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Analysis of diagnostic informative value of the Full Outline
of UnResponsiveness Scale in patients with spontaneous
supratentorial intracerebral hemorrhage

A. A. Kuznietsov

Zaporizhzhia State Medical University, Ukraine

The main purpose of the study was to verify the diagnostic informative value of the Full Outline of UnResponsiveness Scale in
patients with SSICH based on the comparison with neuroimaging criteria of midline shift severity.

Material and methods. Prospective cohort study of 138 patients in acute period of SSICH was conducted, which included
clinical assessment (using the Full Outline of UnResponsiveness (FOUR) Scale and the Glasgow Coma Scale (GCS) scores)
and neuroimaging estimation of cerebral injury severity. A comparative analysis of Spearman’s rank correlation coefficients (R)
and different areas under the receiver operating characteristic curves (derived from the same cases) was conducted with the help
of Z statistic.

Results. The Full Outline of UnResponsiveness Scale was verified as a highly informative tool for the presence and severity
of midline shift clinical detection (AUC > 0.80, P < 0.0001) in patients with SSICH, whereas the diagnostic informative value of
the FOUR scale within the assessment of severe midline shift clinical signs was higher than that for mild midline shift detection
(AUC = 0.97  0.02 versus AUC = 0.84 £ 0.05 for septum pellucidum displacement, P = 0.0158; AUC = 0.99 + 0.01 versus
AUC = 0.92 + 0.03 for pineal gland displacement, P = 0.0269). The Full Outline of UnResponsiveness Scale had a higher
diagnostic informative value than the GCS as for the presence of midline shift clinical signs detection (AUC = 0.81 £ 0.03 versus
AUC = 0.67 £ 0.04, P = 0.0002; accuracy 77.5 % versus 63.0 %, P = 0.0085), as well as for the clinical assessment of septum
pellucidum displacement severity (AUC = 0.80 + 0.04 versus AUC = 0.73 £ 0.05, P = 0.0286) and pineal gland displacement
(AUC =0.80 £ 0.05 versus AUC = 0.74 £ 0.05, P = 0.0306) in patients with midline shift <4 mm due to SSICH.

Conclusions. The Full Outline of UnResponsiveness Scale is characterized by the higher diagnostic informative value in
clinical detecting midline shift severity in patients with SSICH.

AHani3 piarHocTuuHoi iHpopmaTuBHocTi wkaau Full Outline of UnResponsiveness
Yy NauieHTiB 3i CNOHTaHHMM cynpaTeHTopiaAbHUM BHYTPiLUHbOMO3KOBUM KPOBOBUAUBOM

A. A. Ky3HeuoB

Merta po6otu — aHania giarHoctuyHoi iHchopmatusHocTi wkanw Full Outline of UnResponsiveness (FOUR) y nauieHTiB 3i CrioH-
TaHHUM CynpaTeHTopianbHUM BHYTPILIHEOMO3KOBMUM kpoBoBunMBoM (CCBMK) Ha niacTaBi 3icTaBneHHs 3 HelpoBidyanisaLliiHumum
KpUTepisiMM OLiHIOBaHHS TSXKKOCTI naTepasnbHOi AMCIOKaLLi cepeanHHNX CTPYKTYP MO3KY.

Marepianu Ta meTogu. BukoHanu npocnekTveHe, KoroptHe gocnimkeHHst 138 nauieHTis y roctpomy nepiogi CCBMK, wo Bkro-
yarno KOMMMEKCHE KMiHiko-HeBponoriYHe JocnimkeHHs (3 BukopuctaHHam wkanu FOUR i wkanm komu Mnasro (LUKI)), a Takox
HelpoBi3yariaaLiiiHe OLHIOBaHHS TSKKOCTI YLLIKOMKEHHS LiepebparnbHuX CTPYKTYp y Ae6HoTi 3axBoptoBaHHS. MOpIBHAMBHMI aHani3
koediLlieHTiB paHroBoi kopensuii CnipmeHa Ta nnowwi nig ROC-kpyBrMK BUKOHaNM 3 BUKOpUCcTaHHsaM Z statistic.

