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Abstract 

Homozygous familial hypercholesterolemia (HoFH), is a rare genetic disorder characterized by dual mutations 
in the low-density lipoprotein receptor (LDLR) gene, leading to dysfunctional or absent LDLRs, often accompa-
nied by severe premature Atherosclerotic Cardiovascular Disease (ASCVD) and exhibiting refractoriness to aggres-
sive pharmacological interventions. Double filtration plasmapheresis (DFPP), a form of lipoprotein apheresis (LA), 
has been effectively utilized as an adjunctive treatment modality to reduce serum LDL-C levels in refractory cases 
of HoFH. Here, we report a case of a 36-year-old female with HoFH who developed xanthomas on her limbs and waist 
at age 7. Despite maximum-tolerated doses of statins from age 32, combined with ezetimibe and evolocumab, 
her LDL-C levels remained critically elevated at 12–14 mmol/L. Her genetic testing confirmed a homozygous 
LDLR mutation. At 35 years old, she experienced exertional chest pain, and percutaneous coronary intervention 
revealed severe calcific left main stenosis, necessitating stent implantation. Subsequently, she initiated once every 
1–2 months DFPP. Pre-DFPP, her LDL-C and total cholesterol (TC) levels were 13.82 ± 3.28 and 15.45 ± 0.78 mmol/L, 
respectively. Post-DFPP, her LDL-C and TC levels significantly decreased to 2.43 ± 0.33 mmol/L (81.76 ± 4.11% reduc-
tion) and 3.59 ± 0.41 mmol/L (76.76 ± 2.75% reduction), respectively. Lipoprotein (a) and triglycerides also decreased 
by 89.10 ± 1.39% and 42.29 ± 15.68%,respectively. Two years later, there was no progression of coronary artery disease, 
and her symptoms and xanthomas regressed significantly. Collectively, DFPP effectively reduces LDL-C levels in refrac-
tory cases of HoFH and contributes to delaying ASCVD progression, representing an efficacious adjunctive therapeu-
tic modality.

Keywords  Homozygous Familial Hypercholesterolemia, Lipoprotein Apheresis, Double Filtration Plasmapheresis, 
Proprotein Convertase Subtilisin Kexin 9 Inhibitor

†Mingjing Guan and Hao Wang contributed equally to this work.

*Correspondence:
Bo Wang
kingwave@scu.edu.cn
Ling Zhang
zhangling_crrt@163.com
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12959-024-00657-w&domain=pdf


Page 2 of 8Guan et al. Thrombosis Journal           (2024) 22:85 

Introduction
Homozygous familial hypercholesterolemia (HoFH) is an 
exceptionally rare and potentially fatal genetic disorder, 
characterized by an inherent refractoriness to aggres-
sive pharmacological interventions. The underlying 
pathogenesis primarily involves pathogenic mutations 
in genes encoding the low-density lipoprotein receptor 
(LDLR), apolipoprotein B, proprotein convertase subtili-
sin/kexin type 9 (PCSK9), and LDL receptor adaptor pro-
tein 1 (LDLRAP1), with LDLR mutations accounting for 
over 80% of cases [1]. Due to the presence of mutations 
in both homologous alleles, LDLR function is severely 
impaired or entirely abolished, leading to a significant 
impediment in the clearance of LDL-C from circulation. 
Individuals with untreated HoFH exhibit serum LDL-C 
levels 2–3 times higher than those with heterozygous 
familial hypercholesterolemia (HeFH), often exceeding 
the critical threshold of 13.0  mmol/L (500  mg/dL) [2]. 
The majority of patients manifest extensive atheroscle-
rotic lesions at an early age, during childhood or adoles-
cence. This condition precipitates severe cardiovascular 
complications, including acute myocardial infarction and 
sudden cardiac death. Furthermore, it is associated with 
atherosclerotic manifestations affecting both the valvular 
and supravalvular regions of the aortic root [3]. Effective 
management of LDL-C levels is paramount in preventing 
and slowing the progression of ASCVD in patients with 
HoFH. Recent advancements in pharmacological devel-
opments have yielded promising results. Notably, PCSK9 
inhibitors (PCSK9i), which target and increase the num-
ber of LDLRs on cellular surfaces, have demonstrated 
remarkable efficacy in lowering LDL-C levels [4]. Exten-
sive studies have shown that the addition of PCSK9i to 
intensified statin therapy in patients with cardiovascular 
disease (CVD) significantly decreases LDL-C levels, sta-
bilizes coronary atherosclerotic plaques, and reduces the 
risk of cardiovascular events [5, 6]. However, treatment-
refractory cases of HoFH present significant therapeutic 
challenges, exhibiting a lack of response to pharmacolog-
ical interventions, including maximum tolerated doses 
of statins, ezetimibe, and PCSK9i. In such instances, 
lipoprotein apheresis (LA) emerges as an essential thera-
peutic modality. Accumulating evidence suggests that 
regular LA can effectively control LDL-C levels, reduce 
the risk of adverse cardiovascular events, and delay the 
progression of ASCVD [7, 8].

