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Possibilities of clinical neuroimaging assessment scales
using for patient severity in the onset of cerebral hemorrhagic
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supratentorial stroke to predict the outcome of the disease acute period

A. A. Kuznietsov

Zaporizhzhia State Medical University, Ukraine

The main purpose of the study was to determine the criteria for the vital and functional prognosis of the cerebral hemorrhagic
supratentorial stroke (CHSS) acute period outcome based on the Hemphill Intracerebral Hemorrhage (Hemphill-ICH) Scale
and ICH-Grading Scale (ICH-GS) in the onset of the disease.

Materials and methods. A prospective, cohort, complex clinical and paraclinical study was conducted in 124 patients (72
men and 52 women, mean age 64.7 + 1.1 years) with CHSS. This study included clinical assessment using National Institute
of Health Stroke Scale and Glasgow Coma Scale, visualization of cerebral structures and integrated assessment of health
state severity using the Hemphill-ICH Scale and ICH-GS. The functional outcome of the acute period was determined by
the modified Rankin Scale.

Results. The Hemphill-ICH Scale score 22 and ICH-GS score 28 are associated with an increased risk of CHSS acute
period lethal outcome, at 7.1 [2.8-18.0] (P < 0.01) and 4.4 [2.2-9.3] times (P < 0.01), respectively. The Hemphill-ICH Scale is
characterized by a higher informative value for CHSS acute period lethal outcome prediction (AUC = 0.84) in comparison with
the ICH-GS (AUC = 0.78, P < 0.05). The ICH-GS is characterized by a higher informative value for the functional prognosis
of CHSS acute period outcome (AUC = 0.69) in comparison with the Hemphill-ICH Scale (AUC = 0.61, P < 0.05).

Conclusions. Predictors of CHSS acute period lethal outcome are Hemphill-ICH Scale score = 2 and ICH-GS score 8. The
Hemphill-ICH Scale score = 0 and ICH-GS score = 5 are the criteria for the favourable functional outcome of CHSS acute
period (MRS score <3 on the 21st day). The informative value of the Hemphill-ICH Scale and ICH-GS is higher for the vital
prognosis than for the functional prognosis of CHSS acute period outcome verification.

Mo)XAMBOCTi 3aCTOCYBaHHA LWIKaA KAIHIKO-HeMpoBi3yaAi3awiuHOro OuiHIOBaHHA
CTYNEHA TAXXKOCTI NawjieHTiB y Ae610Ti MO3KOBOro remopariyHoro cynpaTeHTopiaAbHOro
iHCYALTY AASl NPOTHO3YBaHHA BUXOAY FOCTPOro nepioay 3aXBOpPHOBaHHSA

A. A. Ky3HeuoB

MeTta po60TH — BU3HAYEHHS KPUTEPIIB BiTanbHOrO Ta (OyHKLIIOHANBbHOMO NPOrHO3y BUXOAY rOCTPOro nepiogy MO3KOBOrO re-
mopariyHoro cynpareHTpianeHoro iHcynbty (MICI) Ha nigcTasi oviHIOBaHHS 3a wkanamu Hemphill Intracerebral Hemorrhage
(Hemphill-ICH) Ta ICH Grading Scale (ICH-GS) y ne6toti 3axBoptoBaHHs.

Marepianu Ta meTogu. 34iiCHUNM NPOCMEKTUBHE, KOTOPTHE, KOMMMEKCHE KIiHiKo-MapakmiHiyHe focnimkeHHs 124 nauieHTis (72
YornoBiku Ta 52 xiHku, cepeaHin Bik — 64,7 + 1,1 poky) 3 MI'CI, Lo BKIIH04aN0 OLiHIOBaHHS 3a LLkarnoto iHcynsTy HauioHansHoro
iHcTuTyTY 3n0poB’s CLUA, wkanoto komu Masro, Bidyanisavito LepebpanbHux CTPYKTYp, iHTErpanbHe OUHIOBaHHS TSHXKKOCTI
3 3acTocyBaHHaM Lwkan Hemphill-ICH ta ICH-GS. ®yHKuioHanbHWiA BKXiA roCTPOro nepiofy 3axBOPHOBAHHS BU3HaYamu 3a
MoavdikoBaHoH LUKanoto PeHkiHa (MLLIP).

