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Predictive factors of prolonged mechanical
ventilation, overall survival, and quality of
life in patients with post-thymectomy
myasthenic crisis
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Abstract

Background: Thymectomy is the primary approach for the treatment of myasthenia gravis (MG). This retrospective
study aimed to identify the clinical and demographical features that may impact the duration of mechanical
ventilation (DMV), the long-term survival, and the quality of life (QOL) in patients with post-thymectomy myasthenic
crisis (PTMC).

Methods: We reviewed the patients who suffered from PTMC from June 2008 to November 2015. Cox proportional
hazard regression analysis was used to identify potential prognostic factors that may impact DMV and long-term
survival. Spearman bivariate correlation analysis was used to analyze the relationship between DMV and QOL. Statistical
powers were calculated.

Results: In total, 70 patients with PTMC were enrolled. Alcohol abuse, high scores of Myasthenia Gravis Foundation
of America (MGFA) classification and Clavien-Dindo classification were critical factors that remarkably delayed early
extubation. High scores of Osserman’s classification, MGFA classification, and Clavien-Dindo classification predicted a
poor prognosis in PTMC patients. Occupational skills and job status were observed to be negatively affected in PTMC
patients.

Conclusions: To decrease the duration of mechanical ventilation, we suggest alcohol abstinence before the operation,
appropriate preoperative treatment to decrease MGFA classification, and greater attention to the treatment of
postoperative complications.
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Background
Myasthenia gravis (MG) is an acquired autoimmune dis-
order of neuromuscular junction transmission that clin-
ically manifests as fluctuating weakness and fatigability
of skeletal muscles that is usually mediated by auto-
antibodies, especially against the human nicotinic acetyl-
choline receptor (AChR) of postsynaptic membranes [1].
Thymus gland abnormality in 70–90% of MG patients
was thought to play a critical role in the pathogenesis of
MG [2, 3]. Therefore, thymectomy is believed to be a

critical treatment regarding overall survival, clinical im-
provement, and remission rate and should be considered
strongly in patients with generalized MG [4].
However, post-thymectomy myasthenic crisis (PTMC)

remains a major challenge necessitating postoperative
mechanical ventilatory support and potentially leads to
postoperative death. It is defined as mechanical ventila-
tion lasting more than 48 h after thymectomy and/or oc-
curring abruptly and requiring urgent intubation or
tracheotomy [5, 6].
Several studies unveiled the risk factors of PTMC, i.e.,

unstable symptoms of MG before surgery, patients with
myasthenic crisis history, thymoma, large preoperative
dose of pyridostigmine bromide, postoperative pulmonary
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infection, and preoperative anxiety (Beck score >8) [7–9].
Furthermore, LuW et al. [10] found that preoperative My-
asthenia Gravis Foundation of America (MGFA) clinical
classification and quantitative myasthenia gravis (QMG)
score were independent risk factors for prolonged postop-
erative intubation in patients with MG by logistic regres-
sion analysis. However, notably few studies have been
conducted that concern the risk factors that may prolong
duration of mechanical ventilation (DMV) and impact
long-term survival and quality of life (QOL) in patients
with PTMC.
In this study, we aim to identify the clinical and demo-

graphical features that may impact the abovementioned
points regarding the progression and prognosis of PTMC.

Methods
Patients
From June 2008 to November 2015, a total of 384 pa-
tients suffering from MG underwent extended thymec-
tomy in our institution, and 70 patients had PTMC. The
data were collected retrospectively by chart review re-
garding relevant patient data and clinical variables, and
we obtained written informed consent prior to the oper-
ation. The study was approved by the Ethics Committee
of Daping Hospital.
The diagnosis of MG was based on the case history,

clinical manifestation, physical examination, and prostig-
min test. PTMC is defined as mechanical ventilation
lasting more than 48 h after thymectomy and/or occur-
ring abruptly and requiring urgent intubation or trache-
otomy in MG patients [5, 6]. DMV is defined as the
duration from trachea intubation to extubation.
The clinical criteria for postoperative lung infection

