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ABSTRACT

Objectives: Thrombotic Thrombocytopenic Purpura (TTP) is a rare disease Associated with a Deficiency in
a Disintegrin-like Metalloproteinase with Thrombospondin Motif Type 1 Member 13 (ADAMTS13) leading to
Unregulated Ultra-Large von Willebrand Factor (ULVWEF), which forms platelet-rich thrombi in the microvasculature.
The firstline treatment for TTP is Therapeutic Plasma Exchange (TPE) with Fresh Frozen Plasma (FFP) or
Cryodepleted Plasma (CDP). CDP has been hypothesised to perform better because it contains minimal levels of
ULVWE. This study aimed to explore whether CDP, rather than FFP, improves outcomes in patients with TTP.

Methods: A systematic review and meta-analysis were performed according to the Preferred Reporting Item for
Systematic Review and Meta-Analysis (PRISMA) guidelines. A comprehensive search and screening of the PubMed,
Scopus, Ovid and Embase databases resulted in seven eligible articles.

Results: The current study revealed an increased odds of survival (Odds Ratio (OR)=3.44; 95% Confidence Interval
(CI) 1.55-7.66; p=0.002) and a decreased odds of mortality (OR=0.29; 95% CI 0.13-0.65; p=0.002) for patients
treated with CDP compared to FFP. Analysis of the differences in the number of TPE sessions and volume of TPE
fluid required, as well as the rates of response and relapse did not reach statistical significance.

Conclusion: This study reveals favourable odds of survival for TTP patients treated with TPE using CDP over FFP.
There is insufficient evidence to support CDP’s superior performance over FFP in other regards. Acceptance of this
conclusion is limited by confounding variables and the risks of bias associated with the reviewed studies.
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and ADAMTSI13 Tyr-Met cleavage regions respectively [2-6]. VWE-
platelet binding is enhanced in areas of high shear stress and ULVWF
multimers are haemostatically more effective than cleaved VWF [6].

INTRODUCTION

TTP is a rare disease that manifests as intravascular haemolysis,

resulting in anaemia with marked thrombocytopenia, neurological ) ) )
Pathogenesis of thrombotic thrombocytopenic purpura

In ADAMTSI13 deficient individuals, ULVWF multimers remain
uncleaved and unregulated and are hence more effective in binding
platelets, forming thrombi capable of occluding blood vessels [1,3,4].
Red cells are damaged while trying to cross VWE-platelet thrombi,
thus explaining the presence of schistocytes and symptoms of
haemolysis in patients with TTP. As a result, occlusions in TTP mainly
affect organs associated with high shear stress of blood flow such as

issues and renal impairment [1]. It is associated with a deficiency in a
Disintegrin-like and Metalloproteinase with Thrombospondin Motif
Type 1 Member 13 [1-3]. VWF proteins exist in circulation as Ultra-
Large VWF (ULVWF) multimers which can recruit and bind platelets
to form the platelet plug [1-3]. ADAMTS13 regulates VWF by cleaving
ULVWEF multimers to avoid undesired occlusion of vessels by thrombi.
ULWVF is secreted in an inactive, globular formation; however, it
undergoes a conformational change under high-shear conditions to

expand along the direction of blood flow while bound to collagen in
the vascular lumen [2,4-6]. This conformational change exposes the A1
and A2 domains in VWF which contain the platelet binding regions

the heart, brain, gastrointestinal tract and kidney [1,3-5]. Sequestration
of platelets by ULVWF precipitates the profound thrombocytopenia
found in TTP. This pathophysiology and the presence of platelet-
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andVWEFE-rich fibrin-poor thrombi, differentiates TTP from other
microangiopathic haemolytic anaemias [1,3,5]. TTP can be classified as
congenital or acquired. Congenital TTP is characterised by a persistent
<10% ADAMTSI13 activity caused by pathogenic mutations in the
ADAMTSI13 gene [1,2,6]. Acquired immune TTP involves inhibitory
antibodies towards the activity of ADAMTS13, or antibodies which
bind to ADAMTSI13 to significantly increase its clearance from the
circulation [1,4,6-8].

