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Abstract

Background: Myasthenic crisis (MC) requiring mechanical ventilation (MV) is a rare and serious complication of myasthenia
gravis. Here we analyzed the frequency of performed tracheostomies, risk factors correlating with a tracheostomy, as well as the
impact of an early tracheostomy on ventilation time and ICU length of stay (LOS) in MC. Methods: Retrospective chart review
on patients treated for MC in 12 German neurological departments between 2006 and 2015 to assess demographic/diagnostic
data, rates and timing of tracheostomy and outcome. Results: In 107 out of 215 MC (49.8%), a tracheostomy was performed.
Patients without tracheostomy were more likely to have an early-onset myasthenia gravis (27 [25.2%] vs 12 [11.5%], p = 0.01).
Patients receiving a tracheostomy, however, were more frequently suffering from multiple comorbidities (20 [18.7%] vs 9 [8.3%],
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p = 0.03) and also the ventilation time (34.4 days + 27.7 versus 7.9 + 7.8, p <0.0001) and ICU-LOS (34.8 days + 25.5 versus
2.1 + 8.0, p < 0.0001) was significantly longer than in non-tracheostomized patients. Demographics and characteristics of the
course of the disease up to the crisis were not significantly different between patients with an early (within 10 days) compared to a
late tracheostomy. However, an early tracheostomy correlated with a shorter duration of MV at ICU (26.2 days + 8.1 versus
42.0 + 33.1, p = 0.006), and ICU-LOS (26.2 days + 14.6 versus 42.3 + 33.0, p = 0.003). Conclusion: Half of the ventilated
patients with MC required a tracheostomy. Poorer health condition before the crisis and late-onset MG were associated with a
tracheostomy. An early tracheostomy (< day 10), however, was associated with a shorter duration of MV and ICU-LOS by

2 weeks.

Keywords
myasthenic crisis, mechanical ventilation, tracheostomy

Introduction

Myasthenia gravis (MG) is a B-cell mediated autoimmune
disease and the most frequent disorder of the neuromuscular
junction. In most patients it is associated with pathogenic auto-
antibodies against components of the postsynaptic membrane
such as the acetylcholine receptor (AChR) or the
muscle-specific kinase (MUSK). Characteristic symptoms are
muscle weakness, dysphagia and fatigue that typically increase
throughout continuous muscular activity.'™

Within 2 years of the initial diagnosis 15 to 20% of MG
patients develop a potentially life-threatening myasthenic crisis
(MC).*”7 MC has been defined as respiratory failure requiring
mechanical ventilation due to respiratory muscle weakness or
bulbar dysfunction.'*** Triggering factors include infection,
inadequate drug usage or incorrect treatment.>’ The most com-
mon of the preceding factors though, is respiratory infection.®'°

For the treatment of MC plasma exchange (PE) and intra-
venous immunoglobulins (IVIG) seem to perform with similar
efficacy.>”"'""!? In addition to immunotherapy, intubation and
mechanical ventilation (MV) as well as the antibiotic treatment
of infections are important in the therapy of MC. Extubation
failure and reintubation are quite common in patients with
neuromuscular diseases'*'® and has been shown to lead to a
prolonged duration of MV and ICU length of stay (ICU-LOS),
as well as to a higher incidence of ventilator-associated pneu-
monia (VAP).'>'®!8 Tracheostomy (TT) is thought to be more
comfortable for the patient allowing for a more effective
respiratory toilet and reducing volume of anatomical dead
space, and therefore facilitating respiration which is especially
important for patients with MC.

The benefits of early TT are still controversial in many
diseases: some studies found a reduced long-term mortality,
shortened weaning and ICU-LOS'%**?1"33 others found no dif-
ference in terms of MV, hospital-LOS, rates of mortality or
incidence of VAP.?**° The question whether early TT might
be beneficial in MC has not yet been addressed.

In this retrospective multicenter study we investigated the
rate of TT and the factors associated with the timing of TT in
MC patients. Moreover, we investigated whether early TT is
associated with shorter duration of MV and ICU-LOS.

