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ORIGINAL COMMUNICATION
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Abstract
Myasthenic crisis (MC) is a life-threatening condition for patients with myasthenia gravis (MG). Muscle-specific kinase-
antibodies (MuSK-ABs) are detected in ~ 6% of MG, but data on outcome of MuSK-MCs are still lacking. We made a sub-
group analysis of patients who presented with MC with either acetylcholine-receptor-antibody positive MG (AchR-MG) or 
MuSK-MG between 2006 and 2015 in a retrospective German multicenter study. We identified 19 MuSK-AB associated MCs 
in 15 patients and 161 MCs in 144 patients with AchR-ABs only. In contrast to patients with AchR-AB, MuSK-AB patients 
were more often female (p = 0.05, OR = 2.74) and classified as Myasthenia Gravis Foundation of America-class IV before 
crisis (p = 0.04, OR = 3.25). MuSK-AB patients suffer more often from multiple chronic disease (p = 0.016, OR = 4.87) and 
were treated more invasively in terms of plasma exchanging therapies (not significant). The number of days of mechanical 
ventilation (MV) (43.0 ± 53.1 vs. 17.4 ± 18; p < 0.0001), days on an intensive care unit (ICU) (45.3 ± 49.5 vs. 21.2 ± 19.7; 
p < 0.0001), and hospital-length of stay (LOS) (55.9 ± 47.6 vs. 28.8 ± 20.9 days; p < 0.0001) were significantly increased in 
MuSK-MC. Remarkable is that these changes were mainly due to patients with MusK-ABs only, whereas patients’ outcome 
with both antibodies was similar to AchR-MCs. Furthermore, our data showed a shortened duration of MV after treatment 
with plasma exchanging therapies compared to treatment with intravenous immunoglobulin in MuSK-MCs. We conclude 
that MuSK-AB-status is associated with a longer need of MV, ICU-LOS, and hospital-LOS in MC, and therefore recommend 
early initiation of a disease-specific therapy.
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Introduction

MG is an autoimmune disorder with antibodies target-
ing the postsynaptic endplate causing muscle weakness. 
Whereas ~ 85% of patients are tested positive for AchR-ABs, 
MuSK-ABs are detected in around ~ 6% of all patients and in 
around 36–37% of AchR-AB-negative patients, representing 
the second largest cohort in MG [1, 2]. In MuSK-AB posi-
tive MG, previous studies have shown characteristic differ-
ences compared to AchR-MG: In brief, MuSK-MG predomi-
nantly appears in women, who show weakness in mostly 
cranial and bulbar muscles, commonly with an acute onset 
and a tendency to rapid progression in comparison to AchR-
MG [2, 3]. Furthermore, recent studies indicated MuSK-MG 
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as the more severe form as up to a half develop a myasthenic 
crisis (MC) in their disease course [4]. Moreover, a worse 
long-term outcome accompanied by relevant deficits might 
be suggestive in MuSK-MG compared to AchR-MG [5]. 
Whereas the use of cholinesterase inhibitors, maintaining 
a high potassium serum level, performing thymectomy, and 
adjusting immune modulating drugs, such as steroids, aza-
thioprine, or mycophenolate mofetil, have been entrenched 
therapeutic strategies for AchR-MG, especially rituximab-
infusions were lately shown to be highly effective in the 
remission of symptomatic MuSK-MG patients and maintain-
ing a more stable disease course. Furthermore, it enables the 
reduction or withdrawal of other immunosuppressive medi-
cations, foremost the use of steroids [5, 6]. As rituximab is 
introduced sometime in the later disease course, MuSK-MG 
patients might still be on a higher risk of developing MC.

