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Abstract
Purpose of Review Lipoprotein apheresis is the most effective means of lipid-lowering therapy. However, it’s a semi-invasive,
time consuming, and chronic therapy with variable adherence. There are still no specific guideline recommendations for the
management of patients on lipid apheresis. The purpose of this review is to discuss the clinical indications and major drawbacks
of lipid apheresis in the light of recent evidence.
Recent Findings Lipoprotein apheresis should be initiated at early ages and performed frequently to receive the expected
cardiovascular benefits. However, in clinical practice, most patients experience ineffective apheresis and fail to reach lipid targets.
This real-world failure is due to several factors including late diagnosis, delayed referral, and improper frequency of procedures.
All these denote that awareness is still low among physicians. Another important factor is the semi-invasive, time consuming
nature of the apheresis, leading to high refusal and low adherence rates. Moreover, apheresis decreases quality of life and
increases the risk of depression. Mental status is also deteriorated in patients with familial hypercholesterolemia on lipid
apheresis. New effective lipid lowering agents are underway with promising cardiovascular results.
Summary To overcome the drawbacks, a structured approach, including standardized protocols for lipoprotein apheresis with
regular cardiovascular follow-up is warranted. New effective lipid lowering agents with documented cardiovascular benefit,
should be integrated into the treatment algorithms of patients on lipoprotein apheresis.
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Introduction

With the introduction of lipid lowering agents (LLA), there
has been a significant reduction in the risk of cardiovascular
(CV) disease (CVD) and premature deaths. However, there
are many patients with refractory familial hypercholesterol-
emia (FH) who are far from the recommended treatment goals.
FH is a genetic disease characterized by cumulative lifetime
exposure to high cholesterol levels leading to premature ath-
erosclerosis [1–3]. Homozygous patients (HoFH) usually
have low density lipoprotein (LDL)-cholesterol levels
>500 mg/dL (13 mmol/L) and generally present with poten-
tially fatal CVDwithin the early decades of life [2•]. The basis

of the management of HoFH is early and efficient in LDL-
cholesterol lowering. On the other hand, conventional LLA
remain ineffective in most of the patients, as the underlying
genetic mutations mostly result in deficient or defective LDL-
receptors [3••]. Lipoprotein apheresis (LA) which covers the
extracorporeal selective elimination of apolipoprotein (apo)-B
containing lipoproteins, is the most effective therapy if com-
bined with conventional LLA for HoFH in adults and children
[4,5].

Physically elimination of lipoproteins was first introduced
in 1960’s when the available anti-lipid agents were not effec-
tive in lowering lipid levels [5, 6]. Since then, extracorporeal
elimination initially with non-selective plasma exchange and
subsequently with selective removal of apo-B containing li-
poproteins is in use for the treatment of patients with refrac-
tory FH. The newer techniques are highly selective with elim-
ination of only apo-B100 containing lipoproteins without re-
moving high density lipoprotein (HDL)-cholesterol and other
essential proteins [5, 7].

The long-term benefits of LA are documented with regard
to prevention of the progression of atherosclerosis. LA
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treatment decreases inflammation and blood viscosity while
improves endothelial functions [8, 9]. However, it’s a semi-
invasive, time consuming, chronic expensive therapy with
variable adherence [2, 10, 11]. Furthermore, there are still no
specific guideline recommendations for the management of
patients on LA therapy. This review is aimed to discuss the
clinical indications, side effects, and major drawbacks in the
light of recent evidence, current guidelines, and our 20-year of
lipid clinic experience with FH patients on LA therapy [10•].

Indications and Contraindications of Lipoprotein
Apheresis

LA therapy is primarily indicated for the elimination of se-
verely elevated apo-B containing lipoproteins in clinical set-
tings including FH, familial apo-100 defect, polygenic hyper-
cholesterolemia, familial combined hypercholesterolemia,
and isolated lipoprotein (a) [Lp(a)] elevation [12]. LA is not
a preferred method of extracorporeal elimination of high tri-
glycerides. Triglycerides with large particle size, increase the
transmembrane pressure during the procedure causing hemo-
lysis by forming clots. Therefore, plasmapheresis should be
performed in severe life-threatening hypertriglyceridemia.

Indications for LA are determined according to both plas-
ma LDL-cholesterol levels and response to medical treatment.
The presence and severity of atherosclerotic CVD is the major
driving factor in terms of initiation of LA. Due to the lack of
outcome trials, standardized recommendations of the current
guidelines for initiating LA therapy are still lacking. However,
all related guidelines define LA as a lifesaving last step ther-
apy for refractory severe hypercholesterolemia as in HoFH
[13••]. For HoFH, unresponsiveness to LLA is accepted as
an indication for initiating apheresis. The indications for het-
erozygous FH (HeFH) are less clear and vary from country to
country (Table 1). The definition of maximally tolerated pos-
sible LLA also vary with the different reimbursement strate-
gies of both the drugs and the LA.

There are only two major contraindications of LA: bleed-
ing diathesis and heparin-hypersensitivity. In low birth body
weight, in other words, at very young ages LA could be risky.
However, in the literature, there are reports of successful and
safe LA treatments in very young, even at the age of 3.5 years
[14–16]. Pregnancy is not a contraindication for LA.

Methods of Extracorporeal Lipoprotein
Elimination

There are several techniques of extracorporeal elimination of
lipoproteins (Table 2). In four of these methods; double or
cascade filtration plasmapheresis, immune-adsorption, dex-
tran sulphate adsorption, and heparin-induced extracorporeal
LDL precipitation (HELP); first the cellular elements of blood

are separated and returned to the patient and then LDL elim-
inated from the plasma. The other two methods, direct perfu-
sion with dextran sulfate (DALI) and whole blood adsorption
with polyacrylate (lipocollect), remove LDL from plasma by
using whole blood, without separating the blood cellular ele-
ments [12].

