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Abstract

INTRODUCTION: The development of organ dysfunctions
and multiple organ failure (MOF) in patients with severe isch-
emic stroke (IS) is a factor in aggravating the clinical course
and outcome. OBJECTIVE: To study the prognostic aspects
of the clinical course and outcomes of severe IS with the de-
velopment of MOF. MATERIALS AND METHODS: The study
included 110 patients with severe IS (National Institutes
of Health Stroke Scale = 16 points). To assess the severity
of MOF on days 1 and 5 of hospitalization, standard scales
SAPS Il, SOFA were used. The predictor significance of the in-
dicators was determined by a comparative regression anal-
ysis using the least squares method. RESULTS: In patients
with a fatal outcome compared to survivors, a higher sever-
ity of MOF on the SAPS Il was observed both on the first (31
(25; 39) and 24 (21; 29) respectively, p < 0.0001) and fifth
days of the disease (40 (33; 49.5) and 29 (25; 35) respective-
ly, p < 0.0001). In the development of severe IS with MOF,
an unfavorable outcome is significantly more often ob-
served in the cardioembolic subtype compared to the ath-
erothrombotic subtype of IS (50.75 and 29.85 % respectively,
p =0.0469). The probable mortality according to comparative
regression analysis was significantly higher in cardioembol-
ic stroke for patients with MOF severity from 29 to 49 points
on the SAPS Il (p = 0.0021). CONCLUSIONS: MOF is the most
important predictor of death in severe IS. At the same time,
the cardioembolic subtype of IS differ by a higher probable
mortality in comparison with the atherothrombotic subtype
with the MOF severity in the range of 29-49 points according
to the SAPS Il scale.
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AKTYAJIbBHOCTb: Pa3sutune opraHHbix ANCHYHKLMI 1 NO-
JmMopraHHon HegoctatouHoctn (MOH) y nauueHToB € TAa-
ENbIM MWEMUYECKUM MHCybTOM (VW) sBnseTca dakTo-
POM YXY/LIEHNA KAMHMYECKOro TeyeHua n uncxopga. LLEJIb
NCCNIEAOBAHUA: V13y4nTb NPOrHOCTUYECKME acneKTbl K-
HWYECKOro TeYeHMA 1 ncxoaos Taxenoro VI c passutrem
NOH. MATEPUAJIbI U METO/bI: B nccnegoBaHune BKIHOHEHO
110 naumenTos ¢ TaxensimM M (National Institutes of Health
Stroke Scale = 16 6annoB). C Uesblo oueHKU TsxecTn MOH
Ha T-e 1 5-e CyTKM rocnutanusaumm NpUMEHANN CTaHAapT-
Hble wKanbl SAPS Il, SOFA. [ins onpefeneHna npejuKTOpHoM
3HA4YYMOCTM MOKa3aTe el BbINOIHEH CPAaBHUTE/IbHbIN perpec-
CMOHHbIV aHa/IM3 C MPUMEHEHVEM MeTO/a HaMMeHbLUMX KBag-
patoB. PE3YJ/IbTATbI: ¥ nauneHTOB C f€Ta/sbHBIM UCXOA0M
MPW CpaBHEHUW C BbDKMBLUMMU Habatogann 6onee BbICOKYHO
TswecTb MOH no wkane SAPS Il kak Ha 1-e (31 (25-39) n 24
(21-29) cooTBeTCTBEHHO, p < 0,0001) CYTKM, TaK 1 Ha 5-e cyT-
Ku 3a6onesaHua (40 (33-49,5) n 29 (25-35) cooTBeTCTBEH-
Ho, p < 0,0001). Mpw passutum Taxenoro M ¢ NMOH Heba-
FONPUATHBIA WMCXOA [AOCTOBEPHO Yalle Habatogaetca npu
KapAMo3MOONNYECKOM MOATUMNE B CPaBHEHUW C aTepOTPOM-
60TUYECKNM MOATUMOM (50,75 n 29,85% cooTBeTCTBEHHO,
p=0,0469). BepoaTHaa NeTaNbHOCTL MO AAHHBIM CPABHM-
Te/NIbHOrO PerpeccMOHHOroO aHanmsa 6bi1 AOCTOBEPHO BbiLLe
MPWY KapAMO03MB0IMHECKOM MHCY/IbTE A4 NALMEHTOB C TAXKe-
cTbto MOH ot 29 g0 49 6annos no wkane SAPS Il (p = 0,0021).
BbIBO/bl: NOH sBnseTcA BaXKHENLWNM NPeAVUKTOPOM SeTalb-
Horo ucxoga Tsenoro V. Mpu 3ToM KapanMoaMboanmyeckunii
noaTun N oTanyaetca 6os1ee BbICOKO BEPOATHON /leTab-
HOCTbIO B CPaBHEHMW C aTepOTPOMBOTUHECKUM MOATUMOM Npwt
TaxecTn NOH B agnanasoHe 29-49 6ann08B no Wwkane SAPS II.
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Introduction

