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Introduction

Systemic sclerosis (SSc) is an umbrella term for a family 
of rare autoimmune diseases with the common factor being 
abnormal skin fibrosis and thickening in association with 
Raynaud’s. While the degree of skin fibrosis varies 
depending on the specific disease variant, all forms of SSc 
include dysregulation of the immune system and extensive 
microvascular injury leading to fibrotic damage to internal 
organ systems, including the lungs, gastrointestinal (GI) 
system, kidneys, and heart.

There are two recognized subsets of SSc: diffuse cuta-
neous systemic sclerosis (dcSSc) and limited cutaneous 
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systemic sclerosis (lcSSc). Patients with dcSSc generally 
have rapid onset of symptoms and significantly reduced 
survival, mostly due to lung, heart, and kidney involve-
ment. In contrast, patients with lcSSc typically have a 
much slower progression rate with near normal lifespans 
but with increasing disability and disfigurement over time.

Conventional treatment approaches

Management of SSc is usually done through a combination 
of systemic and symptom-specific interventions. Standard 
systemic treatments focus on immunoregulation (hydroxy-
chloroquine or intravenous immunoglobulin (IVIG)) or 
immunosuppression (methotrexate, mycophenolate 
mofetil, cyclophosphamide, and rituximab). Raynaud’s 
phenomenon (RP) and digital ulcers (DUs) are almost uni-
versal in SSc and are treated with a variety of approaches, 
including vasodilators (calcium channel blockers, phos-
phodiesterase type 5 (PDE5) inhibitors, and prostaglan-
dins), vasoconstrictor antagonists (endothelin-1 and 
angiotensin II receptor antagonists), or, in more severe 
cases, surgical or chemical sympathectomy. GI symptoms, 
such as gastroesophageal reflux disease (GERD), gastro-
paresis, malabsorption, and small intestinal bacterial over-
growth (SIBO), are managed through a variety of mostly 
pharmaceutical treatments although surgical interventions 
are sometimes employed in severe cases. Scleroderma 
renal crisis (SRC) is generally treated with ACE inhibitors. 
To date, no medications have proven to be very effective in 
treating either pulmonary arterial hypertension (PAH) or 
interstitial lung disease (ILD), and as a result, lung-related 
complications from both PAH and pulmonary fibrosis (PF) 
are the leading causes of SSc-related mortality.1 According 
to a recent study,2 it is not clear that any standard treatment 
for SSc has led to improved SSc survival rates over the 
past 40 years, beyond what would be expected by overall 
improvements in survival rates in the general population 
during this same time period.

Therapeutic plasma exchange

Therapeutic plasma exchange (TPE), also called therapeutic 
apheresis, is a procedure in which a large volume of plasma 
(typically 1–1.5 blood volumes) is replaced by a substitute 
fluid (most commonly 4%–5% sterilized albumin) in a con-
tinuous flow process. Cellular components (RBC, WBC, and 
platelets) are separated from the plasma by either centrifugal 
separation or filtration, combined with the replacement fluid 
and returned in a process that typically takes 1.5–2 h. In the 
United States, almost all TPE is done using centrifugal sepa-
ration. A related procedure—plasmapheresis—removes a 
smaller amount of plasma (typically less than 15% of blood 
volume) that is inadequate to cause significant hypovolemia, 
so no replacement fluid is required. Unfortunately, the terms 
“therapeutic plasma exchange” and “plasmapheresis” are 

often used interchangeably in the published literature, creat-
ing potential confusion when researching the effects of TPE.

The usual rationale and the primary post hoc explana-
tion for any benefits seen from TPE is that TPE treatments 
temporarily reduce the levels of circulating factor(s) (e.g. 
autoantibodies or immune complexes, cytokines, or adhe-
sion molecules) that are presumed to be involved in SSc 
disease pathogenesis. A single TPE treatment of 1–1.5 
blood volumes removes approximately 65% of any poten-
tial circulating pathogenic factors.3 It is important to note 
that certain plasma components are also present in the 
extravascular space, so post-TPE plasma concentrations 
may be different than expected due to tissue–plasma 
equilibration.4

TPE has been tried as a possible treatment for SSc since 
1978. While TPE is rarely used as a treatment modality for 
SSc in the United States, it is more commonly used in 
Europe and is a mainline, government-approved treatment 
option in Italy.5 Medicare and some US healthcare compa-
nies cover TPE as an available treatment option for SSc 
patients who are unresponsive to conventional therapy.6 
The American Society for Apheresis (ASFA) currently 
classifies TPE for treating SSc treatment as a Category III 
treatment: “Optimum role of apheresis therapy is not 
established. Decision making should be individualized.”7 
Our impression is that clinicians and researchers who work 
with SSc patients are largely unaware that a large volume 
of research has been published about the use of TPE as a 
treatment for SSc.

Method

A minimal Boolean search phrase was constructed that 
encompasses all common current and historical terms for 
both SSc and TPE:

(plasmapheresis OR “plasma exchange” OR apheresis OR 
“plasma filtration”) AND (“systemic sclerosis” OR SSc OR 
scleroderma OR Raynaud’s OR PSS OR CREST OR (“mixed 
connective tissue” AND (disorder OR disease) or MCTD)

Mixed connective tissue disorder (MCTD) was included 
for completeness since it features symptoms of SSc along 
with symptoms of systemic lupus erythematosus (SLE) 
and polymyositis.

Initial searching (using the above search phrase) was 
done using Google Scholar during November and December 
2015 in preparation for an abstract that was presented as a 
poster at the ASFA meeting in May 2016.8 For all articles 
that met our inclusion criteria (original research, English 
abstract), we reviewed all of the references and included any 
additional articles that had been missed in the original 
search. An updated search that also included PubMed/
MEDLINE, Scopus, and the Cochrane Library was con-
ducted in September and October 2017.
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Articles selected for inclusion in this review were cate-
gorized as follows:

•• Case reports (CR);
•• Single-group pre-post studies with no control group 

(PP);
•• Observational studies (OS);
•• Controlled trials (CT; quasi-experimental studies);
•• Randomized controlled trials (RCT).

Each article was independently graded by authors E.S.H. 
and M.M. using standard checklists for the appropriate 
article category, as is shown in Table 1. Any differences in 
grading were resolved by discussion. We also reviewed 
each article to determine whether any observed treatment 
effects could reasonably be attributed to TPE alone. A 
number of studies listed additional simultaneous interven-
tions along with TPE, making it impossible to determine 
whether any observed effects were from TPE, alternative 
treatments, or synergistic effects from multiple simultane-
ous treatments.

Results

Overview

We identified 46 articles that met our search criteria, 
involving a total of 572 patients. Of the articles, 19 were 
CRs, involving a total of 26 patients. The remaining 27 
articles (546 patients) ranged from letters to the editor 
describing a small group of patients treated with TPE to a 
large-scale review of 102 patients treated over a 15-year 

period at a single clinic in Italy. Out of the 572 patients, 
455 received TPE. The rest were in control groups.

The diagnostic breakdown of the patients involved in 
these studies is as follows:

•• dcSSc: 294;
•• lcSSc: 90;
•• MCTD: 6.
•• Unclear/pre-dated the adoption of the 1980 ACR 

Systemic Sclerosis (Scleroderma) Classification 
Criteria: 182

Detailed summaries of randomized clinical trials, clini-
cal trials (quasi-experimental studies), OS, single-group 
pre-post studies, and CRs are shown in Tables 2–6 and are 
discussed in the following. Tables are sorted by (1) TPE 
Only (yes/no), (2) Grade (I, II, and III), and (3) reverse 
chronological order (most recent first). In 25 out of the 46 
studies, TPE was the only treatment intervention.

