
Original Research
Plasma Exchange for ANCA-Associated Vasculitis: An

International Survey of Patient Preferences

David Collister, Mark Farrar, Lesha Farrar, Paul Brown, Michelle Booth, Tracy Firth, Alfred Mahr,
Linan Zeng, Mark A. Little, Reem A. Mustafa, Lynn A. Fussner, Alexa Meara, Gordon Guyatt,
David Jayne, Peter A. Merkel, and Michael Walsh
Complete author and article
information provided before
references.

Correspondence to
D. Collister (dtcollister@
gmail.com)

Kidney Med. 5(3):100595.
Published online December
24, 2022.

doi: 10.1016/
j.xkme.2022.100595

© 2022 The Authors.
Published by Elsevier Inc.
on behalf of the National
Kidney Foundation, Inc. This
is an open access article
under the CC BY-NC-ND
license (http://
creativecommons.org/
licenses/by-nc-nd/4.0/).
Rationale & Objective: We sought to elicit patient
preferences regarding the use of plasma exchange
in antineutrophil cytoplasmic antibody-associated
vasculitis (AAV) and its tradeoffs of risk of kidney
failure and risk of serious infection.

Study Design: Patient survey.

Setting & Participants: The online survey was
circulated to adults with AAV via kidney and
vasculitis networks in Canada, the United
Kingdom, and the United States.

Outcomes: Respondents reviewed the estimated
1-year risks of kidney failure and serious infection in
AAV with and without plasma exchange across 5
serum creatinine categories (150, 250, 350, 450,
and 600 μmol/L). For each scenario, participants
indicated whether or not they would choose
plasma exchange.

Analytical Approach: Responses were assessed
with multilevel multivariable logistic regression
models to identify predictors of respondent choice
regarding treatment with plasma exchange.

Results: The 470 respondents from the 13 countries
(United States 61.7%, United Kingdom 20.0%,
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Canada 13.8%, and other countries 4.5%) had a
mean age of 58.6 (SD 14.3) years, 70.2% women.
Respondents were more likely to choose plasma ex-
change in scenarios at high risk of kidney failure and
serious infection (creatinine level of 350 or 450 μmol/
L) compared with lower risk scenarios or the highest
risk scenario. However, 145 (30.9%) chose plasma
exchange across all scenarios, whereas 80 (17.0%)
declined plasma exchange across all scenarios. Re-
spondents from the United Kingdom (OR, 2.61; 95%
CI, 1.09-6.22) who received previous dialysis (OR,
2.70; 95% CI, 1.12-6.52) or received previous
plasma exchange (OR, 5.62; 95% CI, 2.72-11.61)
were more likely to choose plasma exchange,
whereas older respondents (OR, 0.98; 95% CI, 0.96-
0.99 per 1 year increase) were less likely.

Limitations: Unclear generalizability to non–
English-speaking, older, and less health literate
adults, possible responder bias, survivor bias, lack
of individualized risk assessments for kidney failure,
and serious infection.

Conclusions: Patients with AAV do not express a
consistent choice for plasma exchange, which
highlights the need for shared decision making.
Antineutrophil cytoplasmic antibody (ANCA)-associated
vasculitis (AAV) is a rare1 multisystem disease2 with a

mortality of up to 25% at 4.5 years3 due to active vasculitis
or adverse events related to immunosuppression.4 Kidney
involvement is common in AAV5 and can result in kidney
failure requiring dialysis or kidney transplantation.6 Both
kidney and lung involvement are associated with increased
morbidity and mortality in patients with AAV.7

AAV is initially treated with immunosuppression to
control the disease and prevent progressive organ damage.8-
16 Plasma exchange is a method of mechanically removing
antibodies, such as ANCA, and is an adjunctive treatment for
AAV that involves the replacement of a patient’s blood
volume to rapidly decrease ANCA, which is are thought to
drive disease manifestations.17,18 After the recent publica-
tion of plasma exchange and glucocorticoids in severe
ANCA-associated vasculitis (PEXIVAS),19 we completed an
updated systematic review/meta-analysis of plasma ex-
change in AAV20 that informed a clinical practice guide-
line.21 In this meta-analysis, plasma exchange proved to
have no impact on mortality but decreased the risk of kid-
ney failure while increasing the risk of serious infection.

