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Persistent vegetative state：遷延性意識障害

遷延性意識障害(植物状態) 
1972年の日本脳神経外科学会による定義では、 

自力移動が不可能である。 
自力摂食が不可能である。 
屎尿失禁状態にある。 
声を出しても意味のある発語が不可能である。 
簡単な命令（眼を開く、手を握るなど）にはかろうじて応じる
こともあるが、それ以上の意思疎通は不可能である。 
眼球はかろうじて物を追っても認識は出来ない。 

以上の6項目が、治療にもかかわらず3ヶ月以上続いた場合



脳死判定の具体的な基準 

深昏睡：意識レベルが最も低い状態. 
瞳孔散大・固定：瞳孔が最大に開き、光を当てても縮まらない状態.﻿ 
脳幹反射の消失：脳幹に関わる反射が全て消失している状態.﻿ 
（対光反射、角膜反射、前庭反射、咽頭反射、咳反射など） 

平坦脳波：脳波が全く記録されない状態。心電図も同時に確認し、30分
以上連続して平坦であることを確認する.﻿ 
自発呼吸の消失 (無呼吸テスト)：人工呼吸器を一時的に停止させ、二酸
化炭素分圧が上昇しても呼吸が見られない状態. 

これらの条件を満たし、6時間以上(6歳未満の小児の場合は24時間以上)経過
しても状態が変化しない場合に、脳死と判定されます.

Brain death：脳死



Locked-in syndromeは、意識は維持されるが、全身の随意筋が麻痺し、体を動かした
り、言葉を話したりすることができない状態。眼球の上下運動や瞬きは可能で、これらを
利用して意思を伝えることがある。﻿ 

原　因： 
脳幹(特に橋)の損傷が主因で、脳梗塞、脳出血、外傷などが原因となる。 

特　徴： 
意識は保たれている: 
意識があり、思考力や知能も正常。周囲の状況を理解し、感じることができる。 
全身麻痺: 
四肢、顔面の筋肉が麻痺し、表情、咀嚼、嚥下、発声などが困難。 
コミュニケーション: 
眼球の上下運動や瞬きは可能で、はい/いいえで返答し、意思を伝えることが可能。

Locked in syndrome：閉じ込め症候群



CSRは1991年、Giacinoが作成した意識障害の評価法 
従来のGCSでは評価困難な意識障害の軽微な変化を反映 
2004年改訂版であるCRS-Rが発表 
以下の三者の区別を可能とする 
自己や周囲の認識が困難（無反応覚醒症候群：UWS） 
自己や周囲をわずかに認識（最小意識状態：MCS） 
UWS/MCSからの離脱 

意識障害のカテゴリーの変化を捉える 
以下６項目により構成 
聴覚機能：０-４点 
視覚機能：０-５点 
運動機能：０-６点 
言語。口腔機能：０-３点 
コミュニケーション：０-２点 
覚醒：０-３点 

従来のJCSやGCSと強い相関を示す 
JCS１-3の軽度意識障害でばらつきが多い 
GCS9の意識障害軽度と重度の混在する場合ばらつきが多い

Coma Recovery Scale - Revised：CRS-R



CRS-Rの評価



UWS は、従来遷延性植物状態(persistent vegetative state：PVS)として知られていた病態を指す。 
睡眠覚醒のサイクルが維持されているが、聴覚・視覚・触覚などあらゆる外部刺激に対する有意な運動
反応が確認されていない状態がその定義となる 
• 覚醒と反応の欠如: 

UWSの患者は覚醒状態を認めるが、周囲状況の認識や、それに対する意味のある行動・反応を示
すことができない。 

• 意思疎通の困難: 
発語や指示に従うこと、表情で意思を伝えることが困難。外部刺激に対して、本当に無反応なの
か、それとも内部で何らかの反応が起きているのかを判断することが困難。 

• 以前の名称: 
以前は「遷延性植物状態」と呼ばれていたが、この名称は誤解を招きやすいため、より正確な「無
反応覚醒症候群」という名称が用いられるようになった。

Unresponsive Wakefulness Syndrome: UWS



MCSは、意識障害の一種で、高度な認識能力の障害があるが、完全に意識がない状態(植物状態など)とは異
なり、僅かでも意識が残存する状態。外界からの刺激にて、意図的行動・反応がわずかに見られる状態。﻿ 
MCSの定義と特徴: 

高度な認識障害: 
意識レベルは低下し、外界の認識、意味ある行動を行うことが困難 
わずかな意識の残存: 
完全な意識消失ではなく特定の刺激によって、物を握る、視線を合わせる、など反応がある。 
脳の損傷: 
大脳の広範囲な損傷によって生じ、脳梗塞、脳出血、外傷などが原因となる。 
昏睡や植物状態との違い: 
昏睡は刺激に対しても全く反応がない状態、植物状態は意識は消失しているが、生命維持に必要な
脳幹や視床下部は機能している状態、MCSとは区別。 

MCSの診断: 
• 行動観察(患者の行動観察で特定の刺激に対する反応を評価)、画像診断(MRI/CT)、神経生理学的検査

(EEGなど）

Minimally Conscious State：MCS



慢性期意識障害の概略図



認知症と異なり数カ月~数年単位で症状が改善し
ていく患者もいる 
経時的に 頻回な評価が必要 
1時点の評価では症状改善を見逃しやすい 
大きく改善した場合にはスコアリングを超える
天井効果が出やすい 
極めて意思疎通が取りにくい患者(かろうじて指
示動作に応じる症例など)は現状の評価スコアで
は測定困難 
今後各評価方法の著作権や脳機能研究との整合
性、各国による文化的背景の違いも考慮し、さ
まざまな言語で対応し得る信頼性の高い評価方
法の構築が必要

慢性期意識障害評価の問題点



「単純な命令に従う」とは 
覚醒・注意が維持 
発話理解 
運動プログラムへのアクセスを伴う運動計画 
状況に応じた調整を伴うこれらの運動プログラムの実行 
身体部位の運動をサポートする神経系の広範な領域の完全な機能を必要

意識状態を評価 
世界中のICUで、患者に「2本の指を見せてください」などの応答 
1日に何度も行う



言葉による指示に反応して脳の活動が検知できるが、

実際に行動を起こす兆候は認められない状態。 

この状態の患者は機能的な回復が期待できる

認知運動解離 / Cognitive motor dissociation：CMD



Injury patterns associated with cognitive 
motor dissociation
Eva Franzova,1,† Qi Shen,1,† Kevin Doyle,1 Justine M. Chen,1 Jennifer Egbebike,1

Athina Vrosgou,1 Jerina C. Carmona,1 Lauren Grobois,1 Gregory A. Heinonen,1

Angela Velazquez,1 Ian Jerome Gonzales,2 Satoshi Egawa,1 Sachin Agarwal,1

David Roh,1 Soojin Park,1 E. Sander Connolly3 and Jan Claassen1

†These authors contributed equally to this work.

In unconscious appearing patients with acute brain injury, wilful brain activation to motor commands without be-
havioural signs of command following, known as cognitive motor dissociation (CMD), is associated with functional 
recovery. CMD can be detected by applying machine learning to EEG recorded during motor command presentation 
in behaviourally unresponsive patients. Identifying patients with CMD carries clinical implications for patient inter-
actions, communication with families, and guidance of therapeutic decisions but underlying mechanisms of CMD re-
main unknown.
By analysing structural lesion patterns and network level dysfunction we tested the hypothesis that, in cases with 
preserved arousal and command comprehension, a failure to integrate comprehended motor commands with motor 
outputs underlies CMD. Manual segmentation of T2-!uid attenuated inversion recovery and diffusion weighted im-
aging sequences quantifying structural injury was performed in consecutive unresponsive patients with acute brain 
injury (n = 107) who underwent EEG-based CMD assessments and MRI. Lesion pattern analysis was applied to identify 
lesion patterns common among patients with (n = 21) and without CMD (n = 86). Thalamocortical and cortico-cortical 
network connectivity were assessed applying ABCD classi"cation of power spectral density plots and weighted pair-
wise phase consistency (WPPC) to resting EEG, respectively.
Two distinct structural lesion patterns were identi"ed on MRI for CMD and three for non-CMD patients. In non-CMD 
patients, injury to brainstem arousal pathways including the midbrain were seen, while no CMD patients had mid-
brain lesions. A group of non-CMD patients was identi"ed with injury to the left thalamus, implicating possible lan-
guage comprehension dif"culties. Shared lesion patterns of globus pallidus and putamen were seen for a group of 
CMD patients, which have been implicated as part of the anterior forebrain mesocircuit in patients with reversible 
disorders of consciousness. Thalamocortical network dysfunction was less common in CMD patients [ABCD-index 
2.3 (interquartile range, IQR 2.1–3.0) versus 1.4 (IQR 1.0–2.0), P < 0.0001; presence of D 36% versus 3%, P = 0.0006], but 
WPPC was not different. Bilateral cortical lesions were seen in patients with and without CMD. Thalamocortical dis-
ruption did not differ for those with CMD, but long-range WPPC was decreased in 1–4 Hz [odds ratio (OR) 0.8; 95% con-
"dence interval (CI) 0.7–0.9] and increased in 14–30 Hz frequency ranges (OR 1.2; 95% CI 1.0–1.5).
These structural and functional data implicate a failure of motor command integration at the anterior forebrain me-
socircuit level with preserved thalamocortical network function for CMD patients with subcortical lesions. Amongst 
patients with bilateral cortical lesions preserved cortico-cortical network function is associated with CMD detection. 
These data may allow screening for CMD based on widely available structural MRI and resting EEG.
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2014年7月から2021年1月の間に、ニューヨーク・プレスビテリアン病院、コ
ロンビア大学付属病院のNeuro-ICUに入院した急性脳損傷患者全員を対象に、
指示に従う能力の欠如について前向きスクリーニングを行った。 

対象患者 
① 急性脳損傷症例 
② 改訂版昏睡回復尺度(CRS-R)で定義される昏睡、無反応覚醒症候群、ま
たは最小限意識状態未満と判定される症例 

③ その後、脳波記録による運動指示プロトコルを用いてCMDの評価を受け
た全症例。 

④ 本研究のために急性期入院中に脳 MRI を受けた症例。



① 入院中にMRIが行われなかった場合、DWIとFLAIRの両方が撮影されなかったもしくは評価でき
ない場合、artifactによって解剖学的損傷部位の特定ができなかった場合。 

② 年齢が 18歳未満。 
③ 今回の急性脳損傷の発症前に、既存の意識障害または神経疾患(失語症・進行した認知症)があっ

た場合。 
④ 急性脳損傷の前に聴覚障害があった場合。 
⑤ 英語またはスペイン語を母国語としなかった場合。 
⑥ 登録前に、指示に従う能力が臨床的に回復していた場合。 
⑦ 家族が参加を望まない場合。 
⑧ 制御できない発作があった場合。 
⑨ 登録を妨げるその他理由があった場合。

除外基準



① 国際10-20システムに従って21個のEEG電極を配置したdegital headside 
EEG monitoring system (XLTEK/Excel-Tech Corp./Natus Medical 
Incorporated)を用いて記録。 

② 脳波評価前に、記録時の意識状態分類のためCRS-Rを含む臨床検査を施行。 
③ 脳波技師にて1日2回の誘導維持に加え、研究cordinatorと治験担当医は、誘
導artifsactなどを認識し、誘導維持開始のための訓練を受け、記録前・記録
中のEEG品質を最適化。 

④ 研究cordinatorは、指示された運動行為試験を記録しながら、 online EEGを
継続的に確認し、artifsact(動き、咳など)が検出された場合、影響を受けたブ
ロックの記録の再検査を指示。

EEG記録



① 脳波中の音声指示は「右手を開閉し続ける」「右手を開閉するのを止める」を交互に行う。「keep」
と「stop」という指示が8回連続する合計6つのブロックを記録。 

② 指示は、患者の母国語である英語またはスペイン語で、使い捨てヘッドホンを介して提供。 

③ 各患者に、右手を動かす指示を3つ、左手を動かす指示を3つ記録（右手と左手の指示は交互に記録） 

④ 個々の患者から最大8つの記録を計測。評価回数が変動する問題の対処として、偽発見率(FDR)補正の
ためのThe Benjamini-Hochberg法を適用した。特定の患者について複数の記録が得られた場合、偽
陽性結果の割合は 5% に制限。 

