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Background: Patients with Myasthenia Gravis (MG) can be treated acutely with therapeutic plasma exchange (TPE) or intravenous immune globulin (IVIG). To date, there is no definitive understanding of which of the two treatments is more effective and safer. The purpose of this study was to systematically review the literature on the comparative efficacy and safety of TPE to other available treatments for MG.

Methods: A systematic literature search for studies published between 1997 and 2017 was performed per Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines using two database sources, MEDLINE (through the PubMed database) and Cochrane Library.

Results: The search strategy resulted in 535 articles whose abstracts were reviewed. Among these, 165 full texts articles were reviewed for eligibility and 101 articles were excluded. Of the 165 articles, 64 articles were included for a systematic literature and 11 articles for a meta-analysis.

Conclusions: This systematic literature review and meta-analysis of treatment options showed that there was a higher response rate with TPE than IVIG in acute MG patients and patients undergoing thymectomy. There was no difference in mortality between the two treatment options. Our findings highlight the need for additional randomized clinical trials in these patients with MG.
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INTRODUCTION

Myasthenia gravis (MG) is an autoimmune, neuromuscular transmission disease characterized by a fluctuating weakness of skeletal muscle. It is estimated to affect about 60,000–80,000 people in the United States and about 700,000 people worldwide (1, 2). The disease is clinically classified into two main categories: restrictive ocular MG commonly affecting ocular muscles and generalized MG affecting multiple muscle sets including, but not limited to, ocular muscles. Generalized MG, a focus of this review, accounts for about 80% of all MG (3). MG is commonly caused by antibodies that target the receptors at the neuromuscular junction and is often defined based on those targeted receptors, such as acetylcholine receptor positive (AChR+) MG (~85% of MG), muscle-specific tyrosine-kinase receptor positive (MuSK+) MG (~5% of MG) and low-density lipoprotein receptor-related protein 4 positive (LRP4+) MG (~3% of MG) (4–7). In MG with no detectable levels of any antibodies (~7% of MG), referred to as seronegative MG, the source of immune attack is unclear but the clinical manifestation, treatment options, and treatment response are similar to those of seropositive MG patients.

The hallmark of the disorder is a fluctuating degree and variable combination of weakness in ocular, bulbar, limb, and respiratory muscles. Weakness is the result of an antibody-mediated, T-cell dependent immunological attack directed at proteins in the postsynaptic membrane of the neuromuscular junction (acetylcholine receptors and/or receptor-associated proteins). Thus, MG patients typically exhibit symptoms such as drooping eyelids (ptosis), blurred or double vision (diplopia), change in facial expression, difficulty swallowing, impaired speech, shortness of breath, and progressive muscle weakness of the limbs (7). Because disease progression is gradual and symptoms fluctuate, diagnosis is often delayed in many patients by months or even years. Disease severity rises with the number of muscles affected from moderate affecting only a few muscles to severe affecting multiple muscle groups. MG is typically a chronic condition, yet about 15–20% of patients experience severe acute symptoms within 2 years of diagnosis (3). Disease burden in acute patients is significant as these patients can experience impaired breathing; in some cases, these patients require emergency ventilation due to weakening of breathing muscles leading to a condition called myasthenic crisis or MG crisis.

The diagnosis of MG is based on results of one or more physical and neurological examinations as well as tests such as edrophonium test, blood test, electrodiagnostics, diagnostic imaging, and pulmonary function testing (7). Treatment options vary depending on the patient's state at the time of presentation. Treatment in chronic MG patients is directed at symptom management and typically includes anticholinesterase inhibitors as well as immunosuppressive agents, such as corticosteroids, azathioprine and cyclosporine (4, 7). For the ~15% of MG patients that have a tumor in their thymus they often undergo thymectomy to reduce the risk of myasthenic crisis and improve disease prognosis (8). Acute or severe patients generally receive short term disease stabilizing therapies such as therapeutic plasma exchange (TPE) and intravenous immunoglobulin (IVIG) (9, 10). Management of acute patients is critically important because failure to intervene with a proper treatment option can lead to respiratory failure, paralysis, and potentially death. TPE stabilizes acute patients by removing the destructive antibodies; it does this by replacing plasma containing harmful antibodies with a disease-free replacement fluid (either albumin or plasma) (11, 12). The mechanism of action of IVIG has yet to be fully elucidated. However, it has been shown that IVIG, when injected, directly binds to the disease-causing antibodies and neutralizes them for relief from immune attack (13).

TPE, the focus of this review, is a type of apheresis therapy in which plasma that contains disease-causing antibodies is separated and removed from the patient's bloodstream. The TPE procedure can take place through central or peripheral venous access points. There are several TPE systems available from different manufacturers. In the treatment of acute MG patients, including but not limited to myasthenic crisis, TPE, and IVIG are often used interchangeably. Despite several literature reviews (14–25) on TPE, IVIG, or both, there is not a clear agreement as to which of the two acute therapy options is more effective or safer; results can vary across studies and patient types. The decision to use TPE vs. IVIG may also depend on factors such as access and convenience.

The purpose of this literature review and meta-analysis is to assess the comparative efficacy and safety of TPE against available treatment modalities and/or untreated patients.



