95% CI 0·47-1·5) and incidence of fatal pulmonary embolism was 0·30% (four of 1317,
0·12-0·78; Table 2). 85 other patients (6·5%) died of non-venous-thromboembolismrelated causes.
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Data are n or n (%), unless otherwise specified. PE=pulmonary embolism. CTPA=computed tomography pulmonary angiography. VTE=venous thromboembolism

Efficiency compared with
Wells’ rule in combination
Risk of VTE during 3-months follow-up
Managed
with a D-dimer threshold of
PE at
Patients
without
<500 ng/mL
baseline
Overall incidence after Managed
CTPA
incidence in patients
incidence in patients
Difference with
pulmonary embolism without
managed without CTPA managed with CTPA
YEARS algorithm
was excluded at baseline CTPA(n)
events/
events/
events/
%(95%CI)
%(95%CI)
n/N
%(95%CI)
%(95%CI)
patients
patients
patients
57
Malignancy 336
62
2/61
3.2 (0.90-11)
5/209
2.4 (1.0-5.5)
7/270
2.6 (1.3-5.3)
37
25/336 7.4 (5.0-11)
17%
No
399
3129
1590
5/1573 0.32 (0.14-0.74) 6/1106 0.54 (0.25-1.2) 11/2679 0.41 (0.23-0.73)
1137
453/3129 15 (13-16)
malignancy
13%
Age < 50
126
1448
900
1/894 0.11 (0.02-0.63) 1/415 0.24 (0.04-1.4) 2/1309 0.15 (0.04-0.56)
704
196/1448 14 (12-15)
years
8.7%
Age ≥ 50
330
2017
752
6/740 0.81 (0.37-1.8) 10/900 1.1 (0.6-2.0) 16/1640 0.98 (0.6-1.6)
470
282/2017 14 (13-16)
years
16%
No history
349
3106
1529
6/1517 0.40 (0.18-0.86) 10/1191 0.84 (0.46-1.5) 16/2708 0.59 (0.36-0.96)
1120 409/3106 13 (12-14)
of VTE
11%
History of
107
359
123
1/117 0.85 (0.15-4.7) 1/124 0.81 (0.14-4.6) 2/241
0.83 (0.23-3.0)
54
69/359 19 (15-24)
VTE
30%
66
Inpatient
469
200
1/195 0.51 (0.09-2.9) 3/197 1.5%(0.52-4.4) 4/392
1.0 (0.40-2.6)
135
65/469 14 (11-17)
14%
390
Outpatient
2996
1452
6/1439 0.42 (0.19-0.91) 8/1118 0.72 (0.36-1.4) 14/2557 0.55 (0.33-0.92)
1039 413/2996 14 (13-15)
13%
Complaints
362
2599
1266
7/1253 0.56 (0.27-1.2) 9/940 0.96 (0.50-1.8) 16/2195 0.73 (0.46-1.2)
901
365/2599 14 (13-15)
≤7 days
14%
Complaints
94
866
386
0/381
0 (0-1.0)
2/375 0.53 (0.15-1.9) 2/756 0.26 (0.07-0.96)
273
113/866 13 (11-15)
>7 days
11%

Table 3: Primary endpoint and efficacy in subgroups of the total study population
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78

89

52

21

58

71

Patient 2 Male

Patient 3 Female

Patient 4 Male

Patient 5 Female

Patient 6 Male

Patient 7 Female

1

1

2

0

0

0

0

6

3

5.5

1

1.5

1

0

410

420

380

560

610

898

0

0

0

49

18

11

D-dimer
Interval
concentration
(days)
(ng/mL)
609
54

CTPA=computed tomography pulmonary angiography. *Calculated post hoc.

59

Age Years Wells
(years) score score*

Patient 1 Female

Sex
Developed cardiac arrest during admission for
acute severe pancreatitis. Known with myotonic
dystrophy type 1 with severe cardiomyopathy
and arrhythmias. ICD was earlier deactivated
after regular unjustified defibrillations.
Resuscitation was unsuccessful
Diagnosed with end-stage metastasized
oropharyngeal carcinoma. Found deceased in
nursing home

Circumstances of outcome event

Pulmonary CTPA performed due to protocol violation at
embolism baseline

Pulmonary CTPA performed due to protocol violation at
embolism baseline

Pulmonary Subsegmental PE diagnosed on CTPA during
embolism admission for pneumonia and acute heart
failure related to severe aortic valve stenosis and
mitral valve insufficiency. Patient died seven
days after treatment was voluntarily withheld
Deep vein DVT 14 days after surgery for glioblastoma
thrombosis multiforme
Pulmonary CTPA performed due to protocol violation at
embolism baseline

Death

Death

Outcome

Table 4: Diagnostic failures in patients who were managed without CTPA at baseline

Deep vein
thrombosis
Non-fatal
pulmonary
embolism
Non-fatal
pulmonary
embolism
Non-fatal
pulmonary
embolism

Pulmonary
embolism not
excluded as
cause of death
Non-fatal
pulmonary
embolism

Pulmonary
embolism not
excluded as
cause of death

Adjudicated as
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Female

Female

Female

Male

Female

Patient 5

Patient 6

Patient 7

Patient 8

Patient 9

66

84

73

70

57

82

1

1

1

1

1

0

0

0

0

0

3

3

7

4

5.5

1

1

0

3

3

747

5000

1325

5000

2500

2400

4170

2550

2400

1480

78

68

43

32

6

17

12

Unknown

26

69

Deep vein
thrombosis
Deep vein
thrombosis

Death

Deep vein
thrombosis

Deep vein
thrombosis

Death

Pulmonary
embolism

Death

Pulmonary
embolism

Death

Adjudicated as

Thrombosis of
the vena cava
superior
Died in hospital under the clinical diagnosis of a PE not excluded
pneumonia and acute heart failure
as cause of death
Initiation of anticoagulation because of suspected Non-fatal PE
pulmonary embolism without CTPA confirmation
after hospital admission because of heart failure and
COPD exacerbation
Died in nursing home after hospital admission because PE not excluded
of acute heart failure and exacerbation of COPD
as cause of death
Known with a recurrent sarcoma of the uterus. Non-fatal PE
Subsegmental pulmonary embolism diagnosed
postoperatively. Died 33 days after diagnosis of
pulmonary embolism during palliative care in a hospice
Died after sudden collapse followed by unsuccessful PE not excluded
resuscitation 1 day after surgery for gastric carcinoma as cause of death
Known with leukemia. Developed thrombosis of
DVT
the brachial vein after superficial thrombophlebitis
related to an intravenous catheter
Known with metastasized prostate cancer. Developed
DVT
DVT after immobilization during admission at the
hospital
Known with lung cancer for which curative treatment. PE not excluded
Post-radiation stenosis of the trachea for which a stent as cause of death
placed. Died at home after sudden hemoptysis
Subclavian vein thrombus associated with
DVT
intravenous catheter
Developed deep vein thrombosis and was diagnosed
DVT
with antiphospholipid syndrome

Circumstances of outcome event

Deep vein Vena cava superior syndrome caused by thrombosis
thrombosis at the site of pacemaker leads

Outcome

CTPA=computed tomography pulmonary angiography. COPD=chronic obstructive pulmonary disease. *Calculated post hoc.

48

Female

Patient 4

79

Patient 11 Female

Female

Patient 3

73

70

Female

Patient 2

D-dimer
Age Years Wells
Interval
concentration
(years) score score*
(days)
(ng/mL)
50
0
1.5
1070
34

Patient 10 Male

Male

Patient 1

Sex

Table 5: Diagnostic failures in patients who were managed with CTPA at baseline
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Discussion
Our study showed that the YEARS algorithm safely excluded acute pulmonary embolism.
An absolute 14% decrease in the need for CTPA was achieved, compared with the
standard algorithm. The 3-month incidence of venous thromboembolism in patients
who did not undergo CTPA was in line with that observed in studies using algorithms
with sequential diagnostic testing and traditional two-level Wells' score, and a fixed
cutoff concentration of D-dimer of 500 ng/mL: 0·43% (95% CI 0·17-0·88) in our study
versus 0·34% (0·036-0·96) reported by a meta-analysis.20 Moreover, the risk of recurrent
venous thromboembolism in patients with a normal CTPA was comparable to the risk
observed in previous studies using standard algorithms: 0·84% (95% CI 0·47-1·5) versus
1·2% (0·8-1·8).22 Additionally, fatal pulmonary embolism occurred in 0·30% (95% CI
0·12-0·78) of patients in our study compared with 0·6% (0·4-1·1) in another study using
standard algorithms.22
The advantage of the YEARS algorithm over existing algorithms is the large reduction
in the need for CTPA, which reduces radiation exposure and overdiagnosis,1–4,23 and is
achieved by using variable D-dimer thresholds depending on the clinical probability.
This study is the first prospective outcome study that validated a D-dimer threshold of
1000 ng/mL in patients with a low clinical probability.
While our study was ongoing, another strategy to reduce the number of CTPA has been
validated in a prospective outcome study: the age-adjusted D-dimer threshold.10 If this
strategy would have been applied to our study population, the YEARS algorithm would
have led to an absolute reduction of 8·7% (95% CI 6·4-11) of CTPA. The main reason for
this difference is the applicability of the YEARS algorithm to patients with suspected
acute pulmonary embolism in all ages, and not only in patients older than 50 years. In
patients younger than 50 years, the YEARS algorithm leads to a 14% absolute reduction
of CTPA. Of note, reducing the number of CTPA is very relevant for young patients,
particularly women, in whom concerns have been raised about long-term effects of
radiation on the risk of breast cancer.
Methodological strengths of the study include the large number of consecutive
patients, the near complete follow-up, and the independent adjudication of endpoints.
Furthermore, by studying a real-world cohort of patients in daily practice, we expect that
the YEARS algorithm can be easily implemented outside the participating study sites,
and that our data for safety and efficiency are representative for non-trial conditions.
Additionally, our results are in line with the numbers reported in the initial derivation
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and retrospective validation study of our algorithm.19 Of note, although haemodynamic
instability was not a formal exclusion criterion of this study, we have described a cohort
of only haemodynamically stable patients.
Limitations of our the study are the absence of a control group because we did not
do a randomised study and could therefore not directly compare the risk of venous
thromboembolism with a control group that would have been managed with traditional
algorithms. However, the low observed 3-month risk of venous thromboembolism and
near complete follow-up strongly support the chosen study design. Moreover, although
an independent committee evaluated and adjudicated all endpoints, autopsy was hardly
scarcely done. As a consequence, it was difficult to exclude pulmonary embolism as
a possible cause of death in six patients during follow-up. These patients already had
or developed extensive comorbidity, or went into the final stage of a terminal illness
during the follow-up period, with most of them dying in an outpatient setting. Even
so, although pulmonary embolism was conservatively adjudicated as the cause of death
in these patients, the recurrence rate observed in our study remained well below the
safety threshold, reinforcing the validity of our findings. Furthermore, the prevalence
of pulmonary embolism was higher than observed in large cohorts in North America,
but lower than observed in previous studies in Europe. The study patients were relatively
young, but identical to those in an earlier large diagnostic management study by our
group.7 The results of the subgroup analyses, however, confirm the validity of applying
the YEARS algorithm in a patient cohort with higher pulmonary embolism prevalence
of up to 30% and provide evidence of the generalisability of our findings. Lastly, there
were 43 violations of the study protocol, with a D-dimer test not done in three patients
and a non-indicated CTPA done in 40 patients, of which three confirmed the presence of
acute pulmonary embolism. This number is comparable to that in the Christopher study,
in which two of 25 unjustified CTPA examinations revealed pulmonary embolism.7
Finally, because of the small number of patients with cancer included in our study, the
safety of this algorithm for patients with suspected pulmonary embolism in the presence
of cancer remains to be determined.

2.1

In conclusion, the YEARS diagnostic algorithm safely ruled out acute pulmonary
embolism in patients presenting with clinically suspected pulmonary embolism,
with a low risk for venous thromboembolism during a 3-month follow-up. The main
advantage of the YEARS algorithm is the absolute 14% decrease in the number of CTPA
examinations that is applicable to all ages and was shown consistently across subgroups.
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Abstract
Background: Acute pulmonary embolism may be ruled out by combining non-high
clinical probability and a normal D-dimer level. Both antiplatelet drugs and HMGCoA reductase inhibitors (statins) have been associated with effects on thrombus
formation, potentially influencing D-dimer levels in this setting, leading to a higher
rate of false-negative tests. Therefore we determined whether D-dimer levels in patients
with suspected pulmonary embolism are affected by concomitant use of antiplatelet
drugs and/or statins and evaluated whether the effect of antiplatelet drugs or statins
might affect diagnostic accuracy.
Materials and methods: We performed a post-hoc analysis in the YEARS diagnostic
study, comparing age- and sex-adjusted D-dimer levels among users of antiplatelet drugs,
statins and nonusers. We then reclassified patients within the YEARS algorithm by
developing a model in which we adjusted D-dimer cut-offs for statin use and evaluated
diagnostic accuracy.
Results: We included 156 statins users, 147 antiplatelet drugs users and 726 nonusers
of either drugs, all with suspected pulmonary embolism. Use of antiplatelet drugs did
not have a significant effect, whereas statin use was associated with 15% decrease in
D-dimer levels (95% CI, -28% to -0.6%). An algorithm with lower D-dimer thresholds
in statin users yielded lower specificity (0.42 compared to 0.33) with no difference in
false negative tests.
Conclusions: We conclude that use of statins but not of antiplatelet agents is associated
with a modest decrease in D-dimer levels. Adjusting D-dimer cut-offs for statin use did
however not result in a safer diagnostic strategy in our cohort.
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Introduction
D-dimer levels have a central role in the diagnostic workup of venous thromboembolism
(VTE). Guidelines recommend combining clinical decision rules and a D-dimer test to
identify patients in whom pulmonary embolism (PE) or deep venous thrombosis may
be ruled out without performing imaging tests (high level of evidence).1,2 Recently, the
YEARS algorithm, incorporating a variable D-dimer cut-off dependent on the pretest
probability based on three clinical variables (Figure 1), has been proven to be safe and
compatible with clinical practice.3
D-dimers are fibrin degradation fragments, generated after fibrinolysis of a blood clot
by the sequential action of thrombin, factor XIIIa and plasmin.4 The D-dimer level
in blood can be influenced by many factors such as age, active malignancy, infection,
pregnancy or use of anticoagulants.5-8 Other drugs that affect thrombus formation and
therefore may influence D-dimer levels as well are antiplatelet drugs and HMG-CoA
reductase inhibitors, more commonly known as statins. Antiplatelet drugs can delay
thrombin generation and in general inhibit blood coagulation.9 Statins inhibit a variety
of platelet factors and decrease tissue factor activity.10,11 Through the latter mechanism,
a smaller amount of factor X is activated and generation of thrombin is depleted. These
effects might explain that statins may exert cardiovascular protective effects that are
independent of LDL-cholesterol lowering, the so-called pleiotropic effects.12 Indeed, most
clinical studies on this subject have found that statin therapy, especially treatment with
lipophilic statins (simvastatin, atorvastatin or fluvastatin), does lower D-dimer levels
whereas antiplatelet therapy does not seem to have an effect.13 Although most studies are
retrospective and susceptible to bias due to other factors influencing D-dimer level.13-19
Studies on the effect of statins and antiplatelet therapy on the sensitivity of D-dimer
used as diagnostic test in patients with suspected PE are lacking.

2.2

To test the hypothesis that D-dimer cut-offs may need to be adjusted in statin and/or
antiplatelet therapy users, we performed a post hoc analysis of the YEARS diagnostic
study.3 D-dimer levels were compared among users and nonusers of antiplatelet drug
and/or statin. Further, we evaluated the rate of false negative D-dimer tests among
users of statins, as well as the sensitivity and specificity of D-dimer thresholds adjusted
to statin use.
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Methods
Study design
This was a post-hoc analysis within the YEARS study, of which the design was previously
described in detail (Netherlands Trial Registry number NTR4193).3 Briefly, 3465 patients
with suspected acute PE were included between 5 October 2013, and 9 July 2015 in a
prospective multicentre cohort outcome study evaluating the safety and accuracy of the
YEARS diagnostic algorithm. In this algorithm, patients were managed by combining
simultaneous assessment of a clinical decision rule consisting of 3 items (clinical signs of
deep vein thrombosis (DVT), haemoptysis, PE most likely diagnosis) and a D-dimer test.
In patients without YEARS items and D-dimer <1000 ng/mL, or ≥1 YEARS items and
D-dimer <500 ng/mL, PE was considered excluded without further imaging. All other
patients underwent computed-tomography pulmonaryangiography (CTPA; Figure 1).
Figure 1: YEARS algorithm

CTPA=computed tomography pulmonary angiography

D-dimer levels were measured upon presentation of the patient, using automated
high-sensitive quantitative D-dimer assays (according to local practice Vidas D-dimer
Exclusion®, Biomerieux, Marcy-L’Étoile, France; STA-LIA® DiagnosticaStago, Asnieres,
France; Innovance®, Siemens, Marburg, Germany). At study inclusion, the following
baseline characteristics were assessed: age, sex, body mass index (BMI), smoking status,
malignancy, hypertension, CRP level, previous VTE and present use of antiplatelet drugs
and statins.
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Follow-up consisted of a scheduled outpatient visit or telephone interview after three
months. At this visit, information was obtained on complaints suggestive of VTE. In case
of clinically suspected VTE during follow-up, objective diagnostic tests were required,
including CTPA for suspected PE and compression ultrasonography for suspected deep
vein thrombosis.
Patients
Hospitalized patients as well as patient visiting the emergency department with clinically
suspected acute (first or recurrent) PE were eligible for inclusion in the YEARS study if
they were 18 years of age or older. Exclusion criteria were: treatment with therapeutic
doses of anticoagulants initiated ≥24 hours prior to eligibility assessment, life expectancy
less than three months, geographic inaccessibility precluding follow-up, pregnancy or
allergy to intravenous contrast agent. In two of the participating hospitals - the Erasmus
University Medical Center and the Leiden University Medical Center - we also obtained
data about use of antiplatelet drugs and statins. For that reason, we restricted the present
post-hoc analysis to patients evaluated in the latter two hospitals.

2.2

Study aim and endpoints
The primary aim of this study was to assess the effect of antiplatelet drugs and statins
on D-dimer levels in patients suspected of PE. The secondary aim of this study was to
evaluate if the effect of antiplatelet drugs or statins might affect diagnostic accuracy.
The primary endpoint of this study was the difference in D-dimer levels among users and
nonusers of antiplatelet drugs and statins. The secondary endpoints of this study were the
proportion of patients categorized differently in the YEARS algorithm and the change
in diagnostic accuracy and diagnostic failure rate (VTE related death, VTE or lost to
follow-up) when the effect of statins on D-dimer levels is taken into account. Reporting of
this study conforms to the STROBE statement and the broader EQUATOR guidelines.20
Statistical analysis
D-dimer levels were log-transformed to normalize the distribution. Multiple linear
regression analyses were performed with adjustment for age, sex, current smoking, use
of antiplatelet drugs, use of statins, current smoking and history of VTE according to
different stepwise regression models. The contribution of these variables to the changes in
D-dimer levels was determined by comparing the explained variance from the different
multivariable linear regression analyses. Due to missing data in 397 (43%) patients, we
could not adjust for BMI. The variables that explained most of the change in D-dimer
were then identified. We calculated change in D-dimer levels for each drug exposure by
exponentiation of the correlation coefficient and their corresponding 95% confidence
intervals (95%CI). A two-sided p-value of 0.05 was considered to indicate statistical
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significance. All statistical analyses were carried out using ‘IBM SPSS Statistics for
Windows, version 21 (IBM Corp., Armonk, N.Y., USA)’.
For the secondary outcome analysis, we tested the amount of patients that should have
been managed differently in the YEARS algorithm when the effect of antiplatelet drugs
and/or statins on D-dimer levels was taken into account. Therefore we developed a model
to reclassify antiplatelet drugs and/or statin users by adjusting the D-dimer cut-offs. The
cut-offs were adjusted based on the expected change in D-dimer levels, as derived from
the regression analysis, and were inserted post-hoc in the YEARS algorithm. Further
we evaluated diagnostic accuracy by comparing the diagnostic failure rate (VTE related
death, VTE or lost to follow-up) with and without this reclassification of antiplatelet
drugs and/or statin users in the YEARS algorithm.

Results
Within the YEARS study, 925 patients were included in this post-hoc analysis. Mean age of
these patients was 54 years (standard deviation (SD) 17) and mean BMI was 27 kg/m2 (SD
5.7), 369 of them (39.9%) were male and 178 (19.2%) current smokers. Following the YEARS
algorithm, 395 (42.7%) patients scored no YEARS items, 479 (51.8%) scored one, 48 (5.2%)
scored two and 3 (0.3%) patients scored three items. PE was diagnosed by CTPA at baseline
in 16.1% of the patients not using an antiplatelet drug or a statin, compared to 17.1% of the
patients using either drug. Among the group of patients in whom PE was excluded using
the YEARS algorithm, only two developed a PE during follow-up and in one patient PE
could not be excluded as cause of death. None of these patients used antiplatelet drugs or
statins. In total five patients were lost to follow-up, four of them did not use either drug.
The mean D-dimer level was 1666 ng/mL (SD 1642 ng/mL) and the median 985 ng/mL
(interquartile range 479-1203 ng/mL). Of all patients, 22% used an antiplatelet agent
and/or statin. More than half of them (n=104) were using both drugs, 43 patients were
only using antiplatelet drugs and 52 patients only statins. In 72% of the statin users a
lipophilic statin (simvastatin, atorvastatin or fluvastatin) had been prescribed. Median
D-dimer values were 912 ng/mL (interquartile range 573-1941 ng/mL) in lipophilic statin
users compared to 1050 ng/mL (558-1540 ng/mL) in hydrophilic statin (rosuvastatin
and pravastatin) users, but this difference was non-significant. Compared to nonusers,
antiplatelet drug and/or statin users were older, had a higher BMI, smoked less, and
the proportion of male gender, previous VTE and presence of hypertension was higher
(Table 1). There was no difference in the median level of CRP or presence of malignancy
between users and nonusers of antiplatelet drug and/or statins.
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21 (40.4)
61.7 (12.0)
30.1 (6.5)
10 (3-26)
33 (63.5)
6 (11.8)
11 (21.2)
6 (11.5)
13 (25.0)
1 (1.9)
0 (0)
0 (0)

26.0 (5.4)
9 (3-32)
108 (14.9)
154 (21.9)
71 (9.8)
104 (14.3)
117(16.1)
44(6.1)
2(0.3)
1 (0.1)

0 (0)
0 (0)

2 (4.7)

7 (3-29)
19 (45.2)
6 (14.0)
8 (18.6)
8 (18.6)
10 (23.3)

26.5 (5.9)

Only antiplatelet
drugs
(n=43)
21 (48.8)
69.6 (14.7)

Statins and/or
antiplatelet drugs^ˤ
(n=199)
98 (49.2)
66.4 (12.9)
28.6 (6.0)
7 (3-22)
119 (60.4)
24 (12.2)
30 (15.1)
25 (12.6)
34 (17.1)
5 (2.5)
0 (0)
1 (0.5)

Statins and
antiplatelet drugs
(n=104)
56 (53.8)
67.5 (11.9)
28.8 (5.6)
7 (3-19)
67 (65.0)
12 (11.7)
11 (10.6)
11 (10.6)
11 (10.6)
2 (1.9)
0 (0)
0 (0)

NA
NA

NA

0.89
<0.001
0.003
0.03
0.52
0.45

<0.001

0.002
<0.001

p-value*

Data are shown as mean values (SD); numbers (percentages) or median (interquartile ranges)
Due to missing data, n=529 for body mass index; n=897 for CRP; n=920 for hypertension; n= 901 for smoking; n= 924 for prior VTE; n=924 for malignancy
^antiplatelet drugs: acetylsalicylic acid n= 136; clopidogrel n=6; other n=3; unknown n=2;
ˤstatins: simvastatin n=73; rosuvastatin n=22; atorvastatin n= 36; pravastatin n=19; fluvastatin n=3; unknown n=3
*P-value between groups no use vs use of statins and/or antiplatelet drugs; Pearson chi-square test for categorical variables, Mann Whitney U test for continuous variables
CTPA: computed-tomography pulmonary-angiography; VTE: venous thromboembolism; PE: pulmonary embolism

Male (%)
Age
Body mass index (kg
m¯²)
CRP (mg/L)
Hypertension
Current smoker
Prior VTE
Malignancy
PE at CTPA
Death of any reason
during follow-up
PE during follow-up
Lost to follow up

Only statins
(n=52)

No use of statins and
antiplatelet drugs
(n=726)
271 (37.3)
48.7 (17.2)

Table 1: General characteristics of patients

Clinical effects of antiplatelet drugs and statins on D-dimer
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The effect of antiplatelet drugs and statins on D-dimer levels
We estimated the proportion of the variation (R² value) and change in plasma D-dimer
levels explained by age, sex, current smoking, use of antiplatelet drugs, use of statins,
history of VTE in different linear regression models (Table 2). The change in plasma
levels of D-dimer was explained for 18.3% by age, sex, use of antiplatelet drugs and use
of statins. Notably, age explained most of the proportion of variation (17.8%) and current
smoking added a significant 0.8% of the explained variance to this model.
When adjusted for age, sex and use of statins, use of antiplatelet drugs resulted in a
decrease of 7.6% (95%CI, -25% to 13%)). In this similar regression model, use of statins
resulted in a 12% (95%CI, -27% to 7.5%)) decrease of D-dimer values. Both these
correlations were not significant. Yet, when only adjusted for age and sex, use of statins
was significantly correlated and was associated with a reduction of D-dimer values by
15% (95%CI, -28% to -0.6%). A subgroup regression analysis with inclusion of only
lipophilic statin users and non statin users and adjustment for age and sex did not result
in a significant correlation (12.5% decrease, 95% CI, -27% to 5%).
Table 2: Effect on D-dimers according to the different linear regression models
Independent factors used in
linear regression model

Adjusted % change
Proportion
in D-dimer in users
of variance
for statins
explained (%)*
(95% CI)**
17.8
Not applicable
18.2
-15% (-28%; -1.4%)^
18.2
-15% (-28%; -0.6%)^
18.6
-12.5% (-27%; 5%)
18.3
-12% (-27%; 7.5%)

Age
Age and use of statins
Age, sex, use of statins
Age, sex, use of lipophilic statins
Age, sex, use of statins, use of
antiplatelet drugs
Age, sex, use of statins, use of
19.1
antiplatelet drugs, current smoker
Age, sex, use of statins, use of
19.3
antiplatelet drugs, current smoker,
history of VTE

Adjusted % change
in D-dimer for
antiplatelet drug
users (95% CI)**
Not applicable
Not applicable
Not applicable
Not applicable
-7.6% (-25%;13%)

-11% (-27%; 8.0%)

-7.6% (-25%;13%)

-11% (-27%; 7.6%)

-7.0% (-24%;14%)

* R² value
** adjusted change in D-dimer values calculated by exponentiation of the correlation coefficient and their
corresponding 95% confidence intervals (95% CI)
^ significant p-value <0.05
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Model for reclassifying statin users within the YEARS algorithm
Since antiplatelet drugs did not show any significant effect on D-dimers we only
calculated adjusted D-dimer cut-offs for statin users. This calculation was based on the
results of the linear regression model containing age, sex and use of statins. Adhering to
this model, we adjusted the D-dimer cut-off to be 15% lower for patients using statins.
This resulted in an adjusted cut-off determined at 850 ng/mL instead of 1000 ng/mL for
patients having no YEARS criteria. For patients having one or more YEARS criteria the
adjusted cut-off was determined at 425 ng/mL instead of 500 ng/mL.
Performance of YEARS algorithm after reclassification of statin users
In the original YEARS algorithm, we found that 56 statin users (35.9%) were managed
without CTPA. None of these patients was lost to follow-up, no VTE or VTErelated
death was detected. When we tested the algorithm using the adjusted cut-offs, thus
incorporating the effects of statins on D-dimer levels, we found that 12 patients were
reclassified to the group needing a CTPA to rule out PE. In these patients, we did not
detect any additional diagnostic failures during follow-up, in one patient CTPA was
conducted for other reasons, showing no PE (Table 3). After reclassification of these 12
patients, specificity decreased from 0.42 to 0.33, while sensitivity did not change.