⑤ データ準備には、コマンド提示後の 2秒間の EEGセグメント 5つそれぞれのクリッピングと、各記録
電極に対する定義済み周波数スペクトル [δ(1-3 Hz)、θ(4-7Hz)、α(8-13Hz）、β(14-30 Hz)] で
のパワースペクトル密度の計算が含まれていた。これらの EEG特徴は、Support Vector 
Mechine(SVM)学習アルゴリズムを使用して分析され、「keep ...」コマンド後の EEG 記録と
「stop ...」コマンド後の EEG 記録が体系的に異なるかどうかが判断。 

⑥ 線形カーネルを使用した SVM 分類は、受信者動作特性曲線下の領域に基づき決定。 AUCの有意性
を決定するために、片側順列検定(500回ランダムにシャッフル)が実行。 

⑦ EEG分析はMNE-PythonとScikit-learnを使用して実行された。

CMDの検出



PSDプロットはマルチテーパー法を用いて、各3秒間のスペクトルを平均化し、各記録電極について生成。 
PSDプロットは、事前定義された周波数帯域内のスペクトルピークに基づいてABCDレベル分類を適用。 
盲検化された単一の研究者 (J.C.) によって分類。 
「A」δ(< 4Hz)範囲を超えるピークがない：(完全な視床皮質破壊を示す) 
「B」θ(4‒8Hz)ピークのみがある(重度の視床皮質破壊を示す) 
「C」θ(4‒8Hz)とβ(13‒24 Hz)の両方のピークがある場合(中程度の視床皮質破壊を示す) 
「D」α(8‒13Hz)とβ(13‒24 Hz)の両方のピークが存在する場合(正常な視床皮質機能を示す)。 
複数の要件を満たしたスペクトルに対して、最も好ましいカテゴリ (D > C > B > A) を割り当てた。 
他のPSDスペクトルにおける視床皮質切断の程度は不確実であるため、事前に規定された基準に当てはま
らないプロットは個別にスコア付けした。 
「Y」α波(8-13Hz)のピークのみの場合 
「Z」α波(8-13Hz)とθ波(4-8Hz)のピークの両方がある場合 
「X」attifactのためにスコア付けできなかった電極はすべて

パワースペクトル密度



機能的連結性は、weighted pairwise phase consistency(WPPC)を用いて、
全周波数帯域について全19個の電極間で計算した。 

一貫性の値は0(一貫性なし)から1(一貫性あり)。 

個々のpairwise phase consistencyに加えて、lomg-range coherenceと
short-range  coherenceとの平均 coherence値も計算した。 

隣接する電極ペアは分析から除外。 

短距離coherenceとも平均化し、脳領域ごとに算出した。 

Functional connectivity：機能的連結性



detected the CMD state closest to the MRI and in non-CMD patients, 
EEGs closest to the MRI acquisition underwent additional analyses. 
Raw EEG was visually inspected by a single investigator (J.C.) that 
was blinded to clinical, imaging, CMD status, and outcomes data 
and blocks rejected as artefact if electromyogenic, eye-blink, or 
electrical interference artefact were present.19,31,37 There was no 
prespeci!ed rest period required between the behavioural assess-
ments and the active EEG task.

Power spectral density

Power spectral density (PSD) plots were generated for each recording 
electrode by averaging spectra for each 3-s epoch using the multita-
per method (Chronux toolbox, !ve tapers, yielding a frequency reso-
lution of 2 Hz and estimates spaced 1/3 Hz apart).22,31 We then 
averaged these spectra within each rest block. PSD plots were classi-
!ed by a single, blinded investigator (J.C.) applying the ABCD level 
classi!cation based on spectral peaks within prede!ned frequency 
bands: ‘A’ with no peaks above delta (<4 Hz) range (indicating com-
plete thalamocortical disruption), ‘B’ with only a theta (4–8 Hz) 
peak (indicating severe thalamocortical disruption), ‘C’ with both 
theta (4–8 Hz) and beta (13–24 Hz) peaks (indicating moderate 
thalamocortical disruption), and ‘D’ if both alpha (8–13 Hz) and 
beta (13–24 Hz) peaks were present (indicating normal thalamocorti-
cal function).22,31,38 The most favourable category (D > C > B > A) was 
assigned for spectra that met multiple requirements. As the degree 
of thalamocortical disconnection of other PSD spectra is less certain, 
plots were scored separately that did not !t these pre-speci!ed cri-
teria: ‘Y’ if there were only alpha peaks (8–13 Hz) and ‘Z’ if there 
were both alpha (8–13 Hz) and theta (4–8 Hz) peaks. All electrodes 
that were not scorable due to artefact were classi!ed as ‘X’.

Functional connectivity

Coherence as a measure of functional connectivity was calculated 
between all 19 electrodes for all frequency bands using weighted 
pairwise phase consistency (WPPC).39 Coherence values range 
from 0 (completely incoherent) to 1 (perfectly coherent). In addition 
to individual pair-wise coherence measures, averaged coherence 
values were calculated for long- and short-range coherence.40

Neighbouring electrode pairs were excluded from the analysis. 
Short-range coherence was also averaged and reported by brain 
region.

MRI paradigm

MRI scans were obtained on a 3 T MRI scanner (GE Signa HDx MRI 
scanner; HD23 8 software). FLAIR, T1-weighted and DWI sequences 
were obtained (Supplementary Table 1).

Categorization of lesions

The presence of structural injury was determined based on signal 
change seen on T2-FLAIR. Forty-four anatomical ROIs were prede-
!ned based on established neuroanatomical atlases and selected 
for consideration in this study based on prior neuroanatomical 
and imaging studies of CMD and DoC (Table 1, Fig. 1 and 
Supplementary Fig. 1).26,29,41–47 Manual segmentation was used to 
label these ROIs for each MRI scan using high resolution T1 and T2 

sequences by two board-certi!ed neurologists (E.F., J.M.C.), that 
were blinded to the patients’ clinical assessments, hospital course, 
CMD status, and outcomes. In cases of disagreements, a third neur-
ologist (J.C.) was used to adjudicate.44,48 An additional segmentation 
was conducted to determine the presence of early, temporary or 

permanent signal change seen in these ROIs taking into account 
both, abnormalities seen on T2- FLAIR or DWI sequences.

Patient outcomes

Command scores were obtained daily.19 The following neurological 
!ndings were recorded: no response, opening eyes to stimulation 
and/or eyes attending to stimulation, and following simple or com-
plex commands.49 For purposes of analyses, assessments for com-
mand following were dichotomized into being able to or not being 
able to follow at least simple commands at any point in time during 
the hospitalization after the !rst CMD assessment.

Functional outcomes were assessed with the Glasgow Outcome 
Scale-Extended (GOS-E; ranging from 1 to 8, with higher levels cor-
responding to better outcomes) and were dichotomized at a GOS-E 
level of 4, a level that corresponds to the ability to be left up to 8 h 
without assistance.50 Outcomes were obtained at 12 months after 
injury via structured telephone interview with the patient or the 
caregiver if the patient was not able to be interviewed by phone. 
Patients, caregivers and the interviewers performing the outcome 
assessment were blinded to the results of the MRI lesion mapping 
and CMD assessment. CMD status was not provided to the treat-
ment team and did not play a role in clinical decision making.

Patterns of brain lesions in CMD and non-CMD

The latent block model (LBM) approach was used to identify lesion 
patterns shared between groups of patients with and without 
CMD.51 All assessed brain regions were listed on the axes of a binary 
matrix. The LBM was applied to the binary lesion matrix M [ RI×J, 
where mij = 1 when there was a lesion found in the jth region of 
the ith patient, 0 if not. The objective of the LBM algorithm was to 
!nd non-overlapping and exclusive homogeneous blocks by esti-
mating the mixture model jointly on rows and columns of the 
data matrix. Then the modi!ed Bayesian Information Criterion 

Table 1 Anatomical regions of interest that were assessed for 
structural injury on brain MRI

Region of interest Number

Cerebellum (vermis, right, left) 1,2,3
Pons

Anterior (central, right, left) 4,5,6
Tegmentum (central, right, left) 7,8,9

Midbrain (central, right, left) 10,11,12
Thalamus (right, left) 13,14

Anterior (right, left) 15,16
Lateral (right, left) 17,18
Medial (right, left) 19,20
Posterior (right, left) 21,22

Globus pallidus (right, left) 23,24
Putamen (right, left) 25,26
Caudate (right, left) 27,28
Internal capsule

Anterior (right, left) 29,30
Posterior (right, left) 31,32

Insula (right, left) 33,34
Central hypothalamus 35
Central basal forebrain 36
Cortex

Frontal (right, left) 37,38
Parietal (right, left) 39,40
Temporal (right, left) 41,42
Occipital (right, left) 43,44
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構造的損傷は、FLAIRの信号変化に基づいて判定。 
44個の解剖学的ROIを既存の神経解剖アトラスから決定 
MRIごとに、2名の認定神経内科医(E.F.、J.M.C.)が以下を決
定。患者の臨床評価、入院経過、CMDの状態、および転帰
判断が異なった場合、3人目の神経内科医(J.C.)が判定 
これらROIにおける早期、一時的または永続的な信号変化の
有無を判断するため、FLAIR、DWIで認められる異常の両方
を考慮し、追加の検査を実施。



six unique groups were identi!ed based on shared lesion patterns: 
non-CMD Group 1 only with bilateral cortical lesions of the 
non-CMD Pattern 1 (n = 22), non-CMD Group 2 only with left thal-
amic lesions of non-CMD Pattern 2 (n = 15), and non-CMD Group 3 
only with brainstem-posterior fossa lesions of non-CMD Pattern 3 
(n = 10). Fifteen patients had lesions from more than one of 
the non-CMD patterns; eight with non-CMD Patterns 1 and 2 
(non-CMD Group 4), four with non-CMD Patterns 2 and 3 
(non-CMD Group 5), three patients with non-CMD Patterns 1, 2 
and 3 (non-CMD Group 5). Thirty-four patients (40%) had a pattern 
of lesions that did not !t in any of the identi!ed groups (Fig. 4).

Aetiology of injury based on lesion pattern

Injury aetiologies were distributed across all CMD and non-CMD 
injury patterns (Supplementary Table 5). Patients with ICH were 
over-represented in non-CMD Pattern 2 (six patients with ICH 
of eight total with non-CMD Pattern 2) and TBI patients were 
more common amongst cortical (CMD Pattern 1 and non-CMD 
Pattern 1) than non-cortical lesion patterns (CMD Pattern 2 and 
non-CMD Patterns 2 or 3).

Patient outcomes

Forty-four patients (41% of the entire cohort, 10 CMD and 34 
non-CMD) followed commands prior to hospital discharge and at 
1 year after the injury 52 (49%) patients were dead and 16 (15%) 
had recovered to a GOS-E of 4 or better. Patients with CMD were 
more likely to have recovered to a GOS-E level of ≥4 by 12 months 
than patients without CMD (OR 4.3, 95% CI 1.3–13.5). Rates of with-
drawal of care did not differ between patients with and without 
CMD (OR 1.1, 95% CI 0.3–3.2).

Power spectral density plots

For 78 patients (14 CMD versus 64 non-CMD) at least one PSD plot !t 
the ABCD classi!cation and 24 (31%; 0 CMD versus 24 non-CMD) 
were classi!ed as the highest score of ‘A’, 31 (40%; one CMD versus 
30 non-CMD) of ‘B’, 16 (20%; eight CMD versus eight non-CMD) of ‘C’, 
and seven (9%; !ve CMD versus two non-CMD) of ‘D’. Twenty-six 
patients had plots that were all classi!ed as unscoreable due to 
artefact, three patients that did not !t the ABCD criteria as there 
were only alpha and theta peaks were classi!ed as ‘Y’ or ‘Z’, or 
both (one with both, one each with ‘Y’ or ‘Z’ only).

Higher ABCD scores were seen for patients with than those 
without CMD across most electrodes, particularly for those without 
bilateral cortical lesions (Fig. 5, Supplementary Table 6 and 
Supplementary Fig. 4). The number of patients with a PSD plot ca-
tegorized as D supporting no thalamocortical dysfunction was 
higher in those with compared to those without CMD (44% versus 
2%, OR 28.1, 95% CI 2.3–1592.8). The ABCD index was 2.8 (IQR 2.1, 
3.1) versus 1.5 (IQR 1.0, 2.0) for patients with and without CMD, re-
spectively (OR 8.4, 95% CI 2.6–43.7). In patients with bilateral cortical 
lesions, less difference in ABCD scores was seen for all electrodes. 
EEG electrodes with a D score as the highest value were seen in 
20% of CMD and 4% of non-CMD patients. The ABCD index was 
2.1 (IQR 2.1, 2.3) versus 1.3 (IQR 1.0, 2.0) for patients with and with-
out CMD, respectively (OR 2.7, 95% CI 0.9–10.2).