RCTs. Only three RCTs have ever been published where 
TPE was evaluated against a randomly assigned control 
group. While RCTs are normally considered the “gold 
standard” for clinical treatment research, all three of these 
studies provided limited information that can guide a mod-
ern clinician. Only two of these studies used TPE as the 
sole treatment intervention, and none of these studies were 
rated Grade I on our rating scale.

A 1986 study,14 only available as a short abstract, compared 
TPE with a related procedure—lymphoplasmapheresis—as 
well as a non-treatment control group on a very small group of 
patients. A study done in 198815 compared the effects of TPE 

Table 1. Grading checklists and criteria.

Category Assessment tool Score range Grading scalea

RCT JBI “Checklist for Randomized Controlled Trials”9 0–13 I: 11–13
II: 8–10
III: 0–7

CT JBI “Checklist for Quasi-Experimental Studies”9 0–9 I: 8–9
II: 6–7
III: 0–5

OS GRACE “ Assessment Tool for High Quality 
Observational Studies of Comparative Effectiveness”10

0–9 I: 8–9
II: 6–7
III: 0–5

PP NIH “Quality assessment tool for before-after (pre-
post) studies with no control group”11

0–8 I: 7–8
II: 5–6
III: 0–4

CR Joanna Brigg Institute (JBI) “Checklist for Case 
Reports”12

0–8 I: 7–8
II: 5–6
III: 0–4

RCT: randomized controlled trial; CT: clinical trial (quasi-experimental study); OS: observational study; PP: pre-post study with no control group; 
CR: case report/case series.
a Grading scale: I—Effectiveness of treatment can be clearly determined; II—Clear trend suggesting that treatment is beneficial, but problems with 
study design or incomplete information; and III—Poorly designed study, limited information, or other factors make it difficult or impossible to 
evaluate treatment efficacy.
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plus immunosuppressants against immunosuppressants alone. 
Unfortunately, this study suffered from numerous design 
issues, including using different types of plasma exchange 
(PE) equipment and frequent alterations of the protocols on an 
individual basis. A third study,13 while well designed, was per-
formed in China using procedures and equipment than are dif-
ferent from those used in other studies done in Europe or the 
United States.

Clinical trials (quasi-experimental studies). Two studies done 
in 198517,18 reported hemorheological characteristics of 
patients with primary versus secondary Raynaud’s and the 
effects of four weekly TPE treatments on hemorheology 
and symptoms. Both studies demonstrated that blood rhe-
ology is essentially normal in patients with primary 
Raynaud’s but highly abnormal (increased whole-blood 
viscosity (WBV) and RBC aggregation) in patients with 
secondary Raynaud’s. TPE led to long-lasting improve-
ments in hemorheology and symptoms, including reduced 
Raynaud’s attacks and healing of DUs, only in the second-
ary Raynaud’s group.

Even though a large 2001 study16 was not a RCT, it 
actually provides strong data suggesting positive effects 
from TPE. Patients admitted into the TPE treatment group 

had more severe and/or rapidly progressing disease and at 
baseline were significantly worse (p < 0.05) than patients 
in the control group. However, improvements in labora-
tory markers and clinical scores were only seen in the 
(worse) TPE treatment group.

All three of the quasi-experimental studies used only 
TPE as a treatment intervention. One of these studies16 
received a Grade I rating.

OS. Only three long-term OS on the use of TPE have been 
published.19–21 Unfortunately, in all of these studies, TPE 
was used in conjunction with other treatments including 
immunosuppressants and ACE inhibitors, making it 
impossible to determine to what (if any) degree TPE con-
tributed to any observed improvements in laboratory 
markers and clinical symptoms. None of these papers were 
rated Grade I because of these issues.

Single-group pre-post studies with no control group. Of the 
studies, 18 are best categorized as single-group pretest–
posttest studies with no control group. In this type of study, 
a number of laboratory markers and clinical symptoms are 
assessed before treatment; patients then receive TPE (and 
sometimes other) treatments for a period of time, and the 

Table 2. Randomized clinical trials.

Study Participants Treatment Primary objective 
outcome measures

Results/notes TPE 
only?a

Grade

Ding and 
Zhang13

n = 29, dcSSc TPE plus 
D-penicillamine (n = 13), 
control D-penicillamine 
only (n = 16), and 1 TPE 
per week for 6 weeks, 
patients randomly 
assigned to groups

Total skin index, total 
joint pain index, grip test, 
finger distance, teeth 
distance, ESR, IgG, plasma 
rennin, and angiotensin II

All parameters in TPE group 
showed significant improvement 
(p < 0.05) at end of treatment 
period; at 18-month follow-up, all 
parameters except plasma renin 
and angiotensin II levels were still 
significantly better than baseline 
(p < 0.05), and all parameters still 
significantly better (p < 0.05) than 
control group
Note: article in Chinese, and 
English translation is available

Yes II

Weiner 
et al.14

n = 16, probable 
SSc, 1–4 years 
duration

Three groups: placebo 
(n = 5), TPE (n = 5), 
lymphoplasmapheresis 
(n = 6), and 21 TPE/
LPP treatments over 
3-month period

Rodnan skin score; 
joint count; third finger 
to distal wrist crease; 
internal organ index

Both TPE and LPP groups showed 
significant (p < 0.005) clinical 
improvements versus control 
group; only the LPP group 
showed significant (p < 0.001) 
improvements in Rodnan skin 
scores over the control group
Note: abstract only

Yes III

Akesson 
et al.15

n = 15, severe 
dcSSc (n = 12), 
and lcSSc (n = 3)

Seven 
immunosuppressants 
only and eight 
added TPE, protocol 
frequently changed

Total skin score, 
esophageal function 
index, lung function, heart 
function, renal function, 
and chemical and 
immunological analyses

Poorly designed study, impossible 
to extract useful information, 
and 4/7 control group patients 
switched to treatment group mid 
study

No III

TPE: therapeutic plasma exchange; ESR: erythrocyte sedimentation rate; IgG: immunoglobulin G; SSc: systemic sclerosis; LPP: laser-produced plasma; 
dcSSc: diffuse cutaneous systemic sclerosis; lcSSc: limited cutaneous systemic sclerosis.
aTPE only: yes (no other treatment intervention); no (additional treatments coincident with TPE).
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laboratory markers and clinical symptoms are re-assessed 
immediately following cessation of TPE and at follow-up 
intervals that can be anywhere from a few days or weeks to 
several years. Of these studies, 12 used TPE as the sole 
treatment intervention. Seven studies were rated Grade I, 
although two of these studies combined TPE with another 
treatment intervention. Potential issues with interpretation 
of pre-post studies are discussed later in this article.

CRs. In 12 of the 19 CRs included in this study,41,42,44,46, 

48,50,52–57 TPE was used to treat an acute or, in some cases, 
critical medical situation such as SRC. Typically, these 
studies look at the effects of TPE over a short period of time 
(a few weeks or months); TPE was discontinued once the 
acute situation resolved or improved. Three of the CRs are 
notable in that they reported on the results of long-term, 
regular TPE as a systemic treatment approach.40,43,49 Eight 
of the CRs used TPE as the sole treatment intervention. Of 
the CRs, 12 received a Grade I rating; however, only 4 of 
these used TPE as the sole treatment intervention.

