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h i g h l i g h t s

! A modified 3-round Delphi survey resulted in a clinician-led guideline in Hirayama disease (HD).
! This is the first time to establish a clinician-led guideline for clinical practice in HD.
! Given lack of high-grade studies, this experts’ guideline may provide a helpful direction for HD.

a b s t r a c t

Objective: To establish a clinician-led guideline for the diagnosis and treatment of Hirayama disease (HD)
using a modified Delphi technique.
Methods: Based on a combination of a systematic review and opinion of ten experts, a protocol for the
consensus of the diagnosis, treatment and follow-up assessment of HD was established. A modified 3-
round Delphi survey was then performed by more than 40 panelists from various countries of the world.
Both levels of evidence and levels of agreement were derived in all statements of finial guideline.
Results: A total of 47 experts from 6 countries were enrolled in the expert panel in this study. Highly con-
sistent results were achieved during the three Delphi rounds. An expert-led guideline finally constructed
includes 24 statements related to diagnosis, treatment and follow-up assessment of HD.
Conclusions: The modified Delphi technique used in this study resulted in an expert-led guideline con-
cerning several clinical aspects of HD.
Significance: This clinician-led guideline may provide a helpful direction for clinical practice with regard
to the diagnosis and treatment of HD.
! 2020 International Federation of Clinical Neurophysiology. Published by Elsevier B.V. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Hirayama disease (HD), also referred to as juvenile muscular
atrophy of the distal upper extremities, is a special neurological
disorder first brought to attention by a Japanese neurologist, Keizo
Hirayama (Hirayama, 2000a). HD is clinically characterized by uni-
lateral or bilateral asymmetric amyotrophy of the hand and fore-
arm muscles supplied by the C7-T1 myotomes, with sparing of
the brachioradialis and proximal muscles of the upper limb inner-
vated by C5-6 myotomes, without objective sensory disturbance or
lower limb involvement (Hirayama, 2008; Huang et al., 2008; Zhou
et al., 2010). Predominantly affecting male adolescents, HD also
features obviously regional differences (Huang et al., 2008; Zhou
et al., 2010; Hassan and Sahni, 2013). Most HD patients have char-
acteristic abnormal forward-shifting of the posterior dura
(crescent-shaped loss of attachment behind the posterior dura)
during neck flexion in magnetic resonance imaging (MRI)
(Hirayama, 2008; Hou et al., 2012; Fu et al., 2008), and both
autopsy and neuropathologic studies demonstrated major lesion
of HD occurred primarily in locations such as cervical anterior horn
and ventral roots (Hirayama et al. 1987; Hirayama, 2000b; Imai
et al., 2000; Zheng et al., 2017a). Therefore, ischemic injury of
the cervical anterior horn and/or nerve root caused by the exces-
sive forward displacement of the posterior dura during neck flex-
ion has become the main current hypothesis of the pathogenicity
mechanism of HD, and restricting neck flexion (e.g., neck collar
support and surgical treatment) has become the main method of
treating HD (Yang et al., 2014; Hassan et al., 2012; Ito et al.,
2014; Guo et al., 2014).

In early studies, HD was recognized as a subtype of spinal mus-
cular atrophy (SMA) and described as ‘‘juvenile asymmetric seg-
mental spinal muscular atrophy” because of similar clinical
manifestations (Peiris et al., 1989; Willeit et al., 2001). However,
genetics studies demonstrated there is no survival motor neuron
(SMN) gene deletion in HD patients compared with patients with
SMA (Mishra et al., 2004; Misra et al., 2005), and both significant
cervical structural abnormalities and relatively better clinical prog-
nosis in HD further supported the difference between the two dis-
eases. Therefore, clinicians established HD as a new entity that
differs from SMA or other motor neuron disease (Hirayama
2008). However, this benign disease, if not treated early and rea-
sonably, may cause serious dysfunction of bilateral upper limbs
with loss of productivity. Unfortunately, both neck collar support
and surgical treatment have only been applied in a small number
of cases due to the lack of a criteria for the diagnosis and treatment
of HD.