MATERIALS AND METHODS


Literature Search and Review

The systematic literature review was conducted per Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines with two independent database sources, MEDLINE (through the PubMed database) and Cochrane Library (26). A systematic search of both database sources was conducted for studies published between 1997 and 2017 using predefined search terminology focusing on TPE and MG. Table 1 presents search terms and combinations used to search both databases. In the report, therapeutic plasma exchange was used unless a reference did not specify the specific type of plasmapheresis. “Plasmapheresis” is a slightly broader term, which includes TPE, and was used within the report only when a particular type of plasmapheresis was not specified in a cited reference. Only studies published in English addressing the efficacy and/or safety of TPE in MG were included. Efficacy endpoints to be included were pre-defined prior to the full text review (Table 2). Safety endpoints, on the other hand, were not pre-defined; all available data were captured except for those reported as “any adverse event (AE)” or “any complication” rates due to the variable or omitted definitions for these terms in many publications. Original clinical research articles and consensus guidelines were included for use in the report. Systematic reviews & meta-analyses were included for context and as potential sources of additional references. All other publication types were excluded: non-systematic reviews, unofficial guidelines, preclinical research, and journal article comments. Abstracts of all studies identified through the search were scored by two independent reviewers to assess eligibility for inclusion.


Table 1. Search terminology.
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Table 2. Efficacy endpoints of interest.
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Study Selection Process

A total of 526 studies from MEDLINE and 38 studies from the Cochrane Library were identified based on search terminology. Following the removal of duplicates, 535 papers were selected for abstract screening. Abstract screening led to a total of 1651 articles as eligible candidates for full text review. Bibliographies were checked for additional references, including pre-1997 publications. In cases where an article was not available for download, inquiries were sent to the publisher and corresponding author. Despite these efforts, 3 articles could not be obtained for full text review (27–29). All eligible papers were reviewed and a total of 64 papers met the final criteria and were included in the literature review. Of these 64 papers, 13 cited one or more specific TPE systems, including 6 that cited the COBE Spectra Apheresis System and 1 that cited the Spectra Optia Apheresis System (Terumo BCT, Inc., Lakewood, CO, USA; formerly Caridian BCT). There were numerous non-comparative studies of TPE in MG that are not included in this review. Figure 1 presents the study selection process applied during abstract screening and full text review.
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FIGURE 1. Study selection.




Data Extraction

During data extraction, reviewers noted and discussed potential sources of biases including imbalances in baseline characteristics, non-randomized nature of studies, and unmasked outcomes. In some cases where data was presented graphically, but not in explicit numerical form, WebPlotDigitizer was used to extract data points from figure images. Where available, statistical summaries including p-values from studies are reported. Where original publications did not provide a test of statistical significance, p-values were calculated using Fisher's exact test for categorical data and student's t-test for continuous data, if appropriate. Continuous variables are described as mean ± standard deviation unless otherwise noted.



Meta-Analysis

All efficacy and safety endpoints captured by 36 comparative safety and comparative efficacy papers were qualified as candidates for meta-analysis. The decision to run a meta-analysis on a specific endpoint was based on two criteria: a) there must be at least 3 papers containing data on that endpoint and b) available data on that endpoint across studies must contain a matching comparator treatment and a comparable study background including treatment context, age group, and outcome measures. Based on these criteria, two endpoints qualified for the meta-analysis. Both compare TPE and IVIG in acute MG patients, with one analysis focused on response rate and the other mortality rate.

Meta-analysis was performed using a random-effects model to account for the fact that the treatment effect may vary due to a variation in patient populations across studies. The outcome of the meta-analysis was reported as risk differences between TPE and IVIG along with 95% confidence intervals (95% CI). The model was fit using the DerSimonian and Laird method with a continuity correction of 0.5 in studies with 0 cell frequencies (30). Bias in meta-analyses was assessed using Egger's method (31).




RESULTS


Professional Guidelines and Guidance Statements on the Use of TPE in MG

Three sets of prominent US and EU professional guidelines & guidance statements recommend the use of TPE in one or more MG clinical situations (2, 4, 32–36). The most recent guidance from the MG Foundation of America (MGFA) Task Force and guidelines from the European Federation of Neurological Societies (EFNS) and American Society for Apheresis (ASFA) all recommend the use of TPE in cases of severe acute MG, including myasthenic crisis, and in preparation for thymectomy. The ASFA guidelines go further to include patients with moderate disease severity. The MGFA Task Force recommendations expand the set of appropriate clinical situations to include maintenance treatment in juvenile, refractory, or immunosuppressant-contraindicated patients, short term treatment during pregnancy, or any other time that a rapid response is required.

In contrast to the references above that recommend the use of TPE in MG, 2011 guidelines from the American Academy of Neurology (AAN) conclude that there is not enough evidence to support or refute the use of TPE in MG citing a lack of randomized, controlled clinical trials with masked outcomes (37)2. However, the AAN guidelines acknowledge that TPE is being used at many medical centers for the treatment of myasthenic crisis and MG pre-thymectomy.