Although LA is a well-established therapy for refractory 
HoFH, expanding our understanding of its indications, 
techniques, and clinical outcomes remains valuable. In 
this case report, we present a female patient with refrac-
tory HoFH and early-onset ASCVD, who experienced 
significant clinical benefits from undergoing regular 
LA sessions over a two-year follow-up period, notably 

demonstrating delayed progression of ASCVD. Remark-
ably, despite a lower treatment frequency (12 treatments 
in 2 years, averaging once every two months, far less than 
the usually recommended once every two weeks or once 
a week), the patient still exhibited good clinical stability.

Case report
A 36-year-old woman was admitted to the hospital fol-
lowing a series of recurring episodes characterized by 
exertional chest tightness and pain that had persisted 
for more than a year. She had a long-standing history 
of hypercholesterolemia dating back to the age of 7, at 
which time she had already developed multiple nodu-
lar xanthomas, a clear indication of her underlying lipid 
disorder. Notably, despite being suspected but not diag-
nosed with HoFH at the age of 7, she did not initiate sta-
tin therapy until the age of 32. During this 32-year period, 
the patient did not receive any lipid-lowering treatment, 
suggesting that she may have had a relatively mild pheno-
type of HoFH. 

At the age of 32, in an attempt to manage her persis-
tently elevated LDL-C levels, she initiated the maximum 
tolerated statin therapy, specifically rosuvastatin at a daily 
dosage of 20  mg. however, achieving effective control 
remained an elusive goal. Despite the subsequent addi-
tion of ezetimibe and evolocumab to her treatment regi-
men, her LDL-C levels fluctuated between 12–14 mmol/l, 
highlighting a refractory response to conventional thera-
pies. Genetic testing revealed a homozygous LDLR muta-
tion at c.1104C > A (p.C368X), providing a molecular 
explanation. Remarkably, throughout this, she remained 
asymptomatic.

At the age of 35, the patient started to endure recur-
rent episodes marked by chest tightness and pain, which 
were triggered by physical exertion or emotional excite-
ment. Each episode persisted for 2–3 min and was alle-
viated by rest. These distressing occurrences necessitated 
hospitalization for comprehensive treatment in February 
2022. Her family history revealed a consanguineous mar-
riage in her parental lineage, a potential risk factor for 
the development of her condition. she had a brother who 
succumbed to sudden death at the age of 25 following an 
episode of heavy alcohol consumption, also presenting 
with xanthomas and had markedly elevated LDL-C levels 
of approximately 20 mmol/L, but his condition remained 
undiagnosed and untreated. Furthermore, genetic testing 
confirmed that both her parents, daughters, two aunts, as 
well as one uncle, were carriers of the LDLR gene muta-
tion at the c.1104C > A (p.C368X) site, indicating they 
have HeFH (Fig. 1A).