(PLI) include the following: (1) new or progressive lung
infiltrate and (2) at least two of the following manifesta-
tions: hyper- or hypothermia, elevated white blood cell
count, purulent tracheal secretions or sputum, or wors-
ening oxygenation [11].
Osserman’s classification [12] is used to determine the

clinical status of the patients, separating patients with
purely ocular involvement from those with generalized
weakness and, further, separating those with mild, mod-
erate, acute fulminating, and late severe generalized
weakness.
MGFA classification is another class system [13]; it de-

fers quantitative assessment of muscle weakness to the
more precise Quantitative MG Score for disease severity.
According to MGFA, MG can be divided into five primary
classes: class I is purely ocular weakness and classes II–IV
are generalized weakness, and the subclasses are divided
by the limb, axial muscles, or oropharyngeal muscles.
The QMG score [14] is a 13-item scale that is used to

quantify disease severity in MG. The scale measures
ocular, bulbar, respiratory, and limb function; grades

each finding; and ranges from 0 (no myasthenic findings)
to 39 (maximal myasthenic deficits).
The Clavien-Dindo classification [15] was used to evalu-

ate the postoperative complications, and we redefined grade
4 in this study: (i) grade 0: no complications, (ii) grade 1:
deviation from normal postoperative course without need
for medical intervention, (iii) grade 2: complications requir-
ing pharmacological treatment, (iv) grade 3: complications
requiring invasive intervention, (v) grade 4: life-threatening
complications requiring intensive care unit management,
except trachea intubation, and (vi) grade 5: death.

Follow-up
After surgery, all patients were followed up regularly in
the outpatient clinic or by telephone every 3 months dur-
ing the first year, every 6 months until the fifth year, and
then annually. All included subjects had complete follow-
up information until death or February 2016; the dose of
prednisolone or pyridostigmine bromide, the QMG score,
the myasthenia gravis quality of life questionnaire (MG-
QOL15) (a system for the evaluation of the quality of life
in MG patients), the occurrence, and the induced causes
of myasthenic crisis (MC) were recorded. We used overall
survival (OS) as the primary endpoint that was defined as
the time from diagnosis to death.
Fifty-six cases have valid follow-up data, and 14 cases

were lost in follow-up (14/70, 20%). The duration of follow-
up ranged from 1.2 to 92.8 months (41.5 ± 21.2 months).
Patients whose follow-up time was less than 30 days or
who died within 30 days after surgery were excluded.

Statistical analysis
Numerical data are expressed as the mean ± standard
deviation. Discrete data are expressed as median (range).
Univariate and multivariate Cox proportional hazard re-
gression analyses were used to identify potential prog-
nostic factors. One-way ANOVA analysis was used to
compare the four groups with continuous variates.
Spearman bivariate correlation analysis was used to
analyze the relationship between DMV and QOL. Statis-
tical powers of the Cox model and one-way ANOVA
analysis were evaluated by using XLSTAT (Addinsoft
Inc., New York, NY, USA). All statistical calculations
were performed using the SPSS statistical software, ver-
sion 19.0 (IBM SPSS, Chicago, IL, USA). A p value of
<0.05 was considered to be statistically significant.

Results
Characteristics of patients suffering from PTMC
In total, 70 patients with PTMC were enrolled in this
study. PTMC occurred within 1.0 ± 2.6 days after the
thymectomy (ranged from 0 to 19 days); the clinical and
demographical characteristics of these patients were
summarized in Table 1. Sixty-nine (98.6%) patients had
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medical treatments prior to operation, i.e., prednisolone,
pyridostigmine bromide, plasma exchange, steroid pulse,
and/or immunoglobulin. Eleven patients (15.7%) had
autoimmune diseases, i.e., five with hyperthyroidism,
three with hypothyroidism, one with gout, one with
rheumatoid arthritis, and one (1.4%) with systemic lupus
erythematosus.
There was no perioperative mortality. Eighteen (25.7%)

patients did not have any postoperative complication,
except PTMC. Fifty-two (74.3%) cases had other surgical
complications that were graded by Clavien classification
and ranged from 0 to 5 [15].
Among the 70 cases, the median DMV was 120

(24–3696) h. The median hospital stay duration was
26 (8–240) days.