The MGFA Task Force, ASFA, and EFNS provide further commentary on the tradeoffs between TPE and IVIG. All three guidelines describe TPE and IVIG as equally effective, but tentatively suggest potential advantages for each. The MGFA Task Force guidance and EFNS guidelines state that TPE may work faster in general and may be more effective in MuSK+ patients than IVIG (2, 33). The MGFA Task Force guidance and ASFA guidelines describe a more favorable safety profile for IVIG compared to TPE (2, 4). No strong recommendation for one over the other is given, though EFNS guidelines state that IVIG may be preferred due to fewer and less severe side effects, while the MGFA Task Force says that expert consensus suggests that TPE is more effective.

Recommendations from on optimizing TPE outcomes include the use of peripheral rather than central venous access (2), early rather than delayed initiation of TPE during crisis (33), and delay of corticosteroid treatment during crisis until initial improvement is achieved via TPE (2). The guidelines are careful to note that although the clinical effect of TPE is rapid (1–7 days), durability is limited & variable (2–12 weeks).

Older (38) or regional (39) guidelines on the use and limitations of TPE in MG have also been published. Consensus statements recommending TPE as a valuable treatment for both acute MG crisis and pre-thymectomy date back at least as far as 1986 (38). A summary of German Society for Neurology guidelines notes that TPE, IVIG, and immunoadsorption (IA) are equivalently recommended for the treatment of myasthenic crisis (40).



TPE Efficacy


Efficacy of TPE in the Treatment of Acute MG

Acute MG patients require immediate medical attention to prevent worsening of symptoms and possibly death. There is a large body of evidence associating TPE with improved disease severity and recovery from crisis in acute MG patients (5, 41–46). In comparison to IVIG, meta-analysis results indicate a higher overall response rate in patients treated with TPE. Shorter ventilation times have been observed with TPE, while shorter overall hospitalization times have been reported with IVIG. However, for most endpoints, including QOL scores, response time, electrophysiological metrics, and antibody titers, no significant evidence exists for a difference between the two treatments. It is important to note that studies comparing TPE to “no treatment” are not found in the literature likely due to the seriousness of acute MG and the timeframe in which the treatment was developed.


TPE vs. IVIG

Numerous studies have compared the effectiveness of TPE and IVIG in the treatment of acute MG. The majority of these, comprising 2 prospective, randomized trials (5, 41) and 4 retrospective analyses (42–44, 47) included a measure of the impact of TPE and IVIG on overall disease burden. All response rates to TPE treatment were ≥50% of patients and all changes from baseline on established MG disease severity scales were statistically significant. In each of the 6 studies, reported response rates and/or mean response magnitude was greater among patients treated with TPE than among those treated with IVIG3. However, the difference reached statistical significance in only one of the studies (44).

To further explore the difference in efficacy across studies, a meta-analysis of response rates for TPE vs. IVIG in acute MG was performed (Table 3). Data from 4 studies were determined to be sufficiently comparable for inclusion in the analysis (see Table 4 for study design summaries). Studies with response rates that were not based on a specific disease severity or outcome scale were excluded (42, 47). The summary statistic, response risk difference (TPE % responders minus IVIG % responders), ranged from +7% to +32% for the 4 eligible studies; a positive risk difference indicates that more patients responded to TPE vs. IVIG. The pooled estimate based on a random effects model was a +19% response risk difference in favor of TPE vs. IVIG in acute MG. This result was statistically significant (p = 0.002). Egger's test did not indicate bias (p = 0.6729), but the small number of studies used limits the power of this assessment (31).


Table 3. Meta-analysis results comparing response risk differences between TPE and IVIG in acute MG patients.
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Table 4. TPE vs. IVIG response rates and sizes in acute MG data.
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When comparing TPE to IVIG for other key endpoints, published evidence shows limited differences between the two treatment modalities. However, evidence suggests that compared to IVIG, patients treated with TPE experience shorter ventilation times but longer hospitalizations.

In general, studies comparing TPE and IVIG have not found significant differences for most endpoints. For example, improvements in quality of life scores (48), response times (41, 42), electrophysiological improvement (5), and decrease in AChR antibody titers (41) are all key endpoints for which no significant differences between TPE and IVIG have been reported in acute MG. However, there is indirect evidence that responses to TPE may be faster (42)4, but less durable (5), than responses to IVIG based on response time and electrophysiological data, respectively. Direct comparison of response times also showed a noticeably shorter median response time for TPE vs. IVIG, though the difference did not reach statistical significance (42).

In contrast, speed of recovery, as measured by ventilation and hospitalization times, is an area in which significant differences between TPE and IVIG have been observed. Specifically, a higher rate of early extubation and superior ventilation status at 2 weeks was observed for TPE vs. IVIG in one study (42). Conversely, significantly longer hospitalization times were observed among MG crisis patients treated with TPE vs. IVIG (1). For both of these endpoints, there are studies providing indirect (49) or directional (42, 50) support for these conclusion.



TPE vs. Other Treatment Modalities

In addition to IVIG, the efficacy of TPE has been compared to other treatment modalities in acute MG including immunoadsorption and as an addition to other treatment backgrounds. In 2 studies comparing TPE to IA in acute MG, no significant differences between the two treatments were observed (51, 52). However, the combination of TPE + immunoadsorption was associated with significantly shorter hospitalization times than TPE alone (51).

Studies of other treatment backgrounds with or without TPE have either found better outcomes with TPE (49) or did not observe significant differences (53, 54) among patients receiving treatment for acute MG.