All methods lower LDL-cholesterol to a similar extent av-
eraging over 60% during a single procedure; however HDL-
cholesterol reduction is more remarkable with double filtra-
tion [5, 7, 12]. All available techniques decrease fibrinogen
levels and blood viscosity. This reduction is more pronounced
in either double or cascade filtration plasmapheresis and
HELP methods with an almost 60% reduction of fibrinogen
levels during a single procedure [12, 17]. LAmethods differ in
cost, re-usability, applicability, and complication rates
(Table 2). Hemoperfusion systems are more user-friendly,
meanwhile immunoadsorption is relatively cheap with re-
usable columns.

Cardiovascular Effects of Lipoprotein Apheresis

The major goal of therapy is to reduce the burden of athero-
sclerotic CVD in HoFH. In addition to selective removal of
the circulating atherogenic lipoproteins, LA also decreases the
number of inflammatory proteins and thrombogenic factors
and improves endothelial functions [4, 5]. LA also has an
impact on gene translation and transcription by affecting cy-
tokine receptor functions [9]. Moreover, proteomic analysis
from the post-apheresis wastes denoted the favorable effects
on coagulation factors, inflammatory factors, adhesion mole-
cules, complements, glycoproteins, apolipoproteins, and im-
mune globulins [18].

As a result of these pleiotropic effects, development and
progression of atherosclerotic CVD and aortic fibrosis are
prevented with LA therapy [5, 19, 20]. Since the initial stud-
ies, LA therapy has significantly improved the survival in
HoFH patients compared to their non-treated HoFH relatives
[21•]. LA was notably associated with lower rates of CV
events in HeFH patients with established CVD in comparison
to LLA [22]. Two-year follow-up of HeFH patients with an-
gina has revealed a substantial prolongation of time to 1-mm
ST-depression during exercise with LA therapy compared to
LLA [23].

There are also favorable consequences of LA on plaque
regression, and improved tissue and organ perfusions docu-
mented with different imaging techniques [21–25]. These im-
provements on aortic and coronary angiographic findings
have been documented as early as in the first year of LA
[26]. Besides, a single session LA prior to percutaneous cor-
onary intervention (PCI) combined with multiple times of LA
after PCI was shown to be associated with a restenosis rate of
18% compared to 52% restenosis in the controls who did not
receive peri-PCI LA [27].
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While evaluating the CV effects of LA, we have to keep in
mind that demonstrating the positive effects on LA on CV
outcomes is difficult, since comparative treatments (placebo

/ sham apheresis) are not ethically appropriate and the number
of HoFH patients in clinical follow-up is small. Therefore,
most of the CV results are generated from observational and/

Table 1 Indications of Lipid apheresis (Countries in alphabetical order)

Australia Homozygous FH:
- LDL-C > 270 mg/dL (7.0 mmol/L) on maximally tolerated possible drug therapy
Heterozygous FH:
- CVD and LDL-C ≥ 193 mg/dL (5.0 mmol/L) on maximally tolerated possible drug therapy
Alternative criteria (homozygous FH and heterozygous FH): < 50% reduction on maximal possible drug therapy

Germany Homozygous FH:
Severe hypercholesterolaemia (including heterozygous FH and others):
LDL-C elevated on maximally tolerated possible drug therapy (considering the overall risk of the patient)
- Primary Prevention: LDL-C>160 mg/dL (4.1 mmol/L) and CVD in family history
- Secondary Prevention: LDL-C>120–130 mg/dL (3.1–3.4 mmol/L)
High Lipoprotein(a):
- Progressive CVD detected by clinically or imaging despite optimal control of all the other risk factors

and lipoprotein(a) ≥60 mg/dL (independent of LDL-C levels)

Japan Homozygous FH:
Heterozygous FH:
- Total cholesterol ≥250 mg/dL (6.5 mmol/L) on maximally tolerated possible drug therapy

National Lipid Association Homozygous FH*:
- LDL-C≥300 mg/dL (7.8 mmol/L) (or non-HDL-C≥330 mg/dL)
Heterozygous FH*:
- LDL-C≥300 mg/dL (7.8 mmol/L) (or non-HDL-C≥330 mg/dL) and 0 to 1 risk factors
- LDL-C≥200 mg/dL (5.2 mmol/L) (or non-HDL-C≥230 mg/dL) and high- risk characteristics,

such as 2 risk factors or high Lp(a) ≥50 mg/dL using an isoform insensitive assay
- LDL-C≥160 mg/dL (4.1 mmol/L) (or non-HDL-C≥190 mg/dL) and very high-risk characteristics

(established CHD, other cardiovascular disease, or diabetes)

Spain Homozygous FH:
Heterozygous FH:
- LDL-C ≥200 mg/dL (5.2 mmol/L) with CVD or
- LDL-C ≥300 mg/dL (7.8 mmol/L) without CVD

Turkey Homozygous FH:
- LDL-C > 500 mg/dL (12.9 mmol/L)
Heterozygous FH:
- LDL-C > 300 mg/dL (7.8 mmol/L) with no CVD
- LDL-C > 200 mg/dL (5.2 mmol/L) with CVD
High Lipoprotein(a):
- Progressive CVD detected by clinically or imaging despite optimal control of all the other risk factors

and lipoprotein(a) ≥60 mg/dL (independent of LDL-C levels)
Any other criteria available for lipoprotein apheresis in any worldwide guidelines is also valid for Turkey

in patients with at least 6 months of proper diet and maximum tolerated conventional lipid lowering agents

