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Seropositivity in Myasthenia Gravis as a Predictor of 
Response to Therapeutic Plasma Exchange

Aktham Ismail Alemama, c, Amal Ismail Abdulrahmanb

Abstract

Background: In spite of the increasing availability of immunomodu-
latory treatments for myasthenia gravis (MG), little is known about 
factors that predict response to the treatment. We aim to study if the 
presence of acetylcholine receptor (AChR) antibodies may be one 
of the predictors of the response to the therapeutic plasma exchange 
(TPE) in patients with MG.

Methods: The study was carried out in 78 patients with moderate 
to severe MG. They were divided into two groups: TPE group (62 
patients) that included the patients who received TPE, and control 
(non-TPE) group who did not receive TPE and was only on medi-
cal treatment (16 patients). Patients in TPE group, then, were sub-
divided into sero-positive and sero-negative subgroups according to 
the presence or absence of AChR antibodies respectively. Scoring by 
Quantitative Myasthenia Gravis Scale (QMGS) was done before and 
1 month after the TPE.

Results: After 1 month of treatment, the change in QMGS was 
significantly higher in the TPE group than in the Non-TPE one 
(t = -6.406) (P < 0.0001). In the sero-positive group, the score of 
QMGS ranged initially from 19 to 34 (mean 26.48 ± 3.75) and 
after 1 month from 11 to 30 (mean 18.00 ± 4.45) with the median 
change of -32. The QMGS change was significantly greater in the 
sero-positive group than in the sero-negative one (t = -3.516) (P < 
0.0001).

Conclusions: As regards to the presence of AChR antibodies in pa-
tients with MG, both sero-positive and sero-negative groups respond-
ed to TPE but the sero-positive group had a better response.

Keywords: Myasthenia gravis; Acetylcholine receptors; Seropositiv-
ity; Therapeutic plasma exchange

Introduction

Myasthenia gravis (MG) is a humoral auto-immune disease 
characterized by the presence of antibodies that are directed 
against the postsynaptic nicotinic acetylcholine receptors 
(AChRs) [1]. The incidence of the disease is from 0.25 to 2.0 
per 1,000,000 and about 15-20% of the patients may suffer 
from myasthenic crisis with a fatality in up to 8% of them in 
this condition [2]. These antibodies are not present in normal 
people and considered highly specific to the MG. The highest 
levels (in up to 85% of cases) are present if MG is general-
ized, of early onset type, or associated with the presence of 
thymoma, while they are less frequently detected if MG is mild 
or restricted as in ocular type [3]. The AChRs may be blocked 
by these antibodies leading to a decrease in the number of the 
available receptors in the membrane. The activation of the 
complement cascade may cause destruction of the endplate ar-
chitecture and expansion of the synaptic cleft, increasing the 
distance for acetylcholine molecules to travel from their sites 
of release to their receptors [4]. Some studies have proved that 
the clinical improvement in response to immunomodulation 
was correlated with the reductions in AChR antibody levels.

Therapeutic plasma exchange (TPE) is one of the options 
of treatment of MG and it is recommended by the American 
Society for Pharesis as category I. TPE helps to remove the 
AChR antibodies, thus improving the neuromuscular junction 
transmission and increasing the muscle power [5]. Although 
there is a greater accessibility to immunomodulatory treat-
ments, little data is available for the predictors of response to 
treatment [6]. This may put some obstacles in choosing the 
most effective and economic treatment for individual cases [7].

The aim of this study was to study if the presence of AChR 
antibodies may be one of the predictors of the response to the 
TPE in patients with moderate to severe generalized MG.

Patients and Methods

Between January 2016 and December 2017, 78 patients with 
MG completed the study. They were consecutively recruited 
from Neurology and Intensive Care Departments in Menoufia 
University Hospitals. The study was approved by the commit-
tee of ethics of Faculty of Medicine, Menoufia University.