2.2

Table 3: Characteristics of statin users reclassified according to lower adjusted D-dimer level cut-offs
Sex
Patient
Age
(M/F)

YEARS
criteria
(0-3)

1
2
3
4
5
6
7
8
9
10
11
12

1
1
1
1
1
1
0
0
0
0
0
0

M
F
M
M
M
M
M
F
M
F
M
M

79
70
76
62
72
62
67
54
77
74
85
75

Death during
Use of
Diagnostic
D-dimer
follow-up or
antiplatelet
failures^
(ng/mL)
lost to followdrugs (yes/no) (yes/no)
up (yes/no)
442
yes
no
no
450
no
no
no
468
yes
no
no
470
yes
no
no
480
no
no
no
492
no
no
no
860
Yes
no
no
890
no
no
no
910
yes
no
no
913
no
no
no
930
yes
no
no
990
yes
no*
no

Reclassification of statin users having no YEARS and D-dimer ≥ 850 and <1000 ng/mL or statin users having
YEARS ≥ 1 and D-dimer ≥425 and <500ng/mL
^ Diagnostic failures are defined by venous thromboembolism during follow-up, VTE related death during
follow-up or lost to follow-up
* CTPA (computed-tomography pulmonary-angiography) conducted during follow-up showing no pulmonary
embolism
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Discussion
Our study results showed that in our population of patients suspected of having a PE,
statins decreased D-dimer levels but antiplatelet drugs did not. Adjusting D-dimer cutoffs for statin use did however not result in a safer diagnostic strategy. Based on our
study, there is no need for adjusting D-dimer cut-off values for statin users. Moreover,
age explained the largest proportion of the D-dimer variance, underlining that age has
a higher impact on D-dimer levels than antiplatelet drugs and statins.
Nowadays diagnostic algorithms for detecting PE are sensitive, but overall 3-month
diagnostic failure rate is still not reduced to zero.21-23 This is to our best knowledge
the first study to test the effect of statins and antiplatelet drugs on the sensitivity of
D-dimer tests for the diagnosis of acute VTE. The reported effect of statins on D-dimer
levels differs between previous studies. Both the results of a review and a meta-analysis
suggested a decrease in plasma D-dimer levels with the use of statins.13,15 One small
intervention study in patients with hypercholesterolemia for example did not show a
significant change in D-dimer levels after start of treatment with statins whereas another
study including type 2 diabetes patients found a significant reduction of approximately
8% in D-dimer levels.18,24 The studies included in this review and meta-analysis concerned
different patient populations, not taking into account concurrent antiplatelet therapy.25,26
This is dissimilar to our study, in which we analysed the effect of antiplatelet drugs
and statins separately. Our study results are best compared with those of a study by
Adams et al. comparing haemostatic factor levels between statin users and nonusers.14
In a cohort of 6814 healthy men and women age 45-84 years, participants using statins
had a 9% lower D-dimer level after adjusting for age, race/ethnicity, education, income,
hormone replacement therapy and major cardiovascular risk factors. The main difference
with our study is that this was a cohort study in a healthy population, whereas in our
study, D-dimer levels were determined in the clinical setting of suspected PE. Another
difference is that we could not adjust for all cardiovascular risk factors (including BMI
and diabetes status), race/ethnicity, education, income and hormone replacement
therapy, as these data were not fully collected at baseline. Notably, in our subgroup
analysis with inclusion of only lipophilic statin users and nonusers of statins we could
not detect a significant correlation with D-dimer levels, however we might have been
underpowered.
The evidence for the absence of effect of antiplatelet drugs on D-dimers is compellingly
illustrated in two studies in healthy male volunteers using acetylsalicylic acid.16,27 One
of these studies was a randomized placebo controlled trial in 30 healthy volunteers.
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Also, Kamath et al showed that D-dimer levels in patients with atrial fibrillation treated
with aspirin were not lower than in those given no treatment.17 A study in patients on
peritoneal dialysis likewise found no effect on D-dimer levels in those using low-dose
aspirin for 8 weeks.28
A methodological strength of this post hoc analysis in the YEARS population is that
we studied a real-world cohort of patients with a near complete follow-up. Also, by
using the different linear regression models, the change in proportion of the variation
explained by each variable and in particular statins could be extracted. Having analysed
this population in daily practice using a clinical approach, we expect that results can be
easily interpreted and translated to clinical care.
Limitations of our study include that this reports on a post-hoc finding of a large
outcome study, in which extensive data on baseline medication use was only available
for two of the participating centers. For this reason, the secondary endpoints of our
study are likely underpowered and we cannot rule out a relevant effect of statin use
in clinical practice with sufficient certainty. Nevertheless, our study offers currently
the best available evidence evaluating the diagnostic accuracy of a clinical diagnostic
algorithm on PE in statin users explicitly. Also, we expect that a separate prospective
study designed and powered to address these endpoints specifically will probably not
be performed in future because of lack of financial incentives. Another limitation of
our study is that CTPA results of the reclassified statin users were not available and
the change in D-dimer in statin users was used for modification of the D-dimer cutoff in the same population. Also, the adjusted cut-offs were calculated post hoc and
management decisions were based on the original cut-offs. Therefore, extrapolation of
our findings to other populations or healthcare settings warrants caution. Further, we
used different quantitative D-dimer assays and were unable to stratify the results by
assay, as patient-level information on the assay used was not available. However, all were
contemporary, well-validated high sensitive quantitative D-dimer assays with similar
fixed cut-off levels.29

2.2

Based on our results, we conclude that use of statins is associated with a 15 % decrease in
D-dimer levels. In our cohort this was not associated with an increase in false negative
test results, compared to nonusers. Nevertheless further validation in a larger clinical
cohort would be needed, however we consider it unlikely that a prospective study
designed and powered to address all endpoints separately will be performed in future.
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Abstract
Background: D-dimers are generated during endogenous fibrinolysis of a blood clot and
have a central role in diagnostic algorithms to rule out venous thromboembolism. HMGCoA reductase inhibitors, more commonly called statins, are known to have effects
independent of LDL-cholesterol lowering, including antithrombotic properties. An effect
of statins on D-dimer levels has been reported in a prior systematic review and metaanalysis but methodological shortcomings might have led to an overestimated effect.
To re-evaluate the association between statins and D-dimer levels we systematically
reviewed all published articles on the influence of statins on D-dimer levels and
conducted a novel meta-analysis (PROSPERO registration number CRD42017058932).
Materials and methods: We electronically searched EMBASE, Medline Epub, Cochrane,
Web of Science and Google Scholar (100 top relevance) (date of last search 5 October
2017). We included randomized controlled trials, cohort studies, and cross-sectional
studies. Two reviewers independently screened all articles retrieved and extracted data
on study and patient characteristics, study quality and D-dimer levels.
Results: Study-level meta-analysis involving 18,052 study participants showed lower
D-dimer levels in those receiving statin treatment than controls (SMD: -0.165, 95% CI
-0.234; -0.096, p= <0.001). Sensitivity analyses and additional analyses on treatment
duration (<12 weeks vs ≥ 12 weeks) and type of statin (lipophilic or hydrophilic) did
not modify this overall result.
Conclusion: This meta-analysis suggests an association between use of statins and
reduction of D-dimer levels, independent of treatment duration and type of statin used.
This effect is small but robust, and should be interpreted with caution.
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Introduction
In case of a thromboembolism, D-dimers are generated in the blood clot during
fibrinolysis by the sequential action of thrombin, activated factor XIII and plasmin.1,2
Age, active malignancy, infection, pregnancy and use of anticoagulants are well known
to have an influence on D-dimer levels.3-6 Use of medication with an effect on thrombus
formation, such as HMG-CoA reductase inhibitors, more commonly known as statins,
may influence D-dimer levels as well. These antithrombotic properties are part of what
has been referred to as the cholesterol-independent or “pleiotropic” effects of statins,
explaining why the benefits observed with statins appear to exceed what might be
expected from changes in cholesterol levels alone.7-9 In line with these antithrombotic
effects, statin treatment might lead to a 15% lower risk of primary venous thrombosis
as confirmed in a recent meta-analysis of intervention studies.7
In clinical practice, D-dimer levels have a central role in diagnostic algorithms to rule
out venous thromboembolism (VTE).10,11 Several studies have addressed the effect of
statins on D-dimer levels, with some of them being evaluated in a systematic review
and meta-analysis by Sahebkar et al.12 This meta-analysis included nine randomized
controlled trials, and reported a significant reduction of 0.988 µg/ml (95%CI: -1.590 to
-0.385, p=0.001) in D-dimer levels in statin users. However, this estimate is inappropriate
since the used Cohen's d effect size should be dimensionless while 0.988 µg/ml suggests a
tremendous clinical impact of statin use on D-dimer levels. Triggered by this inaccuracy,
we further elucidated the used methods and results and found several important
shortcomings. Our main concerns next to misuse of Cohen’s d are incorrect extraction
of data from original studies and unreported assumptions.

3.1

Because the research question is of high importance though, we decided to conduct a
novel systematic review and meta-analysis on the effect of statins on D-dimer levels,
including recent studies.

Methods
Protocol, registration
This study was registered on 10 March 2017 in the PROSPERO international prospective
register of systematic reviews (CRD42017058932) and designed according to the
guidelines of the 2009 Preferred Reporting Items for Systematic Reviews and MetaAnalysis (PRISMA) statement.13
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Search methods for identification of studies
Together with a biomedical information specialist, SS-G electronically searched the
following databases: EMBASE (Ovid SP); MEDLINE Epub (Ovid SP); Cochrane Central
Register of Controlled Trials (CENTRAL); Web of Science and Google Scholar (100
top relevance) (date of last search 5 October 2017). We used search terms as reported
in Methods S1, page 107, in summary: D-dimer OR D-dimers AND statin OR statins
OR hydroxymethylglutaryl reductase OR HMG CoA reductase in combination with
individual drug names of statins. To improve sensitivity we also combined these search
terms with the wild-card term “*” and the accessory MeSH terms.
Data collection and extraction process
Two authors (SS-G and FM) independently screened titles and abstracts retrieved by
the electronic survey, and disagreement in selection was resolved by discussion. After
consensus was reached, the two reviewers independently selected eligible articles based
on the results in full text. Selection of articles was discussed in detail, and in case of
disagreement, a third author (TvG) was consulted for final decision. We present a flow
diagram to show the decision-making process for including studies in the review (Figure
1).13 The first reviewer (SS-G) extracted the following data: first author’s name, year of
publication, study design, country where the study was performed, D-dimer assay used,
use of co-medication, number of participants, time of exposure, statin regimen, D-dimer
levels with its variation and the conclusions of the individual studies on the effect of
statins on the D-dimer levels. Also all QUADAS-2 items were assessed. If results could
not be extracted from original articles (table or well described in the text), authors were
requested repeatedly to send their original data. All D-dimer levels were converted to
µg/mL. If multiple D-dimer levels were available, we chose to report those values close
to 6 month follow-up. All results after extraction were double-checked and confirmed
by the second reviewer (FM).
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Figure 1: Flow Diagram on decision-making process for including studies following PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses) statement

3.1

Selection of studies
We included randomized controlled trials, cohort studies and cross-sectional studies
conducted in humans, in which D-dimers levels were described or reported and results
could be compared among users or nonusers of statins. For both randomized controlled
trials and cohort studies, we defined that statins should be used for at least 7 days in order
to achieve a pharmacodynamically relevant effect.14,15 Also, to prevent interference of
the effect of anticoagulant drugs on D-dimer levels, we excluded randomized controlled
trials or cohorts primary conducted among patients treated with anticoagulant drugs at
baseline or during follow-up. Studies in which any medical intervention or cardiovascular
event within 2 months between baseline and follow-up measurement of D-dimer levels
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was part of the inclusion criteria, were also excluded to reduce confounding effects on
D-dimer levels. Since different D-dimer tests are used in clinical practice, we decided
to include only standardized enzyme-linked immunoassays or latex (semi) quantitative
tests.16 Studies without availability of full-text that were also not available after repeated
requests to the (corresponding) authors, or articles not written in English language were
excluded, because quality of these articles could not be assessed.
Risk of bias in individual studies and across studies
The data extraction form incorporated a quality assessment section comprising items
from Quality Assessment of Diagnostic Accuracy Studies-2 (QUADAS-2)17. Following this
revised tool, we omitted and added signalling questions and two independent reviewers
(SS and FM) applied the QUADAS-2 score in a small number of studies. After refinement
of the tool (as described in detail in Methods S3, page 112) with review-specific signalling
questions and appropriate items, grouped into three domains (patient selection, index
test and flow and timing) also scoring conflicts of interest, we applied this tool for all
studies. We evaluated the influence of each study on the overall effect size by removing
one study each time and repeating the analysis, a so-called leave-one-out method
sensitivity analysis.18 We also performed a subanalysis including only studies with low
risk patient selection bias and low concern about applicability according to the scoring of
these QUADAS-2 items and performed a separate subanalysis only including controlled
trials. To detect potential publication bias, we visually inspected the distribution of the
studies within a funnel plot and also created a funnel plot taking into account the Trim
and Fill adjustment of Duval and Tweedie.19 Also, Begg’s rank correlation and Egger test
were used to detect publication bias.20,21 Furthermore, as another marker of publication
bias, we estimated the number of missing studies we would need to retrieve and impute
in the meta-analysis to make the p-value nonsignificant using the “fail-safe N” method.22
Quantitative data-synthesis
The meta-analysis was conducted using Comprehensive Meta-analysis (version 3; Biostat).
In studies in which participants were exposed to different statin regimens, the different
statin exposed groups were analysed separately and values were compared to the control
group in case of (randomized) controlled studies. When medians and interquartile
ranges (IQR) were reported, we estimated the average standard deviation (SD) using the
following formula: SD = ((75th percentile-25th percentile)/1.35) and in case of reporting
medians and full range, we estimated the average SD using the following formula:
SD = ((75th percentile-25th percentile)/5.16).23 If not reported, the mean difference was
estimated using the following formula: SD = square root [(SDpre-treatment)2 + (SDposttreatment)2 - (2R × SDpre-treatment × SDpost-treatment)], assuming a correlation
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coefficient (R) = 0.5. Net changes in measurements (change scores) were calculated for
controlled trials, as follows: (value at end of follow-up in the treatment group – value at
baseline in the treatment group) – (value at end of follow-up in the control group – value
at baseline in the control group). If percentage change of D-dimer levels was reported,
we estimated mean or median D-dimer post-treatment levels by multiplying reported
mean or median pre-treatment D-dimer levels with 1+ percentage change and assumed
that the post-treatment SD was equal to reported SD before treatment. For crossover
studies, we used the reported results of delta mean change and its corresponding SD to
prevent artificial widening of confidence intervals of the pooled treatment effect.24 For
cohorts, we calculated change scores by (value at end of follow-up in the treatment group
– value at baseline in the treatment group) assuming that in a fictional control group
D-dimer would not change during follow-up. For results on cross-sectional studies we
measured change scores by (value in the statin users group – value in the nonexposed
group). When the authors adjusted D-dimer levels for other confounding factors, we
used the adjusted D-dimer levels for analysis. We expressed effect sizes as a standardized
mean difference (SMD) with its corresponding 95% confidence intervals (CIs) using the
dimensionless Cohen’s d as the summary statistic.25 To compensate for heterogeneity
including study design, population characteristics, statin dose, and treatment duration,
we used a random-effects model. Post-hoc subanalyses were performed to assess the
potential effects of treatment duration of statin therapy (<12 weeks vs ≥ 12 weeks) and
type of statin (lipophilic or hydrophilic). Simvastatin, atorvastatin and fluvastatin were
classified as lipophilic statins and pravastatin and rosuvastatin as hydrophilic statins.15

3.1

Results
Study selection and evaluation of bias of individual studies
In total, we screened 307 studies, of which 60 were assessed for eligibility reading fulltext, and finally 22 studies were included in this review (Figure 1).26-47 Reasons for
exclusion were an event or intervention < 2 months (n = 4), not written in English (n= 3),
no specific D-dimer data available on baseline or follow-up (n=18), nonstandardized
D-dimer measurement (n=2), no original research article (n=9) and repeated analysis
on same data set (n=2). We included 7 controlled trials, 11 cohort studies and 4 crosssectional studies. Taken together, this analysis included 22 control groups and 27 statin
exposed groups with a total number of 18,052 study participants (Table 1). The included
studies were performed among different study populations. Six studies were performed
in subjects with dyslipidaemia, 6 studies in patients with proven cardiovascular disease,
4 studies in HIV infected patients, 2 in patients with type 2 diabetes mellitus, one in
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healthy subjects, one in patients diagnosed with lupus, one in COPD patients and one
in heart transplant patients. Of all 27 statin exposed groups, 17 groups were defined
as lipophilic type statin users and 7 as hydrophilic type statin users, while the other
3 groups comprised of lipophilic type as well as hydrophilic type statin users. Of the
23 statin exposed groups in which we could assess treatment duration, 19 groups were
exposed to statins for 12 weeks or longer.
The risk of bias regarding patient selection was regarded low for only 6 of the 22 included
studies and for 8 studies we had concerns about applicability of the results based on the
specific characteristics of the statin exposed groups and control groups included in these
studies. (Figure 2, Table 2). For four studies the D-dimer test was not clearly described,
and we assumed a standardized test.34,37,38,47
Meta-analysis
Study-level meta-analysis involving 18,052 study participants showed significantly lower
D-dimer levels in those receiving statin treatment compared to controls (SMD: -0.165,
95% CI -0.234; -0.096, p= <0.001) (Figure 3). The estimated effect sizes were similar in
sensitivity analyses that omitted any single study (Figure 4). The 6 studies with low risk
of patient selection (SMD: -0.099, 95%CI -0.140; -0.058, p <0.001) and the 16 studies with
low risk of limited patient applicability (SMD: -0.216, 95%CI -0.334; -0.099, p <0.001)
also resulted in lower D-dimer values after statin treatment. A separate meta-analysis
of the 7 controlled trials did not show a different effect on D-dimer levels (SMD:-0.096,
95%CI -0.138; -0.055, p<0.001). Furthermore, treatment duration (<12 weeks vs ≥ 12
weeks) did not influence the effect on D-dimer levels in statin users (p = 0.887) (Figure
5) and type of statin (lipophilic or hydrophilic) also did not modify this overall result
(p=0.167) (Figure 6).
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Population

D-dimer assay

The
type 2 diabetes
Netherlands mellitus

Sommeijer,
2004

HIV infected

USA

Nixon, 2016^

acute coronary
syndromes

USA

Kinlay, 2009

LPIA
(BioMérieux,
Durham,
NC)op

ELISA
(Diagnostica
Stago, Asnières
sur Seine, France)

Not reported

Controlled trials
Chang, 2002
South-Korea Hemodialysis
ELISA
patients with
Asserachrome
hypercholesterolemia5 D-Di (Diagnostica
Stago, Asnieressur-seine, France)
Eckhard, 2014 USA
Non
LPIA
hypercholesterolemic (DiagnosticaHIV infected
Stago, Parsippany,
NJ)

Location

Overall: 8 wk
59 (54-64)
median
(IQR)

Antihypertensive
medication, ASA

16 wk

48 (41-55) 20 wk

64 (12)

46.9 (39.253.6)

45.6 (41.1- 24 wk
51.4)

8 wk

387

69

no pravastatin

pravastatin
(40 mg)

50

50

0.1727 (0.1212- 0.1755 (0.11130.3039)
0.2387)
Between
pravastatin and
no pravastatin
group change:
-0.02 (-0.09 to
0.05)

0.1785 (0.1256- 0.1804 (0.13160.2545)
0.2250)

0.1998 (0.1319- 0.2127 (0.14670.3393)
0.3383)

No effect

baseline +0.0108 No effect
µg/mL
(-93,2 to 145)
baseline +0.0244
µg/mL (-0.1097
to 0.1234)
0.1870 (0.1209- 0.219 (0.1352No
0.3196)
0.3177)
difference

Overall 0.3447
(0.0708 to
5.351)

0.19(0.13-0.33) baseline+ 6.9% No effect
(43.8 to -35.0)
0.18 (0.09, 0.29) baseline +21.9%
(-9.1 to 73.3)

67

1.09 (0.97)

1.12 (1.01)

No effect

30

0.99 (0.83)

Open RCT met
cross-over design.

double-blind RCT
with cross-over
design with 4 wk
wash-out period

double-blind RCT

double-blind RCT

Open RCT

Conclusion Details

1.05 (0.90)

D-dimer
(µg/mL) after
exposure

28

D-dimer (µg/
Participants
mL) before
(number)
exposure

a)atorvastatin 37
(10-20 mg)
37
a)placebo
36
b)placebo
36
b)atorvastatin
(10-20mg)

placebo

atorvastatin
(80 mg)

placebo

No
simvastatin
rosuvastatin
(10mg)

simvastatin
(20mg)

Time of Regimen
exposure (daily dose)

On antiretroviral
therapy
Exclusion of
immunosuppressant
users

On antiretroviral
therapy
ASA, steroids,
NSAIDs,
antihypertensive
medication
ASA, heparin,
nitrates, and
β-blockers

Exclusion
63 (11)
cholesterol modifying
or oxidation
60 (12)
medication

Information about
Age
use of co-medication (years)

Table 1: Characteristics of included studies for meta-analysis on the effect of statins on plasma D-dimer level
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Italy

Spain

Calza, 2017

Costejon, 2017

Hölschermann, Germany
2000

Turkey

Cohort studies
Bolaman, 2006

Females with stable
systemic lupus
erythematosus
heart transplant
recipients
receiving oral
immunosuppression

ASA

ELISA
(Asserachrom;
Boehringer
Mannheim
Diagnostics,
Mannheim,
Germany)

Not reported

6 mnth

46.8
(40.655.9)

7 d or 1
mnth

47 (23-80) 8 wk

24 wk

55 (10)

immunosuppresssants 48 (12)
(mean
(SD))

On antiretroviral
therapy
Exclusion of steroid,
androgen, estrogen,
growth hormone,
antihypertensive
medication, thyroid
preparation and
acid-reducing agent
users
Antimalarials and
immunosuppressant

-

simvastatin
(10mg)

Atorvastatin
(20mg)

atorvastatin
(10mg –
20mg)
rosuvastatin
(10mg)

Time of Regimen
exposure (daily dose)

15

37

57

44

0.695 (total
range 0.1601.580)

0.49 (0.46)

0.345 (0.1660.445)

0.195(0.073)

D-dimer (µg/
Participants
mL) before
(number)
exposure
62 (55-67) 12 mnth pravastatin
3941
0.172 (0.112(40mg)
0.269)
63 (56-68)
3922
placebo
0.173 (0.1120.276)
a)atorvastatin 69
0.115 (0.08659.7 (7.6) 30 wk
(10mg)
0.160)
60.3 (7.8)
66
0.137(0.104b)atorvastatin
0.186)
58.6 (7.5)
(40-80mg)
61
0.123 (0.1010.151)
placebo

Information about
Age
use of co-medication (years)

ELISA (DadeBehring, Marburg,
Germany)

LPIA
(Architect
c8000, Abbott
Diagnostics)

D-dimer assay

Primary
ELISA (not
hypercholesterolemia otherwise
specified)
HIV-1 infected
ELISA (Medical
Systems, Genova,
Italy)

The
Type 2 diabetes
Netherlands mellitus

Van de Ree,
2003

acute coronary
syndrome

Australia

Population

Tonkin, 2015

Location

Table 1: Continued

No effect

Significant
reduction

No effect

Significant double-blind RCT
reduction
in both
atorvastatin
groups

Significant double-blind RCT
reduction

Conclusion Details

0.490 (total range Significant
0.160-1.470)
reduction

0.51 (0.39)

0.275 (0.1490.381)

0.197 (0.085)

Baseline
+1.9%

baseline
-8.5%

0.178 (0.1150.284)
Baseline
-7.4%

D-dimer
(µg/mL) after
exposure
0.166 (0.1080.263)
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hypercholesterolemia LPIA (Diagnostica Antihypertensive
Stago, France)
medication, hormone
replacement
hyperlipidemia
LPIA (Diagnostica Stago, France)
dyslipidemia and
ELISA
Antihypertensive
history of angina
in plasma
medication, warfarin,
pectoris
and serum
ASA, nitrates
(Asserachrom
D-di; Stago
Diagnostica,
Asniere, France)
hypercholesterolemia ELISA
Exclusion of ASA
users
(Asserachrom;
Diagnostica Stago)
hypercholesterolemia Frelisa D-dimer
(Agen, Brisbane,
Australia)
c-ART
HIV-1–infected
ELISA
receiving cART
(Asserachrom
DDi)

Taiwan

Taiwan

Norway

Italy

Japan

France

Lin, 2006

Seljeflot, 2002

Trifiletti, 2003

Wada, 1992

Weiss, 2016

Exclusion of
hypolipemic,
anticoagulant,
antiinflammatory
or antihypertensive
medication users

0.385(0.2210.541)

0.384(0.2180.657)

48

43

55.2 (14.6) > 3 mnth pravastatin
(10mg)
rosuvastatin
(20 mg)

47 (41-54) 12 wk

32

6 mnth

0.194 (0.1470.279)

0.11 (0.06)

Baseline +3.7%
(-18.2 to +23.3)

0.056 (0.039)

0.229 (0.042)

0.416 (0.2690.749)

0.493 (0.2960.767)

atorvastatin
(20mg)

55 (3)

Not
reported

0.248 (0.055)

0.29 (0.14)

0.33 (0.17)

0.28 (0.19)

0.33(0.23)

simvastatin
22
(20mg-40mg)
12 mnth a)atorvastatin 28
(20-40mg)
30
b)simvastatin
(20-40mg)

0.35(0.34)

0.38 (0.31)

Pooled data
fluvastatin
(40mg)

c)simvastatin 75
(40mg)

0.33(0.17)

0.29(0.16)

D-dimer
(µg/mL) after
exposure
0.35 (0.34)

23

8 wk

3 mnth

D-dimer (µg/
Participants
mL) before
(number)
exposure
a)atorvastatin 24
0.42 (0.53)
(10mg)
24
0.29 (0.15)
b)pravastatin
(40mg)
27
0.35 (0.25)

Time of Regimen
exposure (daily dose)

58.5 (9.7) 16 wk

59.8 (7.1)

55 (8)

52 (9)

55 (9)

Information about
Age
use of co-medication (years)

Lin, 2000

D-dimer assay

hypercholesterolemia ELISA
(Diagnostica
Stago, Asnières,
France)

Population

Joukhadar, 2001 Austria

Location

Table 1: Continued
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No effect

Significant
reduction

No effect

No effect

No effect
Both serum and
plasma D-dimers
reported.
In this review plasma
D-dimer (mostly
used assay) reported

Significant Exclusion of familial
reduction hypercholesterolemia

No effect

Conclusion Details
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USA

Germany

Vidula, 2010

Walter, 2010
Antihypertensive
medication, oral
antihyperglycaemic
drugs,
ASA, clopidogrel

ASA,
antihypertensive
medication , oral
anticoagulants
-

62.4 (9.0)

60.6 (10.4) -

72.1 (7.9)
73.0 (8.9)

58 (11)

-

Nonusers

54

54

337

Nonusers

Atorvastatin
(10-40mg)

242

401

644

5786

1001

0.454 (0.182)

0.466 (0.173)

0.97 (1.4)

1.1 (1.4)

0.731 (1.2)

0.487 (0.434)

Not reported

D-dimer (µg/
Participants
mL) before
(number)
exposure

Statin users

Nonusers

Statin users

Nonusers

61.5 (10.3)

60 (12)

Statin users

Time of Regimen
exposure (daily dose)

65.9 (8.7) -

Information about
Age
use of co-medication (years)

LPIA(Liatest
D-DI; Diagnostica
Stago, Parsippany,
NJ)

D-dimer assay

ELISA (American
Diagnostica,
Greenwich, CT,
USA)
peripheral artery
ELISA
disease
(Asserachrom
D-Di kit;
Diagnostica
Stago, Asnièressur-Seine, France)
undergoing elective
ELISA
coronary angiography (Asserachrom
D-Di, Stago,
Asnières, France)

Caucasian,
African-American,
Hispanic and Chinese,
free of
cardiovascular
diseases or active
cancer
≥2 months post
myocardial infarction

Population

-

-

-

0.23

0.21

D-dimer
(µg/mL) after
exposure

No effect

No effect

Significant
reduction

Matching based on
cholesterol levels

Significant adjustment for age,
reduction sex, education,
individual income,
and cardiovascular
risk factors

Conclusion Details

Data are reported as means (SD) or medians (75th percentile to 25th percentile) unless stated otherwise
^original data on effects on D-dimers received and reported
Used abbreviations: NA: not available; mg: miligram; d: days; wk: weeks; mnth: months; ELISA: Enzyme-Linked Immuno Sorbent Assay; LPIA: latex-enhanced photometric immunoassays; ASA:
acetylsalicylic acid; RCT: randomized controlled trial

USA

Kaba, 2004

Cross-sectional studies
Adams, 2013
USA

Location

Table 1: Continued

Effect of statins on D-dimer
Figure 2: Graphical display for QUADAS-2 results of the 22 studies included

Table 2: Tabular presentation of QUADAS-2 results
INDEX FLOW AND
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RISK OF BIAS
PATIENT
SELECTION

Controlled trials
Chang, 2002

Eckhard, 2014 
Kinlay, 2009

Nixon, 2016

Sommeijer, 2004 
Tonkin, 2015

Van de Ree, 2003 
Cohort studies
Bolaman, 2006 
Calza, 2017


Costejon, 2017 
Hölschermann, 
2000
Joukhadar, 2001 
Lin, 2000

Lin, 2006

Seljeflot, 2002

Trifiletti, 2003 
Wada, 1992

Weiss, 2016

Crosssectional studies
Adams, 2013

Kaba, 2004

Vidula, 2010

Walter, 2010

Low Risk		

High Risk

? Unclear Risk
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Effect sizes were expressed as as standardized mean difference (SMD) with its corresponding 95% confidence intervals (CI) using Cohen’s d as the summary statistic. A randomeffect model was used for performance of the meta-analysis.

