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ABSTRACT
Background
Raised lipoprotein(a) [Lp(a)] is a cardiovascular risk factor common in patients with refractory angina.
The apolipoprotein(a) component of Lp(a) exhibits structural homology with plasminogen, and can
enhance thrombosis and impair fibrinolysis.
Objectives
To assess the effect of lipoprotein apheresis on markers of thrombosis and fibrinolysis in patients with
high Lp(a).
Methods
In a prospective, single-blind, crossover trial, 20 patients with refractory angina and raised
Lp(a)>50mg/dL, were randomised to three months of weekly lipoprotein apheresis or sham. Blood
taken before and after apheresis/sham was assessed using the Global Thrombosis Test, to assess time
taken for in vitro thrombus formation (occlusion time, OT) and endogenous fibrinolysis (lysis time,
LT); as well as von Willebrand Factor (vWF), fibrinogen, D-dimer, thrombin/anti-thrombin III complex
(TAT), prothrombin fragments 1+2 (F1.2) and thrombin generation assays (TGA).
Results
Lp(a) was significantly reduced by apheresis (100.2[IQR 69.6,143.0] vs. 24.8[17.2,34.0]mg/dL,
p=0.0001) but not by sham (p=0.0001 between treatment arms). Apheresis prolonged OT (576±116s
vs. 723±142s, p<0.0001) reflecting reduced platelet reactivity and reduced LT (1340[1128, 1682]s vs.
847[685,1302]s, p=0.0006) reflecting enhanced fibrinolysis, without corresponding changes with sham.
Apheresis, but not sham, reduced vWF (149[89.0,164] vs. 64.2[48.5,89.8]IU/dL, p=0.0001), and
fibrinogen (3.12±0.68 vs. 2.20±0.53g/L, p<0.0001), and increased F1.2 (158.16[128.77, 232.09] vs.
795.12[272.55,1201.00]pmol/L, p=0.0006). There was no change in D-dimer, TAT or TGA with
apheresis or sham.
Conclusion
Lipoprotein apheresis reduces Lp(a) and improves some thrombotic and fibrinolytic parameters in
patients with refractory angina. Key words: Lipoprotein(a), Apheresis, Thrombosis, Fibrinolysis,
Angina.
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INTRODUCTION
With an ageing western population and improved survival from coronary artery disease, there is an
increasing burden of patients with refractory angina,1 defined as angina resistant to medical therapy,
unamenable to conventional revascularization procedures.2
Raised lipoprotein(a) [Lp(a)] is common in patients with refractory angina,3 and may be involved in its
aetiology and symptomatology. Lp(a) is a genetically determined form of low-density lipoprotein
cholesterol [LDL-C] consisting of a cholesterol-rich LDL particle with apolipoprotein B (ApoB) and
an additional protein apolipoprotein(a) [Apo(a)].4 Although currently available medications can achieve
significant LDL-C reduction, many patients remain at residual risk of cardiovascular disease; some of
which elevated Lp(a) accounts for according to several large clinical trials.5 Observational prospective
cohort data from 56,804 participants across Europe with up to 24 years follow-up showed that
elevated Lp(a) was associated with increased risk of major coronary events and cardiovascular death,
particularly amongst diabetics.6 Prospective studies have demonstrated a clear relationship between
Lp(a) and the incidence of coronary artery disease 7 and premature cardiovascular disease,8 and raised
Lp(a) is considered an independent cardiovascular risk factor.7,9 Lp(a) may enhance coronary intimal
lipoprotein deposition, and affect myocardial perfusion, microvascular function, plasma viscosity and
endothelial function.10
The apolipoprotein(a) component of Lp(a) has close structural homology with plasminogen, and
through competitive inhibition can inhibit plasmin formation, causing reduced fibrinolysis.10 Lp(a) may
also enhance coagulation by inhibiting the function of tissue factor pathway inhibitor,11 and promotes
thrombosis via secretion of plasminogen activator inhibitor-1.
There is currently no FDA-approved pharmacological treatment to lower Lp(a), but it can be effectively
lowered with lipoprotein apheresis, an extracorporeal treatment whereby atherogenic ApoB-containing
lipoproteins, including Lp(a) and LDL-C, are removed from blood or plasma.12 In a prospective
observational study, patients with progressive cardiovascular disease who commenced lipoprotein
apheresis for elevated Lp(a) experienced a reduction in major adverse coronary events from 0.41 to
0.09 per year.13 Similar results were seen in another retrospective observational study.14 There remains
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however, a paucity of prospective, randomised controlled trial data exploring the impact of aggressively
lowering raised Lp(a) in patients with established coronary artery disease. We therefore conducted a
prospective, single-blind, crossover trial in 20 patients with refractory angina and raised
Lp(a)>50mg/dL, randomised to three months of weekly lipoprotein apheresis or sham. Lipoprotein
apheresis led to significant improvements in myocardial perfusion, atheroma burden, exercise capacity
and symptoms, with no significant change demonstrated in the sham arm.15 Within the same study we
also hypothesized that lowering Lp(a) in patients with refractory angina would lead to favourable
changes in markers of thrombosis and fibrinolysis.

