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The purpose of this study was to develop integrated clinical and neuroimaging criteria for the prediction of spontaneous
supratentorial intracerebral hemorrhage (SSICH) acute period outcome.

Materials and methods. Complex clinical and neuroimaging study was conducted in 105 patients (56 men and 49 women,
mean age 63.6 + 1.2 years) with SSICH in acute period of the disease receiving conservative therapy. The examination
included computer tomography of the brain and clinical assessment using National Institute of Health Stroke Scale (NIHSS),
Glasgow Coma Scale (GCS). The disability level was detected in accordance with the modified Rankine Scale (mRS) on
the 21st day of the disease.

Results. Lethal outcome (21.9 %), unfavourable functional outcome in the form of 4-5 points in accordance with the mRS (33.4 %)
and favourable functional outcome in the form of <3 points in accordance with the aforementioned scale on the 21st day of SSICH
(45.7 %) were registered. The mathematical model has been elaborated for the prediction of lethal outcome of SSICH acute
period, which takes into account the initial level of neurological deficit in accordance with NIHSS, the lesion volume and septum
pellucidum displacement at the onset of the disease (AUC = 0.91 (0.84-0.96), P < 0.01). The mathematical model has been
elaborated for the prediction of functional outcome of SSICH acute period, which takes into account the patient’s age, the level of
neurological deficit in accordance with NIHSS, the lesion volume at the onset of the disease (AUC = 0.89 (0.80-0.95), P < 0.01).

Conclusions. Integral clinical and neuroimaging predictors of the lethal outcome of SSICH acute period (Se = 91.3 %;
Sp =82.9 %; accuracy of prediction = 85.7 %) and mRS score <3 on the 21st day of the disease (Se = 85.4 %; Sp = 82.4 %;
accuracy of prediction = 80.5 %) were determined.

IHTerpanbHi KAiHiKo-HeHpoBi3yaAi3aLjiiHi KpUTepii NPOrHo3yBaHHA HACAIAKIB
rocTporo nepioay CoHTaHHOIO CyNpPaTeHTOPiaAbHOro BHYTPilLIHLOMO3KOBOr0 KDOBOBUAUBY

A. A. Ky3HeuoB

MeTa po60T1 — po3pobka iHTerpanbHUX KNiHiko-HerlpoBi3yaniaviiHnx KpUTepiiB NPOrHO3yBaHHS HACMiZKIB rocTPoro nepiogy
CMOHTaHHOTrO CynpaTeHTopianbHOro BHYTPILLHLOMO3KOBOrO kpososunuey (CCBMK).

Matepianu Ta meToaum. [poBefeHO KOMMNMEKCHe KMiHiko-HenpoBisyanisaviHe gocnimxeHHs 105 nauieHTis (56 vyonosikis i 49
XIHOK, cepepHin Bik — 63,6 £ 1,2 poky) B roctpomy nepiogi CCBMK Ha Tni KoHcepBaTuBHOI Tepanii. [JocnimkeHHs Bkto4ano
KOMM'toTepHY TOMOrpadito ronoBHOMO MO3KY Ta OLLIHIOBaHHS 3a LKanoto iHcyneTy HauioHanbHoro iHeTuTyTy 3aopos’s CLUA
(NIHSS), Lkanoto komu MMasro (GCS). PiBeHb iHBaniau3aauii ouiHioBanu Ha 21 poby 3axBoproBaHHs 3@ MoAUdikoBaHO
wkanoto PeHkita (MLLUP).

