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Abstract

Objectives

The accurate and early diagnosis of amyotrophic lateral sclerosis (ALS) is important for
extending the life expectancy of patients. However, previous studies that have assessed the
diagnostic sensitivities of the Awaji criteria (AC) and the revised El Escorial criteria (rEEC) in
patients with ALS have been inconsistent, most of them were consensual regarding the
advantage of Awaji over conventional criteria. Our study sought to compare the roles of AC
and rEEC in the diagnosis of ALS.

Methods

Data from a total of 294 consecutive patients with ALS were collected between January
2014 and August 2015 in the Peking Union Medical College Hospital. The clinical and
electrophysiological records of 247 patients were eventually analyzed. The primary outcome
measures were the sensitivities of the AC and rEEC for the diagnosis of ALS.

Results

The sensitivity of probable or definite ALS as diagnosed with the AC (78%) was greater than
that of the rEEC (36%, P <0.001). Following the application of the AC, 103 of the 147
patients categorized as probable ALS-laboratory supported from the rEEC were upgraded
to probable or definite ALS, and 44 were downgraded to possible ALS.

Conclusions

Our data demonstrated that the AC exhibited greater diagnostic sensitivity than the rEEC in
a Chinese ALS population. The use of the AC should be considered in clinical practice.
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Introduction

Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative disorder that is characterized
by progressive muscle weakness, atrophy and upper motor neuron (UMN) signs|[1, 2]. Seventy
percent of patients have a survival rate of less than 3 years [3]. Accurate and early diagnosis
plays an important role in extending the life expectancy [4, 5].

The diagnosis of ALS relies on the presence of a combination of UMN and lower motor
neuron (LMN) signs in the same specific body regions [1, 6]. Two diagnostic criteria are cur-
rently used in the diagnosis of ALS, i.e., the revised El Escorial criteria (tfEEC) and the Awaji
criteria (AC) [6, 7]. The rEEC is primarily used in clinical trials, but it has been reported that
the rEEC delays the diagnosis and grading of ALS [8]. To increase the diagnostic sensitivity for
ALS, the AC was developed and recommends that electromyographic (EMG) abnormalities
should be taken as equivalent to lower motor neuron abnormalities, and clinical examination
findings and fasciculation potentials are regarded as evidence of acute denervation in the pres-
ence of chronic neurogenic changes [7].

However, comparisons between the diagnostic sensitivities of the AC and rEEC in patients
with ALS remain inconsistent. Most of them have reported that the AC was obviously more
sensitive than the rEEC [9-12]. For example, Carvalho et al (2009) stated that the AC was obvi-
ously more sensitive that the rEEC in 55 cases of ALS [9]. Other studies have found no signifi-
cant differences between the AC and rEEC in the diagnosis of ALS [13, 14]. For example,
Gawel et al (2014) reported no significant difference between the AC and rEEC in the diagno-
sis of ALS in 135 ALS cases [14]. The reasons for this inconsistency may include differences in
study populations and methodological limitations [15]. A potential methodological limitation
is that the performance of EMG did not meet the AC requirements [16, 17]. The AC requires
the assessment of at least two muscles in the cervical (upper limbs) and lumbosacral (lower
limbs) regions, and one muscle in bulbar and thoracic paraspinal region [7]. Moreover, the
diagnostic sensitivities of the AC and rEEC have not been examined in a Chinese population.
The study should be performed in the Chinese population, because there is some heterogeneity
in the age of disease onset, median survival time and genetic basis of ALS between Chinese
and Western cohorts[18]. Peking Union Medical College Hospital is a center for diagnosis and
treatment of severe and complicated diseases in China, and our group focuses on ALS diagno-
sis and treatment [19-21]. We have large numbers of ALS patients across the country, and we
conducted a study to compare the diagnostic sensitivities of the AC and rEEC based on a
detailed patient database.

The aim of the present study was to compare the diagnostic sensitivities of the AC and
rEEC by reviewing the detailed clinical and neurophysiological data from a Chinese
population.