Treatment protocols for PTMC
Among the 70 cases, 42 patients prolonged mechanical
ventilation more than 48 h, and 28 patients developed
MC abruptly and required urgent intubation or a trache-
otomy in MG patients. The treatment protocols for
PTMC in our experiences included the following. First,
we evaluated the type of myasthenic crisis according to
prostigmin tests. For a positive result, we increased the
dosage of pyridostigmine bromide gradually; for a nega-
tive result, we stopped the anticholinesterase drugs com-
pletely because we were unable to distinguish the MC
type, stopped mechanical ventilation assistance, and
evaluated the symptoms again after 24 h while increas-
ing the pyridostigmine bromide from a small dosage.
Second, if the dosage of pyridostigmine bromide was
more than 360 mg/day, it is important to add the pred-
nisolone acetate from a small dosage. Lastly, for patients
who needed more than 10 days of mechanical ventila-
tion, we chose steroid pulse therapy, immunoglobulin,
or plasma exchange.

Risk factors of prolonged mechanical ventilation
We chose 16 variables for Cox model analysis as the po-
tential risk factors according to the reported information
shown in Additional file 1: Table S1. The variables were
classified and clustered as follows: (i) demographical

Table 1 Clinical and demographic characteristics of PTMC patients

Variable Number (%) or mean (SD)

Age (years) 39.6 (14.8)

Gender

Male 31 (44.3%)

Female 39 (55.7%)

BMI 22.3 (3.6)

Symptom duration (months) 21.1 (38.7)

Osserman’s classification

I 5 (7.1%)

IIa 28 (40.0%)

IIb 30 (42.9%)

III 5 (7.1%)

IV 2 (2.9%)

MGFA classification

I 5 (7.1%)

IIa 13 (18.6%)

IIb 16 (22.9%)

IIIa 9 (12.9%)

IIIb 21 (30.0%)

IVa 1 (1.4%)

IVb 2 (2.9%)

V 3 (4.3%)

QMG score 14.1 (5.7)

Preoperative medical therapy 69 (98.6%)

Prednisolone 25 (21.4%), 8.2 (19.4)

Plasma exchange 4 (5.7%)

Steroid pulse 9 (12.9%)

Immunoglobulin 4 (5.7%)

Pyridostigmine bromide 69 (98.6%)

No preoperative medical therapy 1 (1.4%)

Autoimmune diseases

Hyperthyroidism 5 (7.1%)

Hypothyroidism 3 (4.3%)

Gout 1 (1.4%)

Rheumatoid arthritis 1 (1.4%)

Systemic lupus erythematosus 1 (1.4%)

Without autoimmune diseases 59 (84.3%)

Operation approach

VATS 53 (75.7%)

Transsternal 17 (24.3%)

Clavien-Dindo classificationa

0 18 (25.7%)

I 1 (1.4%)

II 41 (58.6%)

IIIa 4 (5.7%)

Table 1 Clinical and demographic characteristics of PTMC patients
(Continued)

IIIb 2 (2.9%)

IVa 4 (5.7%)

Mechanical ventilation duration (h) 203.0 (436.3)

Duration of hospital stay (days) 30.3 (28.3)
a(i) Grade 0: no complications, (ii) grade 1: deviation from normal postoperative
course without need for medical intervention, (iii) grade 2: complications
requiring pharmacological treatment, (iv) grade 3: complications requiring
invasive intervention, (v) grade 4: life-threatening complications requiring
intensive care unit management except trachea intubation, and (vi) grade 5:
death [11]
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characteristics, i.e., age, body mass index (BMI), smoking
status, alcohol status, and lung function; (ii) status of
MG prior to thymectomy, i.e., preoperative crisis, symp-
tom duration, Osserman’s classification, MGFA classifi-
cation, QMG scores, thymoma, and preoperative max
pyridostigmine; (iii) surgical situations, i.e., surgical ap-
proaches, operation duration, and blood loss; and (iv)
postoperative situations, i.e., Clavien-Dindo classification
of surgical complications.
We defined “status = 1” as the tracheal extubation

and “time” as the DMV. As shown in Table 2, both
univariable and multivariable analyses indicated alco-
hol status, MGFA classification, and Clavien-Dindo
classification were critical factors that may hinder
early extubation.
Among the 70 patients, we excluded seven patients

who underwent urgent thymectomy in the duration of
MC to exclude confounders. As shown in Table 3, PLI
occurred in 60 cases (60/63, 95.2%). Therefore, we tried
to evaluate the impact of PLI on DMV and excluded
three patients without PLI but with other complications.
All of the PLI were grade II as per Clavien-Dindo classi-
fication. Finally, 60 patients were divided into four
groups according to the severity of postoperative com-
plications as per Clavien-Dindo classification, i.e., group
1 (no complication), group 2 (PLI only), group 3 (PLI
with other complications requiring pharmacological
treatment), and group 4 (PLI with other complications
requiring at least invasive intervention). As shown in
Fig. 1, PLI as the sole complication did not prolong
DMV compared to those without any complication
(p = 0.537); however, PLI with other more severe com-
plications requiring at least pharmacological treatment
(groups 3 and 4) seemed to remarkably prolong DMV,
compared to those without any complication (p = 0.015
and 0.001).