Physical examination revealed multiple large nodu-
lar xanthomas on her limbs, waist, and buttocks, fur-
ther corroborating her clinical presentation (Fig.  1B). 
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Auscultation detected a diastolic murmur at the aortic 
valve area and a grade 2 soft systolic murmur at the left 
sternal border between the 3rd and 4th ribs, indicative 
of potential valvular involvement. Laboratory findings 
showed markedly elevated LDL-C levels of 13.2  mmol/l 
and total cholesterol (TC) levels of 15.7 mmol/l.

Following treatment initiation, the patient underwent 
once every 1–2 months LA via peripheral venous access 
(Fig.  2A). Double filtration plasmapheresis (DFPP) was 
performed using an OP-08W plasma separator with 
an EC-50W filter, blood flow 100–130  mL/min, ses-
sions lasting 3–4  h. Over two years, 12 DFPP sessions 
were conducted, totaling 45  h. The patients tolerated 
the DFPP treatment well, with no serious adverse reac-
tions observed. Occasional mild dizziness and fatigue 
were reported during the treatment process, but these 
did not require interruption of the treatment. The cost 

of each DFPP treatment session was approximately 
7,000 RMB. Pre-DFPP, LDL-C and TC were 13.82 ± 3.28 
and 15.45 ± 0.78  mmol/L, respectively. Post-DFPP, 
LDL-C and TC significantly decreased to 2.43 ± 0.33 
and 3.59 ± 0.41 mmol/L with reductions of 81.76 ± 4.11% 
and 76.76 ± 2.75%. Lipoprotein (a) (Lp(a)) and triglycer-
ides (TG) also significantly decreased by 89.10 ± 1.39% 
and 42.29 ± 15.68%. Pre-DFPP, albumin and globu-
lin were 41.30 ± 1.92 and 29.36 ± 1.99  g/L. Post-DFPP, 
they decreased to 34.16 ± 2.67 and 18.31 ± 2.30  g/L 
(17.14 ± 7.11% and 37.54 ± 7.62% reductions),globulin lev-
els showed a mild decrease (Fig. 2B).

Simultaneously, Echocardiography at the same period: 
Calcification of the aortic sinus-ascending aorta junc-
tion with associated stenosis, internal diameter nar-
rowed to about 14  mm. The aortic sinus was relatively 
narrow at about 25  mm. Accelerated antegrade flow 

Fig. 1  Pedigree of the present familial hypercholesterolemia family. The proband is indicated by an arrow. Squares indicate males; circles, females; 
slashes, deceased individuals; shaded (black) symbols, individuals with homozygous familial hypercholesterolemia; half-shaded (black) symbols, 
individuals with heterozygous familial hypercholesterolemia. I-2 and I-4 are full sisters

Fig. 2  The clinical follow-up of the patient. A The direct puncture technique, procedure, and disposal of waste plasma during DFPP therapy. 
B Changes in low-density lipoprotein cholesterol(LDL-C, mmol/l), total cholesterol(TC, mmol/l), albumin(ALB, g/l), and globulin(GLB, g/l) levels 
pre and post DFPP therapy. C Echocardiography manifestations: The times of four examinations (2021–12-14 outpatient, 2022–02-09 first DFPP, 
and two follow-ups on 2022–06-21/2023–06-29) showed irregular thickening and calcification protruding into the lumen at the sinotubular 
junction of the aortic root, causing localized stenosis. Transaortic maximum velocity (Vmax) and mean paravalvular gradient (PGmean) were 
recorded for assessment, as transaortic Vmax was 2.9 m/s, PGmean was 18 mmHg (2021–12-14); transaortic Vmax was 3.0 m/s, PGmean 
was 20 mmHg (2022–02-09); transaortic Vmax was 3.4 m/s, PGmean was 22 mmHg(2022–06-21); transaortic Vmax was 3.1 m/s, PGmean 
was 20 mmHg(2023–06-29), respectively. D Carotid artery ultrasound manifestations: The times of the two examinations (the first DFPP on 2022–
02-14, and a follow-up on 2023–06-30). The results showed moderate to severe stenosis at the origin of the right internal carotid artery (RICA). The 
peak systolic velocity (PSV) was recorded at the origin and distal end of the RICA, as well as the intima-media thickness (IMT) of the right common 
carotid artery (RCCA), and the PSV and Velocity Ratio (Vr) changes before the right common carotid artery stenosis (RCAS). The values were: RICA 
proximal was PSV 268 cm/s, RICA distal PSV was 109 cm/s, RCCA IMT was 1.2 mm, before RCAS PSV was 110 cm/s, 2 < Vr < 4 (2022–02-14) and RICA 
proximal PSV was 222.5 cm/s, RICA distal PSV was 103 cm/s, RCCA IMT was 1.4 mm, before RCAS PSV was 85 cm/s, 2 < Vr < 4 (2023–06-30)