METHODS
Ethical approval was obtained from the National Research Ethics Committee and the trial was registered
with ClinicalTrials.gov (Identifier: NCT01796912). All participants gave written informed consent. The
study protocol conforms to the ethical guidelines of the 1975 Declaration of Helsinki as reflected in a
priori approval by the institution's human research committee. The study was conducted at the Royal
Brompton and Harefield NHS Foundation Trust, between March 2013 and November 2015.

Study design
We conducted a prospective, randomised, sham-controlled, single-blind, cross-over study of 20 patients
with refractory angina and elevated Lp(a) >50mg/dL (normal range <30mg/dL) to assess the effect of
lipoprotein apheresis on myocardial perfusion reserve and clinical outcomes, and in this paper, we are
exploring the impact on secondary endpoints of markers of thrombosis and fibrinolysis.

Participants were randomised to an initial treatment arm (lipoprotein apheresis treatment sessions
weekly for 3 months), or to an initial control group (sham apheresis sessions weekly for 3 months)
(figure 1). After the first 3-month period, there was a wash-out period of 1 month with no investigations,
before cross-over to the alternative arm. Baseline and post-intervention investigations were repeated
before and after each three-month treatment period.
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Figure 1: Summary diagram showing trial methodology and design

Patient population
Patients with a diagnosis of refractory angina were recruited in out-patient clinics. Refractory angina
was defined as angina resistant to medical therapy, unamenable to conventional revascularization
procedures. The diagnosis of refractory angina was confirmed by at least one cardiologist, who verified
the absence of revascularisation options and that the pain was of ischaemic origin, in most cases with
evidence of reversible ischaemia. Inclusion criteria were: refractory angina for >3 months; two or more
episodes of angina per week; evidence of significant coronary disease demonstrated by at least one of
the following 3 criteria: previous myocardial infarction, bypass surgery, percutaneous coronary
angioplasty (or any combination of these three criteria); optimal medical therapy for angina with at least
two anti-anginal drugs; hypercholesterolaemia with elevated Lp(a) >50mg/dL and LDL-cholesterol
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<4.0mmol/L, despite maximally-tolerated lipid-lowering therapy. We excluded patients who had suboptimal peripheral veins for cannulation, other chronic systemic illness such as liver or renal failure,
neoplastic disease, anaemia with haemoglobin <100 g/l, platelet count <100 x 109/l, known bleeding
diasthesis, overt heart failure, unstable coronary artery disease with significant chest pain at rest,
coronary revascularisation or a myocardial infarction within eight weeks, pregnancy, untreated diabetes
mellitus, untreated hypertension, and those with contraindications to CMR or adenosine.

Randomisation and blinding
Computer-generated block randomisation was performed using Stata software and patients randomised
in a 1:1 fashion to the active or sham arms. All trial participants remained strictly blinded to treatment
allocation throughout the entire protocol.

Lipoprotein apheresis
Lipoprotein apheresis was performed according to clinical guidelines,16 using the DX21 DHP (Direct
Hemo Perfusion) Lipoprotein Apheresis machine with the Liposorber DL-75 column, Kaneka Pharma
Europe; which utilises dextran sulphate to bind Apo(b)-containing lipoproteins removing them directly
from whole blood. On average, each treatment lasted 2-3 hours. The control group had sham apheresis
sessions with needle insertion, with tubing not connected to the machine and the apheresis machine was
run to simulate active treatment. Screens and drapes were used to blind patients to treatment allocation.
For safety reasons, the attending physician was not blinded to treatment allocation. With exception of
the final active treatment, patients were given an intravenous bolus of 3000 IU heparin prior to treatment
to prevent clotting within the instrument. We avoided administering intravenous heparin prior to the
final apheresis session to avoid heparin lingering in the blood-stream after treatment, which may have
affected markers of thrombosis and coagulation.