Functional connectivity: weighted pairwise phase 
consistency

Among patients with bilateral cortical lesions, short-range [median 
0.5 (IQR 0.4–0.6) with CMD versus 0.6 (0.5–0.7) without CMD; OR 0.7 
(95% CI 0.5–1.0)] and long-range WPPC [0.3 (0.2–0.4) versus 0.4 (0.3– 
0.4), OR 0.8 (0.7–0.9)] were decreased in the delta frequency spec-
trum (1–3 Hz) for CMD when compared to non-CMD patients 
(Fig. 6 and Supplementary Table 7). This difference in WPPC was 
particularly prominent in the frontal [0.3 (0.2–0.4) versus 0.4 (0.3– 
0.4), OR 0.8 (0.7–1.0)] and occipital regions delta frequency spectrum 
[0.3 (0.2–0.4) versus 0.4 (0.2–0.6), OR 0.6 (0.4–0.9)] and in the and oc-
cipital region in the theta frequency (4–7 Hz) spectrum [0.3 (0.2–0.4) 
versus 0.4 (0.2–0.6), OR 0.6 (0.4–0.9)]. Increased beta frequency (14– 
30 Hz) long-range WPPC was seen for CMD patients [0.3 (0.2–0.4) 
versus 0.3 (0.2–0.4), OR 1.2 (1.0–1.5)], particularly in the frontal 
[0.3 (0.3–0.5) versus 0.3 (0.3–0.4), OR 1.3 (1.1–1.6)] and parietal lobes 
[0.4 (0.3–0.5) versus 0.3 (0.2–0.4), OR 1.4 (1.0–1.8)]. No differences 
in WPPC were seen in patients without cortical lesions 
(Supplementary Fig. 5).

Discussion
Underlying mechanisms for the dissociation between volitional 
motor planning and motor output also referred to as CMD or covert 

Table 2 Baseline characteristics of CMD patients and non-CMD 
patients

CMD 
(n = 21)

Non-CMD 
(n = 86)

Odds ratio 
(95% CI)

Demographics
Age, median 60 (50, 71) 63 (54, 71) 1.5 (0.6–3.8)
Sex, female 10 (48) 37 (43) 1.2 (0.6–3.1)
Race 0.9 (0.1–9.1)

White 14 (67) 49 (57)
Black or African 

American
6 (29) 28 (33)

Asian 1 (5) 4 (5)
More than one race, or 

unknown or not 
reported

0 (0) 5 (6)

Language 6.0 (0.9–263.3)
English 20 (95) 66 (77)
Spanish 1 (5) 20 (23)

Admission !ndings
GCS on admission 5 (4, 7) 5 (3, 8) 0.8 (0.3–2.0)
Aetiology 1.7 (0.4–7.5)

Intracerebral 
haemorrhage

7 (33) 26 (30)

Cardiac arrest 3 (14) 19 (22)
Subarachnoid 

haemorrhage
5 (24) 11 (13)

Traumatic brain 
injury

4 (19) 11 (13)

Other 2 (10) 19 (22)
Hospital course

Time to MRI (days) 5 (2, 12) 6 (3, 14) 1.5 (0.6–3.8)
Time to EEG (days) 3 (2, 4) 4 (2, 9) 2.3 (0.8–6.0)
Time to CMD diagnosis 7 (4, 13) NA

Outcomes
Death at discharge 2 (10) 6 (7) 1.4 (0.2–6.7)
GOS-E ≥ 4 by 12 months 7(33) 9 (10) 4.3 (1.3–13.5)

Table shows the median (interquartile range, IQR) except for aetiology, sex, race and 
language, where percentage is reported. Odds ratios for the categorical variables 
were computed using Fisher’s exact test. Data for continuous and ordinal variable 
were split according to the median. CI = con!dence interval; CMD = cognitive motor 
dissociation; GCS = Glasgow coma scale; GOS-E = Glasgow Outcome Scale-Extended; 
NA = not applicable.
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対象患者107名のうち21名（20%）が、受傷後平均7日目
（IQR 4、13）にCMDと診断された。 
CMD患者は、年齢、入院時の主な診断、性別、人種、主要言語、
入院時のGCS、受傷からMRI撮影までの経過時間に関して、
non-CMD患者と近似



Results 



Presbyterian Hospital—Columbia University were prospectively 
screened for the inability to follow commands. We considered all 
patients (i) with acute brain injury; that were (ii) found to be in a 
coma, vegetative state, or minimally conscious state minus as de-
!ned by the Coma Recover Scale-Revised (CRS-R); (iii) that were 
then assessed for CMD using an EEG recorded motor command 
protocol; and (iv) that underwent brain MRI during their acute hos-
pitalization for this study.19 Patients were excluded if (i) the MRI 
was not obtained during the hospitalization, if both diffusion 
weighted imaging (DWI) and "uid attenuated inversion recovery 
(FLAIR) sequences were not obtained or uninterpretable, or if arte-
facts precluded identi!cation of anatomical regions of interest 
(ROIs) (Supplementary Fig. 1).30 We also excluded all patients who 
were (ii) less than 18 years of age; (iii) had a pre-existing disorder 
of consciousness or confounding neurological condition (i.e. base-
line aphasia or advanced dementia) prior to the onset of their pre-
senting acute brain injury; (iv) were deaf prior to the acute brain 
injury; (v) did not speak English or Spanish as their !rst language; 
(vi) clinically recovered the ability to follow commands prior to en-
rolment; (vii) did not want to participate or whose family did not 
want them to participate; (viii) had uncontrollable seizures; or (ix) 
had logistical reasons that hindered their enrolment.

EEG recording

EEG was recorded using a digital bedside video EEG monitoring sys-
tem (XLTEK, Excel-Tech Corp., Natus Medical Incorporated; low- 
pass !lter = 70 Hz, high-pass = 1 Hz, sampling rate = 200 Hz) with 
21 EEG electrodes placed according to the International 10–20 sys-
tem. Each EEG assessment was preceded by a clinical examination 
that included the CRS-R in order to categorize the clinical state of 
consciousness at the time of the recording. In addition to twice- 
daily lead maintenance by EEG technicians, research coordinators 
and study physicians were trained to recognize lead artefacts and 
other frequently encountered artefacts to trigger lead maintenance 
with the goal to optimize EEG quality prior to and during recordings. 
Research coordinators continuously monitored the raw online EEG 
while recording the commanded motor act trials and if artefact was 

detected (e.g. movement, cough) were instructed to repeat the re-
cording of the affected block.

Detection of CMD

Spoken command instructions during EEG recordings alternated be-
tween ‘keep opening and closing your right hand’ and ‘stop opening 
and closing your right hand’. A total of six blocks each with eight con-
secutive trials of ‘keep opening …’ and ‘stop opening …’ commands 
were recorded (Fig. 1). Commands were provided in the patient’s 
mother tongue, English or Spanish, via single-use headphones. For 
each patient, we recorded three blocks in which the patient was 
asked to move the right hand and three blocks in which the patient 
was asked to move the left hand (recordings of right-hand and left- 
hand blocks were alternated). Up to eight recordings were obtained 
from individual patients depending on availability of the patient. 
The Benjamini-Hochberg procedure for false discovery rate (FDR) cor-
rection was applied to address the problem of a varying number of as-
sessments.34 The proportion of false positive results was bound at 5% 
when multiple recordings were obtained on a given patient. Data 
preparation included clipping of each !ve 2-s long EEG segments fol-
lowing command presentation and calculation of power spectral 
density in prede!ned frequency spectra [delta (1 to 3 Hz), theta (4 to 
7 Hz), alpha (8 to 13 Hz), and beta (14 to 30 Hz)] for each recording elec-
trode. These EEG features were analysed using a support vector ma-
chine (SVM) learning algorithm to determine if the EEG recording 
following a ‘keep …’ compared to a ‘stop …’ command systematically 
differed. The performance of the SVM classi!cation using a 
linear kernel was determined based on the area under the receiver 
operating characteristic curve (AUC). A one-tailed permutation test 
was performed (500 times randomly shuf"ed labels) to determine 
the signi!cance of the AUC (AUC > 0.5 after FDR correction for mul-
tiple recordings in a given patient).19 EEG analyses were performed 
using MNE-Python and Scikit-learn.35,36

Resting EEG

EEG clips recorded following the ‘stop …’ command underwent 
additional analyses. In patients with CMD the !rst EEG that 

Figure 1 CMD classi!cation and lesion pattern analysis. Patients were assessed for cognitive motor dissociation (CMD) using EEG together with a motor 
command protocol. Retrospectively these patients were screened for having MRI with both diffusion weighted imaging (DWI) and "uid attenuated in-
version recovery (FLAIR) sequences performed during their hospitalizations. Manual segmentation was conducted looking at the presence of any struc-
tural injury to the regions of interest based on signal change seen on T2-FLAIR alone as well as T2-FLAIR or DWI. Lesion pattern analysis was performed 
and identi!ed two patterns of lesions unique to CMD patients and three patterns unique to non-CMD patients. Patients were then grouped based on 
lesion patterns; three and six groups were identi!ed among CMD patients and non-CMD patients, respectively. PSD = power spectral density; SVM =  
support vector machine.
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Fig.1 CMD classification and lesion pattern analysis 


図1 CMDの分類と病変パターン解析。 
患者はEEGと運動コマンドプロトコルを用いて認知運動解離（CMD）の評価を受けた。これらの患者は、入院中にMRIにてDWIとFLAIRの両
方のシーケンスを受けているかどうかを遡及的にスクリーニングされた。T2-FLAIR単独、およびT2-FLAIRまたはDWIで認められる信号変化
に基づき、関心領域の構造的損傷の存在を調べるために手動セグメンテーションが行われた。病変パターン解析が行われ、CMD患者に特有の
病変パターンが2つ、非CMD患者に特有の病変パターンが3つ特定された。その後、患者は病変パターンに基づいてグループ分けされ、CMD
患者と非CMD患者の間でそれぞれ3つのグループと6つのグループが特定された。



MRIは受傷後平均6日目（IQR 2、14）に撮影。  
FLAIRにて最も多く確認された部位は、 
前頭葉（右前頭葉n = 57、38%、左前頭葉n = 48、45%） 
頭頂葉（右頭頂葉n = 39、36%、左頭頂葉n = 33、31%） 
側頭葉（右側頭葉n = 38、36%、左側頭葉n = 29、27%） 
後頭葉（右後頭葉n = 37、35%、左後頭葉n = 35、33%、）であった。 
CMDとnon-CMDの比較では、 
左中脳(0% vs. 17%、P=0.04)、左後視床(10% vs. 31%、P=0.04)の頻度は低い 
右後内包（29% vs. 9%、P = 0.02）の病変頻度は高い。 
CMD患者1名とCMD非患者の7名は、FLAIR/DWIで病変なし

MRIにおける損傷部位



Figure 2 Anatomical distribution of lesion patterns for CMD and non-CMD patients. Axial cross sections of contributing lesions on FLAIR MRI in regions 
of interest in the !ve patterns identi!ed by the biclustering analysis. CMD Pattern 1: bilateral cortical lesions. CMD Pattern 2: mesocircuit lesions. 
Non-CMD Pattern 1: bilateral cortical lesions. Non- CMD Pattern 2: left thalamic lesions. Non-CMD Pattern 3: brainstem lesions. CMD = cognitive motor 
dissociation.