(See figure on next page.)
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at the aortic sinus-ascending aorta junction with the 
transaortic maximum velocity (Vmax, 3.0  m/s) and 
the mean transvalvular pressure gradient (PGmean, 
20 mmHg). Bicuspid aortic valve thickened and calcified 

with associated regurgitation, annulus diameter of about 
21  mm (Fig.  2C). Bilateral carotid artery ultrasound 
showed: Bilateral carotid artery intima-media thicken-
ing, with a thickness of about 1.2  mm on the right side 

Fig. 2  (See legend on previous page.)
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and 1.2 mm on the left side. The intima-media thickness 
at the origin of the right subclavian artery was about 
1.3 mm. The right internal carotid artery showed steno-
sis at the origin, with a weak echogenic plaque of 3 mm 
thickness and increased blood flow velocity, with a peak 
systolic velocity (PSV) of 268  cm/s. No stenosis was 
observed in the left carotid artery (Fig. 2D). During the 
hospitalization, coronary angiography revealed severe 
calcific ostial stenosis of approximately 95% in the left 
main coronary artery (LMCA). There was an 80% steno-
sis in the proximal left anterior descending artery (LAD) 
and a 70% stenosis in the mid-LAD segment. The right 
coronary artery (RCA) had a 70% stenosis in the mid-
segment and a total occlusion in the distal segment. 
Consequently, two drug-eluting stents were sequentially 
implanted from the LMCA to the LAD to restore blood 
flow. Additionally, three drug-eluting stents were placed 
in the RCA to revascularize the affected segments and 
restore coronary perfusion.

During the follow-up period after initiating DFPP 
treatment, the patient’s aortic stenosis and stenosis of the 
carotid arteries, right subclavian artery, and right inter-
nal carotid artery did not worsen significantly. Coronary 
angiography confirmed the patency of the previously 
implanted stents, with no evidence of in-stent restenosis.

Furthermore, we summarized the research studies on 
using LA to treat familial hypercholesterolemia (FH), with 
a particular emphasis on the pros and cons of LA (Table 1).

Discussion
This case report highlights the efficacy of lipoprotein 
apheresis (LA) as an adjunctive therapy for refractory 
homozygous familial hypercholesterolemia (HoFH) 
unresponsive to maximal pharmacological interven-
tion. Despite aggressive lipid-lowering therapy with 
high-intensity statins, ezetimibe, and PCSK9 inhibitors, 
our patient’s LDL-C levels remained critically elevated, 
necessitating the implementation of LA. The dramatic 
reductions in LDL-C, total cholesterol, lipoprotein(a), 
and triglycerides achieved through double filtration plas-
mapheresis (DFPP) underscore its potential as a life-sav-
ing intervention for patients with severe HoFH.

Recent advances in lipid-lowering therapies, particu-
larly PCSK9 inhibitors, have shown promising results in 
managing familial hypercholesterolemia. However, their 
efficacy in HoFH can be limited, especially in patients 
with null mutations in the LDLR gene [21]. A recent study 
by Raal et  al. demonstrated that evolocumab reduced 
LDL-C levels by only 21.2% in HoFH patients with null/
null mutations compared to 40.8% in those with defec-
tive/defective mutations [22]. This highlights the need for 
alternative therapies in cases of severe, refractory HoFH.

