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Approaches to Consciousness Assessment in Neurocritically Ill Patients
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The majority of neurocritically ill patients have disorders of consciousness. Both level and
content of consciousness should be assessed repeatedly throughout the course of patient care.
Address for correspondence In this review, we describe the definition and diagnostic criteria for disorders of consciousness,
Tae Jung Kim, MD, PhD and the neurological examination and standardized neurobehavioral assessment tools
Department of Critical Care Medicine, Seoul | 35 methods of assessing consciousness. Next, we will discuss neurophysiological and
National University Hospital, 101 Daehak-ro, | o\ roimaging tests as tools for assessing consciousness: automated quantitative pupillometry,
electroencephalogram, evoked potentials, brain imaging, functional near-infrared spectroscopy;,
and biomarkers. We discuss the clinical utility of each assessment tool and the importance
of a multimodal approach in the diagnosis, treatment, and prognostication of disorders of
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Aol = oA FEo ol o4 W& oz 2
A &5 5 AchFig). 49 #2244 Ael(arousal)
2 QI A=l gt §hg-9] Fof wet £4(coma), M|
(stupor), 71H(drowsy), ZA(alert) 0.2 FA E &3t} 9
Al 8- QF A= gt Ql4jo|m o]z &7] A4l thgk
1A, A itnt obyet 5, A2 A AHl 52 AL
bt o4 W-gol At 24 o] A +F
1% A= ofoF Btk jHA 94 £ FAIEATE o4 U
&2 FAEA g o] dEiESo] Aok AAdgo] Q= &
A7F A £, AgEAol, o8 29 5 A W8 ¥
S}E Hol: 3¢ 34 HW¥S(acute encephalopathy)°]zt
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o] A7 78+8](American Academy of Neurology,
AAN)?} 84173758 (European Academy of Neurol-
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Figure. lllustration of the two major components of conscious: the
level of consciousness and the content of consciousness. Repro-
duced from Johr et al.*” which was adapted from Laureys* with
permission.
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= AHj(vegetative state, VS) & FHMS ZH Alj(unre-
sponsive wakefulness syndrome, UWY), |4 2J4] A&}
(minimally conscious state, MCS), Z|4x 2]4] AFeloll A 5
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AL, 94t B AT BRtol| A 1270 o4 VS/UWSTZH A4
9 94 A1% AHi(chronic V)2 & F3tc}?

MCS& Aol gHgo] tigt Q14]o] X4 Edoe

ok ISk 442 A4 57} el el
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=
o
%5t ¥9 43 71s(following simple commands), A%
of o] Agle] wAlolut 72 9/t 3 7 (ges-
tural or verbal yes/no responses regardless of accur-
acy), ol 4= = WS FHintelligible verbalization),
929l P52 EU(purposeful behavior) F 3+ 7H ©]
Ayo] gHeld uf Akt 4= Qltk! MCSE lolE oldisAu &
A 4 = MCS+oF H]do1A o) 4] Aot &els= MCS-

B3t 4= Qlrk MCS-9) THg 7152 VSet FdsHA H]
QA HEA 3MY, 94 HEA 12700l MCS+9] THA
71E2 v HEAS 7Y, 94 HEA 1871 ool
MCS g2 95 & Qe RHe& 4 A Kol A%
eMCSZ Hghdh &= Qlrk* eMCSE Asl7] SJaiAe dgH
T Ho] GrtolA 671e] A Al AZol BT et o/
oLt Sl 5 AR AtaS) F 7 B E =7,



A, 9 5)2 715211 Aol grlEofof g,

Q1Z]- &5 3f|](cognitive motor dissociation, CMD)+=
AU AFARNE = oA ASE WS Eot= &7 &
= VS/UWSAY H]1oj4] o4 A2t &<lo] 753k MCS-
gt 7154 A71F3E G4 (functional magnetic reso-
nance imaging, MRI) ®= ¥3} HAF 52 sHHA IAE
FH ¥ o] Bgsts ado] ElEE S Tatct’
obg/d E= THY oA 2Ake] 15-20%0114 CMD7F &<l
i