Methods
Study Design and Patient Selection

12 German Departments of Neurology with specialized
Neuro-Intensive Care Units (NICU) or interdisciplinary ICU
took part in the present study. We retrospectively analyzed all
patients between 2006 and 2015 admitted during MC requiring
invasive mechanical ventilation. Data of patients with the dis-
charge diagnosis of MG according to the International Classi-
fication of Diseases (ICD 10: G70.0-70.3) and admission to
ICU were reviewed. MC was defined as an exacerbation of
myasthenic symptoms with bulbar and/or general weakness
requiring mechanical ventilation. Diagnosis of MG had to be
established clinically according to national guidelines®® and
confirmed by specific tests (antibody testing or pathological
decrement on repetitive nerve stimulation or improvement after
cholinergic medication). Exclusion criteria were: pure choliner-
gic crisis without MG, Lambert Eaton myasthenic syndrome,
myasthenic syndromes other than MG (such as congenital MG)
and mechanical ventilation within 4 weeks of thymectomy, thus
eliminating patients with post-thymectomy crisis. TT decision
and timing of TT were made by the physicians in charge. If a
patient died in hospital or the exact times of intubation or TT were
missing, the patients’ data was excluded from statistic evaluation
for correlation analysis and comparison of patients with early or
late TT.

To compare early versus late TT, we dichotomized the
group of tracheostomized patients in 2 equally large groups:
according to the median days between intubation and TT,
day 10 was chosen to separate the groups. In several other
studies a TT within 10 days was likewise considered
“carly” 23:2426

Two crises of the same patient were assumed to be separate
from one another if the patients status at discharge of the first
crisis matched their pre-hospital status and additional triggers
for the following crisis were identified.

Data Acquisition

Data on baseline demographics, clinical information, medica-
tion and comorbidities were obtained through medical charts



34

Journal of Intensive Care Medicine 37(1)

Table |. Characteristics of Study Group.

Myasthenic crisis (n) 215
Patients (n) 193

Age (y) 67.1 + 16.1 (14-89)
Male / Female 127 / 88

Rate of tracheostomy 107 (49.8%)

Age is depicted as mean + SD and range.

Table 2. Tracheostomy.

Surgical / Dilatational tracheostomy

Days between intubation and
tracheostomy

Days between intubation and surgical /
dilatational tracheostomy

Days of mechanical ventilation after
tracheostomy

Tracheostoma being removed before
discharge

46 / 60 (I unknown)
10.8 + 6.2 (1-28)

121 + 62/95 + 58
24.0 + 25.8 (1-195)

16 (15.0%)

“Days between intubation and tracheostomy” and “Days of mechanical ventila-
tion after tracheostomy” are mean + Standard Deviation and range. “Days
between intubation and surgical / dilatational tracheostomy” is mean +
Standard Deviation.

and institutional databases. Characteristics reviewed included
antibody-status, evidence of thymoma, thymectomy, Myasthe-
nia Gravis Foundation of America (MGFA)- Score prior to MC
and previous MGFA-Score if documented. Assessed treatment
regimens were IVIG, PE, immunoadsorption (IA), use of intra-
venous pyridostigmine and continuous potassium infusion. We
recorded, moreover, whether or not TT was performed, time
between intubation and TT, number of days of mechanical
ventilation after TT, removal of tracheostoma before discharge
and TT during a previous crisis. Analyzed data regarding the
clinical course of the crisis included ICU-LOS and
hospital-LOS and duration of MV. Duration of MV was given
in days; a day was counted as MV even if the patients had just
MV for a few hours. Non-invasive ventilation (NIV) after extu-
bation was also taken into account in days of MV. The number
of days of MV presented in this manuscript are the days at ICU,
not including days of MV when patients were transferred to
rehabilitation clinics still needing MV.

Statistics

GraphPad Prism 5% (GraphPad Software, La Jolla, USA) was
used for statistical analysis. Data was presented as mean (stan-
dard deviation and range). Group-comparison was tested with
either student-t test or Chi-square test, respectively. The sig-
nificance level was set to both-sided. For comparison of time of
TT with days of mechanical ventilation at ICU, days at ICU and
days in hospital Spearman’s rank correlation was used.

Ethical Approval

All procedures performed in studies involving human partici-
pants were in accordance with the ethical standards of the

institutional and/or national research committee and with the
1964 Helsinki Declaration and its later amendments or compa-
rable ethical standards.

Local ethic committees and institutional review boards of
the participating centers approved the study based on the cen-
tral vote of the ethics committee at University of Regensburg
(No: 15-101-0259).

Consent for Publication

Not applicable.

Data Availability

Anonymized data will be made available upon reasonable
request.