Lipoprotein apheresis has emerged as a crucial thera-
peutic option for such patients. Our findings align with 
recent studies demonstrating the significant lipid-low-
ering effects of LA. An observational study by Schettler 
et  al. reported mean LDL-C reductions of 67.5% with 
LA techniques [23]. The 81.76% reduction in LDL-C 
observed in our patient exceeds these averages, possibly 
due to the use of DFPP, which has shown superior effi-
cacy in some studies [24].

The long-term benefits of LA extend beyond immediate 
lipid reduction. Recent evidence suggests that regular LA 
can slow or halt the progression of atherosclerosis and 
reduce cardiovascular events. A 30-year follow-up study 
by Stefanutti et  al. found that LA significantly reduced 
the progression of carotid intima-media thickness in FH 
patients compared to pharmacotherapy alone [25]. Our 
patient’s stable coronary and carotid artery status after 
two years of LA treatment corroborates these findings. 
Moreover, the regression of xanthomas observed in our 
patient aligns with recent research on the extravascular 
effects of LA. A study by Empen et al. demonstrated sig-
nificant regression of tendon xanthomas in FH patients 
undergoing long-term LA, correlating with improved 
cardiovascular outcomes [26].

Despite its clear benefits, LA is not without limita-
tions. The need for frequent treatments, potential vascu-
lar access complications, and the transient nature of lipid 
reduction necessitates ongoing research into optimiz-
ing treatment protocols. Recent studies have explored 
extended intervals between LA sessions and combination 
therapies to enhance long-term efficacy [27].

Interestingly, this case patient did not experience the 
first clinical manifestation of ASCVD until her 30s with-
out treatment, which is relatively late compared to typical 
HoFH patients. This relatively mild presentation may be 
related to protective factors or a resilient phenotype. Fur-
ther research is needed to explore the protective factors 
that exist in HoFH patients.

Although the frequency of LA treatment in this 
study was relatively low, good clinical results were still 
achieved. However, it should be noted that using pub-
lished equations and rate constants, it is not possible to 
accurately determine the time-averaged LDL-C concen-
tration of patients during LA treatment intervals. The 
patient’s LDL-C levels may be far above the ideal level for 
most of the time.

In addition to LA, liver transplantation(LT) is another 
potential therapeutic option for HoFH. Recent stud-
ies have demonstrated that LT can significantly reduce 
LDL-C levels in patients with HoFH and improve long-
term prognosis [28]. However, this approach has inher-
ent limitations, including surgical risks and the necessity 
for lifelong immunosuppression [29]. Novel drugs such 
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Table 1  Summary of the research studies on using Lipoprotein Apheresis (LA) to treat Familial Hypercholesterolemia (FH)

Author(s) Year Study Type Sample Size LA Modality Treatment 
Duration

TC/LDL-C 
Reduction

Pros Cons

Koga et al. [9] 1991 Case Series 4HeFH
1HoFH

DFPP
LAPP

2-4 week intervals 
for 15–62 months

TC 28–52% Effectively lowers 
TC
Prevent 
atherosclerosis 
progression 
Improves patient 
symptoms

Requires frequent 
and ongoing ses-
sions, combined 
with other thera-
pies

Koga [10] 1991 Case Report 1 HeFH DFPP
LAPP

2-3Week intervals 
for 17 years

TC 36.5% Significant 
TC reduction, 
Improved 
cardiovascular 
outcomes
Resolution 
of xanthomata

Required long-term 
treatment

Suzuki et al. [11] 1996 Case Series 5 HeFH DFPP
LFPP
LDL PA

1–3 years LDL-C
DFPP 81.4%
LFPP 82%
LDL PA 74.5%

Effectively lowers 
LDL-C, TC, TG
Good bio-
compatibility 
with less inflam-
mation risk,