Mixed connective tissue disease. Mixed connective tissue 
disease (MCTD) is a complex connective tissue disorder 
defined by coexisting and overlapping clinical features of 
SLE, SSc, and dermatomyositis/polymyositis.59 It is con-
sidered to be a distinct disease by most authors.60 Of the 
19 CRs, 6 CRs41,43,47,52,54,56 were about patients diagnosed 
with MCTD. In all 6 cases, TPE was initiated because of 
an acute or crisis situation rather than as a general treat-
ment. Improvements were reported in all of these cases, 
although multiple simultaneous interventions in 3 of these 
cases make it difficult to determine the role of TPE in 
observed improvements.

TPE and RP/DUs

Of the reviewed studies, 16 discussed improvements in RP 
and DUs following TPE treatments; 4 studies were con-
founded by simultaneous use of drug therapies and were 
excluded from further analysis. A commonly reported 
finding was that a single course of a small number of 
weekly TPE had major impact on both RP and DU as well 
as blood flow and microvascular patency. These findings 
are discussed later in this article.

Effects of long-term TPE

Only a small number of studies have examined the effi-
cacy of long-term TPE on patients with SSc. The 2001 
Cozzi study16 compared pre- and post-TPE laboratory 
markers reflecting disease activity in a group of 28 Italian 
patients who received regular TPE combined with 
D-penicillamine over a 6-year period (mean 33 months) 
against a control group of 25 SSc patients who received 
D-penicillamine alone. Significant improvements in clini-
cal scores and laboratory markers only occurred in the 

TPE treatment group even though at pre-treatment the TPE 
group had worse laboratory measures and clinical scores 
than the control group.

A second Italian study20 summarized the results of 
long-term treatment of 97 SSc patients using TPE as an 
adjunct treatment in addition to D-penicillamine or an 
immunosuppressant. While the authors rated TPE efficacy 
as either “excellent” or “good” in 52.4% of the patients, 
the simultaneous use of adjunct treatments make it impos-
sible to determine to what extent these positive effects are 
attributable to TPE.

Szekanecz et al.49 followed a male patient with dcSSc 
for 11 years. The patient received a combination of regular 
TPE treatments combined with IVIG during the first year 
and was maintained on a reduced frequency of TPE/IVIG 
during the 10-year follow-up period. Unfortunately, 
because of the simultaneous use of TPE and IVIG, it is 
impossible to determine whether the observed improve-
ments were from TPE, IVIG, or a synergistic combination 
of both.

Hertzman et al.43 treated a 12-year-old patient diag-
nosed with mixed connective tissue disease (MCTD) with 
an initial series of 10 TPE treatments over a 5½ week 
period, resulting in significant improvement in nodular 
lesions and complete elimination of hand swelling. TPE 
was reduced to one TPE every 3 weeks, and the patient 
remained asymptomatic at 2-year follow-up with no other 
treatment intervention.

A 2017 very long-term (22-year) CR40 documented the 
effects of regular TPE as the sole systemic intervention in 
a patient with rapidly progressing anti-centromere-positive 
lcSSc. TPE was administered in a pulsed protocol (one 
TPE treatment per week for 4 weeks and 8 weeks with no 
TPE, and the procedure was repeated). All symptoms 
(except for very mild residual Raynaud’s), including 
reduced diffusing capacity for carbon monoxide (DLCO)/
valveolar volume (VA), disappeared after 2–3 years. The 
patient remains in excellent health with continued regular 
TPE treatments on the original pulsed protocol (approxi-
mately 370 to date); however, discontinuing or reducing 
TPE treatment frequency led to an eventual return of GI 
symptoms in two attempts.

TPE complications

Of the 46 papers, 11 reviewed for this article described 
complications directly related to the use of TPE. There 
were two main types of complications: (1) venous access 
issues and (2) short-term side effects directly associated 
with the TPE procedure. There were no reported fatalities 
associated with TPE, and short-term side effects were gen-
erally minor and usually did not prevent TPE from being 
completed. In one early study,21 4 patients (out of 40) had 
allergic reactions. This primarily occurs only when fresh 
frozen plasma is used instead of sterilized albumin. In a 
small percentage of the cases, venous access difficulties 



Harris et al. 145

prevented TPE from being performed using the preferred 
method of peripheral venous access, leading to cessation 
of TPE. In other cases, implanted central venous catheters 
were used for short-term TPE or an arteriovenous fistula 
was surgically created for long-term TPE.

TPE safety and venous access issues are discussed more 
fully later in this article. Table 7 lists all of the reported TPE-
related complications in the reviewed articles.

Summary of results

•• In almost all studies, the majority of patients receiv-
ing TPE showed improvements in both symptoms 
and laboratory markers, whether in short-term treat-
ment of crisis situations or from long-term adminis-
tration of regular TPE.

•• Many patients experienced significant improve-
ment in Raynaud’s symptoms and demonstrated ini-
tial healing of digital ulceration after just three to 
four weekly treatments.

•• While the effects of even a few TPE treatments 
often lasted for several months, only continued 
long-term treatments resulted in stabilization of 
symptoms or, in one recent CR, sustained remission 
over a 22-year period.

•• Venous access problems occurred in a minority of 
patients receiving long-term TPE, leading to cessa-
tion of TPE treatments in some cases and switching 
to central venous access in other cases.

•• TPE was very well tolerated by almost all patients. 
Adverse events were rare and, in almost all cases, 
mild, with no reported deaths.

Discussion

While TPE was introduced in the 1950s, it was not until 
1976, when the Haemonetics Model 30 Apheresis system 
became commercially available, that clinicians began to 
try TPE as a potential treatment for more than 100  
diseases.3,61 Early successes of TPE, such as the unprece-
dented reversal of clinical symptoms in patients with 
Waldenstrom macroglobulinemia and as a mainline treat-
ment for Goodpasture syndrome and myasthenia gravis, 
have stood the test of time and clinical research. In con-
trast, using TPE as a treatment for diseases such as rheu-
matoid arthritis (RA) and SLE nephritis has been shown to 
be ineffective in clinical trials despite early reports of suc-
cesses with individual patients. Currently, TPE for treating 
SSc is classified as a Category III treatment by the ASFA.7 
Category III treatments are defined as “optimum role of 
apheresis therapy is not established; decision-making 
should be individualized.”

While there have been (at least) 46 published studies  
on the use of TPE as a treatment for SSc, none of the pub-
lished studies reviewed for this article meet the rigor of a 
well-designed, RCT. Of the studies, 21 used more than one 

simultaneous treatment intervention, making it impossible 
to isolate out the effects of TPE versus other co-treatments. 
Out of the 25 studies that used only TPE as a systemic treat-
ment intervention, only 10 of these studies received our 
highest rating on our level of evidence grading scale. 
(Notably, 10 other studies where TPE was used in conjunc-
tion with at least one other simultaneous treatment interven-
tion demonstrated clear treatment benefit and received a 
Grade I rating.) It is clear that additional, well-designed 
studies are needed to evaluate fully the efficacy of TPE 
treatments in different SSc patient populations. However, 
the consistency of the findings showing significant clinical 
benefit from TPE treatments with very low risk suggests 
that TPE may be an appropriate treatment option to consider 
even as these additional studies are being done.