Cerebral stroke in general and acute ischemic stroke
(AIS) in particular continues to be a significant medi-
cal problem, being the 39 most common cause of death
in the world and in 20 % of cases accompanied by persistent
disability [1]. Severe AIS in its clinical course is accompa-
nied by life-threatening disorders of the functions of organ
systems, primarily the central nervous system. Clinical
manifestations of central nervous system dysfunction
are identified as the acute cerebral insufficiency. Cerebral
insufficiency and severe neurological deficit trigger the dys-
function of other organ systems as a result of an impairment
of the central nervous system regulatory functions and ex-
tracerebral complications [2-4]. Also the organ dysfunctions
in AIS is likely to be caused by “cerebrovisceral interactions”
or syndromes [4, 5]. An iatrogenic factor in the development
of organ dysfunctions cannot be excluded.

The most frequent manifestation of extracerebral organ
dysfunction in severe AIS is acute respiratory failure [2, 7,
8]. Frequently, these patients in the acute period require
respiratory support in the form of oxygen therapy, in a sig-
nificant proportion of cases tracheal intubation, mechan-
ical ventilation and further tracheostomy are required [7].
The development of cardiovascular dysfunction [9, 10],
acute kidney injury [11, 12], acute liver failure and throm-
bocytopenia [2], protein-energy impairment [13] are also
noticed. The dysfunction of two or more organ systems
is defined as multiple organ failure (MOF) [14], the pro-
gression of which significantly aggravates the clinical course
and outcome. Intensive therapy should be aimed at pre-
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venting the development and progression of MOF, as well
as at the fastest possible relief of its manifestations, which
makes it relevant to predict the clinical course and out-
comes in patients with severe AIS using mathematical
modeling methods [3]. It is also worth noting that the ques-
tion of the clinical course and outcomes features of AIS
with MOF at various localizations and pathogenetic sub-
types is not sufficiently disclosed.

Objectives. The objective of the work is to study
the prognostic aspects of the outcomes of severe AIS
with the development of MOF.

Materials and methods

A retrospective observational study included 110 patients
with severe AIS, corresponding to the National Institutes
of Health Stroke Scale (NIHSS) score > 16 points, hospital-
ized within 24 hours of the onset of the disease. Patients were
hospitalized in intensive care units for patients with stroke
of “N.I Pirogov State Clinical Hospital” of Orenburg
and “Orenburg Regional Clinical Hospital” in the period
2017-2020. Inclusion criteria were the ischemic stroke, age
from 18 to 85 years, development of more than one dys-
function of organs and systems. Non-inclusion criteria were
pregnancy, histologically confirmed malignant tumors, car-
diovascular diseases (grades 3—-4 according to NYHA), cir-
rhosis of the liver (terminal), chronic kidney disease of the 5%
stage. Diagnosis and treatment were carried out in accor-
dance with clinical recommendations and the procedure
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for providing medical care to patients with acute stroke.
To determine the pathogenetic subtype of AIS, the criteria
of Trial of Org 10172 in Acute Stroke Treatment (TOAST)
were applied. Generally accepted clinical and instrumental
laboratory criteria were evaluated to determine organ fail-
ure. Standard scales Simplified Acute Physiology Score II
(SAPS 1I), Sequential Organ Failure Assessment (SOFA)
were used for the general assessment of the MOF severi-
ty. The assessment was carried out on the 15t and 5% days
of hospitalization. The outcome of the disease was assessed
on the 28" day from the beginning of AIS.