PesynkraTi. 3HaueHHs cymapHoro 6ana =2 3a wkanoto Hemphill-ICH ta 28 no ICH-GS acoujiioBaHi 3 NigBULLEHHSM PU3nKY
neTanbHoro peaynsraty BignosigHo B 7,1 [2,8-18,0] (p < 0,01) i 4,4 [2,2-9,3] pa3a (p < 0,01). LUkana Hemphill-ICH xapakTe-
PU3YETHCS BULLOK iIH(DOPMATUBHICTIO NS NPOrHO3YBaHHS BiTanbHOTO NPOrHo3y Buxogy roctporo nepiogy MICl (AUC = 0,84)
nopiBHsiHO 3i Wwkanoto ICH-GS (AUC = 0,78, p < 0,05). LLkana Hemphill-ICH noctynaetscst ICH-GS 3a NporHoCTUYHO LIHHICTIO
[NS BU3HAYeHHs CTYNeHs hyHKLioHanbHOro BigHOBNEHHs Ha 21 goby MICI (AUC 0,61 npotu 0,69, p < 0,05).

BucHoBku. [MpeavkTopamm netansHoro Buxoay roctporo nepiogy MICl € 3HaueHHs cymapHoro 6ana 22 3a wkanoto Hemphill-
ICH i 28 no ICH-GS. KpuTepismu cnpustinsoro dyHKLioHansHoro Buxogy roctporo nepiogy MICl € 3HayeHHs 0 6anis 3a
wkanoto Hemphill-ICH i 5 6anis 3a ICH-GS (3HayeHHs <3 Ganm 3a MLUP Ha 21 poby 3axBoptoBaHHsl). IHpopmaTUBHICTL
wkan Hemphill-ICH Ta ICH-GS gns Br13HaveHHs BiTanbHOMO NPOrHO3y nepesepLUye Taky Ans BepudikaLlii (yHKUiOHaNbHOMo
npOrHo3y Buxogy roctporo nepiogy MICl.

Bo3MO)XXHOCTU UCMOAL30BaHUA LKA KI\MHVIKO-HeﬁPOBM3yaI\M3aUMOHHOﬁ OLIeHKHU
CTeneHu TAXKeCTH NaLMUeHTOB B Ae6loTe MO3roBoro remopparvyeckoro cynpaTteéHTpuaAbHoOro
UHCYAbTa AAA NPOrHO3UPOBaHUA UCX0AQ OCTPOro nepruoaa 3aboneBaHun

A. A. Ky3Heuo0B

Lienb pa6oTbl — onpegenuTs KpUTeprn BUTANbHOTO 1 (DYHKLMOHAMBHOTO NPOrHo3a 1exofa OCTPOro nepuoaa MO3roBoro re-
Moppar1yeckoro cynpareHTpuarnsHoro nHeynsta (MTCU) Ha ocHoBaHum oueHkm no wkanam Hemphill Intracerebral Hemorrhage
(Hemphill-ICH) n ICH Grading Scale (ICH-GS) B aebtote 3a6onesaHusi.
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Marepuanbi u MeToAbl. [poBeseHO NPOCNEKTYBHOE, KOTOPTHOE, KOMMIEKCHOE KIMHUKO-NapakMHUYECKoe UccnenoBaHne
124 nauneHToB (72 My>X4MHbI 1 52 XeHLMHBI, cpeaHMin BodpacT 64,7 + 1,1 roga) ¢ MICW, koTopoe BKto4arno OLeHKy no
Lukare nHeynsta HaumoHarnbHoro uHctutyTa 3aopobsi CLUA, wikane koMbl [Masro, Bu3yanusaumio LepebpanbHbix CTPYKTYP,
VHTErpasnbHyo OLEHKY TshkecTy ¢ nenonb3oBaHueM wkan Hemphill-ICH n ICH-GS. ®yHkuyoHanbHbIA MCXoh 0CTPOro nepuoaa
3abonesaHus onpeAensncs no MoANMULMPOBaHHON Lwkane PaHkuHa (MLUP).