Figure 3 Lesion patterns and patient groupings with outcomes in CMD patients. Three unique groups of CMD patients were identi!ed based on CMD 
Patterns 1 and 2. Rows represent individual patients. Each column represents region of interest based on lesion number assigned (see Fig. 1). The right- 
most column shows outcome of each patients based on GOS-E at 12 months. CMD = cognitive motor dissociation; DWI = diffusion weighted imaging; 
FLAIR = "uid attenuated inversion recovery; GOS-E = Glasgow Outcome Scale-Extended.
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Figure2 Anatomical distribution of lesion patterns for CMD and non-CMD patients. 
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consciousness are poorly understood. Prior studies failed to iden-
tify a single unifying structural lesion common to patients with or 
without CMD.19 Abnormalities in thalamocortical projections and 
global structural brain connectivity were increased in CMD, but sys-
tematic large-scale studies that identify a responsible lesion or pat-
terns of lesions are missing.26,27 Applying a lesion pattern analysis 
approach, we identi!ed two patterns common among CMD and 
three among non-CMD patients. These structural lesion patterns, 
together with an analysis of large-scale functional connectivity 
(i.e. WPPC) con!rm cardinal requirements for CMD, including pre-
served arousal, speech comprehension, and integration with the 
motor output in order to act out motor commands. Lesions in 

patients with CMD suggest failure to integrate comprehended mo-
tor commands either at the level of the cortex (e.g. bilateral cortical 
lesions) or the basal ganglia (e.g. putamen and globus pallidus) and 
contralateral cerebellum. Initiating motor commands following 
successful decoding of a verbal command in the temporal lobe re-
quires large scale integration of posterior parietal, somatosensory, 
premotor and motor cortices, which may be impaired in patients 
with bilateral cortical injury.4,54 Further downstream integration 
and crucial adjustments of movements occur at the level of the ba-
sal ganglia (i.e. putamen and globus pallidus) and the contralateral 
cerebellum.5 These basal ganglia structures have been implicated 
in reversible DoC as part of the anterior forebrain mesocir-
cuit.42,55,56 Lesions in these brain regions, involved in circuit level 
integration of motor commands with motor output, provide plaus-
ible candidates to approach a mechanistic understanding of CMD 
that may present targets for interventions.28

Arousal is a prerequisite for consciousness and not surprisingly 
lesions within classic midbrain arousal pathways were identi!ed in 
our study for a group of non-CMD patients. Midbrain lesions were 
only seen in non-CMD patients and often identi!ed together with 
widespread, bilateral cerebellar injury. Large cerebellar strokes or 
bleeds frequently functionally impair brainstem arousal centres 
causing mass effect on these pathways projecting to the cortex.9,57

Brainstem lesions in general were very rare in CMD patients and if 
present only limited (Fig. 3). Unilateral midbrain lesions alone were 
seen in a few of our non-CMD patients and these do not necessarily 
cause unconsciousness.41 However, when combined with lesions in 
thalamic and extra-thalamic pathways of the ascending reticular 
activating system (ARAS), as in our study (Fig. 4), complex arousal 
networks are affected and consciousness can be impaired.57–59

Further evidence for a functional link between the midbrain and 
thalamus has been provided by anaesthesia-induced studies of im-
paired consciousness.57,60 Increase in brainstem-thalamic connect-
ivity during recovery of consciousness after traumatic coma has 
been demonstrated using diffusion tensor imaging analysis.61

At the cortical level, impaired arousal may present as downre-
gulation of neuronal !ring rates also known as disfacilitation and 
can result from lack of excitatory input, such as from lesions de-
scribed above, or a result of direct structural loss as seen in diffuse, 
bilateral neocortical injuries.62–65 This latter phenomenon may 
underlie non-CMD patients with widespread bilateral injury pat-
terns seen in our study further corroborated by our electrophysio-
logical resting state data. When compared to CMD patients with 
widespread bilateral injuries, these patients had broadly decreased 
neuronal activity seen in our PSD analysis. CMD patients with bilat-
eral cortical lesions were found to have increased PSD, particularly 
in higher frequency ranges when compared to unresponsive pa-
tients without CMD. This may suggest intact arousal and is likely 
in part a re"ection of the underlying pathophysiology, as previously 
described.31

CMD detection uses verbal commands making comprehension 
of a verbal motor command a crucial prerequisite to be classi!ed 
as CMD-positive. Left thalamic lesions were shared amongst a 
group of non-CMD patients and were only in slightly more than 
half of the cases associated with right thalamic injury (Fig. 4). 
Particularly, unilateral dominant hemispheric thalamic injury 
may suggest impaired speech comprehension, which may present 
a challenge for existing CMD paradigms that are largely built on 
auditory presentation of motor imagery or motor commands.66–69

However, the thalamus is also a crucial relay in motor planning 
and lesions herein may also impair preparation of a movement.70

Stimulation of central thalamic nuclei via electric deep brain 

Figure 4 Lesion patterns and patient groupings with outcomes in 
non-CMD patients. Six unique groups of non-CMD patients were identi-
!ed based on non-CMD Patterns 1–3. Rows represent individual patients. 
Each column represents region of interest based on lesion number as-
signed (see Fig. 1). The right-most column shows outcome of each patients 
based on GOS-E at 12 months. CMD = cognitive motor dissociation; DWI  
= diffusion weighted imaging; FLAIR = "uid attenuated inversion recov-
ery; GOS-E = Glasgow Outcome Scale-Extended.
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consciousness are poorly understood. Prior studies failed to iden-
tify a single unifying structural lesion common to patients with or 
without CMD.19 Abnormalities in thalamocortical projections and 
global structural brain connectivity were increased in CMD, but sys-
tematic large-scale studies that identify a responsible lesion or pat-
terns of lesions are missing.26,27 Applying a lesion pattern analysis 
approach, we identi!ed two patterns common among CMD and 
three among non-CMD patients. These structural lesion patterns, 
together with an analysis of large-scale functional connectivity 
(i.e. WPPC) con!rm cardinal requirements for CMD, including pre-
served arousal, speech comprehension, and integration with the 
motor output in order to act out motor commands. Lesions in 

patients with CMD suggest failure to integrate comprehended mo-
tor commands either at the level of the cortex (e.g. bilateral cortical 
lesions) or the basal ganglia (e.g. putamen and globus pallidus) and 
contralateral cerebellum. Initiating motor commands following 
successful decoding of a verbal command in the temporal lobe re-
quires large scale integration of posterior parietal, somatosensory, 
premotor and motor cortices, which may be impaired in patients 
with bilateral cortical injury.4,54 Further downstream integration 
and crucial adjustments of movements occur at the level of the ba-
sal ganglia (i.e. putamen and globus pallidus) and the contralateral 
cerebellum.5 These basal ganglia structures have been implicated 
in reversible DoC as part of the anterior forebrain mesocir-
cuit.42,55,56 Lesions in these brain regions, involved in circuit level 
integration of motor commands with motor output, provide plaus-
ible candidates to approach a mechanistic understanding of CMD 
that may present targets for interventions.28

Arousal is a prerequisite for consciousness and not surprisingly 
lesions within classic midbrain arousal pathways were identi!ed in 
our study for a group of non-CMD patients. Midbrain lesions were 
only seen in non-CMD patients and often identi!ed together with 
widespread, bilateral cerebellar injury. Large cerebellar strokes or 
bleeds frequently functionally impair brainstem arousal centres 
causing mass effect on these pathways projecting to the cortex.9,57

Brainstem lesions in general were very rare in CMD patients and if 
present only limited (Fig. 3). Unilateral midbrain lesions alone were 
seen in a few of our non-CMD patients and these do not necessarily 
cause unconsciousness.41 However, when combined with lesions in 
thalamic and extra-thalamic pathways of the ascending reticular 
activating system (ARAS), as in our study (Fig. 4), complex arousal 
networks are affected and consciousness can be impaired.57–59

Further evidence for a functional link between the midbrain and 
thalamus has been provided by anaesthesia-induced studies of im-
paired consciousness.57,60 Increase in brainstem-thalamic connect-
ivity during recovery of consciousness after traumatic coma has 
been demonstrated using diffusion tensor imaging analysis.61

At the cortical level, impaired arousal may present as downre-
gulation of neuronal !ring rates also known as disfacilitation and 
can result from lack of excitatory input, such as from lesions de-
scribed above, or a result of direct structural loss as seen in diffuse, 
bilateral neocortical injuries.62–65 This latter phenomenon may 
underlie non-CMD patients with widespread bilateral injury pat-
terns seen in our study further corroborated by our electrophysio-
logical resting state data. When compared to CMD patients with 
widespread bilateral injuries, these patients had broadly decreased 
neuronal activity seen in our PSD analysis. CMD patients with bilat-
eral cortical lesions were found to have increased PSD, particularly 
in higher frequency ranges when compared to unresponsive pa-
tients without CMD. This may suggest intact arousal and is likely 
in part a re"ection of the underlying pathophysiology, as previously 
described.31

CMD detection uses verbal commands making comprehension 
of a verbal motor command a crucial prerequisite to be classi!ed 
as CMD-positive. Left thalamic lesions were shared amongst a 
group of non-CMD patients and were only in slightly more than 
half of the cases associated with right thalamic injury (Fig. 4). 
Particularly, unilateral dominant hemispheric thalamic injury 
may suggest impaired speech comprehension, which may present 
a challenge for existing CMD paradigms that are largely built on 
auditory presentation of motor imagery or motor commands.66–69

However, the thalamus is also a crucial relay in motor planning 
and lesions herein may also impair preparation of a movement.70

Stimulation of central thalamic nuclei via electric deep brain 

Figure 4 Lesion patterns and patient groupings with outcomes in 
non-CMD patients. Six unique groups of non-CMD patients were identi-
!ed based on non-CMD Patterns 1–3. Rows represent individual patients. 
Each column represents region of interest based on lesion number as-
signed (see Fig. 1). The right-most column shows outcome of each patients 
based on GOS-E at 12 months. CMD = cognitive motor dissociation; DWI  
= diffusion weighted imaging; FLAIR = "uid attenuated inversion recov-
ery; GOS-E = Glasgow Outcome Scale-Extended.
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consciousness are poorly understood. Prior studies failed to iden-
tify a single unifying structural lesion common to patients with or 
without CMD.19 Abnormalities in thalamocortical projections and 
global structural brain connectivity were increased in CMD, but sys-
tematic large-scale studies that identify a responsible lesion or pat-
terns of lesions are missing.26,27 Applying a lesion pattern analysis 
approach, we identi!ed two patterns common among CMD and 
three among non-CMD patients. These structural lesion patterns, 
together with an analysis of large-scale functional connectivity 
(i.e. WPPC) con!rm cardinal requirements for CMD, including pre-
served arousal, speech comprehension, and integration with the 
motor output in order to act out motor commands. Lesions in 

patients with CMD suggest failure to integrate comprehended mo-
tor commands either at the level of the cortex (e.g. bilateral cortical 
lesions) or the basal ganglia (e.g. putamen and globus pallidus) and 
contralateral cerebellum. Initiating motor commands following 
successful decoding of a verbal command in the temporal lobe re-
quires large scale integration of posterior parietal, somatosensory, 
premotor and motor cortices, which may be impaired in patients 
with bilateral cortical injury.4,54 Further downstream integration 
and crucial adjustments of movements occur at the level of the ba-
sal ganglia (i.e. putamen and globus pallidus) and the contralateral 
cerebellum.5 These basal ganglia structures have been implicated 
in reversible DoC as part of the anterior forebrain mesocir-
cuit.42,55,56 Lesions in these brain regions, involved in circuit level 
integration of motor commands with motor output, provide plaus-
ible candidates to approach a mechanistic understanding of CMD 
that may present targets for interventions.28

Arousal is a prerequisite for consciousness and not surprisingly 
lesions within classic midbrain arousal pathways were identi!ed in 
our study for a group of non-CMD patients. Midbrain lesions were 
only seen in non-CMD patients and often identi!ed together with 
widespread, bilateral cerebellar injury. Large cerebellar strokes or 
bleeds frequently functionally impair brainstem arousal centres 
causing mass effect on these pathways projecting to the cortex.9,57

Brainstem lesions in general were very rare in CMD patients and if 
present only limited (Fig. 3). Unilateral midbrain lesions alone were 
seen in a few of our non-CMD patients and these do not necessarily 
cause unconsciousness.41 However, when combined with lesions in 
thalamic and extra-thalamic pathways of the ascending reticular 
activating system (ARAS), as in our study (Fig. 4), complex arousal 
networks are affected and consciousness can be impaired.57–59

Further evidence for a functional link between the midbrain and 
thalamus has been provided by anaesthesia-induced studies of im-
paired consciousness.57,60 Increase in brainstem-thalamic connect-
ivity during recovery of consciousness after traumatic coma has 
been demonstrated using diffusion tensor imaging analysis.61

At the cortical level, impaired arousal may present as downre-
gulation of neuronal !ring rates also known as disfacilitation and 
can result from lack of excitatory input, such as from lesions de-
scribed above, or a result of direct structural loss as seen in diffuse, 
bilateral neocortical injuries.62–65 This latter phenomenon may 
underlie non-CMD patients with widespread bilateral injury pat-
terns seen in our study further corroborated by our electrophysio-
logical resting state data. When compared to CMD patients with 
widespread bilateral injuries, these patients had broadly decreased 
neuronal activity seen in our PSD analysis. CMD patients with bilat-
eral cortical lesions were found to have increased PSD, particularly 
in higher frequency ranges when compared to unresponsive pa-
tients without CMD. This may suggest intact arousal and is likely 
in part a re"ection of the underlying pathophysiology, as previously 
described.31

CMD detection uses verbal commands making comprehension 
of a verbal motor command a crucial prerequisite to be classi!ed 
as CMD-positive. Left thalamic lesions were shared amongst a 
group of non-CMD patients and were only in slightly more than 
half of the cases associated with right thalamic injury (Fig. 4). 
Particularly, unilateral dominant hemispheric thalamic injury 
may suggest impaired speech comprehension, which may present 
a challenge for existing CMD paradigms that are largely built on 
auditory presentation of motor imagery or motor commands.66–69

However, the thalamus is also a crucial relay in motor planning 
and lesions herein may also impair preparation of a movement.70

Stimulation of central thalamic nuclei via electric deep brain 

Figure 4 Lesion patterns and patient groupings with outcomes in 
non-CMD patients. Six unique groups of non-CMD patients were identi-
!ed based on non-CMD Patterns 1–3. Rows represent individual patients. 
Each column represents region of interest based on lesion number as-
signed (see Fig. 1). The right-most column shows outcome of each patients 
based on GOS-E at 12 months. CMD = cognitive motor dissociation; DWI  
= diffusion weighted imaging; FLAIR = "uid attenuated inversion recov-
ery; GOS-E = Glasgow Outcome Scale-Extended.
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Fig.4  Lesion patterns and patient groupings with outcomes in non-CMD patients. 