Possible need 
for albumin sup-
plementation, 
hypotension risk

Yamane et al. [12] 1998 Case Series 4 FH DFPP Bi-weekly inter-
vals for 3 years

LDL-C 60–80% Long-term LDL-C 
reduction
Prevent athero-
sclerosis progres-
sion

Required long-term 
treatment

Julius et al. [13] 2002 Prospective 6 FeFH DFPP
HELP

Not mentioned LDL-C
DFPP 61.4
HELP 61.3%

Effectively lowers 
LDL-C
Selective 
Removal,

Reduction in HDL-C

Tsai et al. [14] 2016 Case Report 1 HoFH DFPP Weekly intervals 
for 11 years

LDL-C 67 ± 6.1% Effectively lowers 
LDL-C
Resolution 
of xanthomata
Prevention 
of coronary artery 
disease

Reduction in HDL-C
Requires special-
ized equipment 
and technical 
expertise

Gokay et al. [15] 2016 Prospective 10 HoFH CF
DFPP + CF
DFPP

Bi-weekly inter-
vals for 3–4 years

LDL-C
CF 62.35 ± 7.19%
DFPP + CF 
63.66 ± 6.63%
DFPP 
64.79 ± 8.29%

Effective LDL-C
Improved 
cardiovascular 
outcomes
Resolution 
or reduction 
in size of xan-
thomas

Reduction in HDL-C
Adverse effects 
like hypotension 
and nausea
Need for calcium 
and iron supple-
mentation in some 
patients

Albayrak et al. 
[16]

2019 Retrospective 5 HoFH DFPP Bi-weekly inter-
vals for 2 years

LDL-C 69.8% Significant 
Reduction 
in Lipid Levels
Improved 
cardiovascular 
outcomes
Minimally 
Invasive

Reduction in HDL-C
Adverse effects 
like hypotension 
and nausea

Page et al. [17] 2021 Case Series 8 HoFH
8 HeFH

CF Biweekly 
-8weekly intervals 
for 16 years

LDL-C
HoFH 69%
HeFH 72%

Significant reduc-
tion in LDL-C 
Levels
LA well-tolerated
Improved Quality 
of Life
Reduced Cardio-
vascular Events

High costs
Invasive
Variable Response 
to PCSK9i
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as lomitapide and evinacumab have shown promising 
potential in the treatment of HoFH. Lomitapide lowers 
LDL-C by inhibiting microsomal triglyceride transfer 
protein (MTP), while evinacumab acts by inhibiting angi-
opoietin-like 3 (ANGPTL3) [30, 31]. These drugs provide 
new treatment alternatives for patients with refractory 
HoFH. Other emerging therapies, such as inclisiran (a 
small interfering RNA targeting PCSK9), also exhibit 
potential efficacy for refractory HoFH [32]. Nevertheless, 
the long-term efficacy and safety of these novel drugs in 
HoFH patients require further investigation. Until these 
new agents become widely available and proven effective 
in severe HoFH, LA remains a critical therapeutic option.

Conclusion
In conclusion, for patients with HoFH exhibiting 
refractoriness to PCSK9i and other lipid-lowering 
drugs, LA represents an established and indispensa-
ble therapeutic modality.Although the frequency of 
treatment in this case was lower than the standard 
recommendations, regular LA therapy still promoted 
the regression of xanthomas and significantly reduced 

the incidence of coronary events. However, further 
research is needed to determine the optimal frequency 
of LA, its long-term efficacy, and its combination with 
emerging drugs. Additionally, in-depth studies on the 
protective factors and phenotypic differences present 
in HoFH patients may provide new insights for the 
development of individualized treatment strategies.
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Table 1  (continued)

Author(s) Year Study Type Sample Size LA Modality Treatment 
Duration

TC/LDL-C 
Reduction

Pros Cons

Ozdemir et al. 
[18]

2022 Retrospective 18 Non-FH
6 HoFH
3 HeFH

DFPP
DALI

Not mentioned LDL-C
Non-FH 70.9%
HoFH 64.5%
HeFH 64.5%

Significant 
reduction in Lipid 
Levels
Generally safe 
with minimal side 
effects
Can be com-
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results

High cost and lim-
ited availability
Required long-term 
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High costs
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