Blood sample collection
Blood samples were taken at four time-points; namely pre- and post-apheresis, and pre- and post-sham.
Pre-apheresis and pre-sham blood tests were taken just before commencing the first apheresis or sham
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treatment session. Post-apheresis and post-sham blood tests were taken at least one hour after finishing
the final treatment session via a fresh venepuncture (not via the treatment access, to avoid errors from
potential haemodilution) and were conducted once we had confirmed that blood heparin levels were at
0 IU/ml, to avoid the potential confounding impact on tests of thrombosis and coagulation.
Blood samples were taken from an antecubital vein using a 21-G butterfly cannula using a 2-syringe
technique, avoiding prolonged tourniquet time. The first 5 mL blood was used for routine blood tests
and the next 4 mL sample used for assessment of thrombotic status (see below).
Blood samples were also assessed for lipid profile including total cholesterol, Lp(a), LDL, HDL, total
cholesterol to HDL ratio, TG; Apo(a) and Apo(b), B-natriuretic peptide (BNP), coagulation screen,
haematocrit and C-reactive protein (CRP). Lp(a) was measured using Lp(a) Ultra: a quantitative
immunoturbidimetric isoform-insensitive assay, Randox Laboratories Ltd. London.

Assessment of thrombotic status
Thrombotic status was assessed using the point-of-care automated Global Thrombosis Test (GTT,
Thromboquest Ltd., UK). Venous blood obtained as above was inserted into a channel in the GTT
(within 15 s of withdrawal); using the same techniques as previous studies.17 This is a comprehensive
test of platelet reactivity, coagulation (thrombin generation), and spontaneous (endogenous)
thrombolytic activity performed on native, non-anticoagulated blood;17 hence an ideal means of
assessing the impact of apheresis on thrombin generation and thrombolysis. The instrument measures
the time taken to create a shear-induced thrombus under physiological conditions (occlusion time [OT],
in seconds); and the second phase of the test, measures the time to achieve endogenous thrombolysis of
the thrombus created during the first phase (lysis time [LT], in seconds).17 If lysis does not occur until
6,000 s after OT (LT cut-off time), “no lysis” is displayed and recorded.17

Venous samples at each time point were also taken to measure the following: D-dimer, von Willebrand
factor (vWF) antigen, fibrinogen, thrombin/anti-thrombin III complex (TAT)

and prothrombin

fragments F1+2 (Enzygnost® TAT and Enzygnost® F1.2 respectively; Siemens Healthcare
Diagnostics, USA) using an enzyme-linked immunosorbent assay (ELISA), and thrombin generation
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tests using calibrated automated thrombography, developed by Hemker et al.18 Thrombin generation is
initiated by the addition of CaCl2 and a fluorogenic substrate (Z-Gly-Gly-Arg-AMC) in the presence of
tissue factor (TF; 4pM) and phospholipids (4µM DOPS/DOPC/DOPE, 20:60:20) to trigger the reaction.
The thrombin generation was quantified using the Thrombinoscope software (Synapse BV),
Netherlands. To inhibit contact activation, corn trypsin inhibitor was added (65µg/ml plasma; Enzyme
Research Laboratories, UK). All samples were run in triplicates and parameters such as lag time, peak
thrombin, time-to-peak thrombin and endogenous thrombin potential were calculated from the curves
generated for each sample.

Outcome measures
The primary outcome measure of the main study was change in the myocardial perfusion reserve (MPR)
which was assessed with magnetic resonance imaging by comparing gadolinium contrast perfusion
during adenosine-induced stress versus the resting state, from baseline to three months after lipoprotein
apheresis, previously published.15 Here we report the change in thrombotic and fibrinolytic status, a
secondary outcome measure.
Statistical analysis
A power calculation was performed based on the primary endpoint. With the cross-over design,
assuming the inter-study reproducibility for MPR to have a standard deviation (SD) of 0.15 with a
postulated change in MPR of 0.2 between the groups, a sample size of 20 patients was required to
achieve 99% power at a p-value of 0.05.15 All sample analysis was performed blinded to treatment
allocation. Unblinding of data and all statistical analysis was performed after the conclusion of the
trial following blinded analysis of the end points. Continuous data are presented as mean (SD) for
normally distributed or median [interquartile range] for non-normally distributed data. Comparisons
between groups were performed using Student’s paired t-test for normally distributed data or the
Mann Whitney U-test for non-normally distributed data using statistical software Stata 14.1(Statacorp,
Texas USA). Statistical significance was taken as p<0.05.
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RESULTS
Twenty patients completed the trial protocol (figure 2). Baseline characteristics of trial patients and the
order in which treatment was randomised is described in table 1. One patient was unable to tolerate the
DX 21 DHP system and was switched to a double filtration HF440 lipoprotein apheresis system.
Lp(a) fell in response to apheresis from the baseline 100.2 (IQR 69.6, 143.0) to 24.8 (IQR 17.2, 34.0)
mg/dL (p=0.0001), with no significant change in Lp(a) in response to sham (94.3 [IQR 68.7, 144.1] vs.
88.6 [IQR 63.4, 146.7] mg/dL, p=0.79); with significant difference in change in Lp(a) between
treatment arms (p=0.0001).