Statistical analysis

Quantitative data were presented in the form of me-
dian (Me), upper and lower quartiles (Q1; Q3), qualita-
tive — in the form of absolute quantity (7) and percentag-
es (%). The nonparametric Mann-Whitney criterion was
used to assess the reliability of the difference in quantita-
tive indicators, and the Pearson’s y? test was used for qual-
itative indicators. A comparative regression analysis using
of the least squares method was performed to determine
the predictor significance of the indicators, and the coefhi-
cient of determination (R2) was determined for the obtained
regression models. The level p < 0.05 was taken as signifi-
cant. The Statistica-10.0 program (StatSoft, USA) was used
for data processing.

The study was approved by the local Ethics Committee
of the Orenburg State Medical University of the Ministry
of Health of the Russian Federation, Protocol No. 258
0f 09.10.2020.

Results

The characteristics of the observed patients are pre-
sented in Table 1. 90 patients were diagnosed with AIS
in the carotid territory, 20 — in the vertebrobasilar circu-
lation. Patients with different localization were comparable
in gender, age, NIHSS and SAPS II assessment on admis-
sion. The atherothrombotic subtype prevailed among pa-
tients with AIS in the vertebrobasilar system, as cardioem-
bolism prevailed in carotid system AIS. 28-day mortality
was 60.91 %, there were not statistically significant differ-
ences in the frequency of death in patients with different
localization of AIS (p = 0.3570).

The groups of patients with different outcomes weren’t
distinguished by age and gender (Table 2). In the group
of surviving patients, primary AIS prevailed (65.12%),
while among lethal patients primary AIS was 49.25 %, the dif-
ferences were statistically insignificant. In the study group,
the frequency of the cardioembolic subtype was higher
than the atherothrombotic subtype (44.54 % and 37.27 %,

Table 1. Comparative characteristics of the patients with severe ischemic stroke in groups with different localization b
Sign Total Vertebrobasilar system Carotid system p

Quantity, n (%) 110 (100) 20 (18.18) 90 (81.82) —
Age, years, Me (Q1; Q3) 75 (67;79) 71(65.5; 79) 75.5 (68; 80) 0.3016
Male, n (%) 50 (45.45) 10 (50) 40 (44.44) 0.6517
Female, n (%) 60 (54.55) 10 (50) 60 (55.56)
Primary, n (%) 61(55.45) 6 (30) 55 (61.11) 0.0113*
Recurrent, n (%) 49 (44.54) 14 (70) 35(38.89)
Atherothrombotic subtype, n (%) 41(37.27) 16 (80) 25(27.78) < 0.0001*
Cardioembolic subtype, n (%) 49 (44.54) 4 (20) 45 (50)
Indeterminate subtype, n (%) 20 (18.18) 0(0) 20 (22.22)
NIHSS on admission, points, Me (Q1; Q3) 19 (17; 21) 19.5 (17.5; 24) 19 (17; 21) 0.2527
SAPS Il on the 15t day, points, Me (Q1; Q3) 29 (23;33) 32 (23.5; 45) 28 (23;32) 0.0519
Survivors, n (%) 43 (39.09) 6 (30) 37 (41.11) 0.3570
Lethal, n (%) 67 (60.91) 14 (70) 53 (58.89)
Data are presented as Me (Q1; Q3) (quantitative) and n (%) (qualitative). The level of significance of statistical differences (p-value)
between groups was assessed with the Mann-Whitney U-test (quantitative data) and Pearson's y2 test (qualitative data).

* Significant level of statistical differences p < 0.05.
NIHSS — National Institutes of Health Stroke Scale; SAPS Il — Simplified Acute Physiology Score II.
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respectively). The indeterminate subtype was observed
with a lower frequency (18.18%). At the same time,
among the surviving patients (48.84 %) the atherothrom-
botic subtype prevailed, in patients with fatal outcome
cardioembolic AIS (50.75%) prevailed. The differenc-
es between these subtypes were statistically significant
(p = 0.0469). The NIHSS score on the first day in the study
group was 19 (17; 21) points, while in the group of surviv-
ing patients it was slightly less than in the fatal group — 18
(17; 21) and 19 (17; 22) points respectively. However,
the differences were statistically insignificant. Scores
on the SAPS II and SOFA scales were higher in patients
with a fatal outcome on days 1 and 5 (p < 0.0001).