There are some important barriers impeding the establishment
of an evidence-based guideline for the diagnosis and treatment of
the patients with HD. Although many different diagnostic tech-
niques involving clinical manifestation, imaging and electrophysi-
ology are used to differentiate these two diseases in clinical, there
is still a lack of reliable methods to distinguish HD from amy-
otrophic lateral sclerosis (ALS) in the early stage of the disease
(Schroder et al., 1999; Zheng et al., 2017). Furthermore, it is diffi-
cult to identify whether the cessation of disease and the gradual
improvement of the symptoms are ascribed to the medical inter-
vention or to natural course (self-limitation). More importantly,
although many studies have been conducted in HD during the past
few decades, there are few enough numbers of high-grade studies
to create an evidence-based guideline.

The Delphi technique originally employed in a series of studies
that the RAND Corporation conducted in the 1950s (Maher et al.,
2015). One of the main advantages of the Delphi technique is that
it can accommodate knowledge gathering from a number of clini-
cal experts in various geographical locations and different areas of
expertise. As a consensus method, the Delphi technique was con-

sidered a more appropriate approach to remove these barriers in
HD, and this specific technique has been used successfully in other
diseases with similar diagnostic difficulty or therapeutic contro-
versy, such as for thyroid eye diseases, idiopathic pulmonary fibro-
sis and septic shock (Maher et al., 2015; Cid et al., 2015; Douglas
et al., 2009).

The primary aim of this study was to establish an expert-led
guideline on the diagnosis and treatment of HD using a modified
Delphi technique.

2. Methods:

2.1. Literature review

In this study, a structured literature review was conducted
before performing the Delphi survey (Supplementary Fig. 1). A sys-
tematic review was conducted using both Medline and EMBASE,
and all English language articles involving current opinion on the
diagnosis, treatment and follow-up assessment for the patients
with HD between January 1997 and January 2017 were retrieved.

In the first phase, all identified study titles were reviewed, and
ineligible studies were excluded. Then, we reviewed the abstracts
of both eligible studies and uncertain ones based on the titles in
the second phase. In the third phase, the full papers of both eligible
studies and uncertain ones based on the abstract were reviewed.
The studies without full paper were excluded in this study. At last,
all identified studies were listed, and the contents involving the
diagnosis, treatments and follow-up assessment for HD were
included in initial protocol.

Following completion of above-mentioned protocol, ten mem-
bers in expert panel were invited to participate in exploring the
results of the literature review and discussing additional items that
might be appropriate for inclusion in statements, and then, initial
statements were reviewed by the panel chairperson to confirm
clinical accuracy before the first round of the Delphi technique.

2.2. Expert panel members

According to the literature search, the experts from several dif-
ferent areas of expertise, including neurology, spinal surgery, radi-
ology, neurosurgery, hand surgery and rehabilitation, from all over
the world were invited using e-mail or express. These experts
should be the practicing clinicians working in their clinical field
for at least 5 years, have a master’s degree or higher qualification,
and with experience in diagnosing and treating patients with HD.
Finally, forty-seven respondents from China, the United States,
Japan, India, Spain, and the United Kingdom were invited to be
the panelists in this study (Table 1).

2.3. Delphi rounds

According to the previous study (Smolen et al., 2010; Cid et al.,
2015), a modified Delphi technique was adopted for the clinician-
led guideline establishment process in this study (Fig. 1).

In the first round, the questionnaire was e-mailed or express to
every expert in the panel fromMay 2017 to July 2017 (Supplemen-
tary Table 1). A ‘‘yes” or ‘‘no” response was requested for each item
in the questionnaire, and the participants were allowed to skip
questions, indicating insufficient knowledge or experience. They
were also invited to provide additional suggestions at the end of
every section of the questionnaire. Items supported by "75%
(3/4) of the experts were enrolled while <25% (1/4) were elimi-
nated. The remaining items were modified and subjected to the
next round.
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The second round took place from December 2017 to January
2018 with a questionnaire based on the experts’ feedback on the
round 1 questionnaire (Supplementary Table 2). A report demon-
strating the result of the round 1 questionnaire was also provided
with the second questionnaire through the e-mail or express. A
‘‘yes” or ‘‘no” response and additional suggestions were also
requested in this round. Items achieved over 67% (2/3) agreement
were accepted and the remnants were revised and subjected to
face-to-face discussion.