Results
Characteristics of Study Group and Tracheostomy

The patient cohort consisted of 215 MCs in 193 different
patients, as 17 patients were included with more than one crisis
(Table 1). In 107 (49.8%) of cases physicians decided to per-
form TT. TT was performed slightly more often in percuta-
neous dilatational technique (56.6%) (Table 2) rather than
surgical. The median period of time between intubation and
TT was 10 days (rang 1-28, mean 10.8 + 6.2). The mean
duration of MV after TT was 24 days (24.0 + 25.8). In
15.0% (n = 16) of patients the tracheostoma was closed before
discharge from ICU.

Differences in Tracheostomized vs. Non
Tracheostomized Patients

Comparing the baseline characteristics and features of MC of
patients with or without TT, there were a few significant
differences: The frequency of early-onset MG (27 vs 12,
p = 0.01) and the rate of thymus hyperplasia (8 vs 1,
p = 0.04) were significantly higher in non tracheostomized
patients (Table 3). Of note, 1 patient with thymus hyperplasia,
who was tracheostomized had their thymectomy after MC; in
the remaining 8 patients with thymectomy prior to MC, extu-
bation was possible. Patients without TT were more likely to
have been living at home, either independently or dependent on
help (74 [68.5%] vs 66 [61.7.%]), and less likely to have been
staying in a care facility or hospital before the crisis
(25 [23.1%] vs 35 [32.7%]) (Table 3). In terms of clinical
characteristics, tracheostomized patients during MC had a
higher prevalence of multiple concurrent chronic diseases
(20 [18.7%] vs 9 [8.3%], p = 0.03) and comorbidities such
as diabetes mellitus (34 [31.8%] vs 21 [19.4%], p = 0.04). The
mean number of MV days (34.4 + 27.7 [range 2-219] versus
7.9 + 7.8 [range 1-64], p < 0.0001), ICU length of stay
(ICU-LOS) (34.8 days + 25.5 [range 2-219] versus
12.1 + 8.0 [range 1-49], p < 0.0001) and days in hospital
(40.7 days + 26 .7 [range 9-219] versus 22.6 + 11.7 [range
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Table 3. Characteristics of Patients With or Without Tracheostomy.

Myasthenic crisis Tracheostomy (n = 107) No Tracheostomy (n = 108) P-value
Age 679 + 15.7 (17-89) 644 + 17.1 (14-84) 0.12
Male / Female 68 /39 591749 0.21
BMI 279 + 10.5 (14-67.6) 27.1 + 7.7 (17.3-58.4) 0.66
Extreme BMI (<16 or >40) 6 (14.3%) 2 (4.5%) 0.15
Pulmonary disease 23 (21.5%) 26 (24.1%) 0.75
Heart disease 46 (43%) 40 (37.0%) 0.41
Diabetes mellitus 34 (31.8%) 21 (19.4%) 0.04
Tumor (other than Thymoma) 14 (13.1%) 16 (14.8%) 0.84
Dialysis I (0.9%) 2 (1,9%) 1.0
Smoker Il (10.3%) 6 (5,6%) 0.22
Alcohol addicted 5 (4,7%) 3 (2,8%) 0.50
> 3 diseases (Kidney, Heart, Lung, Diabetes, Tumor) 20 (18.7%) 9 (8.3%) 0.03
Myasthenia gravis

Antibody status

AchR-AB 90 (84.1%) 92 (85.2%)

MusK-AB 9 (8.4%) 10 (9.3%) n.s.
Titin-AB 21 (19.6%) 21 (19.4%)

Seronegativ 7 (6.5%) 7 (6.5%)

Early-onset 12 (11.5%; 3 unknown) 27 (25.2%; 1 unknown) 0.01
Paraneoplastic MG 32 (29.9%) 30 (27.8%) 0.76
Thymus hyperplasia 1 (0.9%) 8 (7.4%) 0.04
MGFA-classification before crisis

First manifestation of MG 25 (23.4%) 22 (20.4%)

Class | 7 (6.5%) 6 (5.6%)

Class Il 24 (22.5%) 31 (28.7%)

Class IlI 29 (27.1%) 29 (26.9%)

Class IV 14 (13.1%) 14 (12.9%) n.s.
Unknown 8 (7.5%) 6 (5.6%)

Status before crisis

Independent at home 44 (41.1%) 63 (58.3%)

At home dependent on help 22 (20.6%) 11 (10.2%) 0.01
In a care facility or hospital 35 (32.7%) 25 (23.1%)

Unknown 6 (5.6%) 9 (8.3%)

Myasthenic crisis

Cause of crisis

Infection 58 (54.2%) 54 (50%)

First episode 25 (23.4%) 22 (20.4%) n.s.
Poor treatment compliance 10 (9.3%) 11 (10.2%)