Material and methods
Participants

We performed a retrospective analysis of prospectively consecutive acquired clinical and
neurophysiological data from patients who attended our outpatient clinic for ALS at the
Peking Union Medical College Hospital between January 2014 and August 2015. We included
patients who fulfilled the rEEC for at least possible ALS at the initial investigation. Patients
without EMG examinations in our laboratory were excluded. This study was approved by the
Research Ethics Committee of Peking Union Medical College Hospital. The requirement for
informed consent was waived due to the retrospective nature of the study.
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Diagnostic categorization

In this study, the rEEC was used to categorize the patients into four levels of diagnostic proba-
bility: clinically possible ALS, clinically probable ALS-laboratory supported, clinically probably
ALS, and clinically definite ALS. The AC was used to divide the patients into clinically possible
ALS, clinically probable ALS and clinically definite ALS [6, 7]. The details of the criteria cate-
gories of the rEEC and AC have been described in previous reports [6, 7, 16].

To categorize the two criteria, the clinical notes were examined. The clinical signs were
recorded as positive or negative for lower motor neuron and/or upper motor neuron signs in
each area of four anatomical regions that included the cranial, cervical, thoracic and lumbosa-
cral regions. We also reviewed the clinical, neurophysiological, laboratory and neuroimaging
data to exclude potential ALS mimic disorders.

Neurophysiological examination

The neurophysiological examinations were reviewed to identify lower motor neuron abnor-
malities. Needle EMG examinations were performed following a standardized protocol on
both sides muscles that included sternocleidomastoid, abductor digiti minimi muscle of the
hand, extensor digitorum communis, deltoideus, mid-thoracic paraspinal, tibialis anterior
muscles and vastus medialis using a Viking IV EMG machine (Nicolet Biomedical, Madison,
Wisconsin, USA). In each muscle, at least 10 insertions were performed to search for fibrilla-
tion potentials and positive sharp waves during complete muscle relaxation. Additionally,
motor and sensory nerve conduction studies were performed in a minimum of median nerve,
ulnar nerve, tibial nerve, and peroneal nerve. Muscle in completely or nearly completely
relaxed was observed for at least 60s to identify fasciculation potentials, which was defined as
spontaneous motor unit potentials at an irregular frequency[7]. The time interval between the
patients’ clinical examinations and the EMGs never exceeded 1 week.

In this study, the patients’ clinical and EMG data were reviewed jointly by both investiga-
tors, and the diagnostic categories for each patient decided by consensus.

Definition of sensitivity and the reference standard

For the purpose of calculating the sensitivities, if the criteria diagnoses were clinically definite
ALS or clinically probable ALS, the patients were regarded as having a ‘positive ALS criteria
diagnosis’. Conversely, if the criteria diagnoses were clinically probable laboratory-supported
ALS or clinically possible ALS, the patients were assigned to the ‘negative ALS criteria diagno-
sis’ category [22]. The reference standard or gold standard that was used to confirm the diag-
nosis of ALS was disease progression during follow-up for at least six months as determined
by history or examination [6, 23].

Statistical analysis

The statistical analyses were performed using SPSS 17.0 (IBM Corporation, Chicago, IL, USA).
The primary outcome measures were the sensitivities of the AC and rEEC in the diagnosis of
ALS. McNemar’s test was used to determine the statistical significance of the sensitivity differ-
ences in paired binomial proportions. P <0.05 was considered as statistically significant.

Results

Of the 294 consecutive outpatients, 38 were excluded because the EMG was not performed in
our hospital, and 9 were lost to follow-up. The clinical and electrophysiological records of 247
patients were eventually analyzed (Fig 1). We included 139 men and 108 women with the
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Assessed for eligibility (n=294)

Patients without EMG examination in our
laboratory were excluded (n=38).

Enrolled (n=256)

Lost to follow-up (n=9)

Analysed (n=247)

Possible ALS Probable LS ALS Probable ALS Definite ALS
(n=10) (n=147) (n=62) (n=28)

Fig 1. Flow diagram of the study. The clinical and electrophysiological records of 247 patients were eventually
analyzed. ALS: amyotrophic lateral sclerosis; Probable LS: probable laboratory-supported.

doi:10.1371/journal.pone.0171522.9001

mean (SD) age of 53.4 (11.1) years at assessment. The mean (SD) age at onset was 52.2(11.1)
years and the mean (SD) disease duration was 15.5 (9.7) months. The number of symptom
onset in bulbar, upper extremities and lower extremities were 46, 134 and 67, respectively. The
mean and standard deviation of the revised amyotrophic lateral sclerosis functional rating
scale score were 40+4.