In the third round, we dealt with the items that achieved no
consensus during the first and second rounds through face-to-
face meeting (April 2018) (Supplementary Table 3). Experts were
invited to express individual opinions on each item under consid-
eration followed by a brief discussion led by a facilitator. Subse-
quently, each expert provided a ‘‘yes” or ‘‘no” response, and a
majority of "50% (1/2) was required for the enrolled items. Finally,
all panelists voted on the level of agreement with each enrolled
item in this consensus using a 10-point numerical rating scale
(1 = do not agree at all, 10 = agree completely).

The statements were then sent by email or express for final
comments. Only suggestions for improvements of clarity of word-
ing or removal of redundancies were considered. Proposed changes
to the meaning were not accepted, although they will be mostly
dealt with in the comments to each item.

3. Results

In this study, the structured systematic review identified 33
articles that involves the diagnosis and treatment of HD between
1997 and 2017, and the results of the literature review indicated
there was little consensus or agreement on treatment in HD. Fur-
thermore, there were contradictory opinions regarding the diagno-
sis in HD, with some suggesting the there is no significant
difference in either MRI or electrophysiological findings in HD
between the neck standard and flexion position (Schroder
et al.,1999; Willeit et al., 2001; Misra et al.,2006; Ammendola
et al. 2008). Forty-seven experts participated in this study, repre-
senting 6 countries (China, the United States, Japan, India, Spain,

and the United Kingdom) and 6 areas of expertise (neurology,
spinal surgery, neurosurgery, hand surgery, rehabilitation and radi-
ology). All these 47 panelists completed the first-round question-
naire, and 46 of these 47 experts completed the second-round
questionnaire. In the third round, 42 of these 47 panelists attended
the face-to-face meeting.

The first-round questionnaire consisted of 29 items, including
the diagnosis, the treatment and the follow-up assessment
(Supplementary Table 1). Of this, 6 achieved consensuses
(agreement " 75%) in this round while 7 were excluded
(agreement < 25%). Therefore, the other 16 items in the
first-round questionnaire were revised for the second-round
questionnaire, and 2 of these 16 items (No. 3 and 6 items in the
first-round questionnaire) were respectively divided into two
items in order to facilitate a clearer understanding for the reader
(Supplementary Table 2). Furthermore, nine new items were
identified in the additional suggestions, and all of these 9 items
were reviewed by the panel chairperson and added to the next
questionnaire (Supplementary Table 2). Thus, twenty-seven items
were reviewed in the second round (Supplementary Table 2).

In the second round, we achieved consensus on 9 items
(agreement " 67%), and the remaining 18 items
(agreement < 67%) were to discuss in the next round.

In the third round, these 18 remaining items were reviewed,
and 9 of these 18 items achieved consensus (agreement " 50%)
(Supplementary Table 3). Furthermore, all items were also revised
to enhance clarity in this face-to-face meeting according to the
opinion of the panelists.

The consensus constructed based on the results of three Delphi
rounds is listed in Table 2, along with the percentage of panelists
who voted for each statement in Table 3. For all statements, the
levels of evidence range from Level I (high quality randomized con-
trolled trial) to Level V (expert consensus) have been determined in
accordancewith the systematic literature reviewandarementioned
in Table 3, and the levels of evidence used in this study mainly
referred to the previous literature (Supplementary Table 4) (Bono
et al., 2011). Furthermore, the level of agreement as determineddur-
ing the final face-to-facemeeting is provided (Table 3), and the level
of agreement ranged from 8.8 to 10.0 on a 10-point scale.

4. Discussion

Based on a combination of a systematic literature review and
expert opinion, 24 statements were included in the final consensus
statements in this study. In terms of this guideline, although most
statements are supported by evidence-based clinical research,
some important and meaning statements are mainly expert-based.