A comparative analysis of the comorbid pathology
of patients with severe AIS and different outcomes is pre-
sented in Table 3. There were no differences in the frequen-
cy of postinfarction cardiosclerosis, chronic heart failure,
chronic kidney disease, type 2 diabetes mellitus and obesity.

The duration of stay in the intensive care unit of pa-
tients with a fatal outcome was 7 (4; 12) days and of surviv-
ing patients — 20 (12; 31) days. The distribution of patients
by the duration of stay in the intensive care unit is shown
in Fig. 1. In the period from day 1 to day 5, a fatal outcome

developed in 25 (22.7%) patients. In 24 cases fatal out-
comes developed against the background of rapid progres-
sion of acute cerebral insufficiency with the development
of acute respiratory failure and acute cardiovascular dys-
function. In 1 patient with unexpressed MOF death was due
to dislocation of the brainstem. In the period of 6-10 days,
a fatal outcome was observed in 21 (19.09%) patients,
from 11 to 21 days — in 17 (15.45%) patients, from 21 to
28 days — in 4 (3.64 %) patients.

A modeling of the probable mortality dependence
on the severity of MOF assessment on the SAPS IT on day 5
from the start of intensive therapy for various pathogenetic
subtypes was performed.

In accordance with the mathematical features, the model
of the dependence of the probable mortality of cardioembolic AIS
on the severity of MOF determined by the SAPS II on the 5% day
of intensive care has the following form:

60.358 - x—6.9853

Y= 02358 - 6.9853 °
1+e" ="

y — probable mortality (%), x — severity of MOF, expressed
in points on the SAPS II, R? = 0.9614.

Table 2. Comparative characteristics of the patients with severe ischemic stroke in groups with different outcomes b

Total Survivors Lethal p

Number of observations, n (%) 110 (100) 43 (39.09) 67 (60.97) —

Age, years, Me (QT; Q3) 75 (67;79) 75 (67; 80) 75 (67;79) 0.8952

Male, n (%) 50 (45.45) 19 (44.19) 30 (45.78) 0.9515

Female, n (%) 60 (54.55) 24 (55.81) 37 (55.22)

Primary, n (%) 61(55.45) 28 (65.12) 33 (49.25) 0.1024

Repeated, n (%) 49 (44.54) 15 (34.88) 34 (50.75)

Atherothrombotic subtype, n (%) 41(37.27) 21(48.84) 20 (29.85) 0.0469*

Cardioembolic subtype, n (%) 49 (44.54) 15 (34.88) 34 (50.75)

Indeterminate subtype, n (%) 20 (18.18) 7(16.28) 13 (19.4) —

NIHSS on admission, points, Me (QT; Q3) 19 (17; 21) 18 (17; 21) 19 (17; 22) 0.0751

SAPS II, points, Me (Q1; Q3)

1st day 29 (23;33) 24 (21;29) 31(25;39) < 0.0001*

5th day 34 (28; 42) 29 (25; 35) 40 (33; 49.5) < 0.0001*

SOFA, points, Me (Q1; Q3)

1st day 2(1;3) 2(1;3) 3(2;5) 0.0014*

5th day 2(2;5) 2(1;3) 3(2:6) < 0.0001*

Data are presented as Me (Q1; Q3) (quantitative) and n (%) (qualitative). The level of significance of statistical differences (p-value)

between groups was assessed with the Mann-Whitney U-test (quantitative data) and Pearson’s x2 test (qualitative data).

* Significant level of statistical differences p < 0.05.
NIHSS — National Institutes of Health Stroke Scale; SAPS Il — Simplified Acute Physiology Score II.
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Table 3. Comparative characteristics of comorbid pathology in patients with severe ischemic stroke in groups with different
outcomes
Total Survivors Lethal p
Number of observations, n (%) 110 (100) 43 (39.09) 67 (60.91) —
Postinfarction cardiosclerosis, n (%) 30 (27.27) 8(18.60) 22 (32.83) 0.1020
Chronic heart failure
1,n (%) 20 (18.18) 8 (18.60) 12 (17.97) 0.9954
2A, n (%) 67 (60.91) 26 (60.46) 41(61.19)
2B, n (%) 23 (20.91) 9(20.93) 14 (20.89)
Chronic kidney disease
C1,n (%) 8 (7.27) 5 (11.63) 3(4.48) 0.4589
C2,n (%) 49 (44.54) 21(48.84) 28 (41.79)
C3A, n (%) 30 (27.27) 10 (23.26) 20 (29.85)
C3B,n (%) 21(19.09) 6 (13.95) 15 (22.39)
C4,n (%) 2(1.81) 1(2.32) 1(1.49)
Type 2 diabetes mellitus, n (%) 30 (27.27) 10 (23.26) 20 (29.85) 0.4485
Body Mass Index
<30 kg/m2, n (%) 65 (59.09) 27 (62.79) 38 (56.72) 0.4481
30-34.9 kg/m2, n (%) 27 (24.54) 12 (27.97) 15 (22.39)
35-39.9 kg/M2, n (%) 13 (11.82) 3(6.98) 10 (14.92)
> 40 kg/m2, n (%) 5 (4.54) 1(2.33) 4 (5.97)
Data are presented as n (%). The level of significance of statistical differences (p-value) between groups was assessed using Pearson's y2 test.