PesyniraTu. BetaHosunm, wo wwkana FOUR € BUCOKOIHGhOpMaTHBHIM iHCTPYMEHTOM KNiHIYHOT AETEKLi HAsIBHOCTi Ta BUPaXeHOCTi
natepanbHoi gucnokadii cepeauHHnx cTpykTyp Mosky (AUC > 0,80, p < 0,0001) y nauienTis i3 CCBMK, piarHocTuyHa iHchopmaTus-
HicTb Wwkamm FOUR B oLiH0OBaHHI KNiHIYHMX NMPOSIBIB TSHKKOT AMCNIOKALLIT CEepeaHiX CTPYKTYP MO3KY BHLLE 3a TaKy A4S AeTeKLi 3cyBy
nerkoro ctynexs (AUC = 0,97 £ 0,02 npotn AUC = 0,84 + 0,05 ansi 3cyBy npo3opoi nepetuHky, p = 0,0158; AUC = 0,99 £ 0,01
npotn AUC = 0,92 + 0,03 ans 3cysy enicisa, p = 0,0269). LLikana FOUR nepeswLysana LLKT 3a giarHOCTU4HOI iHChOpMaTUBHICTIO
B [eTeKLil HasBHOCTI KMiHiYHMX NposBiB AucnokavinHoro cuiapomy (AUC = 0,81 £ 0,03 npotn AUC = 0,67 £ 0,04, p = 0,0002;
TOYHICTb 77,5 % npotn 63,0 %, p = 0,0085), a Takox y KIiHIYHOMY OLHIOBaHHI BUPaXXEHOCTi AucnokaLlii npo3opoi NepeTuHkA
(AUC = 0,80 % 0,04 npot AUC = 0,73 £ 0,05, p = 0,0286) 11 enicpiza (AUC = 0,80 + 0,05 npotn AUC = 0,74 £ 0,05, p = 0,0306) y
nawieHTiB 3i 3cyBom <4 mm BHacnigok CCBMK.

BucHoBsku. Lkana FOUR xapaktepusyeTbes BinbLLUoto 4iarHOCTUYHOK IHOPMATUBHICTIO Y KNiHIYHIN AeTeKLi BUpaXeHOCTi
aucnokavinHoro cuigpomy B nauienTis i3 CCBMK.

AHanu3 puarHoctuueckou MHdopmatuHocTH Wwkaabl Full Outline of UnResponsiveness
Y NaLUeHTOB CO CMOHTaHHbIM CynpaTeHTOPUaAbHbIM BHYTPUMO3TOBbIM KPOBOU3AUAHUEM
A. A. Ky3HeuoB

Lienb pa6oTbl — aHanu3 gnarHocTuieckoi uHcopmatueHocTu Wwkansl Full Outline of UnResponsiveness (FOUR) y naumeHToB
CO CMOHTaHHBIM CynpaTeHTOpUabHbIM BHYTPUMO3roBbIM kpoBonanusHeM (CCBMK) Ha 0cHOBaHWUM CONOCTaBNEHNS C HENPOBU-
3yanu3auyoHHbIMU KPUTEPUSIMIA OLIEHKW TSHXKECTW NaTepanbHOi ACHOKaLWMN CPEANHHBIX CTPYKTYP Mo3ra.

Marepuansi n metogbl. [poBegeHO NPOCNEKTUBHOE, KOropTHOe nccnegosaHune 138 nauvenTtos B octpom nepuoge CCBMK,
KOTOpPOE BKIHOYario KOMMIIEKCHOE KMHWUKO-HEBPONIOMYECKOE UCCIeA0BaHME (C Ucnonb3oBaHueMm Lukarnbl FOUR w wkanbl koMbl
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naaro (LLKT)), a Takke HeMpOBM3yanu3aLroHHYHO OLEHKY TSKECTY MOBPEXAEHNS LepebpanbHbix CTPYKTYp B Aebiote 3abore-
BaHusi. CpaBHUTENbHbIN aHanM3 KoadULMEHTOB paHroBor koppensuuy Cnpmera u nnowaan nog ROC-kpusbiMy NpoBoaUIK
C ucnonb3oBaHnem Z statistic.