Figure 3: Forest plot for the effect of statin therapy on plasma D-dimer concentrations.
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Figure 4: Leave-one-out sensitivity analysis of the effect of statin therapy on D-dimer
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Effect sizes were expressed as as standardized mean difference (SMD) with its corresponding 95% confidence intervals (CI) using Cohen’s d as the summary statistic. A randomeffect model was used for performance of the meta-analysis.

Figure 5: Forest plot of the effect of statin therapy on D-dimer with treatment durations of <12 weeks (above) and >12 weeks (below).

Chapter 3.1

72

23-06-20 11:47

BNW_Suzanne_DEF2.indd 73

Effect sizes were expressed as as standardized mean difference (SMD) with its corresponding 95% confidence intervals (CI) using Cohen’s d as the summary statistic. A randomeffect model was used for performance of the meta-analysis.

Figure 6: Forest plot for the post-hoc analysis on the effect of type of statin therapy on plasma D-dimer concentrations with lipophilic statins above and
hydrophilic statins below.
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Publication bias
A visual inspection of the funnel plot showed asymmetry, suggesting potential
publication bias. Using the ‘trim and fill’ method with five potentially missing studies
imputed, the effect size was estimated to an adjusted SMD with a larger effect (-0.224,
95% CI -0.295; -0.153) than the unadjusted SMD (Figure 7). Begg’s rank correlation
(Kendall’s Tau with continuity correction = -0.160, Z = 1.167, two-tailed p = 0.243)
and Egger test (intercept -0.611, 95% CI -1.447; 0.226, two tailed p =0.145) were both
nonsignificant. Following the “fail-safe N” method, we would need to retrieve and
impute 422 missing studies in the meta-analysis to make the p-value nonsignificant.

Standard Error

Figure 7: Funnel plot representing publication bias within literature analysed with Duval and
Tweedie’s Trim and Fill method about the effect of statin therapy on D-dimer levels.

Std diff in means

Observed studies are shown as open circles, imputed studies are shown as filled circles.

Discussion
In this meta-analysis, for which we included randomized controlled trials, cohort and
cross-sectional studies conducted in humans, we found that statin treatment is associated
with lower D-dimer levels. This effect is small but robust and not driven by any single
study. Results from post-hoc subanalyses on treatment duration and type of statin
therapy were not different from this overall effect.
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Effect of statins on D-dimer
Our findings are important in further understanding the pleiotropic antithrombotic
effects of statins. Statins have been shown to significantly lower the risk of primary
VTE and therefore might have a role in the prevention of VTEs.7,48 Several mechanisms
have been described to explain these antithrombotic properties. Statins inhibit platelet
activation within hours after intake by upregulation of the nitric oxide synthase and
downregulation of phospholipase A2–mediated thromboxane A2 formation and
probably also by reduced exposure of platelet-derived microparticles and glycoprotein
IIIa, a receptor for fibrinogen and von Willebrand factor.49-51 Also important, statins
interfere directly with the clotting system. In vitro, two lipophilic types of statins
decreased tissue factor activity in a dose-dependent manner.52 As a result, a smaller
amount of factor X is activated and generation of thrombin is diminished.8,53,54 Other
ways through which statins interfere with the clotting system are inhibition of isoprenoid
intermediates, which indirectly activates the protein C pathway and lowering of the
oxidized LDL-induced tissue factor expression. Inhibition of geranylgeranylation of the
Rho/Rho kinase pathway is one of the key mechanisms of these anticoagulant effects.8,55
By inhibition of this pathway, resulting in a shift in the fibrinolytic balance towards
increased fibrinolytic activity is suggested by inhibition of the expression of plasminogen
activator inhibitor-1 and upregulation of tissue-type plasminogen activator.56,57

3.1

These mechanisms might consequently result in lower D-dimer levels in statin users.
This decrease of D-dimer levels may theoretically be stronger for lipophilic than for
hydrophilic type of statin users. Lipophilic type of statins can enter cells in any organ and
also penetrate cell membranes. In contrast, cellular uptake of hydrophilic type of statins
is dependent on the presence of a specific carrier-mediated mechanism, which is only
present in hepatocytes but not in extrahepatic cells.58 Furthermore, tissue factor activity
could in vitro only be decreased by lipophilic type of statins and not by pravastatin, a
hydrophilic type of statin.52 Clinical relevant difference of pleiotropic effects in general
between lipophilic and hydrophilic type of statins is however controversial.9 In our
subanalyses on type of statin therapy, for both lipophilic and hydrophilic type of statin
users D-dimer levels were significantly lower. This effect was not significantly different
among these groups. Probably the clinical anticoagulant effect in vivo is independent
on the mechanism of uptake.
The question of a possible dose-effect of statins in lowering D-dimer levels is also
relevant, yet hard to answer because of difference in statin types and dosages that
were applied in the included studies. Still, we applied a posthoc analysis, utilizing the
previously developed concept of a ‘statin correction factor’, while adjusting for differences
in the potency of statin type/dosage on LDL-lowering.59 Following this concept, we
75
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Chapter 3.1
visually inspected the relation of the SMD in D-dimer levels against the statin correction
factor, and found no clear dose-effect relation (Figure 8). An explanation for this lack
of dose-effect on D-dimer levels could be that other mechanisms are involved in the
anticoagulant effect of statins compared to the cholesterol dependent effects. The doseeffect relation of statins on D-dimers levels might therefore be independent of the
potency of lowering LDL-cholesterol levels.

Standardized mean difference

Figure 8: Dose-effect relation of statins in lowering D-dimer levels

Data of studies in which type of statin and dose was reported were plotted and labeled by a number:
1.Bolaman et al., 2006; 2.Calza et al., 2017; 3.Chang et al., 2002; 4.Costejon et al., 2014; 5.Eckhard et al., 2014;
6.Hölschermann et al., 2000; 7.Joukhadar et al., 2001a; 8.Joukhadar et al., 2001b; 9.Joukhadar et al., 2001c;
10.Kinlay et al., 2009; 11.Lin et al., 2000; 12.Lin et al., 2006;13.Nixon et al., 2016a; 14.Nixon et al., 2016b;
15.Seljeflot et al., 2002a; 16.Seljeflot et al., 2002b; 17.Sommeijer et al., 2004; 18.Tonkin et al., 2015; 19.Trifletti
et al., 2003; 20.van de Ree et al., 2003a; 21.van de Ree et al., 2003b; 22.Wada et al., 1992; 23.Walter et al., 2010;
24.Weiss et al., 2016

Considering lower D-dimer levels in statin users, the performance of the diagnostic
algorithms used for patients with suspected pulmonary embolism or deep vein
thrombosis could be different for statin users. In these algorithms, a normal D-dimer
level in combination with a low clinical probability of thrombosis safely excludes
VTE.60,61 Most D-dimer cut-offs in these diagnostic algorithms range between 0.5 to
1.0 µg/ml, depending on the clinical rule applied.61,62 These cut-off levels have high
sensitivity rates and therefore a false negative test in statin users is unlikely to occur.
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Effect of statins on D-dimer
In a recent retrospective post-hoc analysis, adjusting D-dimer cut-offs for statin users
did not result in a safer diagnostic strategy.63 However, further validation in a larger
prospective cohort is needed.
It is important to note that there are main differences between our methodology and
the systematic review and meta-analysis by Sahebkar et al.12 First, in both studies effect
sizes are expressed as standardized mean difference (SMD) using Cohen’s d. However,
Cohen’s d is a dimensionless quantity, calculated as the ratio of the difference between
the means of two samples and their pooled standard deviation. Thus, Cohen’s d can be
interpreted as a standardized difference.64 Cohen’s d was developed to compare effects
across studies (even) when outcome variables vary, and results could be interpreted by
referring to benchmarks with small (Cohen’s d = 0.2), medium (0.5) and large (0.8) effect
sizes.25,64 Effect sizes should also be set in clinical perspective, incorporating that small
effects could have large implications in clinical settings. In the article by Sahebkar et
al. therefore, the overall effect of statins on the plasma D-dimer levels could have been
interpreted as a large effect (d = -0.988), but not as a reduction of D-dimer levels by
0.988 µg/mL (which would be an extremely large effect). Second, in the meta-analysis by
Sahebkar et al. we found inconsistencies in data extracted from the incorporated studies
(Table 3). In seven of the nine studies differences in mean (standard deviation [SD])
D-dimer levels were reported incorrectly in Table 1 of their meta-analysis.12 For example,
in both studies of Sommeijer et al. and Walter et al., D-dimer values after treatment were
reported as D-dimer changes.26,31 Third, in our meta-analysis we explained essential
assumptions with respect to the interpretation of the original data. In the meta-analysis
by Sahebkar et al. on the other side, it remains unclear how exactly means or SDs were
estimated if not reported in the study manuscripts. Because of concerns on the validity
of the reported D-dimer results, due to inconsistent calculation of D-dimer changes,
results of sensitivity analyses and unstandardized D-dimer measurement, one could
argue about inclusion of the studies of Dangas et al., Min et al. and Undas et al..65-67 In
our meta-analysis we excluded these three studies.

3.1
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Probable explanation of discrepencies

Treatment arm
1: values from Sahebkar et al. 2: our verified values
number of participants^
D-dimer levels (µg/mL) at baseline
mean
SD
D-dimer levels ( µg/mL) after treatment
mean
SD
difference in D-dimer levels (µg/mL)
mean
SD
Our assumptions

Study

1.09
0.97

0.99
0.83

Number of participants
changed due to loss to
follow-up

-0.06 -0.06 -0.03 -0.03
0.87
0.87 0.99 0.99
SD of mean difference
calculated*

1.12
1.01

control
1
2
31
30

1.05
0.90

simvastatin
1
2
31
28

Chang et al.

0.33
0.03

0.365
0.033

placebo
1
2
36 36

0.05 -0.05 0.03 -0.04
0.3
0.05 0.13 0.03
Mean difference and
SD of mean difference
adopted from table
(minus and plus signs
were switched, because
D-dimer levels were lower
in the pravastatin group)
SD of mean difference
calculated*, SD reported
in table not adopted

0.34
0.05

0.38
0.05

pravastatin
1
2
26
26

Dangas et al.

0.22
0.15

0.18
0.15

Number of participants
changed due to loss to followup; percentage change is
reported as mean difference;
SD calculated using percentage
change values in formula³

0.07 0.01 0.22 0.04
13.13 0.15 13.73 0.15
Medians are interpreted as
mean values; SD calculated¹;
Medians after treatment
calculated²; SD after treatment
is equal to baseline SD

0.20
0.15

0.19
0.15

rosuvastatin placebo
1
2
1
2
72
67
75
69

Eckard et al.

Table 3: Tabular comparison of values imputed for meta-analysis by Sahebkar et al. and our extracted values
Kinlay et al.

Total number of participants
changed due to loss to followup; values are not recalculated
from ng/mL to µg/mL; SD
calculated using formula³

10.80 0.01 24.40 0.02
39.70 0.18 38.85 0.17
Proportion of participants
in atorvastatin and placebo
are equal (n=193 vs n=194).
Medians are interpreted as
mean values; SD calculated¹

atorvastatin placebo
1
2
1
2
197 n/387 198 n/387

Min et al.

0.4
0.1

0.5
0.1

Mean difference
in placebo group
incorrectly subtracted

-0.4
-0.4 0.3 -0.1
0.1
0.1
0.1 0.1
SD of mean difference
calculated*

0.2
0.1

0.6
0.1

atorvastatin placebo
1
2
1
2
43
43
46 46
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0.1⁴

0.04
Because of cross-sectional
design, delta mean change
and estimated delta mean
change SD¹ as reported
used
Values after treatment
reported as difference; SD
calculated³

SD

Our assumptions

Probable explanation of discrepencies

0.59

0.59

No discrepancies

D-dmax interpreted
as D-dimer values;
SD of mean difference
calculated*

0.47 0.47

0.18

0.17

Results of atorvastatin 10mg and atorvastatin 80mg
are not reported separately; SD of mean difference
calculated using baseline values in formula³

0.18

0.45

0.18

0.00

0.45
0.18

Walter et al.
control
1
2
54
54

Baseline mean values in atorvastatin
group are equal to values after
treatment in control group; SD in
atorvastatin group is the same before
and after treatment; values in control
group do not change during follow-up
Values after treatment reported as
mean difference; study interpreted as
randomized double-blind parallelgroup trial

0.01

0.47

not
-0.01
0.002 0.002
reported
0.01
0.05
not
0.06
0.01 0.04
reported
Medians are interpreted as mean values; SD
calculated¹; Medians after treatment calculated²;
SD after treatment is equal to baseline SD
-0.01

0.47
0.17

0.13
0.06

0.11
0.05

0.12
0.04

atorvastatin
1
2
54
54

0.13
0.04

-0.67 -0.67 -0.04 -0.04 -0.01

4.21
0.60

3.54
0.38

0.14
0.06

0.12
0.05

Van de Ree et al.
atorvastatin 10mg atorvastatin 80mg placebo
1
2
1
2
1
2
69
69
66
66
61
61

Abbreviations: Standard deviation (SD), Interquartile range (IQR)
Values in ‘italic’ are deviating from our verified values
Mean differences were calculated using the following formula, unless stated otherwise: (measure at end of follow-up in the treatment group – measure at baseline in the treatment group) AND
(measure at end of follow-up in the control group – measure at baseline in the control group)
^Number of participants are based on included participants for analysis of D-dimer levels on baseline and after treatment
*SD of mean difference was calculated using the following formula: SD = square root [(SDpre-treatment)2 + (SDpost-treatment)2 - (2R × SDpre-treatment × SDpost-treatment)], assuming a
correlation coefficient (R) = 0.5
¹SD calculated using the following formula: (75% IQR - 25% IQR )/1.35, assuming that the IQR comprises of 1,35 SD approximately
²Median D-dimer levels after treatment calculated using following formula: baseline median *(1+ (percentage change/100))
³SD calculated using the following formula: (upper range - lower range)/6, incorrectly assuming that the range comprises of 6 SD approximately
⁴ delta mean change and SD of delta mean change

0.03

0.26

-0.02⁴

0.27

4.25
0.57

4.21
0.53

Sommeijer et al.
Undas et al.
pravastatin
control simvastatin control
1
2
1
2 1
2
1
2
50
50
50 50 28
28
28
28

Study
Treatment arm
1: values from Sahebkar et al. 2: our verified values
number of participants^
D-dimer levels (µg/mL) at baseline
mean
SD
D-dimer levels ( µg/mL) after treatment
mean
SD
difference in D-dimer levels (µg/mL)
mean

Table 3: Continued
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Chapter 3.1
The results of our meta-analysis should of course also be interpreted with caution.
In this meta-analysis we did not only include randomized controlled trials, but also
cohort and crosssectional studies. In the two latter types of studies, we scored the risk
of bias to be high and heterogeneity between-individual studies will be higher. The
meta-analysis was not limited to randomized controlled trials only, because we would
then have ignored a large number of observational evidence.68 It is however important
to note that within the group of cross-sectional studies there are some differences in the
retrieved data. The study of Adams adjusted results of D-dimer levels in statin users and
nonusers for the following potential confounding factors: age, sex, education, individual
income, race, smoking status, current alcohol use, body mass index, diabetes status,
hypertension, use of acetylsalicylic acid and hormone therapy use among women.46 On
the other hand, Walter et al. matched users of atorvastatin with controls according to
their total cholesterol levels and Kaba et al. and Vidula et al. did not adjust D-dimer levels
for any confounding factors.28,31,35 However, age and sex, two of the most influencing
confounding factors, were not significantly different among statin users and nonusers in
these studies. Also, duration of statin treatment was not assessed in these cross-sectional
data. The described between-study heterogeneity is unlikely to have had a large impact
on the results of our meta-analysis. In the subanalyses of the 6 controlled trials with low
risk of patient selection and the 16 studies with low risk of limited patient applicability,
change in D-dimer levels was not significantly different from the overall effect with all
studies included. Also, a separate subanalysis only including the controlled trials did
not differ from these results and resulted in lower D-dimer values after statin treatment.
Moreover, the post-hoc analyses on treatment duration and statin type did not show a
difference. Another concern might be that the included studies were heterogeneous in
the characteristics of study participants. Studies were performed in patients with proven
cardiovascular disease, HIV infection, type 2 diabetes mellitus, lupus, COPD and in
heart transplant patients. All these conditions could have influenced D-dimer levels.
By running our meta-analysis with a random-effects model we assumed the studies to
be heterogeneous and our sensitivity analysis was robust. Furthermore, we could not
fully exclude that publication bias has had an effect on the results of the meta-analysis.
The adjusted effect size using the trim and fill method though was even larger than what
we had observed, indicating that the effect size of reduction of D-dimer levels in statin
users is more likely to be an underestimation rather than non-significant. Also Begg’s
rank correlation and Egger test were nonsignificant, indicating no publication bias and
many missing studies (n=422) would be needed and imputed in our meta-analysis to
come to a nonsignificant effect.
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In conclusion, in this meta-analysis use of statins was associated with a reduction
of D-dimer levels, independent of treatment duration and type of statin used. This
antithrombotic effect is part of the “pleiotropic” effects of statins, and contributes to
the benefits of statins on cardiovascular outcomes. The reduction of D-dimer levels in
statin users may affect the performance of diagnostic algorithms on suspected VTE in
this specific patient group, and prospective studies investigating the impact of statin use
on these diagnostic algorithms are recommended.
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Abstract
Aims: D-dimer is a product of fibrinolysis. In clinical practice, D-dimer levels are
commonly used to rule out venous thromboembolism. Antiplatelet drugs may influence
D-dimer levels, potentially affecting the accuracy of this diagnostic tool. To evaluate the
effect of antiplatelet drugs on D-dimer levels, we performed a systematic review and
meta-analysis of all published articles on this topic (PROSPERO registration number
CRD42017058932).
Methods and Results: We electronically searched EMBASE, Medline Epub, Cochrane,
Web of Science and Google Scholar (100 top relevance) (last search on 5 October, 2017).
We included randomized controlled trials, cohort studies and cross-sectional studies
conducted in humans, with a drug exposure time of at least 7 days. Two reviewers
independently selected eligible articles and extracted the data. Five controlled trials,
7 cohort studies and 5 cross-sectional studies were finally included. Meta-analysis
involving all 1117 participants showed no change in dimer levels (standardized mean
difference: -0.015, 95% confidence interval, -0.182; 0.151, p= 0.855).
Conclusions: In conclusion, antiplatelet drugs do not seem to influence D-dimer levels.
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Introduction
D-dimer is a fragment of cross-linked fibrin. Fibrin is generated by cleavage of fibrinogen
by thrombin. Fibrin fibers then aggregate to form a clot or “thrombus”. To provide
further stability, fibrin becomes cross-linked through the action of factor XIIIa.1
Classically, thrombi are classified as white or red based on their composition. White
thrombi are platelet-rich and develop in area of high shear stress, mainly the arteries.
By contrast, red thrombi form in low-pressure systems, such as the venous system, and
are made of fibrin and erythrocytes.2
The fibrin clot is then lysed by plasmin, and soluble fibrin degradation products, including
D-dimers, are released.1 The delicate balance between these processes, coagulation and
fibrinolysis, is essential to achieve adequate hemostasis.
In case of a thromboembolic event, the D-dimer level reflects fibrin turn over. In clinical
practice, D-dimer measurement is commonly used in the initial evaluation of suspected
deep vein thrombosis and/or pulmonary embolism. In the appropriate setting, D-dimer
concentration below a certain cut-off level can safely rule out the diagnosis of venous
thromboembolism (VTE).3, 4

3.2

Antiplatelet drugs inhibit platelet function through different pathways. Beside their
antithrombotic effect, they also have anti-inflammatory properties.5 Furthermore,
aspirin has been shown to impair thrombin generation, possibly by acetylation of
prothrombin.6 In addition, there is evidence that use of aspirin is associated with a
reduction in postoperative VTE risk.7
Based on these observations, antiplatelet therapy could reduce D-dimer levels, and this
effect may compromise the accuracy of diagnostic algorithms for VTE. Actually, the
presence and amplitude of this effect remains unclear. Therefore, we systematically
reviewed all published articles on this topic and conducted a meta-analysis.