The sensitivities of the probable or definite ALS diagnoses were 78% by the AC and 36% by
the rEEC, and the difference was significant (P <0.001). Based on the rEEC, 4% were diag-
nosed as possible ALS, 60% as probable ALS-laboratory supported, 25% as probable ALS, and
11% as definite ALS. Following the application of the AC, the proportions were 22% possible
ALS, 36% probable ALS and 42% definite ALS. The diagnostic categories of the ALS patients
according to the AC and rEEC are illustrated in Fig 2. In the bulbar onset patients, diagnostic
sensitivity increased from 39.1% to 76.1% by applying the AC, and it increased from 35.8% to
78.6% in the limb onset patients.

Table 1 displays the numbers of ALS patients in the different diagnostic categories. Using
the AC, 70% (103/147) patients shifted from probable ALS-laboratory supported by the REEC
to definite or probable ALS, and 30% (44/147) of the patients were demoted to possible ALS.

Discussion

In this study, we compared the diagnostic sensitivities of the AC and rEEC for ALS diagnosis
in a Chinese population. We confirmed that the diagnostic sensitivity of the AC was signifi-
cantly greater than that of the rEEC. Because ALS is a progressive and degenerative disease,
early diagnosis and multidisciplinary management can help to improve the prognosis. Our
results indicated that the AC may be more suitable for the diagnosis of ALS in clinical practice.
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Fig 2. Diagnostic categories of the ALS patients according to the revised El Escorial and Awaji
criteria. Based on the rEEC, 4% were diagnosed as possible ALS, 60% as probable ALS-laboratory
supported, 25% as probable ALS, and 11% as definite ALS. Following the application of the AC, the
proportions were 22% possible ALS, 36% probable ALS and 42% definite ALS. ALS: amyotrophic lateral
sclerosis; Probable LS: probable laboratory-supported.

doi:10.1371/journal.pone.0171522.9002

In total, 247 ALS patients were enrolled in our research; thus, this study is larger than any
published report we could find [24, 25]. Carvalho et al (2009) collected 55 cases, and Gawel
et al (2014) enrolled 135 ALS patients [9, 14]. Moreover, the study included patients in the
early stage of ALS, and approximately 64% of the patients were diagnosed as clinically probable
laboratory-supported ALS or clinically possible ALS using the rEEC.

The diagnostic sensitivities of clinically probable or definite ALS based on the rEEC in our
study were lower than those reported in previous studies (55-59%) [12, 14, 22]. A possible rea-
son for this discrepancy is that the patients in our study were in the early stage of ALS, and
approximately 36% of the patients were clinically probably or definite ALS. In contrast, Chen
et al (2010) identified 26 patients (57%) with clinically probably or definite ALS [12].

Compared with the rEEC, the AC includes additional changes. First, the EMG evidence of
lower motor neuron degeneration is equal to clinical signs. Second, fasciculations are taken as
equivalent to fibrillation potentials and positive sharp waves in terms of recognizing denerva-
tion [26], which is expected to increase the sensitivity for the diagnosis of ALS. Our study
found that the AC indeed improved the diagnostic sensitivity for ALS (78% in the AC and the
36% in rEEC) and that the diagnostic sensitivity of the AC was similar to the sensitivities

Table 1. Numbers of ALS patients in the different diagnostic criteria.

Revised El Escorial criteria N Awaiji criteria
Definite ALS Probable ALS Possible ALS
Possible ALS 10 0 0 10
Probable LS ALS 147 45 58 44
Probable ALS 62 32 30 0
Definite ALS 28 28 0 0
Total Patients 247 105 88 54

ALS: amyotrophic lateral sclerosis; Probable LS: probable laboratory-supported

doi:10.1371/journal.pone.0171522.t1001
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reported in previous studies (63-95%) [9, 14, 17, 27]. The results of our study in a Chinese
population have strengthened the clinical evidence. Recently, in an attempt to increase sensi-
tivity of the diagnostic criteria, Ludolphs et al [28] proposed a revision of the El Escorial
criteria in which possible ALS was regarded as a positive finding. It can be concluded that pro-
gressive lower and upper motor neuron deficits in at least one region of the human body is suf-
ficient for the diagnosis of ALS. The revision would ultimately increase the diagnostic
sensitivity and provide the opportunity that possible ALS can be enrolled in clinical trials.