Efficacy of Pre-thymectomy TPE in MG

Studies have found pre-operative TPE to be associated with better thymectomy outcomes. However, there is not strong evidence to support TPE as a superior treatment to IVIG in the pre-thymectomy setting.


TPE vs. No Immunomodulatory Treatment

The majority of published evidence has demonstrated that outcomes in patients undergoing thymectomy are superior for those who receive TPE prior to surgery compared to those who do not receive immunomodulatory therapy (Table 5). Retrospective studies comparing TPE to no pre-thymectomy treatment have found that TPE significantly increases speed of post-operative recovery (55, 57), improves long-term response rate and magnitude (10, 55) and decreases incidence of crisis during follow up (10, 55). The single exception to this trend was a retrospective study in which a lower immediate extubation rate and longer hospitalization time were reported for TPE, though in neither case were the differences statistically significant (56).


Table 5. Pre-thymectomy TPE comparative efficacy data.
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TPE vs. IVIG

When compared to IVIG in the pre-thymectomy context, there is no available evidence to suggest that TPE leads to superior outcomes. Across one prospective and one retrospective comparison, no significant differences in response rate or magnitude, hospitalization time, or incidence of crisis were observed between TPE and IVIG (9, 58). However, in the prospective study, patients receiving TPE were intubated for a significantly longer time than those receiving IVIG (9).



Efficacy of TPE in Chronic MG


TPE vs. IVIG

While TPE is routinely used in the treatment of acute MG patients and those undergoing thymectomy, comparative data is sparse in the maintenance treatment of chronic, stable patients. However, in the limited literature for chronic MG that is available, there is data showing higher response rates to TPE vs. IVIG among juvenile patients (25) and no evidence of a significant difference between the two treatments in adults (45).

A controlled crossover trial of TPE and IVIG in chronic, stable adult MG patients tracked QMGS and AChR titers for 16 weeks after an initial course of treatment (45). During the TPE phase, a statistically significant improvement from baseline QMGS was observed at 1 week, maintained at 4 weeks, but was no longer significant by 8 weeks (p < 0.05). In contrast, a statistically significant improvement from baseline was not reached until 4 weeks for IVIG and, similarly, was no longer significant by 8 weeks. No statistically significant differences between TPE and IVIG were observed at any timepoint as measured by QMGS. TPE, but not IVIG, led to a statistically significant reduction in AChR titers at 1 week (average decline of 79%, p < 0.001)5. In the longer timeframe, neither group showed any statistically significant reduction in AChR titers (4–16 weeks).

Additionally, retrospective analysis of maintenance therapies in juvenile MG patients found that the response rate to TPE was significantly higher than IVIG (100 vs. 50%; p = 0.04) (25).



TPE vs. Other Treatment Modalities

In addition to IVIG, the efficacy of TPE has been compared to other treatment modalities in acute MG including pyridostigmine and as an addition to other treatment modalities, such as glucocorticosteroids. In a prospective study of chronic stable moderate patients treated with pyridostigmine or TPE, significantly larger improvements in several pulmonary function metrics was observed with TPE (59). Studies of steroid treatment backgrounds (i.e., prednisolone, prednisone) with or without TPE have not observed significant differences in maintenance therapy (60, 61). One prospective study of long term TPE and prednisone treatment found a faster response when TPE was added to a background of prednisone, although the trend did not continue over a longer period of 24 months (61); a higher rate of exacerbations was noted in the TPE group, but the difference was not significant.




Considerations to Maximize TPE Efficacy

Some studies have looked at ways to optimize TPE efficacy (62–66). For example, published evidence shows that treatment schedule and venous access route can impact TPE efficacy in MG.


Treatment Schedule

Timing and frequency of TPE in MG may impact speed of recovery. A randomized trial of acute MG patients reported that patients receiving daily TPE spent a median of 17.5 days in the hospital whereas those receiving TPE on alternate days spent a median of 26 days, though this difference was not statistically significant (p = 0.054) (65). Similarly, timing of TPE can affect recovery speed as evidenced by a study which showed that MG crisis patients receiving TPE within 2 days of admission had a significantly shorter hospital stay compared to those receiving TPE >2 days after admission (6 days vs. 14 days; p < 0.001) (63).



Venous Access Route

Peripheral venous access is associated with faster recovery compared to central venous access. A retrospective analysis of MG patients treated with TPE found that patients who received TPE via peripheral venous access spent significantly less time in the hospital compared to those who received TPE via a central venous line (median: 9 days [range 6–10] versus 12 days [range: 8–18], p = 0.002; 84 and 94% acute patients, respectively) (62).




Specific Population: MuSK+ Patients

There is a small body of evidence demonstrating the efficacy of TPE specifically in MuSK+ MG patients including evidence of higher response rates with TPE vs. IVIG. A retrospective analysis of 110 MuSK+ acute MG patients reported that 93% of patients who received TPE and 61% of patients on IVIG saw clinical improvements based on MGFA-PIS (p = 0.0002) (44). A prospective trial in MuSK+ patients compared the efficacy of TPE (N = 3) against that of early prednisone (N = 6) and thymectomy (N = 3) by grading patients on MGFA classification at the onset of myasthenic symptoms, in the maximally deteriorated state, and at the last clinic visit after or during treatment (60). It found that while all patients on TPE and early prednisone improved (p = 1.0), no patient improved post-thymectomy. It is important to note, however, that patients in the prednisone and TPE groups had more severe baselines (IIb to V) than the thymectomy group (all IIb) and differences in response rate for TPE vs. thymectomy in MuSK+ patients did not reach statistical significance (p = 0.1). Although other studies exist that highlight the benefits of TPE over IVIG in MuSK+ patients, they do not provide clear comparative evidence [i.e., one study reports response rates for TPE and IVIG, but the number of patients who received only TPE, only IVIG, or both TPE and IVIG is not specified (67); another publication studied TPE in patients that had failed IVIG rather than a side by side comparison (68)].