MC is a potential reversible but life-threatening condi-
tion, mostly provoked by infections, inadequate treatment, 
or following surgery. It appears in around 15–20% of MG 
patients in the first 2 years after diagnosis [7, 8]. Charac-
teristic symptoms are extensive weakness, dyspnea, and 
dysphagia, which might result in respiratory insufficiency. 
Concerning the management of MC, early intubation to 
secure airways, as well as the combination of symptomatic 
treatment with intravenous choline esterase inhibitors and 
an acute causal treatment (Plasma exchange/Immunoadsorp-
tion/Intravenous Immunoglobulins) have led to a decline of 
mortality from around 40% until the early 1960s to a usu-
ally range in between 5 and 12% in recent studies [8–11]. 
Plasma exchange, Immunoadsorption, and Intravenous 
Immunoglobulins have shown to be comparable in treat-
ment efficacy enabling a similar duration of treatment effect 
[12]. With respect to this current consensus, further studies 
have discussed a more beneficial effect of plasma exchang-
ing therapies in MuSK-MG [2, 13]. In addition to that, Laza-
ridis et al. [14] detected a significant reduction of MuSK-AB 
serum levels using the more specific Immunoadsorption in 
an in vivo animal model.

While most of the previous studies focused on character-
istics, therapeutic management, and outcome of MC, there 
are less data about the influence of patients’ antibody status 
on the development and course of MC. Therefore, this study 
was performed to assess differences of clinical features, ther-
apeutic management, and outcome between AChR-MC and 
MuSK-MC.

Methods

Study design and patient selection

Subgroup analysis of MuSK-MC needing mechanical 
ventilation who were compared to AchR-MC treated at 

12 German Departments of Neurology with specialized 
Neuro-Intensive Care Units (NICU) or neurologically 
associated interdisciplinary ICU. All consecutive patients 
were analyzed retrospectively if they had MC and required 
mechanical ventilation. For identification, all patients dis-
charged with the diagnosis of MG according to the Interna-
tional Classification of Diseases (ICD10: G70.0-70.3) who 
were treated and ventilated on an ICU between 2006 and 
2015 were reviewed. MC was defined as an exacerbation 
of myasthenic symptoms with bulbar and/or general weak-
ness requiring mechanical ventilation. Diagnosis of MG had 
to be established according to national guidelines [15] and 
confirmed by specific tests (antibody testing or repetitive 
stimulation or improvement after cholinergic medication). 
Patients with cholinergic crisis, Lambert–Eaton syndrome, 
and myasthenic syndromes other than MG (such as con-
genital MG) were excluded as well as those who required 
mechanical ventilation due to other reasons than MG (e.g., 
heart failure or after surgery) and if mechanical ventilation 
was initiated within 4 weeks after thymectomy to exclude 
patients with postthymectomy crisis. Episodes of MC were 
counted separately if patients were discharged in their pre-
hospital status and if new triggers for the next crisis could 
be determined.

For this subgroup analysis, matching of three AchR-
MC to one MuSK-MC was done in following priority: sex, 
age, onset-type, Myasthenia Gravis Foundation of America 
(MGFA)-Class before crisis and where possible by compli-
cations of MC. If an exact matching was not possible, dis-
advantageous matching for AchR-MC was done (especially 
for age). For the analysis and matching, we only included 
AchR-patients treated at the same centers than MuSK-MCs, 
since MuSK-MCs were mainly treated at large MG centers 
with more experience in the treatment of MC.

Data acquisition

Data on baseline demographics, clinical information, medi-
cation, and comorbidities were obtained through medical 
charts and institutional databases. Characteristics reviewed 
included antibody status, evidence of thymoma, and Myas-
thenia Gravis Foundation of America (MGFA)- Score prior 
to MC. Assessed treatment regimens were intravenous 
immunoglobulins (IVIG), Plasma exchanging therapy (PE), 
Immunoadsorption (IA), use of intravenous pyridostigmine, 
and continuous potassium infusion. Analyzed data regarding 
the clinical course of the crisis included time at ICU, days 
in hospital, duration of mechanical ventilation, in-hospital 
mortality, and referral/discharge.
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Statistics

GraphPad Prism 5® (GraphPad Software, La Jolla, USA) 
was used for statistical analysis. Data were presented as 
mean (standard deviation and sometimes range) or total 
number with percentage. Group-comparison was tested with 
either Student’s t test, Fisher’s exact test [with odds ratios 
(OR)], or one-way ANOVA (with Newman-Keuls Multiple 
Comparison Test), respectively. The significance level was 
set to � = 0.05 both-sided.

