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Abstract

Introduction We performed a comprehensive retrospective analysis of 30-year therapeutic apheresis (TA) activity
and practices at one a national apheresis center in Slovenia to describe trends and main TA characteristics.

Methods \We retrospectively reviewed the medical records of all TA procedures from 1986 to 2016 and extracted
indications, vascular access, number of procedures and complications. We compared two time periods (1986—2000 vs.
2001-2016) and analyzed two age subgroups (children and elderly). For the most recent patient cohort (2010 to 2016)
we retrieved additional parameters pertaining to each TA procedure.

Results The whole cohort included 1,132 patients who underwent a total of 14,082 apheresis procedures. Central
venous catheters were predominantly used, with a trend toward greater use of arterio-venous fistulas in the

later period. The number of procedures increased over time. The use of lipid apheresis was stable, and the use of
immunoadsorption declined in recent years. The use of apheresis for some indications increased, whereas other
indications remained stable over the years. The comparison of the two time periods revealed increased utilization

of the TA, increasing patient age, and a shift in vascular access type. In pediatric and elderly patient populations, the
indications differed substantially. Chronic apheresis was utilized in a distinct subset of patients. Our analysis confirmed
that TA was generally safe and had a low incidence of complications. The most common adverse events were
hypotension and mild allergic reactions. Only 0.6% of the procedures were stopped because of a complication.

Conclusion Our study provides valuable insights into TA practices over three decades. This finding underscores the
importance of vascular access in apheresis treatment and reaffirms the safety profile of TA across different age groups.
Our center’s collaborative approach to providing TA under nephrologist supervision has proven effective in managing
changes in the field of apheresis and ensuring patient safety.
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Introduction

Therapeutic apheresis includes several different extracor-
poreal procedures, in which patient blood is nonselec-
tively or selectively purified from presumably pathogenic
components, e.g. therapeutic plasma exchange (TPE),
immunoadsorption, and lipid apheresis, to name just a
few [1]. The basic principle behind apheresis treatment
is (un)selective removal of large plasma components
(antibodies, immune complexes, lipoproteins and other
macromolecules), which are considered pathogenic in
specific diseases. Despite this simple concept, some of
its mechanisms of action are pleomorphic [2], and pos-
sible adverse effects are sometimes not fully appreciated,
e.g., the removal of concomitantly used medications [3—
5]. Nevertheless, apheresis is an invaluable therapeutic
option for certain diseases and a second line treatment
for many others [6]. The field of apheresis medicine is
evolving and apheresis can also be used for some emerg-
ing indications, which should be recognized in the clini-
cal setting. It is therefore not surprising that category 3
(optimum role not established) is the most common cat-
egory in the American Society for Apheresis guidelines
[6]. Apheresis can be considered whenever a suspected
pathogenic substance in plasma has a relatively long half-
life; it cannot be removed with medications, hemodialy-
sis or hemoadsorption, and it can be presumed that its
clearance would improve the disease course [7—9]. Some
examples of newer indications include treatment for
propofol infusion syndrome [10], nephrogenic systemic
fibrosis [11], immune-related adverse events associated
with immune checkpoint inhibitors [12] and severe,
extremely preterm preeclampsia [13-16].

Although apheresis is an evolving and multidisciplinary
field, large registry reports [17] or single-center analyses
are relatively rare. We believe that a description of histor-
ical and recent clinical practice is important for reflect-
ing on apheresis practices and advancements in the field.
Furthermore, such analyses can provide data on small
subpopulations (e.g., children and elderly individuals
[18]), as well as on the incidence of complications, which
is important to support the subjective feeling of clini-
cians that apheresis is a very safe treatment, e.g., it is also
used during pregnancy. Furthermore, analysis of adverse
effects related to replacement solution, e.g., fresh frozen
plasma (FFP), can drive changes in its use, for example,
using fibrinogen concentrate instead of FFP [19], when it
is used solely to prevent consumption coagulopathy.