Risk factors of overall survival in PTMC patients
Among the 70 PTMC patients, 56 cases have valid
follow-up data, and among them, four patients died of
sudden deterioration of MC (three patients and one pa-
tient died within 12 and 18.8 months after the operation,
respectively). We defined “status = 1” as the event of
death and “time” as the survival duration. As shown in
Table 4, high scores of Osserman’s classification, MGFA
classification, and Clavien-Dindo classification predicted
a poor prognosis in PTMC patients.

Relationship between DMV and postoperative quality of
life
We evaluated postoperative QOL in the PTMC patients
as per MG-QOL15, a self-administered disease-specific

Table 2 Univariate and multivariate analyses of risk factors that may prolong mechanical ventilation

Variables Cox model p value Hazard ratio (95.0% CI for HR)

Alcohol statusb Univariate analysis 0.040 0.524 (0.283–0.970)

Multivariate analysisa 0.049 0.517 (0.267–0.998)

MGFA classification Univariate analysis 0.001 0.789 (0.685–0.908)

Multivariate analysisa 0.007 0.811 (0.697–0.944)

Clavien-Dindo classification Univariate analysis 0.003 0.748 (0.617–0.907)

Multivariate analysisa 0.013 0.783 (0.645–0.950)

Osserman’s classification Univariate analysis 0.006 0.680 (0.515–0.897)

QMG score Univariate analysis 0.010 0.948 (0.910–0.987)

Preoperative crisisb Univariate analysis 0.036 0.550 (0.314–0.963)

Preoperative max pyridostigmine Univariate analysis 0.025 0.998 (0.996–1.000)

Lung function Univariate analysis 0.005 0.738 (0.597–0.912)

We defined “status = 1” as tracheal extubation and “time” as the duration of mechanical ventilation in the analysis of Cox proportional hazard regression analyse
aMultivariate Cox analysis by forward step
bAlcohol status is defined as (1) never, (2) occasional, (3) excessive, and (4) dependence. Preoperative crisis is defined as the times of myasthenic crisis before surgery

Table 3 Postoperative complications of the 63 cases with or
without PLI

Major postoperative complications Number
(%)

Clavien-Dindo
classification

Total 63

No postoperative complications 18 (28.6) 0

Incision infection 1 (1.6) I

Postoperative lung infection (PLI) only 21 (33.3) II

PLI + atrial fibrillation 3 (4.8) II

PLI + sinus tachycardia 7 (11.1) II

PLI + bacteremia 1 (1.6) II

PLI + gastrointestinal bleeding 1 (1.6) II

PLI + pneumothorax 3 (4.8) II + IIIa

PLI + pleural effusion 3 (4.8) IIIa

Hemothorax 1 (1.6) IIIb

Mediastinal abscess 1 (1.6) IIIb

PLI + acute cardiac failure 1 (1.6) IVa

PLI + acute respiratory distress syndrome (ARDS) 2 (3.2) IVa
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questionnaire consisting of 15 items ranging from 0 to 4,
i.e., from “not at all” to “very much” [16].
As shown in Fig. 2a, occupational skills and job status

seemed to be most negatively affected in PTMC patients,
compared to other challenges in daily life. As shown in
Fig. 2b, the mean score of long-term (more than 1 year)
postoperative QOL was 5.6, and DMV was not corre-
lated with QOL (R2 = 0.021, p = 0.304).