Pesynkrartbl. YcTaHoBneHo, 4To wikana FOUR — BbICOKOMH(OPMATHBHbIA MHCTPYMEHT KIMHUYECKOI AETEKLMN HAINYS W BbIPXKEH-
HOCTW NaTeparibHOM AUCHoKaLmuy cpeanHHbIx cTpykTyp mosra (AUC > 0,80, p < 0,0001) y naumeHTos co CCBMK, anarHoctuyeckas
MHGopMaTUBHOCTH LuKarnbl FOUR B oueHKe KIMHWYECKUX NPOSIBIEHWI TSHXKEMOM AUCMOKaLMM CPEAMHHBIX CTPYKTYP MO3ra Bbille
TaKoBOWM ANs AeTekLmn cMeLleHmns nerkoit ctenenmn (AUC = 0,97 + 0,02 npotve AUC = 0,84 + 0,05 anst cmMeLLeHns Npo3padHon
neperopogku, p = 0,0158; AUC = 0,99 + 0,01 npotus AUC = 0,92 + 0,03 ans cmeleHus anucmaa, p = 0,0269). Lkana FOUR
npesocxoauna LK™ no anarHocTuyeckon MHPOPMaTUBHOCTY B AETEKLMMN HAMNYMS KITMHUYECKUX NPOSIBIIEHIA AUCIOKALMOHHOIO
cvHopoma (AUC = 0,81 £ 0,03 npotue AUC = 0,67 + 0,04, p = 0,0002; TouHocTb 77,5 % npotus 63,0 %, p = 0,0085), a Takke B knu-
HIYECKOW OLIEHKE BbIPaXKEHHOCTMW AUcnokaLmmn npoapayHoi neperopogkm (AUC = 0,80 + 0,04 npotne AUC = 0,73 £ 0,05, p = 0,0286)
1 anudmsa (AUC = 0,80 + 0,05 npotns AUC = 0,74 + 0,05, p = 0,0306) y naumeHToB co cmeLLeHnem <4 mm BcnegcTtane CCBMK.

BbiBogabl. LLikana FOUR xapaktepuayetcs 6onee BbICOKON AUarHOCTUYECKON MHGOPMATUBHOCTbIO B KITMHUYECKOW AETEKLMN
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BbIPaXXEHHOCTW ANCIOKALMOHHOTO cuHapoma y naumentos co CCBMK.

Spontaneous supratentorial intracerebral hemorrhage
(SSICH)is the leading cause of death and disability of young
and middle aged people in most countries of the world [3].

The significant role of intracerebral hematoma volume
effect along with the perifocal edema in progressive midline
shift development and precondition for unfavorable course
and outcome of SSICH acute period has been convincingly
proved [12].

The Glasgow Coma Scale (GCS) and the National Insti-
tutes of Health Stroke Scale are the most common to quantify
the severity of cerebral and focal syndromes [2]. In spite of
the fact that the Glasgow Coma Scale is the gold standard
for assessing the level of consciousness in clinical angioneu-

Materials and methods

In order to achieve this goal, a comparative study was
conducted on 138 patients (79 men and 59 women, mean
age 63.6 + 1.0 years), who underwent a therapy in the Brain
Circulation Disorders Department of the Municipal Institution
“Zaporizhzhia City Clinical Hospital # 6”.