United Kingdom Homozygous FH:
- LDL-C reduction <50% on maximally tolerated possible drug therapy or
- LDL-C > 350 mg/dL (9.1 mmol/L)
Other hypercholesterolaemia (including heterozygous FH):
-CVD progression and LDL-C ≥190 mg/dL (4.9 mmol/L) or lower if lipoprotein(a) elevated or

LDL-C reduction <40%

United States Homozygous FH**:
- LDL-C > 500 mg/dL (12.9 mmol/L)
Heterozygous FH**:
- LDL-C > 300 mg/dL (7.8 mmol/L) (< 1 additional risk factor) or
- LDL-C > 200 mg/dL (5.2 mmol/L) and (≥ 2 additional risk factors or additional high lipoprotein(a)),

presence of CAD
- LDL ≥160 mg/dL (4.1 mmol/L) (if at very high risk)
*All patients: Unresponsive or intolerant to medical and life style changes with lipid lowering diet for 6 months

FH: Familial hypercholesterolemia, LDL-C: Low density lipoprotein cholesterol, CVD: Cardiovascular disease

(Modified from: Curr Atheroscler Rep. 2019;21:26. https://doi.org/10.1007/s11883-019-0787-5; https://doi.org/10.1007/s11883-019-0787-5; Creative
Commons user license https://creativecommons.org/licenses/by/4.0/) [7• ]

Page 3 of 12     15Curr Atheroscler Rep (2021) 23: 15

https://doi.org/10.1007/s11883-019-0787-5
https://doi.org/10.1007/s11883-019-0787-5;
https://creativecommons.org/licenses/by/4.0/


Ta
bl
e
2

C
om

pa
ri
so
n
be
tw
ee
n
di
ff
er
en
tM

et
ho
ds

of
L
ip
op
ro
te
in

ap
he
re
si
s
(%

re
du
ct
io
n
ra
te
s
us
in
g
1
pl
as
m
a
vo
lu
m
e)

Se
le
ct
iv
e
re
m
ov
al
fr
om

w
ho
le
bl
oo
d

P
la
sm

ap
he
re
si
s

D
ou

bl
e
or

C
as
ca
de

fi
lt
ra
ti
on

pl
as
m
ap

he
re
si
s

Im
m
un

oa
ds
or
pt
io
n

D
ex
tr
an

su
lp
ha

te
im

m
un

oa
ds
or
pt
io
n

H
E
L
P

D
A
L
I

W
ho

le
bl
oo
d
ad

so
rp
ti
on

w
it
h
po

ly
ac
ry
la
te

lip
oc
ol
le
ct

M
ai
n
m
et
ho

d
Pl
as
m
a

ex
ch
an
ge

L
D
L
is
cl
ea
ne
d
fr
om

th
e
pl
as
m
a
pa
ss
in
g

th
ro
ug
h
th
e

fi
ltr
at
io
n
co
lu
m
ns

by
co
ns
id
er
in
g
th
e

pa
rt
ic
le
si
ze

C
ir
cu
la
tin

g
L
D
L
,

V
L
D
L
,a
nd

L
p
(a
)

ar
e
cl
ea
re
d
us
in
g

po
ly
cl
on
al
sh
ee
p

an
ti-
ap
oB

an
tib

od
ie
s

A
po
B
co
nt
ai
ni
ng

lip
op
ro
te
in
s
ar
e

el
ec
tr
os
ta
tic
al
ly

bo
un
d
to

de
xt
ra
n

su
lf
at
e
an
d
re
m
ov
ed

fr
om

th
e
ci
rc
ul
at
io
n

W
ith

th
e
he
lp

of
he
pa
ri
n,
L
D
L

pa
rt
ic
le
s
in

th
e
pl
as
m
a
ar
e

pr
ec
ip
ita
te
d

T
re
at
m
en
tw

ith
w
ho
le

bl
oo
d
w
ith

ou
t

se
pa
ra
tin

g
pl
as
m
a

T
re
at
m
en
tw

ith
w
ho
le

bl
oo
d
w
ith

ou
ts
ep
ar
at
in
g

pl
as
m
a

L
ip
op

ro
te
in
s
an

d
fi
br
in
og
en

m
ea
n
re
du

ct
io
n
in

pe
rc
en
t
of

or
ig
in
al

co
nc
en
tr
at
io
n
(%

)

L
D
L

72
65

65
73
–8
0

69
67

61

H
D
L

65
40

22
10

14
11

22

A
po

lip
op

ro
te
in

B
69

59
56

62
53

55
51

A
po

lip
op

ro
te
in

A
1

68
45

20
16

12
25

25

L
ip
op

ro
te
in

(a
)