Idiopathic/unknown 19 (17.6%) 25 (23.1%)

Outcome

Days of mechanical ventilation at ICU 34.4 + 27.7 (2-219) 7.9 + 7.8 (1-64) <0.0001
Days at ICU 34.8 + 25.5 (2-219) 12.1 + 8.0 (1-49) <0.0001
Days in hospital 40.7 + 26.7 (9-219) 22.6 + 11.7 (2-66) <0.0001
Death 10 (9.3%) 18 (16.7%) 0.16
Therapy

IVIG 68 (63.6%) 50 (46.3%) 0.01
Plasmaexchange / Immunadsorption 57 (53.3%) 53 (49.1%) 0.06
IVIG + Plasmaexchange or Immunadsorption 28 (26.2%) 13 (12%) 0.009
continuous pyridostigmine infusion 52 (48.6%) 43 (39.8%) 0.22
continuous potassium infusion 69 (64.5%) 41 (38%) 0.0001

Comparison of 107 patients in tracheostomy group and 108 patients in non- tracheostomy group. Age, “Days of mech. ventilation at ICU”, “Days at ICU”
and “Days in hospital” are mean + Standard Deviation and range, other parameters are total number with percentage in brackets. AB = antibody,
AchR = acetylcholine receptor, BMI = body mass index, ICU = intensive care unit, IVIG = intravenous immunoglobulin, MGFA = Myasthenia Gravis Foundation,
MusK = muscle-specific receptor tyrosine kinase, n.s. = not significant. T-test was used for statistical analysis of age-differences and for comparison of “Days of
mech. ventilation at ICU”, “Days at ICU” and “Days in hospital”. For other parameters Chi-square test was used. Significant differences are given in bold.
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2-66], p < 0.0001) were significantly higher (Table 3) in
patients requiring TT. Treatment regimens of MC differed
between the participating centers. In general, the treatment of
patients with TT was more aggressive: Mono-Therapy with
IVIG and the combination of IVIG and PE / IA were chosen
slightly more often in patients of the TT-group (n = 28 vs 13,
p = 0.009), as was continuous potassium infusion (n = 69 vs
41, p = 0.0001) compared to the non-TT group.

Early Tracheostomy Is Associated With Shorter Duration
of Mechanical Ventilation at ICU and Shorter ICU-LOS

Fourteen of 107 tracheostomized patients had to be excluded,
as 10 died in hospital and 4 patients had already been tracheos-
tomized or intubated before admission to the participating cen-
ters and/or data of the exact duration of ventilation was
missing. A moderate correlation was found between the timing
of TT and the number of days needing MV at ICU and
ICU-LOS (r = 0.54, p < 0.0001) and a weak correlation to the
number of days in hospital (r = 0.38) (Figure 1). To minimize
the bias of the correlation analysis by confounders favoring
shorter duration of MV and ICU-stay in MC, we compared
patients with TT within 10 days of intubation to TT that were
performed after 10 days (Table 4). The mean time to TT was
6 days (6.0 + 2.7 [range 1-10]) in the early TT group (n = 48)
and 16 days (16.0 + 4.6 [range 11-28]) in the late TT group
(n=45) (p<0.0001) (Table 4). Patients with TT within 10 days
were slightly younger (68.4 + 16.6 versus 71.7 + 12.0,
p = 0.04). No further significant differences were found
between the groups (Table 4). Known factors associated with
a longer time of MV at ICU in patients with MC (diabetes
mellitus, multiple (> 3) chronic diseases, late-onset MG as well
as cardiopulmonal resuscitation (CPR) and pneumonia)’ did
not differ significantly (Table 4). Despite small differences in
the patients’ characteristics, the mean duration of MV at ICU
(26.2 days + 18.1 [range 5-101] versus 42.0 + 33.1 [range
13-219], p = 0.006), ICU-LOS (26.2 days + 14.6 [range 8-87]
versus 42.3 + 33.0 [range 13-219], p = 0.003) and days in
hospital 33.0 + 18.2 [range 9-87] versus 45.4 + 32.2 [range
17-219], p = 0.03) were significantly shorter in the early
TT group (Table 4).

Of all tracheostomized patients, 38 (40.9%) were discharged
to a weaning facility. Patients in the late TT group needed MV
more likely when discharged (n = 23, 51.1%) compared to the
early TT group (n = 15, 31.3%) (p = 0.0515).