Results

Characteristics of study group

The patient sample consisted of 19 independent MuSK-
MCs in 15 patients (eight patients also had AChR-ABs, 7 
solely MuSK-ABs) and 161 MCs in 144 patients with solely 
AChR-ABs needing MV (Table 1). Patients with MuSK-
ABs were significantly more likely to be female (63.2% vs. 
38.5%; p = 0.05; OR = 2.74), had multiple comorbidities 
(26.3% vs. 6.8%; p = 0.016; OR = 4.87), and had more often 
MGFA-Class IV before crisis (31.6% vs. 12.4%; p = 0.04; 
OR = 3.25). Furthermore, MuSK-MCs were treated more 
invasively, i.e., with Plasma exchange (PE) or Immunoad-
sorption (IA) (68.4% vs. 44.7%; p = 0.056; OR = 2.68) or 
with the combination of intravenous immunoglobulin (IVIG) 
and PE or IA (26.3% vs. 15.6%; p = 0.32; OR = 1.94) com-
pared to AChR-MCs. An important result was that days 
of MV (43.0 ± 53.1 vs. 17.4 ± 18; p < 0.0001), ICU-LOS 
(45.3 ± 49.5 vs. 21.2 ± 19.7; p < 0.0001), and hospital-LOS 
(55.9 ± 47.6 vs. 28.8 ± 20.9; p < 0.0001) were significantly 
higher in MuSK-MCs. First-line therapy with PE/IA tends 
to shorten the duration of MV compared to treatment 
with IVIGs in MuSK-MCs (30.2 ± 29.8 vs. 51.3 ± 65.5; 
p = 0.36), although the former were older (69.6 vs. 59.4 
years; p = 0.25).

MuSK‑ABs are associated with prolonged MV 
and ICU‑LOS in matched analysis

To exclude confounding variables, we matched one MusK-
positive crisis to three AChR-positive crises for most 
known risk factors for prolonged mechanical ventilation 
(7). The groups did not differ in age, sex, number of mul-
tiple chronic comorbidities, percentage of late-onset MG, 
MGFA-classification before crisis, and complications of MC 
(Table 2). More patients with MuSK-MC were in nursing 
care facilities or hospitals before crisis (47.4% vs. 28.1%; 
p = 0.16; OR = 2.31). MuSK patients were treated more fre-
quently with PE or IA compared to the matched AChR-AB 
group (68.4% vs. 42.1%; p = 0.06; OR = 2.98). We found 

no significant differences in co-treatment with prednisolone 
(57% vs. 52%; p = 0.79; OR = 1.23) or in the frequency of 
treatment with cortisone-sparing strategies (azathioprine, 
rituximab, MTX, or mycophenolate mofetil) (42% vs. 40%; 
p = 1.0; OR = 1.08) at the timepoint of the MC. The use of 
Rituximab was significantly higher in patients with MuSK-
ABs (15.8% vs. 1.8%; p = 0.04; OR = 10.9). In 28.1% and 
31.6%, respectively, an additional treatment was not done 
or unknown in our cohort.

Furthermore, days of MV (43.0 ± 53.1 vs. 18.8 ± 21.9; 
p = 0.0078), ICU-LOS (45.3 ± 49.5 vs. 22.3 ± 21.0; 
p = 0.0067), and hospital-LOS (55.9 ± 47.6 vs. 26.9 ± 20.6; 
p = 0.0006) were significantly higher in MuSK-MCs com-
pared to patients with AChR-ABs (Fig. 1a–c). After dis-
charge, patients with MuSK-ABs needed MV to a similar 
degree (31.3% vs. 21.2%; p = 0.50; OR = 1.69) and did 
not show a higher mortality (15.8% vs. 8.8%; p = 0.40; 
OR = 1.95).