As a part of the guideline process, engaging 4 patient
partners with AAV and one of their caregivers helped
inform patient values and preferences regarding plasma
exchange.22 In the Grading of Recommendations, Assess-
ment, Development and Evaluations process, uncertainty
and variability in patient values and preferences affect the
strength of recommendations.23 We explored patient and
caregiver treatment decisions for plasma exchange with
regards to its benefits and harms at different baseline risks
of kidney failure and serious infection. This informed the
strength of our recommendations for plasma exchange in
AAV across the spectrum of risk with a strong recom-
mendation encompassing >90% of fully informed patients
and a weak (conditional) recommendation encompassing
50%-90% of fully informed patients. To better understand
treatment decisions for plasma exchange in AAV and thus
to inform clinical practice and future guideline recom-
mendations, we conducted an international survey of a
larger number of adult patients with AAV.
METHODS

Survey Design and Target Audience

Two authors (DC and MW) designed the survey and
piloted it with 8 other authors (AM, ML, RAM, LF, AM,
GG, DJ, PM) for sensibility and comprehension. The
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PLAIN LANGUAGE SUMMARY
Recent evidence shows that plasma exchange decreases
the risk of kidney failure and increases the risk of
serious infection but does not affect overall mortality in
antineutrophil cytoplasmic antibody-associated vascu-
litis (AAV). In this online patient survey that was
circulated to adults with AAV via kidney and vasculitis
networks, 470 respondents reviewed 5 scenarios with
varying estimated 1-year risks of kidney failure and
serious infection with and without plasma exchange
based on baseline serum creatinine levels. In each sce-
nario, respondents were asked whether they would
choose treatment with plasma exchange. We identified
independent predictors of choosing treatment with
plasma exchange, including age, country, kidney
function, and previous receipt of dialysis/plasma ex-
change, but overall, there was heterogeneity in treat-
ment decisions, which highlights the need for
individualized shared decision making.
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survey was targeted to English-speaking adults with a self-
reported clinical diagnosis of AAV (granulomatosis with
polyangiitis, or microscopic polyangiitis but not eosino-
philic granulomatosis with polyangiitis). To reach these
patients, we circulated the survey via kidney and vasculitis
network email lists, an online research network, websites,
and social media, including the Kidney Foundation of
Canada (October 2020), Canadians Seeking Innovations
and Solutions to Solve Chronic Kidney Disease network
(October 2020), Vasculitis Foundation Canada (January
2021), Vasculitis UK (October 2020), and the Vasculitis
Patient-Powered Research Network (V-PPRN) (December
2020). To increase survey responses, patient partners
created patient-facing communications that we circulated
to the above sources. The Hamilton Integrated Research
Ethics Board approved the study (project number 11567).
Respondents provided informed consent before beginning
the anonymous survey that required answers to each
question.

Patient Involvement

Patients were involved in the design and conduct of this
research. Four patient partners (MF, PB, MB, TF) and a
caregiver (LF) reviewed the penultimate version on the
survey platform, surveymonkey.com, and suggested re-
visions for the final survey (see Item S1). They also
circulated the survey to their respective patient networks
via social media. Once the study has been published,
participants and patient networks will be sent details of the
results in a study newsletter developed by patient partners.

Survey Content

Respondents provided their age, sex, country, type of AAV,
and degree of kidney involvement (previous kidney
2

disease, previous dialysis, current dialysis, or kidney
transplant). Respondents also provided whether they had
ever received treatment plasma exchange or treatment with
intravenous antibiotics and/or had been admitted to a
hospital for a serious infection.