Pe3ynkrathl. 3HaveHnsi cymmapHoro 6anna =2 no wkane Hemphill-ICH 1 28 no ICH-GS accouunpoBaHbl ¢ NOBbILEHNEM
pucKa neTanbHOro Mcxofa cooTBeTcTBeHHo B 7,1 [2,8-18,0] (p < 0,01) 1 4,4 [2,2-9,3] pa3a (p < 0,01). Lkana Hemphill-ICH
xapakTepuayeTcs 6oree BbICOKON MHPOPMATUBHOCTbLIO A1 NPOrHO3MPOBaHWS BUTaNBHOMO NPOrHo3a UCXoAa 0CTPOro nepu-
opa MI'CU (AUC = 0,84) B cpaBHeHuu co wkanon ICH-GS (AUC = 0,78, p < 0,05). LLikana Hemphill-ICH yctynaet ICH-GS
Mo NpeAckasbiBaloLLen LIEHHOCTM AN1s ONpeaeneHmns cTeneHn yHKLMOHAaNbLHOro BoccTaHoBneHns Ha 21 cytkn MICU (AUC
0,61 npotve 0,69, p < 0,05).

BbiBoapbl. MpeavkTopamu netanbHoro ucxoga octporo nepuoga MICU BeicTynatoT 3HayeHust cymmapHoro 6anna =2 no
wkane Hemphill-ICH n 28 no ICH-GS. Kputepusimu 6naronpusTHOro ¢yHKLMOHanbHoro ncxoga octporo nepuoga MIrCuU
BbIcTynatoT 3HayeHns 0 6annos no wkane Hemphill-ICH n 5 6annos no ICH-GS (3HayeHne <3 Ganna no MLLP Ha 21 cyTkn
3abonesanust). MHcopmatmeHocTs wkan Hemphill-ICH n ICH-GS ans onpepeneHns BUTansHOro NporHo3a npeBoCXoauT

TaKoBYI0 A1 BepudpmKaLmm (hyHKLMOHANBLHOMO NporHo3a nexoga octporo nepmoga MIrCU.

Introduction

Cerebral hemorrhagic stroke (CHS) is at leading positions
as for the structure of death and disability causes in young
and middle-aged people in most countries of the world
[2,6,12]. The most common focus of intracerebral haemor-
rhages is the supratentorial localization [13,15].

One of the ways to improve the effectiveness of treat-
ment activities in this contingent of patients is a differenti-
ated definition of optimal therapeutic tactics with regard to
individual vital and functional prognosis of the disease acute
period outcome [4,5,10].

Numerous studies have convincingly proved the con-
nexion between the initial neurological deficiency level,
structural changes in brain substance and the outcome of
cerebral hemorrhagic supratentorial stroke (CHSS), which
justifies the advisability of complex clinical-neurcimaging
scales using in assessment of patient severity for verifying
the prognosis [3,7,8,11,14]. In accordance with the results of
the meta-analysis, the Hemphill Intracerebral Hemorrhage
(Hemphill-ICH) Scale and ICH-Grading Scale (ICH-GS) are
the most informative for the prediction of patient survival
during the first half of the year after CHS [9].

However, unified criteria for the CHSS acute period
outcome prediction along with the optimal sensitivity (Se)
and specificity (Sp) ratio, which would take into account
the results of the assessment on the indicated scales, are
currently unavailable.

The aforesaid served a thematic justification of this
study.

Purpose

The main purpose of the study was to determine the criteria
for the vital and functional prognosis of the acute period
outcome of cerebral hemorrhagic supratentorial stroke
based on the Hemphill-ICH Scale and ICH-GS in the onset
of the disease.

Materials and methods

To achieve the goal, a prospective, cohort, complex clinical
and paraclinical study was conducted in 124 patients (72
men and 52 women, mean age 64.7 £ 1.1 years) with
CHSS. They were treated at Cerebrovascular Accident

Department of the Municipal Institution “Zaporizhzhia City
Clinical Hospital No. 6”.

Inclusion criteria were:

1) spontaneous supratentorial intracerebral hemor-
rhage confirmed by the clinical computed tomography study;

2) hospitalization within the first 24 hours since the on-
set of the disease;

3) a signed informed consent form for the participation
in the study;

Exclusion criteria were:

1) presence of acute disorders of cerebral circulation
in the anamnesis;

2) primary subarachnoid and / or intramuscular hem-
orrhage;

3) 22 lesions;

4) the presence of indications for surgical treatment
upon the examination held by a neurosurgeon;

5) the presence of oncologic pathology in the medical
history;

6) decompensated stage of somatic pathology;

7) extracerebral cause of death in accordance with
the autopsy results.