2. SEXHAML 24 Gt

D) #H8 J3HY AFARE, 22312 A73PF 7

Hx g SIS F71S o A ALY, A9 B A9, F
of AL 73 7|5 Aol
HAE Fa7F Bgold o]F ABANEZ APty 2
A1 54 AL (Glasgow coma scale, GCS)7}F 4] Algj
H7ko os] 714 e 2ol 7 Eo|n HZol=
full outline of unresponsiveness (FOUR) score= -

|54 AH&ETE FOUR scores= &= HHg, &5 W3, H&

7IHRAL ©80] Y] 7HA] ZHE AR 2 S Ee] 9loH 7t 5
2 0-44(F 168 2= F/d€rh FOUR scoret= GCS%t H|
Wsto] HE7|HALRE B F S
T Aol Hof Sl SRER B7HE & vk ARlo]
SHAIRE o] 52 7HEet Aol vjsl VS/UWSet MCSE +=8
T S AR FAAR] i oty XAE ERE
2 Atsl] 95t #2319 A48 % B7Hneurobehavioral
assessment) =7-50] 7= o] Ath(Table).

Coma recovery scale-revised (CRS-R)& A4 ol &
ol ol 7H & AFE B7F & F ShUE w2 Y
2 MCSE AT 4= AUk CRS-RE HZH(auditory), A2
25 (motor), Y&5/A°l(oromotor/verbal), <]
AtaB(communication), Z/d(arousal)®] 678 subscale
= o]Fo|A Stk HZ7|52 AHES] o|5-S BelFHA] A
TR AV o2kl ot (A T gE)ol ek vk, A

23 BeHA L TF Fo] et e, A9t e 2

27} WYY & Q7|

(visual),

|

o HES, &7 45 ofE 4z Holg o wet He

¢

Table. Multimodal approaches for patients with disorders of consciousness

Methods Role
Neurobehavioral GCS, FOUR score: provide rapid and easy assessment
assessments CRS-R, WHIM, SMART, WNSSP, SSIM: differentiate between MCS and VS/UWS

Automated quantitative  Quantifies of pupillary light reflex

pupillometry Provides rapid and easy assessment
Useful for lesion localization
Evaluates changes in patient conditions such as increased ICP, herniation, and cerebral edema
EEG EEG reactivity: identifies signs of consciousness
gEEG: assesses spectral power, approximate entropy, and functional connectivity
EP N20 at SSEP: in cardiac arrest patients, a bilateral absence is associated with a poor prognosis
P300: detects signs of consciousness
Brain imaging CT, MRI: assess structural lesions
fMRI, "®FDG-PET, SPECT: visualize brain activities according to the location
fNIRS Rapid and available at the bedside
Allows connectivity analysis and wavelet phase coherence analysis
Biomarker NSE: used in the prognostication of patients after cardiac arrest

GCS; Glascow coma scale, FOUR; full outline of unresponsiveness, CRS-R; coma recovery scale-revised, WHIM; Wessex head injury matrix, SMART;
sensory modality assessment and rehabilitation technique, WNSSP; Western neuro sensory stimulation protocol, SSIM; sensory stimulation
assessment measure, MCS; minimally conscious state, VS; vegetative state, UWS; unresponsive wakefulness syndrome, ICP; intracranial pressure, EEG;
electroencephalogram, qEEG; quantitative EEG, EP; evoked potential, SSEP; somatosensory EP, CT; computed tomography, MRI; magnetic resonance
imaging, fMRI; functional MRI, ®FDG-PET; "fluorodeoxyglucose-positron emission tomography, SPECT; single photon emission CT, fNIRS; functional

near-infrared spectroscopy, NSE; neuron-specific enolase.
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2018'd AAN &A1l CRS-RETF o4z}, Wessex
head injury matrix (WHIM), sensory modality assess-
ment and rehabilitation technique (SMART), Western
neuro sensory stimulation protocol (WNSSP), disor-
ders of consciousness scale, sensory stimulation as-
sessment measure (SSIM)E EE3HE A43s H7F 3
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(D) A= 5F=AA (automated quantitative