Pe3ynkraTu. Y cTpykTypi Hacnigkis roctporo nepiogy CCBMK 3apeectpyBanu netanbHum pesynirat (21,9 %), Hecnpuatnvenia
hyHKLUiIOHanNbHWIA BKXIA Y hopMi 3HaueHHs 4-5 BaniB 3a Wwkanoto PeHkiHa (33,4 %) Ta cnpusTinBuin YHKLIOHANBHUIA BUXIZ
y hopmi 3Ha4eHHs <3 Banu 3a Has3BaHOH LLKasnoto Ha 21 foby 3axBoproBaHHs (45,7 %). PoapobneHo matemaTnyHy Mogenb
NS NpOrHo3yBaHHs netansbHoro Buxogy roctporo nepiogy CCBMK, Lo BpaxoBye BUXiQHWI piBeHb HEBPOMOTiYHOTO AedilmnTy
3a NIHSS, obcsr ocepeaky ypaxeHHs Ta 3MiLLEeHHs Npo30poi nepeTuHkM B AebtoTi 3axeoptoBaHHs (AUC = 0,91 (0,84-0,96),
p < 0,01). Po3pobneHo matemaTuyHy Mofenb Anst NPOrHo3yBaHHs yHKLioHanbHoro Buxogy roctporo nepiogy CCBMK, wo
BPaxoBYe Bik navjeHTa, piBeHb HeBpororiyHoro Aediumty 3a NIHSS, obcsr ocepenky ypaxkeHHs B Le60Ti 3aXBOPIOBaHHS!
(AUC = 0,89 (0,80-0,95), p < 0,01).

BucHoBku. Po3pobneHo iHTerpanbHi KniHiko-HepoBidyanisaliiHi NpeaukTopy neTanbHOro pesynsraTy rocTporo nepiogy
CCBMK (uyTnusicTb = 91,3 %; cneumdivHicTb = 82,9 %; TOUHICTb NporHo3yBaHHs = 85,7 %) i 3HaueHHst <3 6anu 3a MLUP Ha
21 poby 3axeoptoBaHHs (4yTnmBiCTb = 85,4 %; cneumndivHiCTb = 82,4 %; TOUHICTb NporHo3yBaHHs = 80,5 %).

WHTerpanbHble KAMHUKO-HENPOBU3YyaAU3aLMOHHbIE KPUTEPUMU NPOrHO3UPOBAHUA UCX0AA
0CTPOro NepuoAa COHTAHHOTO CYNPaTEHTOPUAALHOTO BHYTPUMMO3rOBOr0 KPOBOU3AUAHMUSA

A. A. Ky3HeLoB

Llenk paboTbl — paspaboTka MHTerparnbHbIX KNMHUKO-HENPOBM3yan3aLnoHHbLIX KoUTEpPUEB MPOrHO3MPOBaHIS CXOHA OCTPOro
nepuoga CroHTaHHOrO CynpaTeHTopuaribHOro BHyTPMMO3roBoro kposouanusaHus (CCBMK).

Marepuans! U metogbl. [poBeeHO KOMMNEKCHOE KIMHUKO-HEMpoBU3yanu3aumoHHoe nccnegosanue 105 naumeHToB
(56 My>)4mH 1 49 XeHLWmH, cpeaHwi Bo3pacT — 63,6 + 1,2 roga) B octpom nepuoge CCBMK Ha dhoHe koHcepBaTWUBHOM
Tepanuu. ViccnegoBaHmne BKIKOYANo KOMMbIOTEPHYKO TOMOrpadmio rofioBHOrO Mo3ra 1 oueHky no LLkane uHcynsra Haumo-
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HanbHoro nHctutyTa 3a0poBbs CLUA (NIHSS), LLkane komel [nasro (GCS). YpoBeHb MHBanuamsaumm oLeHmBanm Ha 21 cyTku
3abonesaHus No MoandMLMpPOBaHHON Lkane PaHkuHa (MLLP).