Therefore, the aim of our study was to provide a com-
prehensive analysis of therapeutic apheresis in a tertiary
academic hospital over 30 years. We reviewed indications
and clinical practice and put special attention to adverse
effects, marginal age groups and changes in practice pat-
terns that occurred during this period.
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Methods
Study design and data collection
This was a retrospective study of all apheresis proce-
dures, performed at our center from 1986 to 2016. Our
center was a national referral center until a few years ago
and is still one of the only two centers performing thera-
peutic apheresis for a population of 2 million. Impor-
tantly, we also host a national kidney transplant center.
We used patient and apheresis records to collect clinical
data, which were anonymized prior to statistical analysis.
Data acquisition included crucial information regard-
ing each course of apheresis treatment (patient sex, age,
date of first procedure, diagnosis, referral department,
type and number of procedures, date of last procedure,
venous access, hepatitis/HIV status). We later catego-
rized the referral wards and diagnoses to make compari-
sons possible. We considered each patient unique, and “a
course of apheresis treatments” was a course of apheresis
procedures performed for the same indication in a closed
time span. We arbitrarily defined “chronic apheresis”
treatment as treatment lasting for more than 3 months.
We decided to compare two 15-year periods (1986—2000
and 2001-2016) to evaluate the evolution of practice in
our center and allow for statistical comparison.
Furthermore, for the more recent subgroup of patients
in the period from 2010 to 2016, the retrieval of specific
additional parameters pertaining to each apheresis pro-
cedure was possible: ambulatory or in-hospital setting,
type of replacement fluid, anticoagulation and medica-
tions given during the procedure. Complications during
apheresis that were recorded were classified as: allergic
reactions (urticaria or anaphylaxis), hypotension (defined
as a blood pressure drop of >40 mmHg or a systolic
blood pressure<90 mmHg with a concomitant drop of
>20 mmHg), therapy for hypotension, arrythmia con-
firmed by electrocardiogram, nausea, resuscitation, and
death. We did not record the volume of treated plasma.

Apheresis treatments
Our TPE protocol included the exchange of 1-2 plasma
volumes. Hemofiltration solution with albumin added
to a final concentration of approx. 30 g/l was used as the
replacement fluid. When indicated by an indication for
TPE (e.g., thrombotic thrombocytopenic purpura (TTP))
or when bleeding complications were anticipated (e.g.,
pre/postsurgery or invasive procedures) or when fibrino-
gen was <1.0 g/l or <1.5 g/l with a significant bleeding
risk present (e.g., after recent kidney biopsy or lumbar
puncture)), FFP was used as a sole replacement solution
or in combination with an albumin solution (10—-20 ml/
kg body weight).

It was common practice in our center to obtain cen-
tral venous access for apheresis. In a minor proportion of
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patients, arterio-venous fistula was present and success-
fully used, together with peripheral veins.

There was no upper age limit to apply apheresis in our
center.

Statistical methods

The data are presented via descriptive statistics: i.e.,
means and ranges or relative proportions, as appropriate.
Missing data were not imputed; due to the nature of data
collection the missing data was rare, therefore, for clarity,
we omitted the number (percent) of missing data in the
tables. For between-group comparisons, Student’s t-test
and the chi-square test were used. A p value of < 0.05 was
interpreted as statistically significant. We used Microsoft
Excel to organize the data and R (version 4.4.3) [20] for
visual representations and statistical analyses.

Results

Patients

We included 1,132 patients who underwent an overall of
14,082 apheresis procedures within 1,344 different apher-
esis courses. The median age of the patients was 50 (IQR
38-65) years, and 47% were females. The median num-
ber of procedures per course of apheresis treatment was
6 (IQR 3-10), and each course lasted for a median of 13
days (IQR 3-26).
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The number of apheresis procedures performed clearly
increased over the three decades, as apheresis gained rec-
ognition and acceptance among other specialties. Most
commonly, patients were hospitalized in departments of
nephrology (26%), neurology (25%), and in intensive care
units (10%) at the initiation of apheresis treatment. A
minority of patients (3%) started apheresis in the outpa-
tient setting.

Among patients 3.6% were hepatitis B antigen positive
and 1.5% were hepatitis C antibody positive. All patients
had their viral status checked prior to starting apheresis
treatment, positive patients were isolated, and no known
transmission occurred.