Figure 2: Consort diagram
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Table 1: Patient baseline characteristics
Variable
n
Age years
Male
Ethnicity: White
Asian
Body-mass index (kg/m2)
Diabetes
Hypertension
Smoking: Never
Ex
Current
Family history of CAD
Prior coronary artery bypass
graft surgery
Prior percutaneous coronary
intervention
Prior myocardial infarction
Anti-anginal drugs
Oral nitrate
Beta blocker
Calcium channel blocker
Ivabradine
Ranolazine
Statin
Anti-platelet agents*
Oral anticoagulants**
Systolic blood pressure
(mmHg)
Diastolic blood pressure
(mmHg)
Baseline Lp(a) (mg/dL)
Total cholesterol (mmol/L)
LDL cholesterol (mmol/L)
HDL cholesterol (mmol/L)
TG cholesterol (mmol/L)
Haemoglobin (g/L)
Platelet count x 109/L

Apheresis/Sham
9
59.1 (10.4)
9 (100)
4 (44.4)
5 (55.6)
27.3 (1.9)
2 (22.2)
4 (44.4)
3 (37.3)
4 (44.4)
2 (22.2)
7 (77.8)
6 (66.7)

Sham/Apheresis
11
62.4 (9.0)
10 (91)
3 (27.3)
8 (72.7)
27.5 (4.1)
1 (9.1)
8 (72.7)
7 (63.6)
2 (18.2)
2 (18.2)
9 (81.8)
6 (54.6)

All subjects
20
60.9 (9.5)
19 (95)
7 (35.0)
13 (65.0)
27.4 (3.2)
3 (15.0)
12 (60.0)
10 (50.0)
6 (30.0)
4 (20.0)
16 (80.0)
12 (60.0)

7 (77.8)

9 (81.8)

16 (80.0)

8 (88.9)

9 (81.8)

17 (85.0)

7 (77.8)
7 (77.8)
3 (33.3)
2 (22.2)
1 (11.1)
9 (100.0)
9 (100.0)
1 (11.1)
125.6 (8.5)

7 (63.6)
11 (100)
5 (45.5)
2 (18.2)
0
11 (100.0)
11 (100.0)
3 (27.3)
125.5 (9.1)

14 (70.0)
18 (90.0)
8 (40.0)
4 (20.0)
1 (5.0)
20 (100.0)
20 (100.0)
4 (20)
125.5 (8.6)

72.2 (9.4)

71.4 (2.3)

71.8 (6.3)

112.0 (77.1, 166.0)
3.46 (0.82)
1.85 (0.74)
1.11 (0.31)
1.22 (0.54)
135.1 (16.9)
294.11 (36.92)

108.0 (90.2, 152)
4.25 (0.74)
2.41 (0.64)
1.11 (0.28)
1.22 (0.45)
134.9 (12.4)
194.45 (28.11)

110.0 (77.1, 159)
3.90 (0.86)
2.16 (0.73)
1.11 (0.28)
1.22 (0.48)
135.0 (14.2)
198.80 (31.85)