Pesynbrathbl. B cTpykType ncxopos octporo nepuoga CCBMK 3apeructpuposany netansHbin ucxos (21,9 %), Hebnaro-
NPUSTHBIA DYHKLUMOHANbHBIA Ucxon B hopme 3HaueHnst 4-5 6annos no Lwkane PaHkvHa (33,4 %) v GnaronpusTHbIA qyHK-
LIMOHanbHbIN Ucxog, B hopme 3HaueHus <3 Banna no ykasaHHoW Lwkane Ha 21 cyTkv 3aboneeanus (45,7 %). PaspabotaHa
matemaruyeckast Moferb Ansi NPOrHO3MpoBaHus NeTanbHOro ucxoga octporo neproaa CCBMK, koTopast yuuTbiBaeT ucxop-
HbI YpOBEHb HEBponorideckoro Aecuumta no NIHSS, obbem oyara nopaxeHus 1 CMeLLeHWe NPO3padHoN Neperopoakm B
nebtote 3abonesanns (AUC = 0,91 (0,84-0,96), p < 0,01). PaspabotaHa matemaTtnyeckas MoZenb Ansi NPOrHO3MPOBaHMA
¢hyHKUMOHanbHoro ucxoga octporo nepuoga CCBMK, koTopast yuuTbIBaET BO3pacT naLyieHTa, ypoBeHb HEBPOMOrMYECKOro
feduumta no NIHSS, o6bem ovara nopaxexus B gebtote 3abonesanus (AUC = 0,89 (0,80-0,95), p < 0,01).

BbiBoabl. Pa3paboTaHbl MHTerpanbHble KIMHUKO-HepoBM3yanu3aLMoHHble NPeauKTophl NeTanbHoro 1cxoga ocTporo ne-
puoga CCBMK (4yBctBUTEnsHOCTS = 91,3 %; cneundudHocTb = 82,9 %; TOHHOCTb NPOrHO3NPoBaHus = 85,7 %) 1 3Ha4YeHnst
<3 6anna no MLWP Ha 21 cyTku 3aboneBaHus (4yBCTBUTENBHOCTL = 85,4 %; cneundunyHocTb = 82,4 %; TOYHOCTb NPOrHO-

3uposaHus = 80,5 %).

Introduction

In spite of the significant progress in fundamental sciences
and clinical vascular neurology, cerebral hemorrhagic stroke
and its most common form — spontaneous supratentorial
intracerebral hemorrhage (SSICH) continues to be one
of the most significant and, unfortunately, still unresolved
medical and social problems of our time, taking leading
positions in the structure of death and disability of the adult
population in most countries of the world [7,11].

Atthe present day there is no doubt in the significance of
individual vital and functional prognosis verification that are
among the reasons for the differentiated choice of tactics in
the acute period of SSICH [1,2,5]. Numerous studies have
convincingly proved the relationship between the initial
neurological deficiency level, lesion volume, the dislocation
syndrome severity with the disease outcome [4,9,10].
Moreover, informative criteria for the prediction of SSICH
acute period outcome, which would take into consideration
the clinical and neurological symptomatology and the results
of CT scan of brain at the onset of disease, are not currently
available [6].

Purpose

Purpose of this study was to develop integrated clinical
and neuroimaging criteria for the prediction of SSICH acute
period outcome.

Materials and methods

Complex clinical and paraclinical study was conducted
in 105 patients (56 men and 49 women, mean age
63.6 £ 1.2 years) with SSICH. They were hospitalized
within the first 24 hours since the onset of the disease
and received conservative therapy at Brain Circulation
Disorders Department of the Municipal Institution “City
Clinical Hospital No. 6”. The study excluded patients who
had acute disorders of cerebral circulation in the anamnesis,
oncological and/or decompensated somatic pathology. The
cases of extracerebral cause of death in accordance with
the autopsy results were also excluded.

The following results were taken into consideration:
the results of clinical and neurological study with the initial
levels of neurologic deficit assessment in accordance with
the National Institute of Health Stroke Scale (NIHSS) and
level of consciousness assessment in accordance with
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the Glasgow Coma Scale (GCS), as well as the disability
level in accordance with the modified Rankine Scale
(mRS) on the 21st day of the disease. Herewith, in
accordance with this scale, the value of <3 points were
considered as a favourable functional outcome. Computed
Tomography (CT) Scanner “Siemens Somatom Spirit”
was used for neuroimaging investigation of the brain. The
following results of CT scan of the brain were analysed —
lesion volume, severity of dislocation syndrome due to
median brain structures displacement, presence of blood
breakthrough into the ventricular system of the brain.
Hemphill-ICH Scale and ICH-GS were used for complex
clinical and neuroimaging assessment of patient status
severity at the onset of SSICH.