Discussion

The main findings of our study were: a) Half of the patients
were tracheostomized in MC. b) Patients with TT had less often
early-onset MG and were more likely to have multiple chronic
diseases. c¢) Early TT was associated with a significant decrease
in the duration of MV at ICU, ICU-LOS and hospital-LOS as
well as a trend to be less often ventilator dependent at
discharge.

Previous studies analyzing ventilator-dependent critically ill
patients had very diverse findings regarding the rate of TT. In
cohorts including unselected critically ill patients the rate of TT
ranged between 7-43%.'%21-% Neurocritical care patients with
diseases of the CNS showed a TT rate of 7-35 %.%'>*3%3% Two
preceding studies on TT in patients with MC found that 8 of 13
(61.5%) *° and 9 of 23 (39%) intubated MC patients were
tracheostomized.* In our large cohort 49.8% of 215 MCs
underwent TT. This data suggests that patients during MC
requiring MV are more often in need of TT than other critically
ill patients. This could be explained by the combination of
neuromuscular disease with respiratory insufficiency and dys-
phagia and the high risk of extubation failure.'>'*'®4! Except
late-onset MG, we could not find any MG-specific risk factors
for TT, but the treatment regimens during MC in the TT group
were more aggressive. This may reflect a more severe course
of MC.

In ventilated neurological ICU patients, favorable effects
were seen when comparing early with late TT or prolonged
endotracheal intubation, which is in concordance with our find-
ings. In a retrospective cohort-study of 1,154 patients with
severe traumatic brain injury, early TT (within 8 days) was
associated with reduced duration of MV, shorter ICU-LOS and
hospital-LOS and fewer VAP compared to late TT. 234244
However, a randomized controlled trial in 60 patients with
severe stroke, did not demonstrate any differences in
ICU-LOS between early and late TT groups, but the need of
sedation and the mortality rate, were significantly reduced after
early TT.*? Other studies demonstrated inconclusive results as
wel] 25:26:45.46

In cohorts of mixed critical ill patients studies showed a
higher ventilation tolerance, effectiveness of bronchial toilet,
reduced risk of VAP, accelerated weaning from mechanical
ventilation as well as shorter ICU-LOS,19'21’42 while others
found no benefits for early TT.**2°

Weaning patients with MG is often challenging. Extubation
failures is common in MC (27-44%) which has been associated
with longer ICU-LOS and time in hospital'>'®'® as well as
prolonged duration of MV and higher incidence of VAP.'
Thus, the effect of early tracheostomy might be explained sim-
ply through elimination of extubation failure in patients which
were tracheostomized without extubation attempt.

In a recent study we evaluated demographics and baseline
characteristics of patients with MC. Comorbidity, late-onset
MG, status and higher MGFA-Score prior to the crisis and
complications during MC as pneumonia and CPR were asso-
ciated with an extended duration of MV.” In the present study
none of these factors showed to be significantly different
between the early and late TT group, showing that the condi-
tions for the weaning were similar in both groups.

A reduction in ICU-LOS,?**34647 days of MV 9424446 3nq
hospital-stay-LOS'%?"2>*3 in other NICU populations was
likewise found to be the case with our patients: early timing
of TT correlated with fewer days of ventilatory support at ICU
and ICU-LOS with an average reduction of 16 days respec-
tively. This difference was surprisingly high and might not
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Figure |. Correlations between the time point of the tracheostomy and outcome (A) “Days between intubation and tracheostomy” and “Days
of mechanical ventilation at ICU” of each patient are depicted as black dots. (B) “Days between intubation and tracheostomy” and “Days at ICU”
of each patient are depicted as black dots. (C) “Days between intubation and tracheostomy” and “Days in hospital” of each patient are depicted
as black dots. (A-B) Time point of tracheostomy correlated moderate with “Days of mechanical ventilation at ICU” and “Days on ICU”
(R = 0.54; Spearman’s rank correlation), (C) the correlation with “Days in hospital” was weak (R = 0.38; Spearman’s rank correlation).

Table 4. Characteristics of Patients With Tracheostomy Within or After 10 Days.