The survey provided general information about plasma
exchange, including its purpose, setting, duration, vascular
access, and some of its potential harms (ie, infection,
bleeding, and pneumothorax). After informing re-
spondents that plasma exchange had no overall impact on
mortality, participants chose or declined plasma exchange
treatment for each of 5 scenarios in which 1-year risks of
kidney failure and serious infection requiring intravenous
antibiotics or hospitalization with and without plasma
exchange were given. The risk estimates were derived from
European Vasculitis Study Group trials and a meta-analysis
of plasma exchange in AAV and approximately corre-
sponded to the risks of kidney failure and infection seen at
varying serum creatinine levels (Cr; 150, 250, 350, 450,
and 600 μmol/L) at the time treatment was started
(Table 1).20 Respondents were randomly selected to
receive the 5 scenarios in either order of increasing or
decreasing risk. Importantly, as the risk of kidney failure
increased, so did the risk of serious infection and so too
did the absolute risk differences with plasma exchange (ie,
the benefits and risks of plasma exchange increased in
parallel). Risk was communicated using pictographs for
each scenario (see Item S1). For each of these 5 scenarios,
participants were asked, if they were a patient with a new
diagnosis or relapse of AAV (with no mention of pulmo-
nary hemorrhage), given its absolute risk decrease in
kidney failure but absolute risk increase in serious infec-
tion, would they choose treatment with plasma exchange
(yes or no).
Statistical Analysis

We summarized respondent characteristics and responses
with means (standard deviations), medians (25th-75th
percentiles), and frequencies/percentages as appropriate.
Respondents were categorized into the following 5
groups: (1) those who chose plasma exchange in all sce-
narios; (2) those who declined plasma exchange in all
scenarios; (3) those who chose plasma exchange only at
higher baseline absolute risks (ie, they declined plasma
exchange at lower serum Cr levels then accepted at higher
serum Cr levels); (4) those who declined plasma exchange
only at higher baseline absolute risks (ie, they accepted
plasma exchange at lower serum Cr levels then declined at
higher serum Cr levels); (5) those with other treatment
decision patterns. Groups were compared using analysis of
variance for continuous variables and the χ2 test for cate-
gorical variables.

We constructed multilevel multivariable logistic regres-
sion models to evaluate the association between the decision
to receive treatment with plasma exchange (outcome).24

Models included age, sex, country, previous dialysis,
Kidney Med Vol 5 | Iss 3 | March 2023 | 100595
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Table 1. Risks of Kidney Failure and Serious Infection at 1 Year With or Without the Plasma Exchange Across the 5 Scenarios

Serum Creatinine
(μmol/L)

Kidney Failure at 1 Year Serious Infection at 1 Year

Without Plasma
Exchange

With Plasma
Exchange

Risk
Difference

Without Plasma
Exchange

With Plasma
Exchange

Risk
Difference

150 2/100 1/100 −1/100 9/100 11/100 +2/100
250 8/100 5/100 −3/100 18/100 23/100 +5/100
350 15/100 9/100 −6/100 27/100 34/100 +7/100
450 28/100 17/100 −9/100 36/100 46/100 +10/100
600 40/100 25/100 −15/100 50/100 64/100 +14/100
Note: The risk estimates were derived from European Vasculitis Study Group trials and a meta-analysis of plasma exchange in antineutrophil cytoplasmic antibody-
associated vasculitis.20
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previous plasma exchange, previous serious infection,
randomization, and scenario sequence as fixed effects
(predictors)25 and participants as random intercepts
without any interactions.26 Odds ratios (OR) and 95%
confidence intervals (CIs) are presented. A sensitivity anal-
ysis included history of kidney disease or current treatment
with dialysis or a kidney transplant as an alternative to use of
history of dialysis. Only participants without any missing
data were included without any imputation.

All statistical tests were performed using Stata release 14
(StataCorp) with a P value of <0.05 level of significance
without adjustment for multiplicity.
Table 2. Survey Respondent Characteristics (N = 470)

Characteristic Value
Age, year (SD) 58.6 (14.3)
Sex Female, n (%) 330 (70.2%)
Country, n (%)
Canada 65 (13.8%)
United Kingdom 94 (20.0%)
United States 290 (61.7%)
Othera (%) 21 (4.5%)

Diagnosis, n (%)
AAV 55 (11.7%)
GPA 334 (71.1%)
MPA 81 (17.2%)

Kidney disease, n (%) 302 (64.3%)
Previous dialysis, n (%) 62 (13.2%)
Current dialysis/transplant, n (%) 28 (6.0%)
Previous plasma exchange, n (%) 100 (21.3%)
Previous serious infection, n (%) 234 (49.8%)
Abbreviations: AAV, antineutrophil cytoplasmic antibody-associated vasculitis;
GPA, granulomatosis with polyangiitis; MPA, microscopic polyangiitis, SD,
standard deviation.
aAustralia (n = 7), Germany (n = 3), Ireland (n = 3), South Africa (n = 2), New
Zealand (n = 1), Romania (n = 1), France (n = 1), India (n = 1), Italy (n = 1), and
Slovenia (n = 1).
RESULTS

