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Over the past 37 year the role of plasma exchange in the treatment of patients with renal disease has undergone

several changes. The majority of the changes for the use of plasma exchange relied on randomized control trials

and delineations of mechanisms that potentially would benefit from the use of plasma exchange. Over the past

11 years plasma exchange indications for renal disease, the absolute numbers have been relatively unchanged but

the indications are quite different. The Canadian Apheresis Group indicated in 2010 that TTP/HUS is still the

number 1 indication at 63% of the total plasma exchange activity for renal disease but P and C ANCA Vasculitis

had risen to 14% followed by renal transplant at 10%, Goodpasture’s Syndrome at 6% and transplant FSGS at

5% with Cryoglobulinemia 2% and Myeloma Nephropathy had dropped dramatically to less than 1% with no

cases of SLE reported. This report describes the most common indications for plasma exchange in patient’s with

renal disease and the evidence that supports it’s use in 2011. J. Clin. Apheresis 27:112–116, 2012. VVC 2012 Wiley

Periodicals, Inc.
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INTRODUCTION

The introduction of plasmapheresis, as a form of
treatment for renal disease, was initially reported by
Martin Lockwood et al. in 1975 in the British Medical
Journal in a patient who suffered from Goodpasture’s
Syndrome and received both immunosuppressive treat-
ment and plasmapheresis and recovered from both his
pulmonary hemorrhage and his renal failure [1]. Plas-
mapheresis, since that period of time, has been
employed in a variety of kidney disorders and has been
directed primarily at two mechanisms, (1) removal of
unwanted substances, for example Goodpasture’s Syn-
drome where you remove the anti-Glomerular Base-
ment Membrane antibody that cross reacts with the
basement membrane of the kidney and lungs and (2)
removal of an unwanted substance and addition of a
deficient substance for example in TTP where you
remove the antibody to ADAMTS13 and replace it
with ADAMTS13 in the plasma product. The Canadian
Apheresis Group (CAG) formed a registry in 1980 and
has collected data on all apheresis procedures through-
out Canada from that time point until the present. The
CAG has traced the patterns and changes in the appli-
cation of this therapy in light of growing evidence. In
1981, the five most common indications for plasma
exchange were: (1) Myasthenia Gravis, (2) SLE, (3)
TTP, (4) Guillain Barre Syndrome, and (5) Walden-
ström’s Macroglobulinemia. These procedures took
about 55% of the entire total procedures (3,189) done

in Canada that year. By 1997, 8,208 procedures were
performed and 81% were done for only five conditions.
The number one condition was TTP, which took up
39% of the activity; Myasthenia Gravis 14% of the ac-
tivity; Chronic Inflammatory Demyelinating Polyneu-
ropathy 14%; Waldenström’s 8%; and Guillain Barre
6%. In a report in the Annals of Internal Medicine in
1999, we noted that although four of the five top indi-
cations were the same in 1981 and 1997, three indica-
tions had dropped from five most frequent to the least
frequent over that time period. These changes were
thought due to the availability and quality of evidence
[2].

By 2010 the CAG reported 9246 plasma exchanges
in Canada and 25% of them were for TTP/HUS, 21%
for myasthenia gravis, 6% for chronic inflammatory
demyelinating polyneuropathy, and 5% for P and C
ANCA Vasculitis and another 5% for Waldenström’s.
Thus, there had been a significant change again in the
five most common indications, with approximately
two-thirds of all the plasma exchange activity with the
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exception of Waldenström having randomized control
trials to support their usage.

What about the role of plasma exchange for renal
disease? There have been significant changes from
1981 to the present time and more so from 2001 to
2010. Interestingly, over this time period the number of
exchanges carried out for renal indications is approxi-
mately the same, being 3,703 in 2001 and 3,704 in
2010, but there has been a significant change in the
proportion and order of entities. In 2001, TTP/HUS
represented 72% of the plasma exchange procedures
being done in terms of renal followed by myeloma cast
nephropathy at 8%, Goodpasture’s at 5%, Cryoglobuli-
nemia at 5% with transplants around 4%, P and C
ANCA Vasculitis at 3%, Lupus at �1% and glomerulo-
nephritis (GN) not rapidly progressive glomeruloneph-
ritis (RPGN) at less than 1%. By 2010 TTP/HUS was
still the number one indication but this was only 63%
of the total and P and C ANCA Vasculitis had risen to
14% followed by renal transplant 10%, Good Pasture’s
Syndrome 6%, Transplant FSGS 5%, Cryoglobulinemia
2%, myeloma cast nephropathy less than 1% and SLE
no cases (Table I).