68
52

53
72

50
50

61

F
ib
ri
no

ge
n

58
36

23
16

44
25

39

A
dv

an
ta
ge
s

Q
ui
ck

an
d

w
el
l-
to
le
ra
te
d

el
im

in
at
io
n
of

pa
th
ol
og
ic

su
bs
ta
nc
es

C
he
ap

Se
m
is
el
ec
tiv

ity
C
he
ap
er

H
ig
h
S
el
ec
tiv

ity
an
d

ef
fe
ct
iv
en
es
s

E
as
y
pr
oc
es
s,

re
ge
ne
ra
tio

n,
an
d

re
us
ab
ili
ty

of
co
lu
m
ns

H
ig
h
S
el
ec
tiv

ity
an
d

ef
fe
ct
iv
en
es
s

H
ig
h
S
el
ec
tiv

ity
,e
ff
ec
tiv

en
es
s,

fa
st
pr
oc
es
si
ng

ca
pa
bi
lit
y,

re
ge
ne
ra
tio

n,
an
d
re
us
ab
ili
ty

H
ig
h
Se
le
ct
iv
ity

,
ef
fe
ct
iv
en
es
s,
an
d

si
m
pl
e
te
ch
no
lo
gy
,

ea
sy

an
d
fa
st
us
e,

re
us
ab
le
co
lu
m
ns
,

lo
w
bl
oo
d
vo
lu
m
e

H
ig
h
Se
le
ct
iv
ity

,
ef
fe
ct
iv
en
es
s,
si
m
pl
e

te
ch
no
lo
gy
,e
as
y
an
d
fa
st

us
e,
re
us
ab
le
co
lu
m
ns

D
is
ad

va
nt
ag
es

U
ns
el
ec
tiv

ity
,

da
ng
er

of
in
fe
ct
io
n,

bl
ee
di
ng
,a
nd

ri
sk
s
of

hu
m
an

al
bu
m
in

D
an
ge
r
of

in
fe
ct
io
n

an
d
lo
w

ef
fe
ct
iv
en
es
s

E
xp
en
si
ve

te
ch
no
lo
gy

de
cr
ea
si
ng

co
lo
n

ef
fi
ci
en
cy

in
re
pe
at
ed

us
e,

st
er
ili
ty

co
nt
ro
l

re
qu
ir
em

en
t,

co
ol
in
g
pr
oc
es
s

re
qu
ir
em

en
t

E
xp
en
si
ve

te
ch
no
lo
gy

(d
is
po
sa
bl
e
ki
t)

Sp
ec
ia
lc
el
ls
ep
ar
at
or

re
qu
ir
ed
,p
ot
en
tia
l

si
de

ef
fe
ct
s
in

pa
tie
nt
s
on

A
C
E

in
hi
bi
to
rs

E
xp
en
si
ve

te
ch
no
lo
gy

(s
in
gl
e-
us
e

ex
pe
ns
iv
e
ki
t)

Sp
ec
ia
ld

ev
ic
e
re
qu
ir
ed
,m

ax
im

um
3
lo

f
pl
as
m
a
ca
n
be

cl
ea
ne
d
in

ea
ch

se
ss
io
n,
its

us
e
in

pe
di
at
ri
cs

is
lim

ite
d
or

no
td

ue
to

its
hi
gh

m
in
im

um
in
le
tf
lo
w
ra
te
(>

40
m
l

/m
in
)

E
xp
en
si
ve
,s
pe
ci
al

de
vi
ce

re
qu
ir
em

en
t

co
m
pa
re
d
to

ot
he
r

m
et
ho
ds
,p
ot
en
tia
l

si
de

ef
fe
ct
s
in
pa
tie
nt
s

on
A
C
E
in
hi
bi
to
rs

E
xp
en
si
ve
,s
pe
ci
al
de
vi
ce

re
qu
ir
em

en
tt
ha
n
ot
he
r

m
et
ho
ds
,c
oo
lin

g
of

th
e

co
lu
m
ns
,s
id
e
ef
fe
ct

po
te
nt
ia
li
n
pa
tie
nt
s
on

A
C
E
in
hi
bi
to
rs

S
id
e
E
ff
ec
ts

T
ot
al
pe
rc
en
t

(%
)

- In
fe
ct
io
n,

bl
ee
di
ng

2% H
yp
ot
en
si
on
,

Fa
tig

ue
,

E
de
m
a,

Pr
ot
ei
n
lo
ss

<
2%

H
yp
ot
en
si
on
,

N
au
se
a,

V
er
tig

o,
Sh

ee
p
an
tib

od
ie
s

0.
3–
3.
6%

H
yp
ot
en
si
on
,

Pa
re
st
he
si
a,
P
ai
n,

N
au
se
a,
V
er
tig

o
B
ra
dy
ki
ni
n
↑,

C
oa
gu
la
tio

n
↓

3.
05
%

H
yp
ot
en
si
on
,C

oa
gu
la
tio

n
↓

A
ng
in
a,
H
ea
da
ch
e,
N
au
se
a,
Fa
tig

ue
,

E
de
m
a,

E
ye

pr
es
su
re

↑

3.
85
%

H
yp
ot
en
si
on
,N

au
se
a,

V
om

iti
ng
,

C
he
st
pa
in
,F

lu
sh
in
g

B
ra
dy
ki
ni
n
↑

- B
ra
dy
ki
ni
n
↑

H
E
L
P:

H
ep
ar
in
-e
xt
ra
co
rp
or
ea
lL

D
L
pr
ec
ip
ita
tio

n,
D
A
L
I:
D
ir
ec
tp

er
fu
si
on

w
ith

de
xt
ra
n
su
lf
at
e,
L
D
L
:L

ow
de
ns
ity

lip
op
ro
te
in

ch
ol
es
te
ro
l,
H
D
L
:H

ig
h
de
ns
ity

lip
op
ro
te
in

ch
ol
es
te
ro
l

15    Page 4 of 12 Curr Atheroscler Rep (2021) 23: 15



or retrospective studies, HeFH patients and generally on sur-
rogate markers [5, 7].

Despite the regular LA, progression or de novo development
of CVD are reported in 25–35% [28]. Albeit all the favorable
effects, progression of atherosclerosis can be explained by the
short-lived decreases in lipid levels after apheresis. Indeed,
Bangalore S et al. have previously addressed the association
between visit-to-visit LDL-cholesterol variability and the in-
creased risk of CV outcomes [29••]. Julius et al. showed that a
younger age at the start of therapy was associated with less CV
events during regular LA [30•].

Effects on Cholesterol Depositions

Although there is an eye catching improvement in lipid levels
within the first 3–6 months of LA therapy, “delipidation”
namely the mobilization of the intracellular cholesterol re-
quires long-term apheresis with appropriate techniques and
frequency. Xanthomas generally regress in two years [10,
31] (Fig. 1). The disappearance of xanthomas is generally
faster in children (within 6–12 months).