44名(全体の41%、CMD:10名、non-CMD:34名)が退院前に指示に従った 

16名(15%)がGOS-E4以上に回復 

損傷から1年後には52名(49%)が死亡 

CMD患者はnonCMD患者と比較して、12ヶ月以内にGOS-E4以上に回復す
る可能性が高かった(Odds比4.3、95%信頼区間1.3～13.5)。 

治療中止率は、CMD患者とnon-CMD患者で差はなかった(Odds比1.1、
95%信頼区間0.3～3.2)。

患者転帰



stimulation has been shown to improve function in patients 
with severely impaired consciousness following trauma and 
anaesthesia-induced unconsciousness.71,72 Low intensity focused 
ultrasound targeting the thalamus has been associated with faster 
recovery from anaesthesia and improved behavioural responsive-
ness in three DoC patients.73,74 Additionally, large-scale cortical 
network activation is required for processing language-related 
tasks, such as motor commands.54 Cortical lesions that could inter-
fere with this large-scale integration of commands with motor 
planning were frequently identi!ed in non-CMD patients with uni-
lateral thalamic injury, when compared to CMD patients.

If patients with CMD are conscious and cognition at the level of 
wilful modulation of brain activity is present then the above neuro-
logical functions, i.e. arousal and command comprehension, need 
to be intact. The dissociation between cognition and behaviour 
has to lie downstream resulting in a failure to act out the motor 
command. In clinical assessments of consciousness, commands 
demanding movements are utilized which, in the neurologically in-
tact, activate supplementary motor areas as well as the primary 
motor cortex.70 This coordinated motor planning leading to activa-
tion of the respective areas within the primary motor cortex could 
plausibly be impaired by widespread bilateral cortical lesions. In 
patients that have intact arousal and speech comprehension, this 
may lead to a dissociation between cognition (i.e. motor command 
comprehension) and motor expression (i.e. demonstrating move-
ment consistent with command following). Despite an ongoing 

debate about the provenance of anterior versus posterior brain re-
gions for consciousness, large scale integration of the information 
is clearly a prerequisite for consciousness.75 The electrophysiology 
data on resting EEG collected in our study support this notion. A 
broad frequency shift, comparing conscious with unconscious pa-
tients, is seen acutely and chronically following brain injury.49,76,77

Conceptually, these data are in line with predictable changes in 
functional thalamocortical network integrity, which are expressed 
in degrees of impaired consciousness along the ABCD framework, 
seeing increased lower frequencies with impairment and increased 
higher frequencies with intact or recovered consciousness.37

We found that patients with CMD, when compared to non-CMD 
patients, had better functional connectivity across large areas of 
the brain as re"ected in higher coherence metrics within a number 
of different frequency spectra. This is in line with !ndings suggest-
ing possible functional connectivity metrics in CMD patients that 
are closer to healthy volunteers than behaviourally unresponsive 
patients without CMD.78 Prior studies demonstrated that impaired 
functional connectivity may be measured by electrophysiological 
approaches such as resting state EEG (weighted symbolic mutual 
information or coherence).76 These !ndings integrate well with 
analyses of structural brain networks that revealed more complex 
connectomes in CMD patients, suggesting that focal motor discon-
nection syndromes may be superimposed on a complex architec-
ture of global brain connectivity in this state.27

Frontoparietal networks that are comprised of the default mode 
network (DMN) and the executive control network have been reli-
ably identi!ed in disorders and recovery of consciousness.79,80

The DMN relates closely to the level of consciousness in brain in-
jured patients and mediates internal awareness or self-related pro-
cesses.80–82 Resting state networks are incompletely investigated in 
CMD patients but earlier work had shown a relationship between 
DMN re-emergence and recovery of consciousness.83,84 Most re-
cently, a study including CMD patients with acute brain injury chal-
lenged this notion as CMD was diagnosed without an intact DMN.61

Lesions in the anterior forebrain mesocircuit have increasingly 
been implicated in patients with DoC classi!ed based on verbal mo-
tor imagery or motor commands. This feedback loop focuses on the 
role of central thalamic neurons and their frontostriatal connec-
tions that modulate input to broad cortical areas and receive inputs 
from lower lying brainstem regions.42,55,56 Lesions in the striatum 
result in loss of inhibitory projections from medium spiny neurons 
to the globus pallidus internus, which then inhibits central thalam-
ic nuclei.85 Cardinal structures of the anterior forebrain mesocir-
cuit, such as the globus pallidus and putamen, were identi!ed as 
shared lesions amongst CMD patients in the present study. 
Lesions in the globus pallidus and putamen integrate well with 
the concept of circuit-level dysfunction proposed within the anter-
ior forebrain mesocircuit model. However, these structures also 
serve as relays in motor planning and execution. The striatum 
takes a central role of selecting the most appropriate motor pro-
grammes from the available choices in a given situation. 
Additional lesions in this group of patients map onto structures im-
portant in motor planning and execution (i.e. anterior and posterior 
internal capsule, and the contralateral cerebellar hemisphere). It 
remains unclear how exactly these lesions together would lead to 
CMD but investigating functional connectivity in subcortical struc-
tures is challenging by means of electrophysiology and will require 
advanced neuroimaging explorations.

Interestingly, subcortical lesions in the anterior forebrain me-
socircuit (CMD Pattern 2) are all located on the right side implicat-
ing motor neglect as a possible phenomenon contributing to the 

Figure 5 ABCD classi!cation of power spectral density plots in patients 
without bilateral cortical lesions. Cz, Pz, O1 and O2 refer to representa-
tive EEG electrode positions.
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stimulation has been shown to improve function in patients 
with severely impaired consciousness following trauma and 
anaesthesia-induced unconsciousness.71,72 Low intensity focused 
ultrasound targeting the thalamus has been associated with faster 
recovery from anaesthesia and improved behavioural responsive-
ness in three DoC patients.73,74 Additionally, large-scale cortical 
network activation is required for processing language-related 
tasks, such as motor commands.54 Cortical lesions that could inter-
fere with this large-scale integration of commands with motor 
planning were frequently identi!ed in non-CMD patients with uni-
lateral thalamic injury, when compared to CMD patients.

If patients with CMD are conscious and cognition at the level of 
wilful modulation of brain activity is present then the above neuro-
logical functions, i.e. arousal and command comprehension, need 
to be intact. The dissociation between cognition and behaviour 
has to lie downstream resulting in a failure to act out the motor 
command. In clinical assessments of consciousness, commands 
demanding movements are utilized which, in the neurologically in-
tact, activate supplementary motor areas as well as the primary 
motor cortex.70 This coordinated motor planning leading to activa-
tion of the respective areas within the primary motor cortex could 
plausibly be impaired by widespread bilateral cortical lesions. In 
patients that have intact arousal and speech comprehension, this 
may lead to a dissociation between cognition (i.e. motor command 
comprehension) and motor expression (i.e. demonstrating move-
ment consistent with command following). Despite an ongoing 

debate about the provenance of anterior versus posterior brain re-
gions for consciousness, large scale integration of the information 
is clearly a prerequisite for consciousness.75 The electrophysiology 
data on resting EEG collected in our study support this notion. A 
broad frequency shift, comparing conscious with unconscious pa-
tients, is seen acutely and chronically following brain injury.49,76,77

Conceptually, these data are in line with predictable changes in 
functional thalamocortical network integrity, which are expressed 
in degrees of impaired consciousness along the ABCD framework, 
seeing increased lower frequencies with impairment and increased 
higher frequencies with intact or recovered consciousness.37

We found that patients with CMD, when compared to non-CMD 
patients, had better functional connectivity across large areas of 
the brain as re"ected in higher coherence metrics within a number 
of different frequency spectra. This is in line with !ndings suggest-
ing possible functional connectivity metrics in CMD patients that 
are closer to healthy volunteers than behaviourally unresponsive 
patients without CMD.78 Prior studies demonstrated that impaired 
functional connectivity may be measured by electrophysiological 
approaches such as resting state EEG (weighted symbolic mutual 
information or coherence).76 These !ndings integrate well with 
analyses of structural brain networks that revealed more complex 
connectomes in CMD patients, suggesting that focal motor discon-
nection syndromes may be superimposed on a complex architec-
ture of global brain connectivity in this state.27

Frontoparietal networks that are comprised of the default mode 
network (DMN) and the executive control network have been reli-
ably identi!ed in disorders and recovery of consciousness.79,80

The DMN relates closely to the level of consciousness in brain in-
jured patients and mediates internal awareness or self-related pro-
cesses.80–82 Resting state networks are incompletely investigated in 
CMD patients but earlier work had shown a relationship between 
DMN re-emergence and recovery of consciousness.83,84 Most re-
cently, a study including CMD patients with acute brain injury chal-
lenged this notion as CMD was diagnosed without an intact DMN.61

Lesions in the anterior forebrain mesocircuit have increasingly 
been implicated in patients with DoC classi!ed based on verbal mo-
tor imagery or motor commands. This feedback loop focuses on the 
role of central thalamic neurons and their frontostriatal connec-
tions that modulate input to broad cortical areas and receive inputs 
from lower lying brainstem regions.42,55,56 Lesions in the striatum 
result in loss of inhibitory projections from medium spiny neurons 
to the globus pallidus internus, which then inhibits central thalam-
ic nuclei.85 Cardinal structures of the anterior forebrain mesocir-
cuit, such as the globus pallidus and putamen, were identi!ed as 
shared lesions amongst CMD patients in the present study. 
Lesions in the globus pallidus and putamen integrate well with 
the concept of circuit-level dysfunction proposed within the anter-
ior forebrain mesocircuit model. However, these structures also 
serve as relays in motor planning and execution. The striatum 
takes a central role of selecting the most appropriate motor pro-
grammes from the available choices in a given situation. 
Additional lesions in this group of patients map onto structures im-
portant in motor planning and execution (i.e. anterior and posterior 
internal capsule, and the contralateral cerebellar hemisphere). It 
remains unclear how exactly these lesions together would lead to 
CMD but investigating functional connectivity in subcortical struc-
tures is challenging by means of electrophysiology and will require 
advanced neuroimaging explorations.

Interestingly, subcortical lesions in the anterior forebrain me-
socircuit (CMD Pattern 2) are all located on the right side implicat-
ing motor neglect as a possible phenomenon contributing to the 

Figure 5 ABCD classi!cation of power spectral density plots in patients 
without bilateral cortical lesions. Cz, Pz, O1 and O2 refer to representa-
tive EEG electrode positions.
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stimulation has been shown to improve function in patients 
with severely impaired consciousness following trauma and 
anaesthesia-induced unconsciousness.71,72 Low intensity focused 
ultrasound targeting the thalamus has been associated with faster 
recovery from anaesthesia and improved behavioural responsive-
ness in three DoC patients.73,74 Additionally, large-scale cortical 
network activation is required for processing language-related 
tasks, such as motor commands.54 Cortical lesions that could inter-
fere with this large-scale integration of commands with motor 
planning were frequently identi!ed in non-CMD patients with uni-
lateral thalamic injury, when compared to CMD patients.