DISCUSSION

The diagnosis of TTP/HUS represents an amalgama-
tion of two entities: TTP and HUS. Each defined as
primary or secondary to a disease or clinical context.
Pathologically these patients all have thrombotic micro-
angiopathy with thrombi in the microvasculature and
thrombocytopenia and microangiopathic hemolysis in
the peripheral blood and dysfunction of an end organ.
However, the diagnosis of TTP/HUS is one of thera-
peutic convenience, but these two clinical expressions
of thrombotic microangiopathy, TTP and HUS, have
different origins. The original case of TTP was
described by Eli Moskowitz in 1925 and this was a
16-year-old girl who presented with pallor, petechiae,
fever, hemolytic anaemia, a partial paresis, went into a
coma and died. An autopsy revealed widespread hya-
line thrombosis [3]. The next thrombotic microangiop-
athy to be described was HUS by Gasser in 1955, in
five children who had developed a thrombotic microan-
giopathy after diarrheal illness and they had a triad
of thrombocytopenia, hemolytic anaemia and kidney
failure and the new diagnosis of hemolytic uremia syn-

drome, which over time evolved to the diagnosis of
diarrheal HUS secondary in most cases to E.coli
0157:H7 [4].

In 1959, Rubenstein described an 11-year-old female
who presented with the diagnosis of an obvious case of
TTP and responded to an exchange transfusion. They
indicated that they really did not have the answers as
to why the exchange transfusion worked; however,
they had noted in a previous case that when the patient
required massive blood transfusion to treat GI bleeding
they actually demonstrated an improvement in their
clinical picture and their thrombocytopenia. However,
they stopped the massive transfusion and the patient
subsequently died, whereas this 11-year-old girl had a
sustained remission following two complete exchanges
[5]. This led to the report by Bukowski in 1977 of two
cases of TTP who he had first treated with plasma
exchange and both had entered complete remission. He
had been guided by his past 16 years in which nine of
15 patients that received exchange transfusions recov-
ered and therefore he thought it was logical to proceed
with plasma exchange [6]. Again, the concept of
exchange and the removal of a toxin was thought to be
central to the success of these two cases. In the same
year, Byrne reported a young woman who was preg-
nant whom he used a variety of different blood product
replacements to demonstrate that the remittive agent
was in the plasma [7]. He presumed that the treatment
was successful due to a deficiency which he was
replacing with the plasma. The question arose follow-
ing both Bukowski and Byrne findings as to what was
being replaced or removed? In 1991 Rock attempted to
answer that question with the Canadian Apheresis
Group and reported on 102 patients with TTP/HUS
who had been randomized to either receive plasma
infusion or plasma exchange and there was a signifi-
cant difference in survival; 63% in the plasma infusion
group and 78% in the plasma exchange group at 6
months with the plasma exchange being superior to the
plasma infusion [8]. The plasma exchange adds and
removes whereas plasma infusion only adds. However,
in the plasma exchange arm the patients did receive
significantly more plasma than in the plasma infusion
arm. The issue of what were we adding and what were
we removing was addressed by Tsai and Leung and
Furlan et al. in the New England Journal of Medicine
in 1998 [9,10]. In the same issue Tsai reported that
there are inhibitory antibodies against von Willebrand
factor cleaving protease in acute TTP causing a
functional deficiency which has a critical role in the
pathogenesis of the platelet thrombosis. Furlan also
demonstrated that the nonfamilial form of TTP is due
to an inhibitor to von Willebrand factor cleaving prote-
ase just as Tsai had described but in the familial form
he reported a constitutional deficiency of the protease
and in HUS there was not a deficiency or inhibition of

TABLE I. What About PE for Renal?

Top Six 2001 N 5 3,703 Top Six 2010 N 5 3,704

TTP/HUS (72%) TTP/HUS (63%)

Myeloma cast N (8%) P & C ANCA vasc (14%)

Goodpasture’s (5%) Renal transplant (10%)

Cryoglobulinemia (5%) Goodpasture’s (6%)

Transplant (4%) Transplant FSGS (5%)

P & C ANCA vasc (3%) Cryoglobulinemia (2%)
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the von Willebrand factor cleaving protease [10]. Thus
plasma exchange was removing the inhibitor and
providing the protease.

Since that time a variety of authors and in particular
Vesely and George et al., have reported their experi-
ence in measuring ADAMTS13 and its inhibitor and
noted the mechanism is important in terms of under-
standing the disease process but it is only severely defi-
cient due to inhibitor in about one-third of cases of
TTP that respond to plasma exchange therapy [11].
The success of plasma therapy coupled with the almost
certain mortality in the absence of treatment has led to
the term TTP/HUS in adults. Therefore clinically we
have gone from the diagnostic pentad (that Amorosi
and Altman described in 1966) often made at the time
of death to the more up-to-date clinical diagnosis of
adult TTP/HUS [12].