Although a deficiency in ADAMTSI3 is core to the pathophysiology
of TTP, studies suggest that it is not always the sole activator of an
acute TTP episode. Induction of the complement pathway is also
thought to contribute to TTP manifestation; mediated by the classical
pathway-activating IgG antibodies directed towards ADAMTSI13 in
acquired TTP and the ability for ULVWEF to act as a site for alternative
complement pathway activation [3,4,6,9].

Therapeutic Plasma Exchange (TPE)

The most common initial strategy for the treatment of acute TTP is
Therapeutic Plasma Exchange [4-6,10]. TPE involves removing 1-1.5
patient plasma volumes and replacing it with some form of fluid;
commonly derived from donated human plasma [11]. The emergence
of TPE in the treatment of TTP has allowed mortality rates to decline
from 90% to between 10% and 20% [1,4,5,12,13]. Current guidelines
recommend commencing TPE immediately after the identification
of a TTP episode [10]. TPE is believed to reverse acute TTP episodes
by replenishing ADAMTS13 while diluting or removing anti-
ADAMTS13 antibodies and ULVWF multimers [4,7,12,14]. Most TPE
procedures are performed with FFP or CDP as the replacement fluid.
FFP is known to replenish all known coagulation factors and plasma
constituents and is prepared by freezing whole single-donor plasma
within eight hours of collection [11]. When FFP is thawed slowly,
cryoprecipitate forms, enriched in clotting factors and fibrinogen [15].
The slowly thawed FFP is centrifuged to allow the separation of CDP
from insoluble cryoprecipitate. The optimal number of TPE sessions
or therapy duration has not been prescribed for the treatment of TTP
as TPE is generally performed daily until a clinical response is achieved
[4]. The primary aim of TPE is not only to induce a clinical response,
defined as platelet normalisation (>150 x 10°/L) with no clinical signs
of organ injury or acute TTP symptoms for two consecutive days,
rather than solely correcting ADAMTS13 levels or activity [16].

Scope of the review

Considering the pathogenesis of TTP, the ideal fluid product for
TPE would theoretically be one with high ADAMTS13 activity and
minimal ULVWF levels. The presence of ULVWF has previously been
associated with recurring TTP episodes and an increased likelihood of
platelet-rich thrombus formation [17-19]. It is due to these reasons that
TPE with CDP has been hypothesised to be more effective when treating
TTP compared to FFP as, while ADAMTSI13 activity is preserved in
both FFP and CDP, CDP contains lower levels of ULVWF which
remains in the cryoprecipitate fraction of plasma [10,11,13,14]. Some
studies have shown improvement in TPE response when switching
from FFP to CDP for refractory TTP patients [11,20,21]. However, the
possibility that these results are due to confounding factors such as
additional sessions of TPE has not been excluded. Currently, there
is little evidence that TPE with CDP has a significant advantage over
FFP in the treatment of TTP and both fluids are considered suitable.
Hence, a systematic review and meta-analysis of the current data may
be informative in comparing the performance of the two fluids in

treating TTP with TPE.
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The aim of this systematic review and meta-analysis was to address
the primary research question, constructed following the PICO
framework: Is cryodepleted plasma (intervention) superior to fresh
frozen plasma (comparator) in improving treatment outcomes through
therapeutic plasma exchange (outcome) in patients with thrombotic
thrombocytopenic purpura (population) [22].

MATERIALS AND METHODS

Study design

This systematic review was conducted following the Preferred
Reporting Item for Systematic Review and Meta-Analysis (PRISMA)
guidelines [23].

Search strategy

A comprehensive search of the PubMed, Scopus, Ovid and Embase
databases was performed. Searches were not restricted by publication
date or article type. Major search terms included “clinical fresh
“cryoprecipitate-poor
plasma”, “thrombotic thrombocytopenic purpura”, along with the
abbreviations “FFP”, “CDP” and “TTP” in different combinations
using Boolean operators such as “AND” and “OR” ensure a thorough

frozen plasma”, “cryodepleted plasma”,

retrieval strategy. References from these searches were imported onto
the EndNote™ 21 reference management tool for eligibility screening

[24].
Eligibility criteria/Eligible articles

Peer-reviewed original research articles were considered for review.
Articles were considered significantly eligible if they were available
in English and the full text was accessible using an RMIT University
account. Abstracts, case studies, posters, book chapters, letters and
other systematic reviews were deemed ineligible.