Interestingly, this difference was mainly due to the 9 MCs 
of patients with MuSK-AB having no additional AChR-ABs, 
who needed more days of MV (64.2 ± 65.6 vs. 21.8 ± 16.9), 
ICU-LOS (67.0 ± 63.4 vs. 25.7 ± 15.3) and hospital-LOS 
(71.4 ± 60.0 vs. 41.9 ± 25.5) compared to patients who had 
both MuSK- and AChR-ABs (Fig.  1d–f). Furthermore, 
MuSK-titers during MCs were higher in patients with solely 
MuSK-ABs (Fig. 1g). Of notice, patients with MuSK-ABs 
and without AChR-ABs were older (67.8 vs. 64.3 years) 
than patients with both MusK- and AChR-Abs. Moreover, 
patients with MuSK-ABs had a high risk to die (15.8% vs. 
8.8%; p = 0.40; OR = 1.95) and surviving patients were 
more often discharged still needing MV (31.3% vs. 21.2%; 
p = 0.50; OR = 1.69).

Discussion

In our large cohort of MC needing MV, we observed that 
MuSK-positive antibody status was associated with pro-
longed MV, ICU-LOS, and hospital-LOS reflecting a more 
severe course of MC.

Since the detection of MuSK-ABs in MG, only few stud-
ies on the outcome of MC needing MV have been pub-
lished yet [1]. These studies only included small numbers 
of patients with MuSK-ABs or did not specify the antibody 
status during MC. Until now, data on the effect of antibody 
status on the outcome of severe MC are lacking. Other stud-
ies with a broader study population classified MuSK-MG as 
more severe form of MG with lower occurrence of clinical 
stable remission [4, 16], which is in concordance with our 
findings of a higher proportion of MGFA-class IV before 
crisis and more unfavorable outcome during MC, including 
a higher mortality.
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Table 1   Comparison of episodes of myasthenic crisis with MuSK- and AChR-ABs

Age, “Days of mechanical ventilation at ICU”, “Days at ICU” and “Days in hospital” are depicted as mean ± Standard Deviation and range, other 
parameters are total number with percentage in brackets. MGFA Myasthenia Gravis Foundation of America, MG Myasthenia Gravis, IVIG intra-
venous immunoglobulin, PE plasma exchange, IA immunoadsorption, CPR Cardio Pulmonal Resuscitation, n.s. not significant. T test was used 
for statistic analysis of age-differences and for comparison of “Days of mechanical ventilation at ICU”, “Days at ICU” and “Days in hospital”. 

Myasthenic crisis ACh-Rec.-positive (n = 161) MuSK—positive (n = 19) p value Odds ratio