Due to the nature of the sampling strategy, a response rate
could only be calculated for the V-PPRN. The V-PPRN
sent a recruitment email or newsletter to 1,730 and
10,449 unique email addresses, respectively, of which
616/1,730 (35.6%) and 2,526/10,449 (24.2%) opened
the emails and 247/1,730 (14.3%) and 104/10,449
(1.0%) opened the survey. Of these, a total of 311/351
(88.6% of those that opened the survey) were eligible
and completed the survey.

Of 703 total respondents, 99 were excluded (8 were
not interested in participating, 1 did not provide informed
consent, 11 had completed the survey previously, 45 had
non-AAV vasculitides, 15 had eosinophilic granulomatosis
with polyangiitis, 10 had kidney disease but no vasculitis,
and 9 were uncertain as to what type of vasculitis they
had). Of the 604 eligible participants, 134 had incomplete
data, leaving 470 respondents.

Table 2 summarizes respondent characteristics. Typical
respondents were women, in their late 50s, from the
United States, had a diagnosis of granulomatosis with
polyangiitis, and had not previously or presently treated
with dialysis or plasma exchange. Approximately half had
previously experienced a serious infection.

Table 3 summarizes participant responses for each
scenario. In scenarios 1, 2, 3, 4, and 5, 54.9%, 56.0%,
63.4%, 61.1%, and 57.9% of participants, respectively,
chose treatment with plasma exchange. Of the 470 re-
spondents, 145 (30.9%) consistently chose plasma exchange
across all scenarios, and 80 (17.0%) declined plasma ex-
change across all scenarios. One hundred three (21.9%)
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chose plasma exchange at higher baseline absolute risks
(30 at Cr ≥250 μmol/L, 36 at Cr ≥350 μmol/L, 19
at Cr ≥450 μmol/L, and 18 at Cr ≥600 μmol/L),
92 (19.6%) declined plasma exchange at higher
baseline absolute risks (19 at ≤Cr 250 μmol/L, 25 at
Cr ≤350 μmol/L, 19 at Cr ≤450 μmol/L, and 29 at Cr
600 μmol/L≤), and 50 (10.6%) had other treatment
decision patterns. Age, country, previous treatment with
dialysis, current treatment with dialysis or kidney
transplant, and previous plasma exchange varied be-
tween participants with different patterns of response
(P < 0.05) but not sex, history of kidney disease, or
history of serious infection.

Table 4 presents the results of the multilevel multivar-
iable logistic regression model used to identify character-
istics associated with choosing plasma exchange. Younger
age (OR, 0.98; 95% CI, 0.96-0.99 per 1 year increase),
country (United Kingdom, OR, 2.61; 95% CI, 1.09-6.22),
previous dialysis (OR, 2.70; 95% CI, 1.12-6.52), previous
plasma exchange (OR, 5.62; 95% CI, 2.72-11.61), and
scenarios 3 (serum Cr level, 350 μmol/L; OR, 1.93; 95%
3



Table 3. Survey Respondent Characteristics by Response Categories

Always
Chooses
Plasma
Exchange

Always
Declines
Plasma
Exchange

Chooses Plasma
Exchange Only
at Higher Risk

Declines Plasma
Exchange Only
at Higher Risk

Other
Patterns P

Total 145 (30.9%) 80 (17.0%) 103 (21.9%) 92 (19.6%) 50 (10.6%)
Age, years (SD) 57.3 (14.4) 63.2 (13.6) 59.0 (12.8) 54.8 (15.8) 61.2 (13.3) <0.01
Female sex, n (%) 98 (67.6%) 57 (71.3%) 73 (70.9%) 69 (75.0%) 33(66.0%) 0.57
Country, n (%)
Canada 17 (11.7%) 12 (15.0%) 18 (17.5%) 10 (10.9%) 8 (16.0%) <0.01
United Kingdom 45 (31.0%) 5 (6.3%) 14 (13.6%) 23 (25.0%) 7 (14.0%)
United States 77 (53.1%) 60 (75.0%) 66 (64.1%) 54 (58.7%) 33 (66.0%)
Other 6 (4.1%) 3 (3.8%) 5 (4.9%) 5 (5.4%) 2 (4.0%)