If patients with CMD are conscious and cognition at the level of 
wilful modulation of brain activity is present then the above neuro-
logical functions, i.e. arousal and command comprehension, need 
to be intact. The dissociation between cognition and behaviour 
has to lie downstream resulting in a failure to act out the motor 
command. In clinical assessments of consciousness, commands 
demanding movements are utilized which, in the neurologically in-
tact, activate supplementary motor areas as well as the primary 
motor cortex.70 This coordinated motor planning leading to activa-
tion of the respective areas within the primary motor cortex could 
plausibly be impaired by widespread bilateral cortical lesions. In 
patients that have intact arousal and speech comprehension, this 
may lead to a dissociation between cognition (i.e. motor command 
comprehension) and motor expression (i.e. demonstrating move-
ment consistent with command following). Despite an ongoing 

debate about the provenance of anterior versus posterior brain re-
gions for consciousness, large scale integration of the information 
is clearly a prerequisite for consciousness.75 The electrophysiology 
data on resting EEG collected in our study support this notion. A 
broad frequency shift, comparing conscious with unconscious pa-
tients, is seen acutely and chronically following brain injury.49,76,77

Conceptually, these data are in line with predictable changes in 
functional thalamocortical network integrity, which are expressed 
in degrees of impaired consciousness along the ABCD framework, 
seeing increased lower frequencies with impairment and increased 
higher frequencies with intact or recovered consciousness.37

We found that patients with CMD, when compared to non-CMD 
patients, had better functional connectivity across large areas of 
the brain as re"ected in higher coherence metrics within a number 
of different frequency spectra. This is in line with !ndings suggest-
ing possible functional connectivity metrics in CMD patients that 
are closer to healthy volunteers than behaviourally unresponsive 
patients without CMD.78 Prior studies demonstrated that impaired 
functional connectivity may be measured by electrophysiological 
approaches such as resting state EEG (weighted symbolic mutual 
information or coherence).76 These !ndings integrate well with 
analyses of structural brain networks that revealed more complex 
connectomes in CMD patients, suggesting that focal motor discon-
nection syndromes may be superimposed on a complex architec-
ture of global brain connectivity in this state.27

Frontoparietal networks that are comprised of the default mode 
network (DMN) and the executive control network have been reli-
ably identi!ed in disorders and recovery of consciousness.79,80

The DMN relates closely to the level of consciousness in brain in-
jured patients and mediates internal awareness or self-related pro-
cesses.80–82 Resting state networks are incompletely investigated in 
CMD patients but earlier work had shown a relationship between 
DMN re-emergence and recovery of consciousness.83,84 Most re-
cently, a study including CMD patients with acute brain injury chal-
lenged this notion as CMD was diagnosed without an intact DMN.61

Lesions in the anterior forebrain mesocircuit have increasingly 
been implicated in patients with DoC classi!ed based on verbal mo-
tor imagery or motor commands. This feedback loop focuses on the 
role of central thalamic neurons and their frontostriatal connec-
tions that modulate input to broad cortical areas and receive inputs 
from lower lying brainstem regions.42,55,56 Lesions in the striatum 
result in loss of inhibitory projections from medium spiny neurons 
to the globus pallidus internus, which then inhibits central thalam-
ic nuclei.85 Cardinal structures of the anterior forebrain mesocir-
cuit, such as the globus pallidus and putamen, were identi!ed as 
shared lesions amongst CMD patients in the present study. 
Lesions in the globus pallidus and putamen integrate well with 
the concept of circuit-level dysfunction proposed within the anter-
ior forebrain mesocircuit model. However, these structures also 
serve as relays in motor planning and execution. The striatum 
takes a central role of selecting the most appropriate motor pro-
grammes from the available choices in a given situation. 
Additional lesions in this group of patients map onto structures im-
portant in motor planning and execution (i.e. anterior and posterior 
internal capsule, and the contralateral cerebellar hemisphere). It 
remains unclear how exactly these lesions together would lead to 
CMD but investigating functional connectivity in subcortical struc-
tures is challenging by means of electrophysiology and will require 
advanced neuroimaging explorations.

Interestingly, subcortical lesions in the anterior forebrain me-
socircuit (CMD Pattern 2) are all located on the right side implicat-
ing motor neglect as a possible phenomenon contributing to the 

Figure 5 ABCD classi!cation of power spectral density plots in patients 
without bilateral cortical lesions. Cz, Pz, O1 and O2 refer to representa-
tive EEG electrode positions.
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stimulation has been shown to improve function in patients 
with severely impaired consciousness following trauma and 
anaesthesia-induced unconsciousness.71,72 Low intensity focused 
ultrasound targeting the thalamus has been associated with faster 
recovery from anaesthesia and improved behavioural responsive-
ness in three DoC patients.73,74 Additionally, large-scale cortical 
network activation is required for processing language-related 
tasks, such as motor commands.54 Cortical lesions that could inter-
fere with this large-scale integration of commands with motor 
planning were frequently identi!ed in non-CMD patients with uni-
lateral thalamic injury, when compared to CMD patients.

If patients with CMD are conscious and cognition at the level of 
wilful modulation of brain activity is present then the above neuro-
logical functions, i.e. arousal and command comprehension, need 
to be intact. The dissociation between cognition and behaviour 
has to lie downstream resulting in a failure to act out the motor 
command. In clinical assessments of consciousness, commands 
demanding movements are utilized which, in the neurologically in-
tact, activate supplementary motor areas as well as the primary 
motor cortex.70 This coordinated motor planning leading to activa-
tion of the respective areas within the primary motor cortex could 
plausibly be impaired by widespread bilateral cortical lesions. In 
patients that have intact arousal and speech comprehension, this 
may lead to a dissociation between cognition (i.e. motor command 
comprehension) and motor expression (i.e. demonstrating move-
ment consistent with command following). Despite an ongoing 

debate about the provenance of anterior versus posterior brain re-
gions for consciousness, large scale integration of the information 
is clearly a prerequisite for consciousness.75 The electrophysiology 
data on resting EEG collected in our study support this notion. A 
broad frequency shift, comparing conscious with unconscious pa-
tients, is seen acutely and chronically following brain injury.49,76,77

Conceptually, these data are in line with predictable changes in 
functional thalamocortical network integrity, which are expressed 
in degrees of impaired consciousness along the ABCD framework, 
seeing increased lower frequencies with impairment and increased 
higher frequencies with intact or recovered consciousness.37

We found that patients with CMD, when compared to non-CMD 
patients, had better functional connectivity across large areas of 
the brain as re"ected in higher coherence metrics within a number 
of different frequency spectra. This is in line with !ndings suggest-
ing possible functional connectivity metrics in CMD patients that 
are closer to healthy volunteers than behaviourally unresponsive 
patients without CMD.78 Prior studies demonstrated that impaired 
functional connectivity may be measured by electrophysiological 
approaches such as resting state EEG (weighted symbolic mutual 
information or coherence).76 These !ndings integrate well with 
analyses of structural brain networks that revealed more complex 
connectomes in CMD patients, suggesting that focal motor discon-
nection syndromes may be superimposed on a complex architec-
ture of global brain connectivity in this state.27

Frontoparietal networks that are comprised of the default mode 
network (DMN) and the executive control network have been reli-
ably identi!ed in disorders and recovery of consciousness.79,80

The DMN relates closely to the level of consciousness in brain in-
jured patients and mediates internal awareness or self-related pro-
cesses.80–82 Resting state networks are incompletely investigated in 
CMD patients but earlier work had shown a relationship between 
DMN re-emergence and recovery of consciousness.83,84 Most re-
cently, a study including CMD patients with acute brain injury chal-
lenged this notion as CMD was diagnosed without an intact DMN.61

Lesions in the anterior forebrain mesocircuit have increasingly 
been implicated in patients with DoC classi!ed based on verbal mo-
tor imagery or motor commands. This feedback loop focuses on the 
role of central thalamic neurons and their frontostriatal connec-
tions that modulate input to broad cortical areas and receive inputs 
from lower lying brainstem regions.42,55,56 Lesions in the striatum 
result in loss of inhibitory projections from medium spiny neurons 
to the globus pallidus internus, which then inhibits central thalam-
ic nuclei.85 Cardinal structures of the anterior forebrain mesocir-
cuit, such as the globus pallidus and putamen, were identi!ed as 
shared lesions amongst CMD patients in the present study. 
Lesions in the globus pallidus and putamen integrate well with 
the concept of circuit-level dysfunction proposed within the anter-
ior forebrain mesocircuit model. However, these structures also 
serve as relays in motor planning and execution. The striatum 
takes a central role of selecting the most appropriate motor pro-
grammes from the available choices in a given situation. 
Additional lesions in this group of patients map onto structures im-
portant in motor planning and execution (i.e. anterior and posterior 
internal capsule, and the contralateral cerebellar hemisphere). It 
remains unclear how exactly these lesions together would lead to 
CMD but investigating functional connectivity in subcortical struc-
tures is challenging by means of electrophysiology and will require 
advanced neuroimaging explorations.

Interestingly, subcortical lesions in the anterior forebrain me-
socircuit (CMD Pattern 2) are all located on the right side implicat-
ing motor neglect as a possible phenomenon contributing to the 

Figure 5 ABCD classi!cation of power spectral density plots in patients 
without bilateral cortical lesions. Cz, Pz, O1 and O2 refer to representa-
tive EEG electrode positions.
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Fig. 5 ABCD classification of power spectral density plots in patients without bilateral cortical lesions. 

「A」δ(< 4Hz)範囲を超えるピークがない：(完全な視床皮質破壊を示す) 

「B」θ(4‒8Hz)ピークのみがある：(重度の視床皮質破壊を示す)

「C」θ(4‒8Hz)とβ(13‒24 Hz)の両方のピークがある場合：(中程度の視床皮質破壊を示す) 

「D」α(8‒13Hz)とβ(13‒24 Hz)の両方のピークが存在する場合：(正常な視床皮質機能を示す)。



78名(CMD患者14名、非CMD患者64名)について、ABCD分類に適合した。 
A：24名(31%、CMD患者0名、非CMD患者24名) 
B：31名（40%、CMD患者1名、非CMD患者30名） 
C：16名（20%、CMD患者8名、非CMD患者8名） 
D：7名（9%、CMD患者5名、非CMD患者2名） 
 26名はartifactのためにスコアリング不能と分類された。 
Α波とθ波のピークのみが存在した3名の患者は「Y」または「Z」、その両方にそれぞれ分類。 
ほとんどの電極において、CMD患者の方がnon-CMD患者よりもABCDスコアが高く、特に両側皮
質病変のない患者でその傾向が顕著。 
視床皮質機能障害がないDに分類された患者数は、CMD患者の方がnon-CMD患者よりも多かった
（44%対2%、オッズ比28.1、95%信頼区間2.3～1592.8） 
ABCD指数は、CMD患者で2.8（IQR 2.1～3.1）、non-CMD患者で1.5（IQR 1.0～2.0）（OR 
8.4、95% CI 2.6～43.7） 
両側皮質病変を有する患者では、すべての電極でABCDスコアの差が小さかった。 
Dスコアが最高値となるEEG電極は、CMD患者の20%、non-CMD患者の4%に認めた。 
ABCD指数は、CMD患者で2.1（IQR 2.1～2.3）、CMD非患者で1.3（IQR 1.0～2.0）であった
（OR 2.7、95% CI 0.9～10.2）。

パワースペクトル密度



Fig. 6 Weighted pairwise phase consistency (WPPC) differences between CMD and non CMD 
inpatients with bilateral cortical lesions. 

CMD state.86 Left-sided lesions with or without motor neglect may 
not be detected as CMD as more commonly language comprehen-
sion would be expected to be impaired. While left-sided lesions 
typically present with contralateral neglect, right-sided lesions 
may result in bilateral lack of motoric activation. Speci!cally, 
right-sided subcortical lesions have been associated with neglect 
phenomena attributed to imbalanced hemispheric activation.87,88

Cerebellar lesions were identi!ed in two of the lesion pattern 
models, one of the CMD and one of the non-CMD patients. The 
cerebellum has been increasingly implicated as a crucial hub for 
motor function that includes planning, acting, learning and ad-
justments.5,89 With a particular focus on predictions and correc-
tions of motor actions, contralateral lesions in the cerebellum 
may contribute to the phenomenon of CMD if paired with anterior 
forebrain mesocircuit lesions as long as arousal and comprehen-
sion are preserved. In CMD patients with cerebellar lesions, mid-
brain injury was infrequent when compared to non-CMD 
patients with cerebellar lesions.