Methods
Protocol
Our study was registered on the 10 March, 2017 in the PROSPERO International
prospective register of systematic reviews (registration number CRD42017058932). It has
been designed according to the 2009 Preferred Reporting Items for Systematic Reviews
and Meta-Analysis (PRISMA) statement. 8
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Search strategy
Together with a biomedical information specialist, we searched several databases:
EMBASE (Ovid SP), MEDLINE Epub (Ovid SP), Cochrane Central Register of
Controlled Trials (CENTRAL), Web of Science ,and Google Scholar (100 top relevance).
The last search was performed on the 5 October, 2017. In summary, the following search
terms were used: D-dimer OR D-dimers AND antiplatelet OR antiplatelets OR platelet
aggregation inhibitors OR platelet antagonist, in combination with individual drug
names. To improve our search, we added the wild card term “*” and the accessory MeSH
terms. A full list of search terms is reported in Methods S2, page 109.
Selection process and data extraction
Two reviewers (FM and SS-G) independently selected eligible articles, based on titles
and abstracts. In case of disagreement, discussion followed until consensus was reached.
Thereafter, a further selection was performed, based on reading and discussion of full
text. In case of disagreement, a third author (TvG) was consulted for final decision. The
whole selection process is shown in Figure 1.8
We included controlled trials, cohort studies and crosssectional studies conducted in
humans, in which D-dimer levels were reported in users and nonusers of antiplatelet
drugs, in order to compare these 2 groups. When drug exposure time was reported, a
treatment period of at least 7 days was required. This arbitrary period was chosen to
avoid including studies in which the anti-platelet drug was not yet in steady-state, for
both the pharmacokinetic and the pharmacodynamic effect.
Only full-text articles written in English were included. Studies conducted in patients
on anticoagulant drugs were excluded.9 Also, we excluded studies in which any
cardiovascular event (ie, stroke) or intervention (ie, coronary angioplasty) occurred
within 2 months from D-dimer measurement.
The first reviewer (FM) extracted the following data: first author’s name, year of
publication, study design, country, D-dimer assay, use of comedication (when reported),
number of participants, time of exposure, antiplatelet regimen, D-dimer levels (on
antiplatelet therapy and without it) and D-dimer variation. In one case, D-dimer
measurements were not reported and were extracted from a graph. D-dimer levels were
then converted to µg/mL. All results were doublechecked and confirmed by the second
reviewer (SS-G).
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2.4 Risk of bias assessment
Each study was then evaluated according to the Quality Assessment of Diagnostic
Accuracy Studies-2 (QUADAS-2),10 to assess risk of bias and conflicts of interest. We
partially modified the original form ad hoc, by selecting the appropriate items and
omitting irrelevant questions. The revised tool is described in detail in Methods S3,
page 112. The reviewers (SS-G and FM) independently applied the modified QUADASFrom: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The
Statement.each
PLoS Med
6(7): e1000097.to
doi:10.1371/journal.pmed1000097
2 score to all studies andPRISMA
discussed
evaluation
reach consensus. Furthermore,
For	
  mof
ore	
  the
information,	
  
visit	
  w
ww.prisma-‐statement.org.
we visualized the distribution
studies
within
a funnel plot, to detect potential
publication bias. Therefore, we used the “trim and fill” adjustment method,11 Egger test12
and Begg’s rank correlation.13
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2.6 Quantative data-synthesis
The meta-analysis was conducted using Comprehensive Meta-analysis (version 3;
Biostat).
When median and interquartile range (IQR) were reported, we estimated the average SD
using the following formula: SD = [(IQR75-IQR25)/1.35]. In case of reporting median
and full range, we estimated the average SD using the following formula: SD = [(IQR75IQR25)/2.58]. Standard error of mean (SEM) was converted to SD by the formula SEM
x √n. If 95% confidence interval (CI) was reported, we calculated the SD by estimating
the SE as follows: [(95% CI upper limit – 95%CI lower limit) / (2x1.96)].14
For controlled trials, D-dimer change was calculated as follows: [(value at end of followup in the treatment group – value at baseline in the treatment group) – (value at end
of follow-up in the control group – value at baseline in the control group)]. If mean
fold change was reported, we estimated mean D-dimer after treatment by multiplying
mean D-dimer before treatment with 1+ percentage change, and assumed that SD before
treatment was equal to SD after treatment. For cohort studies, we calculated D-dimer
variation by (value at end of follow-up in the treatment group – value at baseline in the
treatment group), assuming that in a fictional control group D-dimer would not change
during follow-up. For cross-sectional studies, we measured D-dimer difference by (value
in antiplatelet users – value in nonusers).
Effect sizes were calculated using the dimensionless Cohen’s d as the summary statistic,15, 16
and expressed as standardized mean difference (SMD) with its corresponding 95%
confidence intervals (CI).
We evaluated the influence of each study on the overall effect size by removing one
study each time and repeating the analysis, a so-called leave-one-out method sensitivity
analysis.17
Post-hoc subanalyses were performed to assess the potential effects of study design and
underlying conditions (cardiovascular diseases, atrial fibrillation, chronic hemodialysis
and HIV infection).
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Results
Study selection
Based on title and abstract, we initially screened 1000 articles. Of these, 71 studies
were assessed for eligibility by reading full text. After this evaluation, 17 studies were
selected for review and meta-analysis (Figure 1). Reasons for exclusion were: no D-dimer
values available at baseline or during follow-up (n=24), not written in English (n=11),
event or intervention within 2 months from measurement (n=8), no original research
article (n=6), drug exposure < 7 days (n=3), antiplatelet agent for parental use (n=1),
nonstandardized D-dimer measurement (n=1).
These 17 studies consisted of 5 controlled trials,18, 19, 20, 21, 22 7 cohort studies23, 24, 25, 26, 27, 28, 29
and 5 crosssectional studies30, 31, 32, 33, 34 (Table 1), for a total of 1117 participants. This
heterogeneous group included subjects affected by cardiovascular diseases (8 studies)
and atrial fibrillation (4 studies), patients on dialysis (2 studies), healthy volunteers (2
studies) and HIV infected patients (1 study).
3.2 Meta-analysis and evaluation of bias
Meta-analysis involving all 1117 participants showed no reduction of D-dimer levels in
patients on antiplatelet treatment, compared to controls (SMD: -0.015, 95% CI -0.182;
0.151, p= 0.855, Figure 2). The estimated effect sizes were similar in sensitivity analyses
that omitted any single study (Figure 3). This effect did not change among the different
study designs and underlying conditions (p=0.900 and p=0.584 respectively).

3.2

According to the QUADAS-2 score the risk of bias for most studies was high, as well as
the rate of reported or potential conflicts of interest, as shown in Figure 4a,4b.
A visual inspection of the funnel plot showed asymmetry, suggesting potential publication
bias. Using the “trim and fill” method by Duval and Tweedie, with 8 potentially missing
studies imputed, the effect size was estimated to an adjusted SMD with still a nonsignificant effect (0.143, 95% CI -0.014; p= 0.300) (Figure 5). Egger regression test
(intercept -3.246, 95% CI -6.408; -0.084, two tailed p = 0.045) was significant. However,
Begg’s rank correlation (Kendall’s Tau with continuity correction = -0.124, Z = 0.785,
twotailed p = 0.432) was nonsignificant.
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peritoneal
dialysis

HIV

Kim KM, Kim Korea
HW,
2009

US

Greece

O’Brien, 2016

Trellopoulos,
2014

Age
(years)*

ELISA
assera-chrom
D-Di, Diagnostica Stago

ELISA asserachrom D-Di,
Diagno-stica
Stago

ELISA Vidas
D-Dimer
Biomerieux

12 w

unknown

72.6

8w

8w

7d

Exposure

49

54

56 ±12

ELISA
19-35
Boerhinger
(range)
Mannheim FRG

Test

exclusion: NSAID ELISA
Diagnostica
Stago

exclusion: statins

exclusion: statins

none

Co-medication

statins
elective
endovascular
aneurysm repair

peritoneal
dialysis

healthy
volunteers
(male)

Korea

Kim SB,
2002

Controlled trials
Derhaschnig, Austria
2010

Location Population

Table 1: Characteristics of the selected studies

1.01
±0.60^

38
38
36
23

12

ASA 300 mg
ASA 100 mg
Placebo
anti-platelet
(aspirin,
clopidogrel or
dual therapy)
not on antiplatelet

49

1.4
(0.16-2.63)
**

0.17 ±0.1 ^
1.1
(0-2.66)

0.16 ±0.08

1.15
±1.60^
0.16 ±0.07

41

no ASA

0.2 (0.02-0.3)**
1.07
±0.51

no beraprost

10
43

placebo
ASA 200 mg

0.2 (0.01-0.2)

0.87 ±1.12

10

ASA 425 mg

0.1 (0.05-0.2)

beraprost
45
sodium 120 μg

10

D-dimer
Participants
before exposure
(n)
(μg/ml)

NO-ASA 800
mg

Dose (daily)

1.36
(0.5-2.24)
**

1.02 (0.91-1.13) “”
1.9 (0.8-3)

0.99 (0.89-1.10)

1.18
±1.71^
1.08 (0.97-1.19)

0.62
±0.53

0.98
±0.61^

0.2 (0.04-0.3)**
0.84
±0.53

0.1 (0.06-0.2)

0.1 (0.1-0.2)

D-dimer after
exposure (μg/ml)

no effect

no effect

significant
reduction

no effect

no effect

data from
graph

RCT

RCT

Conclusion Details
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Norway

UK

Korea

UK

Russia

Eritsland,
1992

Kamath, 2002
(American
College of
Cardiology)

Kim KM,
Kim H,
2009

Lip,
1996

Panchenko,
1997

Cohort studies
Aliberti,
Italy
1997
none
(2 w wash out)

Co-medication

claudicatio
intermittens
(male)

atrial fibrillation

none (3 months
wash out)

atrial fibrillation exclusion:
NSAID,
corticosteroids,
hormone
replacement
healthy
none
volunteers

coronary artery
bypass grafting

aorto, femoral
or carotid
atherosclerosis

Location Population

Table 1: Continued

ELISA
Boehringer
Mannheim

ELISA (AGEN)

ELISA
assera-chrom
D-Di, Diagnostica Stago

ELISA
assera-chrom
D-Di, Diagnostica Stago
ELISA Technolone, Wien,
Austria

LPIA BaxterDade

Test

6w

6m

57 ±1.5

14 d

6w

9m

30 d

Exposure

71.3 ±7.3

31.9 ±4.7

71 ±8

57

69.9 ±8.9

Age
(years)*

0.28
±0.11
0.25
±0.09

30

32

20

20

ASA 300 mg

ASA 75 mg &
clopidogrel
75 mg

ASA 100 mg

sarpogrelate
300 mg

no effect

0.29
±0.13^
0.186 (0.123 –
0.437)
^^
0.834
±0.183
0.612
±0.129”

pentoxi-fylline 29
600 mg

0.62
±0.116”

0.833
±0.194

0.27
±0.14^
0.211 (0.113-0.363)
^^

0.28
±0.15

0.28
±0.15

no effect

no effect

no effect

randomized
open-label

open-label

recent
stroke or MI
excluded

Conclusion Details

1.1 (0.595-1.6)^^ 0.835 (0.538-1.9)^^ no effect

beraprost
20
sodium 120 μg
ASA 300 mg
26

indobufen 400 29
mg

0.51 ± 0.71^

D-dimer after
exposure (μg/ml)

0.315 (0.09-2.35) 0.273 (0.12-1.4)^^^ no effect
^^^

28

0.53 ± 0.09^

D-dimer
Participants
before exposure
(n)
(μg/ml)

picotamide
900 mg

Dose (daily)
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Korea

Germany peripheral
arterial disease

Reininger,
1996

coronary artery
disease

US

Greilich,
1994

ELISA Sekisui
Diagnostics

ELISA Technoclone

anti-hypertensive ELISA
drugs
Diagnostica
Stago

anti-hypertensive not reported
drugs

abdominal
statins, antiaortic aneurysm hypertensive
drugs

atrial fibrillation exclusion:
NSAID,
corticosteroids,
hormone
replacement

UK

Test

LPIA STALiatest D-DI
statins
reagent
anti-hypertensive (Diagno-stica
drugs
Stago)

Co-medication

atrial fibrillation all on ASA

Bailey, 2015

Cross-sectional study
Kamath,
UK
2002
(European
Heart Journal)

Park,
2017

Location Population

Table 1: Continued

59.5

not
reported

71.6 ±7.3

70.1 ±7

70 ±10

72 ±8

63.5 ±9

Age
(years)*

unknown

unknown

≥ 30 d

unknown

30 d

Exposure

10
4
40
52

no ASA
ASA (dose?)
no ASA

50

46

93

60

20

-

-

-

-

0.722
±0.1108^

D-dimer
Participants
before exposure
(n)
(μg/ml)

ASA (dose?)

not on ASA

no antithrombotic
therapy
ASA 75 mg

ASA
(75-325 mg)

clopidogrel
75 mg

Dose (daily)

no effect

no effect

0.942 0.152”

1.638 ± 0.581^
1.006 0.183

0.351 (0.177-0.681)
^^
1.076 ± 0.196

no effect

no effect

add-on
therapy

Conclusion Details

0.357 (0.209-0.629) no effect

1 (0.64-1.7)^^

1.665 (0.8550.5137)

0.7255
±0.1203
^

D-dimer after
exposure (μg/ml)

BNW_Suzanne_DEF2.indd 97

Japan

after stroke

Test

anti-hypertensive ELISA Dimer
drugs
Test EIA Agen
Ltd

Co-medication

63 ±11

Age
(years)*
>6 m

Exposure

78

42
33

aspirin 40 mg
no antiplatelet

-

D-dimer
Participants
before exposure
(n)
(μg/ml)

ticlopidine
200 mg

Dose (daily)

0.136± 0.11^

0.108± 0.054

0.116± 0.076

D-dimer after
exposure (μg/ml)

no effect

Conclusion Details

* mean (±SD, when reported)
** mean (95% CI)
^ mean ±SD
^^ median (IQR)
^^^ median (range)
“ mean ±SEM
“” geometric mean fold change
Abbreviations: d = days, w = weeks, m = months, ELISA = Enzyme-Linked Immuno Sorbent Assay, LPIA = latex-enhanced photometric immunoassays; OAC = oral anticoagulant,
ASA = acetylsalicylic acid.

Tohgi, 1993

Location Population

Table 1: Continued
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Effect sizes are expressed as standardized mean difference (SMD) with its corresponding 95% confidence intervals (CI) using Cohen’s d as the summary statistic. A randomeffect model has been used for performance of the meta-analysis.

Figure 2: Forest plot for the effect of antiplatelet therapy on plasma D-dimer level
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Figure 3: Leave-one-out sensitivity analysis of the effect of antiplatelet therapy on D-dimer level
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Figure 4a: Tabular presentation of QUADAS-2 results of the 17 studies included

Study

Controlled trials
Derhaschnig,
2010
Kim SB, 2002
Kim KM, Kim
HW, 2009
O’Brien, 2016
Trellopoulos,
2014
Cohort studies
Aliberti, 1997
Eritsland, 1992
Kamath, 2002
(JACC)
Kim KM, Kim
H, 2009
Lip, 1996
Panchenko,
1997
Park, 2017
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Effect of antiplatelet drugs on D-dimer
Figure 4b: Graphic display for QUADAS-2 results of the 17 studies included

Figure 5: Funnel plot of publication bias of the included studies, according to the “trim and fill”
method of Duval and Tweedie

3.2

Observed studies are shown as open circles, imputed studies are shown as filled circles.

Discussion
The goal of this analysis was to find out whether the D-dimer level is affected by
antiplatelet treatment. If true, this change in D-dimer level could potentially affect the
accuracy of clinical decision tools commonly used to diagnose VTE.
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To answer this question, we performed a systematic review and meta-analysis of current
literature, and finally selected 17 studies. We decided to include not only controlled trials
but also cohort and cross-sectional studies. Except for the study by Kim et al. (2009),
none of these studies showed a change in D-dimer levels in patients receiving antiplatelet
drugs. In particular, the two randomized trials by Derhaschnig et al. and O’Brien et al.,
which are considered to be of superior quality (in terms of study design and population),
confirmed this result.
Antiplatelet drugs inhibit platelet aggregation through different pathways. Low-dose
aspirin inhibits cyclooxygenase 1, leading to decreased production of thromboxane2, an
important mediator of platelet aggregation. Clopidogrel and prasugrel inhibit platelet
activation by preventing glycoprotein IIB/IIIa conformational change needed for
fibrinogen binding.35
Beside their antithrombotic effect, antiplatelet drugs also have anti-inflammatory
properties which might influence D-dimer levels as well.5 Based on these observations,
and the fact that use of aspirin is associated with a reduction in postoperative VTE risk7,
antiplatelet therapy could be expected to reduce D-dimer levels.
However, the study by Kim et al. was the only one that revealed a clear reduction of
D-dimer levels, in patients on chronic dialysis receiving beraprost sodium, a prostacyclin
analogue. Actually, there are at least three aspects we need to take into account when
evaluating this finding. First, the risk of bias is high, especially when looking at the
difference in the D-dimer level at baseline (0.87 ug/mL in the treatment group compared
with 1.15 ug/mL in controls). Second, this favorable outcome could have been influenced
by pharmaceutical industry sponsorship.36 Third, this is one of the few studies that
investigated beraprost sodium, whose mechanism of action differs from classical
antiplatelet drugs such as aspirin or clopidogrel, possibly leading to a different impact
on fibrinolysis (which, so far, has not been investigated).
All other included studies show no reduction of D-dimer levels in patients on treatment
compared with controls (Figure 2). When looking at the effect sizes of the different
studies on the forest plot, the study by Greilich et al. clearly stands out, since D-dimer
level in treated group is much higher than in controls. This could be due to the small
size of the treated group (only 4 patients).
For what concerns publication bias, the “trim and fill” adjustment method and Begg’s
rank correlation suggest that publication bias do not seem to affect the result.
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When looking at potential limitations, we chose to exclude studies in which any
cardiovascular event (ie, stroke) or intervention (ie, coronary angioplasty) occurred
within 2 months from D-dimer measurement. The reason behind our decision is that
these events can lead to an increase of D-dimer level, as an acute-phase reactant. In case
of inclusion of studies with a recent cardiovascular event or intervention, a possible effect
of antiplatelet drugs on the D-dimer level could have been misinterpreted or missed.
Furthermore, different immunoassays are used to measure D-dimer concentration. This
variation may influence the size of D-dimer change, and thus the effect of antiplatelet
drugs. However, we excluded studies in which nonstandardized D-dimer measurements
were used. In our meta-analysis D-dimer levels were determined by validated assays,
reason for which variability of laboratory tests is unlikely to influence outcome.
Beside these aspects, we also want to underline that our review and meta-analysis focuses
specifically on antiplatelet drugs. Our work does not investigate the effect of other drugs
that can also affect platelet aggregation, such as statins and dronedarone.37, 38
Recently, some of the investigators of this review performed a post-hoc analysis in the
YEARS diagnostic study39, comparing D-dimer levels among users and nonusers of
antiplatelet drugs. Once more, use of antiplatelet drugs had no significant effect.40
In conclusion, antiplatelet drugs do not seem to influence D-dimer levels. Therefore,
taken into account the limitations mentioned above, the accuracy of diagnostic
algorithms for VTE should be high also in patients exposed to these drugs.

3.2
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Methods S1. Full search strategy on the effect of statins on D-dimer
levels
Embase.com (Embase incl. Medline): 204 articles
(‘D dimer’/de OR ‘fibrin fragment d’/de OR (‘D-dimer’ OR ‘D-dimers’ OR ‘D1 dimer’ OR
‘fibrin fragment DD’ OR ‘fibrin fragment D’ OR (crosslinked NEAR/3 fibrin* NEAR/3
degradation)):ab,ti) AND (‘hydroxymethylglutaryl coenzyme A reductase inhibitor’/exp
OR (((Hydroxymethylglutaryl OR HMG) NEAR/3 (CoA OR ‘Coenzyme A’) NEAR/3
(inhibitor*)) OR atorvastatin* OR bervastatin* OR cerivastatin* OR crilvastatin* OR
dalvastatin* OR fluvastatin* OR fluindostatin* OR glenvastatin* OR lovastatin* OR
mevinolin* OR mevastatin* OR compactin* OR pitavastatin* OR pravastatin* OR
rosuvastatin* OR simvastatin* OR tenivastatin* OR Zocor* OR Lipitor* OR selektin*
OR lescol* OR statin*):ab,ti) NOT (‘Conference Abstract’/it OR ‘case report’/de)
Medline Epub (Ovid): 72 articles
((“fibrin fragment D” OR “D-dimer” OR “D-dimers” OR D1-dimer*).mp. OR (“D-dimer”
OR “D-dimers” OR “D1 dimer” OR “fibrin fragment DD” OR “fibrin fragment D” OR
(crosslinked ADJ3 fibrin* ADJ3 degradation)).ab,ti.) AND (“HydroxymethylglutarylCoA Reductase Inhibitors”.mp. OR (((Hydroxymethylglutaryl OR HMG) ADJ3 (CoA OR
“Coenzyme A”) ADJ3 (inhibitor*)) OR atorvastatin* OR bervastatin* OR cerivastatin*
OR crilvastatin* OR dalvastatin* OR fluvastatin* OR fluindostatin* OR glenvastatin*
OR lovastatin* OR mevinolin* OR mevastatin* OR compactin* OR pitavastatin* OR
pravastatin* OR rosuvastatin* OR simvastatin* OR tenivastatin* OR Zocor* OR Lipitor*
OR selektin* OR lescol* OR statin*).ab,ti.)

3.2

Cochrane Central: 28 articles
((‘D-dimer’ OR ‘D-dimers’ OR ‘D1 dimer’ OR ‘fibrin fragment DD’ OR ‘fibrin
fragment d’ OR (crosslinked NEAR/3 fibrin* NEAR/3 degradation)):ab,ti) AND
((((Hydroxymethylglutaryl OR HMG) NEAR/3 (CoA OR ‘Coenzyme A’) NEAR/3
(inhibitor*)) OR atorvastatin* OR bervastatin* OR cerivastatin* OR crilvastatin* OR
dalvastatin* OR fluvastatin* OR fluindostatin* OR glenvastatin* OR lovastatin* OR
mevinolin* OR mevastatin* OR compactin* OR pitavastatin* OR pravastatin* OR
rosuvastatin* OR simvastatin* OR tenivastatin* OR Zocor* OR Lipitor* OR selektin*
OR lescol* OR statin*):ab,ti)
Web of Science: 70 articles
TS=(((“D-dimer” OR (fibrin NEAR/1 fragment NEAR/1 (DD OR D)) OR (crosslinked
NEAR/2 fibrin* NEAR/2 degradation))) AND ((((Hydroxymethylglutaryl OR HMG)
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NEAR/4 (inhibitor*)) OR atorvastatin* OR bervastatin* OR cerivastatin* OR crilvastatin*
OR dalvastatin* OR fluvastatin* OR fluindostatin* OR glenvastatin* OR lovastatin*
OR mevinolin* OR mevastatin* OR compactin* OR pitavastatin* OR pravastatin* OR
rosuvastatin* OR simvastatin* OR tenivastatin* OR Zocor* OR Lipitor* OR selektin*
OR lescol* OR statin*))) AND DT=(Article OR Review)
Google Scholar: 100 articles (top relevant references)
“D-dimer”|”D-dimers”|”D1 dimer” statin|statins|”hydroxymethylglutaryl|HMG CoA
reductase”
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Methods S2. Full search strategy on the effect of antiplatelet drugs on
D-dimer levels
Embase.com (Embase incl. Medline): 672 articles
(‘D dimer’/de OR (‘D-dimer’ OR ‘D-dimers’ OR ‘D1 dimer’ OR ‘fibrin fragment DD’
OR (crosslinked NEAR/3 fibrin* NEAR/3 degradation)):ab,ti) AND ‘antithrombocytic
agent’/exp OR ((platelet* OR thrombocyt*) NEAR/3 (inhibitor* OR antiaggregant*
OR antagonist*)) OR (anti NEXT/1 (platelet* OR thrombocyt*)) OR antiplatelet* OR
antithrombocyt* OR ‘acetylsalylic acid’ OR ((acetyl*) NEXT/1 (salicyl*)) OR aspirin*
OR caprin* OR aspro* OR Easprin* OR ZORprin* OR aspegic* OR anagrelide* OR
ataprost* OR atopaxar* OR beraprost* OR cangrelor* OR kengreal* OR kengrexal*
OR cilostazol* OR clopidogrel* OR grepid* OR iscover* OR Plavix* OR dazoxiben*
OR dehydrocilostazol* OR dipyridam* OR dipiridam* OR dipyrol* OR Persantin* OR
elinogrel* OR abciximab OR eptifibatide* OR integrilin* OR integrelin* OR lefradafiban*
OR lotrafiban* OR orbofiban* OR roxifiban* OR sibrafiban* OR tirofiban* OR Aggrastat*
OR agrastat* OR xemilofiban* OR ifetroban* OR iloprost* OR ciloprost* OR Ventavist*
OR indobufen* OR itazigrel* OR linotroban* OR nafazotrom* OR naxaprostene* OR
octimibate* OR oxagrelate* OR pamicogrel* OR pentoxifylline* OR oxpentifylline*
OR Trental* OR picotamide* OR plafibride* OR prasugrel* OR Effient* OR Efient*
OR epoprostenol* OR cycloprostin* OR Flolan* OR prostavasin* OR Alpostadil*
OR regrelor* OR samixogrel* OR sarpogrelate* OR satigrel* OR sulfinpyrazon* OR
sulphinpyrazon* OR Anturan* OR taprostene* OR temanogrel* OR terbogrel* OR
terutroban* OR ticagrelor* OR brilique* OR possia* OR ticlopidine* OR Ticlid* OR
triflusal* OR disgren* OR thrombodipin* OR (thrombin* NEAR/3 (antagonist* OR
block*)) OR vorapaxar* OR zontivity*):ab,ti) NOT (‘Conference Abstract’/it OR ‘case
report’/de)

3.2

Medline Epub (Ovid): 233 articles
((“fibrin fragment D” OR “D-dimer” OR “D-dimers” OR D1-dimer*).mp. OR (“D-dimer”
OR “D-dimers” OR “D1 dimer” OR “fibrin fragment DD” OR “fibrin fragment D” OR
(crosslinked ADJ3 fibrin* ADJ3 degradation)).ab,ti.) AND ((platelet* OR thrombocyt*)
ADJ3 (inhibitor* OR antiaggregant* OR antagonist*)) OR (anti ADJ (platelet* OR
thrombocyt*)) OR antiplatelet* OR antithrombocyt* OR “acetylsalylic acid” OR
((acetyl*) ADJ (salicyl*)) OR aspirin* OR caprin* OR aspro* OR Easprin* OR ZORprin*
OR aspegic* OR anagrelide* OR ataprost* OR atopaxar* OR beraprost* OR cangrelor*
OR kengreal* OR kengrexal* OR cilostazol* OR clopidogrel* OR grepid* OR iscover*
OR Plavix* OR dazoxiben* OR dehydrocilostazol* OR dipyridam* OR dipiridam* OR
dipyrol* OR Persantin* OR elinogrel* OR abciximab OR eptifibatide* OR integrilin*
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OR integrelin* OR lefradafiban* OR lotrafiban* OR orbofiban* OR roxifiban* OR
sibrafiban* OR tirofiban* OR Aggrastat* OR agrastat* OR xemilofiban* OR ifetroban*
OR iloprost* OR ciloprost* OR Ventavist* OR indobufen* OR itazigrel* OR linotroban*
OR nafazotrom* OR naxaprostene* OR octimibate* OR oxagrelate* OR pamicogrel*
OR pentoxifylline* OR oxpentifylline* OR Trental* OR picotamide* OR plafibride*
OR prasugrel* OR Effient* OR Efient* OR epoprostenol* OR cycloprostin* OR Flolan*
OR prostavasin* OR Alpostadil* OR regrelor* OR samixogrel* OR sarpogrelate* OR
satigrel* OR sulfinpyrazon* OR sulphinpyrazon* OR Anturan* OR taprostene* OR
temanogrel* OR terbogrel* OR terutroban* OR ticagrelor* OR brilique* OR possia* OR
ticlopidine* OR Ticlid* OR triflusal* OR disgren* OR thrombodipin* OR (thrombin*
ADJ3 (antagonist* OR block*)) OR vorapaxar* OR zontivity*).ab,ti.)
Cochrane Central: 71 articles
((‘D-dimer’ OR ‘D-dimers’ OR ‘D1 dimer’ OR ‘fibrin fragment DD’ OR ‘fibrin fragment
d’ OR (crosslinked NEAR/3 fibrin* NEAR/3 degradation)):ab,ti) AND ((platelet* OR
thrombocyt*) NEAR/3 (inhibitor* OR antiaggregant* OR antagonist*)) OR (anti NEXT/1
(platelet* OR thrombocyt*)) OR antiplatelet* OR antithrombocyt* OR ‘acetylsalylic
acid’ OR ((acetyl*) NEXT/1 (salicyl*)) OR aspirin* OR caprin* OR aspro* OR Easprin*
OR ZORprin* OR aspegic* OR anagrelide* OR ataprost* OR atopaxar* OR beraprost*
OR cangrelor* OR kengreal* OR kengrexal* OR cilostazol* OR clopidogrel* OR grepid*
OR iscover* OR Plavix* OR dazoxiben* OR dehydrocilostazol* OR dipyridam* OR
dipiridam* OR dipyrol* OR Persantin* OR elinogrel* OR abciximab OR eptifibatide*
OR integrilin* OR integrelin* OR lefradafiban* OR lotrafiban* OR orbofiban* OR
roxifiban* OR sibrafiban* OR tirofiban* OR Aggrastat* OR agrastat* OR xemilofiban*
OR ifetroban* OR iloprost* OR ciloprost* OR Ventavist* OR indobufen* OR itazigrel*
OR linotroban* OR nafazotrom* OR naxaprostene* OR octimibate* OR oxagrelate* OR
pamicogrel* OR pentoxifylline* OR oxpentifylline* OR Trental* OR picotamide* OR
plafibride* OR prasugrel* OR Effient* OR Efient* OR epoprostenol* OR cycloprostin* OR
Flolan* OR prostavasin* OR Alpostadil* OR regrelor* OR samixogrel* OR sarpogrelate*
OR satigrel* OR sulfinpyrazon* OR sulphinpyrazon* OR Anturan* OR taprostene* OR
temanogrel* OR terbogrel* OR terutroban* OR ticagrelor* OR brilique* OR possia* OR
ticlopidine* OR Ticlid* OR triflusal* OR disgren* OR thrombodipin* OR (thrombin*
NEAR/3 (antagonist* OR block*)) OR vorapaxar* OR zontivity*):ab,ti)
Web of Science: 220 articles
TS=(((“D-dimer” OR (fibrin NEAR/1 fragment NEAR/1 (DD OR D)) OR (crosslinked
NEAR/2 fibrin* NEAR/2 degradation))) AND ((platelet* OR thrombocyt*) NEAR/2
(inhibitor* OR antiaggregant* OR antagonist*)) OR (anti NEAR/1 (platelet* OR
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thrombocyt*)) OR antiplatelet* OR antithrombocyt* OR “acetylsalylic acid” OR ((acetyl*)
NEAR/1 (salicyl*)) OR aspirin* OR caprin* OR aspro* OR Easprin* OR ZORprin* OR
aspegic* OR anagrelide* OR ataprost* OR atopaxar* OR beraprost* OR cangrelor*
OR kengreal* OR kengrexal* OR cilostazol* OR clopidogrel* OR grepid* OR iscover*
OR Plavix* OR dazoxiben* OR dehydrocilostazol* OR dipyridam* OR dipiridam* OR
dipyrol* OR Persantin* OR elinogrel* OR abciximab OR eptifibatide* OR integrilin*
OR integrelin* OR lefradafiban* OR lotrafiban* OR orbofiban* OR roxifiban* OR
sibrafiban* OR tirofiban* OR Aggrastat* OR agrastat* OR xemilofiban* OR ifetroban*
OR iloprost* OR ciloprost* OR Ventavist* OR indobufen* OR itazigrel* OR linotroban*
OR nafazotrom* OR naxaprostene* OR octimibate* OR oxagrelate* OR pamicogrel*
OR pentoxifylline* OR oxpentifylline* OR Trental* OR picotamide* OR plafibride* OR
prasugrel* OR Effient* OR Efient* OR epoprostenol* OR cycloprostin* OR Flolan* OR
prostavasin* OR Alpostadil* OR regrelor* OR samixogrel* OR sarpogrelate* OR satigrel*
OR sulfinpyrazon* OR sulphinpyrazon* OR Anturan* OR taprostene* OR temanogrel*
OR terbogrel* OR terutroban* OR ticagrelor* OR brilique* OR possia* OR ticlopidine*
OR Ticlid* OR triflusal* OR disgren* OR thrombodipin* OR (thrombin* NEAR/2
(antagonist* OR block*)) OR vorapaxar* OR zontivity*))) AND DT=(Article OR Review)