The previous study demonstrating significant correlation
between the age when the body height increased most rapidly
and the onset age of HD (Toma and Shiozawa, 1995). Thus, the dis-
proportionate growth of cervical spine and cervical cord/roots has
been widely considered as the pathophysiological basis of HD,
which was further supported by subsequent studies (Kohno
et al., 1998; Zheng et al., 2017a). This hypothesis provides a reason-
able explanation for that HD always starts in adolescence. More
importantly, compared with the female, both annual body height
growth and the slope of the growth velocity curve are significantly
larger in males (Toma and Shiozawa, 1995). Therefore, women are
rarely afflicted with HD. All of these studies and previous nation-
wide survey of HD in japan further supported that HD is an
adolescence- and male-prone disorder (Tashiro et al., 2006) (state-
ment #1, Level III). Furthermore, different growth rate of bilateral
arms can also be used to explain why the symptoms (including
atrophy, weakness, and denervation) are generally asymmetrical
in most patients with HD in many previous studies (Peiris et al.,

Table 1
Demographic characteristics of the Delphi panel.

Round 1
questionnaire
(n = 47)

Round 2
questionnaire
(n = 46)

Face-to-face
meeting
(n = 42)

Gender
female 15 15 14
male 32 31 28
Age
<45 9 9 8
45–55 22 21 19
>55 16 16 15
Years in practice
<10 5 5 5
10–30 22 21 18
>30 20 20 19
Education background
Doctor’s degree 23 22 20
Master’s degree 24 24 22
Professional job title
Chief physician 5 5 4
Associate chief physician 13 12 12
Attending physician 29 29 26
HD patients treated
<10 11 10 10
10–50 15 15 12
>50 21 21 20

HD: Hirayama diseasen.
n: the number of the panelists who attended the questionnaire or meeting.
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1989; Kao et al., 1993; Gourie-Devi M and Nalini A, 2003; Guo
et al., 2012) (statement #9, Level IV). Another possible reason for
the male preponderant in HD is the role of the X chromosome
(Mishra et al., 2004; Misra et al., 2005; Hommel et al., 2016), and

some familial male cases have been reported (Schlegel et al.,
1987; Andreadou et al., 2009; Kajikawa et al., 2009). Considering
that familial forms of HD are very rare, which may need further
evaluation.

Fig. 1. Specific flow chart for the modified Delphi method used in this study. HD: Hirayama disease.
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In the last two decades, the number of cases reports involving
HD in areas other than Asia has significantly increased (Elsheikh
et al., 2009; (Ghosh et al., 2011); Finsterer et al., 2013; Lehman
et al., 2013; Cortese et al., 2015). Furthermore, all HD patients in
the study of Ghosh et al. were misdiagnosed initially, suggesting
previously lower incidence of HD in Europe and America areas
may be ascribed to the lack of the awareness of this disease
(Ghosh et al., 2011). Therefore, HD may be not uncommon in the
areas other than Asia. However, according to the current literatures
from both Asia and other areas (Elsheikh et al., 2009; (Ghosh et al.,
2011)), HD is still more common in Asian countries, and this state-
ment (#1) was also recognized by almost all experts in this study
including the ones from both North America and Europe.

While it is widely accepted that HD is a self-limited disease
according to the previous studies (Gourie-Devi M and Nalini A,
2003; Tashiro et al., 2006; Huang et al., 2008) (statement #2, Level
III), both statements #3 and #4 received high votes and levels of
agreement and suggested that HD may not be self-limited or need
a longer time than expected to stop progressing (statements #3
and #4, Level V). These statements are also supported by some cir-
cumstantial evidences as follows: a case-series study indirectly
reports that approximately 7.5% of patients with HD may exhibit
disease progression over 5 years (Huang et al., 2008), and it is con-
firmed that the disease still advances in two HD patients with dis-
ease duration more than 10 years in previous case reports (Ciceri
et al. 2010; Li, 2012).