Clinically we have a spectrum of HUS to TTP that
can be either primary or secondary to the disease or
clinical context. The success of plasma therapy has
resulted in the coinage of the term adult HUS/TTP or
TTP/HUS and the diagnosis is made if an adult patient
has unexplained thrombocytopenia and hemolytic
anemia with normal INR and an elevated lactate dehy-
drogenase secondary to tissue ischemia [13]. The
secondary forms of TTP/HUS are as common as the
primary form, as indicated by the report of Fujimura in
over 738 patients with thrombotic microangiopathy
[14]. A variety of studies have shown that although
plasmapheresis is successful in both primary and sec-
ondary forms, it does not have a demonstrated thera-
peutic effect in patients who have TTP/HUS secondary
to E. coli O157: H7, (DHUS), malignancy, mitomycin
C, allogeneic bone marrow transplantation or malignant
hypertension. There are two predominant mechanisms
in secondary thrombotic microangiopathy, the minority
of cases being similar to the primary forms of TTP in
which you have inhibition of ADAMTS13 protease
with increasing von Willebrand factor multimers, but
the majority demonstrate moderately reduced or normal
ADAMTS13 with endothelial injury as the priming
event. Table II serves to outline thrombotic microan-
giopathies by the level of their response to plasma
exchange.

P and C ANCA Vasculitis has recently been shown
in a randomized control trial of 137 patients to benefit
from the use of plasma exchange. In the study by
Jayne, 137 patients were randomized and had evidence
of P or C ANCA Vasculitis with a creatinine of greater
than 500 mmol/L and were treated with bolus methyl-
prednisolone and cyclophosphamide or plasma
exchange and cyclophosphamide [15]. The group
receiving the plasma exchange had a 24% reduction in
the risk for progression to end-stage renal disease.
These changes were significantly different; however
patient survival and adverse event rates were similar.

A rapidly rising entity in terms of indications for
plasma exchange is renal transplantation and this falls
into four categories. The commonest indication in terms
of the CAG data is for acute humeral rejection and there
have been a variety of studies carried out using a wide
range of immunosuppressive agents � splenectomy
demonstrating benefit. As well similar success of 80–
100% has been noted in the treatment of ABO incom-
patible transplantation as well as transplantation in
HLA highly sensitized recipients [16,17]. There is an
interesting study done by Karthikeyan which used
plasma exchange to treat patients who developed a
TTP/HUS-like syndrome with calcineurin inhibitor ther-
apy for their transplant. In the past, discontinuing the
calcineurin inhibitor was associated with significant
survival benefit. Certainly, 29 of the 29 patients did sur-
vive with the plasma exchange and interestingly
enough, 23 of the 29 had sustained good graft function
whereas in the past when the calcineurin inhibitor ther-
apy was discontinued most grafts were lost [18].

The fourth commonest indication for plasma
exchange use in Canada in renal disease is that of
Goodpasture’s Syndrome which harkens back to the
original description of the treatment by Martin Lock-
wood et al. in the British Medical Journal in 1975 [1].
In 1978, Swainson et al. reported on three cases and by
that time suggested that a control trial of this regimen
is urgently required but it was not until 1985 that John-
son et al. carried out a randomized control trial on only
17 patients [19,20]. It was severely underpowered and
the only difference was due to treatment allocation.
Interestingly enough this is the only randomized con-
trol trail of the 2,146 publications listed in PubMed for
plasma exchange in Goodpasture’s Sydrome.

TABLE II. Thrombotic Microangiopathy and Plasma Treatment

Thrombotic thrombocytopenic purpura/ hemolytic uremic syndrome

(majority adults)

Primary (1) Idiopathic or acquired*

(2) Hereditary*

Secondary (1) Collagen vascular disease#

(2) Drugs* except mitamycin C

(3) Infection # except confirmed E coli O157:H7 (NR)

(4) Pregnancy#

(5) Pancreatitis#

(6) Stem cell transplant (NR)

(7) Occult or disseminated malignancy (NR)

(8) Malignant hypertension (NR)

Hemolytic uremic syndrome (majority children)

Primary Atypical hemolytic uremic syndrome

(abnormalities in complement regulation);

Complement factor H#; Complement factor I#;

Complement factor B#; C3 convertase#;

Thrombomodulin # except membrane

co-factor protein (NR)