Participants

Studies were included if the sample size was greater than five human
participants and participant demographics included patients with a
confirmed diagnosis of TTP, regardless of participant age or gender.
Studies that did not specify the type of thrombotic microangiopathy in
the participants were excluded.

Interventions and comparators

Articles were deemed eligible for review if participants were allocated to
two TPE groups for comparison: Treatment with FFP or CDP. Studies
in which all participants were treated with only one type of plasma
exchange fluid, or treated with a mix of fluids for plasma exchange
were excluded. Studies in which CDP was compared with other fluids
were not included in this review.

Outcome measures

To be eligible for meta-analysis, studies must have reported postTPE
outcomes for both intervention and comparator groups.

Assessment of methodological quality

The quality of the studies included in this systematic review was
assessed following the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) Statement [25].

Data extraction

Following full-text screening, eligible articles were read to extract the
following data: primary author, year of publication, study design, study
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period, country, sample size and parameters reported. While studies
measured several parameters of interest, only the following data was
extracted for meta-analysis: Rate of survival, total number of TPE
sessions performed, total volume of TPE fluid administered, clinical
response to TPE and incidence of relapse.

Statistical analysis

Extracted data were manually input into the Cochrane Collaboration’s
Review Manager (RevMan) computer program version 7.2.0 [26]. For
twoway proportion analysis, the data type was set to “dichotomous”
and the Mantel-Haenszel statistical method was applied. An Odds
Ratio (OR) effect measure with a random effects model was used. The
RevMan tool calculated the cumulative OR and 95% Confidence
Interval (CI). To analyze continuous data, an Inverse Variance (IV)
statistical method was adopted. A Mean Difference (MD) effect
measure was applied using a random effects model. In this case, the
RevMan tool calculated the cumulative MD and 95% CI. In both
types of analysis, the RevMan tool performed a test for Overall effect
(Z) and Heterogeneity (I?). Statistical significance was set at a pvalue

of <0.05.
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Risk of bias

Version 2 of the Cochrane tool for assessing Risk of Bias (RoB 2)
was used in this systematic review and meta-analysis [27]. Signalling
questions for the RoB 2 tool provided by Sterne, et al. were used
to summarise the risk that the observed study results are biased by
confounding variables [27].

RESULTS

Study selection

Database searches resulted in 4,280 significantly relevant articles.
Ten non-academic records and 1,310 duplicates were automatically
identified using EndNote™ 21 software and removed, leaving a total of
2,960 records for assessment. Articles were further excluded based on
title and abstract (n=1,707) leaving a total of 1,253 articles for eligibility
assessment. Articles were excluded for the following reasons: abstracts
and conferences (n=417); case reports (n=652); book chapters and
reviews (n=149); no author listed (n=28). Following full-text screening,
a final total of seven articles were deemed eligible for systematic review
and meta-analysis (Figure 1).

review and meta-analysis.

[ Identification of new studies via databases and registers ]
= 4 260 potential -relevant studies through database search from™:
2 = PubMed (n =1,461)
S = Scopus (n=611)
= = Owid (n = 828)
g *  Embase (n = 1,380)
] Records removed before screening:
R * Duplicates (n = 1,310)
Records removed for other reasons:
@ l Mon- Academic (n =10)
[=
E Records screened based on title
;f.-," and abstract (n = 2,960)
. Records gxcluded by title and
abstract via EndNote (n =1,707)
"
- Reports assessed for eligibility (n
=) =1,253)
i
Reports excluded:
. »| Abstracts and conferences (n =417)
M Case reports (n =652)
Book chapters and reviews (n=149)
T X Mo author listed (n = 28)
- Studies matching eligibility
= criteria included in meta-analysis
o
£ (n=7)
S

Figure 1: PRISMA flowchart. Outline of the process of searching databases for potentially eligible articles, removing articles prior to screening, initial
article exclusion criteria, and final article screening with additional exclusion criteria. This process resulted in seven eligible articles for systematic
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Study characteristics

The characteristics of the seven articles included in this review
are summarised in (Table 1) [13,21,2832]. Four studies adopted a
retrospective design, gathering data from the USA, Turkey and Brazil
between 1982 and 2012. Three studies were conducted in either the
USA or Canada and adopted a prospective study design, with only
one study specifying its study period to be between 1993 and 1995.
The most common parameter measured across six of the included
studies was survival and mortality rates between FFP-treated and CDP-
treated participants. This was followed by the number of TPE sessions,
which was measured in four studies; however, one study did not state