According to the previous autopsy studies (Hirayama et al.,
1987; Hirayama, 2000b), major lesion sites of HD are located in

Table 2
Expert-led guideline.

Domain Items

Clinical features for
diagnosis

1. HD predominately develop in Asian male
adolescents (younger than 20 years).
2. HD may gradually slow down and become self-
limited after 2–5 years of disease onset.
3. Some patients with HD may experience repeated
disease progression with an interval of stable stage.
4. The diseases duration may last for more than
5 years in some patients with HD.
5. The muscle atrophy of HD is confined to the
upper limbs, predominately involving the intrinsic
muscles of hand and forearm muscle group.
6. The muscular atrophy of hand muscles in the
patients with HD is predominant in ulnar side,
reverse split hand syndrome. *
7. The oblique amyotrophy due to atrophy involves
the medial, volar and dorsal surfaces of the
forearm, sparing the brachioradialis muscle, is the
typical clinical manifestation of HD. *$
8. Other clinical symptoms including cold paresis,
tremor on finger extension, and muscular
fasciculation can occur in some patients with HD. &
9. The symptoms (including atrophy, weakness,
and denervation) are generally asymmetrical in
most patients with HD.
10. A small number of patients with HD may
experience subjective paresthesia in upper limbs
during the early stages.
11. In the majority of HD patients, the pyramidal
tract signs do not exist. If pyramidal tract signs are
found, regular follow-up is suggested to rule out
the possibility of motor neuron disease.

Auxiliary
examinations for
diagnosis

12. The anterior shifting of the posterior dura and
crescent-shaped high signal posterior to dura in
neck-flexion MRI is one of the most essential
evidence for diagnosis of HD. *
13. The cervical spinal cord atrophy, snake eyes
sign, and abnormal high signal in the spinal cord
may also be seen in the neck-standard MRI findings
of the patients with HD. #
14. The dynamic enhanced MRI is more
contributive to the diagnosis of Hirayama disease.
15. Dynamic X-ray of cervical vertebra may be used
for differential diagnosis of HD.
16. Electrophysiological examinations are
indispensable for the diagnosis of HD.

Treatment
17. Long-time cervical collar treatment is an
optional conservative treatment.
18. Neurotrophic drug can be used in the
conservative treatment.
19. It is reasonable to conduct surgical treatment in
at least one of the following circumstances: a) the
disease keeps progressing after long-time wearing
cervical collar; b) the patients with HD cannot bear
the long time wearing cervical collar; c) the disease
progresses again after the spontaneous arrest.
20. Anterior cervical fusion procedure is an
appropriate operation mode.
21. Posterior cervical duraplasty is an appropriate
operation mode.
22. There is no convincing evidence to prove which
optional operation mode is better. Both anterior
fixation and posterior duraplasty are optional
operation modes.

Follow-up assessment
23. Motor unit number estimation is suitable for
the follow-up evaluation of the patients with HD.
24. Needle EMG examination (esp. recruitment and
denervation changes) is suitable for the follow-up
evaluation of the patients with HD.

HD: Hirayama disease; MRI: Magnetic resonance imaging; EMG: Electromyography
*: the clinical features and dynamic MRI findings were mentioned in the supple-
mentary Figure 2.
#: the imaging features of neck-standard MRI were mentioned in the supplemen-
tary Figure 3.
$: Oblique amyotrophy: The pattern of atrophy mainly involves the medial, volar
and dorsal surfaces of the forearm, sparing the brachioradialis muscle (supple-
mentary Figure 2).
&: Cold paresis: Patients with HD often presented with transient aggravation of
muscle weakness in the affected muscles with exposure to cold.

Table 3
Levels of evidence, agreement, and votes for each item.