Inclusion criteria:

1) men and women with SSICH confirmed by the results
of clinical and neuroimaging study;

2) admission to the hospital within the first 24 hours of
the disease onset;

3) informed consent signed by the patient for study

rology, its significance for the determination of midline shift ~ Participation.
severity in patients with cerebral hemorrhagic supratentorial EXC|U3'°U criteria:
stroke has recently been challenged. The presence of apha- 1) 22 lesions;

sic disorders in patients with dominant hemisphere damage
reduces the informative and prognostic value of the Glasgow
Coma Scale in the acute period of the disease. In addition,
the Glasgow Coma Scale does not include some important
signs of the brainstem functional activity evaluation, namely:
respiratory pattern, pupillary reactions, as well as corneal,
conjunctival and pharyngeal reflexes [15]. All of the above
justifies the expediency of more informative clinical scales
research for the objectification of midline shift severity and
the further determination of vital and functional outcome
prognosis in the acute period of the disease.

Taking all of this into account, we pay our particular
attention to the Full Outline of UnResponsiveness Scale,
which includes the assessment of eye movements, respira-
tory pattern, motor reactions, brainstem reflexes and motor
reactions. The evaluation of each function consists of 5
gradations (0—4)[1,16]. This scale does not take into consid-
eration verbal reactions, which excludes the lateralization of
lesion influence on the total score [2]. The abovementioned
suggests the prospective viability of the Full Outline of Un-
Responsiveness Scale use in patients with SSICH, howe-
ver, the information as for the diagnostic informative value
of this scale in the acute period of the disease are absent,
which justifies the viability of the further studies in this area.

The aim

The aim of the study was the analysis of the diagnostic
informative value of the Full Outline of UnResponsiveness
Scale in patients with SSICH based on the comparison with
neuroimaging criteria of midline shift severity.

2) combined stroke;

3) acute brain circulation disorders in the past medical
history;

4) decompensated somatic pathology;

5) oncopathology.

The diagnosis of SSICH was confirmed based on
the results of neuroimaging study, which was conducted
on admission to hospital using a computed tomography
scanner “Siemens Somatom Spirit” (Germany). Lesion size
and midline shift severity were considered.

Clinical and neurological study included the assess-
ment of neurological deficit severity on the National Insti-
tute of Health Stroke Scale (NIHSS). The Glasgow Coma
Scale (GCS) and the Full Outline of UnResponsiveness
Scale (FOUR) were used in order to assess the severity of
dislocation syndrome clinical signs.

Statistical analysis of the obtained data was carried out
with the help of Statisticfa for Windows 13 (StatSoft Inc.,
Ne JPZ8041382130ARCN10-J) and MedCalc (version 16.4).
The distribution normality of the studied traits was assessed
by Shapiro-Wilk criterion. Since the majority of indicators
distribution did not comply with the laws of normality, de-
scriptive statistics were presented in the form of the median
(Me) and interquartile range (Q,,~Q,;). Spearman’s rank
correlation coefficient (R) was used for the interrelation
between quantitative characteristics assessment. The
diagnostic criteria were determined by the ROC analysis.
The optimal cut-off values were estimated with the help of
Youden index method. A comparative analysis of correlation
coefficients and different areas under the receiver opera-
ting curves (derived from the same cases) was conducted

3anopoxckuii MeauumMHckui xypHan. Tom 21, Ne 1(112), sHBapb — heBpanb 2019 1.



with the help of Z statistic. Chi-squared test was used for
the intergroup differences of diagnostic criteria accuracy
assessment. P < 0.05 was considered to indicate a statis-
tically significant difference.

Results

Baseline NIHSS score in the cohort was 12 (7; 18), FOUR
score and GCS score — 16 (14; 16) and 14 (11; 15), re-
spectively.

Midline shift was verified in 78 (56.5 %) cases using
neuroimaging studies. The results of the septum pellucid-
um and pineal gland displacement severity assessment in
patients are presented in Table 1.

Mild septum pellucidum displacement (1-5 mm) was
detected in 50 (36.3 %) patients, moderate (6-10 mm) and
severe (>10mm)-in 18 (13.0)and 10 (7.2 %) patients, respec-
tively. Mild pineal gland displacement (1-5 mm) was detected
in 44 (42.4 %) patients, moderate (6-10 mm) and severe
(>10 mm)—in 11 (8.0 %) and 7 (5.1 %) cases, respectively.