OPEN 8ACCESS Freely available online

the standard deviation for the number of TPE session data and was
therefore excluded from the meta-analysis for this parameter. Therapy
response rate, relapse rate and total volume of TPE fluid administered
were reported in three studies each. Three studies reported laboratory
parameters pre and postTPE, but only the CDP group’s parameters
were measured in the study conducted by Rock et al. [28]. As a result,
meta-analysis could not be performed for this parameter because of
insufficient data. Other parameters of interest such as time to platelet
normalisation, length of hospital stay, laboratory parameters pre and
postTPE and adverse reactions were not measured by enough studies
to procure sufficient data for meta-analysis.

Table 1: Characteristics of eligible studies included in the systematic review and meta-analysis of cryodepleted plasma and fresh frozen plasma as therapeutic
plasma exchange fluids, resulting from exclusion following the Preferred Reporting Item for Systematic Review and Meta-Analysis (PRISMA) guidelines.

Primary author Year Study design  Study period Country

Sample size

Parameters reported

Treated with FFP Treated with CDP  Total

Altuntas et al. [29] 2007 1997-2005 Turkey

Retrospective

Survival/mortality,
number of TPE sessions,
therapy response
rate; time to platelet

40 12 52

normalisation

Owens et al. [21] 1995 1985-1993 USA

Retrospective

Survival/mortality,
number of TPE sessions,
total volume of TPE
fluid, length of hospital
stay

19 18 37

Reutter et al. [30] 2001 1982-1999 USA

Retrospective

Number of TPE sessions,
total volume of TPE
fluid, adverse reactions,
relapses

21 20 41

Rock et al. [28] 1996 N/M Canada

Prospective

Survival/mortality,
therapy response rate,
relapses, laboratory
parameters pre- and post-
TPE"

Rock et al. [31] 2005 N/M Canada

Prospective

Survival/mortality,
therapy response rate,
laboratory parameters

pre- and postTPE, VWF
antigen and FVIII levels,
ADAMTSI13 levels and
activity, presence of
antibodies

24 28 52

Stefanello et al.

32] Brazil

2014 Retrospective ~ 2007-2012

Survival/mortality,
number of TPE sessions®,
total volume of TPE
fluid, adverse reactions,
relapses

Zeigler et al. [13] 2001 1993-1995 USA

Prospective

Survival/mortality, time
to platelet normalisation,
relapses, laboratory
parameters pre- and post-

TPE

13 14 27

Note: N/M: Not Mentioned; a: Standard deviation of number of TPE sessions was not stated; b: Laboratory parameters measured only for the CDP

group, not the control FFP group.
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Methodological quality assessment

Assessment of the scientific reporting of the studies included in
this review using the STROBE checklist is summarised in (Table
2). All included studies outlined a clear title and abstract, as well as
an introduction explaining the scientific background of the study.
However, not all articles clearly state the rationale and objectives of the
study. All studies outlined their study designs, variables, data collection
and inclusion criteria for participating patients. Statistical methods
were clearly stated in 5 out of the seven articles. In two studies, the
statistical test used was named; however, other details regarding the
statistical analysis, such as the definition of statistical significance,
were not described. Most articles had a thorough report of participant
characteristics, study outcomes and major results in their results
sections. However, two studies failed to describe the participant
characteristics. All studies fulfilled the criteria for interpreting the

OPEN aACCESS Freely available online

results in the discussion, but not all discussed the limitations and
significant sources of bias for their studies.

Meta-analysis

Data extracted from the eligible studies for meta-analysis are included
in Table 3 as either a proportionate value or mean and standard
deviation, as appropriate (Table 3). For studies in which a median
number was reported instead of the mean, an estimation of the mean
and standard deviation formula was used for approximation [33].
This formula was proposed as a method to approximate mean and
standard deviation to widen the significant available studies for meta-
analysis [33]. These data were used to perform meta-analysis resulting
in forest plots for the rate of survival and mortality, number of TPE
sessions performed to reach a clinical response, total volume of TPE
fluid administered, clinical response to TPE and incidence of relapse,
as outlined in (Figure 2).