Issues with interpretation of study results

Single-group pre-post studies with no control group. While the 
“gold standard” for clinical treatment research is RCTs, 
studies such as pre-post studies can be very valuable and, 
if done correctly, can strongly suggest a causal relation-
ship between a treatment and any changes in symptoms,62 
especially for SSc treatment studies. Unlike diseases such 
as multiple sclerosis or lupus, SSc is a disease which is 
steadily progressive and does not go into remission with-
out an intervention. Because of this, any objective changes 
in laboratory markers or symptoms following the introduc-
tion of TPE are likely to be a result of the intervention as 
long as there are no confounding co-treatments.

Skin scores as outcome measures. The Modified Rodnan 
skin score (MRSS) is a commonly used objective measure 
of skin thickness that is frequently used as one of the pri-
mary outcome measures in clinical trials of SSc treat-
ments. About two-thirds of dcSSc patients show significant 
spontaneous reduction in skin thickness starting a year or 
two after initial diagnosis for reasons that are not fully 
understood. It is important to note, however, that there are 
no corresponding spontaneous improvements in internal 
disease markers.63 This means that if a study includes 
early-stage dcSSc patients, improvements in MRSSs fol-
lowing TPE (or any other intervention) cannot necessarily 
be attributed to the treatment(s) used in the study.

When does TPE fail to work in patients with 
SSc?

Guillevin et al.39 tried TPE treatments in seven patients 
with severe diffuse SSc after failure of other treatments. 
Disease duration at time of initial TPE averaged 8 years. In 
three patients, TPE treatments had to be stopped because 
of venous access problems. In the remaining four patients, 
only one showed benefit: improvement of articular and 
cutaneous symptoms. This suggests that TPE may not be 
effective in late stages of dcSSc.
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Capodicasa et al.46 tried TPE in two patients in SRC. 
While brief improvement was seen in one patient, the 
authors concluded that TPE would need to be started ear-
lier to be potentially effective. In contrast to all other 
reports reviewed in this article, this study used membrane 
TPE instead of centrifugal TPE. Also, ACE inhibitors are 
now employed as the treatment of choice for treating SRC.

Kfoury et al.50 tried intensive TPE on an 85-year-old 
patient admitted because of SRC with the rare complication 
of thrombotic thrombocytopenic purpura. Intense TPE start-
ing with 1 week of daily TPE treatments increasing to twice 
a day for an additional week had no effect, and the patient 
died shortly after cessation of TPE and all medications sec-
ondary to pulmonary and cardiac conditions related to SRC.

While TPE was not effective in all patients in studies 
with overall positive outcomes, few data were presented 
about patients who failed to respond to TPE treatments. 
Nevertheless, most authors clearly felt that TPE would be 
most effective if started early in the disease process.

TPE and mixed connective tissue disease

No clinical trial or other large-scale study of TPE as a 
potential treatment for MCTD has been done to date. 
While most of the six MCTD CRs reviewed for this article 
were focused on the use of short-term TPE to deal with an 
acute issue, such as renal failure or central retinal vein 
occlusion, one paper43 followed a 12-year-old MCTD 
patient who went into remission after 5½ weeks of TPE 
(10 treatments in total) and remained in remission with 
regular maintenance TPE at the 2-year follow-up. While 
MCTD has overlapping symptoms of SLE, it is interesting 

to note that TPE was not effective in patients with SLE in 
a short-term RCT.64

TPE and RP/DUs

Treatment of RP and DU in SSc is challenging and, in 
some cases, inadequate to prevent progression to gan-
grene and eventual digit amputation. One of the more  
surprising findings in 12 of the papers reviewed here17,22,24–

28,30,31,33,44,47 was the fact that three or four TPE weekly 
treatments often led to complete cessation of Raynaud’s 
attacks and healing of even long-standing DU. These 
effects were long-lasting, with RP not returning for 
6 months or longer, and in one study,22 patients had no 
return of DU during at 3-year follow up.

Standard treatments for RP and DU in SSc are focused 
on improving distal blood flow by either increasing vascular 
dilation or reducing vasoconstriction or vasospasm. Since 
TPE treatments are not known to directly increase vasodila-
tion or reduce vasoconstriction or vasospastic activity, these 
results raise the possibility that an entirely different mecha-
nism of action may be involved in the observed improve-
ments in RP and DU healing following TPE.

Why does TPE show positive results?

Reduction of potential circulating pathogenic factors. Many 
antibody-mediated diseases are due to IgG antibodies 
(~150 kDa). Blood plasma and extravascular extracellular 
fluid within the body contain about 45% and 55% of total 
IgG, respectively.65 Thus, the single blood volume TPE 
treatment could theoretically remove ~30% of circulating 

Table 7. TPE complications.

Study Type Complications

Ferri et al.51 CR Inadequate vascular access required implantation of permanent subclavian vein catheter
Crapper et al.54 CR TPE was initially done via a shunt; for longer term TPE, an arteriovenous fistula was created
Ferri et al.27 PP One patient (out of six) required an implanted arteriovenous shunt
Guillevin et al.39 PP Three (out of seven) patients had side effects during TPE; one complained of nausea and two 

had low blood pressure; peripheral venous access problems lead to TPE being stopped in 
three patients; and one patient had an allergic reaction

Pourrat et al.37 PP One patient (out of eight) required an arteriovenous fistula for long-term TPE (52 TPE using 
peripheral venous access and 32 TPE using fistula)

Akesson et al.15 PP Some of the 15 patients received long-term TPE via arteriovenous fistula but the paper did not 
specify how many

Schmidt et al.23 PP TPE was discontinued in 3 out of 15 cases because of venous access problems
Marson et al.20 OS Out of 102 patients, five required the use of a central venous catheter for TPE
Guillevin et al.21 OS TPE “side effects varied: vagal neuralgia/syncope (12/40), fever (5/40), allergic reactions (4/40), 

aggravation of skin 1 lesions (3/40) and venous thromboses (3/40)”
Note: all patients received either fresh frozen plasma (FFP) or an albumin-FFP mixture; allergic 
reactions rarely occur with albumin-only infusions

Von Rhede van der 
Kloot et al.17

CT Out of 56 TPE sessions: Allergic reaction: 1, nausea/vomiting: 2, hypotension: 9, dizziness: 6, 
paresthesias: 10, catheter infection: 1, and venous thrombosis: 2

Ding and Zhang13 RCT Hypotension occurred during 4 (out of 78) TPE sessions.

CR: case report; PP: pre-post study; OS: observational study; CT: controlled trial; RCT: randomized controlled trial; TPE: therapeutic plasma 
exchange.
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IgG. Due to extravascular to intravascular circulation dur-
ing a TPE treatment, the actual removed amounts of IgG 
are somewhat higher than expected.66 Nevertheless, within 
2 days, plasma IgG levels return to about 70% of pre-TPE 
levels.67

The long-lasting effects of TPE in SSc patients suggest 
that the mechanism of action may be independent of the 
reduction of circulating antibodies. Specifically, several 
studies have documented 6-month (or longer) beneficial 
effects following a single series of four TPE/week treat-
ments. These favorable effects on both laboratory markers 
and clinical symptoms cannot be easily explained by short-
lived reductions in circulating antibodies.13,22,29 Also, 
when comparing the effects of standard PE with “placebo 
plasma exchange (PPE),” where patient’s cellular blood 
elements were re-mixed with the patient’s own separated 
plasma (instead of replacing the plasma with 4%–5% steri-
lized albumin), McCune et al.28 noted that “There appears 
to be no difference between plasma and placebo exchange 
as measured in the vascular laboratory.”