Ideal Age for Initiation Lipoprotein Apheresis and
Frequency of Procedures

Due to cumulative burden of high-cholesterol levels since
birth, all guidelines strongly recommend the early initiation
of intensive lipid-lowering therapy including LA for patients
with HoFH [3, 13, 32]. The ideal age for starting LA therapy is
<6–7 years before the development of aortic root involvement
[2–4]. In patients with late initiated LA after age of 10 years,
the progression of aortic atheroma to stenosis cannot be
prevented even the LDL goals attained [2, 3]. The mechanism
of the progression of aortic stenosis is probably the accelerated
degeneration and calcification process that cannot be reversed
only with LDL lowering [2, 10]. Also, diagnosis and/or initi-
ation of LA therapy at younger age, is associated with less CV
events and with better quality of life, lower anxiety, and great-
er emotional well-being possibly denoting better adaptation
compared to patients with delayed diagnosis [33•]. However,
in the A-HIT1 study, mean age at first LA was 21 ± 12 years
due to a 7.37 ± 7.1 years delay between the diagnosis and first
LA treatment [2•].

The Procedure of Lipoprotein Apheresis

Good vascular access is essential to allow efficient processing
of an adequate plasma volume for removal of lipoproteins. For
vascular access, peripheral veins could be used, but consider-
ing the long duration of the procedure, arteriovenous fistula is
generally preferred [34••]. However, our experience with
arterio-venous fistula is more challenging. Many experienced
centers prefer vein-to-vein access.

The duration of LA procedure is about 2–4 h. Procedure is
repeated continuously weekly or bi-weekly according to the
clinical characteristics and LDL-cholesterol levels. The gen-
eral consensus for HoFH is to perform LA weekly [34••]. In
our lipid clinic, we prefer to initiate LA treatment twice-week-
ly to afford a more faster cholesterol removal from the tissues
(delipidation), and based on the average LDL-cholesterol
levels, and then continue either weekly or bi-weekly manner.
While determining the frequency of the procedure and the
duration of each procedure, the patient’s compliance, the se-
verity of the disease (clinical and laboratory), and CVD status
should be considered. For an effective apheresis procedure,
approximately 1.5 times the plasma volume is recommended
to be treated [34••].

A single LA procedure can lower plasma LDL-cholesterol
by 45–76% as compared with pre-treatment levels, with not
much variation between the apheresis techniques [5, 7, 34].
The acute reduction in LDL-cholesterol with a regular LA has
shown to result in a time-averaged LDL-reduction of ~48%
between apheresis intervals [28]. However, do to the nature of
treatment immediately after the rapid LDL decline, levels be-
gin to increase again within days and gradually plateau in the
second week.

Efficacy of Apheresis and Goals of Treatment

The treatment targets in FH patients should be determined
according to the presence of CVD. The EAS/ESC
Dyslipidemia Guidelines recommend a treatment target of
LDL-cholesterol <55 mg/dL (1.4 mmol/L) for patients FH
with documented CVD [13••]. And for FH patients in primary
prevention LDL target is determined according to the presence
of additional major risk factors such as hypertension, obesity
etc. LDL-cholesterol should be <70 mg/dL (1.8 mmol/L) for
primary prevention of FH patients with no additional risk
factors. If an additional risk factor is present, then the LDL
goal is <55 mg/dL (1.4 mmol/L) for FH patients without
CVD. Targeting non-HDL is not recommended as HDL-
cholesterol levels are unreliable immediately after LA espe-
cially with double-filtration [34••].

Due to cyclic nature of LDL and lipoprotein levels, there is
no ideal practical measure of lipoproteins for monitoring LA.
An acute LDL-cholesterol reduction of at least 60% from
baseline is accepted as an efficacy criterion of a LA procedure
[28, 34]. LDL-cholesterol concentration displays a pattern
similar to saw-tooth during regular LA treatment [35].
Therefore, interpretation of LDL-cholesterol levels at regular
intervals is important in assessing the efficacy of LA as a long-
term intermittent therapy.

The Kroon formula calculating the time-averaged LDL-
cholesterol between two LA procedures adjusting for the
non-linear rebound of LDL-cholesterol, suggested as a surro-
gate parameter to evaluate the attainment of LDL goals;
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LDLmean = LDLmin x K (LDLmax-LDLmin), where LDLmin =
LDL-cholesterol immediately after LA, LDLmax = LDL-cho-
lesterol immediately prior to LA; and K is coefficient which is
0.73 for HeFH and 0.66 for HoFH [28, 34, 36].

Current consensus for interval mean decrease of LDL-
cholesterol is <254 mg/dL (6.7 mmol/L) (>65% reduction)
for HoFH, <101 mg/dL (2.6 mmol/L) (>60% reduction) for
HeFH, and < 50 mg/dL for high Lp (a). However, current
ESC/EAS dyslipidemia targets for FH are far below these
targets [1, 13, 34]. Increasing the frequency of the procedures
and/or use of concomitant LLA could alleviate the rebounds
of LDL-cholesterol following LA procedures and help to get
the goals recommended in guidelines [5, 34].

In clinical practice, even in experienced centers, patients
may fail to reach LDL-cholesterol targets. A-HIT1 study
showed that most patients experience ineffective LA and fail
to attain LDL goals, even in a country where LA is widely
available and full reimbursed [2•]. Of note, A-HIT1 is a na-
tionwide registry conducted in 19 LA centers to provide in-
sight into the real-world management of patients with HoFH
undergoing LA in Turkey. LDL-cholesterol levels were on
target only in 5.7% of the A-HIT1 population, meanwhile,

mean frequency of LA sessions was every 19 (range 7–90)
days. Though the high rate of patient awareness about treat-
ment targets, 85% of them were not willing to increase LA
frequency [2, 11, 33]. None of the apheresis centers had a
standardized approach for LA and 70% of the attending phy-
sicians were unaware of the individual patient’s target LDL-
cholesterol levels. The lack of awareness among physicians
specialized on apheresis and semi-invasive time-consuming
nature of LA were probably the major reasons of the failure
of LA in attaining LDL goals.