Table 2: Evaluation of methodological and scientific reporting quality following the Strengthening the Reporting of Observational Studies in Epidemiology

(STROBE) checklist.
Primary author Altuntas et al. Owens etal. Stefanelloetal. Rocketal. Zeigleretal. Rocketal. Reutter etal.
Y [29] [21] 32] 31] [13] [28] (30]
Year 2007 1995 2014 2005 2001 1996 2001
Title and abstract
Clear title ar.1d atbst?act with study v v v v v v v
design indicated
Introduction
Explains scientific background Y Y Y Y Y Y Y
States ratlonale.for'study and N e v v v Y v
study objectives
Methods
Detailed study design, setting,
variables, data collection Y Y Y Y Y Y Y
presented
Eligibility cr1ter1:1‘ for participants v v v v v v v
described
Statistical methods described Y N¢ Y Y Y N¢ Y
Results
Gives charac.te‘ristics of study v v v N v v N
participants
Clearly reports‘study outcomes v v v v v v v
and main results
Discussion
Summarises and interprets key Y v v v v v v
results
Discusses limitations or sources of N Y v v N v Nb

bias of study

Note: Y: Criteria fulfilled; N: Criteria not fulfilled; a: Rationale for study alluded to, but unclear, Study objectives unclear; b: Limitations, sources of bias,
and generalisability of study not discussed; c: Rationale for study detailed, but study objective not clearly stated; d: Statistical test stated, but details on
method of analysis and definition of statistical significance not outlined; e: Statistical method used is not detailed in methods, but is included in table
of results; f: Study participant characteristics (e.g., age, gender, severity of TTP) not outlined, but baseline laboratory characteristics included as part of

results; g: Study participant characteristics not described.
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Table 3: Data extracted from eligible studies for the meta-analysis comparing cryodepleted plasma to fresh frozen plasma.

Primar
Y Year
author

Sample size (N)

Survival/N

Number of TPE sessions® ..
administered?®

Volume of TPE fluid

Response to

TPE/N Relapses/N

FFP  CDP

FFP

CDP FFP CDP FFP

CDP

FFP CDP  FFP CDP

Altuntas

eral [20] 2007

40 12

26/40

11/12

14 (+ 10.20)* 15.5 (+ 13.46)° - -

21/40 10/12 - -

2“{6[251]“ 1995 19 18 8/19 13/18 12(«8) 14 10) 374 (30.1) 50.2(+359) - . ; .
Reutteret 5 o) 20 . . 79(+42)  7(+32)  255(x12) 242(x106) - . 9/21  8/20

al. [30]

Rock et

ol 28] 1996

9 40

6/9

38/40 : - - :

4/9  30/40  2/9 4/40

Rock et

a1y 200

24 28

22/24

27/28 - - - -

20/24  22/28 - .

Stefanello

et al. [32] 2014

/9

5/5 . .

30.15 (27.45)> 58.86 (£ 46.1)°

- - 2/9 1/5

Zeigler et

a3 201

13 14

10/13

11/14 - - - .

4/10 6/11

Note: a: Mean (+ SD); b: Original papers reported data in median and range or interquartile range, transformation of data to mean and standard
deviation was performed using estimation formulas as proposed by Wan et al. [33].
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Figure 2: Forest plots. Results from the meta-analyses comparing the outcomes of TPE with CDP or FFP for patients with (TTP). Note: A) Survival rate;
B) Mortality rate; C) Total number of TPE sessions; D) Total volume of TPE fluid administered; E) Rate of clinical response; F) Rate of relapse following
TPE; Proportional data was analysed using the Mantel-Haenszel statistical method with an OR effect measure and random effects model. Continuous
data was analysed using an Inverse Variance (IV) statistical method with a Mean Difference (MD) effect measure and random effects model. Both types
of analysis presented a 95% CI and statistical significance was evaluated with a test for overall effect (Z) and p-value. Heterogeneity was assessed using
the I value. Risk of bias assessment for individual studies is included alongside each forest plot. Red indicates a high risk of bias for that category, yellow
indicates some concerns of bias, and green indicates low risk of bias.
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Survival and mortality

Two-way proportion meta-analysis of the rates of survival for TTP
patients showed statistically significant increased survival rates
for patients treated with TPE using CDP over FFP with an OR of
3.44 95% CI: 1.55-7.66; p=0.002; 1’=0%). A similarly statistically
significant outcome was achieved from the meta-analysis of mortality
rates showing that FFP-treated patients were more likely to experience
mortality following TPE with an OR of 0.29 (95% CI: 0.13-0.65;
p=0.002; I*=0%).