Outcomes

We con!rm in the cohort studied here that patients with CMD were 
more likely to have recovered by 12 months after injury.8,19 Injury 
mechanisms were diverse and likely a major cause for differences 
in outcomes. Even though several isolated electrode pairs demon-
strated signi!cantly increased or decreased localized functional 
connectivity (i.e. alpha frequency WPPC), when we compared pa-
tients with and without CMD amongst those with (Supplementary 
Fig. 5) and without cortical lesions (Fig. 6), short- or long-range func-
tional connectivity in the alpha frequency range did not differ in 
grouped analysis. This observation is interesting as prior studies 

linked CMD with better recovery of consciousness and function 
and several studies linked enriched alpha frequency connectivity 
with better outcomes in acute and chronic DoC.19 Further studies 
observed enriched alpha connectivity in both traumatic and non- 
traumatic patients with DoC.90–92

Patients have been hierarchically categorized based on careful 
clinical examination with certain states such as MCS+ when com-
pared to coma, vegetative state/unresponsive wakefulness syn-
drome, and MCS− being associated with a higher chance of 
recovery.93,94 The label MCS has been discussed controversially as 
the content and quality of consciousness is uncertain, a critique 
that applies even more so to CMD.95 The term ‘cortically mediated 
state’ has been proposed as this more descriptively describes the 
phenomenon. Even though CMD has been linked to better out-
comes and to a large extent the etymology of terms is a philosoph-
ical discussion, in this space labels may have future implications 
for goals of care and access to therapeutic interventions.8,19

Taking this into account, labels should be chosen with care and 
should be clearly distinguished from one another.

Generalizability

Patients included in this study represent an unselected cohort of 
unresponsive patients admitted to the neurological ICU but pa-
tients that quickly recovered consciousness, were unable to be 
monitored with EEG (i.e. surgical wounds preventing electrode 
placement) or undergo MRI scanning (i.e. cardiac pacemaker) 
and are therefore under-represented here. Fewer patients with 
isolated brainstem injury and with non-structural causes for 
coma were seen in our sample, which is attributable to our patient 
ascertainment. Taking these considerations into account, the 

Figure 6 Weighted pairwise phase consistency (WPPC) differences between CMD and non-CMD in patients with bilateral cortical lesions. Top row: spa-
tial plots of individual electrode pairs by frequency ranges. Middle row: median short- and long-range WPPC; and bottom row: regional WPCC for patients 
with and without CMD. C = central; CMD = cognitive motor dissociation; FL = frontal lobe; NS = not signi!cant; OL = occipital lobe; PL = parietal lobe.
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両側皮質病変を有する患者において、CMD患者はnon-CMD患者と比較して、δ波(1
～3Hz)において、短距離WPPC、長距離WPPCが低下。 

WPPCのこの差は、前頭部および後頭部のδ波、および後頭部のθ波で特に顕著。 

CMD患者では、β波の長距離WPPCの上昇が認められ、特に前頭葉および頭頂葉で
顕著 

皮質病変のない患者ではWPPCに差は認められなかった

Functional connectivity：機能的連結性



Discussion



MRIの病変パターンとWPPCの解析を合わせると、CMDの必須要件として、①覚醒
状態の維持、②言語理解、③運動出力との統合が運動指令を実行する上で重要であ
ることを確認 

CMD患者の病変は、大脳皮質レベル(両側皮質病変など)または基底核レベル(被殻お
よび淡蒼球など)と対側小脳のいずれかで理解された運動指令を統合できない状態 

側頭葉で言語命令を正常に解読した後に運動命令を発動するには、後頭頂葉、体性
感覚皮質、運動前野、運動皮質の大規模な統合が必要だが、両側皮質損傷患者では
これらの統合が障害 

下位の統合と重要な運動調整は、基底核（すなわち、被殻と淡蒼球)と対側小脳のレ
ベルで行われ、可逆的意識障害に関与

障害部位による意識障害の検討



Brain stemレベルによる覚醒の検討

覚醒は意識の前提条件であり、古典的な中脳覚醒経路内の病変が特定された。 

中脳病変はCMD以外にのみ認められ、広範囲の両側小脳損傷と併存した。広範な小
脳梗塞・出血は、脳幹覚醒中枢の機能障害を頻繁に引き起こし、皮質へ投射するこ
れらの経路にmass effectを引き起こす。 

CMD患者における脳幹病変は一般的に非常にまれであり、認められたとしても限定
的である 

視床および上行性網様体賦活系(ARAS)の経路に病変を併発すると、複雑な覚醒ネッ
トワークが影響を受け、意識が障害される可能性が示唆。 

中脳と視床の機能的関連性は、麻酔誘発性意識障害の研究によっても提示



大脳皮質では、覚醒障害はニューロン発火率の低下として現れる。脳幹病変による
興奮性入力の不足、または直接的なびまん性の両側性大脳新皮質損傷に見られるよ
うな構造的喪失が原因である。 

両側性皮質損傷を有するCMD患者は、non-CMD患者と比較すると、特に高周波数
域でPSDが上昇していることが判明した。これは覚醒状態が損なわれていないこと
を示唆している可能性が高い。

大脳皮質レベルによる覚醒の検討



言語による運動指示の理解はCMD陽性と分類されるための重要な前提条件。 

片側優位半球の視床損傷は言語理解障害を示唆する可能性があり、これは主に運動
イメージや運動指令の聴覚的提示に基づく既存のCMDパラダイムに課題を提示する
可能性がある 

視床は運動計画の重要な中継点でもあるため、視床損傷により運動準備も障害され
る可能性がある 

運動指令などの言語関連タスクの処理には、大脳皮質ネットワークの活性化が必要 

運動指令により、神経学的に正常な場合は一次運動野だけでなく補足運動野も活性
化する。一次運動野内のそれぞれの領域の活性化につながるこの協調的な運動計画
は、両側の広範な皮質病変によって障害される可能性がある

CMVの検出と言語理解の検討



本研究で収集した安静時脳波データから、情報の大規模統合は意識の前提条件であ
ることが示唆された。 

脳損傷後、意識のある患者と意識のない患者を比較すると、急性期および慢性期に
幅広い周波数シフトが見られる。 

機能的視床皮質ネットワークの完全性における予測可能な変化と一致 

ABCDフレームワークに沿った意識障害の程度で表される 

障害時には低周波数が増加 

意識が正常または回復した時には高周波数が増加する

意識障害と脳波の検討



CMD患者は、non-CMD患者と比較し、脳の広範にわたり機能的連結性が良好で
あった。これは、多くの異なる周波数スペクトル内での機能的連結性指標の高さに
反映されている 

CMD患者の機能的連結性指標は、non-CMD患者よりも健康なボランティアに近い
可能性があることを示唆 

CMD患者の局所的運動切断症候群が、広範な大脳連結性の複雑構造に重複されてい
る可能性があることを示唆 

ABCDフレームワークに沿った意識障害の程度で表される 

障害時には低周波数が増加 

意識が正常または回復した時には高周波数が増加する

意識障害と機能的連結性の検討



Conclusion



本研究ではCMD患者は受傷後12ヶ月までに回復する可能性が高い。 

受傷機序が多様であり、これが結果の差異の主な原因 

CMD患者では中脳の障害はなく、non-CMD患者では中脳、左視床
のの損傷を認めた。 

CMD患者は、口頭の指示を聞いてその内容の理解は可能だが、指示
通りに体を動かすことはできない可能性が示唆された。



1) 受傷後の所定の時点で構造画像が得られなかった 

2) DTIシーケンスが日常的に得られなかったため、構造的連結性の異常を定量
化できなかったこと、 

3) 安静時MRIシーケンスによる機能的連結性を評価しなかった 

4) CMD評価に若干のばらつきがあった（受傷からの時間、評価回数など） 

5) 「安静時EEG」クリ​​ップは、「目を開けるのをやめなさい…」という指示後
に得られたEEGから取得されたものであり、真の安静(すなわち、5分間開
眼)後のEEGから取得されたものではない。さらに、事後にartifact除去が行
われた 

6) 行動分類のためのCSR-RプロトコルとCMD検出のためのEEG応答の両方を
用いて、指示追従性を検査するために限られた言語プロンプトカタログが使
用されたこと

Limitation
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BACKGROUND
Patients with brain injury who are unresponsive to commands may perform cogni-
tive tasks that are detected on functional magnetic resonance imaging (fMRI) and 
electroencephalography (EEG). This phenomenon, known as cognitive motor dis-
sociation, has not been systematically studied in a large cohort of persons with 
disorders of consciousness.

METHODS
In this prospective cohort study conducted at six international centers, we collected 
clinical, behavioral, and task-based fMRI and EEG data from a convenience sample 
of 353 adults with disorders of consciousness. We assessed the response to com-
mands on task-based fMRI or EEG in participants without an observable response 
to verbal commands (i.e., those with a behavioral diagnosis of coma, vegetative state, 
or minimally conscious state–minus) and in participants with an observable re-
sponse to verbal commands. The presence or absence of an observable response to 
commands was assessed with the use of the Coma Recovery Scale–Revised (CRS-R).

RESULTS
Data from fMRI only or EEG only were available for 65% of the participants, and 
data from both fMRI and EEG were available for 35%. The median age of the 
participants was 37.9 years, the median time between brain injury and assessment 
with the CRS-R was 7.9 months (25% of the participants were assessed with the 
CRS-R within 28 days after injury), and brain trauma was an etiologic factor in 50%. 
We detected cognitive motor dissociation in 60 of the 241 participants (25%) without 
an observable response to commands, of whom 11 had been assessed with the use 
of fMRI only, 13 with the use of EEG only, and 36 with the use of both techniques. 
Cognitive motor dissociation was associated with younger age, longer time since 
injury, and brain trauma as an etiologic factor. In contrast, responses on task-based 
fMRI or EEG occurred in 43 of 112 participants (38%) with an observable response 
to verbal commands.

CONCLUSIONS
Approximately one in four participants without an observable response to com-
mands performed a cognitive task on fMRI or EEG as compared with one in three 
participants with an observable response to commands. (Funded by the James S. 
McDonnell Foundation and others.)

A BS TR AC T

Cognitive Motor Dissociation  
in Disorders of Consciousness

Y.G. Bodien, J. Allanson, P. Cardone, A. Bonhomme, J. Carmona, C. Chatelle, 
S. Chennu, M. Conte, S. Dehaene, P. Finoia, G. Heinonen, J.E. Hersh, E. Kamau, 

P.K. Lawrence, V.C. Lupson, A. Meydan, B. Rohaut, W.R. Sanders, J.D. Sitt, 
A. Soddu, M. Valente, A. Velazquez, H.U. Voss, A. Vrosgou, J. Claassen, 
B.L. Edlow, J.J. Fins, O. Gosseries, S. Laureys, D. Menon, L. Naccache, 

A.M. Owen, J. Pickard, E.A. Stamatakis, A. Thibaut, J.D. Victor, J.T. Giacino, 
E. Bagiella, and N.D. Schiff  

Original Article

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.
Downloaded from nejm.org on July 3, 2025. For personal use only. 

 No other uses without permission. Copyright © 2024 Massachusetts Medical Society. All rights reserved.

N Engl J Med 391;7 NEJM.Org August 15, 2024 




n engl j med 391;7 nejm.org August 15, 2024602

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

Findings in Participants with an Observable 
Response to Commands

Of the 112 participants with a diagnosis of mini-
mally conscious state–plus or who had emerged 
from the minimally conscious state as assessed 
with the CRS-R, 43 (38%) had a response to com-
mands on task-based fMRI, task-based EEG, or 

both (Table 3). Among these participants, 23% 
were assessed with fMRI only, 19% with EEG 
only, and 58% with both fMRI and EEG. Re-
sponses to commands on fMRI and EEG were 
absent in more than 60% of the participants 
who had an observable response to commands 
during assessment with the CRS-R at the bed-

Figure 1. Study Population.