The clinical severity was assessed according to Myasthe-
nia Gravis Foundation of America (MGFA) classification, and 
the diagnosis was supported by electromyographic changes. 
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MG was diagnosed in patients fulfilling at least two of the 
three criteria: 1) Presence of AChR antibodies; 2) Positive 
response to anticholinesterases; and 3) Abnormal neurophysi-
ological findings (repetitive nerve stimulation and single-fiber 
electromyography).

Exclusion criteria included the myasthenia-like syn-
dromes induced by drugs, such as D-penicillamine, antibiotics 
(e.g. ciprofloxacin), beta-adrenergic receptor blocking agents 
(e.g. propranolol), and cardiac drugs (e.g. verapamil). Also the 
exclusion involved patients who are contraindicated to plas-
mapheresis, such as those with the presence of hemorrhage or 
surgical bleeding, tumors, acute infectious processes as phle-
bitis, extreme degree of heart failure, and significant hypoten-
sion.

All the patients were diagnosed with moderate to severe 
MG. They were divided into two groups: TPE group that in-
cluded the patients who received TPE sets and the non-TPE 
(control) group that included the patients who did not receive 
TPE sets and were on medical treatment only. Then the pa-
tients in TPE group were subdivided into sero-positive and 
sero-negative groups according to the presence or absence of 
AChR antibodies respectively.

The consent for the TPE was taken from the patient/
patient’s relatives before the procedure. The patient’s blood 
counts, electrolytes, serum proteins, coagulation profile, and 
vitals were checked, and abnormal parameters were correct-
ed. The TPE was performed using a single volume plasma 
exchange with intermittent cell separator (Hemonetics MCS 
plus, kit 980/790) machines by femoral or central line access 
using 12 French double-lumen dialysis catheters. Five ses-
sions were scheduled as one session every other day for 10 
days. Anticoagulation with citrate was systematically used. 
The replacement of the plasma that was removed during the 
session was done with isotonic sterile saline, to make up one-
half of the volume and with 4% purified human albumin and 
fresh frozen plasma to complete it. A careful monitoring of 
hemodynamic parameters was done and complications dur-
ing or following TPE were rapidly recognized and reverted 
by rationale interventions of medical staff that assisted the 
procedure.

The patients were subjected, initially and then 1 month 
after treatment, to scoring by the Quantitative Myasthenia 
Gravis Scale (QMGS). This is a validated clinical measure of 
MG disease severity developed by the MGFA, and is consid-
ered a clinical gold standard recommended for all prospective 
studies in MG. The scale measures ocular, bulbar, respiratory, 
and limb function, grades each finding, and ranges from 0 (no 
myasthenic finding) to 39 (maximum myasthenic deficits). The 
types of MG according to QMS were: mild < 11 points, moder-
ate 11 - 16 points, and severe > 16 points. The score was calcu-
lated as the cumulative score of all the muscles [8].

Statistical analysis

Data were collected, and analyzed by the Statistical Package 
for the Social Science (IBM SPSS) version 23. The quanti-
tative data were presented as mean, standard deviations and 
ranges when their distribution was found to be parametric, and 

as median with inter-quartile range (IQR) when their distri-
bution was found to be non-parametric, while qualitative data 
were presented as number and percentages.

The comparison between two independent groups with 
qualitative data was done by using Chi-square test.

The comparison between two independent groups with 
quantitative data and parametric distribution was done by us-
ing independent t-test while the comparison for those with 
non-parametric data was done by using Mann-Whitney test.

Results

The TPE group included 62 patients with 46 women (74.2%) 
and 16 men (25.8%), with their age ranging from 18 - 60 years 
(mean 35.59 ± 12.26) and duration of illness ranging from 12 - 
84 months (mean 36.39 ± 20.16), and the control group includ-
ed 16 patients with 11 women (68.8%) and five men (31.2%), 
with their age ranging from 18 - 60 years (mean 34.29 ± 11.85) 
and duration of illness ranging from 14 - 72 months (mean 
42.47 ± 18.19). According to the detection of AChR antibod-
ies, the TPE group was subdivided into sero-positive group 
including 51(82.3 %) patients and sero-negative group includ-
ing 11 (17.7 %) patients.