COBE Spectra and Spectra Optia Apheresis Systems

As noted, several types of TPE systems are available to perform TPE procedures in MG patients. Although preclinical publications exist, data comparing the clinical efficacy of different TPE systems was not found in published literature. Most comparative papers either use more than one in a single study or do not specify which was used.

Among publications included in this review that specified one or more specific TPE systems, the Spectra line of systems, COBE Spectra and Spectra Optia Apheresis Systems were the most commonly cited (5, 51, 62, 64). Comparative studies that exclusively used both COBE Spectra and Spectra Optia Apheresis Systems include a prospective, randomized trial of TPE vs. IVIG in acute MG (5). In the TPE group, mean QMGS scores were significantly improved at day 14 and this improvement was maintained through day 28 (p < 0.0001). The majority of TPE patients responded to treatment according to two separate scales6, but no significant difference was observed in response rate to TPE vs. IVIG on either scale (p = 0.5 to 0.74). Although mean values of QMGS improvement were greater at all time points for TPE compared to IVIG, none of the differences were statistically significant (p = 0.07 to 0.13).

A retrospective analysis from an institution solely using the COBE Spectra Apheresis System for TPE found that patients receiving pre-operative TPE using the COBE Spectra Apheresis System saw improvements following thymectomy compared to those who did not receive a pre-operative TPE (64). Another retrospective analysis, which exclusively used the COBE Spectra Apheresis System, found that peripheral venous access is associated with shorter hospitalizations compared to central venous access among acute MG patients treated via TPE (62). Lastly, a retrospective analysis comparing TPE vs. immunoadsorption in acute MG was published by an institution that utilized COBE Spectra Apheresis System as one of its two TPE systems (AS104 from Fresenius Kabi, Bad Homburg, Germany also used). Findings in the TPE group included a statistically significant improvement in QMGS from baseline to time of discharge (p < 0.0001) (51). However, there was no statistically significant difference in efficacy between the TPE and immunoadsorption groups.




TPE Safety
 
Mortality

No significant increase in mortality risk has been reported for TPE compared to other MG treatment modalities, including IVIG. In the pre-thymectomy context, the use of TPE has not been shown to significantly affect mortality compared to untreated patients. In myasthenic crisis, TPE with corticosteroid treatment is associated with significantly lower mortality than treatment with corticosteroids alone. This report provides a complete summary of TPE in MG studies with comparative all-cause mortality data.


TPE vs. No TPE

Most published studies that compare TPE to an untreated group are within the peri-operative context. In a retrospective analysis of patients receiving (N = 10) or not receiving (N = 9) pre-thymectomy TPE, no deaths were reported among either patient group through 1 year of follow-up (55). Another retrospective analysis compared two pre-thymectomy protocols: a universal protocol in which all patients underwent TPE (N = 74) and a selective protocol in which only “high risk” patients underwent TPE (N = 90). No deaths were reported under either protocol during hospitalization (64). A third retrospective study, comparing patients receiving (N = 33) or not receiving (N = 53) pre-thymectomy TPE, reported 1 death during hospitalization in each group and no statistically significant difference between the two options (p = 1.00) (56).

One very small prospective study reported outcomes for myasthenic crisis patients treated with intravenous methylprednisone (MP) with or without TPE (54). During hospitalization, mortality was significantly higher in patients treated only with MP compared to those who received both MP and TPE (100% mortality, N = 3 vs. 0% mortality, N = 4; p = 0.03). The authors note that although all patients were mechanically ventilated, some patients were not treated in the ICU due to limited resources. Another, older (1970–1995) retrospective analysis reported high mortality rates among myasthenic crisis patients treated with or without TPE in a background of pyridostigmine ± prednisolone, but there was no significant difference between the +TPE and -TPE groups (19 vs. 10%, p = 0.42) (53).



TPE vs. IVIG

As with efficacy, studies of TPE vs. IVIG represent the greatest volume of comparative TPE mortality data. No statistically significant differences between the two have been reported across treatment contexts. For example, the largest published cohort is a retrospective analysis of the Healthcare Cost and Utilization Project-Nationwide Inpatient Sample (HCUPNIS) administrative database, which reported in-patient mortality rates across all MG diagnoses & treatment contexts (1). Although the unadjusted mortality rate was higher in TPE than in IVIG (2.6 and 0.6%), the adjusted odds ratio of 2.6 was not found to be statistically significant (p = 0.21).