Secondary Diarrheal hemolytic uremic syndrome (NR)

except neurologic

80–90% Response, *; 50–70% Response, #; 0% Response, NR.
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The most convincing evidence for the use of plasma
exchange comes from a retrospective review of 71
patients treated for confirmed anti-GBM antibody dis-
ease over 25 years, published by the Hammersmith
Group [21]. They show that in patients who presented
with a creatinine concentration of less than 500 mmol/
L (n 5 19), 100% survived with the use of plasma
exchange and immunosuppression and 95% had renal
survival at 1 year and 84% patient and 74% renal
survival at last follow-up. Patients who presented with
creatinine concentration of 500 mmol/L or more
(n 5 13) and did not require immediate dialysis, the
patient and renal survival were 83 and 82% at one year
and 62 and 69% at last follow-up. In patients who pre-
sented with dialysis dependent renal failure (n 5 39)
the patient and renal survival were 65 and 8% at 1
year and 36 and 5% at last follow-up. Interestingly, all
patients who required immediate dialysis and had
100% crescents on renal biopsy remained dialysis
dependent. Their conclusion was that plasma exchange
and early immunosuppression are recommended in the
treatment of patients with Good Pasture’s Syndrome. If
one does presume that the original reports prior to
1975 did indicate that the majority of patients with a
diagnosis of Goodpasture’s Syndrome had a fatal
course, it would seem prudent to plasmapherese how-
ever this is also prior to the era of bolus methylpredni-
solone therapy in association with cytotoxic therapy.

The 5th commonest cause for plasma exchange is
recurrent FSGS and we have anecdotal reports of bene-
fit. The largest study was completed by Andresdottir
[22]. There were 17 patients in which seven received
plasma exchange and five of seven in the plasma
exchange group entered remission with three of five
still in a complete remission at a 2-year follow-up in
contrast in the non-plasma exchange arm 10/10 lost
their graft function.

The sixth indication was Cryoglobulinemia and there
really has been no randomized control trials. It has
largely been used on a mechanistic basis as discussed
in a recent review [23].The issue of plasma exchange
for myeloma kidney has been addressed by several
authors and there have been varying opinions. The
largest randomized control trial (n 5 97) was reported
in 2005 in the Annals of Internal Medicine and in that
randomized control trial, the patients with acute renal
failure due to myeloma kidney received 5–7 plasma
exchanges and the primary renal outcome was a com-
posite of death, dialysis dependence or a creatinine
clearance of less than 30 mL/min. In the plasma
exchange (PLEX) arm 57.9% achieved the primary out-
come whereas 69.2% of the non-PLEX arm did, but
the difference was not significant although there was a
trend for improvement in the plasma exchange arm
[24]. It was concluded that plasma exchange for acute
renal failure at the onset of myeloma is not associated

with benefit in reducing the intention to treat primary
outcome. There have been several recent reports most
notably, the report by Leung et al. in Kidney Interna-
tional, of 40 patients they indicated that these patients
who were biopsied and shown to have cast nephropa-
thy, with a free light-chain elevation did show a good
response of 50% with the use of plasma exchange in
conjunction with their immunosuppressive therapy,
however only 2/9 or 22% were independent of dialysis
[25]. Their response rate is identical to the response
rate of the control group in the RCT by Clark et al.
[24]. They are possibly not as good in terms of renal
recovery and this may relate to the rapidity of onset in
the Clark RCT versus the mixed picture of patients in
the Leung study who are both early and late disease
patients with both primary and recurrent renal involve-
ment. The most cogent argument is that of Kastritis
et al. in Hemotologica in 2007 in which they adopted
the use of Bortezamib. Bortezamib with no PLEX
in patients with acute renal failure at the onset of
myeloma was associated with 80% renal recovery [26].
There is no debate that better randomized control trials
are needed to clarify the role of this therapy in multiple
myeloma but at the present time we would agree with
the American Society of Apheresis and describe plasma
exchange as having the suggestion of benefit for which
existing evidence is insufficient to establish efficacy of
benefit and hence plasma exchange is not indicated at
this time for the treatment of patients who present with
acute renal failure due to cast nephropathy at the onset
of their myeloma [27].

CONCLUSIONS

The major renal indications for plasma exchange in
2010 reported by the CAG have both Level 1 (random-
ized control trial) and Level 2 (mechanistic) evidence.
The commonest indication, adult TTP/HUS is justified
by the results of a randomized control trial as well as
the number two indication C and P ANCA Vasculitis
with rapidly progressive glomerulonephritis [8,15].
Level 2 or mechanistic evidence is responsible for the
number 3 indication, kidney transplant with removal of
antibodies due to HLA hypersensitization or ABO
incompatibility or acute humeral-rejection and for
the fourth indication Goodpasture’s Syndrome with the
removal of the anti-GBM antibody and in FSGS the
removal of a circulating humeral mediator of perme-
ability and cryoglobulin in cryoglobulinemia. In terms
of the CAG data the major nonindications for plasma
exchange in 2010 were due to Level 1 evidence and
this was the result of RCTs in myeloma and in lupus
(and there were only two cases being treated in Canada
in 2010) [24,28]. It appears that in 2010 most plasma
exchange activity for renal indications is evidence
based.
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