Discussion
Thymectomy via video-assisted thoracoscopic surgery
(VATS) or partial/total sternotomy is one of the most
important therapies in the treatment of MG and has a
critical role in decreasing the frequency and severity of
myasthenic attacks [17]. PTMC is the primary cause of
postoperative mortality and prolonged hospital stay. In

our study, the morbidity of PTMC is 18.2% (70/384);
this result is in accordance with other reports that range
from 6 to 21.9% [18, 19].
PTMC is the most critical complication of respiratory

failure resulting from serious weakness of the respiratory
muscle and the accumulation of saliva and bronchial se-
cretions in the airway [5, 20] and usually requires mech-
anical ventilation. However, subsequent postoperative
mechanical ventilation could induce respiratory compli-
cations and increase medical costs. Therefore, early dis-
continuation of mechanical ventilation and extubation is
very important to accelerate the rehabilitation of the
cases. In our study, alcohol status, high MGFA classifica-
tion, and Clavien-Dindo classification were critical inde-
pendent factors that may hinder early extubation.
Interestingly, alcohol misusers were observed to have

longer bleeding times during the first postoperative week,
as well as a weaker surgical stress response and higher
postoperative morbidity; these are most likely the result of
decreased hemostatic function, immunosuppression, and
subclinical cardiac insufficiency [21]. Therefore, preopera-
tive alcohol consumption may be a more important risk
factor in patients with MG than previously thought [21].
MGFA classification dissimilates to Osserman’s classi-

fication in the evaluation of severity, and it is designed
to identify subgroups of patients with MG who share
distinct clinical features or severity of disease that may
indicate different prognoses or responses to therapy, and
it is more objective and precise than Osserman’s classifi-
cation [13]. In addition, the QMG score is prone to be
affected by clinical classification and postintervention
status and should not be used to compare severity be-
tween patients [13]. In our study, MGFA classification,
rather than Osserman’s classification and QMG score,
was the independent factor of DMV in PTMC, demon-
strating that preoperative MGFA classification can be
used to predict PTMC.
We evaluated postoperative complications by using

the Clavien-Dindo classification and found that PLI, as
the sole complication, did not prolong DMV, most likely
because of the use of effective antibiotics and proper re-
spiratory management. However, PLI with other more
severe complications (Clavien-Dindo classification ≥2)
seemed to remarkably prolong DMV. Therefore, we
should focus on the treatment of these complications,
e.g., atrial fibrillation, pneumothorax, and ARDS.
Lee et al. reported that after thymectomy, 2.4% (3/123)

of MG patients had unchanged or worse exacerbation of
symptoms or died of MG [22]. However, few studies fo-
cused on the survival of PTMC patients. In the present
study, four (4/56, 7.1%) patients died of sudden deterior-
ation of MC within 2 years after PTMC, and high scores
of Osserman, MGFA, and Clavien-Dindo classifications
predicted a poor prognosis in PTMC patients.

Fig. 1 The correlation between postoperative complications and
DMV, analyzed by one-way ANOVA. Sixty patients were divided into
four groups based on the severity of postoperative complications as
per Clavien-Dindo classification: group 1 (no complication, n = 18),
group 2 (PLI only, n = 21), group 3 (PLI with other complications
requiring pharmacological treatment, n = 14), and group 4 (PLI with
other complications requiring at least invasive intervention, n = 7).
As shown in Fig. 1, PLI, as the sole complication, did not prolong DMV
compared to those without any complication (p = 0.537) most likely
because of the use of effective antibiotics and proper respiratory
management. However, PLI with other more severe complications
that required at least pharmacological treatment (groups 3 and 4)
seemed to remarkably prolong DMV, compared to those without any
complication (p = 0.015 and 0.001, respectively). p = 0.997 (XLSTAT,
Addinsoft Inc., New York, NY, USA)

Table 4 Univariate analysis of risk factors that may impact
overall survival

Variables p value Hazard ratio (95.0% CI for HR)

Osserman’s classification 0.017 8.723 (1.464–51.955)a

MGFA classification 0.007 3.562 (1.418–8.945)b

DMV 0.005 1.007 (1.002–1.012)c

Clavien-Dindo classification 0.033 1.990 (1.057–3.746)d

Drainage 0.010 1.002 (1.001–1.004)e

We defined “status = 1” as the event of death and “time” as the survival duration
Statistical powers of the Cox model were evaluated by using XLSTAT
(Addinsoft Inc., New York, NY, USA) and presented as follows: (a) 1.000, (b)
1.000, (c) 0.473, (d) 0.962, and (e) 0.469
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Remission and absence of generalized symptoms were
favorable factors for QOL in MG patients [23], while the
frequency of MG symptoms might be the primary factor
that lowers QOL [24]. However, very few studies focused
on long-term QOL after surgery in PTMC patients. In
our study, the occupational skills and job status seemed
to be remarkably negatively affected by MG and we
demonstrated that DMV was not correlated with QOL.