To provide greater strength of evidence within a single treatment context, a meta-analysis of TPE vs. IVIG all-cause mortality in acute MG was performed (Table 6). Data from 7 studies were determined to be sufficiently comparable for inclusion in the analysis (See Table 7 for study design and demographic summary). Chronic, maintenance studies (25, 45) and mixed cohorts (1)7 were excluded. Mortality risk difference (TPE mortality % minus IVIG mortality %), ranged from−5.8% to +5.1%. The pooled estimate based on a random effects model was a +1.5% mortality risk difference (higher risk in TPE) but was not statistically significant (p = 0.264). Egger's test did not indicate bias (p = 0.065), but the small number of studies used limits the power of this assessment (31). Thus, even when aggregating data from all published comparisons, there is insufficient evidence to conclude that TPE and IVIG have different all-cause mortality rates in acute MG.


Table 6. Results of meta-analysis (TPE vs. IVIG) of mortality risk difference in acute MG.
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Table 7. Comparative all-cause mortality data for TPE in MG.
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Mortality data has also been published in the chronic/maintenance setting, though the number of published comparisons of TPE vs. IVIG is far fewer than in acute MG. In one retrospective analysis, 27 juvenile MG patients were treated with TPE or IVIG every other week, with tapering if possible (25). Over a median 1-year follow-up, no deaths were reported in either group. Lastly, in a prospective controlled crossover trial, 12 stable, chronic MG patients were treated with a course of TPE or IVIG (45). Through 16 weeks of follow-up, no deaths were reported in either group.



Optimizing TPE

A few studies have also looked at the effects of procedural factors on mortality in MG patients treated with TPE. In a retrospective analysis of the HCUPNIS administrative database, inpatient mortality was reported for patients receiving early TPE (0–2 days from admission) or delayed TPE (>2 days from admission) under any MG treatment context (63). All-cause mortality was significantly higher in patients who received delayed vs. early TPE (6.6% N = 183 vs. 1.2% N = 870, p < 0.0001: adjusted odds ratio 1.86, p < 0.0001).

A retrospective study of the impact of access route on TPE complications in MG compared mortality for peripheral vs. central venous access (62). Across a mix of treatment contexts, no deaths were reported in patients receiving TPE via peripheral venous access (N = 100). Two deaths occurred among patients receiving TPE via central access (N = 34), but this difference did not reach statistical significance (p = 0.07).



COBE Spectra and Spectra Optia Apheresis Systems

As noted above for efficacy, data comparing the mortality associated with different TPE systems was not found in published literature. However, Table 7 includes all-cause mortality data from several studies captured in this report that used the Spectra systems, COBE Spectra and Spectra Optia Apheresis Systems, exclusively (5, 62, 64) or as one of two cited systems (51, 69). Across all treatment contexts in the studies using COBE Spectra and Spectra Optia Apheresis Systems exclusively, 2 deaths were reported among 284 treated patients. Both deaths occurred in patients described as having MG-related immobility and were suspected to have been caused by central venous catheter complications: urosepsis and pulmonary embolism (62).




Other Adverse Events

Studies which resulted in statistically significant differences between TPE, and any comparator treatment were limited to a handful of publications comparing TPE vs. IVIG. While incidence of certain AEs is greater in TPE, there are other AEs more frequently seen in IVIG. Existing evidence points to peripheral venous access and early treatment as the TPE procedural factors most strongly associated with lower AE rates. A compilation of all vascular, cardiac, infection, and other8 AE rates from comparative studies, including those for which significant differences were not observed, are shown in Tables 8–11, respectively. As seen in Tables 8–11, AEs other than those listed here may have had higher rates reported in either TPE or IVIG, but the differences were not significant, and sufficiently comparable studies could not be identified for a meta-analysis of >2 studies.


Table 8. Comparative vascular adverse event data for TPE in MG.
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Table 9. Comparative cardiac adverse event data for TPE in MG.
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Table 10. Comparative infection adverse event data for TPE in MG.
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Table 11. Additional comparative adverse event data for TPE in MG.
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PE vs. IVIG

AEs with significantly higher rates in TPE included cardiovascular AEs, infections, renal failure, and citrate reactions, while IVIG showed higher rates of extra-thymic tumor formation, headache, and nausea and vomiting.

In a combined analysis of all MG patients (crisis and non-crisis) in a retrospective HCUPNIS analysis (1), the adjusted odds ratio for any severe complication favored IVIG, but did not reach statistical significance (odds ratio IVIG/TPE: 0.71, p = 0.07). However, among myasthenic crisis patients treated with TPE or IVIG, the rates of cardiac complications, systemic infections, and acute renal failure were all significantly higher among TPE-treated patients. Cardiac complications, comprising hypotension, fluid overloading, arrhythmias, myocardial infarction, and cardiac arrest, was the most frequently observed category in both TPE and IVIG (22.68 vs. 11.83%, p = 0.001). The most significant difference between TPE and IVIG was observed in systemic infections, which included bacteremia, sepsis, systemic inflammatory response syndrome, and anaphylaxis (9.45 vs. 1.18%, p < 0.0001). Acute renal failure was significantly higher in the TPE cohort (4.73 vs. 1.18%, p = 0.038). In contrast, rates for non-crisis MG patients were lower for each category and no statistically significant differences were observed between TPE and IVIG (cardiac: 9.50 vs. 7.60%, p = 0.55; infection: 1.63 vs. 1.17%, p = 1.00; renal failure: 0.27 vs. 1.17%, p = 0.16; N = 737 and 171, respectively). A fourth AE category, thrombotic complications, exhibited a higher rate in TPE among crisis patients and a lower rate in TPE among non-crisis patients, though neither was statistically significant (crisis: 3.40 vs. 0.59%, p = 0.05; non-crisis: 0.27 vs. 0.58%, p = 0.46).