Clinically probable ALS-laboratory supported is in the early stage of ALS and involves
fewer lesions [26], which has a significant effect on the diagnostic sensitivity. Based on the AC,
70% of the patients were shifted from clinically probable ALS-laboratory supported based on
the rEEC to clinically definite or clinically probable ALS, and 30% of the patients were
demoted to clinically possible ALS. The reason for the downgrades is that when only one
upper motor neuron lesion and an electrophysiological record of two neurogenic lesions is
present, the status is defined as clinically possible ALS based on the AC [7].

A limitation of the study is that the specificities of the two criteria were not investigated.
The two criteria were designed to be highly specific, evidence of other diseases was excluded.
In our study group, none of the 247 patients was false-positively diagnosed with ALS during
follow-up. A possible explanation is the availability and application of additional diagnostic
tests to exclude other ‘mimic disorders’ during diagnostic evaluation. Moreover, according to
the recent meta-analysis confirming the increased sensitivity of Awaji criteria by Geevasinga N
et al, [27]only four studies included a non-disease group and three out of the four studies
reported a specificity of 100%; the fourth study reported a specificity of 80% but this was tested
only a sample of 5 individuals(4/5). Although this was a single center-based study, the included
data enrolled could to some extent reflect the characteristics of Chinese ALS patients.

In conclusion, the diagnostic sensitivity of the AC was significantly greater than that of the
rEEC for an ALS diagnosis in a Chinese population. The application of the AC is recom-
mended as the standard for the diagnosis of ALS in clinical practice.

Supporting information

S1 File. Original dataset. The original relevant data are within the paper.
(XLS)

S2 File. STROBE_checklist v4 _combined_PlosMedicine. File contains the STROBE Check-
list of this paper.
(DOCX)

Acknowledgments

The authors would like to thank database from patients who attended our outpatient clinic for
ALS to conduct this study.

Author Contributions

Conceptualization: LC DWL.

Data curation: DWL BC JF.

Formal analysis: DWL.

Funding acquisition: LC.

Investigation: DWL ML BC JF XL.

PLOS ONE | DOI:10.1371/journal.pone.0171522 March 1,2017 6/8


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0171522.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0171522.s002

@° PLOS | ONE

Awaji criteria for amyotrophic lateral sclerosis

Methodology: YZG QD.

Project administration: YZG BC.

Supervision: ML LC XL.

Validation: LC XL.

Writing - original draft: DWL.

Writing - review & editing: ML LC XL.

References

1.

10.

11.

12

13.

14.

15.

Kiernan MC, Vucic S, Cheah BC, Turner MR, Eisen A, Hardiman O, et al. Amyotrophic lateral sclerosis.
Lancet. 2011; 377(9769):942-55. doi: 10.1016/S0140-6736(10)61156-7 PMID: 21296405

Riva N, Agosta F, Lunetta C, Filippi M, Quattrini A. Recent advances in amyotrophic lateral sclerosis.
Journal of neurology. 2016.

Rooney J, Byrne S, Heverin M, Corr B, Elamin M, Staines A, et al. Survival analysis of irish amyotrophic
lateral sclerosis patients diagnosed from 1995-2010. PloS one. 2013; 8(9):€74733. doi: 10.1371/
journal.pone.0074733 PMID: 24098664

Rooney J, Byrne S, Heverin M, Tobin K, Dick A, Donaghy C, et al. A multidisciplinary clinic approach
improves survival in ALS: a comparative study of ALS in Ireland and Northern Ireland. Journal of neurol-
ogy, neurosurgery, and psychiatry. 2015; 86(5):496-501. doi: 10.1136/jnnp-2014-309601 PMID:
25550416

Diagnosis ETFo, Management of Amyotrophic Lateral S, Andersen PM, Abrahams S, Borasio GD, de
Carvalho M, et al. EFNS guidelines on the clinical management of amyotrophic lateral sclerosis (MALS)
—revised report of an EFNS task force. European journal of neurology. 2012; 19(3):360-75. doi: 10.
1111/j.1468-1331.2011.03501.x PMID: 21914052

Brooks BR, Miller RG, Swash M, Munsat TL, World Federation of Neurology Research Group on Motor
Neuron D. El Escorial revisited: revised criteria for the diagnosis of amyotrophic lateral sclerosis. Amyo-
trophic lateral sclerosis and other motor neuron disorders: official publication of the World Federation of
Neurology, Research Group on Motor Neuron Diseases. 2000; 1(5):293-9.

de Carvalho M, Dengler R, Eisen A, England JD, Kaji R, Kimura J, et al. Electrodiagnostic criteria for
diagnosis of ALS. Clinical neurophysiology: official journal of the International Federation of Clinical
Neurophysiology. 2008; 119(3):497-503.