Concomitant Anti-Lipid Therapy

Combined therapy of high intensity statins with ezetimibe
may lower cholesterol by up to 40% in HoFH patients receiv-
ing LA [37, 38]. Even though the LDL goals cannot be
attained, survival analysis in patients with HoFH before and
after the introduction of statins showed significant benefit
[39•]. Therefore, all patients should be offered maximum tol-
erated doses of statins combined with ezetimibe [34••].
Interestingly, we experienced patients with phenotypically

Fig. 1 Pictures present the regressed and completely vanished tendon
xanthomas within the 2 years of effective LA therapy in a young
patient with homozygous familial hypercholesterolemia. Tendon
xanthomas on her right hand (A1) and feet (B1) before the initiation of
apheresis when she was 22 years old. Completely vanished tendon
xanthomas on her hand (A2) and feet (B2) after 2 years of regular
weekly apheresis [10•]. Unfortunately, she was referred to apheresis

more than 10 years after the initial symptoms of hypercholesterolemia.
Although tendon xanthomas were regressed as a result of effective
cholesterol reduction with regular apheresis, she died at the age of
27 years due to atherosclerotic complications of hypercholesterolemia.
(With permission from: Kayikcioglu M et al. Turk Kardiyol Dern Ars.
2014;42:599–611. https://doi.org/10.5543/tkda.2014.09633) [10•]

15    Page 6 of 12 Curr Atheroscler Rep (2021) 23: 15

https://doi.org/10.5543/tkda.2014.09633


severe HoFH, who could easily get LDL-cholesterol goals
with only intense doses of statins.

Proprotein convertase subtilisin/kexin type 9 (PCSK9)
inhibitors could be effective in HoFH patients depending
on the LDL-receptor activity [40]. The LDL-cholesterol
reduction with PCSK9 inhibitors might be variable ranging
from 7% to 56%, in receptor defective patients even with
the same mutation [41•]. Therefore, unless patients are
known to be receptor negative, a therapeutic trial is recom-
mended if treatment goals cannot be attained [34••].
Patients with a response of 10–15% LDL-cholesterol re-
duction (or interval mean LDL) should continue PCSK9
inhibitors. Evolocumab has been approved for HoFH treat-
ment in adults and children >12 years of age and should be
injected subcutaneously after the LA procedure. Recently,
the efficacy of alirocumab has been shown as an additional
17.9% LDL-cholesterol reduction in 6 HoFH patients on
LA therapy in the ODYSSEY HoFH Trial [42].

Lomitapide, a microsomal triglyceride transfer protein in-
hibitor, should be considered for adults with HoFH, who have
failed to reach treatment targets while on a combined therapy
of apheresis and standard LLA and have had a trial of
evolocumab [34••]. It is currently used as adjunctive therapy
for HoFHwith or without LA. According to real world clinical
experience, LDL goal attainment rate is 68% and 42% for
targets of LDL-cholesterol < 100 mg/dL (2.5 mmol/L) and
70 mg/dL (1.8 mmol/L), respectively [43•]. In our experience,
even low doses of lomitapide could reduce the frequency of
LA. There are also cases in literature with cessation of LA
procedure with this agent [44•].

Mipomersen, an antisense oligonucleotide inhibitor
targeting ApoB has also been shown to be effective in
HoFH patients. Although it is not approved in Europe, it is
approved and available in other countries such us the USA. In
a prospective randomized controlled phase II single center
trial of 15 patients on mipomersen has decreased the pre-
apheresis LDL-cholesterol and Lpa levels significantly, mean-
while seven patients have discontinued the drug due to side
effects [45].

There are also studies ongoing with new anti-lipid
agents bypassing LDL-receptors for patients with HoFH
on LA [46]. In ECLIPSE study, Evinacumab provided a
similar reduction (almost 50%) in LDL-cholesterol levels
regardless of whether patients were being treated with
apheresis [47•]. Indeed, results of Orion 5 with Inclisiran
on HoFH patients with or without LA will be available in
2021 [48].

Bempedoic acid, a new, first-in-class oral ATP-citrate lyase
(ACLY) inhibitor, is introduced as an effective and safe LDL-
cholesterol lowering agent especially in patients with statin
intolerance [49]. Its combination with LA (with or without
statins) seems to be reasonable; however no data of this issue
is available yet.

Adverse Effects

With the newer techniques, the side effects of LA therapy are
low, generally <5%. The most frequent side effect is mild to
severe hypotension due to bradykinin release and especially
seen in dex t ran su lpha te -based adsorp t ion and
haemoperfusion methods. Concomitant use of an
angiotensin-converting enzyme (ACE) inhibitor is contraindi-
cated to prevent the severe hypotension, since these agents
inhibit the catabolism of bradykinin. Therefore, patients
should not receive ACE-inhibitors 24 h prior to LA procedure
or an angiotensin receptor blocker should be preferred [34••].

Fast or large volume removal during the LA procedure
could lead to severe hypotension or hypoperfusion especially
in patients with moderate to severe aortic stenosis. Other side
effects are gastrointestinal symptoms due to hypotension or
hypocalcaemia (as a consequence of use of citrate), anemia
due to iron-deficiency on chronic treatment and apoferritin
loss, tendency to bleeding due to loss of fibrinogen, and in-
fections due to loss of immunoglobulins [2, 5, 34]. Allergic
reactions due to the removal of substrates and heparin might
be observed. Complications related to vascular access are also
highly prevalent and significant reasons for the low adherence
to LA [10, 11].