Conclusions
Based on the results of this study, in order to decrease
the duration of mechanical ventilation, we suggest alco-
hol abstinence before the operation, appropriate pre-
operative treatment to decrease MGFA classification,
and more focus on the treatment of postoperative com-
plications. However, our study has several limitations,
e.g., a limited number of the cohort from a single insti-
tution. A multi-center robust study with long-term
follow-up is warranted.

Additional file

Additional file 1: Table S1. Published information regarding the 16
variables and their potential impacts on MG. (DOC 120 kb)

Abbreviations
AChR: Acetylcholine receptor; DMV: Duration of mechanical ventilation;
MC: Myasthenic crisis; MG: Myasthenia gravis; MGFA: Myasthenia Gravis
Foundation of America; OS: Overall survival; PLI: Postoperative lung infection;
PTMC: Post-thymectomy myasthenic crisis; QMG: Quantitative myasthenia
gravis; QOL: Quality of life; VATS: Video-assisted thoracoscopic surgery

Acknowledgements
None to disclose.

Funding
None to disclose.

Availability of data and materials
The datasets during and/or that were analyzed during the current study are
available from the corresponding author upon reasonable request.

Authors’ contributions
KKL, QYT, and BD conceived the study concept and participated in its
design, data extraction, statistical analysis, and manuscript drafting and
editing. WG participated in the literature research and manuscript drafting
and editing. KQ and YGF conceived the study concept and participated in
the design and data extraction. All authors read and approved the final
manuscript.

Ethics approval and consent to participate
All of the patients gave written consent before the operative procedures,
and the study was approved by the Ethics Committee of Daping Hospital.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Received: 23 January 2017 Accepted: 22 July 2017

References
1. Wendell LC, Levine JM. Myasthenic crisis. Neurohospitalist. 2011;1:16–22.
2. Meriggioli MN, Sanders DB. Autoimmune myasthenia gravis: emerging

clinical and biological heterogeneity. Lancet Neurol. 2009;8:475–90.
3. Huang X, Liu WB, Men LN, Feng HY, Li Y, Luo CM, Qiu L. Clinical features of

myasthenia gravis in southern China: a retrospective review of 2,154 cases
over 22 years. Neurol Sci. 2013;34:911–7.

4. Bachmann K, Burkhardt D, Schreiter I, Kaifi J, Schurr P, Busch C, Thayssen G,
Izbicki JR, Strate T. Thymectomy is more effective than conservative
treatment for myasthenia gravis regarding outcome and clinical
improvement. Surgery. 2009;145:392–8.

5. Jani-Acsadi A, Lisak RP. Myasthenic crisis: guidelines for prevention and
treatment. J Neurol Sci. 2007;261:127–33.

6. Kalita J, Kohat AK, Misra UK. Predictors of outcome of myasthenic crisis.
Neurol Sci. 2014;35:1109–14.

Fig. 2 a The score (mean with SD) of each list in MG-QOL15, occupational skills and job status seemed to be most negatively affected by PTMC,
compared to other challenges in daily life. b Spearman bivariate correlation analysis between DMV and QOL; DMV was not correlated with QOL
(R2 = 0.021, p = 0.304)

Li et al. World Journal of Surgical Oncology  (2017) 15:150 Page 6 of 7

dx.doi.org/10.1186/s12957-017-1209-1


7. Ando T, Omasa M, Kondo T, Yamada T, Sato M, Menju T, Aoyama A, Sato T,
Chen F, Sonobe M, Date H. Predictive factors of myasthenic crisis after
extended thymectomy for patients with myasthenia gravis. Eur J
Cardiothorac Surg 2015; 48:705-9, 709.

8. Zou J, Su C, Lun X, Liu W, Yang W, Zhong B, Zhu H, Lei Y, Luo H, Chen Z.
Preoperative anxiety in patients with myasthenia gravis and risk for
myasthenic crisis after extended transsternal thymectomy: a CONSORT
study. Medicine (Baltimore). 2016;95:e2828.