Traynor BJ, Codd MB, Corr B, Forde C, Frost E, Hardiman OM. Clinical features of amyotrophic lateral
sclerosis according to the El Escorial and Airlie House diagnostic criteria: A population-based study.
Archives of neurology. 2000; 57(8):1171-6. PMID: 10927797

Carvalho MD, Swash M. Awaji diagnostic algorithm increases sensitivity of El Escorial criteria for ALS
diagnosis. Amyotrophic lateral sclerosis: official publication of the World Federation of Neurology
Research Group on Motor Neuron Diseases. 2009; 10(1):53-7.

Schrooten M, Smetcoren C, Robberecht W, Van Damme P. Benefit of the Awaiji diagnostic algorithm for
amyotrophic lateral sclerosis: a prospective study. Annals of neurology. 2011; 70(1):79-83. doi: 10.
1002/ana.22380 PMID: 21437935

Noto Y, Misawa S, Kanai K, Shibuya K, Isose S, Nasu S, et al. Awaji ALS criteria increase the diagnostic
sensitivity in patients with bulbar onset. Clinical neurophysiology: official journal of the International Fed-
eration of Clinical Neurophysiology. 2012; 123(2):382-5.

Chen A, Weimer L, Brannagan T 3rd, Colin M, Andrews J, Mitsumoto H, et al. Experience with the Awaji
Island modifications to the ALS diagnostic criteria. Muscle & nerve. 2010; 42(5):831-2.

Higashihara M, Sonoo M, Imafuku I, Fukutake T, Kamakura K, Inoue K, et al. Fasciculation potentials in
amyotrophic lateral sclerosis and the diagnostic yield of the Awaji algorithm. Muscle & nerve. 2012; 45
(2):175-82.

Gawel M, Kuzma-Kozakiewicz M, Szmidt-Salkowska E, Kaminska A. Are we really closer to improving
the diagnostic sensitivity in ALS patients with Awaji criteria? Amyotrophic lateral sclerosis & frontotem-
poral degeneration. 2014; 15(3-4):257-61.

Benatar M, Tandan R. The Awaiji criteria for the diagnosis of amyotrophic lateral sclerosis: have we put
the cart before the horse? Muscle & nerve. 2011; 43(4):461-3.

PLOS ONE | DOI:10.1371/journal.pone.0171522 March 1,2017 7/8


http://dx.doi.org/10.1016/S0140-6736(10)61156-7
http://www.ncbi.nlm.nih.gov/pubmed/21296405
http://dx.doi.org/10.1371/journal.pone.0074733
http://dx.doi.org/10.1371/journal.pone.0074733
http://www.ncbi.nlm.nih.gov/pubmed/24098664
http://dx.doi.org/10.1136/jnnp-2014-309601
http://www.ncbi.nlm.nih.gov/pubmed/25550416
http://dx.doi.org/10.1111/j.1468-1331.2011.03501.x
http://dx.doi.org/10.1111/j.1468-1331.2011.03501.x
http://www.ncbi.nlm.nih.gov/pubmed/21914052
http://www.ncbi.nlm.nih.gov/pubmed/10927797
http://dx.doi.org/10.1002/ana.22380
http://dx.doi.org/10.1002/ana.22380
http://www.ncbi.nlm.nih.gov/pubmed/21437935

@° PLOS | ONE

Awaji criteria for amyotrophic lateral sclerosis

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

Douglass CP, Kandler RH, Shaw PJ, McDermott CJ. An evaluation of neurophysiological criteria used
in the diagnosis of motor neuron disease. Journal of neurology, neurosurgery, and psychiatry. 2010;
81(6):646-9. doi: 10.1136/jnnp.2009.197434 PMID: 20522872

Krarup C. Lower motor neuron involvement examined by quantitative electromyography in amyotrophic
lateral sclerosis. Clinical neurophysiology: official journal of the International Federation of Clinical
Neurophysiology. 2011; 122(2):414-22.