Effect of Apheresis on Quality of Life, Psychosocial
Life, and Patients’ Perspective

An important challenge of LA is its consequences on psycho-
social life. In line with the time-consuming, invasive nature of
LA that requires frequent and long-distance travel, Bruckert
et al. have shown the disturbance of family and social life in
patients receiving regular LA [50•]. Similarly, A-HIT1 study
showed that adult HoFH patients on regular LA, experience
significantly impaired quality of life associated with an in-
creased risk of depression [11]. Patient survey revealed that
most of the patients were suffering not only from HoFH but
also from drawbacks of apheresis. For most of these patients,
LA was a difficult-to-bare treatment; the major complaint was
related to pain and needles in 34.8%, time spent for apheresis
in 27.5%, and both in 17.4% [2, 11, 33]. In line with patients’
perspective, the refusal and low compliance rates are high
even in experienced centers [10•]. Because of chronicity of
the disease and peculiar characteristics of the apheresis thera-
py, depressive mood develops nearly in all patients which
worsen noncompliance to treatment [11, 33]. All of these fac-
tors may adversely affect the expected benefits of LA. For the
success of LA therapy, it is essential to relax the patient psy-
chologically and to provide continuous support. Thus, it is
suggested that LA centers might consider offering routine
psychological consultations to support patients during their
treatment journey [11, 33].
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LA is a hospital or healthcare center dependent treatment
that can be easily disrupted by a disaster as we experienced
during the COVID-19 pandemic [51•]. Either due to the occu-
pation of the centers heavily by COVID patients or the fear of
getting infected during the procedures, most of the patients
could not get access to LA therapy in the course of the pan-
demic facing them to increased risk of CV events.

Apheresis Therapy for High Lipoprotein a

Lp(a) is an apo-B containing lipoprotein with an additional
plasminogen like domain leading to increased thrombosis.
High levels of Lp(a) is documented as an independent risk
factor for CV events and aortic sclerosis [13, 52]. More than
90% of the levels of Lp(a) are determined genetically.
Lifestyle measures and conventional LLA do not have much
effect on Lp(a) levels. Therefore, for many years, LA is used
as the most effective Lp(a) lowering therapy with 50–75%
reduction [13, 52, 53]. The special immune-adsorption poly-
clonal antibody columns are available since 1993 for the se-
lective elimination of Lp(a) [53••]. However, the awareness of
Lp(a) as a CV risk factor is extremely low among both phy-
sicians and patients, consequently Lp(a) apheresis is not a
widely available therapy. In recent years with the develop-
ment of new anti-Lp(a) agents, the popularity of Lp(a) and
its treatments including LA increased [54•]. Though the evi-
dence is generated from small sized studies, Lp(a) apheresis
reduces the inflammatory and prothrombotic proteins, and
ameliorates the risk of CV events after 2–5 years of therapy
[53, 55, 56]. But, clinical benefits of LA therapy for isolated
high Lp(a) is still unclear and we needmore evidence to define
the treatment targets of Lp(a).

The Follow-Up of Patients on LA Therapy

Since the major goal of LA therapy is to reduce the burden of
atherosclerosis, CV evaluation should be the major compo-
nent of regular follow-up. It’s obvious that the follow-up of
patients on regular LA therapy, should be performed by a
multi-disciplinary team including lipid specialist (or endocri-
nologist, or pediatric metabolism specialist), cardiologist [57],
specialists of apheresis (nephrologists or hematologists), and
psychiatrist (or psychologist) etc. Although there are no clear-
ly defined criteria and guideline recommendations, follow-up
measures and their timings are extremely important for the
detection and monitoring of early atherosclerosis and aortic
involvement in these patients. Baseline evaluation should cov-
er CV risk assessment, electrocardiography, echocardiogra-
phy, and investigation of aortic stenosis and aneurysm [58].

Table 3 displays our standardized approach to patients on
LA therapy, as an example. The type and frequency of proce-
dures for CV evaluation should be determined based on the
individual patient’s risk level, requirements, and the attitude of

the following clinic. In our clinic, we prefer more frequent
evaluation with CV imaging modalities. Our baseline evalua-
tion includes lipid profile [total cholesterol, LDL-cholesterol,
HDL-cholesterol, non-HDL-cholesterol, and Lp (a)], labora-
tory analysis (transaminases, creatinine, urea, albumin, fasting
blood glucose, electrolytes, thyroid stimulating hormone, he-
moglobin, and platelet counts), and screening tests for the
detection of atherosclerosis. Measurement of the thickness of
Achilles tendon (ultrasonography or x-ray) is also a compo-
nent of our baseline evaluation. In the follow-up, except thy-
roid stimulating hormone, all biochemical measurements and
ECG are repeated every 3 months. Echocardiography is per-
formed semi-annually or annually depending on the presence
of valve involvement. Ultrasonography of the carotid and re-
nal arteries, retinal examination, and measurement of Achilles
tendon thickness are performed annually. Exercise stress tests
are performed in asymptomatic patients annually unless the
presence of ischemic symptoms. Coronary CT including cal-
cium score and angiography is not used on routine basis, we
prefer to use in patients with moderate CV risk. In children,
we do not prefer performing coronary CT due to the risk of
radiation and in case of ischemia in young children we per-
form direct conventional coronary angiography. Monitoring
of hemoglobin and ferritin levels with transferrin saturation is
recommended along with iron supplementation for the pre-
vention of anemia with long-term LA. We calculate time av-
eraged LDL monthly, and evaluate patients in CV prevention
clinic every 3 months.