Is blood rheology the key?. Over the past 42 years, many pub-
lished papers have documented that blood rheology is 
abnormal in patients with SSc. Individual papers have com-
mented on or measured differing aspects of this abnormal 
rheology, including elevated whole-blood viscosity (WBV), 
increased plasma viscosity (PV), decreased RBC deforma-
bility, and abnormal RBC aggregation.18,22,25,29,31,68–79 It is 

important to note that abnormal rheology is not uncommon 
in autoimmune diseases. It has been documented in RA80 
and SLE.81 However, TPE does not improve clinical symp-
toms in RA82 or SLE,64 suggesting a different mechanism 
of action in RA and SLE pathogenesis as compared to SSc 
pathogenesis.

The potential role of RBC aggregation in SSc pathogenesis. In 
1979, Kahaleh et al.83 noted that “Many, if not all, of the 
manifestations of scleroderma can be explained on the 
basis of functional and structural vascular compromise 
after repeated vascular insults, subsequent healing of vas-
cular walls with proliferative vascular response, and lumi-
nal narrowing.” This is still a commonly accepted 
viewpoint.84 Several different potential mechanisms for 
this initial endothelial damage have been proposed, includ-
ing viral triggers, cytotoxic T-cell involvement, and anti-
endothelial antibodies.85 However, none of these proposed 
endothelial damage mechanisms have been consistently 
demonstrated to be universal in SSc. For example, anti-
endothelial antibodies are not universally found in patients 
with SSc and are also found in other autoimmune diseases, 
including SLE, RA, and Sjögren’s syndrome.86

Hypothesis. Abnormally clumped red blood cells may 
be a significant component of the etiopathogenic processes 
in SSc, potentially contributing to the vascular damage 
cited above (see Figure 1).

Figure 1. Potential Impact of RBC Aggregation on Endothelial Integrity.
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A full examination of the research on abnormal blood 
rheology in SSc and the potential role of RBC aggregation 
in SSc pathogenesis is beyond the scope of this review 
paper, but merits future study.

Issues/concerns about the use of TPE for 
treating SSc

Safety and complications. While TPE is generally not used 
for treating SSc currently (at least in the United States), it is 
a widely used procedure for many autoimmune disorders, 
for example, myasthenia gravis, Guillain-Barré, chronic 
demyelinating polyneuropathy, and Goodpasture’s syn-
drome. This broad usage of TPE prompted several large-
scale studies to assess TPE safety and complication rates.

Cid et al.87 reviewed the efficacy and safety of TPE in 
317 patients and 2730 procedures over an 11-year period. 
Observed adverse events occurred in only 3% of proce-
dures. In all cases, the adverse events were mild and tran-
sient, and patients were able to complete the scheduled 
TPE treatment. Similarly, in a study of more than 20,000 
therapeutic apheresis procedures performed in Sweden,88 
mild adverse events requiring no intervention occurred 
1.5% of the time, moderate events not requiring cessation 
of treatment occurred 2.8% of the time, and severe events 
requiring cessation of treatment occurred 0.8% of the time. 
There were no fatalities.

The most severe complications in TPE occur with fresh 
frozen plasma as the replacement fluid. Almost all studies 
of TPE for treating SSc used sterilized 5% albumin, which 
has a much better safety profile because of substantially 
reduced risk of anaphylactic-type events.

The most common short-term problem with TPE is 
hypocalcemia, usually presenting as mild paresthesias or 
perioral tingling from the use of citrate as an anti- 
coagulant. Prophylactic use of oral calcium supplements 
is usually adequate to prevent or minimize TPE-associated 
hypocalcemia. Some patients may experience mild hypo-
tension, muscle cramps, or mild headaches from hypov-
olemia especially with lower concentrations of albumin 
than the recommended 5% solution.

Vascular access. The safest way to perform TPE is using 
regular peripheral venous access. Venous access prob-
lems were discussed in several of the reviewed articles 
and were often the reason for discontinuation of TPE. 
While the exact percentage of patients who would require 
alternatives to peripheral venous access for long-term 
TPE is not clear, the data indicate that most patients can 
undergo long-term TPE using normal peripheral access. 
Khatri and Kramer,89 summarizing the results from more 
than 60,000 TPE treatments, indicate that peripheral 
venous access is successful in about 75% of the proce-
dures performed at their clinic. However, two new venous 
access techniques are now available that should increase 

the likelihood of long-term peripheral venous access: (1) 
vein illumination technology such as VeinViewer™ and 
AccuVein™ and (2) ultrasonic-guided peripheral venous 
cannulation.90

For patients who cannot undergo normal peripheral 
venous access, there are a number of alternatives that are 
available. Central catheters are not a good option for most 
patients for long-term TPE because of the significant 
infection risk. Alternatives such as surgically created fistu-
las or implantable vascular-access devices (ports), such as 
PowerPorts™ or Vortex™, may be better options for very 
long-term use of TPE if peripheral venous access is not an 
option.

Cost. Winters et al.91 did an analysis of TPE cost and deter-
mined that each treatment cost a little under US$1200 
when TPE was performed using albumin. Average Medi-
care reimbursement rates (2015) are about US$1140 plus 
the cost of albumin, which varies depending on the size of 
the patient. Several studies suggest that between 12 and 18 
treatments per year may be sufficient to control SSc symp-
toms. For instance, the 16 TPE treatment/year protocol 
discussed in Harris et al.40 translates into an annual cost of 
about US$20,000 per year.

A recent study of the annual cost of modern biologic 
drugs now commonly used to treat RA and other autoim-
mune conditions92 indicated that the lowest price  
biologic—Humira (adalimumab)—was about US$21,000 
per year. Other biologics were somewhat higher. This sug-
gests that annual costs for long-term TPE, while signifi-
cant, are similar to standard pharmacological options used 
for other autoimmune diseases.

IVIG, which is being increasingly tried as a treatment 
for SSc93,94 is much more expensive than TPE. A typical 
treatment regimen in these early studies used a dosing of 
2 g/kg monthly. Using data from Winters et al.,91 this works 
out to more than US$10,000 per month for a typical 70-kg 
patient, that is, approximately US$120,000 per year.

Summary and conclusion

While the preponderance of evidence reviewed in this arti-
cle suggests that long-term TPE may offer a low-risk and 
cost-effective way to control and, in some cases, reverse 
SSc symptoms and signs, the overall level of evidence is 
not high. Only 25 of the 46 reviewed studies used TPE as 
the sole systemic intervention, and only 10 of these studies 
received our top grade: “Effectiveness of treatment can be 
clearly determined.” Of these 10 studies, 5 were pre-post 
studies with no control group; 4 were CRs; and 1 was a 
clinical trial (quasi-experimental study).

However, in contrast to current immunosuppressive 
treatments that carry significant risk, long-term TPE 
appears to be safe, well-tolerated, and associated with only 
very few, mostly minor side effects. While TPE is not an 
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inexpensive procedure, annual costs are similar to modern 
pharmaceuticals commonly used to treat SSc and other 
autoimmune diseases.

The published research that we have reviewed for this 
study suggests that TPE provides clinical benefit to a wide 
variety of SSc patients; however, without a clear under-
standing of exactly how TPE works on a molecular level, 
we currently have no way of knowing which patients are 
appropriate candidates for TPE and what protocol should 
be followed to produce the best possible outcomes. For 
example, it is entirely possible that patients with slower 
progressing lcSSc might benefit from a reduced frequency 
of TPE than patients with faster progressing dcSSc.