Total number of therapeutic plasma exchange sessions and
volume of plasma exchange fluid

Mean difference meta-analysis of the total number of TPE sessions
required for TTP patients to reach a clinical response observed a slight
increase in patients treated with FFP over those treated with CDP
(MD: 0.39; 95% CI: -2.45-1.66; p=0.60; 1*=0%). The meta-analysis
of the total volume of TPE fluid required for treatment revealed an
increased amount of fluid administered when treating with CDP (MD
4.85; 95%CI: -8.51-72.92; p=0.48). Neither result reached statistical
significance and the studies included in the meta-analysis on the total
volume of TPE fluid exhibited moderate heterogeneity (I>=35%) [34].

Rates of clinical response and relapse

Two-way proportion meta-analysis on patient clinical response rate to
TPE using CDP or FFP indicated a higher rate of clinical response in
patients treated with CDP with an OR of 2.20 (95% CI: 0.690-7.07;
p=0.18). This result was not statistically significant and the included
study data exhibited moderate heterogeneity (1°=44%). Two-way
proportion analysis also showed a slightly increased rate of relapse in
patients treated using FFP with an OR of 0.89 (95% CI: 0.38-2.07;
p=0.78; I2=0%). This result was not statistically significant.

Risk of bias

Results from the risk of bias analysis using the RoB 2 tool are included
alongside each forest plot in Figure 2. Any study that took a retrospective
study design, or did not indicate that participants were randomly
allocated into a CDP-treated or FFP-treated group was deemed to have
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bias arising from the randomisation process. Studies that indicated the
use of therapies in addition to TPE were considered to have a high risk
of bias due to deviations from the intended interventions. While some
studies did not report the use of additional therapies to TPE, some
concerns of bias due to deviations from intended interventions were
also indicated due to their retrospective study design. Only two of the
included studies were assessed to have a low overall risk of bias.

DISCUSSION

Survival and mortality

The results of this systematic review and meta-analysis suggest that the
use of CDP when administering TPE improves the odds of survival and
lowers the odds of mortality in patients with TTP. This is supported by
the statistical significance in the meta-analysis of survival and mortality
rates comparing CDP and FFP (Figures 2A and 2B). A previous study
conducted by Byrnes et al., showed that seven patients refractory to
TPE using FFP and subsequently treated with CDP exhibited rapid
improvement and eventual resolution of TTP [19]. Even so, not all
patients experienced an immediate response. Delayed recovery was
associated with more established microthrombi [19]. The results of the
current review are consistent with the theoretical assumption that the
use of CDP can prevent overloading patients with ULVWF which is
a culprit in the formation of plateletrich thrombi during acute TTP
episodes, leading to life-threatening symptoms of haemolysis and

organ damage [10,11,13,14,35].

While CDP and FFP exhibit similar levels of ADAMTS13, a previous
study demonstrated that ADAMTSI13 in CDP is primarily unbound,
whereas in FFP it is bound to ULVWF [35, 36]. This distinction
supports the preferential use of CDP, as unbound ADAMTSI3 in
CDP may be more effective in degrading ULVWF than the bound
form in FFP [36]. TPE with CDP offers three major advantages when
compared to FFP: a) ADAMTSI13 levels and activity comparable to
that of FFP with reduced odds of mortality and increased odds of
survival; b) the presence of unbound ADAMTS13, as opposed to the
bound form found in FFP and c) minimal levels of ULVWF [17,36-
38]. The proposed mechanisms and major differences between CPP
and FFP in their therapeutic effects are illustrated in (Figure 3).
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Figure 3: Potential mechanisms through which CDP and FFP exert their therapeutic actions in the treatment of TTP. TTP occurs due to a severe
deficiency of the ADAMTS13 enzyme, which can result from genetic mutations (causing congenital TTP or ¢TTP) or from the development of
autoantibodies (leading to immune-mediated TTP or iTTP) [7,8,17,48,49]. Treatment with CDP (A) or FFP (B) helps resolve TTP by replenishing
ADAMTSI13 levels. However, FFP carries a complication: It contains ULVWF multimers and ADAMTS13 bound to ULVWF (C), both of which are
associated with an increased risk of TTP relapses and reduced responsiveness to FFP therapy [36]. To address this, future treatment strategies should
consider using CDP in combination with rADAMTS13 or Caplacizumab (D) to improve therapeutic outcomes and prevent relapses in TTP patients