Tracheostomy <10 days

Tracheostomy >10 days

Patients (n = 48) (n = 45) P-value

Age 68.4 + 16.6 (17-89) 71.1 + 12.0 (37-87) 0.04

Male / Female 30/ 18 26/ 19 0.68

BMI 29.0 + 12.2 (14-67.6) 27.5 + 8.9 (18.8-54.3) 0.67

Extreme BMI (<16 or >40) 4 (16.0%) 2 (11.1%) 1.0

Heart disease 17 (35.4%) 20 (44.4%) 0.4

Diabetes mellitus 15 (31.3%) 16 (35.6%) 0.67

> 3 diseases (Kidney, Heart, Lung, Diabetes, 9 (18.8%) 8 (17.8%) 1.0
Tumor)

Early-onset 7 (14.6%; 2 unknown) 4 (8.9%; | unknown) 0.52

MGFA-classification before crisis

First manifestation of MG 15 (31.3%) 8 (17.8%)

Class | 3 (6.3%) 3 (6.7%) 0.15 for First

Class Il 12 (25.0%) 11 (24,5%) episodes

Class I 9 (18.8%) 14 (31,1%)

Class IV 7 (14.6%) 6 (13.3%) 1.0 for Rest

Unknown 2 (4.2%) 3 (6.7%)

Status before crisis

Independent at home 26 (54.2%) 18 (40.0%)

At home dependent on help Il (22.9%) 10 (22.2%)

In a care facility or hospital 9 (18.8%) 14 (31.1%) n.s.

Unknown 2 (4.2%) 3 (6.7%)

Complications

Pneumonia 34 (70.8%) 33 (73.3%) 0.82

CPR 4 (8.3%) 7 (15.6%) 0.35

Outcome

Day of mech. ventilation before 6.0 + 2.7 (1-10) 16.0 + 4.6 (11-28) <0.0001

tracheostomy

Days of mech. ventilation at ICU 26.2 + 18.1 (5-101) 42.0 + 33.1 (13-219) 0.006

Days at ICU 26.2 + 14.6 (8-87) 42.3 + 33.0 (13-219) 0.003

Days in hospital 33.0 + 18.2 (9-87) 45.4 + 32.2 (17-219) 0.03

Comparison of 48 patients, where tracheostomy was performed within 10 days to 45 patients with tracheostomy after 10 days of mechanical ventilation. Age,
“Days of mech. ventilation at ICU”, “Days at ICU” and “Days in hospital” are depicted as mean + SD and range, other parameters in total number with percentage
in brackets. BMI = body mass index, CPR = Cardio-pulmonal resuscitation, ICU = intensive care unit, MGFA = Myasthenia Gravis Foundation, n.s. = not
significant. T-test and Chi-square test were used, where appropriate. Significant differences are given in bold.



38

Journal of Intensive Care Medicine 37(1)

simply be due to the earlier timing of the TT. Especially, the
reduced need of drugs like sedatives and antibiotics that might
worsen MC could explain some of the favorable effects of early
TT. **>! The easier management of aspiration after TT in MCs
with hypersalivation due to cholinergic drugs might also con-
tribute to these results. Moreover, TT reduces the volume of the
anatomical dead space and facilitates breathing, which might
be an important factor especially in patients with neuromuscu-
lar diseases. Patients with MC have no central nervous system
disturbance and wake up more quickly after termination of
sedatives than other neurointensive care patients and therefore
can benefit from weaning, training and physiotherapy after
early TT. In addition, early TT enables patients to be trans-
ferred to rehabilitation and weaning clinics at an earlier time
point which is another advantage. Of note, in our study early
TT seemed to reduce the likelihood of ventilator dependency
when discharged to a weaning facility (31% versus 51%), sup-
porting the theory that patients benefit from an early TT.

All in all, we are of the opinion that an early TT in patients
in MC requiring MV should be considered to reduce the venti-
lation time and ICU-LOS, if prolonged weaning is predictable.

Our study has several limitations: The definite number of
days of MV is unknown in some patients because of the transfer
to rehabilitation and weaning facilities while still mechanically
ventilated. The decision which patient to tracheostomize early
was a subjective decision by the clinician in charge. The aim of
a clinician is to identify patients in need of prolonged invasive
ventilation as they benefit from early TT. If patients with a
good short time prognosis were chosen for the early TT, the
effect of the early TT might be overestimated. Finally, because
of the retrospective nature, certain clinical data might be inac-
curate. Therefore, a prospective randomized controlled trial
including ventilation data to evaluate the exact effect of early
TT in MC is required.

Conclusion

In summary, we found a high rate (49.8%) of TT in patients
with MC. Factors associated with TT were older age, a
late-onset MG and a higher number of comorbidities. In
patients requiring prolonged mechanical ventilation, early TT
was associated with a shorter duration of MV, as well as ICU
and hospital-LOS and might be an additional therapeutic option
in MC.
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