The statistical data processing was carried out with
the help of Statistica 6.0 software (StatSoft Inc., USA, series
number AXXR712D833214FAN5) and MedCalc (version
16.4) using nonparametric analysis of variance, binary
logistic regression and ROC analysis.

Results and discussion

Lethal outcome (21.9 %), unfavourable functional outcome
in the form of 4-5 points in accordance with the mRS
(33.4 %) and favourable functional outcome in the form
of <3 points in accordance with the aforementioned scale
on the 21st day of SSICH (45.7 %) were registered in
the outcome structure in the acute period of the disease.

On the basis of nonparametric analysis of variance it
has been determined that patients with lethal outcome of
SSICH acute period had a higher level of neurologic deficit
in accordance with the NIHSS, a more pronounced cerebral
syndrome in accordance with the GCS as well as a bigger
lesion volume and more pronounced indexes (Table 7).

The following multivariant mathematical model
in the form of binary logistic regression equation was
elaborated within the informative criteria study for the SSICH
acute period outcome prediction:

B1=0.122 xP1+0.021 x P2 + 0.118 x P3 - 4.52

4.52 — intercept (B0);

P1— NIHSS score on admission;

P2 — lesion volume on admission (ml);

P3 — septum pellucidum displacement on admission,
mm.

The approximation accuracy of interrelation between
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Table 1. Analysis of clinical and neurological data and the results of CT brain scan
at the onset of SSICH in comparison with the acute period outcome, Me (Q1; Q3)

Indexes Lethal outcome Non-lethal outcome P
(n=23) (n=82)
Age, years 62.0 (52.0-75.5) 63.5 (57.0-75.0) 0.9356
NIHSS score on the 1% day 22.0(16.0-28.0) 9.0 (5.0-15.0) <0.0001
GCS score on the 1 day 10.0 (5.0-13.0) 15.0 (13.0-15.0) <0.0001
Lesion volume, ml 58.7 (29.2-89.8) 11.2(3.2-24.5) <0.0001
Septum pellucidum displacement, mm 10.0 (4.5-12.0) 1.0 (0.0-4.8) <0.0001
Pineal gland displacement, mm 5.0 (2.5-10.5) 1.0 (0.0-4.0) <0.0001
Boxplot by Group
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Fig. 1. p1 index level in comparison with SSICH acute period outcome.
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Fig. 2. Results of the comparative ROC-analysis in relation to the informative value of Hemphill-ICH
Scale, ICH-GS assessment and the elaborated mathematical model for spontaneous supratentorial
intracerebral hemorrhage acute period lethal outcome prediction.
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predictors and dependent variable constituted 85.7 % (Chi-
square = 44.562, P < 0.0001; Hosmer & Lemeshow test
P =0.29; AUC = 0.91 (0.84-0.96), P < 0.01).

Patients with lethal outcome of SSICH acute period
showed higher indexes of 81 (P < 0.01) at the onset of
disease (Fig. 1).

On the basis of the ROC analysis it has been determined

http://zmj.zsmu.edu.ua

that the value B1>-1.68 was an integral predictor of SSICH
acute period lethal outcome with sensitivity levels 91.3 %
and specificity levels 82.9 %.

The lethal outcome rate constituted 60.0 % in the group
of patients having a value of f1 > -1.68 (n = 35), while
it constituted 2.9 % (RR = 21, 0 (5.2-84.5), P < 0.01) in
patients with a value of 1 <-1.68 (n = 70).