3.2

Google Scholar: 100 articles (top relevant references)
“D-dimer”|”D-dimers”|”D1 dimer”|antiplatelet|antiplatelets|”platelet aggregation
inhibitors”|”platelet antagonist”
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Methods S3. QUADAS-2 – adapted for systematic review and metaanalysis on the effect of statins and antiplatelet drugs on D-dimer
levels
Author, year study:
Phase 1: Draw a flow diagram for the primary study
Phase 2: Risk of bias and applicability judgments
DOMAIN 1: PATIENT SELECTION
A. Risk of Bias
Describe methods of patient selection:
Was a case-control design used? Yes/No/Unclear
Did the study avoid inappropriate exclusions? Yes/No/Unclear
Was the study randomized? Yes/No/Unclear
Are there important differences in baseline characteristics? Yes/No/Unclear
Did the study adjust for differences in baseline characteristics? Yes/No/Unclear
Could the selection of patients have introduced bias? RISK:LOW/HIGH/UNCLEAR
B. Concerns regarding applicability
Describe included patients (prior testing, presentation, intended use of index test and
setting):
Is there concern that the included patients do not match the review question?
CONCERN: LOW/HIGH/UNCLEAR
DOMAIN 2: INDEX TEST(S)
If more than one index test was used, please complete for each test.
A. Risk of Bias
Describe the index test and how it was conducted and interpreted:
Could the conduct or interpretation of the index test have introduced bias? RISK:
LOW /HIGH/UNCLEAR
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B. Concerns regarding applicability
Is there concern that the index test, its conduct, or interpretation differ from the
review question? CONCERN: LOW /HIGH/UNCLEAR
DOMAIN 4: FLOW AND TIMING
A. Risk of Bias
Describe any patients who did not receive the index test(s) (refer to flow diagram):
Describe the time interval and any interventions between index test(s):
Was there an appropriate interval between index test(s)? Yes/No/Unclear
Were all patients included in the analysis? Yes/No/Unclear
Could the patient flow have introduced bias? RISK: LOW /HIGH/UNCLEAR
Any conflicts of interest:

3.2
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Abstract
Statins are generally believed to have cardiovascular protective effects independent of
low-density lipoproteincholesterol (LDL-C) lowering, such as antithrombotic effects
characterized by a decrease in D-dimer levels. For the recently introduced Proprotein
convertase subtilisin/kexin 9 (PCSK9) inhibitors antithrombotic effects are yet unknown.
We determined the effect of starting PCSK9 inhibitors on D-dimer and fibrinogen levels
as most robust markers for thrombogenicity in statin-intolerant patients with familial
hypercholesterolemia. We determined D-dimer and fibrinogen levels before and after
start of evolocumab (n=19) or alirocumab (n=11). Baseline median D-dimer levels were
0.34 mg/L (IQR 0.24-0.59 mg/L) and baseline median fibrinogen levels 3.2 g/L (IQR
2.88-3.63 g/L). At follow-up D-dimer levels (median 0.31 mg/L (IQR 0.25-0.59 mg/L;
p=0.37), and fibrinogen levels (median 3.4 g/L (IQR 2.98-3.62 g/L); p=0.38) did not
change significantly. We therefore conclude PCSK9 inhibitors do not seem to have a
profound antithrombotic effect, although a more subtle effect can not been excluded.
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Introduction
HMG-CoA reductase inhibitors, more commonly known as statins, are very effective in
lowering LDL-cholesterol (LDL-C) and reducing risk of cardiovascular disease.1 Statins
are generally considered to have pleiotropic effects: cardiovascular protective effects
independent of LDL-C lowering, with inhibition of geranylgeranylation of the Rho/Rho
kinase pathway as one of the key mechanisms.2,3 Most evidence exists for antiinflammatory and anticoagulant effects. The latter effects lead to a lower risk of venous
thrombosis as confirmed in a recent meta-analysis amongst 118,464 participants of
randomized controlled trials: the risk of a primary venous thrombosis was 15% lower
in the statintreated group.4 Most studies showed in statin users lower levels of D-dimer
and minor or transient effects on fibrinogen levels as most robust clinical markers for
decreased thrombogenicity.5,6
Nowadays, Proprotein Convertase Subtilisin/Kexin 9 (PCSK9) inhibitors are widely
introduced for high risk patients not reaching LDL-C targets despite maximum tolerated
statins and ezetimibe, a Niemann-Pick C1-Like 1 inhibitor.7 For PCSK9 inhibitors,
antithrombotic effects have not been described. Considering the increasing frequency
of prescribing PCSK9 inhibitors especially in patients with statin-associated side effects,
it is important to assess the pleiotropic and in particular possible antithrombotic effects.
In this scope, we determined D-dimer and fibrinogen levels in patients with familial
hypercholesterolemia (FH) before and after starting PCSK9 inhibitors.

4

Methods
Study design
In the ErasmusMC University Medical Center, clinical data of all patients with familial
hypercholesterolemia (FH) starting with PCSK9 inhibitors are documented in a
standardized way including blood sampling before and after start.8 The diagnosis FH
is based on a causing pathogenic-mutation or the Dutch Lipid Clinic Network score
of ≥ 6 representative of probable or definite FH.9,10 Since blood sampling was part of
standard care, this study was not subject to the Medical Research Human Subjects Act
according to the Medical Ethical Research Committee. However, for use of clinical
data for research purposes, informed consent of all patients was obtained. D-dimer and
fibrinogen levels were determined before and between 14 days to one year after start of
treatment with a PSCK9 inhibitor, using automated high-sensitive quantitative D-dimer
(Innovance® D-dimer, Siemens, Marburg, Germany) and fibrinogen (Dade® Thrombin
Reagent, Siemens, Marburg, Germany) assays.
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Patient selection
Since statins are known to lower D-dimer levels potentially masking an additional effect
by PCSK9 inhibitors, we decided to include patients not using statins. Statin intolerance
is one of the major indications for reimbursement of PCSK9 inhibitors making this
selection feasible.11 We excluded patients of whom baseline or follow-up data or blood
samples were missing. Additionally, patients with a cardiovascular event between
baseline and follow-up and patients with injection-related hematomas or swelling to
avoid confounding effects on D-dimer and fibrinogen levels.
Statistical analysis
We aimed for at least 26 patients to have 80% power with a two tailed Wilcoxon paired
test to find a clinically relevant difference in the mean concentration of D-dimer levels
(the primary outcome) between baseline and follow-up of 10%, which is in line with
earlier studies in statin patients.5,12-14 We evaluated change in D-dimer and fibrinogen
levels by a two tailed Wilcoxon paired test. All statistical analyses were carried out using
‘IBM SPSS Statistics for Windows, version 21 (IBM Corp., Armonk, N.Y., USA)’.

Results
Until October 2017, 162 patients ≥18 years using a PCSK9 inhibitor were included in
the database, of which 54 patients did not use statins because of statin associated side
effects.8 After exclusion, in most cases because of missing data or blood samples, 30
patients could be included (Figure 1; Table 1).
Figure 1: Flow chart of included and excluded patients.
October 2017
162 patients using PCSK9-inhibitor

54 patients statin-intolerant
(not using any statin)

30 patients included

Excluded
7 patients missing data at baseline or follow-up
8 patients missing blood sample at baseline or follow-up
2 patients cardiovascular event between baseline and follow-up
7 patients injection-related hematoma or swelling
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Baseline characteristics are given in Table 1. Around half of the patients (43%) was male
and the average age was 60 years. More than half of the patients were using antiplatelet
or anticoagulant therapy due to prevalent cardiovascular disease. None of the patients
had a severe renal insufficiency. All patients were on ezetimibe.
Table 1: Baseline characteristics of patients (n=30)
Description of characteristics
Male (%)
Age (years)
Body mass index (kg/m²)
Pathogenic FH mutation
Diabetes mellitus type 2
Current smoker
History of cardiovascular events
Estimated Glomerular Filtration Rate (CKD-Epi; ml/min)
Current antiplatelet therapy
Current anticoagulant therapy
Follow-up time (days)
LDL-cholesterol (mmol/L)
Total cholesterol (mmol/L)
Triglyceride (mmol/L)
HDL-cholesterol (mmol/L)
ApoB (g/L)
D-dimer (mg/L)
Fibrinogen (g/L)

13 (43.3%)
60 (11)
27 (3.2)
10 (33%)
5 (16.7%)
3 (10 %)
19 (63.3%)
75.5 (49.8-101.3
18 (60.0%)
1(3.3%)
28 (range 14-343)
5.1 ( 4.1-6.2)
7.1 (6.5-8.4)
2.2 (1.3-3.4)
1.2 (0.9-1.7)
1.7 (1.3-1.8)
0.34 (0.24-0.59)
3.2 (2.88-3.63)

4

Data are shown as mean values (SD); numbers (percentages) or median (25%-75% interquartile ranges) unless
stated otherwise

Nineteen patients were treated with evolocumab 140 mg and 11 patients with alirocumab
150 mg subcutaneously every two weeks. Median follow-up time was 28 days (range
14-343 days). The mean D-dimer level at baseline was 0.52 mg/L (SD 0.49 mg/L), the
median 0.34 mg/L (IQR 0.24-0.59 mg/L) and the mean fibrinogen level 3.28 g/L (SD
0.59 g/L) with a median of 3.2 g/L (IQR 2.88-3.63 g/L). The individual levels of D-dimer
and fibrinogen for all patients are depicted in Figure 2.
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Figure 2: Individual course of D-dimer and fibrinogen levels.

At follow-up D-dimer levels did not change significantly (median 0.31 mg/L (IQR 0.250.59 mg/L; p=0.37). Two patients had a steep rise and one a steep decline probably due
to intercurrent disease at one of the time points although no clear clinical symptoms
were present. Fibrinogen levels neither changed significantly after treatment with PCSK9
inhibitors (median 3.4 g/L (IQR 2.98-3.62 g/L); p=0.38). Effects were similar in users and
non-users of antiplatelet therapy.

Discussion
We conclude that treatment with PCSK9 inhibitors did not change D-dimer or fibrinogen
levels in statin-intolerant patients with FH. These findings suggest that PCSK9 inhibitors
do not have antithrombotic effects.
Our findings are in contrast to the sparse pre-clinical studies, suggesting that PCSK9
might have pro-thrombogenic properties by increasing thrombin-antithrombin
complexes and reducing anticoagulant zymogen protein C.5 In mice, PCSK9 deficiency
appeared protective against venous thrombosis.15 In addition, in patients with higher
fibrinogen levels and coronary artery disease, PCSK9 levels were significantly higher.16 In
this way, theoretically, PCSK9-inhibition could have an antithrombotic effect. However,
our conclusions are based on actual treatment with PCSK9 inhibitors showing no effect
on fibrinogen and D-dimer levels, the most robust clinical markers of thrombogenicity.
Although the sample size of our study is small compared to the large clinical trials
assessing efficacy of PCSK9-inhibitors, it is one of the largest cohorts treated with
PCSK9 inhibitors outside the clinical trials and the study was sufficiently powered to
detect a clinically relevant difference in D-dimer levels.8 Although we cannot exclude a
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minor effect on D-dimer levels, overall and individual levels as shown in Figure 2 do not
suggest such an effect. We chose to include only statin intolerant patients to eliminate
the effect of statins well known for D-dimer lowering effects.6 Although other factors
influencing hemostatic parameters such as smoking and usage of antiplatelet therapy
were not exclusion criteria, the effects on D-dimer levels are less well established than
in the case of statins and the potentially confounding factor was the same at baseline
and at follow-up.17-19
A limitation of our study is that follow-up measurement ranges between two and 49
weeks in our population, potentially leading to not detecting a putative transient effect
on D-dimer and fibrinogen levels. However, in a sub analysis of 26 patients with a more
narrow follow-up range between 17 and 60 days, we could still not identify a significant
change. Also, due to the long term treatment, persistent changes are of most interest.
At the moment, guidelines recommend that at least three different statins should be tested
before a PCSK9 inhibitor could be considered in patients at high risk of cardiovascular
disease not reaching LDL-C target levels.7,20 PCSK9 inhibitors are indisputably proven
to reduce mean LDL-C levels, but based on our results they are unlikely to have
antithrombotic effects in contrast to statins.21 This stresses the recommendation in
the guidelines to first extensively evaluate statin tolerance in the individual patient.
Nonetheless, we acknowledge that the antithrombotic and other potential pleiotropic
effects need to be studied in more detail to further evaluate the position of PCSK9
inhibitors in the treatment cascade of patients at high risk of cardiovascular disease.

4
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Abstract
Olanzapine, a second generation antipsychotic, has previously been associated with an
increased risk of venous thromboembolism (VTE).
In this mini-review we describe a case of a thirty-year-old schizophrenic patient who was
diagnosed with a deep venous thrombosis (DVT) six months after starting olanzapine
therapy, as well as seventeen other VTE cases in patients using olanzapine reported to
the Netherlands Pharmacovigilance Centre Lareb. In 14 of these reports, patients had
reported additional risk factors for VTE.
We found disproportionate Reporting Odds Ratios (RORs) in the global database
VigiBase for olanzapine and the reactions deep vein thrombosis (ROR of 1.38 with a
95% CI (Confidence Interval) of 1.22-1.57) and pulmonary embolism (ROR of 1.99 with
a 95% CI of 1.81-2.19).
The mechanism behind the association of olanzapine with VTE could be explained
by two risk factors, substantial weight gain and lethargy, both common side effects of
olanzapine. So far, a direct effect of olanzapine on platelet aggregation or coagulation
has not been found.
Schizophrenic patients are more likely to have diagnostic delay in the diagnosis of VTE,
as symptoms such as lethargy and impaired pain perception result in diminished pain
perception and pain expression, while they are at increased risk of developing VTE.
Currently no validated risk score is available for detection of psychiatric patients who
might benefit from pharmacologic VTE prophylaxis. In patients developing a VTE while
being treated with olanzapine, discontinuation of olanzapine could be considered based
on the individual risk profile, control of psychotic symptoms and antipsychotic treatment
options.
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Introduction
Olanzapine is a second generation antipsychotic (SGA) commonly prescribed for treatment
of positive symptoms of schizophrenic patients. Common side effects of SGAs include
diabetes, metabolic syndrome, sexual dysfunction, hyperprolactinemia and weight gain,
the latter more frequently seen in olanzapine.1 A less known adverse event is that the use
of olanzapine and other SGAs increase the risk of venous thromboembolism (VTE).1,2
VTE is a multifactorial disease with broadly two presenting entities: deep venous
thrombosis (DVT) or pulmonary embolism (PE). Risk factors of VTE include immobility,
sedation, previous VTE, active disease (e.g. infection or cancer), smoking, trauma,
advanced age, male gender, hyperprolactinemia, antiphospholipid antibodies, obesity
and certain genetic traits such as the factor V Leiden mutation.2
Both the Dutch website for drug information ‘Farmacotherapeutisch Kompas’ and the
Dutch Summary of Product Characteristics (SmPC) of olanzapine mention VTE as an
uncommon (0.1-1%) adverse drug reaction.3,4 The SmPC of olanzapine describes no
causal relationship has been established and that patients with schizophrenia often have
acquired risk factors for VTE. They recommend identifying all possible risk factors for
VTE and taking preventative measures. The annual incidence of VTE is 1 per 1000 in
adult populations.5 The risk of developing VTE is increased by 2.20 (odds ratio (OR),
1.22-3.95 (95% confidence interval (Cl))) in patients using SGAs.6

5

We describe a case of a young man with a history of paranoid schizophrenia who
presented with a DVT in our hospital (the Maasstad Hospital in Rotterdam, the
Netherlands) while using olanzapine. By appraising the reported cases in the databases
of the Netherlands Pharmacovigilance Centre Lareb and VigiBase (the worldwide
pharmacovigilance database maintained by the WHO collaborating centre for
international drug monitoring UMC (Uppsala Monitoring Centre in Sweden)), we
further explored the possible association between olanzapine and VTE. Lastly we
performed a brief literature review on the potential mechanisms behind this association.

Case report
A thirty-year-old man was diagnosed with a DVT in our hospital in March 2016, six
months after initiating olanzapine treatment. He was admitted to a long-term psychiatric
ward for treatment of his therapy resistant paranoid schizophrenia and comorbid cocaine
and amphetamines addiction.
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In July 2015, he suffered from continuous hallucinations and delusions despite having
been treated with several antipsychotics. The Dutch multidisciplinary guideline for
Schizophrenia advises clozapine treatment when two different types of antipsychotics
are not effective.7 However, our patient preferred olanzapine treatment and in August
2015 he was started on 300 mg olanzapine dosed by intramuscular injection once every
four weeks.
By February 2016, he had gained 22 kg in weight (Body Mass Index (BMI) increase
from 22.6 to 28.9) and had adopted a sedentary lifestyle, spending most of the day in
bed. His high-density-lipoprotein (HDL) was reduced (0.83 mmol/l, reference level > 1
mmol/l) and his waist circumference had increased from 90 to 117 cm (reference < 102
cm). His blood pressure, glucose and triglyceride levels were normal. As only two out of
five criteria obtained he did not qualify for metabolic syndrome.8
In March 2016, he presented at our hospital with a red swollen tender lower right leg.
Ultrasound confirmed the diagnosis of DVT and the patient was started on anticoagulant
treatment with a vitamin K antagonist with low molecular weight heparin injections
until the desired prothrombin times were achieved.
Risk factors for DVT in this patient were male gender, active psychosis, use of olanzapine,
lethargy and high BMI after his significant and ongoing weight gain. Persisting psychotic
symptoms and the presence of DVT made us decide to discontinue olanzapine and
start clozapine. Within the next few months our patient became more active and less
psychotic, however his BMI increased further to 31 kg/m2. Antithrombotic treatment was
discontinued after three months, following the Dutch guidelines prevalent at that time.9

Discussion
Other reports from Lareb and VigiBase
From 2001 to the 26th of January 2018 Lareb received 18 reports of DVT or PE associated
with the use of olanzapine, including the previously discussed case report, see Table 1
for further details.10 In 14 of these reports, patients had additional risk factors for VTE.
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Table 1: Reports received by the Netherlands Pharmacovigilance Centre Lareb of deep venous
thrombosis or pulmonary embolism associated with the use of olanzapine8
Report details
Gender
Age

(number of reports)
male (13), female (5)
Range: 26-71 years old, median 45 years old, not
reported in one case
Indications for olanzapine
Schizophrenia (6), psychosis (5), bipolar disorder/
mania (4), not reported (3)
Reported VTE (venous thromboembolism): Deep vein thrombosis (6*), pulmonary embolism
(12)
Latencies (time from starting olanzapine 2 days – 13 years, median 5 months
till event)
Discontinuation of olanzapine
Continuation in same dose (5), continuation in
reduced dose (3), discontinuation (5), unknown (5)
Recovery/recovering of VTE (12), no recovery at time
Follow-up
of reporting (1), unknown (3), death of any cause
with uncertain possible relationship with drug (2)
Pharmacologic treatment of VTE
Yes (15), unknown (3)
Concurrent risk factors
Possible risk factors reported (14): factor V Leiden
(1), smoking (2), other antipsychotic drugs or oral
contraception associated with thromboembolism
as concomitant medication (4), immobilization
(3), significant weight increase (5), reported Body
Mass Index > 30 kg/m2 (2), family history with
thromboembolism (1), significant comorbidity (2)

5

*In one of these reports the patient also experienced occlusion in an artery.

VigiBase lists 241 reports on olanzapine (with a Reporting Odds Ratio (ROR) of 1.38
[95% CI 1.22-1.57]) of the reaction ‘‘deep veinous thrombosis’’ (DVT) and 441 (ROR
1.99 [95% CI 1.81-2.19]) reports of the reaction ‘‘pulmonary embolism’’(PE), including
the cases received by Lareb.11 The ROR is a measure of disproportional reporting in the
database, and in this case a significantly increased ROR indicates that DVT or PE is more
often reported for olanzapine use than with other drugs in the database. The ROR has
been developed as a method for signal detection; it is therefore a hypothesis generating
tool.12 The only other antipsychotic with a significantly increased ROR for these reactions
was clozapine, with an ROR of 1.15 [95% CI 1.14-1.37, 473 reports] for DVT and an ROR
of 2.15 [95% CI 2.02-2.29, 1024 reports) for PE. The RORs from VigiBase for various
antipsychotics are described in detail in Table 2.
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Table 2: Reporting Odds Ratios (ROR) from VigiBase
Antipsychotics ROR for deep vein thrombosis
ROR (95% CI)
N
Olanzapine
1.38 (1.22-1.57)
241
Clozapine
1.25 (1.14-1.37)
437
Quetiapine
0.65 (0.55-0.77)
141
Risperidone
0.66 (0.57-0.77)
184
Sertinidole
0
Paliperidone
0.47 (0.35-0.62)
48
Aripiprazole
0.48 (0.38-0.60)
70
Lurasidone
0.35 (0.13-0.94)
4

ROR for pulmonary embolism
ROR (95% CI) N
1.99 (1.81-2.19) 441
2.15 (2.02-2.29) 1024
0.97 (0.86-1.10) 266
1.08 (0.98-1.20) 381
4.19 (2.24-7.83) 10
0.76 (0.63-0.93) 99
0.81 (0.69-0.95) 151
0.83 (0.47-1.47) 12

Among the cases reported on in Lareb and VigiBase, the likelihood of a causal association
between a drug and a reaction may vary as both are based on spontaneous reporting
from various sources with different degrees of documentation.
Cases in the scientific literature
Various case reports in the scientific literature describe the association of olanzapine
with VTE.13-16 Most case reports describe male patients aged sixty years and older,
although PE has also been described in a 28-year-old male patient shortly after starting
olanzapine treatment.5,15,16 Only a few population studies have reported on olanzapine
specifically.6 A 2014 meta-analysis reports an OR of 1.35 (95% CI 0.97–1.89, p = 0.08) for
the risk of VTE in patients using olanzapine. The results of this meta-analysis should be
interpreted with caution since the quality and inclusion criteria varied between studies
leading to between-study heterogeneity. This resulted in a low statistical power and a
wide and nonsignificant confidence interval for all included SGAs.17 On the other hand
a large case control study reported a significant OR for risk of VTE in patients using
olanzapine of 1.49 (95% CI 1.07-2.08).18
Risk of VTE appears to be especially elevated in the first months of SGA treatment
(OR 1.97; 95% CI 1.66-2.33). For users of antipsychotic drugs the risk was 56% higher
compared to non-users of antipsychotic drugs (OR 1.56; 95% CI 1.39-1.75).19
However, current data can neither conclusively verify differences in occurrence
rates of VTE between first- and second-generation antipsychotics nor identify which
antipsychotic drugs have the lowest risk of VTE, though one might speculate that the
risk of VTE is higher for clozapine than for other SGAs.20
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Potential mechanism
The potential underlying mechanism explaining the higher risk of VTE during
antipsychotic treatment is not yet fully clear. Various factors seem to play a role,
especially metabolic syndrome, a common side effect of olanzapine treatment as 34%
of schizophrenic patients taking olanzapine monotherapy fulfil its criteria.21 Metabolic
syndrome is a known risk factor of VTE.22
Immobilisation, a consequence of the lethargy caused by various antipsychotics, is linked
to increased risk of VTE due to venous stasis and blood pooling in the lower extremities.
Obesity is also an independent risk factor for VTE and although all SGAs are associated
with some weight gain and increased appetite, olanzapine and clozapine have the most
profound impact compared to non-SGA antipsychotics and placebo.23-25 A database
analysis comprising 3507 patients in 21 placebo- and active-controlled studies conducted
in America, Australia, New Zealand and Europe showed that 48% of patients taking
olanzapine experience > 7% weight gain within the first 12 weeks, and 57% of patients
experience a significant weight gain within the first 6-12 months with a median weight
gain of 0.7 kg per month, compared to placebo (incidence of weight gain in placebo was
13%).24 This increase in body weight of at least 20% is more pronounced in inexperienced
users of antipsychotics.25 Only in olanzapine users a significant increase in weight was
found when comparing the weight at > 38 weeks to the weight at six weeks after starting
olanzapine.25 Therefore, if a patient is already on olanzapine, switching to a different
antipsychotic drug, such as haloperidol, might be indicated.26 In one case, switching
from olanzapine to asenapine resulted in 6.6% weight loss without further impairment
of psychological functioning.27