Item Levels of
evidence

Level of
agreement

Percentage of votes (round of
enrollment)

1 III 10 93.62%(1)
2 III 9.52 91.49%(1)
3 V 9.81 61.90%(3)
4 V 9.33 69.05%(3)
5 IV 9.57 73.91%(2)
6 III 9.76 86.96%(2)
7 III 9.71 69.57%(2)
8 III 9.81 82.98%(1)
9 IV 9.86 78.26%(2)
10 IV 9.86 71.74%(2)
11 V 9.81 82.61%(2)
12 III 9.86 84.78 %(2)
13 IV 9.81 89.36%(1)
14 V 9.86 78.72%(1)
15 IV 9.76 66.67%(3)
16 III 9.81 89.36%(1)
17 III 9.38 71.43%(3)
18 V 8.81 69.57%(2)
19 V 9.86 73.91%(2)
20 III 9.38 73.81%(3)
21 III 9.33 66.67%(3)
22 V 9.81 80.95%(3)
23 IV 9.71 61.90%(3)
24 V 9.33 57.14%(3)
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the cervical anterior horn and ventral root (Tokumaru and
Hirayama, 1994). Therefore, almost experts agreed that the muscle
atrophy of HD is confined to the upper limbs (statement #5, level
IV) and there is no objective sensory disturbance (including neuro-
logical examination and traditional nerve conduction studies) in
patients with HD, although some previous studies demonstrated
there is mild difference of electrophysiological detection in sensory
nerves between the healthy subjects and the HD patients (Liao
et al., 2005; Polo et al., 2003). However, some experts raised that
some HD cases may experience paresthesia in the involved side
at the early stages of disease, which was further reported in some
previous studies (Huang et al., 2008; Hirayama et al., 1987; Kao
et al., 1993; Tynan et al., 2010). Therefore, the revisions were made
to the statement involving abnormal sensation in HD to clarify that
‘‘a small number of patients” rather than ‘‘no patients” had ‘‘sub-
jective” sensory abnormalities (statement #10, Level IV).

Dissociated wasting of the hand and forearm muscles supplied
by C7-T1 myotomes with relative preservation of the brachioradi-
alis muscles supplied by C5-6 myotomes is a specific clinical fea-
ture of HD (statement #7, Level III) (Hirayama et al., 1987;
Hirayama, 2000a; Wang et al., 2012; Supplementary Figure 2).
More importantly, significant wasting of the median-side hand
muscles with relative preservation of ulnar-side hand muscles
was identified in the patients with HD (Lyu et al., 2011; Jin et al.
2014) (statement #6, Level III), although both muscles are inner-
vated by C8-T1. One possible explanation for this pattern of hand
muscle involvement in HD is the discrete arrangement of nerve
fibers supplying the medial and lateral hand muscles at the C8-
T1 segments, and partial compressive or ischemic lesions may
preferentially damage nerve fibers supplying the medial hand
muscle in HD patients (Zheng et al., 2017d). Contrary to cortical
origin of split hand syndrome in ALS, Lyu et al. surmised the pat-
tern of hand muscle involvement in HD, namely reverse split hand
syndrome, may be of spinal origin (Lyu et al., 2011). Therefore, HD
is primarily a lower motor neuron (LMN) disease that may be
another possibility.

Although some previous studies demonstrated that HD patients
with long disease duration may develop cervical cord injury with
disease progression (Misra and Kalita, 1995; Zheng et al., 2017c),
most panelist considered the pyramidal tract signs do not exist
in the majority of HD patients since more studies, especially the
previous autopsy studies, confirm that HD is a disorder involving
lesion of LMN (Hirayama et al., 1987; Hirayama, 2000b; Lyu
et al., 2011). Therefore, if patients who have been diagnosed as
HD through clinical features and auxiliary examinations listed in
this expert-led guideline presented with pyramidal tract signs, reg-
ular follow-up is suggested to rule out the possibility of motor neu-
ron disease (statement #11, Level V).