Kidney disease, n (%)
(N = 302)

103 (71.0%) 42 (52.5%) 69 (67.0%) 60 (65.2%) 28 (56.0%) 0.05

Previous dialysis, n (%)
(N = 62)

34 (23.4%) 4 (5.0%) 13 (12.6%) 9 (9.8%) 2 (4.0%) <0.01

Current dialysis/transplant, n (%)
(N = 28)

15 (10.3%) 0 (0%) 6 (5.8%) 6 (6.5%) 1 (2.0%) 0.02

Previous plasma exchange,
n (%)
(N = 100)

54 (37.2%) 3 (3.8%) 16 (15.5%) 18 (19.6%) 9 (18.0%) <0.01

Previous infection, n (%)
(N = 234)

73 (50.3%) 36 (45.0%) 45 (43.7%) 52 (56.5%) 28 (56.0%) 0.32

Abbreviation: SD, standard deviation.
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CI, 1.35-2.77) and 4 (serum Cr level, 450 μmol/L; OR,
1.61; 95% CI, 1.13-2.29) associated with choosing plasma
exchange. Figure 1 shows the estimated probabilities of
choosing plasma exchange by age, country, and previous
dialysis and adjusted for other characteristics.

Sensitivity analyses using history of kidney disease or
current treatment with dialysis/kidney transplantation
instead of previous did not materially change the results
(Tables S1 and S2).
DISCUSSION

In this online survey of 470 patients recruited from patient
networks, almost one-third of respondents chose plasma
Table 4. Multilevel Multivariable Logistic Regression Model for Ch

Age (per 1 y increase)
Male sex
Country (reference = Canada)
Other
United Kingdom
United States

Previous dialysis
Previous plasma exchange
Previous infection
Scenario reference = scenario 1 (serum creatinine level, 150 μmol
scenario 2 (serum creatinine level, 250 μmol/L)
scenario 3 (serum creatinine level, 350 μmol/L)
scenario 4 (serum creatinine level, 450 μmol/L)
scenario 5 (serum creatinine level, 600 μmol/L)
Note: Scenarios 1, 2, 3, 4, 5 are the 5 different cases with increasing baseline risk
Abbreviations: CI, confidence interval; OR, odds ratio.

4

exchange regardless of the risk of kidney failure and
serious infection, one-fifth chose plasma exchange only at
higher risks of kidney failure and serious infections, and
one-sixth declined plasma exchange across all scenarios.
The most important predictors of choosing treatment with
plasma exchange were previous treatment with dialysis,
previous treatment with plasma exchange, baseline risk of
kidney failure/serious infection, and respondent’s country.
Our findings that previous treatment with dialysis or
plasma exchange were predictors of choosing treatment
with plasma exchange are not surprising given likely
response/survivor bias and the harms associated with
dialysis, but the rationale for why being from the United
Kingdom is also a significant predictor is uncertain.
oosing Plasma Exchange

OR 95% CI P
0.98 0.96 0.99 <0.01
1.25 0.73 2.15 0.41

0.74 0.20 2.74 0.66
2.61 1.09 6.22 0.03
0.98 0.48 1.99 0.96
2.70 1.12 6.52 0.03
5.62 2.72 11.61 <0.01
1.14 0.70 1.85 0.60

/L)
1.08 0.76 1.54 0.65
1.93 1.35 2.77 <0.01
1.61 1.13 2.29 <0.01
1.26 0.88 1.79 0.21

s of dialysis and serious infection.

Kidney Med Vol 5 | Iss 3 | March 2023 | 100595



Figure 1. Point estimates of the probability of choosing plasma exchange (PLEX) by age, country, and previous dialysis. Estimates
derived by multivariable model, including age, sex, country, previous dialysis, previous plasma exchange, previous serious infection,
randomization, and scenario.
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Unfortunately, we did not collect detailed participant in-
formation from this group, including geography or health
care center information or participating in previous trials,
but this is presumably related to local practice, imple-
mentation, and knowledge translation of previous trials,
including plasma exchange for renal vasculitis and PEXIVAS.