Age 66.8 ± 15.6 (14 – 88) 66.0 ± 17.7 (28 – 82) 0.83
Age ≤ 50 years 22 (13.7%) 4 (21.1%) 0.49 1.69
Male/female 99/62 7/12 0.05 2.74
Pulmonary disease 35 (21.7%) 9 (47.4%) 0.02 3.24
Heart disease 66 (41%) 8 (42.1%) 1.00 1.05
Diabetes mellitus 48 (29.8%) 2 (10.5%) 0.10 0.28
Tumour (other than Thymoma) 23 (14.3%) 6 (31.6%) 0.09 2.78
Dialysis 2 (1.2%) 0 (0%) 1.00 1.64
Smoker 12 (7.5%) 1 (5.3%) 1.00 0.69
Alcohol addicted 5 (3.1%) 0 (0%) 1.00 0.73
≥ 3 diseases (Kidney, Heart, Lung, Diabetes, Tumour) 11 (6.8%) 5 (26.3%) 0.016 4.87
Myasthenia gravis
 Early onset 22 (13.9%; 3 unknown) 4 (22.2%; 1 unknown) 0.31 1.75
 Late onset 136 (86.1%) 14 (77.8%) 0.31 0.57
 Paraneoplastic MG (Thymoma) 58 (36%) 4 (21.1%) 0.31 0.47
 Thymus hyperplasia 5 (3.1%) 0 1.00 0.73
MGFA-classification before crisis
 First manifestation of MG 35 (21.7%) 3 (15.8%) 0.77 0.68
 Class I 10 (6.2%) 0 (0%) 0.60 0.37
 Class II 42 (26.1%) 4 (21.1%) 0.78 0.76
 Class III 40 (24.8%) 5 (26.3%) 1.00 1.08
 Class IV 20 (12.4%) 6 (31.6%) 0.04 3.25
 Unknown 14 (8.7%) 1 (5.3%)
Status before crisis
 Independent at home 71 (44.1%) 6 (31.6%) 0.34 0.58
 At home dependent on help 19 (11.8%) 3 (15.8%) 0.71 1.41
 In a care facility or hospital 50 (31.1%) 9 (47.4%) 0.20 2.00
 Unknown 21 (13.0%) 1 (5.3%)
Cause of crisis
 Infection 85 (52.8%) 10 (52.6%)
 First episode 34 (21.1%) 3 (15.8%)
 Poor treatment compliance 9 (5.6%) 1 (5.3%) n.s
 Intake of contraindicated medication 2 (1.2%) 0 (0%)
 Idiopathic/unknown 33 (20.5%) 5 (26.3%)
Therapy
 IVIG 92 (57.5%; 1 unknown) 9 (47.4%) 0.47 0.68
 Plasma exchange/immunoadsorption 72 (44.7%) 13 (68.4%) 0.056 2.68
 PE or IA as first-line therapy 49 (30.4%) 10 (52.6%) 0.07 2.56
 IVIG + plasma exchange or Immunoadsorption 25 (15.6%) 5 (26.3%) 0.32 1.94
 Continuous pyridostigmine infusion 63 (39.1%) 7 (36.8%) 1.00 0.91
 Continuous potassium infusion 66 (41%) 6 (31.6%) 0.47 0.66
Complications
 CPR 16 (9.9%) 2 (10.5%) 1.00 1.06
 Pneumonia 86 (53.4%) 13 (68.4%) 0.23 1.89
 Sepsis 27 (16.8%) 6 (31.6%) 0.12 2.29
Outcome
 Days of mechanical ventilation at ICU 17.4 ± 18 (1–119) 43.0 ± 53.1 (4–219) < 0.0001
 Days at ICU 21.2 ± 19.7 (1–135) 45.3 ± 49.5 (6–219) < 0.0001
 Days in hospital 28.8 ± 20.9 (2–144) 55.9 ± 47.6 (11–219) < 0.0001
 In-hospital mortality 16 (9.9%) 3 (15.8%) 0.43 1.70
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Focusing on the therapeutic management, a similar num-
ber of patients in both groups received intravenous pyri-
dostigmine. MuSK-ABs belong to IgG4-subclass, which 
may reduce the density of acetylcholine receptors as well as 
postsynaptic acetylcholine sensitivity [17]. Consequently, 
the effect of pyridostigmine in patients with MuSK-
MG can be questioned. Other clinical studies reported a 

non-responsiveness of pyridostigmine in MuSK-MG of up 
to 71% [16, 18]. Thus, outcome in MC might also be unfa-
vorably influenced by a reduced effect of acetylcholinester-
ase inhibitors specifically in MuSK-MG.

In MC, the inclusion of immunomodulatory therapies is 
unavoidable. Comparing our subgroups, physicians more 
frequently decided for a therapy with PE/IA in MuSK-MCs, 

For other parameters, Fisher’s exact test with odds ratio was used
Significant result (p ≤ 0.05) are shown in bold letters

Table 1   (continued)

Table 2   Comparison of matched MuSK- and AChR-AB positive myasthenic crisis requiring reintubation

Age is depicted as mean ± Standard Deviation and range, other parameters are total number with percentage in brackets. MGFA Myasthenia 
Gravis Foundation of America, MG Myasthenia Gravis, IVIG intravenous immunoglobulin, PE plasma exchange, IA immunoadsorption, CPR 
Cardio Pulmonal Resuscitation. T test was used for statistic analysis of age-differences. For other parameters, Fisher’s exact test with odds ratio 
was used
Significant result (p ≤ 0.05) are shown in bold letters

Myasthenic crisis ACh-Rec.-positive (n = 57) MuSK—positive (n = 19) p value Odds ratio