Vascular access

At the initiation of the apheresis course, the most com-
mon vascular access was a central venous catheter
(CVC, 57%), followed by a combination of a catheter
and peripheral venous access (27%), whereas arteriove-
nous fistula (6%) was relatively rare; in 13% the access
was other/unknown. Changes over time are shown in
Fig. 1. In the first period, a central venous catheter and
a peripheral vein were mostly used, whereas in the later
period, peripheral access was abandoned, and a CVC was
used most frequently. The arterio-venous fistula was pre-
dominantly used in patients with preexisting fistulas, who
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Fig. 1 Vascular access used at the initiation of apheresis treatment. (CVC=central venous catheter, AVF =arteriovenous fistula, periph. = peripheral
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were treated for humoral rejection of kidney transplants
or recurrent focal segmental glomerulosclerosis. The use
of an arterio-venous fistula was convincingly increasing
in the later period, when the prevalence of kidney trans-
plant patients increased in our center. Furthermore, there
were a few patients for whom an arterio-venous fistula
was constructed for the purpose of chronic apheresis
treatment.

Types of apheresis procedures

We analyzed different types of apheresis procedures
used at our institution. The number of TPE procedures
increased over time, especially in the recent years, and
TPE was also the most common apheresis modality over-
all. We observed an increase in the use of immunoad-
sorption between the years 2001 and 2004, after which
it was introduced, with a moderate concomitant drop in
TPE, as they were used for similar indications. The use of
low-density lipoprotein (LDL) apheresis was initiated in
1990 and the number of procedures was relatively stable
over time (see Fig. 2).

Indications for apheresis

The breakup of indications for apheresis treatment
courses revealed that the use of apheresis for some
indications increased, whereas other indications have
remained stable over the years (see Fig. 3).
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Hypertriglyceridemic pancreatitis was increasingly
recognized as a potentially “treatable” disease in the past
two decades, so the number of patients increased; how-
ever, in recent years (not included in this analysis), we
have changed clinical practice on the basis of negative
results from our randomized trial [21]. Humoral rejec-
tion of transplanted organs (almost exclusively kidneys)
was more common after the acceptance of our transplant
center into Eurotransplant in 2000 [22], which consider-
ably increased the number of kidney transplant patients
in Slovenia, resulting also in more rejections. On the
other hand, the number of procedures performed for
TTP/(atypical) hemolytic uremic syndrome ((a)HUS))/
thrombotic microangiopathy, myasthenia gravis, and
Guillain-Barré syndrome were stable. The number of
patients treated for antineutrophil cytoplasmic antibody
(ANCA)-associated vasculitis increased after 2010, prob-
ably because of increased recognition of this disease as an
indication for apheresis. The number of patients treated
for systemic lupus erythematosus was low and stable.

Comparison of the 1986-2000 and 2001-2016 periods

The whole period of data collection was divided into
two 15-year periods to evaluate the evolution of practice
in our center and allow for statistical comparison. Both
the overall number of patients treated and the num-
ber of procedures performed increased significantly in
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Fig.2 Number of apheresis procedures performed, stratified by apheresis modality, over time. (LDL — LDL apheresis, IA —immunoadsorption, TPE — thera-

peutic plasma exchange)



Jerman et al. BMC Nephrology (2026) 27:103

Page 5 of 11

transplant rejection pancreatitis

other TP

201

% Al 1o nTﬂH v olettl TM ﬂTT[TmTTT ITTTI m J . TTTvH m TThHT
éZO:
oo ,Im il Nﬂ ¢ o 1T T m TN mmm J ol o[ 11
1987 2001 2015 1987 2001 201y5-ea1r987 2001 2015 1987 2001 2015

Fig. 3 Breakup of indications for apheresis treatment over time. (TTP =thrombotic thrombocytopenic purpura, ANCA =antineutrophil antibody associ-

ated vasculitis, SLE = systemic lupus erythematosus)

Table 1 Patients'and apheresis procedures’ characteristics in
two time periods (1986-2000 vs. 2001-2016). Data are shown as
number (percent)

1986-2000" 2001-2016'

p-val-
ue?