[45,50-55]. The dotted square is a key to the diagram.
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Administration of plasma exchange

Despite a statistically significant increase in the odds of survival
when using CDP compared to FFP, the evidence in the current study
does not support the superior performance of CDP in other aspects
associated with TPE. As CDP requires additional steps for preparation
compared with FFP, it is important to explore the differences in the
number of TPE sessions and the required volume of fluid associated
with CDP or FFP usage to discuss their efficiency. Results suggest that
patients treated with FFP require more sessions of TPE to achieve a
clinical response, but in total require a smaller volume of fluid for TPE
than for CDP (Figures 2C and 2D). However, as neither result showed
statistical significance, this suggests that the differences between
CDP and FFP requirements are marginal or that there is inadequate
evidence to support the observed trend.

Comparison of the efficiency of CDP and FFP when used for TPE
is limited by the inadequate availability of study data. In the current
review, only three available studies were included in the meta-analysis
of each parameter. The lack of achievement of a statistically significant
MD was likely affected by the contradictory outcomes between studies,
as well as their small sample sizes and large spread (SD) of data. This
suspicion is supported for comparing the differences in volume of
TPE fluid required, as moderate heterogeneity was observed during
the meta-analysis (I’=35%) indicating variation in study outcomes
which likely affected the statistical significance. It is important to
acknowledge the effect that differences in treatment protocols between
studies may have on study outcomes, especially because all studies
included in the meta-analysis of number of TPE sessions and volume
of TPE fluid had a retrospective design. Variations in the number of
TPE sessions and volume of TPE fluid prescribed by physicians may
be affected by TTP type and severity, patient weight and co-existing
conditions and may not have solely depended on the performance of
CDP or FFP during treatment alone. Patients with recurrent episodes
of TTP have also been shown to require more TPE sessions to achieve
clinical remission [35].

Rates of clinical response and relapse

The meta-analysis in the current review measuring the clinical response
rate to TPE showed increased odds of achieving a clinical response
for TTP patients when treated with CDP instead of FFP (Figure 2E).
However, this result did not reach statistical significance, likely due
to moderate heterogeneity (I>=44%) between the study outcomes.
Analysis of the TTP relapse rate revealed increased odds of relapse in
FFP-treated patients, but the difference was not statistically significant
(Figure 2F). These results may again indicate a marginal difference
between the performance of CDP and FFP when used for TPE to treat
TTP, but is most likely due to limitations in available data, as discussed
previously.

Complications arise when drawing conclusions from the meta-analyses
on response and relapse in the current review as the included studies
did not distinguish between outcomes from different presentations of
TTP. Response to TPE may vary between patients with congenital TTP
(cTTP) and acquired TTP (aTTP). As the rationale behind TPE is the
removal and dilution of antiADAMTS13 antibodies, this treatment
may be indicated for patients with aTTP [4,7,12,14]. Treatment of
cTTP involves the replenishment of ADAMTS13 which could be
through TPE, but is more commonly achieved using FFP infusion
[39-41]. None of the studies included in the meta-analysis of TPE
response rates distinguished outcomes between patients with cTTP or
aTTP, which raises concerns about the type of TTP being a factor in
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TPE response. Furthermore, TTP severity, the presence of co-existing
conditions and the administration of additional therapies such as
immunosuppressants may also affect the rate of clinical response to
TPE as well as the rate of TTP relapse following TPE. For example,
the inclusion of pregnant patients in a study sample introduces
additional complications, as pregnancy has been identified as a trigger
for acute episodes of previously asymptomatic cTTP [31,42,43]. In the
majority of patients, relapse occurs due to the autoimmune response
to ADAMTS13 [6]. The differentiation of ADAMTS13-reactive B-cell
clones from naive populations has been suggested to lead a role in
relapse following TPE and the introduction of immunosuppressive
therapy alongside TPE has been shown to limit TTP relapse and
exacerbations [35,44]. The differences in relapse rate for patients with
aTTP or cTTP, or for patients with aTTP being treated with or without
immunosuppressive therapy, has not been discussed by the studies
included in this review. This weakens the association between CDP
and increased odds of clinical response or decreased odds of relapse
following TPE therapy as observed in the respective meta-analyses.