The analysis results of the informative value of
the FOUR Scale within the clinical assessment of septum
pellucidum displacement severity in comparison with
the GCS are presented in Table 2.

Original research

As the data shows, the AUC value when using
the FOUR Scale as the tool for the verification of clini-
cal signs of severe septum pellucidum displacement
(>10 mm) constituted 0.97 £+ 0.02 (P < 0.0001), which
exceeded the values of FOUR Scale for the clinical de-
tection of mild septum pellucidum displacement (1-5 mm)
(AUC = 0.84 £ 0.05, P = 0.0158). AUC values were also
high when FOUR Scale was used for the verification of
the clinical signs of severe pineal gland displacement as well
as those of mild pineal gland displacement. They constitut-
ed 0.99 + 0.01 (P <0.0001) and 0.92 + 0.03 (P < 0.0001)
respectively (Table 3).

It was determined that the FOUR Scale was sta-
tistically more significant than the GCS as for the di-
agnostic informative value when used as a tool for
the clinical detection of midline shift (AUC = 0.81 £ 0.03
versus AUC =0.67 £0.04, P=0.0002), as well as for the se-
verity assessment of the septum pellucidum displacement
<4 mm (AUC = 0.80 + 0.04 versus AUC = 0.73 + 0.05,
P = 0.0286) and pineal gland displacement <4 mm
(AUC =0.80+0.05 versusAUC =0.74 + 0.05, P = 0.0306).
However, the aforementioned scales were compared on
the basis of the discriminate potential of the midline shift
>5 mm and >10 mm clinical signs detection.

Table 1. The structure of the dislocation syndrome severity in patients

m Septum pellucidum displacement, n (%) Pineal gland displacement, n (%)

absent 60 (43.5)
1mm 7(5.1)
2mm 13(9.4)
3mm 15 (10.9)
4 mm 8(5.8)
5mm 7(5.1)
6-10 mm 18 (13.0)
>10 mm 10 (7.2)

60 (43.5)
7(5.1)
18 (13.0)
19(13.8)
12(8.7)
4(29)
11/(8.0)
7(5.1)

Table 2. Comparative analysis of the informative value of the Full Outline of UnResponsiveness Scale and Glasgow Coma Scale within the clinical

assessment of septum pellucidum displacement severity in patients with SSICH

Septum pellucidum Full Outline of UnResponsiveness Scale Glasgow Coma Scale Z statistic
displacement AUC £ SE P AUC * SE P

>0 mm 0.81+0.03 <0.0001
>1 mm 0.80 £0.03 <0.0001
>2 mm 0.76 £ 0.04 <0.0001
>3 mm 0.80£0.04 <0.0001
>4 mm 0.85+0.04 <0.0001
>5 mm 0.84 +0.05 <0.0001
>10 mm 0.97 £0.02 <0.0001

0.67 £0.04 0.0001 3.68
0.66 +0.04 0.0003 3.92
0.67 £0.05 0.0003 2.50
0.73+0.05 <0.0001 2.20
0.80 +0.04 <0.0001 1.36
0.82 +0.05 <0.0001 0.61
0.96 +0.02 <0.0001 0.90

0.0002
0.0001
0.0125
0.0286
0.1730
0.5419
0.3669

Table 3. Comparative analysis of the informative value of Full Outline of UnResponsiveness Scale and Glasgow Coma Scale within the assessment

of pineal gland displacement severity in patients with SSICH

Pineal gland displacement Full Outline of UnResponsiveness Scale Glasgow Coma Scale “-
P |aucese P

>0 mm 0.81+0.03 <0.0001
>1 mm 0.80 £ 0.04 <0.0001
>2 mm 0.78£0.04 <0.0001
>3 mm 0.80 £ 0.05 <0.0001
>4 mm 0.90 +0.04 <0.0001
>5 mm 0.92 +0.03 <0.0001
>10 mm 0.99+0.01 <0.0001