pupillometry)
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(2) Y1t (electroencephalogram, EEG)
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und), 7] HASRF LA (periodic epileptiform discha-
rges), HAH HHAZA 4 (nonconvulsive status
o] &ld wj ¥t A Yt A= A &
A Ik 19884 Syneko] 9J4] Aoff FAfoA HotE &
%t e vheAgo] et 57 SEoE Y 5 25
(coma classification)& AFsAtE? Grade 12 71234
Q1 Lk(regular alpha)2} 7% AlEH(some theta), grade
2= FE3A AlEHpredominant theta), grade 3+ QE}/
Hhz1k(delta/spindles), grade 4= 4t} oA, duf &4
AMer £ A 7= deb(low voltage delta), grade 5= 2 1V
neke] 54Y Hukisoelectric EEG)Y W2 EFs1ct 1
211 grade 29} 3914 §HS/30] =Alol ek AlRAC
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(spectral power)E ERIotE f 4] 0] Y Z4E 9
B @44(1.5-3.5 Hz)ol ofual duf 84(75-12.5 Hz)ol &
o}ETh? et E4(3.5-75 Hz) 94 VS/UWSSH MCSOllA]
) 2 E EA SRlEh AFuk(de/Alehet 1
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oA -2k Apert ™ Eat Hute] 7154 A2 (functional
24 7h x| BejdE dupg 73t
Aol Qx| golgt 4= 9lom VS/UWS, MCS, FAF
23 0.2 AZ4o] A Rl

Hutg CMDE #91g 4= it} Claassen 572 1
ol kg0l gli= therst A919] F4 HEAd B
S At et ¥Ys Pt

Aot A& 9u|sl= approximate entropy

connectivity)& &<1go

o,

7¥stgiet & 104989 3 & 168(15%)°1 A =5t ¥h-So]
Ql=lo] CMD “Jeidoe] SRIE U= =5} ¥h-go] AU
ARl A 1271 EA o 5F5 8AITE ol 71520 &2 =A<l A
H(Glasgow outcome scale-extended>4)7} ©f o] &
AEIATHE4% vs. 14%; odds ratio, 4.6, 95% confidence
interval, 1.2-17.1).

~

3) SHFAQ(evoked potential)

O A7 ol EAtof|l A tEA Q. Z EQl5t=
A5 ZRE AAtA gAY S oIS
A28 9l(somatosensory evoked potenual)E sko]
3h= Zlooh 2kate] AlE A
nection)E slolsly] ol &0 A=A14S AF=5t0] =4
Foll A N20 1g9] &4 o5& glghth” N200] FZ oA
L gRlEA] o2 5 AR e Bt FE 90%
ol YA AISEE ST 4 Ik A A TR of
Ut AFHelEd, o HE HES 5 S48 HEA &
M E N202 EFe A F5 &2 E0|E 2 &3t

AP Q(event-related potential)= 2159 E4 =}
=0l 9Jsf FUE= Huke] MatE Toly §4 Aoy 2l
A Bg7t ATE et S B4 S 9k o] &
P3002 A4 AX(perceptual decision)d & Qlckal
2422 ggolH oddball paradigmolgt= B7F HHHS AL
83 4 Qth F&Fo| 11 vt B #2] 4] AF(nontar-
get stimuli)¥ 71 Afolof] E5F2]Ho]1l EF #A 4] A=

1A 2}2to] AN 2418 A7

AZ(thalamocortical con-
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(target stimuli)-< FHA]
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ing (MRDL.& 9J4] o] Rlo] &= MW o7& udd

5 Stk AW A A5 AREHET], AL ASHE,
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fMRI = Bfluorodeoxyglucose-FAA &= 2
J(*Bfluorodeoxyglucose-positron emission tomog-
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A (motor imagery

Al HYAE A= AT 2
task), & Zo7HAA ZF BE B AT 22 3 24
A} (spatial navigation task)2 $HsH] SIS df VS/
UWSE Agte grtE0] A& skxjo)| A BEDG-PETS} IMRI
oAl Hh-g-o] BIE ATt 2018 AAN HFA A= 9
g HES T 1-60
fMRIE AHg-sto] FZtAgte o] 4355 elsto zi
12714 9J4] 315 o5 d|&ste b =32 T2 5 vk
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gional oxygen saturation, 15O, &3 $ Q&= AH|o]
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