Frequence, %, C1 95 % [] survivors B Lethal outcome
18

16 [~

14
12 [~
10
2
1-3 4-5 6-7 8-10 11-14 15-21 22-28 29-35 >35

Duration of hospitalization in ICU, days

00
I

[e)}
I

I
I

Fig. 1. Distribution of patients with severe ischemic stroke with different outcomes according to the duration of hospitalization in ICU
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Fig. 2. Dependence of probable mortality on the severity of multiple organ failure according to the SAPS Il scale on the 5th day in patients
with severe ischemic stroke with various pathogenetic subtypes

The graph of this pattern can be divided into five frag-
ments (Fig. 2).

Fragment No. 1 is the “lower plateau” is observed up
to 16 points and corresponds to the mortality of moderate
strokes with unexpressed MOF. The probable mortality
in this group of patients will not exceed 3.87 %. The average
rate of mortality increase in this fragment is 0.39 %/ point.

The second fragment of the graph is the “lower bend”,
characterized by increase in mortality. Patients in this group
have cerebral insufficiency in the degree of superficial and deep
stunning — Glasgow coma scale (GCS) 11-14, as well as ini-
tial manifestations of respiratory insufficiency (17-24 points).
The probable mortality in this interval does not exceed 20.98 %.
The average rate of mortality increase is 2.30 %/ point.

The third fragment of the graph is a “rapid rise”, charac-
terized by a sharp increase in mortality from 25.16 to 78.03 %.
Patients in this group have cerebral insufficiency in the degree
of deep stunning (GCS 11-12), as well as initial manifesta-
tions of parenchymal respiratory insufficiency, usually not re-
quiring respiratory support (25-35 points). However, in this
group there is a tendency to emerge MOF in the following
days with the aggravation of cerebral and respiratory insuf-
ficiency, the addition of cardiovascular dysfunction. In our
opinion, the severity of 35 points is a critical point where fun-
damental changes in the mortality prognosis begin. The aver-
age rate of mortality increase in this fragment is 5.29 %/point.
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The fourth fragment, the “upper bend”, characteriz-
es AIS with high mortality (81.81-95.91%). The severi-
ty of stroke for this group of patients ranges from 36 to 43
SAPS II scores. The average rate of mortality increase in this
fragment is 2.01 %/point. Patients of this group are mainly
stuporous (GCS 9-10), suffer of parenchymal-ventilation
respiratory dysfunction, requiring respiratory support.
Systemic inflaimmatory reaction syndrome and signs
of cardiovascular insufficiency are observed. Nevertheless,
these patients have a high probability of further progres-
sion of MOF with the development of the unfavorable
outcome.

The last fifth fragment, the “upper plateau”, character-
izes a group of patients with AIS severity above 43 points
and a probable mortality rate close to 100 %. In this group
of patients, extensive MOF develops, represented by cere-
bral insufficiency to the degree of coma (GCS < 9), respi-
ratory insufficiency with the need for respiratory support,
in some cases vasopressor support is required. The clinical
course in this group is unfavorable with a further increase
in MOF, the development of central hyperthermia, electro-
lyte disorders.

The model of the dependence of the probable mortality
of atherothrombotic stroke on the severity of multiple organ
failure, determined by the SAPS II on the 5% day of the in-
tensive care, has the following form:
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0.1390 - x — 5.5898
e

y: 0.1390 - x — 5.5898 °
1+ 70 >

y — probable mortality (%), x — severity of MOF, expressed
in points on the SAPS II, R? = 0.9742.