0.67 £0.04 <0.0001 3.68
0.71£0.04 <0.0001 2.59
0.74 £0.04 <0.0001 1.26
0.74£0.05 <0.0001 2.16
0.88 +0.04 <0.0001 1.10
0.91+0.04 <0.0001 0.64
0.97 £0.01 <0.0001 0.33

0.0002
0.0096
0.2069
0.0306
0.2709
0.5251
0.7383
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Table 4. Optimal cut-off values of the FOUR score and GCS score for the clinical assessment of the septum pellucidum displacement severity

Septum pellucidum
displacement

>0 mm
>1 mm
>2 mm
>3 mm
>4 mm
>5 mm
>10 mm

<15 73.1% 83.3 %
<15 74.6 % 79.1 %
<15 724 % 68.8 %
<15 81.4 % 66.3 %
<14 714 % 82.5%
<14 78.6 % 80.9 %
<12 90.0 % 90.2 %

Full Outline of UnResponsiveness Scale score Glasgow Coma Scale score
Cutoffvalue _[Se ___Isp__ [Cutoffvae _lSe _______[Sp

<14 71.8 % 51.7 %
<14 71.8 % 49.3 %
<14 724 % 46.3 %
<12 58.1% 73.7%
<M 65.7 % 7.7 %
| 71.4 % 76.4 %
<10 90.0 % 86.7 %

Table 5. Optimal cut-off values of the FOUR score and GCS score for the clinical assessment of the pineal gland displacement severity

Pineal gland displacement

>0 mm
>1 mm
>2 mm
>3 mm
>4 mm
>5 mm
>10 mm

<15 73.1% 83.3 %
<15 74.6 % 79.1 %
<15 774 % 64.9 %
<14 67.6 % 80.8 %
<13 68.2 % 93.1%
<13 722 % 91.7 %
<10 100.0 % 96.2 %

Full Outline of UnResponsiveness Scale score Glasgow Coma Scale score
Cutoffvalve _[Se __Isp__[Cutoffvae _lSe _______[Sp

<14 71.8 % 51.7 %
<14 77.5% 55.2 %
<14 83.0% 51.8%
<12 61.8% 721 %
<12 86.4 % 73.3%
N 88.9 % 75.0 %
<8 100.0 % 93.1%

Table 6. Comparative analysis of the diagnostic accuracy of the Full Outline of UnResponsiveness Scale score and Glasgow Coma Scale score when
used as the criteria for the clinical assessment of the septum pellucidum displacement severity

Septum pellucidum displacement Full Outline of UnResponsiveness Scale | Glasgow Coma Scale Chi-squared _

>0 mm
>1 mm
>2mm
>3 mm
>4 mm
>5 mm
>10 mm

77.5% 63.0 %
76.8 % 60.9 %
70.3 % 58.0 %
76.8 % 68.8 %
82.6 % 81.2%
86.7 % 79.7 %
95.7 % 95.7 %

6.92 0.0085
8.85 0.0029
4.54 0.0332
221 0.1374
0.10 0.7550
2.60 0.1069
0.00 1.0000

Table 7. Comparative analysis of the diagnostic accuracy of the Full Outline of UnResponsiveness Scale score and Glasgow Coma Scale score when
used as the criteria for the clinical assessment of the pineal gland displacement severity

Pineal gland displacement Full Outline of UnResponsiveness Scale | Glasgow Coma Scale Chi-squared _

>0 mm 77.5% 63.0 % 6.92 0.0085
>1 mm 76.8 % 64.5 % 5.03 0.0249
>2 mm 74.6 % 68.8 % 1.14 0.2857
>3 mm 76.8 % 75.4 % 0.78 0.3762
>4 mm 91.3 % 90.0 % 0.17 0.6808
>5 mm 94.2 % 91.3 % 0.86 0.3539
>10 mm 96.4 % 94.9 % 0.08 0.7767
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Optimal cut-off values of the FOUR score and GCS
score were determined based on a ROC analysis. They
serve as clinical criteria of the midline shift presence, as
well as criteria for the clinical assessment of septum pel-
lucidum and pineal gland displacement severity (Tables 4
and 5).