Of 478 participants in the Research Electronic Data Capture (REDCap) database, 353 were assessed with the use of 
the Coma Recovery Scale–Revised (CRS-R) and at least one command-following paradigm on functional magnetic 
resonance imaging (fMRI) or electroencephalography (EEG) within 7 days. We defined cognitive motor dissociation 
operationally on the basis of the CRS-R assessment as a lack of responses to commands and a lack of intelligible speech 
in the context of a response to a task-based fMRI paradigm, a task-based EEG paradigm, or both. Cognitive motor 
dissociation occurred in 25% of the participants with no observable response to commands (participants with  
a behavioral diagnosis of coma or vegetative state [unconscious] or minimally conscious state–minus [the presence 
of signs of conscious awareness without responses to commands or intelligible verbal output]). Among the partici-
pants with an observable response to commands (participants with a behavioral diagnosis of minimally conscious 
state–plus [defined as the presence of signs of conscious awareness that include responses to commands or intelli-
gible verbal output] and those who had emerged from the minimally conscious state [defined as the return of the 
ability to use common objects in a functional manner or correctly respond to basic yes-or-no questions about situa-
tional orientation]), 62% did not have a response on task-based fMRI, EEG, or both. Participants who had a response 
to commands on imaging were those with a response to commands on fMRI, EEG, or both, regardless of whether 
they underwent one or both imaging studies. Participants who did not have a response to commands on imaging 
were those who underwent fMRI only, EEG only, or both and had no response to commands on imaging.

353 (74%) Underwent CRS-R assessment
and had interpretable data from
at least 1 fMRI or EEG session

478 Participants in REDCap database

125 Were excluded
61 Had no score on the CRS-R

available
43 Had no task-based fMRI or EEG data

available
16 Had uninterpretable data for all

task-based fMRI or EEG sessions
5 Did not undergo CRS-R assessment 

within 7 days before or after
fMRI or EEG

241 (68%) Did not have observable
response to commands

112 (32%) Had observable response
to commands

60 (25%) Had
response to commands

on imaging and were
considered to have

cognitive motor
dissociation

181 (75%) Did not have
response to commands

on imaging

43 (38%) Had response to
commands on imaging

69 (62%) Did not have
response to commands

on imaging
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side. Table S9 shows the percentage of partici-
pants with a diagnosis of minimally conscious 
state–plus or who had emerged from the mini-
mally conscious state, as assessed with the CRS-R, 
who had a response or did not have a response 
to commands on fMRI, EEG, or both.

Agreement between Assessment Techniques
The level of agreement between evidence of a 
response on the basis of the CRS-R, fMRI, and 
EEG assessments, as indicated by kappa coeffi-
cients, was low. Kappa coefficients ranged from 
0.09 to 0.15 for agreement between evidence of a 
response according to CRS-R findings and evi-
dence according to fMRI or EEG findings and 
from 0.02 to 0.04 for agreement between evidence 
on the basis of fMRI findings and EEG findings 
(Tables S10 and S11).

Discussion

In this multinational study involving a conve-
nience sample with disorders of consciousness, 
we detected cognitive motor dissociation on 
task-based fMRI or EEG in approximately 25% 
of the participants. This percentage is higher 
than previous estimates.3,6,9-11 Although stan-
dardized behavioral evaluation remains the ref-
erence standard for detecting a response to 
commands at the bedside, the use of task-based 
fMRI and EEG can improve detection, and the 
use of both imaging techniques appears to be a 
more sensitive approach than the use of one of 
the techniques alone.

The percentage of participants with cognitive 
motor dissociation is 5 to 10 percentage points 
higher in our study than in previous stud-
ies.3,6,9-11 This finding may be due to our multi-
modal approach, which classified the partici-
pants who underwent assessment with both 
techniques on the basis of responses on either 
fMRI or EEG. The percentage of participants 
with cognitive motor dissociation may have been 
even higher if all the participants had been as-
sessed with both imaging techniques. Previous 
studies have shown that cognitive motor disso-
ciation was most common among participants 
with traumatic brain injury,3,6,9,11 those with 
chronic disorders of consciousness,9 and those 
with a behavioral diagnosis of minimally con-

scious state–minus,11 findings that were indi-
cated in our study. However, cognitive motor 
dissociation was also detected in participants 
with nontraumatic causes of brain injury (e.g., 
stroke and cardiac arrest), those with acute dis-
orders of consciousness, and those who were 
behaviorally unconscious, as indicated by a diag-
nosis of coma or vegetative state.

The prevalence of cognitive motor dissocia-
tion may have been underestimated in previous 
studies and the current study for multiple rea-
sons. First, the paradigms used in studies of 

Table 1. Demographic and Clinical Characteristics of the Participants.*

Variable
All Participants 

(N = 353)

Median age at injury (IQR) — yr 37.9 (23.8–55.8)

Sex — no. (%)

Male 226 (64)

Female 125 (35)

Missing 2 (1)

Median time between injury and CRS-R assessment (IQR) 
— mo†

7.9 (1.0–22.1)

Underwent CRS-R assessment <28 days after injury  
— no. (%)

90 (25)

Etiologic factor — no. (%)

Brain trauma 176 (50)

Cardiac arrest or hypoxia 57 (16)

SAH, IVH, ICH, or stroke 65 (18)

Other 55 (16)

Diagnosis — no. (%)‡

Coma or vegetative state 140 (40)

Minimally conscious state–minus 101 (29)

Minimally conscious state–plus 77 (22)

Emerged from the minimally conscious state 35 (10)

*  Percentages may not total 100 because of rounding. ICH denotes intracere-
bral hemorrhage, IQR interquartile range, IVH intraventricular hemorrhage, 
and SAH subarachnoid hemorrhage.

†  The Coma Recovery Scale–Revised (CRS-R) is a tool preferred in international 
guidelines for the assessment of levels of consciousness.

‡  The diagnosis was made on the basis of the score on the CRS-R. A diagnosis 
of coma or vegetative state indicated an unconscious state. Minimally con-
scious state–minus is defined as the presence of signs of conscious aware-
ness without responses to commands or intelligible verbal output. Minimally 
conscious state–plus is defined as the presence of signs of conscious 
awareness that include responses to commands or intelligible verbal output. 
Emerged from the minimally conscious state is defined as the return of the 
ability to use common objects in a functional manner or correctly respond  
to basic yes-or-no questions about situational orientation.
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task-based fMRI and EEG may require more cog-
nitive resources (e.g., short-term memory, selec-
tive attention, and mental persistence) than in 
typical command-following trials performed at 
the bedside. Although this hypothesis has not 
been proven,33 it is supported by our finding that 
responses on fMRI and EEG were detected in 
only 38% of the participants with an observable 
response to commands at the bedside. Second, 
the fMRI and EEG analytic techniques used at 
the study sites were intentionally designed to 
minimize the potential for a false-positive re-
sult, which may increase the likelihood of a 
false-negative finding. Third, most studies as-
sess participants with the use of either fMRI or 

EEG. We found that participants who were as-
sessed with both imaging techniques were more 
likely to have cognitive motor dissociation than 
those who were assessed with one technique. 
Fourth, behavioral fluctuation is common among 
patients across all disorders of consciousness, 
which may contribute to the lack of a response 
on fMRI or EEG or to disparate findings be-
tween these two techniques.34-36

Several limitations should be considered 
when interpreting the results of this study. Par-
ticipants were recruited with the use of a variety 
of methods, including consecutive enrollment of 
critically ill patients in the intensive care unit 
and enrollment of persons with chronic illness 

Table 2. Demographic and Clinical Characteristics of the Participants without an Observable Response to Commands.*

Characteristic

No Observable 
Response to 
Commands 

(N = 241)

Response to 
Commands on 

Imaging† 
(N = 60)

No Response 
to Commands 
on Imaging‡ 

(N = 181)

Diagnosis — no. (%)§

Coma or vegetative state 140 (58) 28 (47) 112 (62)

Minimally conscious state–minus 101 (42) 32 (53) 69 (38)

Imaging technique — no. (%)

fMRI only 61 (25) 11 (18) 50 (28)

EEG only 101 (42) 13 (22) 88 (49)

fMRI and EEG 79 (33) 36 (60) 43 (24)

Median age at the time of injury (IQR) — yr 40.2 
(25.2–57.2)

30.5 
(22.6–43.0)

45.3 
(26.7–59.3)

Sex — no. (%)

Male 146 (61) 39 (65) 107 (59)

Female 93 (39) 21 (35) 72 (40)

Missing 2 (1) 0 2 (1)

Median time between injury and CRS-R assessment (IQR) — mo 6.3 
(0.6–16.9)

10.7 
(3.7–24.3)

4.3 
(0.6–14.2)

Underwent CRS-R assessment <28 days after injury — no. (%) 72 (30) 12 (20) 60 (33)

Underwent CRS-R assessment ≥28 days after injury — no. (%) 169 (70) 48 (80) 121 (67)

Etiologic factor — no. (%)

Brain trauma 108 (45) 39 (65) 69 (38)

Cardiac arrest or hypoxia 45 (19) 4 (7) 41 (23)

SAH, IVH, ICH, or stroke 48 (20) 9 (15) 39 (22)

Other 40 (17) 8 (13) 32 (18)

*  Percentages may not total 100 because of rounding.
†  Data are for participants with a response to commands on functional magnetic resonance imaging (fMRI), electroen-

cephalography (EEG), or both, regardless of whether they underwent one or both imaging studies. These participants 
were considered to have cognitive motor dissociation.

‡  Data are for participants who underwent fMRI only, EEG only, or both and had no response to commands on imaging.
§  The diagnosis was made on the basis of the score on the CRS-R.
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or injury who were in the postacute phase of 
brain injury. All the participants with chronic 
brain injury had survived their initial illness or 
injury and had access to a research facility with 
advanced fMRI and EEG capabilities. This sur-
vival bias may reflect greater cognitive reserve 
and resilience over time among the participants. 
As such, the results of our study may not be 
generalizable to the overall population of pa-
tients with cognitive motor dissociation. In the 
absence of standardized approaches to the eval-
uation of cognitive motor dissociation, partici-
pating sites used heterogeneous strategies to 
acquire, analyze, and interpret data, which led to 
differences in the number, type, and ordering of 
the cognitive tasks assessed on fMRI and EEG. 
These differences, along with variations in re-
cruitment strategies and participant characteris-

tics, may have contributed to the unequal per-
centage of participants with cognitive motor 
dissociation observed at each site (range, 2 to 
45%). Our findings may therefore not be gener-
alizable across all centers.

Large-scale validation studies are needed to 
improve data acquisition and analysis for clinical 
translation. The statistical analyses that were 
conducted as part of this study were univariate 
and descriptive. Thus, we were unable to evalu-
ate the independent contribution of any one vari-
able in predicting cognitive motor dissociation.

The agreement between cases of cognitive mo-
tor dissociation detected by fMRI as compared 
with EEG was low, which may have been due to 
fluctuations in conscious awareness in the par-
ticipants or to differences in the underlying para-
digm assessed by each technique. Although the 

Table 3. Demographic and Clinical Characteristics of the Participants with an Observable Response to Commands.

Characteristic

Observable 
Response to 
Commands 

(N = 112)

Response to 
Commands on 

Imaging* 
(N = 43)

No Response to 
Commands on 

Imaging† 
(N = 69)

Diagnosis — no. (%)‡

Minimally conscious state–plus 77 (69) 26 (60) 51 (74)

Emerged from the minimally conscious state 35 (31) 17 (40) 18 (26)

Imaging technique — no. (%)

fMRI only 32 (29) 10 (23) 22 (32)

EEG only 37 (33) 8 (19) 29 (42)

fMRI and EEG 43 (38) 25 (58) 18 (26)

Median age at the time of injury (IQR) — yr 33.8 
(22.1–54.5)

29.4 
(21.9–46.6)

38.6 
(22.3–55.3)

Sex — no. (%)

Male 80 (71) 30 (70) 50 (72)

Female 32 (29) 13 (30) 19 (28)

Median time between injury and CRS-R assessment (IQR) — mo 12.9 
(3.5–48.8)

12.6 
(5.5–57.4)

12.9 
(3.1–43.8)

Underwent CRS-R assessment <28 days after injury — no. (%) 18 (16) 10 (23) 8 (12)

Underwent CRS-R assessment ≥28 days after injury — no. (%) 94 (84) 33 (77) 61 (88)

Etiologic factor — no. (%)

Brain trauma 68 (61) 30 (70) 38 (55)

Cardiac arrest or hypoxia 12 (11) 1 (2) 11 (16)

SAH, IVH, ICH, or stroke 17 (15) 9 (21) 8 (12)

Other 15 (13) 3 (7) 12 (17)

*  Data are for participants with a response to commands on fMRI, EEG, or both, regardless of whether they underwent 
one or both imaging studies.

†  Data are for participants who underwent fMRI only, EEG only, or both and had no response to commands on imaging.
‡  The diagnosis was made on the basis of the score on the CRS-R.
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