9. Wu Y, Chen Y, Liu H, Zou S. Risk factors for developing postthymectomy
myasthenic crisis in thymoma patients. J Cancer Res Ther. 2015;11(Suppl 1):
C115–7.

10. Lu W, Yu T, Longhini F, Jiang X, Qin X, Jin X. Preoperative risk factors for
prolonged postoperative ventilation following thymectomy in myasthenia
gravis. Int J Clin Exp Med. 2015;8:13990–6.

11. Kollef MH. Prevention of postoperative pneumonia. Hosp Physician Surg
Patient Care Ser. 2007;64:47–60.

12. Perlo VP, Poskanzer DC, Schwab RS, Viets HR, Osserman KE, Genkins G.
Myasthenia gravis: evaluation of treatment in 1, 355 patients. Neurology.
1965;16:431–9.

13. Jaretzki AR, Barohn RJ, Ernstoff RM, Kaminski HJ, Keesey JC, Penn AS,
Sanders DB. Myasthenia gravis: recommendations for clinical research
standards. Task Force of the Medical Scientific Advisory Board of the
Myasthenia Gravis Foundation of America. Ann Thorac Surg. 2000;70:327–34.

14. Tindall RS, Rollins JT, Phillips JT, et al. Preliminary results of a double blind,
randomized, placebo-controlled trial of cyclosporine in myasthenia gravis. N
Engl J Med. 1987;316:719–24.

15. Dindo D, Demartines N, Clavien PA. Classification of surgical complications:
a new proposal with evaluation in a cohort of 6336 patients and results of a
survey. Ann Surg. 2004;240:205–13.

16. Burns TM, Conaway MR, Cutter GR, Sanders DB. Less is more, or almost as
much: a 15-item quality-of-life instrument for myasthenia gravis. Muscle
Nerve. 2008;38:957–63.

17. Soleimani A, Moayyeri A, Akhondzadeh S, Sadatsafavi M, Tavakoli SH,
Soltanzadeh A. Frequency of myasthenic crisis in relation to thymectomy in
generalized myasthenia gravis: a 17-year experience. BMC Neurol. 2004;4:12.

18. Gritti P, Sgarzi M, Carrara B, Lanterna LA, Novellino L, Spinelli L, Khotcholava
M, Poli G, Lorini FL, Sonzogni V. A standardized protocol for the
perioperative management of myasthenia gravis patients. Experience with
110 patients. Acta Anaesthesiol Scand. 2012;56:66–75.

19. Leuzzi G, Meacci E, Cusumano G, Cesario A, Chiappetta M, Dall'Armi V, Evoli
A, Costa R, Lococo F, Primieri P, et al. Thymectomy in myasthenia gravis:
proposal for a predictive score of postoperative myasthenic crisis. Eur J
Cardiothorac Surg 2014; 45:e76-88, e88.

20. Chaudhuri A, Behan PO. Myasthenic crisis. QJM. 2009;102:97–107.
21. Tonnesen H, Petersen KR, Hojgaard L, Stokholm KH, Nielsen HJ, Knigge U,

Kehlet H. Postoperative morbidity among symptom-free alcohol misusers.
Lancet. 1992;340:334–7.

22. Lee CY, Lam CL, Pang SY, Lau KK, Teo KC, Chang RS, Chan KH. Clinical
outcome of generalized myasthenia gravis in Hong Kong Chinese.
J Neuroimmunol. 2015;289:177–81.

23. Boldingh MI, Dekker L, Maniaol AH, Brunborg C, Lipka AF, Niks EH,
Verschuuren JJ, Tallaksen CM. An up-date on health-related quality of life in
myasthenia gravis—results from population based cohorts. Health Qual Life
Outcomes. 2015;13:115.

24. Kulkantrakorn K, Sawanyawisuth K, Tiamkao S. Factors correlating quality of
life in patients with myasthenia gravis. Neurol Sci. 2010;31:571–3.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Li et al. World Journal of Surgical Oncology  (2017) 15:150 Page 7 of 7


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Patients
	Follow-up
	Statistical analysis

	Results
	Characteristics of patients suffering from PTMC
	Treatment protocols for PTMC
	Risk factors of prolonged mechanical ventilation
	Risk factors of overall survival in PTMC patients
	Relationship between DMV and postoperative quality of life

	Discussion
	Conclusions
	Additional file
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	References