The effects of TPE treatment on each individual parameter 
in QMGS of the patients were described in details in Table 1.

The QMGS score in the non-TPE group ranged initially 
from 21 to 27 (mean 24.14 ± 2.00), and from 22 to 32 (mean 
26.37 ± 3.20) after 1 month, with a median change of 8. The 
QMGS score in TPE group ranged initially from 18 to 34 
(mean 25.66 ± 3.85), and from 11 to 30 (mean 18.05 ± 4.14) 
with median change of - 26.68. The change in QMGS was sig-
nificantly higher in the TPE group than in the non-TPE one (t 
= -6.406) (P < 0.0001) (Table 2).

In the sero-negative group, the QMGS score ranged ini-
tially from 18 to 27 (mean 22.33 ± 3.03) and after 1 month 
from 15 to 22 (mean18.27 ± 2.43) with the median change 
of -14.88. In the sero-positive group, the QMGS score ranged 
initially from 19 to 34 (mean 26.48 ± 3.75) and after 1 month 
from 11 to 30 (mean 18.00 ± 4.45) with the median change 
of -32. The change in QMGS was significantly greater in the 
sero-positive group than in the sero-negative one (t = -3.516) 
(P < 0.0001) (Table 3).

Discussion

MG is an auto-immune disease caused by the failure of neu-
romuscular transmission, due to binding of autoantibodies to 
proteins involved in signaling at the neuromuscular junction 
[9]. Although there may be no consistent correlation between 
anti-AChR antibody serum titers and MG disease severity, 
patients with generalized MG tend to have higher antibody 
titers in comparison to the patients with ocular MG, and in 
individual patients, serial antibody titers tend to correlate with 
disease status [7]. Also, Romi et al found a correlation be-
tween serum AChR antibody titers and severity of MG [10]. 
Liu et al reported that although the clinical features of MG 
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may be partially a function of the serum anti-AChR antibody 
levels, neither the presence nor the absolute concentration of 
these antibodies accurately predicts prognosis or therapeutic 
response [11].

Our study showed that in patients with moderate to severe 
MG, the treatment with TPE led to a significantly better re-
sponse than the medical treatment only. Also, the response to 
TPE was significantly greater in sero-positive patients than in 
the sero-negative ones.

Gajdos et al in their meta-analysis on TPE in MG proved 
that TPE gives short term improvement in patients with MG 
especially in those with exacerbations or myasthenic crisis 
[12]. The advances in apheresis machines have made it a very 

safe modality of treatment and clinical improvement can be 
started within a day to a week [13]. Rapidly reducing the au-
toantibodies by TPE may lead to a rebound overproduction of 
the same antibodies making the replicating pathogenic cells 
more vulnerable to cytotoxic drugs. For this reason, it is of-
ten performed to enhance the effectiveness of cytotoxic drugs 
[14]. Our results were in agreement with Katzberg et al, who 
proved that AChR antibody positivity in addition to the base-
line QMGS score was more abnormal in patients who respond-
ed to treatment. They had studied the factors that may predict 
the response to immunomodulation in patients with MG and 
proved that, the number of patients with AChR antibodies was 
greater in good responders, while sero-negative patients had a 

Table 1.  Comparison for Each Parameter in the QMGS Before and After TPE Treatment

QMGS parameter Group  
N = 62 Mean Std. deviation Std. error  

mean t Sig.  
(2-tailed)

Frustrated by my condition PRE 3.3210 0.54376 0.06042 3.801 0.0001
POST 2.9753 0.61187 0.06799

Troubles using my eyes PRE 3.4321 0.56873 0.06319 8.100 0.0001
POST 2.5556 0.79057 0.08784

Trouble eating PRE 3.5062 0.57279 0.06364 8.910
POST 2.5802 0.73933 0.08215 0.0001

Limited social activities because of MG PRE 3.0494 0.54546 0.06061 4.655 0.0001
POST 2.6296 0.60093 0.06677

Limited abilities to enjoy hobbies and fun PRE 3.1728 0.60807 0.06756 4.564 0.0001
POST 2.7037 0.69722 0.07747