Similar to the oblique amyotrophy (Supplementary Figure 2),
cold paresis (transient aggravation of muscle weakness in the
affected muscles with exposure to cold), tremor on finger exten-
sion and muscular fasciculation are common in patients with HD
(statement #8, Level III) (Sobue et al., 1978; Singh et al., 1980;
Tan, 1985; Peiris et al., 1989; Kao et al., 1993; Hirayama, 2000a;
Huang et al., 2008). The previous study demonstrated the inci-
dence rate of cold paresis and tremor on finger extension is respec-
tively 27.3–97% and 8.5–88.9% (Sobue et al., 1978; Singh et al.,
1980; Tan, 1985; Peiris et al., 1989; Kao et al., 1993; Hirayama,
2000a; Huang et al., 2008). Gourie-Devi and Nalini demonstrated
cold paresis may be ascribed to sympathetic dysfunction (Gourie-
Devi and Nalini, 2001), and altered axonal excitability may be
another possible reason for this phenomenon (Sawai et al., 2011).

In the previous studies, abnormal forward displacement of the
cervical cord during neck flexion in dynamic MRI or computed

tomography myelography (CTM) was demonstrated to be a specific
imaging manifestation of HD (statement #12, Level III) (Hirayama,
2008; Hou et al., 2012; Fu et al., 2008; Supplementary Figures 2
and 3). However, similar neuroradiological abnormalities have
been found in normal subjects (Schroder et al., 1999), and some
patients with identified HD but without significant dynamic imag-
ing abnormalities were also reported in some case reports
(Schroder et al., 1999; Willeit et al., 2001). In addition, some
recently published studies have shown that both neck-standard
MRI findings (e.g., cervical cord atrophy and abnormal high signal)
and dynamic X-ray can also contribute to the diagnosis and differ-
ential diagnosis of HD (Supplementary Figure 3) (Li and Remmel,
2012; Lai et al., 2011; Xu et al., 2011), which were mentioned in
the statements #13 and #15 (Level III). Therefore, abnormal for-
ward displacement of the cervical cord (loss of attachment) in
neck-flexion MRI should be ‘‘one of the most essential evidence
for diagnosis” rather than ‘‘the indispensable findings for the diag-
nosis”. Furthermore, the loss of attachment in HD may be mainly
ascribed to the congestion of the posterior epidural venous plexus
(Elsheikh et al., 2009). Therefore, Expert panel considered that
enhanced MRI is more contributive to the diagnosis of HD (state-
ment #14, Level V).

According to the previous studies (Behnia and Kelly, 1991;
Huang et al., 2008; de Carvalho et al., 2008; Guo et al., 2014), den-
ervation and reinnervation confined to the upper limbs identified
by needle electromyogram (EMG) detection is important evidence
for distinguishing HD from other similar diseases [e.g., ALS and
multifocal motor neuropathy (MMN)]. However, needle EMG fea-
tures of the early stage of ALS may be similar to the HD. Thus, nee-
dle EMG follow-up assessment is necessary for the patients with
uncertain diagnosis of HD. Furthermore, both compound muscle
action potential (CMAP) decrement to repetitive nerve stimulation
and split-hand phenomenon quantified by CMAP amplitude were
demonstrated to be useful in distinguishing ALS and HD, even in
the early stages (Jin et al., 2014; Lyu et al., 2011; Zheng et al.,
2017). Therefore, electrophysiological examinations are indispens-
able for the diagnosis of HD (statement #16, Level III).

As the major conclusion, both neck collar support and neu-
rotrophic pharmacological treatment were accepted as the conser-
vative treatment for HD in this consensus. In the previous studies,
both Imai et al. and Hassan et al. demonstrated that the effective-
ness of cervical collar therapy in preventing the dynamic damage
of the cervical motor neurons in HD (Imai et al., 2000; Hassan
et al., 2012). Therefore, long-time cervical collar treatment may
be an optional conservative treatment for HD (statement #17, level
III). Furthermore, the literatures in the systematic review in this
study included numerous reports describing the different treat-
ments of patients with HD. Although none of these reports
described the effect of neurotrophic pharmacological treatment
in patients with HD, it is the consensus of the expert panel that
clinical experience indicates that neurotrophic drugs may be help-
ful in the treatment of HD (statement #18, level V).