Apheresis courses 318 1026 /
Female gender 48% 47% 0.600
Age (years) 44 (28-62) 51 (39-65) <0.001
Procedures per patient 6 (3-10) 6(3-11) 0.800
Courses of treatments

- TPE + 270 (85%) - 880 (86%) 0.770

<A + 32 (10%) +92 (9%) 0.631

-LDL -5 (2%) <10 (1%) 0.561

- other/combined <11 (3%) +42 (4%) 0.731
Vascular access at first proce-
dure (%)

- CVC + 75 (24%) + 695 (68%) <0.001

« CVC+ peripheral <167 (52%) <192 (19%) <0.001

- AVF - 13 (4%) + 70 (7%) 0.101

- other - 63 (20%) +69 (6%) <0.001
Viral hepatitis

- HBV <11 (3.5%) + 37 (3.6%) >09

«HCV + 2 (0.6%) +18(1.8%) 0.200

"'n (%); Median (IQR)
2 pearson’s Chi-squared test; Wilcoxon rank sum test; Fisher’s exact test

PEX: plasma exchange, IA: immunoadsorption, LDL: LDL apheresis, CVC:
central venous catheter, AVF: arterio-venous fistula, HBV: hepatitis B virus, HCV:
hepatitis C virus

the second period, whereas the number of procedures
per patient did not change. There was an increase in the
median age of patients in the second period, with a com-
parable sex structure (see Table 1). Notably, the number
of procedures per patient was stable and there were no
notable differences in the types of procedures used; how-
ever, the use of vascular access (during the first proce-
dure) changed dramatically, with a reduction in the use of
peripheral veins and increased use of catheters.

Apheresis in children

During the observed period of 30 years, 74 children (<18
years old) were treated with 83 courses of apheresis. The
median age of the children was 14 (IQR 8-17) years, and
there was an equal distribution of both sexes (48% girls).
The most common indications for apheresis were (a)
HUS (12%), followed by TTP (12%), Guillain-Barré syn-
drome and acute liver failure (both 10%). The most com-
mon vascular access method used was a central venous
catheter (68%), followed by a catheter, combined with a
peripheral vein (13%), and an AVF (8%). The total num-
ber of procedures performed in children was 1,706. The
median number of procedures per course of treatment
was 9 (IQR 6-15) over a median duration of 17 (IQR
6—43) days.



Jerman et al. BMC Nephrology (2026) 27:103

Apheresis in elderly patients

We treated 286 elderly patients (265 years) with 329
courses of apheresis and a total number of 2,595 proce-
dures. The most common indications for apheresis were
myasthenia gravis (20%), Guillain-Barré syndrome and
ANCA-associated vasculitis (13%) as well as (a)HUS/
TTP (10%). The median age of the elderly patients was
73 (IQR 69-77) years, and there was an equal distribu-
tion of both sexes (50% females). 62% started apheresis
with a central venous catheter, 30% with a CVC and a
peripheral vein and less than 2% with an AVE. Among the
elderly patients, 119 patients older than 75 years (median
77 years, IQR 76—-80 years) were included; these patients
underwent 141 courses with a total of 1,002 procedures.
Their characteristics did not differ substantially. There
was a median of 6 (IQR 4-10) procedures per apheresis
course performed over a median of 14 (IQR 7-26) days.

Chronic apheresis (>3 months of treatment)

We arbitrarily defined a chronic apheresis as any treat-
ment course that was longer than 90 days. This cut-off
was partly based on the fact that the distribution of the
apheresis treatment duration dropped sharply around
90 days interval and that no apheresis treatment in the
intensive care unit was longer than 90 days (see Supple-
mentary Fig. S1). We treated 109 patients who under-
went apheresis treatment for more than 3 months. The
patients’ median age was 49 (IQR 40-61) years, and
62% were females. Those patients were most commonly
treated for myasthenia gravis (30%), primary focal seg-
mental glomerulosclerosis (13%), cryoglobulinemia
(12%), and chronic inflammatory demyelinating poly-
neuropathy (8%). This group of patients underwent 5,386
procedures, with a median of 25 (IQR 15-57) procedures
per treatment course. The median treatment course dura-
tion was 309 days (IQR 133-1,099). Almost half (49%)
of the patients on chronic apheresis were treated with
immunoadsorption or LDL apheresis, which enabled the
longest interval between procedures.