Thus, the value of 1 > -1.68 appears to be an integral
clinical and neuroimaging factor of an unfavorable vital
prognosis, being associated with an increase of SSICH
acute period lethal outcome risk by 21 times.

On the basis of the comparative ROC analysis, it has
been determined that the elaborated mathematical model
(AUC = 0.91 (0.84-0.96)) had a higher informative value
in comparison with the Hemphill-ICH Scale (AUC = 0.81
(0.72-0.88), P < 0.01) and ICH-GS (AUC = 0.77 (0.68—
0.85), P < 0.01) as for individual vital prognosis of SSICH
acute period outcome determination (Fig. 2).

On the basis of a non-parametric dispersion analysis,
it has been determined that patients with an unfavorable
functional outcome of SSICH acute period revealed
the following indexes at the onset of disease in terms of
the following criteria: age, NIHSS neurologic deficit, GCS
scores, pineal gland and septum pellucidum displacement
degree (Table 2).

The following multivariant mathematical model in
the form of the binary logistic regression equation was
elaborated for the prognosis of the functional outcome of
SSICH acute period:

B2=7.41-0.06 x P1-0.252 x P2 -0.027 x P3

7.41 —intercept (BO);

P1 - age (years);

P2 — NIHSS score on admission;

P3 — lesion volume on admission (ml).

The approximation accuracy of the functional prognosis
with the help of present model constituted 80.5 % (Chi-
square = 40.33, P < 0.0001; Hosmer & Lemeshow test
P =0.88; AUC = 0.89 (0.80-0.95), P < 0.01).

Patients with favourable functional outcome of SSICH
acute period at the onset of disease showed higher indexes
of B2 (P < 0.01) (Fig. 3).

On the basis of the ROC analysis, it has been determined
that the value 2 > 0.188 was the integral criterion of a
favorable functional outcome of SSICH acute period with
sensitivity levels 85.4 % and specificity levels 82.4 %.

In the group of patients with a value of $2 > 0.188
(n = 47), the frequency of a favorable functional outcome
constituted 87.2 %, in patients with a value of $2 < 0.188
(n=35)-20.0% (RR=4.4(3.8-5.0), P<0.01).

Thus, the value 32 > 0.188 can be fairly associated
with the mRS score <3 on the 21st day of SSICH and it
appears to be an integral clinical and neuroimaging factor
for a favorable functional prognosis of SSICH acute period
outcome.

On the basis of the comparative ROC-analysis, it has
been determined that the elaborated mathematical model
(AUC =0.89 (0.80-0.94)) had a higher informative value in
comparison with Hemphill-ICH Scale (AUC = 0.71 (0.60-
0.80), P < 0.01) and ICH-GS (AUC = 0.75 (0.64-0.84),
P <0.01) forindividual functional prognosis of SSICH acute
period outcome determination (Fig. 4).
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Thus, the study made it possible to develop multivariant Table 2. Analysis of clinical and neurological data and the results of CT brain scan
mathematical models in the form of binary logistic regression at the onset of SSICH in comparison with functional outcome of the acute period

equations for the SSICH acute period outcome prediction. ~ ©f disease
Herewith, the combination of neurological deficit level, lesion
. . Indexes Unfavourable Favourable P