Data are mean (SD), n (%), median (interquartile range). LDL=low-density lipoprotein, HDL=highdensity lipoprotein, TG=Triglyceride. CAD=coronary artery disease. * Antiplatelet agents comprised
of aspirin +/-clopidogrel. ** anticoagulants comprised of warfarin or apixaban.
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Thrombotic status
Apheresis treatment resulted in significant increase in OT (pre-apheresis 576s±116 vs. post-apheresis
723s±142, p<0.0001). There was no change in OT with sham (585s±142 vs. 573s±113, p=0.61) (table
2). The change in OT (∆) between the apheresis and sham treatment arms was significant (∆ OT 147
(95% CI 97.9, 196) vs. -12.7 (95% CI -63.1, 37.8), p=0.0002 between treatment arms). Apheresis
treatment resulted in significant shortening of LT (1340s [IQR 1128, 1682] vs. 847s [685, 1302],
p=0.0006), with no change in LT in response to sham (1098 [IQR 983, 1573] vs. 1248 [IQR 987, 1592],
p=0.36). The difference in change in LT (∆) between the apheresis and sham treatment arms was
significant (∆ LT -355 [IQR -738, -88.5] vs. ∆ LT 36.0 [IQR -56.0, 204], p=0.005 between treatment
arms) (table 2).
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Table 2: Change in blood markers in response to apheresis and sham, compared to baseline,
shown as mean (standard deviation) or median [inter quartile range].

Variable

Apheresis

Sham

P (between groups)

GTT Occlusion time (s)

147.0 (25.0)

-12.7 (25.7)

<0.001

GTT Lysis time (s)

-355 [-738, -88.5]

36.0 [-56.0, 204]

0.005

APTT (s)

16.2 (2.1)

-0.69 (0.54)

< 0.001

PT (s)

1.45 [0.80, 2.35]

-0.1 [-0.6, 0.65]

0.003

INR

0.1 [0.1, 0.2]

0 [-0.1, 0.1]

0.004

Hb (g/L)

-8.8 (1.9)

1.0 (1.6)

0.001

Platelets (109/L)

-49.7 (8.3)

-2.0 (5.5)

<0.001

PCV

-0.025 (0.006)

0.0045 (0.005)

0.002

vWF (IU/dL)

-60.5 (6.9)

9.24 (10.6)

< 0.001

D dimer (ng/mL)

3 [-40.5, 56]

14 [-26, 32]

0.88

TAT (µg/L)

0.32 [0.03, 1.54]

0.02 [-0.26, 0.70]

0.13

F1.2 (pmol/L)

670 [141, 951]

0.96 [-75.8, 62.2]

0.001

TGA LAG time (min)

0.05 [-0.44, 0.83]

-0.17 [1.34, 0.34]

0.13

TGA ETP (nM/min)

-4.42 (55.9)

-59.3 (53.9)

0.48

TGA peak (nM)

-7.40 (15.4)

-3.19 (13.4)

0.82

TGA tt peak (min)

-0.28 [-0.89, 0.89]

-0.28 [-1.95, 0.78]

0.30

Lp(a) Ultra latex assay (mg/dL)

-68.0 [-110.2, -45.3]

-5.5 [-48.9, 51.5]

<0.001

Total cholesterol (mmol/L)

-1.7 [-2.2, -1.5]

0.1 [-0.25, 0.30]

<0.001

LDL cholesterol (mmol/L)

-1.55 [-1.90, -1.17]

-0.03[-0.04, 0.07]

<0.001

HDL cholesterol (mmol/L)

-0.12 (0.05)

-0.002 (0.04)

0.006

TC:HDL ratio

-1.635 [-1.75, -1.24]

0.025 [-0.28, 0.35]

<0.001

Triglycerides (mmol/L)

-0.28 (0.11)

0.18 (0.10)

0.007

Apolipoprotein (a) (g/L)

-0.09 (0.04)

-0.01 (0.03)

0.074

Apolipoprotein (b) (g/L)

-0.41 (0.03)

-0.04 (0.04)

< 0.001

Fibrinogen (g/L)

-0.93 (0.11)

-0.15 (0.08)

< 0.001

BNP (ng/L)

3.9 (8.1)

-3.7 (10.1)

0.57

CRP (mg/L)

-0.5 [-3.5, 0]

0 [-1.0, 0.5]