Thus, FOUR score >14 is a clinical diagnostic criterion
for mild septum pellucidum displacement (<6 mm) or the ab-
sence of displacement (Se = 80.9 %; Sp = 78.6 %); FOUR
score >13 is associated with mild pineal gland displacement
(<6 mm) or the absence of displacement (Se = 91.7 %;
Sp=72.2%); FOUR score <12 s a clinical diagnostic crite-
rion for severe septum pellucidum displacement (>10 mm)
(Se =90.0 %; Sp = 90.2 %); FOUR score <10 is asso-

ciated with severe pineal gland displacement (>10 mm)
(Se =100.0 %; Sp =96.2 %).

The analysis results of the diagnostic accuracy of
the FOUR Scale score when used as the criteria for the clini-
cal assessment of midline shift severity are presented in
Tables 6 and 7.

As the presented data show, the FOUR Scale has a high
accuracy when used as the assessment tool for the severity
of septum pellucidum (86.7-95.7 %) and pineal gland dis-
placement (94.2-96.4 %) clinical signs. The FOUR Scale
was as accurate as the GCS when used for the clinical signs
of moderate and severe midline shift assessment. However,
the FOUR Scale was more accurate than the Glasgow
Coma Scale as for the clinical signs of midline shift detection

3anopoxckuii MeauumMHckui xypHan. Tom 21, Ne 1(112), sHBapb — heBpanb 2019 1.



(77.5 % versus 63.0 %, Chi-squared = 6.92, P = 0.0085), as
well as for the accurate clinical assessment of the severity
of septum pellucidum displacement up to 3 mm (70.3 %
versus 58.0 %, Chi-squared = 4.54, P = 0.0332) and pineal
gland displacement up to 2 mm (76.8 % versus 64.5 %,
Chi-squared = 5.03, P = 0.0249).

Based on a correlation analysis along with the cal-
culation of Spearman’s rank correlation coefficients (R)
it was determined that the FOUR score was statistically
more associated with septum pellucidum displacement
(R95 % Cl =-0.65 (-0.54; -0.74), P < 0.0001 versus -0.42
(-0.27;-0.54), P < 0.0001 for GCS score, Z statistic = -2.69,
P = 0.0071) and pineal gland displacement (R 95 %
Cl = -0.65 (-0.54; -0.71), P < 0.0001 versus -0.45 (-0.31;
-0.57), P < 0.0001 for the GCS score, Z statistic = -2.39,
P =0.017).

Discussion

It was determined that AUC values for the FOUR Scale
corresponded to “very high” and “excellent” gradations in
accordance with the International Expert Scale of binary
classification quality assessment M. H. Zweig, G. Campbell
(1993) [17]. The obtained results showed a high diagnostic
informative value of the FOUR Scale for the clinical signs of
midline shift detection in patients with SSICH in the acute
period, furthermore the AUC value was the highest when
the FOUR Scale was used as a tool for the verification of
clinical signs of severe septum pellucidum displacement
(0.97 + 0.02 versus 0.84 + 0.05, P = 0.0158) and severe
pineal gland displacement (0.99 + 0.01 versus 0.92 + 0.03,
P =0.0269). Based on the ROC analysis optimal cut-off
values of the FOUR Scale score were determined for
the clinical assessment of midline shift severity.

The FOUR Scale has a statistically higher diagnostic
informative value than the GCS when used as a tool for
the clinical detection of midline shift (AUC = 0.81 + 0.03
versus AUC = 0.67 + 0.04, P = 0.0002; accuracy 77.5 %
versus 63.0 %, Chi-squared = 6.92, P = 0.0085), as well
as for the severity assessment of the septum pellucid-
um displacement <4 mm (AUC = 0.80 + 0.04 versus
AUC =0.73 £ 0.05, P =0.0286) and pineal gland displace-
ment <4 mm (AUC = 0.80 + 0.05 versus AUC = 0.74 £ 0.05,
P =0.0306).