Complications during apheresis (2010-2016 period)

We analyzed complications during all apheresis pro-
cedures performed in a subgroup of patients, treated
between 2010 and 2016. We collected detailed patient
and treatment data for 4,880 apheresis procedures per-
formed during 589 apheresis treatment courses in 531
patients (median age 51 (IQR 40-65) years, 47% females).
Most procedures (90%) were performed in hospitalized
patients. There were 4,579 TPE procedures, 226 immu-
noadsorption procedures and 75 LDL apheresis pro-
cedures (94%, 4.6% and 1.5%, respectively). In TPE, an
albumin solution was used as a replacement fluid in 56%
of the procedures, whereas FFP was used as a full (24%)
or partial (20%) replacement volume in the remaining
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Table 2 Frequency of adverse events during 4,880 apheresis
procedures (in 2010 to 2016 period)

Adverse event N (%)
Allergy 109 (2.2%)
+ Anaphylaxis 9 (0.2%)
- Rash/urticaria 100 (2.0%)
Hypotension 126 (2.6%)
Nausea 41 (0.8%)
Hypocalcemia 63 (1.3%)
Procedure stopped due to adverse event 29 (0.6%)
« Anaphylaxis 6 (0.1%)
«Hemolysis 5(0.1%)
«+ Hypotension 2 (<0.1%)
- Other 13 (0.3%)
- Resuscitation 2(<0.1%)
- Death 1(<0.1%)

Table 3 Adverse events, stratified by procedure type (2010 to
2016 period)

Adverse event TPE, LDL, IA, p-value?
N=4,579" N=75" N=226'

Allergy 106 (2.3%)  1(1.3%)  2(0.9%) 0412

Allergy — type: 0.244

- Anaphylaxis 8 (0.2%) 0 (0%) 1(0.4%)

- Rash/urticaria 98 (2.1%) 1(1.3%) 1 (0.4%)
Hypotension 106 (2.3%) 11(15%) 9 (4.0%) <0.001
Nausea 27 (0.6%) 4 (5.3%) 10 (44%) <0.001
Hypocalcemia 61 (1.3%) 0 (0%) 2 (0.9%) 0.740
Procedure stopped 20 (0.4%) 2(2.7%) 5(2.2%) 0.002
Reason for stopping: <0.001

« Anaphylaxis 6 (0.1%) 0 (0%) 0 (0%)

« Hemolysis 4(<0.1%) 0 (0%) 1(0.4%)

- Hypotension 0 (0%) 2 (2.7%) 0 (0%)

« Other 8(0.2%) 0 (0%) 3(1.3%)

- Resuscitation 1(<0.1%) 0 (0%) 1 (0.4%)

« Death 1(<0.1%) 0 (0%) 0 (0%)

"n (%)

2 Fisher's exact test

TPE: therapeutic plasma exchange; LDL: LDL apheresis; IA:immunoadsorption

procedures. Regarding anticoagulation during apheresis
procedures, regional citrate anticoagulation (RCA) was
used in 87% of the procedures, and the other procedures
were performed with systemic heparin anticoagulation.
In terms of initial vascular access, 75% of procedures
were performed via CVCs, 12% via AVFs, 8.8% via CVCs
and peripheral veins, 4% via peripheral veins only, and
a small proportion otherwise (e.g., via extracorporeal
membrane oxygenation (ECMO)).

We analyzed a predefined set of adverse events that
were usually documented in patients’ apheresis records;
the results are shown in Tables 1, 2 and 3. The most fre-
quently observed complication during apheresis treat-
ment was hypotension, which occurred in 126 (2.6%)
procedures. Hypotension was more common during LDL
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apheresis (15% of procedures) and less common when
the replacement fluid used during TPE was FFP (1.8% of
procedures).

Allergic reactions were recorded during 109 (2.2%)
procedures and were more common during TPE with
FFP used as a replacement solution (5% of procedures).
Allergic reactions were described mainly as transient
rash (urticaria), whereas true anaphylactic reactions
were very rare and occurred in only in a small number
of procedures (9 procedures, 0.2% of all procedures), but
were more common during TPE with FFP (6 procedures,
0.3% of all procedures with FFP as part of replacement
solution; see Table 4). Interestingly, the allergic reac-
tion recured in only 12 courses of apheresis treatment. It
should be noted that it was our clinical practice to pre-
scribe preventive antihistaminic in patients after first
allergic reaction and that some patients were also receiv-
ing corticosteroids for their primary disease.

There were 63 cases (1.3%) of severe hypocalcemia
(defined as ionized calcium<0.85). As expected, they
were more common if FFP was used as part of the sub-
stitution fluid (40 cases, 2% of procedures with FFP) and
when RCA was used (62 cases, 1.5% of procedures with
RCA). Nausea was recorded in only 41 cases (0.8%), and
it seemed to be more common during immunoadsorp-
tion and LDL apheresis (5.3% and 4.4% of procedures,
respectively).