Age 66.3 ± 17.0 (24–88) 66.0 ± 17.7 (28–82) 0.95
Male/female 22/35 7/12 1.00 1.08
≥ 3 diseases (Kidney, Heart, Lung, Diabetes, Tumour) 14 (24.6%) 5 (26.3%) 1.00 1.10
Late-onset Myasthenia gravis 44 (77.2%) 14 (77.8%; 1 unknown) 1.00 1.03
MGFA-classification before crisis
 First manifestation of MG 9 (15.8%) 3 (15.8%) 1.00 1.00
 Class I 0 (0%) 0 (0%)
 Class II 14 (24.6%) 4 (21.1%) 1.00 0.82
 Class III 16 (28.1%) 5 (26.3%) 1.00 0.92
 Class IV 16 (28.1%) 6 (31.6%) 0.78 1.18
 Unknown 2 (3.5%) 1 (5.3%) 1.00 1.54
Status before crisis
 Independent at home 25 (43.9%) 6 (31.6%) 0.42 0.59
 At home dependent on help 5 (8.8%) 3 (15.8%) 0.40 1.96
 In a care facility or hospital 16 (28.1%) 9 (47.4%) 0.16 2.31
 Unknown 11 (19.3%) 1 (5.3%) 0.27 0.23
Therapy
 IVIG 36 (63.2%) 9 (47.4%) 0.28 0.53
 Plasma exchange/Immunoadsorption 24 (42.1%) 13 (68.4%) 0.06 2.98
 PE or IA as first-line therapy 18 (31.6%) 10 (52.6%) 0.11 2.38
 IVIG + plasma exchange or Immunoadsorption 9 (15.8%) 5 (26.3%) 0.32 1.89
 Continuous pyridostigmine infusion 24 (42.1%) 7 (36.8%) 0.79 0.80
 Continuous potassium infusion 23 (40.4%) 6 (31.6%) 0.59 0.68
Complications
 CPR 9 (15.8%) 2 (10.5%) 0.72 0.63
 Pneumonia 34 (59.7%) 13 (68.4%) 0.59 1.47
 Sepsis 14 (24.6%) 6 (31.6%) 0.56 1.41
Outcome
 Days of mechanical ventilation at ICU 18.8 ± 21.9 (1–119) 43.0 ± 53.1 (4–219) 0.0078
 Days at ICU 22.3 ± 21.0 (1–119) 45.3 ± 49.5 (6–219) 0.0067
 Days in hospital 26.9 ± 20.6 (2–119) 55.9 ± 47.6 (11–219) 0.0006
 In-hospital mortality 5 (8.8%) 3 (15.8%) 0.40 1.95
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whereas a higher number of AChR-MCs received IVIGs. 
This might be explained by individual treatment pathways 
in our participating centers, availability of treatment options, 
and due to its preferred listing in the German MG guidelines. 
Another explanation is that MuSK-AB status was known in 
15 of 19 crises before treatment initiation, which could have 
led to a precautious treatment escalation in these patients. 
Our results showed that an early use of PE/IA reduced the 
days of MV in MuSK-MCs compared to IVIG-treatment. 
While plasma exchange has historically been the favorable 
treatment in MC, the latest consensus implies an equal effect 

of PE/IA vs. IVIGs [12]. Considering the low number of 
patients with MuSK-MG in those studies, separate studies 
on therapeutic effects of PE/IA vs. IVIGs on specifically 
MuSK-MC are obligatory to obtain individualized treatment 
approaches. In contrast to that, some studies already dem-
onstrated a better symptomatic improvement in MuSK-MG 
after plasma exchanging therapies compared to IVIG, e.g., 
measured by the MGFA-classification, but data in MC are 
still lacking [2, 16]. Lately more and more studies discuss 
a potential favorable role of IA in MuSK-MC, as it is an 
antibody selective plasma exchange therapy with less risk 

Fig. 1   a Days of mechanical ventilation. b Days at ICU. c Days in 
hospital in 57 MCs with AChR-ABs matched to 19 MCs with MuSK-
ABs. Bars show mean ± SD (t test). d Days of mechanical ventila-
tion. e Days at ICU. f Days in hospital in 57 MCs with AChR-ABs, 
10 MCs with both MuSK- and AChR-Abs, and 9 MCs only having 