Although compared with both cervical collar therapy and neu-
rotrophic pharmacological treatment, surgical treatment has rela-
tively large risks mainly due to the similarity between HD and
ALS, the expert panel felt that, while being an important alterna-
tive treatment, cervical collar therapy is not suitable to the patients
with HD who have relapsed or protracted course of diseases. A
large number of previous studies have confirmed the effectiveness
of surgical treatment for HD (Konno et al., 1977; Lu et al., 2013; Ito
et al., 2014; Agundez et al., 2015; Brandicourt et al., 2018), and
recently published studies further demonstrated relatively better
treatment outcome of both anterior cervical fusion procedure
and posterior cervical duraplasty compared to the non-surgical
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treatment (Ito et al., 2014; Zheng et al., 2018) (statements #20,
Level III; statements #21, Level III). Unfortunately, in the absence
of reliable evidence, it is the expert panel’s opinion that both ante-
rior fixation and posterior duraplasty are optional operation modes
(statements #21, Level V). Furthermore, according to the opinions
of expert panel, we further got the surgical indications of the
patients with HD in this consensus (statement #19, Level V), and
some of these surgical indications was supported by recent retro-
spective analysis of a large cohort (Song et al., 2017). More impor-
tantly, these statements involving surgical treatment received high
level of agreement, which implies a broad international recogni-
tion and consensus since the members in the expert panel came
from so many different countries of the world and areas of
expertise.

HD progressed slowly with insidious onset, and most patients
with HD may become self-limiting at last (Hirayama, 2000a;
Hirayama 2008). Therefore, it is difficult to identify whether the
cessation of disease and the gradual improvement of the symp-
toms are ascribed to the treatment or to natural course (self-
limitation). Unfortunately, the expert panel was almost unanimous
that conventional scoring scales cannot effectively evaluate the
cessation of HD progression in both first and second rounds. There-
fore, some experts raised both motor unit number estimation
(MUNE) and needle EMG examination (esp. recruitment and den-
ervation changes) may be feasible and useful for the follow-up
assessment, and the validity of MUNE for tracking the progression
of HD in a clinical setting was further confirmed by the recently
published paper (Zheng et al., 2017d). More importantly, both
statements were agreed in the finial face-to-face meeting (State-
ment #23 Level IV; Statement #24, Level V).

Although Delphi method may have some shortcomings because
of its inherent procedures, this method is a relatively rigorous con-
sensus methodology and may be an appropriate approach to solve
the lack of enough number of high-grade studies in both the diag-
nosis and treatment of HD. This Delphi surveys included many
clinicians from Asia, which may limit the application of this con-
sensus. However, as the number of the clinicians treating HD is
small, and HD is mostly distributed in Asian countries. Therefore,
the composition of the expert panel is considered reasonable. Fur-
thermore, many important problems remained unresolved in this
Delphi study [e.g., which operation mode may be more suitable
for the patients with HD (Ito et al., 2014; Lu et al., 2013), whether
the pyramidal tract signs might occur in some HD patients (Zheng
et al., 2017a).], which may be ascribed to lack of the cross-impact
analysis in this study. However, similar modified Delphi method
without cross-impact analysis used in this study has already been
successfully employed in some previous studies (Smolen et al.,
2010; Cid et al., 2015; Zang et al., 2015), and the aspects with no
consensuses may represent important research areas for future
work.

The results of this study should be interpreted with caution. It is
important to note that both diagnosis and treatment which the
panelists reached the consensus may not improve the clinical out-
comes without evidence form high-level clinical trials. Further-
more, this expert-led guideline does not represent a standard of
diagnosis and treatment, and both diagnosis and treatment should
be based on the individual patient’s need and physician’s profes-
sional judgment. It is also acknowledged there will be atypical
patients who will require less or more methods of diagnosis and
treatment outside this expert-led guideline.

5. Conclusion

Using a modified Delphi technique, the final 24 statements
included the diagnosis (clinical features and auxiliary examina-

tions), treatment (conservative and surgical treatment) and
follow-up assessment of HD, and this clinician-led guideline may
be currently used to guide clinical practice with regard to the diag-
nosis and treatment of HD until high-grade evidence-based guide-
lines are finished in the future.
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