5

There is less information available regarding the presence of lethargy in schizophrenic
patients treated with antipsychotics. It is difficult to compare trials as they do not always
give a clear description of somnolence, sedation, lethargy and hypersomnia. Nevertheless
olanzapine, quetiapine, risperidone and especially clozapine are all associated with
significantly more of these symptoms compared to placebo.28 About 25-39% of patients
taking olanzapine experience sleepiness, which is significantly more than placebo (26.2%
compared to 15.3%), whereas somnolence is experienced by 26-46% of patients taking
clozapine.28,29 It has been postulated that in antipsychotic-induced somnolence blockade
of histamine 1 receptors and α1 receptors play an important role.28,30
Other associated risk factors include raised levels of antiphospholipid antibodies and
hyperprolactinemia. The exact roles of these risk factors in a clinical psychiatric setting
still need to be determined.31
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It is hypothesized that antipsychotics directly influence the risk of VTE, in particular
second generation antipsychotics such as clozapine and olanzapine. Many antipsychotics
antagonise the serotonin (5-HT2A) receptors. As these receptors are also present
on platelets, the antipsychotic medication might influence platelet aggregation. 32
Paradoxically, most studies investigating this mechanism suggested a lower risk of VTE.
Almuqdadi et al. have shown that risperidone, and not olanzapine, leads to a clinically
significant inhibition of platelet aggregation induced by serotonin. When adding these
antipsychotics to a serotonin-epinephrine combination, both weak platelet agonists
affecting respectively the 5-HT and the α2A-adenergic receptors on platelets, a dosedependent inhibition of platelet aggregation was found. However, no statistically
significant inhibitory effect on platelet aggregation was seen with olanzapine, possibly due
to a lower 5-HT2A and α2A-adenergic receptor affinity compared to e.g. risperidone.32
Another in vitro study indicates that clozapine and olanzapine show a strong inhibitory
effect on ADP-stimulated platelet aggregation, which would also lower the risk of VTE.33
Yet another in vitro study has shown increased platelet adhesion and aggregation for
clozapine, but not for olanzapine.31
These results suggest that the serotonin receptor effect does not account for the increased
risk of VTE while using SGA. In absence of a clear pathogenic mechanism to account
for the associated higher risk of VTE in olanzapine users, we might conclude that this
association is most probably caused by risk factors like substantial weight gain and
lethargy, not by olanzapine itself.
Diagnosing VTE in psychiatric patients
VTE is known to have a diagnostic delay, the average delay in diagnosing PE is 8.6
days, where patient delay is on average 4.2 days and delay in primary care is 3.9 days on
average.34 23.8% of patients are diagnosed at least a week after onset of symptoms. The
absence of chest symptoms is associated with a diagnostic delay with an OR of 5.4 (95%
CI 1.9-15).35 Specifically, patients with a diagnostic delay were less likely to present with
chest pain (24% vs 54%, p = 0.003) or pain during inspiration (9% vs 33%, p = 0.011)
compared to patients without diagnostic delay.
Pain perception in schizophrenic patients is impaired in various ways, without an exact
mechanism being clear.36 Also, cognitive impairment and excess negative symptoms
influence the expression of pain in this patient category.37 For example, in a case report
of a 75-year-old patient diagnosed with catatonic schizophrenia and with PE the patient
could not express any pain symptoms, which stresses the fact that schizophrenic
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patients are more likely to have diagnostic delay in the diagnosis of VTE.38 As venous
thromboembolism is an important cause of mortality and morbidity is it important to
take this into account. An observational study including systematic venous ultrasound
identified DVT in 10 out of 449 patients (2.2%) after 10 days admission to a psychiatric
ward. Within 90 days 17 patients developed VTE including three symptomatic PEs.39
Options for prophylactic treatment
Identifying patients on antipsychotic therapy who have a high risk of developing
a VTE might be difficult as no validated risk score is available that is able to detect
which psychiatric patients might benefit from pharmacologic VTE prophylaxis. For
olanzapine use alone, an OR of 1.35 for the risk of venous thrombosis does not seem to
justify prophylactic treatment with low molecular weight heparins (LMWH). However,
additional risk factors for VTE have been identified in psychiatric patients.
One risk score designed specifically for psychiatric patients includes the use of
antipsychotics.40 Other risk factors included are history of VTE, cancer (active/treated),
age, acute infectious/respiratory disease, immobilization (including catatonia), hormone
therapy, obesity (BMI > 30), dehydration and thrombophilia. Based on the presence of
these risk factors patients could be categorized according to their low, medium or high
risk of developing a DVT with the recommendation to start (LMWH in the medium
and high risk populations. However, this risk score and the algorithm derived from it
have not yet been validated in a larger setting and it is unclear whether the benefits of
the prophylactic treatment with anticoagulants (e.g. LMWH) outweigh possible side
effects, for example an increased risk of bleeding.

5

The Padua risk score has been validated in a larger clinical setting of medical inpatients
and has been proven to distinguish between inpatients with high risk of VTE and
patients with low risk. The risk factors involved are active malignancy, previous VTE,
immobility, thrombophilia, trauma and/or surgery less than one month ago, age over 70
years, cardiovascular and or respiratory diseases, acute infection and or rheumatologic
abnormalities, a BMI of more than 30 and hormonal therapy.41
Nevertheless, this model was not specifically tested in psychiatric patients and only in an
acute hospital setting.41 Therefore we also cannot use the Padua risk score in a psychiatric
ward for deciding on whether to give pharmacological prophylactic treatment.
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Conclusion
SGAs such as olanzapine are commonly prescribed for treatment of positive symptoms
of schizophrenia, but are associated with a higher risk of VTE. This association is most
likely explained by associated risk factors such as substantial weight gain and lethargy,
both side effects of olanzapine. Further studies are required to determine the potential
mechanisms of olanzapine on for example thrombogenicity and platelet aggregation.
In general, it is important to realise that diagnosing VTE in schizophrenic patients can
be more difficult, due to symptoms such as lethargy and impaired pain perception.
No validated risk score is available for detection of psychiatric patients who might
benefit from pharmacological VTE prophylaxis. In patients who develop VTE while
being treated with a SGA such as olanzapine, discontinuation of olanzapine might
be considered based on individual risk profile, control of psychotic symptoms and
antipsychotic treatment options.
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Abstract
We conducted a study assess the effect of rosuvastatin use on fibrinolysis in patients with
previous venous thromboembolism (VTE).
This was a post hoc analysis within the STAtins Reduce Thrombophilia (START) study
(NCT01613794). Plasma fibrinolytic potential, fibrinogen, plasmin inhibitor, Plasminogen
Activator Inhibitor-1 (PAI-1) and Thrombin Activatable Fibrinolysis Inhibitor (TAFI)
were measured before and after four weeks of rosuvastatin or no treatment in participants
with prior confirmed VTE after ending anticoagulant therapy. In the non-rosuvastatin
group (n=121), plasma fibrinolytic potential and individual fibrinolysis parameters did
not change at the end of the study versus the baseline, whereas in the rosuvastatin group
(n=126), plasma fibrinolytic potential increased: mean clot lysis time decreased by 8.75
min (95% CI -13.8 to -3.72), and plasmin inhibitor levels and TAFI activity were lower
at end of the study (-0.05 U/mL; 95% CI -0.07 to -0.02 and -4.77%; 95% CI -6.81 to -2.73
respectively). PAI-1 levels did not change and fibrinogen levels were 0.17 g/L (95% CI
0.04 to 0.29) higher.
In participants with prior VTE, rosuvastatin use led to an increased fibrinolytic potential
compared with non-statin use. Our findings support the need for further studies on the
possible role for statins in the secondary prevention of VTE.
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Introduction
HMG-CoA (3-hydroxy-3-methyl-glutaryl-CoA) reductase inhibitors, more commonly
known as statins, exert cardiovascular protective effects which are independent of LDLcholesterol lowering, including antithrombotic effects.1 A meta-analysis of 36 studies,
including 23 randomised studies, showed a 15% risk reduction of statin use on first venous
thromboembolism (VTE) events compared to placebo or no treatment.2 Antithrombotic
effects seem to be most robust for rosuvastatin.3 However, the exact mechanism behind
the antithrombotic effects of statins is not completely unraveled.4,5 The fibrinolytic
system, which plays an important role in dissolving thrombi, is likely to contribute to
the antihrombotic effects. In two large observational studies hypofibrinolytic activity
has been linked to an increased risk of VTE.6,7 Also, statin use has been associated
with lower levels of D-dimer and other fibrin degradation products (FDPs).8 During
fibrinolysis, the inactive proenzyme plasminogen is converted by tissue Plasminogen
Activator (t-PA) or urokinase-type Plasminogen Activator (u-PA) to the active enzyme
plasmin.9,10 Several inhibitors of fibrinolysis are known, such as Plasminogen Activator
Inhibitor-1 (PAI-1), which can inhibit these converting enzymes. The activated plasmin
degrades fibrin into fibrin degradation products, and is inhibited by plasmin inhibitor.
Additionally, thrombin converts fibrinogen into fibrin, but also activates ThrombinActivatable Fibrinolysis Inhibitor (TAFI). A better understanding of the exact effect of
statins on fibrinolysis will help in determining the position of statins in the treatment
of prevention of (recurrent) VTE without increased risk of hemorrhage.
To test the effects of rosuvastatin use on fibrinolysis, we performed a post hoc analysis
of the START (STAtins Reduce Thrombophilia-)study. Plasma fibrinolytic potential as
well as fibrinogen, plasmin inhibitor (also called α2-antiplasmin), PAI-1 and TAFI were
determined in blood samples before and after four weeks of rosuvastatin or no treatment
in a population suspected to be hypercoagulable. Notably, D-dimer levels have been
measured and analysed previously.11

6

Methods
Study design
This was a post hoc analysis within the STAtins Reduce Thrombophilia (START) study, a
collaboration of three anticoagulation clinics in the Netherlands (Star-shl in Rotterdam,
the Leiden Anticoagulation Clinic and Atalmedial, Hoofddorp), of which the design
was previously described (clinical trials.gov NCT01613794).11 This study was performed
141

BNW_Suzanne_DEF2.indd 141

23-06-20 11:47

Chapter 6
in accordance with the Declaration of Helsinki, all participants gave written informed
consent and the study was approved by the Medical Ethics Committee of the Leiden
University Medical Center, Leiden, the Netherlands. The START trial was performed to
evaluate the antithrombotic effects of statins.
Participants were included if they were 18 years or older with a prior (initial or recurrent)
confirmed symptomatic proximal deep vein thrombosis or pulmonary embolism.
Also, they should have stopped their vitamin K antagonist treatment for one month
(to allow anticoagulant drugs to wear off) as decided by their treating physician. Before
inclusion we did not check if the ultrasound or CTPA was negative for VTE. Reasons for
exclusion were current use of statins or other lipid lowering drugs, or contraindications
for rosuvastatin use. All those participants included were randomised to 28 days of
treatment with rosuvastatin 20 mg or no study medication. Blood samples were collected
during the randomisation visit and at the end of the study period.
Measurements
Blood sampling by venipuncture was performed using the Vacutainer system (Becton
Dickinson), containing sodium citrate (final concentration 0.109 mol/L). Participants’
blood was drawn between 8:00 am and 3:00 pm, and at the same hour of the day at
the end of the study for logistical reasons, but also because of the circadian rhythm of
especially clot lysis time and PAI-1.12-14 Within 3 hours, blood samples were centrifuged
at 2500 g for 15 min at 18˚C and stored afterwards at -80 ˚C in our biobank.
To study the plasma fibrinolytic potential, the plasma clot lysis time was measured by
experienced technicians as described previously.12 Platelet-poor plasma was diluted 1.7
times in buffer (25 mmol/L Hepes, 137 mmol/L sodium chloride, 3.5 mmol/L potassium
chloride, 1% (w/v) BSA, pH 7.4) at room temperature and the diluted plasma (85 μl) was
added to wells of a microtitre plate containing 15 μl of a reaction mixture. The reaction
mixture contained the following components (with the final concentrations in the assay):
tissue factor (TF, Innovin, 1000 times diluted; Dade Behring, Marburg, Germany),
calcium chloride (17 mmol/L), t-PA (30 ng/ml, Actilyse, Boehringer Ingelheim, Ingelheim
am Rhein, Germany) and phospholipid vesicles (10 μM, Rossix, Mölndal, Sweden). After
mixing the diluted plasma with the reaction mixture on a plate shaker, each well was
covered with 50 μl paraffin oil (Merck, Darmstadt, Germany) and the microtitre plate
was placed into the preheated chamber of the microplate reader (VictorTM, PerkinElmer,
Waltham, MA, USA). The optical density at 405 nm was measured every minute for
300 min at 37°C. The clot lysis time was measured in duplicate (time from the midpoint
of minimum turbidity to maximum turbidity to the midpoint of maximum turbidity
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to minimum turbidity). These midpoints were calculated using the Shiny app.15,16 The
intra- and inter-assay variation coefficients from our laboratory were previously shown
3.5% and 6.5% to 8% respectively.12,17 PAI-1 activity was determined using a TriniLIZE
PAI-1 activity bio-immunoassay (BIA) according to the instructions of the manufacturer
(Tcoag, Wicklow, Ireland). Fibrinogen levels (Thrombin Reagent, Siemens) were
measured using the von Clauss method, plasmin inhibitor levels using a chromogenic
assay with reported units converted from % to U/mL (Stachrom, Stago; 100% = 1 U/mL)
and TAFI activity using the Pefakit chromogenic assay in plasma (Pentapharm, Aesch,
Switzerland) on a Sysmex CS5100 coagulation analyser (Siemens Healthcare Diagnostics
B.V.). In this Pefakit assay, the amounts of TAFI in each plasma sample were activated by
exogenous thrombin and thrombomodulin. These test results are therefore independent
of the coagulation factors in the sample.
Study aim and endpoints
The primary aim of the present study was to assess the effect of rosuvastatin use on
fibrinolysis and fibrinolysis parameters. The secondary aim was to evaluate the impact
of each individual fibrinolysis parameter on overall plasma fibrinolytic potential after
rosuvastatin use.
The primary endpoints of this study were plasma fibrinolytic potential and levels of
fibrinogen, plasmin inhibitor, PAI-1 and TAFI before and after rosuvastatin and nonrosuvastatin use. The secondary endpoints of this study were the regression coefficient
and the explained variance of the individual fibrinolysis parameters on a change in
plasma fibrinolytic potential after rosuvastatin use.

6

Data analysis
The general characteristics of the participants are reported as means and ranges. For
the primary endpoint, mean levels with 95% Confidence Interval (CI) of the plasma
fibrinolytic potential and fibrinolysis parameters were calculated at the time of
randomisation and at the end of the study period. All the parameters were normally
distributed and we compared the mean values obtained at baseline and after four
weeks of treatment. Because more men were randomised to non-rosuvastatin use and
participants in this non-rosuvastatin group were older compared to the rosuvastatin
users, we decided a priori to additionally perform an adjusted analysis for sex and age
by methods of linear regression.
We furthermore prespecified a subgroup analysis in the group that did not report
any signs or symptoms of an infection during the study, because inflammation leads
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to a procoagulant state and consequently increased fibrinolysis.18,19 Additionally, we
performed a subgroup analysis comparing participants after an unprovoked or provoked
first VTE , because an etiology including hypercoagulability and recurrence rate of VTE
is expected to be different among these groups.20 A two-sided P-value of 0.05 or lower
was considered to indicate statistical significance.
For the secondary endpoint, results of the individual participants on change in plasma
fibrinolytic potential, fibrinogen, plasmin inhibitor, PAI-1 and TAFI were standardized by
calculating Z-scores in order to compare the relative strength of the various fibrinolysis
parameters on plasma fibrinolytic potential. This Z-score is calculated for an observation
in a participant as the number of standard deviations (SD) from the mean. To determine
the relative impact on change of the various fibrinolysis parameters on the change in
the plasma fibrinolytic potential, simple and also multiple linear regression analyses
were performed in the rosuvastatin group. The standardised regression coefficient
for a fibrinolysis parameter indicates the increase or decrease in SDs of the plasma
fibrinolytic potential, when that particular fibrinolysis parameter increases per SD and
all other variables in the model are unchanged. The R² was calculated, denoting (when
multiplied by 100%) the explained variation of change in plasma fibrinolytic potential in
rosuvastatin users by the individual, or the combined change in fibrinolysis parameters.
All data was analysed using ‘IBM SPSS Statistics for Windows, version 25’. Reporting of
this study is in accordance with the CONSORT statement and the broader EQUATOR
guidelines.21

Results
Study population
Between December 2012 and December 2016, a total of 255 participants were
randomised: 131 assigned to the rosuvastatin group, and 124 to the non-rosuvastatin
group. From 126 participants of the rosuvastatin group, and from 121 participants of the
non-rosuvastatin group, blood samples were available for analysis of plasma fibrinolytic
potential, fibrinogen, plasmin inhibitor, PAI-1 and TAFI. In one participant from the
rosuvastatin group and in two participants from the non-rosuvastatin group PAI-1 levels
could not be measured due to technological failure. Mean age was lower in rosuvastatin
users (57 years, range 19-82) compared to non-rosuvastatin users (59 years, range 21-81)
and the percentage of male participants was lower in rosuvastatin users (54%) compared
to non-rosuvastatin users (69% ) (Table 1). Other baseline characteristics were balanced.
In the rosuvastatin group mean cholesterol levels were reduced by 1.96 mmol/L (95% CI
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1.83-2.09) compared to 0.19 mmol/L (95%CI 0.10-0.27) in the non-rosuvastatin group,
indicating good adherence to the rosuvastatin treatment.
Table 1: Baseline Characteristics

Age (years)
Male sex
Body mass index (kg/m2)
Current smoking
Hypertension
Diabetes
Baseline cholesterol (mmol/L)
Recurrent venous thrombosis
Unprovoked venous thromboembolism
Provoked venous thromboembolism
Provoked by:
Surgery/trauma/immobilization
Travel >4 hours
Oestrogen use (% in women)
Pregnancy/puerperium (% in women)
Malignancy

Rosuvastatin-users
(n=126)
57 (19–82)
68 (54)
27.4 (19.2–43.5)
18 (14)
24 (19)
3 (2)
5.61 (2.95–8.99)
10 (8)
57 (45)
69 (55)

Non-rosuvastatin users
(n=121)
59 (21–81)
84 (69)
27.7 (17.2–43.2)
17 (14)
21 (17)
0 (0)
5.59 (3.33–7.89)
8 (7)
64 (53)
57 (47)

32 (25)
22 (18)
24 (41)
0 (0)
2 (2)

31 (26)
14 (12)
14 (38)
2 (5)
8 (7)

Categorical variables are denoted as n (%) and continuous variables as mean (range).

The effect of rosuvastatin use on fibrinolysis
We found that in the rosuvastatin group, clot lysis time as indicator of the plasma
fibrinolytic potential decreased by 8.75 min (95% CI -13.8 to -3.72), mean fibrinogen
levels were 0.17 g/L higher (95% CI 0.04 to 0.29), plasmin inhibitor levels were 0.05 U/
mL lower (95% CI -0.07 to -0.02) and TAFI activity was 4.77% lower (95% CI -6.81 to
-2.73) at the end of study as compared with baseline, but PAI-1 levels did not differ
(mean change -1.01 IU/mL; 95% CI -3.90 to 1.89). (Figure 1 and Table S1). In the nonrosuvastatin group, plasma fibrinolytic potential and individual fibrinolysis parameters
did not change during follow-up (mean change clot lysis time -3.65 min; 95% CI -10.7 to
3.39). When we compared the change in plasma fibrinolytic potential during follow-up
between the rosuvastatin and the non-rosuvastin group, the change in plasma fibrinolytic
potential tended to be less for rosuvastatin users than for non-rosuvastatin users after
adjustment for sex and age (-5.79 min; 95% CI -14.5 to 2.91) (Figure 1 and Table S1). For
the fibrinolysis parameters, plasmin inhibitor levels and TAFI concentration were both
lower at the end of the study in rosuvastatin users compared to non-rosuvastatin users

6
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(-0.04 U/ml; 95% CI -0.08 to -0.003 and -3.78%; 95% CI -6.63 to -0.92 respectively). The
mean change in fibrinogen and PAI-1levels did not differ between groups.
Figure 1: Effects of rosuvastatin on measures of fibrinolysis
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-8.75
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105.5
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Reference
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Reference
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in change (95% CI)

Mean difference#

(0.003 to 0.20)

(-0.07 to 0.10)

-0.01 (-0.04 to 0.01)

0.10
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(-0.06 to 0.21)
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0.08
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-9.41 (-14.3 to -4.52) - 5.79 (-14.5 to 2.91)

-3.62 (-10.8 to 3.52)

change (95% CI)
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(-3.90 to 1.89)

(-3.03 to 3.69)
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Reference

(-6.81 to -2.73) -3.87 (-6.64 to -1.10)

(-2.79 to 0.99)

-1.20 (-4.15 to 1.75)

-1.27 (-5.75 to 3.21)

(-3.26 to 3.46)

-1.33 (-5.73 to 3.06)

0.10
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Reference

* Paired analysis
† Between comparison analysis
‡ Between comparison analysis, adjusted for age and sex
^ Paired analysis; eight participants who reported an infection at time of end of study excluded
# Between comparison analysis, adjusted for age and sex; 8 participants who reported an infection at time of end of study excluded
Abbreviation: CI indicates confidence interval
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Non users

-5.22 (-13.9 to 3.44)
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(-0.02 to 0.29)
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(0.04 to 0.29)
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Thrombin Activatable Fibrinolysis Inhibitor (TAFI) (%)

29.9

Non users

Plasminogen Activator Inhibitor-1(PAI-1) (IU/mL)

1.12

2.91

2.90

75.8

81.8

Rosuvastatin users 2.90
plasmin inhibitor (U/mL)
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fibrinogen (g/L)

Mean*

Baseline End of study change (95% CI)

Mean levels

Table S1: Effects of rosuvastatin on measures of fibrinolysis
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In the subgroup analysis of patients who did not report any symptoms or signs of
infection (n=239), results in both groups were similar to the main analysis. When we
compared results of participants after an unprovoked or provoked VTE, mean change
in plasma fibrinolytic potential appeared larger in the group of rosuvastatin users after
a provoked VTE as compared to the unprovoked group (-11.3 min; 95% CI -19.0 to
-3.59 compared to -5.67 min; 95% CI -11.9 to 0.57). For fibrinogen and TAFI, change in
levels or concentration at the end of study in rosuvastatin users was more evident in the
subgroup after provoked VTE (Table S2).
Table S2: Effects of rosuvastatin use on measures of fibrinolysis separated in subgroups of
participants with unprovoked or provoked venous thromboembolism
Mean levels
End of Mean*
Baseline
study
change (95% CI)
Plasma fibrinolytic potential
Clot lysis time (minutes)
Non users
Unprovoked 80.8
77.8 -2.99 (-11.9 to 5.91)
Rosuvastatin
users
Unprovoked 81.6
75.9 -5.67 (-11.9 to 0.57)
Non users
Provoked
Rosuvastatin
users
Provoked
Fibrinolysis parameters
fibrinogen (g/L)
Non users
Unprovoked
Rosuvastatin
users
Unprovoked
Non users
Provoked
Rosuvastatin
users
Provoked
plasmin inhibitor (U/mL)
Non users
Unprovoked
Rosuvastatin
users
Unprovoked
Non users
Provoked
Rosuvastatin
users
Provoked

Mean difference†
in change (95% CI)

Reference
-2.67 (-13.7 to 8.34)

90.7

86.3

-4.40 (-15.8 to 7.01)

87.1

75.8

-11.3

(-19.0 to -3.59) -6.90 (-20.1 to 6.35)

2.85

2.92

0.07

(-0.05 to 0.19)

Reference

2.93

3.03

0.10

(-0.12 to 0.32)

0.03

2.95

2.90

-0.05 (-0.18 to 0.08)

Reference

2.88

3.10

0.22

0.26

1.13

1.12

-0.02 (-0.05 to 0.01)

1.14

1.09

-0.05 (-0.09 to -0.01) -0.03 (-0.08 to 0.02)

1.17

1.17

0.00

1.19

1.15

(0.08 to 0.36)

(-0.04 to 0.04)
(-0.08 to
-0.04 -0.005)

Reference

(-0.22 to 0.28)

(0.07 to 0.45)

Reference

Reference
-0.04 (-0.10 to 0.01)
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Table S2: Continued
Mean levels
End of Mean*
Baseline
study
change (95% CI)
Plasminogen Activator Inhibitor-1(PAI-1) (IU/mL)
Non users
Unprovoked 30.1
27.6 -2.44 (-6.50 to 1.63)
Rosuvastatin
users
Unprovoked 29.7
27.7 -2.09 (-6.91 to 2.74)
Non users
Provoked
26.7
33.2 3.49
Rosuvastatin
users
Provoked
27.2
27.1 -0.11
Thrombin Activatable Fibrinolysis Inhibitor (TAFI) (%)
Non users
Unprovoked 107.3
105.7 -1.61
Rosuvastatin
users
Unprovoked 104.6
101.0 -3.60
Non users
Provoked
Rosuvastatin
users
Provoked

105.3

105.2 -0.11

106.0

100.2 -5.74

Mean difference†
in change (95% CI)
Reference
0.35

(-5.85 to 6.55)

(-2.04 to 9.01)

Reference

(-3.48 to 3.46)

-3.60 (-9.89 to 2.69)

(-4.23 to 1.01)

Reference

(-6.65 to -0.54) -1.99 (-5.95 to 1.98)
(-2.91 to 2.70)

Reference
(-9.58 to
(-8.52 to -2.96) -5.63 -1.69)

* Paired analysis † Between comparison analysis CI: Confidence interval

The impact of individual fibrinolysis parameters on change in plasma fibrinolytic
potential in rosuvastatin users
Among the fibrinolysis parameters, the only change in plasmin inhibitor was associated
with change in plasma fibrinolytic potential in rosuvastatin users (Table 2). The regression
coefficient of this association was 0.18 (95% CI 0.002 to 0.352). The explained variance
in this model was 3% (R² 0.03). Including all the fibrinolytic parameters in a multiple
regression model increased the explained variance of change in plasma fibrinolytic
potential to 5% (R² 0.05).

6
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Table 2: Mean impact in change in plasma fibrinolytic potential with one SD increase in
fibrinolytic parameter between baseline and end of study in rosuvastatin users

Change in fibrinogen (g/L)
Change in plasmin inhibitor (U/mL)
Change in Plasminogen Activator
Inhibitor-1(PAI-1) (IU/mL)
Change in Thrombin Activatable
Fibrinolysis Inhibitor (TAFI) (%)

Simple model†
β (95%CI)
R²
-0.02 (-0.20 to 0.16) 0.00
0.18 (0.002 to 0.35) 0.03

Multiple model‡
R²
β (95%CI)
-0.04 (-0.22 to 0.14) 0.05
0.18 (0.003 to 0.36)

0.001 (-0.18 to 0.18) 0.00 0.04 (-0.14 to 0.21)
-0.13 (-0.31 to 0.04) 0.02 -1.26 (-0.30 to 0.05)

Abbreviations: SD standard deviation; CI indicates confidence interval
†In each of the four different single models, plasma fibrinolytic potential was the dependent variable, and only
one of the fibrinolytic parameters was the independent variable.
‡Plasma fibrinolytic potential was the dependent variable and all four fibrinolytic parameters simultaneously
were independent variables.