The current ASFA guidelines suggest that clinicians 
should make individual decisions on the suitability of TPE 
as a treatment for their patients with SSc. If clinicians do 
decide to try TPE on an individual basis, it is important 
that they also try to extract as much useful research data as 
possible from any such individual trials. We have prepared 
a document that may be a useful starting point for clini-
cians who are considering trying TPE. This document is 
available directly from the corresponding author.

Proposed research

Out of the 46 studies reviewed for this article, 33 were 
done prior to 2000. The equipment now used for TPE has 
fewer side effects than earlier generation systems. In addi-
tion, newer techniques and equipment are now available 
that can greatly increase success rates for long-term use of 
TPE. What is lacking is a well-designed clinical trial of 
TPE using modern equipment and improved venous access 
techniques. Any future clinical trial should use tools like 
nailfold capillaroscopy to directly monitor vascular 
changes. We believe that the studies reviewed here provide 
strong support for conducting such a trial.

It is also important to better understand the mechanisms 
of action in TPE. If we can fully understand how TPE 
works, then we may be able to develop new, non-invasive 
treatment approaches that provide the same benefit with-
out requiring TPE equipment that may not be readily avail-
able to all patients.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with respect 
to the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, 
authorship, and/or publication of this article.

References

 1. Steen VD and Medsger TA. Changes in causes of death in 
systemic sclerosis, 1972–2002. Ann Rheum Dis 2007; 66(7): 
940–944.

 2. Elhai M, Meune C, Avouac J, et al. Trends in mortality in 
patients with systemic sclerosis over 40 years: a systematic 
review and meta-analysis of cohort studies. Rheumatology 
2012; 51(6): 1017–1026.

 3. Patten E and Berkman EM. Therapeutic plasmapheresis 
and plasma exchange. Crit Rev Clin Lab Sci 1986; 23(2): 
147–175.

 4. Winters JL. Plasma exchange: concepts, mechanisms, and 
an overview of the American Society for Apheresis guide-
lines. Hematol Am Soc Hematol Educ Progr 2012; 2012: 
7–12.

 5. MINISTERIAL DECREE May 28, 1999, no. 329. 
Regulation laying down rules for the detection of chronic 
and disabling diseases within the meaning of Article 5 
(1) (a) of Legislative Decree no. 124. (GU General Series 
No.226 of 25-9-1999 - Ordinary Supplement No 174).

 6. National Coverage Determination (NCD) for Apheresis 
(Therapeutic Pheresis) (110.14).

 7. Schwartz J, Padmanabhan A, Aqui N, et al. Guidelines on 
the use of therapeutic apheresis in clinical practice-evi-
dence-based approach from the Writing Committee of the 
American Society for Apheresis: the seventh special issue. J 
Clin Apher 2016; 31(3): 149–162.

 8. Harris E, Moriarty P and Meiselman H. Therapeutic plasma 
exchange for the treatment of systemic scleroderma: a compre-
hensive review and analysis. J Clin Apher 2016; 31(2): A90.

 9. Tufanaru C, Munn Z, Aromataris E, et al. Systematic reviews 
of effectiveness. In: Aromataris E and Munn  Z (eds) Joanna 
Briggs Institute reviewer’s manual. The Joanna Briggs 
Institute, 2017, https://reviewersmanual.joannabriggs.org/

 10. Dreyer NA, Bryant A and Velentgas P. The GRACE check-
list: a validated assessment tool for high quality observa-
tional studies of comparative effectiveness. J Manag Care 
Spec Pharm 2016; 22(10): 1107–1113.

 11. National Institutes of Health National Heart Lung Blood 
Institute. “Quality assessment tool for before-after (pre-
post) studies with no control group.” Systematic evidence 
reviews and clinical practice guidelines. Washington DC: 
National Institutes of Health, 2014.

 12. Moola S, Munn Z, Tufanaru C, et al. Systematic reviews of 
etiology and risk. In: Aromataris E and Munn Z (eds) Joanna 
Briggs Institute reviewer’s manual. The Joanna Briggs 
Institute, 2017, https://reviewersmanual.joannabriggs.org/

 13. Ding C and Zhang X. A prospective study of plasma 
exchange in the treatment of diffuse scleroderma. Zhonghua 
Nei Ke Za Zhi 1995; 34(9): 616–619.

 14. Weiner S, Kono D, Osterman H, et al. Preliminary report 
on a controlled trial of apheresis in the treatment of sclero-
derma. Arthritis Rheum 1987; 30: S24.

 15. Akesson A, Wollheim FA, Thysell H, et al. Visceral 
improvement following combined plasmapheresis and 
immunosuppressive drug therapy in progressive systemic 
sclerosis. Scand J Rheumatol 1988; 17(5): 313–323.

 16. Cozzi F, Marson P, Rosada M, et al. Long-term therapy  
with plasma exchange in systemic sclerosis: effects on  
laboratory markers reflecting disease activity. Transfus 
Apher Sci 2001; 25(1): 25–31.

 17. Von Rhede van der Kloot EJH, Jacobs MJHM, Weber H, 
et al. Plasma filtration in patients with Raynaud’s phenom-
enon. Clin Hemorheol Microcirc 1985; 5(1): 79–84.

https://reviewersmanual.joannabriggs.org/
https://reviewersmanual.joannabriggs.org/


150 Journal of Scleroderma and Related Disorders 3(2)

 18. Weber H, Schmid-Schonbein H and Lemmens HA. 
Plasmapheresis as a treatment of Raynaud’s attacks: micro-
rheological differential diagnosis and evaluation of efficacy. 
Clin Hemorheol Microcirc 1985; 5: 85–97.

 19. Cozzi F, Marson P, Cardarelli S, et al. Prognosis of sclero-
derma renal crisis: a long-term observational study. Nephrol 
Dial Transplant 2012; 27(12): 4398–4403.

 20. Marson P, Cozzi F, Silvestro G De, et al. Il trattamento a 
lungo termine con plasma-exchange nella sclerosi sistem-
ica. La Trasfus Del Sangue 2001; 46(1): 10–16.

 21. Guillevin L, Amoura Z, Merviel P, et al. Treatment of progres-
sive systemic sclerosis by plasma exchange: long-term results 
in 40 patients. Int J Artif Organs 1990; 13(2): 125–129.

 22. Jacobs MJ, Jörning PJ, Van Rhede van der Kloot EJ, et al. 
Plasmapheresis in Raynaud’s phenomenon in systemic scle-
rosis: a microcirculatory study. Int J Microcirc Clin Exp 
1991; 10(1): 1–11.

 23. Schmidt C, Schooneman F, Siebert P, et al. Treatment of 
systemic scleroderma using plasma exchange. A study of 19 
cases. Ann Med Interne 1988; 139(Suppl. 1): 20–22.

 24. Zahavi J, Hamilton WAP, O’Reilly MJG, et al. Plasma 
exchange and platelet function in Raynaud’s phenomenon. 
Thromb Res 1980; 19(1–2): 85–93.

 25. Dodds AJ, O’Reilly MJ, Yates CJ, et al. Haemorrheological 
response to plasma exchange in Raynaud’s syndrome. Br 
Med J 1979; 2(6199): 1186–1187.