0.19

GTT= Global Thrombosis Test, APTT= Activated partial thromboplastin time, PT= Prothrombin time, INR=
International Normalized Ratio, Hb= Haemoglobin, PCV= Packed cell volume, vWF= Von Willebrand factor,
TAT= Thrombin/anti-thrombin III, F1.2 = Prothrombin fragments F1+2, TGA= Thrombin generation assay,
Lp(a)= Lipoprotein(a), LDL= Low density lipoprotein, HDL= High density lipoprotein, BNP= Brain natriuretic
peptide, CRP= C-reactive protein.
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Tests of coagulation and thrombogenesis
APTT increased following apheresis from 33.3s ± 4.6 to 49.5s ± 11.1 (p=0.0001), but not following
sham (p=0.096). PT increased in response to apheresis from 12.1s [11.4, 13.3] to 13.0s [12.7, 14.2]
(p=0.0006), but not in response to sham (11.9 [11.2, 13.0] vs. 12.2 [11.4, 13.0], p=0.96). There was a
significant change between the apheresis and sham arms (p=0.0034 between treatment arms). There
was a very small rise in INR in response to apheresis (1.0 [1.0, 1.15] vs. 1.1 [1.1, 1.2], p=0.002); but no
change in response to sham (1.0 [1.0, 1.1] vs 1.0 [1.0, 1.1], p=0.6).
Apheresis was associated with a reduction in vWF (IU/dL) (149 [89.0, 164] vs. 64.2 [48.5, 89.8],
p=0.0001), with no significant change with sham (95.8 [86.2, 160] vs. 111 [99.5, 157], p=0.31). There
was a significant difference between the change in vWF in the treatment arm and sham arm (∆-60.8[75.1, -47.1] during apheresis, vs. ∆ 5.02[IQR-6.4, 30.6] during sham, p<0.0001 between treatment
arms). There was no significant net change in D-dimer or TAT in response to either apheresis or sham.
Apheresis was associated with a significant rise in F1.2 (pmol/L) (158.16 [128.77, 232.09] vs. 795.12
[272.55, 1201.00], p=0.0006), which was not observed with sham (207.11[128.72, 255.52] vs.
218.75[152.31, 267.53], p=0.97). There was a significant difference in the change (delta ∆) in F1.2
between the two study arms (∆ 458 [286,892] during apheresis, vs. ∆ -0.51[-66.9,54.2] during sham;
p=0.0008 between treatment arms). In response to apheresis, there was a reduction in fibrinogen from
3.12 ± 0.68 to 2.20 ± 0.53, p<0.0001, but this was not seen with sham.
There was no significant change in any of the 4 parameters of the thrombin generation assay (TGA)
namely lag time (TGA LAG time), endogenous thrombin potential (TGA ETP), peak thrombin
concentration (TGA Peak), time-to-peak thrombin (TGA tt Peak) in response to either apheresis or
sham.

DISCUSSION
This is the first randomised controlled trial to examine the effect of lipoprotein apheresis on markers of
thrombotic status in patients with raised Lp(a). Our data demonstrates that apheresis achieves a marked
reduction in Lp(a) that is also associated with favourable changes in thrombotic status. In particular, we
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observed a reduction in platelet reactivity (demonstrated by increase in occlusion time) and
improvement in endogenous fibrinolysis (demonstrated by reduction in lysis time), accompanied by
reduction in vWF and fibrinogen. VWF is a marker of endothelial dysfunction and reduction in vWF
levels may therefore represent improvement in endothelial function. Previous studies have shown that
lipoprotein apheresis results in induction of vasodilation and improved blood flow through stimulation
of expression of endothelium-derived nitric oxide.19 Lp(a) has been shown to affect myocardial
perfusion, microvascular function, plasma viscosity and endothelial function.10 Vascular resistance,20 a
major determinant of microvascular perfusion, as well as blood viscosity,21 have been shown to be
significantly reduced following lipoprotein apheresis. In keeping with this, quantitative myocardial
perfusion reserve (MPR) assessed with cardiovascular magnetic resonance imaging, the primary end
point of our trial; increased by 0.47 [0.31, 0.63] from 1.45 ±0.36 to 1.93 ±0.45 with apheresis, but was
unchanged during sham with a change of -0.16 [-0.33, 0.02] from 1.63 ±0.43 to 1.47 ±0.30 (0.47 vs. 0.16, p<0.001 between groups).15