A prospective, randomized study comparing TPE (N = 41) and IVIG (N = 40) in acute MG found significant differences in the rate of several AEs (5, 72). Citrate reaction (14.6 vs. 0%, p = 0.03) and vasospasm (19.5 vs. 0%, p = 0.0054) were observed specifically in TPE. In contrast, headache (0 vs. 20.0%, p = 0.0024) and nausea & vomiting (0 vs. 17.5%, p = 0.0054) occurred solely in the IVIG group. A prospective controlled crossover comparison of TPE vs. IVIG as maintenance therapies similarly reported headache as an IVIG-specific adverse event (0 vs. 58%, p = 0.0046) (45).

A large, retrospective survey examined the risk factors associated with extrathymic tumor formation in 2,479 MG patients over long term follow-up (mean 14 years) (71). Increased risk of extrathymic tumor formation as a function of MG treatment history was summarized by odds ratios for several common MG treatments, including TPE (OR: 1.1, 95% CI 0.6–1.7) and IVIG (OR: 1.8, 95% CI 1.1–3.0). Among all treatments considered, only history of IVIG treatment was confirmed by multivariate logistic regression analysis to have a statistically significant association with extrathymic tumor formation (adjusted OR: 1.8, 95% CI 1.1–2.9).



Optimizing TPE

A few studies have also looked at the effects of procedural factors on specific adverse events, beyond mortality, in MG patients treated with TPE. Significantly better safety outcomes were achieved when TPE was performed soon after hospital admission and via peripheral venous access.

A retrospective study compared adverse event rates in TPE for MG performed via peripheral (N = 100) vs. central venous access (N = 34) (62). Cohorts included TPE use under any MG treatment context. Rates of several specific AEs were significantly lower for peripheral access: anemia or coagulopathy requiring transfusion (0 vs. 9%, p = 0.015), deep vein thrombosis (0 vs. 12%, p = 0.0033), arrhythmia (atrial fibrillation with rapid ventricular response: 1 vs. 15%, p = 0.0041), and acute renal failure (0 vs. 9%, p = 0.015).

The retrospective analysis of TPE timing within HCUPNIS found that the rates of several major AE categories were lower in early TPE (0–2 days from admission, N = 870) vs. delayed TPE (>2 days from admission, N = 183) (63). Specifically, the rates of cardiac complications (11.8 vs. 24.6%, p < 0.0001), systemic infections (2.9 vs. 7.7%, p < 0.001), and acute renal failure (1.0 vs. 3.8%, p = 0.009) were all statistically lower when TPE was performed early. The adjusted odds ratio for any complication from the above categories showed a significant increase in risk when TPE treatment was delayed (odds ratio delayed/early: 1.49, p < 0.0001).



COBE Spectra and Spectra Optia Apheresis Systems

As noted for efficacy and mortality, data comparing other adverse events associated with different TPE systems was not found in published literature. Tables 8–11 include adverse event data from several studies captured in this report that used the Spectra systems, COBE Spectra and Spectra Optia Apheresis Systems, exclusively (5, 62, 64, 70) or as one of two cited systems (51, 69). Safety findings from studies exclusively using COBE Spectra and Spectra Optia Apheresis Systems in comparison to IVIG (5, 72) and that used COBE Spectra Apheresis System exclusively in comparing between peripheral and central venous access (62) have been described in previous sections. Safety data in other TPE optimization studies using COBE Spectra Apheresis System reported higher rates of several AEs under certain conditions, but differences did not reach statistical significance in any case (64, 69, 70). Lastly, in a retrospective analysis comparing TPE vs. immunoadsorption in acute MG from an institution that utilized COBE Spectra Apheresis System as one of its two TPE systems, a higher overall adverse event rate was reported with TPE (36.9 vs. 4.2%, p < 0.05) (51). Other than pneumonia, for which there was no significant difference between the two treatments, rates of specific AEs were not reported.






LIMITATIONS

There are several limitations of this report and the body of literature on which it is based. As has been noted by many authors in the past, establishing a baseline benefit of TPE is not possible from the available literature given the lack of placebo-controlled studies, likely due to the life-threatening nature of the condition in the acute context. Others have noted that decades of observational experience likely preclude and render unethical the performance of a randomized trial with a placebo arm (73, 74). As such, this report was designed to capture comparative data between TPE and other key treatments in use within MG. The included studies are mostly retrospective or prospective, but not blinded, not adjusted for potential geographic differences, and the majority do not specify the TPE system or separation method. Although we highlighted one system, comparison of other devices in the future would be beneficial. Other systematic reviews and some guidelines utilized more narrow inclusion criteria, which can be complemented by the more inclusive approach of this report. Another meta-analysis comparing plasmapheresis with IVIG looked strictly at prospective studies but also included other forms of plasmapheresis (75). Lastly, predominately retrospective or prospective studies were used in the analysis; randomized controlled studies would be preferred but unfortunately this is a limitation of available data.