In 29 cases (0.6%), the procedure was stopped because
of a complication. The number is small, but it seems that
immunoadsorption and LDL apheresis procedures were
stopped more frequently (immunoadsorption in 5 cases
(2.2% of immunoadsorption procedures), LDL in 2 cases
(2.7% of LDL procedures), p<0.001), whereas TPE was
only stopped in 19 cases (0.4% of TPE procedures). We
recorded 2 resuscitations and 1 death during an apheresis
procedure, which was not necessarily related to the pro-
cedure itself (the cause of resuscitation/death could not
be determined from apheresis records).

A comparison of complications in elderly patients (aged
> 65 years) and younger patients (see Table 5), revealed
a significantly lower incidence of allergic reactions in
elderly (0.8% vs. 2.8% of procedures), but a greater risk
of hypotension during apheresis (4% vs. 2.1% of proce-
dures). Other adverse events occurred with similar fre-
quencies in elderly and younger patients.

Discussion

In this report, we present three decades of experience
with therapeutic apheresis at a tertiary center, which
represents one of a few large cohort studies in the field
of apheresis [17, 23, 24]. Some of the changes in clinical
practice patterns are described as well as an analysis of
apheresis in children and elderly individuals and treat-
ment complications in a large subgroup of procedures.
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Table 4 Adverse events, stratified by the use of FFP during
apheresis (2010 to 2016 period). The group without FFP includes
also apheresis procedures without a replacement solution (IA
and LDL)

Adverse event Procedures  Procedures p-
with FFP, without FFP, value?
N=2,018' N=2,862'
Allergy 100 (5.0%) 9(0.3%) <0.001
Allergy — type: <0.001
+ Anaphylaxis 6 (0.3%) 3(0.1%)
- Rash/urticaria 94 (4.7%) 6 (0.2%)
Hypotension 37 (1.8%) 89 (3.1%) 0.006
Nausea 12 (0.6%) 29 (1.0%) 0.115
Hypocalcemia 40 (2.0%) 23 (0.8%) <0.001
Procedure stopped 14 (0.7%) 13 (0.5%) 0.267
Reason for stopping: 0.253
+ Anaphylaxis 5(0.2%) 1(<0.1%)
« Hemolysis 2 (<0.1%) 3(0.1%)
« Hypotension 0 (0%) 2(<0.1%)
« Other 5(0.3%) 6 (0.2%)
- Resuscitation 1(<0.1%) 1(<0.1%)
- Death 1(<0.1%) 0 (0%)
"n (%)
2 pearson’s Chi-squared test; Fisher’s exact test
FFP: fresh frozen plasma
Table 5 Adverse events, stratified by age group
Adverse event Age<65years, Age=65years, p-value’
N=3,591' N=1,289'
Any event 249 (6.9%) 93 (7.2%) 0.735
Allergy 99 (2.8%) 10 (0.8%) <0.001
Allergy — type: <0.001
« Anaphylaxis 9(0.3%) 0 (0%)
- Rash/urticaria 90 (2.5%) 10 (0.8%)
Hypotension 74 (2.1%) 52 (4.0%) <0.001
Nausea 32 (0.9%) 9 (0.7%) 0515
Hypocalcemia 43 (1.2%) 20 (1.6%) 0.334
Procedure stopped 21 (0.6%) 6 (0.5%) 0.620
Reason for stopping: 0.644
+ Anaphylaxis 5(0.1%) 1(<0.1%)
« Hemolysis 4(0.1%) 1(<0.1%)
« Hypotension 2 (<0.1%) 0 (0%)
« Other 9(0.3%) 2(0.2%)
« Resuscitation 1 (<0.1%) 1(<0.1%)
- Death 0 (0%) 1(<0.1%)
"n (%)