The obtained data are consistent with the results of
other studies, which showed, that the FOUR Scale was
superior to the GCS in detecting risk of lethal outcome in
critically ill patients [14] with acute ischemic stroke [9] and
traumatic brain injury [8, 11].

The FOUR Scale showed a higher diagnostic informa-
tive value than the GCS within the resullts of the comparative
analysis of the correlation coefficient between the values
of these scales and the midline shift severity (R 95 %
Cl = -0.65 (-0.54; -0.74) versus -0.42 (-0.27; -0.54) for
the pairs of indexes of the “FOUR Scale score — septum
pellucidum displacement” and the “GCS score — septum
pellucidum displacement”, respectively, P = 0.0071) and
pineal gland displacement (R 95 % Cl = -0.65 (-0.54;
-0.71) versus -0.45 (-0.31; -0.57) for the pairs of indexes of
the “FOUR Scale score — pineal gland displacement” and
the “GCS score — pineal gland displacement”, respectively,
P =0.017).
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In our opinion, a higher diagnostic informative value of
the FOUR Scale in comparison with the GCS was due, on
the one hand, to the fact that the verbal reaction assessment
in the structure of the FOUR Scale was absent, and the latter
was influenced by the lateralization of the lesion in patients
with supratentorial intracerebral hemorrhage. On the other
hand, the spectrum of the assessed indexes had some addi-
tional criteria for the clinical assessment of the supratentorial
structures functional state (respiratory pattern, brainstem
reflexes). The study of Y. Hu et al. (2017) showed, that
motor response and brainstem responses were verified as
independent predictors of conscious awareness recovery in
patients with acute ischemic stroke [7]. By the results of M.
A. Gorji et al. (2015), the FOUR score was more accurate
and practical in intubated patients regarding a lack of verbal
response factor in early prediction of mortality in the GCS [6].

All of the above together with numerous studies con-
vincingly proving a high inter-rater agreement of the FOUR
Scale using [4,5,10,13,16] makes this scale more useful and
preferable than the GCS for the assessment of midline shift
clinical signs severity in patients in the acute period of SSICH.

Conclusions

1. The FOUR Scale is a highly informative tool for
the clinical detection of midline shift presence and severity
(AUC > 0.80, P <0.0001) in patients with SSICH, whereas
the diagnostic informative value of this scale within the as-
sessment of severe midline shift clinical signs is higher than
for the detection of mild midline shift (AUC = 0.97 £ 0.02 ver-
sus AUC =0.84 £ 0.05 for septum pellucidum displacement,
P =0.0158; AUC = 0.99 + 0.01 versus AUC = 0.92 + 0.03
for pineal gland displacement, P = 0.0269).

2. The FOUR Scale has a higher diagnostic informa-
tive value than the GCS as for the detection of midline
shift clinical signs presence (AUC = 0.81 % 0.03 versus
AUC = 0.67 + 0.04, P = 0.0002; accuracy 77.5 % versus
63.0 %, Chi-squared test P = 0.0085), as well as for
the clinical assessment of septum pellucidum displacement
(AUC =0.80 £ 0.04 versus AUC = 0.73 £ 0.05, P = 0.0286)
and pineal gland displacement severity (AUC =0.80 + 0.05
versus AUC = 0.74 £ 0.05, P = 0.0306) in patients with
midline shift <4 mm due to SSICH.

3. The FOUR score is statistically more associated with
septum pellucidum displacement (R 95 % CI =-0.65 (-0.54;
-0.74),P <0.0001 versus -0.42 (-0.27; -0.54), P < 0.0001 for
the GCS score, P =0.0071) and pineal gland displacement
(R95 % Cl =-0.65 (-0.54; -0.71), P < 0.0001 versus -0.45
(-0.31; -0.57), P < 0.0001 for the GCS score, P = 0.017).

The perspective for the further scientific research
is the assessment of the FOUR score prognostic value in
patients with SSICH.
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