The likelihood of coronary thrombosis is determined partly by the balance between pro-thrombotic
drivers, such as enhanced platelet reactivity, on the one hand, and the effectiveness of the endogenous
fibrinolytic system to spontaneously dissolve forming thrombi, on the other.22 Enhanced platelet
reactivity, in particular as assessed using platelet function testing in patients taking P2Y12 inhibitors23
and more recently, impaired endogenous fibrinolysis22 have been demonstrated as biomarkers that
predict an increased risk of future cardiovascular thrombotic events in patients with coronary artery
disease. Whilst potent antiplatelet agents can be given to reduce enhanced platelet reactivity, little is
known about therapeutic interventions to favourably modulate endogenous fibrinolysis. In patients with
ACS, impaired endogenous fibrinolysis is associated with reduced spontaneous reperfusion in patients
with ST-elevation myocardial infarction24 and a high rate of recurrent cardiovascular thrombotic events
in patients with non-ST elevation ACS.17 Although the baseline fibrinolytic status in our population was
similar to that previously reported in the normal population or low risk patients,17 we demonstrated a
statistically significant reduction (improvement) in lysis time in response to apheresis. Although the
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sample size was small; the fact that patients acted as self-controls and given similar results were not
seen in the sham arm, lends confidence to our findings.
Since the apolipoprotein(a) component of Lp(a) has close structural homology with plasminogen,
thereby inhibiting plasmin formation,10 and given Lp(a) promotes the secretion of plasminogen
activator inhibitor-1; raised levels of Lp(a) are known to impair fibrinolysis and may promote a prothrombotic state. We therefore postulate that Therefore, the association we observed of apheresisrelated Lp(a) lowering with some favourable improvements in thrombotic and fibrinolytic parameters
fibrinolysis, is likely to be causal interesting and may warrant further investigation in future with more
specific Lp(a) lowering therapies.
Since patients with refractory angina and high Lp(a) are at increased risk of recurrent cardiovascular
events, identifying patients at high risk with targeted modulation to improve fibrinolytic status with
lipoprotein apheresis, may be a novel method to reduce future thrombotic events. Our results do not
prove causation and the results may be attributable to confounders including the effects of the plasma
exchange circuit or a spurious result. However, our findings are supported by observational data in 1435
patients followed for 4 years, showing that lipoprotein apheresis lowered the incidence of
cardiovascular events in patients with high LDL-C and/or high Lp (a) level, and progressive CVD.25 In
patients with raised Lp(a) levels, who continued to experience a high rate of major adverse coronary
events despite effective LDL-C-lowering treatment, lipoprotein apheresis lowered Lp(a) by 73% and
the rate of major adverse coronary by 86% over 5-year follow-up.14
The causality of the relationship between Lp(a) and fibrinolytic status could be explored further by
exploring the effect of pharmacological lowering of Lp(a) with agents such as cholesteryl ester transfer
protein (CETP) inhibitors, fibrates or statins26 or proprotein convertase subtilisin/kexin type 9 (PCSK9)
inhibitors. Although agents19 such as niacin, PCSK9 inhibitors,27,28,29 the CETP inhibitor anacetrapib,26
and mipomersen (not approved in Europe) can lower Lp(a) by 25-30%, the benefit of specifically
lowering Lp(a) using such drugs on cardiovascular risk reduction is unknown.30 In contrast, lipoprotein
apheresis lowered Lp(a) by some 68% after 3 months, which is an order of magnitude greater than that
achieved with pharmacological approaches and thus may have greater benefits. Anti-sense
oligonucleotides directed against apolipoprotein(a) [Apo(a)], thereby reducing Apo(a) and Lp(a) levels

Page 17

hold promise as an effective pharmacological means of lowering Lp(a), although are not yet established
in clinical use pending phase II trials. ISIS-APO(a)Rx, a second-generation antisense drug designed to
reduce the synthesis of Apo(a) achieved an average decrease in plasma Lp(a) concentration from 39.6%
at baseline to 77.8% using variable dosing regimens.31
Plasma fibrinogen may have an impact on atherosclerotic plaque growth, in addition to luminal or mural
thrombosis.32 Therefore, the significant reduction in fibrinogen that we observed with lipoprotein
apheresis, which has also been documented previously;33 may have a beneficial effect on atherosclerotic
plaque progression as well an anti-thrombotic effect.