2 pearson’s Chi-squared test; Fisher’s exact test

Changes in epidemiology & indications

In our cohort, the indications for therapeutic apheresis
changed substantially over time (see Fig. 3). There was a
large increase in the use of apheresis for the treatment of
antibody-mediated rejection (AMR) of transplanted kid-
neys (only rarely heart transplants) and hypertriglyceri-
demic pancreatitis. The increase in AMR as an indication
followed a few years after the increase in the number of
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kidney transplants performed in Slovenia after joining
Eurotransplant [22]. Interestingly, the increase in AMR
is in contrast to the findings of another published report
[25]. Apheresis requirements in kidney transplantation
might decrease in the future, owing to new treatments
[26]. The increase in hypertriglyceridemic pancreatitis
as an indication can be explained by increased awareness
after we performed our initial analysis of this subgroup
[27], although a steep decline is expected in the future,
as our small randomized study revealed a very limited
advantage of apheresis over conservative treatment [21].
The number of patients treated for (a)HUS/TTP also
increased somewhat, probably due to better recognition
of aHUS in past years. However, this could also be con-
sidered surprising, as the shift from clinical to laboratory
diagnosis (with the use of ADAMTS levels and activity)
should decrease the overall use of apheresis [28]. The
majority of neurological indications were stable over time
in our cohort. On the other hand, we have only a few
patients on lipid apheresis, which might be underused,
as noted by a report from a dedicated center in Germany
[29, 30]. However, the sporadic nature of less-prevalent
diseases and/or conditions prevents the analysis of subtle
changes in general. Despite the long observation time
and relatively large patient cohort, the number of chang-
ing indications for rare disorders (highlighted in the
recent guidelines [6]) is not fully reflected in our review.
Inclusion into multi-center registries would be necessary
to capture the true incidence, implementations, and out-
comes of therapeutic apheresis in these cases.

There is a great need to increase awareness of the role
of apheresis therapy among collaborating specialties. In
our center, apheresis is performed under the supervi-
sion of a nephrologist, but the indication is established
in cooperation with other specialists, who treat spe-
cific conditions. It was shown that dedicated centers
have a larger number of treated patients. This implies
that patients at peripheral centers might be deprived of
apheresis treatment even for established indications [29].

Trends in vascular access for apheresis

One important but often neglected technical aspect of
apheresis treatment is the way in which vascular access
is obtained. It is generally assumed, that a central venous
access is needed. A retrospective study from 1989 ques-
tioned the need for a central venous catheter, since
more than 60% of TPE procedures were performed with
peripheral access only [31]. Similarly, a cohort study
from the field of neurology reported the use of a periph-
eral access in 73% of cases [32], and a hematology-based
apheresis center reported 41% [33]. As many compli-
cations during apheresis are a direct consequence of
obtaining or maintaining a central venous access [34],
achieving a peripheral-access driven apheresis could be a
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part of a strategy to reduce complications [35, 36]. Our
data on vascular access are incomplete, as we recorded
only vascular access at the first apheresis procedure, but
they nevertheless showed the opposite trend of increas-
ing use of central catheters. Notably, the recommenda-
tions of the ASFA working group for the preferred use of
peripheral access in apheresis acknowledge its inferiority
in membrane-based apheresis owing to longer proce-
dure times and higher blood flow requirements [36] and
the fact that our center uses membrane-based apheresis
exclusively. Furthermore, as nephrologists, we advocate
against the use of peripheral veins in the subgroup of
patients with chronic kidney disease, as they should be
preserved for vascular access for future hemodialysis in
this population.

On the other hand, for successful chronic treatment
with apheresis (e.g., lipid apheresis or as a maintenance
treatment for some neurologic conditions), a peripheral
access is often considered almost obligatory and periph-
eral access is indeed more commonly used in chronic
apheresis [37]. In our opinion, for patients requiring
apheresis as a long-term (e.g., more than 6 months) or
even “indefinite” treatment (e.g., lipid apheresis), the con-
struction of an AVF should be considered, except when
the procedures are performed infrequently (e.g., immu-
noadsorption). Data on AVF use in apheresis are scarce,
but the use of AVF used for apheresis often seems lim-
ited, possibly due to the absence of hypervolemia, which
is associated with chronic kidney disease. Existing AVFs
can always be used in kidney graft recipients, when avail-
able [38].

Safety of apheresis procedures
Overall, apheresis is generally considered a very safe
treatment. Our data on a large subset of almost 5,000
procedures confirm this impression. The most common
adverse events were hypotension and mild allergic reac-
tions. Comparison with data from the literature are prob-
lematic, as the evaluation and grading of adverse effects
are not consistent. A review of the available reports
highlights great differences in center-reported adverse
events, ranging from 2.3 to 6.9% [17, 18, 23, 24, 39] or
even higher in the elderly population [18]. The variability
stems from patient selection, treatment modalities, data
acquisition, reporting, and possibly other factors. The
structure of our data did not allow for grading of adverse
event severity. However, a surrogate of severity could be
the incidence of procedures that are stopped, which is
very rare (0.6%), although there could be some interfer-
ence with technical issues. Death occurred in only one
procedure, in line with long-standing safety from lethal
consequences [40].