Recombinant ADAMTS13

A novel recombinant ADAMTSI13 (tADAMTS13) therapy has
recently emerged for the treatment of ADAMTS13-deficient TTP.
The use of this therapy may be less effective for patients with aTTP as
this form of TTP is associated with the presence of antitADAMTS13
antibodies. However, preference for the use of rADAMTS13 instead of
TPE, regardless of fluid type, may be indicated for cTTP as the aim of
treatment is to replenish ADAMTS13 activity [40]. Currently there is
only one completed phase 3 trial comparing the use of rADAMTS13
to TPE, with other clinical trials still in progress [45-47]. While there
is currently insufficient data to review the efficacy of rADAMTS13
compared to present TTP standards of care, this is an area of interest
to explore in the coming years when discussing the choice of treatment

for TTP [4547].
LIMITATIONS

As TTIP is a rare disease, sufficient data on parameters related
to its treatment are difficult to obtain for a meta-analysis. This is
further driven by a lack of randomised controlled studies, with all
studies included in this systematic review and meta-analysis having
an observational study design and most studies collecting data
retrospectively [48-50]. Differences within participant demographics
such as patient age, racial differences and pregnancy can confound
results and complicate comparisons between studies. As a result, small
sample sizes and differences in methods has led to high variability in
study outcomes which limits the achievement of statistically significant
results and therefore the ability to draw an acceptable conclusion from
these results [51-53]. One study assessed rates of mortality and survival
after 13 days [13]. Although this shorter assessment period may have
been influenced by the nature of the patients under investigation,
this timeframe confounds a comparison with studies that evaluated
outcomes over a 30-day period [13].

Evaluation of the studies included in this review using the RoB 2
tool showed a moderate-to-high risk of bias for most of the included
studies, particularly arising from the randomisation process [54,55]. In
retrospective or non-randomised studies, a conscious choice of TPE
fluid for TTP patients was made by treating physicians rather than by
random allocation. This decision may have been influenced by the
participants’ clinical presentation and posed a risk of affecting TPE
response. Furthermore, concerns surrounding bias due to deviations
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from intended interventions limit the applicability of the results from
this review as patient outcomes from TPE may not be influenced by
fluid choice alone, but by these additional variables.

SUMMARY

There was a statistically significant increase in the odds of survival
in patients with thrombotic thrombocytopenic purpura associated
with the use of cryodepleted plasma instead of fresh frozen plasma
for therapeutic plasma exchange. Evidence supporting the superior
efficiency and lasting efficacy of therapeutic plasma exchange with
cryodepleted plasma instead of fresh frozen plasma is limited by
the number of available randomised controlled studies. Clinicians
should consider the type and severity of the patient’s thrombotic
thrombocytopenic purpura when making treatment decisions.

CONCLUSION

The outcome of this systematic review and meta-analysis showed a
statistically significant increase in the odds of survival and decreased
odds of mortality in patients with TTP treated with TPE using CDP.
However, there is inconclusive evidence that CDP outperforms FFP
in terms of TPE efficiency, clinical response and relapse rate. These,
along with the patient’s clinical presentation and the type and
severity of TTP, are important factors clinicians must consider when
deciding which fluid to administer during TPE. Nevertheless, the
findings of the current review suggest that prioritising CDP over FFP
in the treatment of TTP warrants serious consideration. However,
the complete elimination of FFP is not justified, as it can serve as a
valuable resoutce in emergency situations where CDP is unavailable.
Moving forward, randomised controlled studies with larger sample
sizes comparing the performance of CDP to FFP used in TPE could
be performed to assess whether the outcomes align with the results of
the present review. Future studies may also consider exploring other
factors related to TTP manifestations, such as routine laboratory
parameters related to microangiopathic haemolysis, platelet count
and ADAMTS13 and VWF assays to add depth to the investigation of
TPE fluid comparison and performance. As other novel treatments for
TTP, such as rADAMTS13, emerge, further investigations into their
efficacy and benefits compared to current standards of care will be
warranted.
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