Renal dialysis circuits have many features in common with apheresis circuits. A single session of
haemodialysis through a synthetic polysulfone membrane has been shown to induce increases in
platelet, endothelial, and coagulation activation with increase in TAT (p<0.001), D-dimer (p<0.001),
vWF (p<0.001) and reduction in thrombin receptor activating peptide (TRAP)-induced platelet
aggregation.34 Our results showing reduction in vWF, and reduction in platelet reactivity, are
supported by earlier observations of reduced platelet aggregation in response to dialysis.34 We
observed no change in D-dimer and previously the effect of dialysis on D-dimer levels has been
controversial, with some studies suggesting no change and other studies suggesting an increase postdialysis.34 Prothrombin fragments 1+2 (F1.2 ) reflect in vivo thrombin generation and increased
significantly during apheresis. This could represent contact activation from the extra-corporeal circuit
which may have led to acutely increased thrombin generation, although this was not seen in the
thrombin generation assay. This could be due the fact that TAT complexes compared to F1.2 have
much shorter half-lives (15 minutes35 and 90 minutes respectively36) and post-apheresis and postsham blood tests were taken at least one hour after finishing the final apheresis. Therefore, changes in
F1.2 can still be detected due to contact activation whilst TAT can be normal. The confounding
effects of the plasma exchange circuit could be removed by examining the isolated impact of a
specific Lp(a)-lowering treatment such as the novel anti-sense oligonucleotides on thrombosis and
fibrinolysis.
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Study Limitations
Limitations of our study include the small sample size and the lack of a true control arm. The sham set
up did not replicate the effects of an extra-corporeal circulation, therefore the observed effects may
reflect the effects of the extracorporeal circulation. Blood samples were taken 1 hour after completing
apheresis, when heparin levels were undetectable. Although citrate was used as the regional
extracorporeal anticoagulant, with Acid Citrate Dextrose A (ACD-A) solution run at 2.0-2.5% of blood
flow rate, it is highly unlikely that this represents a confounding factor since citrate has a short systemic
half-life of approximately 5 minutes. There was a small but statistically significant drop in both
haemoglobin and platelet count following apheresis, that has previously been observed using the same
dextran-sulphate column we used.37 This raises the possibility that the reduction in platelet reactivity
seen here may reflect a reduction in platelet count or haemodilutional effect. This is unlikely, since the
platelet count although reduced, was still very much within the normal range. Coagulation factors
themselves may be removed from the apheresis column, and previous studies have shown that plasma
exchange transfusion results in marked changes in haemostatic parameters, with changes in platelet
count and significant reduction in all coagulation factors and antithrombin III which took up to 24 hours
to normalise.38 Although statistically significant, the magnitude of change in INR was negligible
following apheresis in our study. The change in APTT and PT may reflect some removal of coagulation
factors, but the magnitude of change is small in relation to the magnitude of change in lysis time.
Another limitation is the heterogenous nature of the patient population, including use of antiplatelet and
anticoagulant medications in some, although the cross-over design ensured that patients acted as selfcontrols, making comparisons valid. How long the effects of lipoprotein apheresis on thrombotic
markers persist, and whether there is a sustained benefit or whether a rebound effect occurs, remains
unknown. The study design which compared samples taken before the first apheresis or sham procedure
versus samples taken following 3 months after the last apheresis or sham procedure, does not allow one
to distinguish long-term changes in haemostatic variables from changes induced by a single procedure.
Therefore, the improvements in these variables do not accurately measure improvements averaged over
time. Finally, as previously stated, we cannot prove causation, but simply report an association between
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reduction of Lp(a) with lipoprotein apheresis and an improvement in some thrombotic and fibrinolytic
parameters status.

Conclusion
In patients with refractory angina and raised Lp(a), lipoprotein apheresis is associated with significant
improvements in thrombotic and fibrinolytic parameters. Further studies are needed to assess whether
this favourable effect on thrombotic status can translate into a reduction in cardiovascular risk.
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HIGHLIGHTS

•

We performed a prospective, single-blind, crossover trial in 20 patients with refractory angina
and raised Lp(a)>50mg/dL, randomised to three months of weekly lipoprotein apheresis or
sham.

•

Apheresis prolonged Occlusion time (seconds) (576±116s vs. 723±142s, p<0.0001) reflecting
reduced platelet reactivity; and reduced Lysis time (seconds) (1340[1128, 1682]s vs.
847[685,1302]s, p=0.0006) reflecting enhanced fibrinolysis, without corresponding changes
with sham.

•

Apheresis, but not sham, reduced von Willebrand Factor (149[89.0,164] vs.
64.2[48.5,89.8]IU/dL, p=0.0001), and fibrinogen (3.12±0.68 vs. 2.20±0.53g/L, p<0.0001),
and increased prothrombin fragments 1+2 (158.16[128.77, 232.09] vs.
795.12[272.55,1201.00] pmol/L, p=0.0006).

•

There was no change in D-dimer, thrombin/anti-thrombin III complex or thrombin generation
assays with apheresis or sham.

•

Lipoprotein apheresis reduces Lp(a) and improves thrombotic and fibrinolytic profile in
patients with refractory angina.
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