With respect to procedure type, LDL apheresis was
associated with more hypotension and premature
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procedure termination (which was also the case for
immunoadsorption; see Table 3). The higher incidence of
hypotension in LDL is well-known as recently reviewed
by Mickiewicz et al. [41] and likely reflects bradykinin
reactions [42]. Notably, our patients did not undergo LDL
apheresis, if they were receiving angiotensin converting
enzyme inhibitor (ACEIi) treatment.

Furthermore, when FFP is used as a substitution fluid,
allergic reactions and hypocalcemia are more common,
which was confirmed in our population (Table 4). This is
likely due to the immunogenic characteristics of donor-
derived plasma and the additional amount of citrate
delivered to the patient. Hypotension, on the other hand,
was more common when albumin was used as a replace-
ment. Frequent TPE leads to the depletion of coagulation
factors, with the subsequent need to use FFP as part of
the replacement solution. One possible alternative is the
use of purified fibrinogen concentrate, which might pre-
vent allergic reactions. We have some preliminary expe-
rience with this [19], but a RCT would be necessary to
prove superior safety and equal efficacy of fibrinogen
concentrate vs. FFP used for correction of consumption
coagulopathy.

It may be difficult to fully estimate the frequency of
electrolyte disorders as an adverse effect, but a low fre-
quency of severe hypocalcemia indicates good safety.
Notably, we routinely use calcium substitution in our
TPE with regional citrate anticoagulation, which has
also been the preferred anticoagulation method in recent
years [43].

Therapeutic apheresis in special age groups

Apheresis can be safely performed in pediatric patients
[44]. In our center, we also treated a substantial number
of pediatric patients, the majority of them for (a)HUS/
TTP and Guillain-Barré syndrome. The pediatric popu-
lation has specific challenges, and the number of pediat-
ric patients treated with apheresis is generally very low.
The main indications for performing apheresis occur
infrequently in the pediatric population, but apheresis
remains crucial in some severe cases.

Elderly patients also represent a special and growing
subgroup of patients. Our center’s experience is similar
to other published data [18]; however, in contrast to the
former study, where complications were more common
in the elderly population, our data show that the over-
all incidence of complications is similar to that in the
younger population (Table 5). Interestingly, the nature of
the complications in the elderly group was different: they
tended to have fewer allergic reactions, but more fre-
quent hypotension. This is not surprising, as immunose-
nescence is well-documented, whereas cardiovascular
comorbidities and the autonomous disfunction predis-
pose patients to more frequent hypotension.
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Strengths and limitations

One of the strengths of our analysis is that our center is a
referral center for most of the country and therefore cov-
ers a defined population on a continuous basis; therefore,
conclusions on the changes in practice can be drawn.
Furthermore, we performed a per-procedure review of
adverse events for a cumulative period of 17 years and
these data were conclusive. The study is, nevertheless,
retrospective in nature, with often incomplete records,
which is inferior to prospective registries. Furthermore,
our cohort might be biased toward treating disorders
related to nephrology, neurology and rheumatology due
to somewhat poorer collaboration with other specialties.

Conclusion

Therapeutic apheresis is an established and recognized
therapy for many conditions and current retrospective
study of 30-year long period emphasizes the proven effi-
ciency and a low adverse effect profile. Despite changing
indications and clinical practice, apheresis remains a sig-
nificant tool and is irreplaceable even under certain con-
ditions because of its fast action and nonspecific removal
of pathogenic molecules. However, the field of apher-
esis is evolving as newer and more selective treatments
are continuously being developed. We need to evaluate
apheresis efficiency on a regular basis and raise aware-
ness of the existing and possibly new and underrecog-
nized indications. Some advances in the implementation
of apheresis have been made in recent years, including
improvements in vascular access for chronic apheresis
and strategies to avoid FFP. Although apheresis presents
some additional challenges in very young or very old
patients, it is very safe even in these populations.
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