volume and septum pellucidum displacement at the onset functional outcome functional outcome
of disease appeared to be the most informative criteria for (n=34) (n=48)
the lethal outcome of SSICH acute period prediction, while Age, years 70.0 (63.5-75.8) 59.0 (55.8-73.3) 0.0101
the degree of functional recovery on the 21t day of SSICH NIHSS score on the 1% day 15.0 (12.0-17.0) 6.0 (4.0-9.0) <0.0001
was determined by the neurological deficit and lesion volume GCS score on the 1 day 13.5(12.0-15.0) 15.0(14.0-15.0) 0.0023
at the onset of the disease, as well as by the patient's age. Lesion volume, ml 155 (54-323) 72(1.8-17.1) 0.0387
The neurological deficit presence and the lesion volume in Septum pellucidum displacement, mm 3.5 (0.3-7.0) 00(0.0-30) 0.0007
both mathematical models are consistent with the results of - me@! g/and displacement, mm 250350 00(0.0-23) 0.0007
other studies, which proved the interrelation between clinical
and neuroimaging criteria for brain damage degree due to
SSICH and the disease acute period outcome assessment Boxplot by Group
[3,9,10]. The presence of septum pellucidum displacement 6 Variable: BETA2
as part of a mathematical model for the vital prognosis
determination confirms the leading role of the dislocation 4
syndrome, caused by SSICH volume combined with —|_
perifocal edema, in the progredient course of disease 2 R
acute period [8]. °

In the course of the study the values of binary logistic 0
regression equations were determined, namely, the values %
which appear to be highly sensitive and highly specific, o, °
integrated clinical and neuroimaging prognostic criteria that
take into account the complex of clinical and neurological data 4
and the results of CT brain scan at the onset of disease. On -
the basis of the comparative analysis of AUC values results 6 o Median
the elaborated mathematical models had a higher predictive . 025-75%
accuracy than both Hemphill-ICH Scale and ICH-GS, which -8 T Min-Max
justifies their rational use in routine clinical practice as tools unfavourable favourable

functional outcome functional outcome

for the individual vital and functional outcome prognosis and

in choosing optimal therapeutic tactics at the onset of disease. Fig. 3. B2 index level in comparison with the functional outcome of SSICH acute period.
Level B1 > -1.68 defines the vital prognosis as unfavorable.

It is necessary to determine the functional prognosis on

the basis of B2 level assessment in patients who have level

1 <-1.68 and a favorable vital prognosis. The functional 100
prognosis is defined as favorable if level B2 > 0.175, while e

B2 < 0.175 — as unfavorable. T
80 Ha

Conclusions

o
[=]

1. The mathematical model was elaborated for
the prediction of the lethal outcome of SSICH acute period,
which takes into account the initial level of neurological
deficit in accordance with NIHSS, the lesion volume and
septum pellucidum displacement at the onset of the disease
(AUC =0.91 (0.84-0.96)) and it has a higher informative 20
value than both Hemphill-ICH Scale (AUC = 0.81 (0.72-
0.88), P < 0.01) and ICH-GS (AUC = 0.77 (0.68-0.85),

—— Hemphill ICH Scale
—— ICH-GS

—-- BETA2

Sensitivity

N
o
Sm—em—a
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P < 0.01) for the individual vital prognosis, while the index 0 20 40 60 80 100
1 >-1.68 is the integral predictor of the lethal outcome of 100-Specificity
SSICH acute period (Se = 91.3 %; Sp = 82.9 %; accuracy
intinn = 0 Fig. 4. Results of the comparative ROC-analysis in relation to the informative values of Hemphill-
of prediction = 85.7 %). . ICH Scale, ICH-GS assessment and the elaborated mathematical model for functional outcome
2. The mathematical model was elaborated for of SSICH acute period prognosis.

the prediction of the functional outcome of SSICH acute

period, which takes into account the age of the patient,

the level of neurological deficit in accordance with NIHSS, ~ and ICH-GS (AUC = 0.75 (0.64-0.84), while the index
the lesion volume at the onset of the disease (AUC =0.89 B2 > 0.175 is the integral predictor of mRS score <3 at
(0.80-0.95)) and has a higher informative value than both the 21st day of SSICH (Se = 85.4 %; Sp = 82.4 %; accuracy
Hemphill-ICH Scale (AUC = 0.71 (0.60-0.80), P < 0.01) of prediction = 80.5 %).
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The perspective for further research is the elaboration
of integral clinical and neuroimaging criteria for prognosis of
cerebral hemorrhagic supratentorial stroke with secondary
intraventricular hemorrhage acute period outcome.
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