Despite a comprehensive, inclusive approach, it is possible that our search may not have captured all relevant studies. Potential gaps include non-English articles, articles published prior to 1997, but not cited in later literature, articles not indexed in either of the databases utilized, or articles for which full text copies could not be obtained. Furthermore, the strategy was not designed to specifically look at data for MG patients seronegative for MuSK antibodies or positive for LRP 4, but this area remains of interest. Given the dearth of available data to determine if seropositive or seronegative patients should be treated differently with the available treatment, the currently available studies indicate that these patients should be treated similarly.

Regarding professional treatment guidelines, the most recent versions were given precedence. Several of these are more than 5 years old and more recent data might have altered the perspectives of their developers (4, 37).

In the meta-analyses, because of design limitations in the available studies, including variable disease scale, serotype, and timepoint, additional variables cannot be ruled out as potentially affecting TPE vs. IVIG outcomes. Baseline disease severity could also impact both efficacy and safety results, as was specifically noted in the largest retrospective analysis included in this report (1). It is also notable that in several instances an AE commonly mentioned in the literature to be associated with TPE was higher than a comparator, but the difference was not significant, which could be an unavoidable limitation of the small size of many of the included studies (Tables 8–11).



CONCLUSIONS

TPE is an effective and appropriate MG treatment as evidenced by original research studies and professional guideline recommendations.

Although placebo controlled studies are not available, studies report high response rates among acute MG patients treated with TPE, as has been summarized previously (76). There is a large body of evidence associating TPE with improved disease severity and recovery from crisis in acute MG patients. In acute MG, a risk/benefit tradeoff appears to exist between TPE and IVIG. The meta-analysis results from this report indicate a higher response rate with TPE vs. IVIG in acute MG patients. The meta-analysis did not find differences in mortality; however, IVIG was associated with a lower risk of potentially serious adverse events. If peripheral rather than central venous access can be utilized in TPE treatment of myasthenic crisis, evidence shows a significant drop in most serious AE rates. Some evidence suggests that fast responses and shorter ventilation times are more likely with TPE, which might increase the favorability of TPE when a rapid response is particularly important. TPE might be preferred over IVIG in patients with a higher baseline risk of extrathymic tumor formation than the broader MG population, or in patients particularly sensitive to headache or nausea & vomiting. Conversely, IVIG might be preferred in patients with a higher baseline risk of cardiovascular AEs, infections, and renal failure than the broader MG population. It is important to note that these factors potentially impacting risk/benefit tradeoffs have not been evaluated prospectively but warrant further investigation. Irrespective of IVIG, peripheral venous access and early intervention are associated with significantly more favorable outcomes of TPE treatment in acute MG. There is direct of evidence that TPE is superior to IVIG in MuSK+ patients from a single comparative study, which is reflected in professional guidelines. Other studies in which TPE and IVIG are used in MuSK+ patients, but they do not provide clear comparative evidence and further investigation would be valuable.

Most published evidence has demonstrated that outcomes in patients undergoing thymectomy are superior for those who receive TPE prior to surgery compared to those who do not receive acute immunomodulatory therapy. However, there is no available evidence to suggest that TPE has superior efficacy over IVIG when used pre-thymectomy, and TPE vs. IVIG adverse event rates have not been reported in this context.

In maintenance therapy for chronic MG, the overall body of evidence comparing TPE to other treatments is quite limited and the limitation of the transient response is burdensome. In juvenile patients, there is evidence supporting the use of TPE over IVIG for maintenance therapy, but further investigation is needed beyond the single published comparative study. However, the relatively high response rates and lack of a statistically significant safety downsides to IVIG in available maintenance studies suggest that this treatment area warrants further investigation to further establish both comparative efficacy and safety.

In summary, available literature and professional recommendations strongly indicate that TPE has clear clinical utility in the treatment of acute MG and in improving thymectomy outcomes. There are notable side effects that should be considered, but neither a significantly increased risk of mortality nor a consistent pattern of serious adverse events exists across studies. TPE outcomes can be improved further with early intervention and peripheral venous access.
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FOOTNOTES

19 of the 165 articles were added from citations during full-text review.

2AAN scale “Level U” recommendation – very low confidence in evidence.

3One study reported a higher rate for TPE vs. IVIG when response was defined as clinically meaningful improvement in the primary outcome metric (ΔQMGS≥3.5) (58 vs. 51%), but an opposing trend when response was defined as an MGFA-PIS of improved or better (65 vs. 69%).

4Direct statistical comparison between TPE and IVIG not reported and not possible from published data because no variance metric was reported.

5The study did not report on the statistical differences between the efficacies of two treatments as measured by AChR titers.

6ΔQMGS ≥ 3.5: 57% response rate, MGFA-PIS “improved” or better: 65% response rate.

7HCUPNIS analysis comprised a mixed cohort (“Myasthenia gravis”), which was excluded from the meta-analysis, and an acute cohort (“myasthenia gravis crisis”), which was included in the meta-analysis.

8Includes any other specific AEs meeting at least one of the following criteria (1) appearing in >1 publication, (2) associated with TPE according to other existing literature, (3) subjectively evaluated by report authors as potentially serious (e.g., vasospasm, extrathymic tumors).
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