 26. O’Reilly MJ, Talpos G, Roberts VC, et al. Controlled trial 
of plasma exchange in treatment of Raynaud’s syndrome. 
Br Med J 1979; 1(6171): 1113–1115.

 27. Ferri C, Bernini L, Gremignai G, et al. Plasma exchange 
in the treatment of progressive systemic sclerosis. Plasma 
Ther Transfus Technol 1987; 8(2): 169–176.

 28. McCune MA, Winkelmann RK, Osmundson PJ, et al. 
Plasma exchange: a controlled study of the effect in patients 
with Raynaud’s phenomenon and scleroderma. J Clin Apher 
1983; 1(4): 206–214.

 29. Hamilton W, White J and Cotton L. Circulatory improvement 
in Raynaud’s phenomenon following plasma exchange. In: 
Sieberth HG (ed.) Plasma exchange. Stuttgart; New York: 
Schattauer, 1980, pp. 301–307.

 30. O’Reilly MJ, Dodds AJ, Roberts VC, et al. Plasma 
exchange and Raynaud’s phenomenon: its assessment by 
Doppler ultrasound velocimetry. Br J Surg 1979; 66(10): 
712–715.

 31. Talpos G, Horrocks M, White JM, et al. Plasmapheresis in 
Raynaud’s disease. Lancet 1978; 1(8061): 416–417.

 32. Vlasenko AN, Vorob’ev AA and Matveev SI. Clinical 
effectiveness of plasmapheresis and lymphocytoplasma-
pheresis in patients with systemic scleroderma. Klin Med 
1992; 70(2): 57–61.

 33. Cotton LT. Plasmapheresis in Raynaud’s disease. Lancet 
1978; 2(8080): 108.

 34. Zhang H, Liang J, Tang X, et al. Sustained benefit from 
combined plasmapheresis and allogeneic mesenchymal 
stem cells transplantation therapy in systemic sclerosis. 
Arthritis Res Ther 2017; 19(1): 165.

 35. Dau PC and Callahan JP. Immune modulation during treat-
ment of systemic sclerosis with plasmapheresis and immu-
nosuppressive drugs. Clin Immunol Immunopathol 1994; 
70(2): 159–165.

 36. Mascaro G, Cadario G, Bordin G, et al. Plasma exchange 
in the treatment of nonadvanced stages of progressive sys-
temic sclerosis. J Clin Apher 1987; 3(4): 219–225.

 37. Pourrat JP, Begasse F, Thierry FX, et al. Plasma exchange 
therapy in progressive systemic sclerosis. Plasma Ther 
Transfus Technol 1987; 8(2): 113–118.

 38. Dau PC, Kahaleh MB and Sagebiel RW. Plasmapheresis 
and immunosuppressive drug therapy in scleroderma. 
Arthritis Rheum 1981; 24(9): 1128–1136.

 39. Guillevin L, Leon A, Levy Y, et al. Treatment of progres-
sive systemic sclerosis with plasma exchange. Seven cases. 
Int J Artif Organs 1983; 6(6): 315–318.

 40. Harris E, Meiselman H, Moriarty P, et al. Successful long-
term (22 year) treatment of limited scleroderma using thera-
peutic plasma exchange: is blood rheology the key? Clin 
Hemorheol Microcirc 2017; 65: 131–136.

 41. Dodds EM, Lowder CY and Foster RE. Plasmapheresis 
treatment of central retinal vein occlusion in a young adult. 
Am J Ophthalmol 1995; 119(4): 519–521.

 42. Ferri C, Bernini L, Gremignai G, et al. Lung involvement 
in systemic sclerosis sine scleroderma treated by plasma 
exchange. Int J Artif Organs 1992; 15(7): 426–431.

 43. Hertzman A, Cooke CL, Rodriquez GE, et al. Treatment 
of childhood mixed connective tissue disease with plasma-
pheresis. Clin Immunol Newsl 1981; 2(18): 142–144.

 44. Owlia MB. Plasma exchange in progressive systemic scle-
rosis. Am J Exp Clin Res 2015; 2(4): 133–135.

 45. Llewelyn MB and Lockwood CM. (10) Plasmapheresis 
in the CREST syndrome. Br J Dermatol 1989; 121(s34):  
78–79.

 46. Capodicasa G, De Santo NG, Galione A, et al. Clinical 
effectiveness of apheresis in the treatment of progressive 
systemic sclerosis. Int J Artif Organs 1983; 6(Suppl. 1): 
81–86.

 47. Kamanabroo D, Lonauer G and Knob J. Plasmapheresis 
in the treatment of mixed connective tissue disease. In: 
Plasmapheresis. Stuttgart; New York: Schattauer, 1980, p. 
283.

 48. Nagamura N and Kin S. Scleroderma renal crisis during 
intravenous cyclophosphamide pulse therapy for com-
plicated interstitial lung disease was successfully treated 
with angiotensin converting enzyme inhibitor and plasma 
exchange. Nagoya J Med Sci 2016; 78(3): 329–334.

 49. Szekanecz Z, Aleksza M, Antal-Szalmás P, et al. Combined 
plasmapheresis and high-dose intravenous immunoglobulin 
treatment in systemic sclerosis for 12 months: follow-up of 
immunopathological and clinical effects. Clin Rheumatol 
2009; 28(3): 347–350.

 50. Kfoury Baz EM, Mahfouz RA, Masri AF, et al. Thrombotic 
thrombocytopenic purpura in a case of scleroderma renal 
crisis treated with twice-daily therapeutic plasma exchange. 
Ren Fail 2001; 23(5): 737–742.

 51. Ferri C, Emdin M, Storino F, et al. Isolated pulmonary 
hypertension in diffuse cutaneous systemic sclerosis suc-
cessfully treated with long-term plasma exchange: case 
report. Scand J Rheumatol 2000; 29(3): 198–200.

 52. Seguchi M, Soejima Y, Tateishi A, et al. Mixed connec-
tive tissue disease with multiple organ damage. Successful 
treatment with plasmapheresis. Intern Med 2000; 39(12): 
1119–1122.



Harris et al. 151

 53. Tamura K, Akiyama J, Oono K, et al. A successful ther-
apy with plasma exchange for interstitial pneumonia of 
progressive systemic sclerosis. Intern Med 1992; 31(5):  
649–654.

 54. Crapper RM, Dowling JP, Mackay IR, et al. Acute sclero-
derma in stable mixed connective tissue disease: treatment 
by plasmapheresis. Aust N Z J Med 1987; 17(3): 327–329.

 55. Gouet D, Alcalay D, Thomas P, et al. Traitement de la sclé-
rodermie généralisée par échanges plasmatiques. La Rev 
Médecine Interne 1982; 3(4): 367–372.

 56. Szodoray P, Hajas A, Toth L, et al. The beneficial effect 
of plasmapheresis in mixed connective tissue disease with 
coexisting antiphospholipid syndrome. Lupus 2014; 23(10): 
1079–1084.

 57. Van den Hoogen FH, Boerbooms AM, Van de Putte LB, 
et al. Rebound of anti-topoisomerase I antibody titres after 
plasma exchange. Ann Rheum Dis 1993; 52(3): 246–247.

 58. Szúcs G, Szamosi S, Aleksza M, et al. Plasmapheresis ther-
apy in systemic sclerosis. Orv Hetil 2003; 144(45): 2213–
2217.