Discussion
Our randomised study in those participants with prior VTE who stopped anticoagulant
treatment showed that four weeks of 20 mg/day rosuvastatin use led to an increased
plasma fibrinolytic potential, whereas non-use did not lead to increased fibrinolysis.
The difference in change in fibrinolytic potential in users versus non-users did, however,
not reach statistical significance. Among the fibrinolysis parameters, plasmin inhibitor
and TAFI decreased during use of rosuvastatin and the changes in rosuvastatin users
compared to non-users also differed significantly. Fibrinogen levels were increased after
four weeks of rosuvastatin use, but PAI-1 levels did not change (Figure S1). The variance
in change in plasma fibrinolytic potential between the baseline and the end of the study
was explained for 3% by the change in plasmin inhibitor and not by other individual
fibrinolysis parameters. Notably, there is a relationship between clot formation and lysis,
22
suggesting that increased fibrinolytic potential by rosuvastatin could be secondary to
decreased coagulation. However, we also found decreased levels of TAFI and plasmin
inhibitor, which support a direct pro-fibrinolytic effect of rosuvastatin. The changes in
fibrinolytic potential and the individual fibrinolysis parameters in rosuvastatin users
could be clinically relevant, though this should be investigated in prospective larger
studies.
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Figure S1: Increased plasma fibrinolytic potential by rosuvastatin 20 mg/day for four weeks

Schematic overview of effects of rosuvastatin 20 mg/day on fibrinolysis
Grey arrows: positive influence; Grey blocked end: negative influence.
Red arrows/ symbols: effects of rosuvastatin 20 mg/day on fibrinolysis parameters:
Red up arrow: increase; red down arrow: decrease; red down arrow*: lower levels in rosuvastatin group
compared to non-statin group; ‘no effect’: no effect

This is the first study in participants with prior VTE, showing that 28 days use of
rosuvastatin increases plasma fibrinolytic potential and lowers plasma levels of TAFI
and plasmin inhibitor. Direct effects on plasma fibrinolytic potential were also measured
earlier after a very short (three days) use of atorvastatin in a non-randomised study.23
Another before-after study evaluated plasma fibrinolytic potential after simvastatin
therapy, and presented a mean shortening in clot lysis time of 12.9 min after a threemonth treatment with simvastatin 40 mg.24 Reduced plasma fibrinolytic potential (i.e.
longer clot lysis times) has been shown to be associated with higher risk of VTE.3,6,7
Our findings corroborate fibrinolytic activity being increased by rosuvastatin and that
it might therefore decrease the risk of recurrent VTE.

6

Results on the individual fibrinolytic parameters are primarily in line with the results on
plasma fibrinolytic potential. Specifically, lower levels of plasmin inhibitor and TAFI will
lead to reduced inhibition of fibrinolysis, consequently resulting in shorter clot lysis times
and therefore increased global fibrinolytic potential. Decreased TAFI levels were also
previously observed in 35 patients with hyperlipidaemia after eight weeks of treatment
with simvastatin and in another study in which 44 patients with hypercholesterolaemia
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were treated with atorvastatin.25,26 Studies on plasmin inhibitor are scarce with only one
comparable study on 24 patients with primary dyslipidaemia treated with simvastatin
and 18 patients treated with pravastatin for 12 weeks.27 In the simvastatin group, plasmin
inhibitor did not change after treatment, but in the pravastatin group the levels decreased.
Remarkably, in our study PAI-1 levels did not change after rosuvastatin use even though
we expected this fibrinolytic parameter to have a high impact on the plasma fibrinolytic
potential.28 Fibrinogen levels were also unexpectedly higher after rosuvastatin use in our
study. Since fibrinogen is associated with pro-inflammatory and pro-coagulants effects,
one would expect that statins would decrease fibrinogen levels. In a meta-analysis of
14 other studies including patients with high cholesterol or stable coronary disease,
also no effect of statin treatment on PAI-1 levels and fibrinogen was found either.29 For
rosuvastatin specifically, a reduction in fibrinogen levels after six months of treatment
was shown in 24 patients with rheumatoid arthritis and in 100 patients with metabolic
syndrome, but in another study fibrinogen levels did not change after three months in 17
patients with type 2 diabetes.30-32 D-dimer levels, a FDP generated in the blood clot during
fibrinolysis in vivo, were already measured in the START study. Measured D-dimer levels
were higher at the end of the study in non-rosuvastatin users, but remained unchanged
in the rosuvastatin group.11 After withdrawal of anticoagulant treatment, D-dimer levels
normally increase, which is called the rebound phenomenon.33,34 D-dimer levels are the
result of the amount of available fibrin and the fibrinolytic potential. Rosuvastatin is
expected to lower fibrin levels by reducing clotting factors and by its anti-inflammatory
effects, and to increase the fibrinolytic potential. 9,11,35 Because of the lack of increase
in D-dimer levels in rosuvastatin users during follow-up, we expect that the effect of
lowering fibrin levels is stronger than the effect of increasing fibrinolytic potential.
Interestingly, in the subgroup analysis results on increased plasma fibrinolytic potential,
decreased plasmin inhibitor and TAFI seemed to be more robust after a provoked VTE
than unprovoked VTE. Karasu et al. on the other hand, reported that provoked VTE
showed a 1.5-fold increased risk of VTE in the presence of hypoﬁbrinolysis whereas
for unprovoked VTE, hypoﬁbrinolysis was associated with a higher 2.1-fold increased
risk.36 This contradiction might be explained by a different or stronger additional impact
of rosuvastatin use on hypofibrinolysis in patients after provoked VTE rather than
unprovoked VTE, or a reduced impact in our study for performing this subanalysis.
To evaluate the impact of each individual fibrinolysis parameter on overall plasma
fibrinolytic potential after rosuvastatin use, we performed an additional regression
analysis. Results suggest minor impact of change of individual fibrinolysis parameters
with only a small significant impact of plasmin inhibitor. This was unexpected, because
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in another study TAFI and PAI-1 levels explained the majority of the variance in clot lysis
time.28 However in our analysis we only evaluated the change in parameters according
to the change in plasma fibrinolytic potential.
Some aspects of this study warrant comment. The START study was open label and we
noticed a difference in the distribution of sex and age between the groups. However,
since we evaluated fibrinolysis parameters and we decided a priori to correct our analysis
for these possible confounders, it is unlikely that both factors influenced our results.
Another aspect is that we only tested the effect of rosuvastatin, a hydrophilic type of
statin. Hydrophilic statins, such as pravastatin and rosuvastatin have different properties
to lipophilic statins, such as simvastatin, atorvastatin and fluvastatin. Cellular uptake
of hydrophilic types of statins for example, is only present in hepatocytes but not in
extrahepatic cells, whereas lipophilic statins penetrate cell membranes and enter cells in
any organ.37 The exact effect on fibrinolysis might therefore be different for hydrophilic
statins than for rosuvastatin. Nevertheless, our findings on increased fibrinolysis after
rosuvastatin treatment underline the suggestion that statins could be prescribed to
patients with prior VTE who are considered to be at high risk of anticoagulation-related
bleeding.
In conclusion, we found that in participants with prior VTE who stopped anticoagulant
treatment, four weeks of rosuvastatin use led to an increased plasma fibrinolytic
potential, decreased plasmin inhibitor and TAFI and higher fibrinogen levels compared
to non-statin users, whereas PAI-1 levels did not change. Variance in change in plasma
fibrinolytic potential could only be explained for a small part by change in plasmin
inhibitor and not by the other individual fibrinolysis parameters. This increase in
fibrinolytic potential and formerly reported anticoagulant effects after rosuvastatin
treatment support the need for further studies on the possible role for statins in the
secondary prevention of VTE.

6
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General discussion and Summary
Physicians are facing diagnostic challenges on a daily basis. To increase the accuracy
of the diagnostic process they often request diagnostic tests to detect or to rule out the
presence of a disease. A wide range of medical tests, ranging from laboratory tests,
physiological tests and radiologic procedures are available to support the physician in
detecting or excluding diseases. For diagnostic tests in the domain clinical chemistry
typically test results obtained in a reference population are compared with the test results
obtained in patients with the disease to establish performance data such as positive
and negative predictive value. When the diagnostic test is able to make a substantial
difference between the pre- and post-test likelihood of the condition of interest this will
support the use of the test in the diagnostic process. In general, diagnostic tests with
high sensitivity are commonly used to rule out diseases and diagnostic tests with high
specificity to correctly identify those patients with the disease.1
Among all diseases at the emergency department (ED), venous thrombo-embolism
(VTE), including deep vein thrombosis (DVT) and pulmonary embolism (PE), might
be one of the most challenging diagnoses. One of the challenges in the diagnostic
process of VTE is to select imaging procedures and/or laboratory tests that provide
acceptable post-test probability while at the same time avoiding exposing all patients
to extensive diagnostic procedures. Patients with suspected VTE may present with
a variety of non-specific symptoms, like dyspnoea, thoracic pain or swelling of an
extremity. Many symptoms associated with VTE are mild and could also point to other
diagnoses, for example pneumonia or musculoskeletal pain.2 This may eventually
lead to a diagnostic delay. For diagnosis of PE in the Netherlands, diagnostic delay
has been estimated to be 8.6 days, with 4.2 days on average because of patient delay
and 3.9 days of primary care doctor delay.3 The absence of chest pain is specifically
associated with a fivefold higher risk in diagnostic delay.4 Notably, when VTE is missed
as diagnosis this may lead to severe morbidity or even death. Therefore, the physician
requires reliable diagnostic instruments to safely rule out VTE. The adherence to the
validated diagnostic strategies is unfortunately variable.5,6 This can be explained by the
sometimes hectic work environment at the EDs and the complexity of some algorithms
used for ruling out VTE. Furthermore, physicians receive only limited comparative
feedback on adherence to guidelines, and they tend to rely on their own judgment and
personal experience to decide on which diagnostic procedures to choose from. Based
on clinical experience or by using a clinical decision rule with a standardized scoring
scheme, the pre-test probability of a VTE can be estimated. The most commonly used
clinical decision rule in DVT and PE was introduced by Wells et al.7,8 The Wells score
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for PE consists of seven different items and is sequential (Table 1). In clinical practice
the physician has to score those different items and calculate the score. In patients with
low probability of VTE, a normal D-dimer test result safely excludes PE or DVT without
performance of imaging tests. VTE guidelines therefore recommend combining clinical
decision rules and measurement of D-dimer levels to identify patients in whom DVT
or PE may be ruled out without performing imaging tests.9,10 In this way patients with
low probability of VTE and a negative D-dimer do not need an imaging test, such as
compression venous ultrasonography in the diagnosis of DVT or computed tomography
pulmonary angiography (CTPA) for PE.11,12 CTPA leads to radiation exposure, high
healthcare costs, time consumption and possible allergic reactions and contrast-induced
nephropathy.11,13 Also, most CTPA results are negative for PE, indicating that selection of
patients needing a CTPA is yet not optimal and several patients are exposed to avoidable
radiation. In this scope, we have performed a study to improve the diagnostic strategy
and therapeutic management in VTE for specific patient groups and to investigate the
influence of co-medication on haemostatic biomarkers.
Table 1: Wells score7
Item
Clinical signs and symptoms of DVT
An alternative diagnosis is less likely than PE
Heart rate greater than 100/min
Immobilization or surgery in the previous 4 weeks
Previous DVT or PE
Haemoptyisis
Active malignancy

Points
3
3
1.5
1.5
1.5
1
1

DVT: deep venous thrombosis; PE: pulmonary embolism
In total ≤ 4 points: PE unlikely (low clinical pretest probability): measurement of D-dimer level; if normal (<
500ng/mL) PE could be safely excluded
In total > 4 points: PE likely (high clinical pretest probability): performance of CTPA (computed tomography
pulmonary angiography), measurement of D-dimer level not indicated.

7

Chapter 2 of this thesis focuses on the optimal diagnostic strategy of PE in different (sub)
populations. First we present a new diagnostic algorithm for PE: The YEARS algorithm.14
This YEARS algorithm was designed to be more easily applied in clinical practice than
already existing clinical decision rules such as the Wells score, and to further decrease
the number of required CTPA imaging. Three items of the original Wells clinical decision
rule were found to be the most predictive for PE. These items were clinical signs of DVT,
hemoptysis, and PE being the most likely diagnosis.15 If one of these items is present
in combination with a classic D-dimer test threshold below 500 ng/mL or a higher
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threshold of below 1000 ng/mL in absence of one of the YEARS items it was expected
to safely exclude PE without performance of CTPA. In the YEARS study we evaluated
the safety and efficiency of the YEARS diagnostic algorithm in a prospective multicenter
cohort consisting of 2944 patients with clinically suspected PE. This prospective study
showed that the YEARS algorithm safely excluded acute PE and led to a statistically
significant absolute 14% decrease in the need for CTPA imaging compared to the Wells
score in combination with a D-dimer threshold of 500 ng/mL. In this study we found a
0.43% 3-month VTE incidence in patients not subjected to CTPA. This was in line with
other sequential algorithms.14,16,17 The YEARS algorithm has now been implemented in
many hospital protocols. However, some researchers suggest that prior to large scale
implementation the YEARS algorithm first needs validation in another cohort.18 They
argue that D-dimer levels were measured before clinical assessment, that hemoptysis was
uncommon, and that determination of PE as the most likely diagnosis may have been
influenced by the a priori knowledge of the other clinical prediction rules like the Wells
score. In my experience these arguments do not hold. YEARS criteria were determined
before D-dimer levels were made available. Also, the physician should always be aware
of all risk factors for VTE. Presence of a risk factor for VTE in the individual patient will
influence the choice to select PE as the most likely diagnosis. This may also be partly the
reason that this item is most predictive for PE in the Wells algorithm.15
An additional factor influencing the complexity of the diagnostic workup of VTE is
that D-dimer levels and other haemostatic biomarkers can be influenced by patient
characteristics such as age, presence of an active malignancy, infection or pregnancy
and treatment with certain drugs.19-22 The influence of these factors on D-dimer levels
potentially could affect the diagnostic performance of the clinical decision rules.
To make it even more complex, many drugs and risk factors like immobility, active
infection, cancer, pregnancy, trauma, advanced age, antiphospholipid antibodies, obesity
and genetic traits such as the factor V Leiden mutation could also influence the risk of
VTE.23 Another algorithm, the age-adjusted D-dimer cut-off (ADJUST) strategy, also
showed that it was able to reduce the number of CTPAs in patients suspected of PE.24
In this ADJUST strategy, the Wells score is used in combination with a D-dimer cut-off
(10 * age) ng/mL for patients aged 50 years or older. For example, the D-dimer cut-off
of a 70-year old patient is set to 700 ng/mL and for a 90-year old patient to 900 ng/mL.
Integration of this ADJUST strategy in the YEARS study cohort however did not improve
efficiency and led to more missed diagnoses, although one should keep in mind that this
was a post hoc analysis.25 A different analysis stressing the advantages of the YEARS
algorithm showed that implementation of the YEARS algorithm was associated with a
shorter length of stay at the emergency department and also reduced costs compared
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with the ADJUST strategy.26 Also, use of the YEARS algorithm is associated with a lower
frequency of diagnosing isolated subsegmental PE, probably by the reduction of CTPAs.27
After improvement of CTPA imaging, isolated subsegmental PE has been more often
diagnosed, but the risk of fatal PE remained unaffected.28 As mentioned above, lower
frequency of VTE diagnoses in the YEARS study was not associated with a higher risk
of recurrent VTE during follow-up.
Because of the important role of D-dimer levels in diagnostic algorithms for VTE, we
studied the literature for the influence of co-medication on D-dimer levels. Among all
co-medication, antiplatelet drugs and statins, both frequently prescribed drugs, might
influence D-dimer levels. To investigate if D-dimer cut-offs may need to be adjusted
in statin and/or antiplatelet therapy users, in Chapter 2.2 we additionally performed a
post-hoc analysis in the YEARS study database.29 We found that statin use was associated
with 15% decrease in D-dimer levels, and also found that there was no association
between antiplatelet therapy and D-dimer levels. We then reclassified patients using
statins within the YEARS algorithm using 15 % lower D-dimer thresholds. This model
resulted in lower specificity (0.42 compared to 0.33) with no difference in false negative
tests. Consequently, adjusting D-dimer cut-offs for statin use did not result in a safer
diagnostic strategy. Based on our study, even though post-hoc, there is no need for
adjusting D-dimer cut-off values for statin users within the YEARS algorithm. The
D-dimer cut-off values seem to be chosen safely also for statin users. Avoidance of
unnecessary complexity is the preferred option, and we support the KISS principle (Keep
It Simple & Straightforward).
The post-hoc analysis on statins and antiplatelet drugs leads to the second aim of
this thesis: to investigate the influence of co-medication on measurable indicators of
haemostasis, such as D-dimer, fibrinogen, plasminogen activator inhibitor-1 (PAI-1),
tissue-type plasminogen activator (t-PA) and antiplasmin, or VTE risk. In general,
measurable indicators, more commonly referred to as biomarkers, can be used for
screening, diagnosing or monitoring the activity of a disease, to guide targeted therapy or
to assess therapeutic response.30,31 In Chapter 3, we provide an overview of the literature
evaluating the effect of statins and antiplatelet drugs on D-dimer levels. A previously
performed meta-analysis on association between statin use and D-dimer levels was
hampered by several serious statistical/methodological flaws.32 In this meta-analysis, that
included nine randomized controlled trials, a significant reduction of D-dimer levels of
0.988 µg/ml (95%CI: -1.590 to -0.385, p=0.001) in statin users was reported. This suggests
a tremendous clinical impact of statin use on D-dimer levels. However, this estimate
is inappropriate since the used Cohen’s d effect size should be dimension less and can

7
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be interpreted as a standardized difference.33 Triggered by this inaccuracy, we further
elucidated the used methods and results and found several important shortcomings.
Our main concerns, next to misuse of Cohen’s d, are incorrect extraction of data from
original studies and unreported assumptions. To reevaluate the association between
statins and D-dimer levels, in Chapter 3.1 we systematically reviewed all published
articles on the influence of statins on D-dimer levels and conducted a novel metaanalysis.34 In an opinion article published in the journal Circulation, it is stated that
many physicians incorrectly believe that there is something magical about a metaanalysis.35 Our meta-analysis on the association between statins and D-dimer levels
stresses that the quality of a meta-analysis is highly dependent on interpretation of the
original data and the methodology used by the researchers. We must realize that a metaanalysis is a mathematical method for combining data, which is not weighted by the
quality but by the quantity of the observations. Also, if criteria for inclusion of articles
in the meta-analysis differ, this may lead to other conclusions. Therefore, results of a
meta-analysis should be interpreted with caution and critical discussion about methods
used in the separate studies is necessary. In our meta-analysis, in total we included 18,052
study participants from 7 randomized controlled trials, 11 cohort and 4 cross-sectional
studies conducted in humans with data on D-dimer levels and the effect of statin use.
We found significantly lower D-dimer levels in those patients receiving statin treatment
than in controls (Cohen’s d: -0.165, 95% CI -0.234; -0.096), a small but robust effect
and not driven by any single study. In Chapter 3.2, we performed a separate systematic
review and meta-analysis on the influence of antiplatelet drugs on the D-dimer level.36
We included five controlled trials, seven cohort studies and five cross-sectional studies
conducted in humans, with a drug exposure time of at least 7 days. Meta-analysis using
the same Cohen’s d effect size involved 1117 participants and resulted in no difference
of D-dimer levels between users or non-users of antiplatelet drugs (Cohen’s d: -0.015,
95% CI -0.182; 0.151). We concluded that antiplatelet drugs do not influence D-dimer
levels. The small effect of statin use, but not of antiplatelet drugs on D-dimer levels is
in line with the results of our analysis within the YEARS study, as reported in Chapter
2.2. . The results of our meta-analyses in combination with our analysis in the YEARS
study confirm that there is no need for adjusting D-dimer cut-off values for statin and/
or antiplatelet users within the YEARS algorithm.
As shown in both Chapter 2.2 and 3.1, statin use has been shown to be associated with
lower D-dimer levels. Statins in general are believed to have pleiotropic anticoagulant
effects. 37 It is unclear whether other cholesterol lowering drugs also do influence
hemostasis and haemostatic biomarkers. Potential anticoagulant effects could influence
future guidelines in their choice for specific lipid lowering drugs in the treatment of
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hypercholesterolemia patients. Therefore, in Chapter 4, we evaluated the effects of
more recently introduced cholesterol lowering drugs: Proprotein convertase subtilisin/
kexin 9 (PCSK9) inhibitors on D-dimer and fibrinogen levels in patients with familial
hypercholesterolemia (FH).38 PCSK9 inhibitors are monoclonal IgG2-antibodies and
indicated for patients at high risk for cardiovascular disease, who do not reach LDLcholesterol targets despite maximum tolerated statins and ezetimibe (a Niemann-Pick
C1 Like 1 inhibitor). This patient group not reaching the LDL-cholesterol targets has
so far primarily consisted of patients with FH. We determined D-dimer and fibrinogen
levels in 30 statin intolerant FH patients before and after starting PCSK9 inhibitors
treatment. After a median follow-up time of 28 days, both D-dimer levels and fibrinogen
levels did not change significantly. These findings suggest that PCSK9 inhibitors do
not have antithrombotic effects. It also stresses to completely evaluate statin tolerance
in the individual patient, as recommended in the guidelines.39 Nonetheless, we did
not investigate all haemostatic biomarkers and we acknowledge that other potential
pleiotropic effects need to be studied in more detail. In a recent review several possible
and hypothetical interactions between PCSK9 and the haemostatic system are discussed,
including a decrease in clotting factor VIII by PCSK9 inhibition.40 All of these effects
however need confirmation by actually measuring haemostatic biomarkers in humans
using PCSK9 inhibitors. Nowadays statins and ezetimibe are by far less expensive than
PCSK9 inhibitors. When perhaps in the future, due to a lower cost more patients are
treated with of PCSK9 inhibitors, it will be even more important to have figured out
potential pleiotropic effects of this class of drugs. When among the cholesterol lowering
drugs, only statins are proven to have pleiotropic effects, this reinforces the current
guidelines to prescribe statins as first choice lipid lowering drug in patients at high risk
of cardiovascular disease.

7

To further evaluate the antithrombotic properties of statins, we tested the effects
of prolonged rosuvastatin use on fibrinolysis. From literature we know that when
fibrinolytic activity is diminished, the risk of VTE is higher.41-43 In Chapter 6, we
tested plasma fibrinolytic potential as well as fibrinogen, PAI-1, plasmin inhibitor and
Thrombin Activatable Fibrinolysis Inhibitor (TAFI) before and after four weeks of
rosuvastatin or no treatment in participants with a prior confirmed VTE .44 We found
that rosuvastatin use led to an improved fibrinolysis profile compared to non-use. After
treatment with rosuvastatin plasma fibrinolytic potential improved significantly: mean
clot lysis time decreased by 8.75 minutes (95% CI -13.8 to -3.72), fibrinogen levels were
higher, plasmin inhibitor levels and TAFI activity were lower, but PAI-1 levels did not
change. This improvement in fibrinolysis and formerly reported anticoagulant effects
after statin treatment warrant further studies on the possible role for statins in the
secondary prevention of VTE.
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That certain subpopulations need more attention in the diagnostic management of
VTE becomes even more clear in Chapter 5. Based on anecdotal clinical suspicions, we
explored the association between olanzapine and the incidence of VTE.45 Diagnosing
VTE in schizophrenic patients can be more difficult, due to symptoms such as
lethargy and impaired pain perception.46,47 This could lead to more diagnostic delays
and underdiagnosis. The paradox of these diagnostic challenges is that olanzapine, a
drug frequently subscribed in schizophrenic patients, is associated with an increased
risk of VTE. The Reporting Odds Ratio (ROR) in the VigiBase (the worldwide
pharmacovigilance database maintained by the WHO collaborating centre for
international drug monitoring) of olanzapine and DVT is 1.38 (1.22-1.57(95% CI)) and
of olanzapine and PE 1.99 (1.81-2.19). This ROR has been developed to generate a tool
for signal detection between a side effect and a certain drug.48 It is however based on
spontaneous reporting from various sources with different degrees of documentation
and should therefore be interpreted with caution. In line with the data from VigiBase,
a meta-analysis reports an OR of 1.35 (95% CI 0.97-1.89, p = 0.08) for the risk of VTE
in patients using olanzapine.49 This association is most likely explained by associated
risk factors such as substantial weight gain and lethargy, both side effects of olanzapine.
Further studies are required to determine the potential mechanisms of olanzapine on for
example thrombogenicity and platelet aggregation. According to the ROR of the Vigibase,
clozapine also seems to be associated with an increased risk of VTE, while other second
generation antipsychotics like quetiapine and risperidone are not. Discontinuation of
olanzapine after diagnosis of VTE might be considered based on individual risk profile,
control of psychotic symptoms and antipsychotic treatment options. The observed higher
risk of VTE in the pharmacovigilance reports of olanzapine and clozapine stresses the
importance of the pharmacovigilance databases in the notice of certain important side
effects.