Shabhrizaila N, Sobue G, Kuwabara S, Kim SH, Birks C, Fan DS, et al. Amyotrophic lateral sclerosis and
motor neuron syndromes in Asia. Journal of neurology, neurosurgery, and psychiatry. 2016; 87(8):821—
30. Epub 2016/04/21. doi: 10.1136/jnnp-2015-312751 PMID: 27093948

Liu MS, Cui LY, Fan DS, Chinese ALSA. Age at onset of amyotrophic lateral sclerosis in China. Acta
neurologica Scandinavica. 2014; 129(3):163—7. doi: 10.1111/ane.12157 PMID: 23819875

Zou ZY, Wang XN, Liu MS, Sun Q, Li XG, Cui LY, et al. Identification of a novel missense mutation in
angiogenin in a Chinese amyotrophic lateral sclerosis cohort. Amyotrophic lateral sclerosis: official pub-
lication of the World Federation of Neurology Research Group on Motor Neuron Diseases. 2012; 13
(3):270-5.

Cui B, CuiL, Gao J, Liu M, Li X, Liu C, et al. Cognitive Impairment in Chinese Patients with Sporadic
Amyotrophic Lateral Sclerosis. PloS one. 2015; 10(9):e0137921. doi: 10.1371/journal.pone.0137921
PMID: 26367133

Boekestein WA, Kleine BU, Hageman G, Schelhaas HJ, Zwarts MJ. Sensitivity and specificity of the
’Awaiji’ electrodiagnostic criteria for amyotrophic lateral sclerosis: retrospective comparison of the Awaji
and revised El Escorial criteria for ALS. Amyotrophic lateral sclerosis: official publication of the World
Federation of Neurology Research Group on Motor Neuron Diseases. 2010; 11(6):497-501.

Geevasinga N, Loy C.T., Menon P., de Carvalho M., Swash M., Schrooten M., Van Damme P., Gawel
M., Sonoo M., Higashihara M., Noto Y-i., Kuwabara S., Kiernan M.C., Macaskill P., Vucic S.,. Awaji Cri-
teria Improves the Diagnostic Sensitivity in Amyotrophic Lateral Sclerosis: a Systematic Review Using
Individual Patient Data. Clinical Neurophysiology. 2016.

Jang JS, Bae JS. AWAJI criteria are not always superior to the previous criteria: A meta-analysis. Mus-
cle & nerve. 2015; 51(6):822-9.

Costa J, Swash M, de Carvalho M. Awaiji criteria for the diagnosis of amyotrophic lateral sclerosis:a sys-
tematic review. Archives of neurology. 2012; 69(11):1410-6. doi: 10.1001/archneurol.2012.254 PMID:
22892641

Dengler R. El Escorial or Awaiji Criteria in ALS diagnosis, what should we take? Clinical neurophysiol-
ogy: official journal of the International Federation of Clinical Neurophysiology. 2012; 123(2):217-8.

Geevasinga N, Loy CT, Menon P, de Carvalho M, Swash M, Schrooten M, et al. Awaji criteria improves
the diagnostic sensitivity in amyotrophic lateral sclerosis: A systematic review using individual patient
data. Clinical neurophysiology: official journal of the International Federation of Clinical Neurophysiol-
ogy. 2016; 127(7):2684-91. Epub 2016/05/24.

Ludolph A, Drory V, Hardiman O, Nakano |, Ravits J, Robberecht W, et al. A revision of the El Escorial
criteria—2015. Amyotrophic lateral sclerosis & frontotemporal degeneration. 2015; 16(5-6):291-2.
Epub 2015/06/30.

PLOS ONE | DOI:10.1371/journal.pone.0171522 March 1,2017 8/8


http://dx.doi.org/10.1136/jnnp.2009.197434
http://www.ncbi.nlm.nih.gov/pubmed/20522872
http://dx.doi.org/10.1136/jnnp-2015-312751
http://www.ncbi.nlm.nih.gov/pubmed/27093948
http://dx.doi.org/10.1111/ane.12157
http://www.ncbi.nlm.nih.gov/pubmed/23819875
http://dx.doi.org/10.1371/journal.pone.0137921
http://www.ncbi.nlm.nih.gov/pubmed/26367133
http://dx.doi.org/10.1001/archneurol.2012.254
http://www.ncbi.nlm.nih.gov/pubmed/22892641