The results of the study have important clinical im-
plications. Notably, there was considerable variability in
patients’ choices. A high proportion of patients declined
plasma exchange under all presented scenarios or at
higher absolute risks of kidney failure and serious
infection (w40% of respondents). This may be because
of risks of plasma exchange, most notably serious infec-
tion, but also potentially vascular access, other compli-
cations, or perceived low risks of kidney failure (and
therefore relatively small perceived benefit of plasma
exchange). This supports our clinical practice guideline
weak recommendations (ie, 50%-90% of fully informed
patients would choose instead of >90%, which is a strong
recommendation) against plasma exchange in patients
with low or low-moderate risk of developing kidney
failure and in favor of plasma exchange in patients
moderate-high or high risk of kidney failure, which were
developed with input from clinicians and only 4 patient
partners and 1 caregiver.21 This demonstrates the need to
engage in shared decision making when considering
plasma exchange in AAV. This includes discussing plasma
exchange with patients who are potentially at lower risk
of kidney failure where some clinicians may not believe
the potential benefits justify the potential harms or in
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patients where clinicians believe that the use of plasma
exchange is mandatory.

Few studies previously assessed patients’ values and
preferences regarding plasma exchange in AAV. As such,
our study is novel and its strengths include a large sample
size, international recruitment, and the involvement of
patient partners to ensure the relevance and clarity of the
survey. However, this study also has several limitations.
The study included only respondents able to read English
from mostly North America and the United Kingdom with
an established diagnosis of vasculitis that was mostly
granulomatosis with polyangiitis and not microscopic
polyangiitis. This is potentially important because we
detected some differences by country despite the relative
similarity of participants included in our study, and it is
possible values and preferences will vary more across more
dissimilar countries. Our survey was conducted online,
which may select for younger respondents with a higher
degree of health literacy, the ability to comprehend com-
plex scenarios, and the benefit/risk tradeoffs of plasma
exchange. It also did not account for responder bias
beyond the previous receipt of plasma exchange or dialysis
(who are arguably the most informed population) or
participant preconceived notions regarding the efficacy
and safety of plasma exchange based on previous discus-
sions with their clinicians or their interpretation of PEX-
IVAS19 outside of the survey. Furthermore, our results may
be limited by survivor bias, because those respondents
who previously received plasma exchange (as well as those
who did not) and experienced a favorable outcome would
5
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conceivably likely make the same decision again in this
survey. Again, the relative narrowness of the sample may
limit generalizability but, because we found little consis-
tency in the choice of plasma exchange even among our
respondents, this reinforces the need to discuss values and
preferences with patients when deciding whether to use
plasma exchange in AAV. The survey was not anchored to
an actual treatment decision and participants did not have
the opportunity to discuss treatment decisions in detail
with their physician, so preferences in the survey may not
reflect decisions made in actual clinical scenarios, and we
cannot predict whether or not such decisions would be
more or less uniform compared with our survey scenarios.
Furthermore, we did not include detailed information
regarding all the possible risks of plasma exchange and the
potential impact and consequences of either kidney failure
or serious infection, and it is acknowledged that even for
these 2 important patient outcomes, there is heterogeneity
across patient factors, including age, sex/gender, comor-
bid conditions, and cointerventions that are not accounted
for in the scenarios presented, which are derived from trial
population-based data. The importance of this in decision
making was commented on by some participants. How-
ever, this is not dissimilar to discussing treatment options
in clinical scenarios because of the heterogeneity in fre-
quency and severity of these events. Lastly, although the
baseline risks of kidney failure and serious infection used
in the survey were based on contemporary cohorts, this
may change in the future given the development of novel
immunosuppression and steroid sparing therapies, such as
avacopan or multitarget approaches, which may modify
the absolute risks (by modifying baseline risks or through
interactions with plasma exchange, although unlikely) and
influence decision making.

In summary, the decision to use plasma exchange in
AAV based on its potential to reduce the risk of kidney
failure while increasing the risk of serious infection varies
substantially between patients. Clinicians treating patients
with AAV at risk of kidney failure who could receive
plasma exchange should engage in shared decision making
to understand their patient’s values and preferences to
ensure a patient-centered choice is made.
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