General conclusions and future perspectives
In conclusion, the first important finding of this thesis is that the simplified diagnostic
YEARS algorithm for suspected acute pulmonary embolism can be safely applied in
patients presenting in the hospital, also in statin and/or antiplatelet medication users.
Secondly, we showed that statins but not antiplatelet drugs and PCSK9 inhibitors
influence D-dimer levels and that in participants with prior VTE, rosuvastatin use led
to an improved fibrinolysis profile compared to non-statin use. Additionally, diagnosis
of VTE in schizophrenic patients remains difficult and co-medication like olanzapine
seems to be associated with an increased risk of VTE. All these results give more insight
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both in the use of diagnostics algorithms for ruling out VTE in case of co-medication
and in the pathophysiology of anticoagulant effects of certain co-medication.
In this thesis we partly focused on the effect of co-medication on the safety of diagnostic
algorithms for ruling out VTE. One more specific challenge is to test the safety of
diagnostic algorithms in pregnant women. This population has an increased risk of VTE
and also mean levels of haemostatic biomarkers differ from general population. It is well
known that D-dimer levels physiologically rise during pregnancy.50 In pregnant women
diagnostic algorithms for ruling out VTE are therefore difficult to apply. One could
speculate that pregnant women suspected to have PE with high probability on a clinical
decision rule, but with a low D-dimer level, should not have a CTPA. Application of the
revised Geneva score, one of the diagnostic algorithms for ruling out PE comparable
with the Wells score, was already tested by Rhigini et al in this population.51 This study
showed that this score could be safely used, but in only 11.7% of the women PE could be
ruled out without additional imaging tests. In this scope, the YEARS algorithm has been
adapted for pregnancy.52 Pregnant women suspected to have a pulmonary embolism with
clinical signs of a DVT first underwent compression ultrasonography of the symptomatic
leg to confirm or rule out a DVT. When DVT was not confirmed, the YEARS algorithm
was applied. The proportion of women not needing a CTPA was high (39%) and the
algorithm could be applied safely. Especially in the first trimester efficiency was highest
with 65% avoidance of CTPAs, whereas in the third trimester 32% of CTPAs could be
avoided. A little beyond the scope of this thesis, but important to realize is that in the
pediatric population in general, diagnosis of PE remains a challenge. VTE is a relative
rarity in children and it is unknown if D-dimer levels could be used in combination
with clinical risk stratification algorithms. Also children usually present with vague nontypical symptoms. 53 In the guideline of the American Society of Hematology in 2018
covering the treatment of pediatric VTE , many recommendations are made based on
extrapolation of adult data.54 Additional research in this specific population is required,
especially in understanding the natural history of asymptomatic thrombosis, but also
on the determination of the diagnosis of VTE.55

7

One of the most vital future perspectives is that physicians need to become more aware
of the importance to keep reporting to pharmacovigilance databases any unexpected
case of VTE that might be related to a certain drug. This will increase our knowledge of
the risk of thrombosis and possibly will prevent new events. More education on the role
of physicians in pharmacovigilance during pharmacotherapy lectures at medical and
pharmacy school and support for reporting suspected adverse events by the (hospital)
pharmacy will help to achieve this.
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Finally, we provide with the evidence from the rosuvastatin study a reasonable and
necessary basis for an interventional study to establish the effectiveness of statins in
reducing the risk of VTE. In the extended PROLONG II prospective study D-dimer
levels were tested one year after stopping anticoagulation therapy for unprovoked
VTE.56 Patients in whom D-dimer levels became and remained abnormal after the third
month had a higher risk of recurrence of VTE than the patients in whom D-dimer
levels remained normal. It would in the future therefore be conceivable to perform a
randomized controlled trial in patients with an increased risk of hemorrhage to test
if statins reduce the risk of recurrent thrombosis in this specific population. It would
also be interesting to test D-dimer levels while treatment with a statin or placebo is
started in this specific selected population with increased risk of hemorrhage. If the
proposed randomized controlled study would show that statin use in patients with an
increased risk of hemorrhage is associated with a reduction in recurrent thrombosis
and lower levels of D-dimer, this might lead to adjustment of the guidelines in the
long-term treatment of VTE in this specific population. One could then speculate to
recommend use of statins after initial treatment with anticoagulant therapy. A lower
dose of anticoagulation therapy is also an option in this situation and should of course
be weighted against benefits and risks, including side effects such as myopathy, of statin
treatment.
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Samenvatting
Dagelijks komen artsen uitdagingen tegen bij het stellen van diagnoses. Om de
nauwkeurigheid van een diagnostisch proces te verbeteren maken zij vaak gebruik
van testen om een ziekte te kunnen aantonen of uitsluiten. Er is een groot aantal
medische testen, zoals laboratorium testen, fysische testen en radiologische procedures,
beschikbaar om de arts te ondersteunen in het detecteren of uitsluiten van een ziekte.
Resultaten van diagnostische testen worden over het algemeen vergeleken met resultaten
van deze test in een referentiepopulatie om de waarde van een test, zoals de positieve
en negatieve voorspellende waarde, te kunnen vaststellen. Als de test inderdaad een
substantieel verschil kan maken tussen de voor- en achterafkans van een bepaalde ziekte,
dan kan de test worden ingezet in een diagnostisch proces. Diagnostische testen met
een hoge sensitiviteit worden in het algemeen gebruikt om een ziekte uit te sluiten en
diagnostische testen met een hoge specificiteit om een ziekte bij patiënten vast te stellen.1
Te midden van alle aandoeningen op de spoedeisende hulp (SEH), is de diagnose veneuze
trombo-embolie (VTE) misschien wel één van de meest uitdagende. Onder VTE vallen
de diagnoses diep veneuze trombose (DVT), stolsels in de diepe vaten van de armen of
benen en longembolieën, stolsels in de longslagaderen. Eén van de uitdagingen in het
diagnostische proces van een VTE is om beeldvormende diagnostiek en/of laboratorium
testen te selecteren om veilig de diagnose VTE te kunnen stellen of uitsluiten. Daarbij
moet ook vermeden worden alle patiënten uitgebreide diagnostiek te laten ondergaan.
Patiënten presenteren patiënten die verdacht worden van een VTE zich met uitlopende
lichamelijke klachten, zoals kortademigheid, pijn ter plaatse van de ribben of zwelling
van een extremiteit. Veel lichamelijke klachten die geassocieerd worden met een VTE zijn
mild en kunnen ook bij andere diagnoses passen, zoals bijvoorbeeld een longontsteking
of spiergerelateerde pijnklachten.2 Dit kan uiteindelijk tot een diagnostische vertraging
leiden. Voor de diagnose longembolie in Nederland is de diagnostische vertraging op
8,6 dagen berekend, met gemiddeld 4,2 dagen vertraging toegerekend aan de patiënt
zelf en 3,9 dagen aan (huis)artsen.3 Met name is het ontbreken van pijn ter plaatse van
de ribben geassocieerd met een vijfvoudig verhoogd risico op diagnostische vertraging.4
Het is daarnaast belangrijk om te beseffen dat als de diagnose VTE gemist wordt, kan
dit leiden tot grote gezondheidsschade of zelfs de dood van een patiënt. Daarom heeft
de arts betrouwbare diagnostische strategieën nodig om een VTE veilig te kunnen
uitsluiten. Deze diagnostische strategieën worden helaas niet altijd goed toegepast.5,6
Dit kan worden verklaard door de soms hectische werkomstandigheden op de SEH
en de complexiteit van sommige algoritmes die worden gebruikt om een VTE uit
te sluiten. Gebaseerd op klinische ervaring of door het gebruik van een klinische
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beslisregel met gestandaardiseerde scoringssystemen kan de voorafkans op een VTE
worden ingeschat. De meest gebruikte klinische beslisregel voor de diagnostiek
naar DVT en longembolie is geïntroduceerd door Wells et al.7,8 De Wells score voor
longembolie bevat zeven verschillende items (Tabel 1) en is stapsgewijs. De arts moet in
de klinische praktijk de verschillende items scoren en de punten bij elkaar optellen. In
patiënten met een lage voorafkans op het hebben van een VTE kan een niet verhoogde
D-dimeer waarde - een afbraakproduct van stolsels dat meestal verhoogd is als een
patiënt een VTE heeft - een longembolie of DVT veilig uitsluiten zonder beeldvormend
onderzoek. Daarom wordt in VTE richtlijnen geadviseerd om een klinische beslisregel
te combineren met de bepaling van de hoogte van een D-dimeer om die patiënten te
kunnen identificeren waarbij een longembolie of DVT kan worden uitgesloten zonder
beeldvormend onderzoek.9,10 Patiënten met een lage kans op een VTE en een negatieve
D-dimeer hebben dan bijvoorbeeld geen echografie voor verdenking DVT of een scan
van de longslagaders (CTPA) nodig.11,12 Een CTPA immers zorgt voor blootstelling aan
straling, hogere zorgkosten, tijdsinvestering en mogelijke allergische reacties en contrast
geïnduceerde nefropathie.11,13 Daarnaast worden er op de meeste CTPA beelden geen
longembolieën gezien, wat erop wijst dat de selectie van patiënten die daadwerkelijk
een CTPA moet ondergaan nog niet optimaal is en dat sommige patiënten worden
blootgesteld aan straling die wellicht vermijdbaar is. In dit kader hebben we verschillende
onderzoeken verricht om de diagnostische strategie en therapie voor VTE in specifieke
patiëntengroepen te verbeteren, en om te onderzoeken wat de effecten zijn van bepaalde
geneesmiddelen op stollingsparameters en het risico op het krijgen van een VTE.
Tabel 1: Wells score7
Item
klinische tekenen van trombosebeen
longembolie meest waarschijnlijke diagnose
hartfrequentie > 100/min
immobilisatie of grote operatie <4 weken
trombosebeen of longembolie in de voorgeschiedenis
Bloed ophoesten
actieve kanker

Punten
3
3
1.5
1.5
1.5
1
1

8

Totaal ≤ 4 punten longembolie onwaarschijnlijk (lage klinische voorafkans): indicatie voor bepaling D-dimeer,
indien deze niet verhoogd is (< 500ng/mL) kan een longembolie veilig worden uitgesloten
Totaal > 4 punten longembolie waarschijnlijk (hoge klinische voorafkans): indicatie voor beeldvorming middels
CTPA (CT-scan van de longslagaders), geen D-dimeer bepaling.

Hoofdstuk 2 van dit proefschrift legt de nadruk op een optimale diagnostische strategie
voor longembolie in verschillende (sub)populaties. Allereerst presenteren we een nieuwe
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diagnostische strategie voor longembolie, waarbij gebruik wordt gemaakt van het YEARS
algoritme.14 Dit YEARS algoritme is zo ontworpen dat het makkelijker kan worden
toegepast in de klinische praktijk dan de reeds bestaande beslisregels, zoals de Wells
score, en om het aantal benodigde CTPA scans terug te dringen. Drie items uit de
originele Wells klinische beslisregel bleken het meest bepalend te zijn om de diagnose
longembolie te voorspellen. Deze items waren: klinische tekenen van een DVT, bloed
ophoesten, en de diagnose longembolie als meest waarschijnlijke diagnose.15 Indien
één van deze items aanwezig is in combinatie met een klassieke D-dimeertest beneden
500ng/mL óf een hogere afkaapwaarde van beneden 1000 ng/mL bij ontbreken van één
van de YEARS items, werd verwacht dat longembolie veilig kon worden uitgesloten
zonder een CTPA. In het YEARS onderzoek hebben we de veiligheid en de efficiëntie
van het YEARS diagnostische algoritme bepaald door in verschillende ziekenhuizen
2944 patiënten te vervolgen die verdacht werden van het hebben van een longembolie.
Dit onderzoek toonde aan dat het YEARS algoritme veilig kon worden gebruikt en ook
tot 14% minder CTPAs leidde in vergelijking met de Wells score, die toegepast werd met
een D-dimeer waarde beneden 500ng/mL. We constateerden dat slechts 0,43% van de
patiënten die geen CTPA hadden ondergaan binnen 3 maanden een VTE ontwikkelde.
Dit was geheel binnen de verwachting vergeleken met andere algoritmes.14,16,17 Momenteel
wordt het YEARS algoritme al in veel ziekenhuisprotocollen gebruikt. Sommige
onderzoekers echter zouden voordat het YEARS algoritme verder wordt ingevoerd
eerst nog bevestiging van de resultaten in een ander onderzoek willen zien.18 Hun
belangrijkste kritiekpunten zijn dat de D-dimeer waarden al gemeten waren voordat de
arts de klinische inschatting maakte, dat bloed ophoesten te weinig voorkwam en dat het
scoren van het item 'longembolie meest waarschijnlijke diagnose' mogelijk beïnvloed is
doordat de artsen ook andere algoritmes, zoals de Wells score kennen. In mijn ogen zijn
deze argumenten niet valide. In de praktijk werden de YEARS criteria bepaald voordat
de D-dimeer waarden bekend waren. Ook moet de arts altijd alle risicofactoren voor
het hebben van een VTE meewegen. Het hebben van een risicofactor voor VTE in de
individuele patiënt zal de keuze tot het stellen van 'longembolie meest waarschijnlijke
diagnose' beïnvloeden. Dit kan deels ook de reden zijn dat dit het meest voorspellende
item is in het Wells algoritme.15 Verder nog te benoemen is dat hoewel op oudere leeftijd
de D-dimeer waarde hoger is, het meenemen van de leeftijd in een aangepast YEARS
algoritme niet leidde tot verbetering van de diagnostische strategie.19
Omdat D-dimeer waarden een belangrijke rol hebben in de diagnostische algoritmes voor
VTE, onderzochten wij in de literatuur wat er bekend is over de invloed van medicatie op
de D-dimeer waarden. Hierin vonden we dat plaatjesaggregatieremmers, geneesmiddelen
die het samenklonteren van bloedplaatjes remmen, en statines, geneesmiddelen die
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het cholesterol verlagen, de D-dimeer waarde zouden kunnen beïnvloeden. Daarom
onderzochten we in hoofdstuk 2.2 van dit proefschrift door middel van een post-hoc
analyse in het YEARS onderzoek of de D-dimeer afkapwaarde moet worden aangepast
voor patiënten die plaatjesaggregatieremmers en/of statines gebruiken.20 We stelden vast
dat gebruik van statines geassocieerd is met 15% lagere D-dimeer waarden, maar dat er
géén associatie is tussen gebruik van plaatjesaggregatieremming en de waarde van de
D-dimeer. Daarna maakten we een model waarin de statine gebruikers in het YEARS
algoritme een 15% lagere afkapwaarde kregen. Dit aangepaste algoritme zorgde er echter
niet voor dat de diagnose VTE minder vaak gemist werd in deze groep. Daarom lijkt er
geen noodzaak om de D-dimeer afkapwaarden in het YEARS algoritme aan te passen
voor statinegebruikers. De D-dimeer afkapwaarden lijken ook voor statinegebruikers
veilig te zijn. We willen dan ook onnodige complexiteit vermijden en het houden bij
hetzelfde algoritme, ongeacht gebruik van statines.
De post-hoc analyse leidt ons naar het tweede doel van dit proefschrift: onderzoek
naar de effecten van bepaalde geneesmiddelen op stollingsparameters, zoals D-dimeer,
fibrinogeen, plasminogeen activator inhibitor-1 (PAI-1), tissue-type plasminogeen
activator (t-PA) en antiplasmine, en op het risico op het krijgen van een VTE. In het
algemeen worden meetwaarden in het bloed, ook wel biomarkers genoemd, gebruikt voor
screening, diagnose stellen, het vervolgen van activiteit van een bepaalde ziekte of het
vervolgen van het effect van een bepaalde behandeling.21,22 In hoofdstuk 3 verschaffen we
een overzicht van de literatuur betreffende de invloed van plaatjesaggregatieremmers en
statines op de D-dimeer waarde. Een eerder overzicht in de vorm van een meta-analyse,
die de literatuur over de associatie tussen statinegebruik en D-dimeerwaarden samenvat
en analyseert, bevatte serieuze statistische en methodologische tekortkomingen. 23
Om deze associatie opnieuw te bepalen hebben wij in hoofdstuk 3.1 systematisch alle
gepubliceerde artikelen over de invloed van statines op de D-dimeer waarde beoordeeld
en een nieuwe meta-analyse uitgevoerd.24 In een opinieartikel dat gepubliceerd is in
het tijdschrift Circulation staat dat veel artsen erg veel waarde hechten aan uitkomsten
van een meta-analyse en dit als de waarheid beschouwen.25 Onze meta-analyse over
de associatie tussen statines en de D-dimeer waarde benadrukt dat de kwaliteit van
een meta-analyse sterk afhankelijk is van de interpretatie van de originele data en de
methodologie die gebruikt wordt door de onderzoekers. Daarom moeten de resultaten
van een meta-analyse altijd voorzichtig worden geïnterpreteerd en is kritische discussie
over de onderzoeksmethode noodzakelijk. In onze meta-analyse includeerden we in
totaal 18.052 deelnemers uit verschillende soorten onderzoeken. We constateerden
dat patiënten die statine behandeling ondergingen significant lagere D-dimeer
waarden hadden in vergelijking met controle patiënten, een klein maar robuust effect.
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In hoofdstuk 3.2 verrichtten wij een aparte meta-analyse betreffende het effect van
plaatjesaggregatieremmers op de D-dimeer waarde.26 Wij includeerden 17 verschillende
onderzoeken waarbij deelnemers tenminste 7 dagen een plaatjesaggregatieremmers
hadden gebruikt. In totaal werden 1117 deelnemers geïncludeerd. De meta-analyse
toonde geen verschil in D-dimeer waarde tussen gebruik of geen gebruik van
plaatjesaggregatieremmers. We concludeerden dat plaatjesaggregatieremmers de waarde
van de D-dimeer niet lijkt te beïnvloeden. Het kleine effect van het gebruik van statines
en het ontbreken van een effect van plaatjesaggregatieremmers komt overeen met de
resultaten van onze analyse in het YEARS onderzoek, beschreven in hoofdstuk 2.2.
De resultaten van onze meta-analyses in combinatie met onze analyse in het YEARS
onderzoek bevestigen dat er geen noodzaak is tot het aanpassen van de D-dimeer
afkapwaarde in het YEARS algoritme voor statine en/of plaatjesaggregatiegebruikers.
Zoals is aangetoond in hoofdstuk 2.2 en 3.1 is gebruik van statines geassocieerd
met lagere D-dimeer waarden. In het algemeen staan statines er bekend om dat zij
antistollingseffecten hebben.27 Het is echter onduidelijk of andere cholesterolverlagende
geneesmiddelen ook invloed hebben op de stolling en meetwaarden van de stolling.
Mogelijke antistollingseffecten kunnen de keuze voor bepaalde cholesterol verlagende
geneesmiddelen voor de behandeling van patiënten met een hoog cholesterol in de
richtlijnen beïnvloeden. Daarom onderzochten we in hoofdstuk 4 de effecten van de
nieuwere cholesterol verlagende geneesmiddelen: Proprotein convertase subtilisin/kexin
9 (PCSK9) remmers op D-dimeer en fibrinogeen waarden in patiënten met familiaire
hypercholesterolemie (FH).28 PCSK9 remmers zijn monoklonale IgG2-antilichamen
die het cholesterolgehalte verlagen. Ze kunnen worden voorgeschreven aan patiënten
met Familiaire Hypercholesterolemie (FH) die een hoog risico hebben op hart- en
vaatziekten, maar die de cholesterol streefwaarden niet bereiken ondanks maximaal
verdraagbare doseringen van statines en ezetemibe (een andere cholesterolverlager). Wij
bepaalden D-dimeer en fibrinogeen waarden voor en na het starten van behandeling met
PCSK9 remmers in 30 FH patiënten die geen statines verdroegen. Na een gemiddelde van
28 dagen waren zowel de D-dimeer als de fibrinogeen waarden niet significant veranderd.
Deze resultaten wekken de suggestie dat PCSK9 remmers geen antitrombotische effecten
hebben. Ook benadrukken de resultaten om statine verdraagzaamheid in patiënten
volledig te testen, zoals ook wordt aanbevolen in de richtlijnen.29 Niettemin hebben wij
niet alle biomarkers van de stolling onderzocht en zouden andere mogelijk bijkomstige
voordelen van PCSK9 remmers ook moeten worden onderzocht.
Om de mogelijke effecten van statines op de stolling nog verder te kunnen bepalen,
onderzochten we de invloed van rosuvastatine gebruik op de fibrinolyse, het proces
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waarbij de bloedstolsels weer worden opgeruimd. We weten uit de literatuur dat wanneer
de fibrinolytische activiteit verminderd is, het risico op een VTE hoger is.30-32 In hoofdstuk
6 bepaalden we in onderzoeksdeelnemers die eerder een VTE hadden, voor en na vier
weken rosuvastine behandeling of geen behandeling met een statine de waarden van de
fibrinolyse.33 We constateerden dat het gebruik van rosuvastine gebruik tot een verbeterd
fibrinolyse profiel leidde wanneer vergeleken werd met geen gebruik van rosuvastine.
Na behandeling met rosuvastatine verbeterde het fibrinolytisch potentieel significant,
fibrinogeen waarden waren hoger, plasmin inhibitor waarden en TAFI activiteit waren
lager, maar PAI-1 waarden veranderden niet. Deze verbetering in fibrinolyse en de eerder
vermelde antistollingseffecten na statinebehandeling bekrachtigen de noodzaak van
verdere onderzoeken naar de mogelijke rol van statines in de secundaire preventie van
VTE.
Dat bepaalde subpopulaties meer aandacht nodig hebben in de diagnostische strategie
van VTE wordt duidelijk in hoofdstuk 5. Aangemoedigd door ervaringen in de kliniek
en casuïstiek uit de medische literatuur onderzochten we de associatie tussen gebruik
van het geneesmiddel olanzapine en de incidentie van VTE.34 De diagnose VTE kan
in schizofrene patiënten erg moeilijk zijn doordat deze patiënten vaker loomheid
vertonen en een veranderde pijnperceptie hebben.35,36 Dit kan leiden tot diagnostische
vertragingen en onderschatting van het ziektebeeld. De paradox van deze diagnostische
uitdaging is dat olanzapine, een geneesmiddel dat frequent wordt voorgeschreven in deze
patiëntengroep, geassocieerd is met een verhoogd risico op VTE. In overeenstemming
met data uit Vigibase, de wereldwijde bijwerkingendatabase, rapporteerde een metaanalyse een 35% verhoogd relatief risico op VTE in patiënten die olanzapine gebruiken.37
Deze associatie lijkt het beste verklaard te worden door een aantal bijwerkingen van
olanzapine, zoals gewichtstoename en loomheid. Andere onderzoeken zijn nodig om
mogelijke mechanismen van olanzapine op bijvoorbeeld stolling en plaatjesaggregatie
vast te stellen. Clozapine lijkt op basis van de data in Vigibase ook geassocieerd te zijn
met een verhoogd risico op VTE, terwijl andere tweede generatie antipsychoctica zoals
quetiapine en risperidon hiermee niet geassocieerd zijn. Stoppen van olanzapine na een
VTE zou moeten worden overwogen op basis van individueel risico profiel, controle
van psychotische kenmerken en behandelmogelijkheden met andere antipsychotica.
Met behulp van meldingen in de bijwerkingencentra konden olanzapine en clozapine
worden geassocieerd met een hogere kans op VTE. Dit bevestigt het grote belang van
deze bijwerkingendatabases om belangrijke bijwerkingen op te kunnen sporen.

8

179

BNW_Suzanne_DEF2.indd 179

23-06-20 11:47

Chapter 8

Algemene conclusies en toekomstperspectief
Concluderend, de eerste belangrijke bevinding van dit proefschrift is dat het
gesimplificeerde diagnostische YEARS algoritme voor verdenking longembolie veilig
kon worden gebruikt in patiënten die zich in het ziekenhuis presenteren, ook in statine
en/of plaatjesaggregatie gebruikers. Ten tweede toonden we aan dat statines de D-dimeer
waarde beïnvloeden, maar plaatjesaggregatieremmers en PCSK9 remmers niet, en dat in
onderzoekdeelnemers, die eerder een VTE hadden, rosuvastine gebruik tot een verbeterd
fibrinolyse profiel leidt dan zonder statine gebruik. Daarnaast blijft de diagnose van VTE
in schizofrene patiënten moeilijk en zijn een aantal geneesmiddelen, zoals olanzapine,
geassocieerd met een verhoogd risico op VTE. Al deze bevindingen geven meer inzicht
in zowel het gebruik van diagnostische algoritmes om een VTE uit te sluiten in het geval
van medicatiegebruik als in de pathofysiologische effecten op de stolling van bepaalde
medicatie.
In dit proefschrift concentreren we ons ten dele op de effecten van medicatie op de
veiligheid van diagnostische algoritmes naar VTE. Een andere specifieke uitdaging is
om de veiligheid van een diagnostisch algoritme in zwangere vrouwen te onderzoeken.
Deze populatie heeft een verhoogd risico op VTE en gemiddelde stollingswaarden zijn
anders dan in de algemene bevolking. Het is bekend dat D-dimeer waarden tijdens de
zwangerschap hoger worden.38 Daarom zijn diagnostische algoritmes om VTE uit te
sluiten moeilijk toe te passen bij zwangere vrouwen. Het is daarom te verwachten dat
zwangere vrouwen met een hoge kans op een longembolie, maar een lage D-dimeer
waarde waarschijnlijk geen CTPA hoeven te ondergaan. Na eerder testen van een ander
algoritme, is ook de YEARS score aangepast voor zwangerschap.39,40 Zwangere vrouwen
die verdacht werden van het hebben van een longembolie en die ook klinische tekenen
van een DVT hadden, ondergingen eerst een echografie van het been om een DVT
te bevestigen of uit te sluiten. Indien er geen DVT kon worden aangetoond, werd het
YEARS algoritme toegepast. Het aantal vrouwen dat op deze manier geen CTPA nodig
had was hoog (39%) en het aangepaste algoritme kon ook veilig worden toegepast. Vooral
in het eerste trimester was de efficiëntie het hoogst met 65% vermijding van CTPAs,
waarbij in het derde trimester 32% van de CTPAs kon worden vermeden. Een beetje
buiten het bereik van dit proefschrift, maar belangrijk om te realiseren, is dat diagnostiek
naar longembolie bij kinderen een uitdaging blijft. VTE is relatief zeldzaam in kinderen
en het is onduidelijk of D-dimeer waarden kunnen worden gebruikt in combinatie met
klinische beslisregels. Ook presenteren kinderen zich vaak met vage, niet typische
lichamelijke klachten. 41 In de richtlijn over de behandeling van VTE bij kinderen uit 2018
van de Amerikaanse Vereniging van Hematologie, worden veel aanbevelingen gemaakt
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door extrapolatie van gegevens van volwassenen.42 Extra onderzoek in deze specifieke
populatie is nodig om het ontstaan van VTE te begrijpen, maar ook om de diagnostiek
van VTE te versnellen en verbeteren.43
Eén van de meest essentiële toekomstperspectieven is dat artsen zich meer bewust
moeten worden van het belang om te blijven melden aan bijwerkingencentra in het
geval van een onverwachte diagnose van VTE, die gerelateerd zou kunnen zijn aan
het gebruik van een bepaald geneesmiddel. Dit zou de kennis van tromboserisico’s
verbeteren en mogelijk toekomstige voorvallen voorkomen. Hoewel zorgverleners op
basis van de Geneesmiddelenwet sinds 2007 verplicht zijn ernstige bijwerkingen te
melden gebeurt dit nog slechts in beperkte mate. Meer educatie over dit onderwerp
gedurende farmacotherapie onderwijs tijdens de studie geneeskunde en farmacie,
alsmede ondersteuning bij het melden van mogelijke bijwerkingen door de (ziekenhuis)
apotheek zou kunnen helpen om dit toekomstperspectief te verwezenlijken.
Tenslotte ondersteunen we met de resultaten verkregen in het rosuvastatine
onderzoek een redelijke en noodzakelijke basis voor een interventieonderzoek naar de
effectiviteit van statines op het verminderen van het risico op VTE. In het verlengde
PROLONG II onderzoek werden D-dimeer waarden bepaald 1 jaar na het stoppen van
antistollingsbehandeling voor niet uitgelokte VTE.44 Patiënten waarbij de D-dimeer
waarde na 3 maanden abnormaal werd en bleef, hadden een hoger risico op recidief
(terugkeer) van een VTE dan patiënten waarbij de D-dimeer waarde normaal bleef.
Daarom zou het in de toekomst denkbaar zijn om een gerandomiseerd gecontroleerd
onderzoek uit te voeren naar het effect van statines in het verlagen van het risico op
recidief VTE in patiënten met een verhoogd bloedingsrisico. Het zou daarbij ook
interessant zijn om de D-dimeer waarden te meten gedurende behandeling met statines
of placebo in deze geselecteerde groep met verhoogd risico op bloedingen. Als dit
voorgestelde onderzoek zou aantonen dat statine gebruik in patiënten met een verhoogd
risico op bloedingen is geassocieerd met een verlaagd risico op recidief VTE, dan zou
dit kunnen leiden tot aanpassen van de richtlijnen in lange termijn behandeling van
VTE in deze specifieke populatie. Men zou dan statines kunnen aanbevelen na initiële
behandeling met antistollingstherapie. Een lagere dosis antistolling is ook een optie in
deze situatie en moet natuurlijk worden afgewogen tegen de voor- en nadelen van statine
behandeling, waarbij ook rekening moet worden gehouden met de bijwerkingen van
statines, zoals spierverval.
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