MuSK-ABs. Bars show mean ± SD (ANOVA). g n-fold increase of 
MuSK-titers over cut off of five patients with both MuSK- and AChR-
ABs and five patients only having MuSK-ABs. Bars show mean ± SD 
(t test). *p < 0.05, **p < 0.01, ***p < 0.001



4830	 Journal of Neurology (2021) 268:4824–4833

1 3

for side effects compared to Plasmapheresis. This could be 
confirmed by first data from Lazaridis et al. [14, 19] indicat-
ing a significant and sufficient reduction of MuSK-AB serum 
level through IA. Barth et al. [12], who pointed out an equal 
effect of PE/IA vs. IVIG, stated that the presence of AChR-
ABs predicted a better outcome compared to MuSK-MG 
or seronegative MG, which might furthermore empower a 
differentiation of decision-making in MC treatment due to 
its antibody status.

One of our most significant results was a longer need of 
mechanical ventilation (around 43 days) and therefore longer 
stay on ICU (around 45 days) in patients with MuSK-ABs 
compared to patients with AchR-ABs (around 17 days and 21 
days), which also stresses its more aggressive disease course. 
Previous studies analyzing days of ventilation and treatment 
duration on ICU detected similar results on mostly AchR-MC 
(16.7–22.4 days), whereas a differentiation of antibody status 
is lacking due to low numbers of MuSK-MG patients in their 
cohort [10]. Around 25% of MG patients remained ventilated 
1 month after mostly AchR-MC, which is similar than in our 
cohort [11]. Nevertheless, early diagnosis with pre-existing 
disease-specified treatment as well as treatment on a neurolog-
ical ICU seem to be beneficial outcome measures [7, 10, 11].

What is interesting is that our findings were mainly caused 
by patients with solely MuSK-ABs, whereas patients with 
both antibody types had a similar outcome as solely AChR-
AB MCs. This may be explained by the potentially higher 
effect of pyridostigmine in double-positive patients. Moreo-
ver, patients with MuSK-ABs were older, which is a poten-
tial confounder. Our data suggest that the titer of MuSK-ABs 
during MC plays a leading role here. Other studies have also 
shown a correlation of MuSK-AB-titer and MG severity in 
general [20]. Aguirre et al. [21] demonstrated similar results; 
they found a relation between AchR-AB titers and disease 
severity in the first 5 years of MG as well as they detected 
complement factor C5a significantly elevated in severe disease 
courses as a non-specific marker. Up to our knowledge, only 
a few studies, especially case reports, exist that repetitively 
measured antibody titers during disease course. Zouvelou and 
Psimenou [22] published a case of a double-positive young 
woman with especially high serum levels of MuSK-AB and 
a clinical course of a MuSK-MG and therefore development 
of severe MC. A few other cases have been reported with 
primary AchR-MG and symptomatic exacerbations with sub-
sequent verification of MuSK-ABs. In our cohort, AB titers 
during current MC prior to treatment were only tested in 10 
of 19 MCs and were detected significantly higher in solely 
MuSK-MCs. Possibly, double-positive patients have lower 
MuSK-AB-titers, but detailed studies on this patient cohort 
do not exist so far.

As we have focused on short-term outcome measures, 
at this point, we want to mention that long-term outcome 
seems beneficial regardless of antibody status. Especially in 

MuSK-MG, this might be highly influenced by the introduc-
tion of Rituximab in MG treatment and its sufficient reduc-
tion of MuSK-AB titers [5, 6].

Limitations of this study arise from its retrospective 
nature and of course of the small sample size, because 
MuSK-MC is rare. The high number of double-positive 
MCs was very surprising and could suggest that some of 
these patients were false anti-MuSK or false anti-AchR 
positives due to unspecificity of the test technique or posi-
tive results near the threshold range due to too sensitive 
tests. Nevertheless, our cohort represents by far the largest 
case series of MuSK-MC and provides interesting results.

We conclude that MuSK-AB-status is associated with 
a worse outcome in MC needing MV and we recommend 
early initiation of a focused therapy (especially PE/IA). 
Moreover, testing of MuSK-AB-titers during every MC 
may represent an important tool to estimate prolonged MV 
and the need for an intensified treatment.
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