Trouble meeting the needs of my family PRE 3.0864 0.63635 0.07071 4.854 0.0001
POST 2.6049 0.62608 0.06956

Have to make plans around my condition PRE 2.8765 0.53345 0.05927 4.036 0.0001
POST 2.5185 0.59395 0.06599

My skills and job status have been negatively affected PRE 3.3951 0.66481 0.07387 3.753 0.0001
POST 2.9877 0.71578 0.07953

Difficulty in speaking PRE 3.2840 0.59654 0.06628 8.472 0.0001
POST 2.3704 0.76558 0.08506

Trouble in driving PRE 3.0247 0.54716 0.06080 8.636 0.0001
POST 2.2222 0.63246 0.07027

Depressed about my condition PRE 3.3951 0.49191 0.05466 4.453 0.0001
POST 2.8776 0.52054 0.06544

Trouble in walking PRE 2.7654 0.55389 0.06154 8.837 0.0001
POST 1.9630 0.60093 0.06677

Have trouble getting around public places PRE 2.9753 0.44652 0.04961 6.323 0.0001
POST 2.4321 0.63123 0.07014

Feel overwhelmed by my condition PRE 3.0247 0.47369 0.05263 2.666 0.008
POST 2.8148 0.52705 0.05856

Have trouble performing my personal grooming needs PRE 2.1728 0.54291 0.06032 3.504 0.001
POST 1.8765 0.53345 0.05927

QMGS: Quantitative Myasthenia Gravis Scale; TPE: therapeutic plasma exchange; PRE: before TPE; POST: after TPE. P > 0.05: non-significance 
difference, P < 0.05: significant difference; P < 0.01: highly significant difference.
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poor response [15].
On the other hand, many authors found that sero-positive 

MG patients had the same outcome as sero-negative patients, 
and serum AChR Ab titers were not associated with MG prog-
noses [16-18]. Spillane et al in 2012 found that despite the 
higher proportion of responders in the sero-positive patients, 
some of sero-negative patients responded also to treatment, 
concluding that it is inappropriate to use AChR antibody status 
to determine treatment decisions [19]. Nils et al, during their 
study on the characteristics of MG autoantibodies, found that 
all MG subgroups, even the sero-negative one, responded with 
the same way to either intravenous immunoglobulin (IVIG) or 
TPE, suggesting that sero-negative patients may also have cir-
culating pathogenic antibodies [20]. Rubin found in 2012 that, 
in comparison to the patients with MG who did not respond to 
TPE, the responders were more likely to be sero-positive for 
AChR antibodies, and tended to have higher baseline quantita-
tive MG score and greater titter on single fiber electromyogra-
phy. When using multivariate regression, only baseline QMGS 
proved to be the only significant predictor of response to TPE 
[21].

The binding of antibodies reduces the number and/or 
function of muscle AChR by the following three mechanisms: 
1) Complement activation leading to destruction of the post-
synaptic folds at the neuromuscular junction (NMJ) and de-
struction of AChR and AChR-related proteins at the motor 
end-plate; 2) Cross-linking of adjacent AChR causing their 
accelerated internalization and degradation; and 3) Blocking 
of the acetylcholine-binding area [22]. Although the exact 
mechanism of auto-sensitization to the AChR is not clear, ab-
normalities of the thymus gland (hyperplasia and neoplasia) 
may play a role in the majority of MG patients. AChR-specific 
CD4+ T cells are present in the blood of the patients with these 
antibodies and are particularly copious in the thymus, support-
ing the concept that the thymus is the site in which the T-cell 
autosensitization occurs in MG [23].

One of the limitations of this study was that it studies the 
antibodies of AChR only. Further studies may be needed to 
evaluate if the presence of other antibodies of MG, such as the 
antibodies against muscle-specific tyrosine kinase (MuSK), 
may play a role in the prediction of the response to TPE.

Conclusions

As regards to the presence of AChR antibodies in patients with 
MG, both sero-positive and sero-negative groups responded to 
TPE but the sero-positive group had a better response.
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