All patients underwent clinical neurological examination
along with the initial levels of neurologic deficits assessment
in accordance with the National Institute of Health Stroke
Scale and cerebral syndrome assessment in accordance
with the Glasgow Coma Scale. The functional outcome of
the acute period was determined by the modified Rankin
Scale. The value of 4-5 points were considered as unfa-
vourable functional outcome of CHSS acute period, and
<3 points on the 21 day of the disease were considered
as favourable.

The visualization of cerebral structures was carried out
with the help of Computed Tomography Scanner «Siemens
Somatom Spirit» within the first 24 hours since the onset
of the disease, taking into consideration the lesion size
(LS), the severity of dislocation syndrome due to the me-
dian brain structures displacement, the presence of blood
breakthrough into the ventricular system of the brain. The
LS was calculated in accordance with the ellipsoid formula:
LS (ml) =a* b * c/2, where a, b, c are linear dimensions
of the lesion (cm).

The Hemphill-ICH Scale and ICH-GS were used for
the integrated assessment of health state severity in patients
with cerebral hemorrhagic supratentorial stroke. They take
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Table 1. Clinical and neuroimaging characteristics of examined patients
in the onset of the disease, (M £ m)

into account different age gradations, the severity of brain
syndrome in accordance with the Glasgow Coma Scale
upon hospitalization LS and localization and the presence of

blood breakthrough into the ventricular system of the brain. Data, units Value
All patients underwent conservative therapy in accor- oS Score 121£06
dance with the Unified Clinical Protocol for the provision of c6es Sc,ore 130£0.3
medical care to patients with cerebral hemorrhagic stroke, Hemphi-ICH Scale score 13201
ICH-GS score 6.67 £0.16

approved by the order of the Ministry of Health of Ukraine No.

. L . Lesion size, mL 229423
275, dated April 17, 2014 [1]. The statistical data processing Seej)':’u"ms"fj"gi o ciplacement i :0 ;
was carried out with the help of Statistica 6.0 software (Stat- Pineal gland displacement, mm ' 2:6 . 0:3

SoftInc., USA, series number AXXR712D833214FANS5) and
MedCalc software (version 16.4). Descriptive statistics were
presented in the form of the mean value and the standard
error of the mean value (M £ m). Receiver operating charac-
teristic (ROC) analysis and relative risk (RR) calculation were

Table 2. Frequency distribution of CHSS acute period lethal outcome
in terms of the Hemphill-ICH score and ICH-GS

used for the determination of predictive criteria. sl L Ll e el ';fm':c“:f:é“:ss eriod (%)
Hempill-ICH 22 40 425

Results and discussion <2 84 6.0
ICH-GS 28 26 46.2

Clinical and neuroimaging characteristics of examined <8 98 102

patients in the onset of the disease are presented in

the Table 1.

Lethal outcome (12.1 %), relatively unfavourable func- Table 3. Criteria for prognosis of CHSS acute period outcome

tional outcome in the form of 4-5 points on the Rankin Scale
(37.9 %) and relatively favourable functional outcome in

CHSS Acute Period Outcome Predictors (scale, score)

. ) Hemphill-ICH ICH-GS
the form of <3 points on the aforementioned scale (50.0 %) e
. . . . Lethal outcome 2-6 8-13
were registered in the outcome structure in the acute period ,
: Unfavourable functional outcome 1 6-7
of the disease. ) o (mRS score 4-5 on the 21st day)
In accordance with the ROC analysis, it has been Favourable functional outcome 0 5

established that the predictors of disease acute period (MRS score <3 on the 21st day)
lethal outcome are the Hemphill-ICH Scale score > 2
(Se =77.3 %, Sp = 77.5 %) and ICH-GS score 28
(Se =54.6 %, Sp = 86.3 %).