 59. Farhey Y. Mixed connective tissue disease (MCTD): a com-
ing of age. Curr Rheumatol Rev 2012; 8(1): 20–29.

 60. Cappelli S, Bellando Randone S, Martinović D, et al. “To 
be or not to be,” ten years after: evidence for mixed connec-
tive tissue disease as a distinct entity. Semin Arthritis Rheum 
2012; 41(4): 589–598.

 61. McLeod BC. Therapeutic apheresis: history, clinical appli-
cation, and lingering uncertainties. Transfusion 2009; 50(7): 
1413–1426.

 62. Harris AD, McGregor JC, Perencevich EN, et al. The use 
and interpretation of quasi-experimental studies in medi-
cal informatics. J Am Med Inform Assoc 2006; 13(1): 
16–23.

 63. Steen VD and Medsger TA. Improvement in skin thicken-
ing in systemic sclerosis associated with improved survival. 
Arthritis Rheum 2001; 44(12): 2828–2835.

 64. Wei N, Klippel JH, Huston DP, et al. Randomised trial of 
plasma exchange in mild systemic lupus erythematosus. 
Lancet 1983; 1(8314–8315): 17–22.

 65. Raimann JG. Handbook of dialysis fifth edition by John T. 
Daugirdas, Peter G. Blake and Todd S. Ing. Philadelphia, 
PA: Lippincott Williams & Wilkins, 2014, 900 pp. (ISBN-
13: 978-1451144291). Hemodial Int 2015; 19: 609–610.

 66. Derksen RH, Schuurman HJ, Meyling FH, et al. The effi-
cacy of plasma exchange in the removal of plasma compo-
nents. J Lab Clin Med 1984; 104(3): 346–354.

 67. Brecher ME. Plasma exchange: why we do what we do. J 
Clin Apher 2002; 17(4): 207–211.

 68. Blunt RJ, George AJ, Hurlow RA, et al. Hyperviscosity and 
thrombotic changes in idiopathic and secondary Raynaud’s 
syndrome. Br J Haematol 1980; 45(4): 651–658.

 69. Dintenfass L. Hemorheological factors in Raynaud’s phe-
nomenon. Angiology 1977; 28(7): 472–481.

 70. Ernst E, Lohmaier EF, Meurer M, et al. Decreased blood 
fluidity in progressive systemic scleroderma. Z Rheumatol 
1990; 49(3): 155–159.

 71. Jacobs MJ, Breslau PJ, Slaaf DW, et al. Nomenclature 
of Raynaud’s phenomenon: a capillary microscopic and 
hemorheologic study. Surgery 1987; 101(2): 136–145.

 72. Lacombe C, Mouthon JM, Bucherer C, et al. Raynaud’s phe-
nomenon and blood viscosity. J Mal Vasc 1992; 17(Suppl. 
B): 132–135.

 73. Larcan A, Schmidt C, Stoltz JF, et al. Blood rheology in 
Raynaud’s disease. J Mal Vasc 1984; 9(1): 1–6.

 74. McGrath MA, Peek R and Penny R. Blood hyperviscosity 
with reduced skin blood flow in scleroderma. Ann Rheum 
Dis 1977; 36(6): 569–574.

 75. Picart C, Carpentier PH, Brasseur S, et al. Systemic 
sclerosis: blood rheometry and laser Doppler imag-
ing of digital cutaneous microcirculation during local 
cold exposure. Clin Hemorheol Microcirc 1998; 18(1):  
47–58.

 76. Rustin MH, Kovacs IB, Sowemimo-Coker SO, et al. 
Differences in red cell behaviour between patients with 
Raynaud’s phenomenon and systemic sclerosis and patients 
with Raynaud’s disease. Br J Dermatol 1985; 113(3): 265–
272.

 77. Tietjen GW, Chien S, Leroy EC, et al. Blood viscosity, 
plasma proteins, and Raynaud syndrome. Arch Surg 1975; 
110(11): 1343–1346.

 78. Vayá A, Todolí J, Calvo J, et al. Haemorheological profile in 
patients with systemic sclerosis. Clin Hemorheol Microcirc 
2008; 40(3): 243–248.

 79. Korsten P, Niewold TB, Zeisberg M, et al. Increased 
Whole Blood Viscosity Is Associated with the Presence of 
Digital Ulcers in Systemic Sclerosis: Results from a Cross-
Sectional Pilot Study. Autoimmune Dis 2017; 2017: 1–5. 
doi:10.1155/2017/3529214

 80. Gudmundsson M and Bjelle A. Viscosity of plasma and 
blood in rheumatoid arthritis. Br J Rheumatol 1993; 32(9): 
774–779.

 81. Rosenson RS, Shott S and Katz R. Elevated blood viscos-
ity in systemic lupus erythematosus. Semin Arthritis Rheum 
2001; 31(1): 52–57.

 82. Dwosh IL, Giles AR, Ford PM, et al. Plasmapheresis ther-
apy in rheumatoid arthritis. N Engl J Med 1983; 308(19): 
1124–1129.

 83. Kahaleh MB, Sherer GK and LeRoy EC. Endothelial injury 
in scleroderma. J Exp Med 1979; 149(6): 1326–1335.

 84. Matucci-Cerinic M, Kahaleh B and Wigley FM. Review: 
evidence that systemic sclerosis is a vascular disease. 
Arthritis Rheum 2013; 65(8): 1953–1962.

 85. Kahaleh B. Vascular disease in scleroderma: mechanisms 
of vascular injury. Rheum Dis Clin North Am 2008; 34(1): 
57–71.

 86. Kill A and Riemekasten G. Functional autoantibodies in 
systemic sclerosis pathogenesis. Curr Rheumatol Rep 2015; 
17(5): 34.

 87. Cid J, Carbassé G, Andreu B, et al. Efficacy and safety of 
plasma exchange: ann 11-year single-center experience of 
2730 procedures in 317 patients. Transfus Apher Sci 2014; 
51(2): 209–214.

 88. Mokrzycki MH and Balogun RA. Therapeutic apher-
esis: a review of complications and recommendations for 
prevention and management. J Clin Apher 2011; 26(5):  
243–248.

 89. Khatri B and Kramer J. Vascular access for therapeutic 
plasma exchange. Muscle Nerve 2013; 48(4): 624.



152 Journal of Scleroderma and Related Disorders 3(2)

 90. Costantino TG, Parikh AK, Satz WA, et al. Ultrasonography-
guided peripheral intravenous access versus traditional 
approaches in patients with difficult intravenous access. 
Ann Emerg Med 2005; 46(5): 456–461.

 91. Winters JL, Brown D, Hazard E, et al. Cost-minimization 
analysis of the direct costs of TPE and IVIg in the treatment 
of Guillain-Barré syndrome. BMC Health Serv Res 2011; 
11: 101.

 92. Howe A, Eyck L, Ten Dufour R, et al. Treatment  
patterns and annual drug costs of biologic therapies across 

indications from the Humana commercial database.  
J Manag Care Spec Pharm 2014; 20(12): 1236–1244.

 93. Cantarini L, Rigante D, Vitale A, et al. Intravenous 
immunoglobulins (IVIG) in systemic sclerosis: a chal-
lenging yet promising future. Immunol Res 2015; 61(3): 326– 
337.

 94. Poelman CL, Hummers LK, Wigley FM, et al. Intravenous 
immunoglobulin may be an effective therapy for refractory, 
active diffuse cutaneous systemic sclerosis. J Rheumatol 
2015; 42(2): 236–242.