Patient education and team work are important in alleviat-
ing the drawbacks and increase the adherence to LA therapy.
We perform group medical visits with patients and their fam-
ilies, and big educational courses, for all LA patients followed
in the center. During these courses patients receive detailed
information on FH, LA, CVD, healthy life-style measures,
drugs, treatment goals, and how to live with FH and apheresis
from a team of coaches consisting of experienced nurses, di-
etician, physiotherapist, and a psychologist.

Conclusions

Apheresis treatment, which has been in use for more than
45 years, is still the most effective means of lowering LDL-
cholesterol levels in patients with refractory FH and high
Lp(a) levels [4, 5]. LA not only selectively removes the circu-
lating apo-B containing atherogenic lipoproteins, but also re-
duces inflammatory markers, oxidative stress, and
thrombogenic factors, and improves endothelial functions [5,
7–9, 34]. Regular LA treatment can effectively and safely
induce the regression of xanthomas, retard the progression
of atherosclerotic lesions, and improves survival [2, 3, 10].
Regular LA with intermittent nature leads to a sawtooth

15    Page 8 of 12 Curr Atheroscler Rep (2021) 23: 15



pattern of LDL-cholesterol levels [35]. The extent of the LDL-
cholesterol rebound can be improved with increasing the fre-
quency of the procedures and also with concomitant use of
LLA [5, 34].

To afford all the expected benefits, LA should be per-
formed frequently; i.e. the ideal is on a weekly manner. The
initiation age is also associated with the incidence of CV

events during regular LA therapy. Indeed, LA should be ini-
tiated before the age of 6–7 to prevent the progression of aortic
root atheroma [2, 3, 10]. However, in real clinical practice,
most patients experience ineffective LA and fail to reach LDL
targets even in countries where LA widely available [2, 11].
This real-world care failure is due to several factors including
late diagnosis, delayed referral to apheresis, and improper

Table 3 Baseline and follow-up assessment and timing for the management of patients requiring/on lipid apheresis therapy used in the Lipid Clinic of
Ege University Cardiology Department

Diagnosis Follow-
up

Description

History and physical examination + + Physical examination in every 3 months

Family history (premature CV events,
xanthoma, xanthelasma, consanguinity, etc.)

+ – A detailed family history and lipid profile of all family members should be
obtained if possible family screening should be conducted

Lipid profile (total cholesterol, LDL-C, HDL-C,
non-HDL-C, triglycerides, lipoprotein a)

+ + A full lipid profile is being monitored in every 3 months; only LDL-C levels are
measured before and after the apheresis sessions unless there are other lipid
abnormalities

If Lp(a) normal at baseline, no further measurement needed

Time averaged LDL-C calculation – + In every 4 LA procedure

Biochemical analysis + + Baseline analyses include transaminases, creatinine, albumin, FBG, electrolytes,
TSH, hemoglobin, and platelet counts

In the follow-up except TSH all measurements in every 3 months.
Ca + 2, hemoglobin, and platelet counts and albumin are measured before and

immediately post apheresis procedures

Screening of CV risk factors + + In every 3 months

ECG + + In every 3 months

Echocardiography + + Semiannually or annually based on the presence of valve involvement

Carotid Doppler USG + + Annually

Renal artery Doppler USG + ± Annually (biannually if the patient has no problem regarding renal artery
involvement)

Retinal examination + + Annually

Measurement of the thickness of Achilles
tendon (USG or x-ray)

+ ± Annually

Exercise test (stress test) + ± In asymptomatic patient, annually

Coronary calcium score
CT angiography

± ± Not on routine basis depending on the clinical findings of the individual patients
In patients with advanced disease especially not on regular apheresis, or late

initiation of apheresis treatment, we perform CT angiography at baseline

Coronary angiography – – Not on routine basis depending on the clinical findings of the individual patients

Cardiac MR imaging ± ± Not on routine basis
If valvular involvement or low ejection fraction is detected in echocardiography,

we perform MR imaging at baseline, too
Reexamination of the patient with MR imaging is based on the clinical findings

Education of patient and family for FH and LA + + At baseline and then every 6 months

Group medical visits and motivational
interviews

+ + Every 3 months, group medical visits are conducted with family members
An experienced nurse conducts the motivational interviews at baseline and in

non-adherent patients regularly

Educational courses on apheresis and FH – + Semi-annually
All patients followed in the center with their family members are invited to a big

meeting and receive education for FH, apheresis, healthy nutrition, healthy
life style, physical activity, and how to live with FH and apheresis

Psychiatric (psychologic) evaluation + + Baseline and annually

CRP C-reactive protein, Ca+ 2 calcium, RFT renal function tests, FBG fasting blood glucose, TSH thyroid stimulating hormone, CT computed
tomography, MR magnetic resonance, USG ultrasonography, LDL-C low-density lipoprotein cholesterol, HDL-C high-density lipoprotein cholesterol,
FH familial hypercholesterolemia, LA lipoprotein apheresis, CV cardiovascular
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frequency of LA procedures. All these denote that awareness
is still low among physicians. Another important factor is the
semi-invasive, time consuming, chronic nature of the LA,
leading to high refusal and low adherence rates [2, 5, 10].
To overcome all these drawbacks, a structured approach, in-
cluding standardized protocols for LA treatment with regular
CV follow-up by an experienced multidisciplinary team is
warranted [2, 33, 59]. CV risk assessment and time average
LDL-cholesterol levels should be monitored closely. New ef-
fective LLA with documented CV benefit, should be inocu-
lated to the treatment algorithms of patients on LA therapy
either due to refractory FH or high Lp(a) levels.
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