The frequency distribution of CHSS acute period lethal

Table 4. Quality assessment of obtained criteria for vital and functional prognosis
of CHSS acute period outcome in accordance with M. H. Zweig, G. Campbell Scale

outcome in terms of the Hemphill-ICH Scale and ICH-GS 1999
is shown in the Table 2. Type of Prognosis Scale AUC Quality grade in accordance
As a result, the Hemphill-ICH Scale score 22 and gltahk:‘"(-1';-9§;"’ei9’ G. Campbell
ICH-GS score 28 are associated with an increased risk of Vi Hemphil-ICH 084 Very Good
the CHSS acute period lethal outcome, by 7.1 [2.8-18.0] Vital ICH-GS 078 Good
(P<0.01) and 4.4 [2.2-9.3] times (P < 0.01), respectively. Functional Hemphil-CH 061 Average
It has been determined that the Hemphill-ICH Scale Functional ICH-GS 0,69 Average

is characterized by a higher informative value for the vital
prognosis of CHSS acute period (AUC = 0.84) in compari-
son with the ICH-GS (AUC = 0.78, P < 0.05).

The Hemphill-ICH Scale score = 0 (Se = 79.6 %,
Sp = 28.3 %, AUC = 0.61) and ICH-GS score = 5
(Se =59.2 %, Sp = 71.7 %, AUC = 0.69) are criteria for a
favourable functional outcome of the acute period.

Criteria for prognosis of CHSS acute period outcome,
based on the assessment of patients in the onset of
the disease in accordance with the Hemphill-ICH scale and
ICH-GS, are integrated in the Table 3.

It has been determined that the Hemphill-ICH Scale
is inferior to ICH-GS as for the predictive value related to
functional recovery degree determination upon the 21st day
after CHSS (AUC 0.61 vs. 0.69, P < 0.05).

The comparative analysis of AUC values allows to
state that the Hemphill-ICH Scale and ICH-GS are more
informative for vital, rather than functional, prognosis of
CHSS acute period outcome (AUC = 0.84 vs AUC = 0.61 for

The results of the obtained criteria quality assessment
for vital and functional prognosis of CHSS acute period
outcome in accordance with M. H. Zweig, G. Campbell
Scale (1993) [16], which takes into account the AUC value,
are shown in the Table 4.

Thus, the study made it possible to develop informative
criteria for the short-term vital and functional prognosis of
CHSS acute period outcome with the optimal sensitivity and
specificity ratio in accordance with the Hemphill-ICH scale
and ICH-GS. At the same time, the results of the analysis of
AUC indicators based on these scales justify the advisability
of the more informative criteria elaboration for predicting vital
and, in particular, functional outcome of CHSS acute period.

Conclusions

1. Predictors of the lethal outcome of CHSS acute

Hemphill-ICH Scale, P < 0.05; AUC = 0.78 vs AUC = 0.69
for ICH-GS, P < 0.05).

Zaporozhye medical journal. Volume 20. No. 1, January-February 2018

period are the Hemphill-ICH Scale score 22 (Se = 77.3 %,
Sp=775%,RR=7.1[2.8-18.0], P <0.01) and ICH-GS
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score 2 8 (Se = 54.6 %, Sp = 86.3 %, RR = 4.4 [2.2-9.3]
times, P < 0.01).

2. The Hemphill-ICH Scale score = 0 (Se = 79.6 %,
Sp = 28.3 %) and the ICH-GS score = 5 (Se = 59.2 %,
Sp =71.7 %) are the criteria for the favourable functional
outcome of CHSS acute period (mRS score <3 on the 21st
day).

3. The Hemphill-ICH Scale is characterized by a higher
informative value for CHSS acute period lethal outcome
prediction (AUC = 0.84) in comparison with the ICH-GS
(AUC = 0.78, P < 0.05).

4.The ICH-GS is characterized by a higher informative
value for the functional prognosis of CHSS acute period
outcome (AUC =0.69) in comparison with the Hemphill-ICH
Scale (AUC = 0.61, P < 0.05).

5. The informative value of the Hemphill-ICH Scale
and ICH-GS is higher for the vital prognosis than for
the verification of the functional prognosis of CHSS acute
period outcome.

The perspective for the further scientific research
is the elaboration of mathematical models for the CHSS
acute period outcome prediction, which take into account
complex results of clinical and neurovisual research at
onset of disease.
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