The graph of this pattern also can be divided into five
fragments (Fig. 2).

The first fragment of the “lower plateau” corresponds
to an assessment on the SAPS I up to 22 points, the prob-
able mortality in these patients reaches 7.37 %. The average
rate of increase in probable mortality is 0.46 %/point. In this
group, the phenomena of organ failure can be represented
by cerebral insufficiency in the degree of superficial stunning
(GCS 13-14).

The second fragment is the “lower bend”, for the athero-
thrombotic subtype corresponds to a range of 23-33 points,
the probable mortality with this severity is 8.38-26.87 %,
the average rate of increase in probable mortality is 1.85 %/
point. Patients in this group develop more pronounced ce-
rebral insufficiency to the degree of deep stunning (GCS 11-
12), there are initial manifestations of respiratory insufficien-
cy in the form of dyspnea, signs of a systemic inflammatory
reaction in the form of hyperthermia, leukocytosis are pos-
sible.

Fragment No. 3 — “rapid rise” — with the atherothrom-
botic subtype corresponds to an estimate of 34-46 points,
while the probable mortality increases from 29.69 to 69.13 %.
The average rate of increase in probable mortality is 3.28 %/
point. In this group of patients, a clinic of MOF develops,
cerebral insufficiency reaches the degree of deep stun-
ning and stuporous, sometimes coma grade I (GCS 7-12).
Respiratory insufficiency emerge mainly by parenchymal

Rate of probable mortality change

A
0.07

0.06
0.05
0.04
0.03.
0.02

0.014

0.00

type following aspiration syndrome, severe tracheobron-
chitis and pneumonia, in some cases requiring invasive me-
chanical ventilation. There is an instability of hemodynamics
in the form of tachycardia, arterial hypertension, but cardio-
vascular insufficiency with the need for vasopressor support
is not observed in this group.

The fragment of the “upper bend” is characterized
by a range on the SAPS II of 47-57 points, the probable
mortality in this group is 72.02-91.18 %, the average rate
of increase in probable mortality is 1.92%/point. In pa-
tients of this group, cerebral insufficiency reaches the lev-
el from stuporous to coma grade II (GCS 5-10), most
often coma gradeI. There is respiratory insufficiency
with the need for mechanical ventilation; respiratory insuf-
ficiency is more often by the ventilation type with a violation
of the frequency and rhythm of breathing, in some cases re-
spiratory insufficiency is mixed. Cardiovascular insufficien-
cy develops with the need for vasopressor support with low
and medium doses of vasopressors (for dopamine — less
than 10 mkg/kg/min). The syndrome of systemic inflamma-
tory reaction with febrile hyperthermia, leukocytosis is ex-
pressed. In some cases, electrolyte disorders are observed —
hyper- and hypokalemia. Severe acute kidney injury was not
recorded in these patients.

Fragment No. 5 — “upper plateau” — corresponds
to an assessment above 57 points on the SAPS II with a lev-
el of probable mortality of 92.24-100 %. In patients of this
group, the MOF is most pronounced, most patients
are in a coma of II-IIT degree (GCS 3-6), invasive mechani-
cal ventilation is performed for all, respiratory insufficiency
of the ventilation-parenchymal type is observed. Most pa-
tients develop cardiovascular insufficiency with the need
to support with medium and high doses of vasopressors,

Atherotrombotic

== === Cardioembolic

6 9

\

12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60 63 66 69 72 75 78

MOF severity according to SAPS II, points

Fig. 3. Dependence of the rate of increase in probable mortality on the severity of multiple organ failure according to the SAPS Il scale
on day 5 in patients with severe ischemic stroke with various pathogenetic subtypes
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acute kidney injury with hypercreatininemia of more than
300 mkmol/l, oligo- and anuria is observed. Hypernatremia
and central hyperthermia develop. In this group, severe
cerebral complications like an edema and dislocation
of the brain, occlusive hydrocephalus emerge develop caus-
ing an increase in the severity of MOF.

In order to analyze the dynamics of the obtained pat-
terns, graphs of derivative functions were constructed
(Fig. 3), having the form:

eh‘“'bz eb‘“'bl
' = . . p—
yi=bh 14 1 1+ |
y' — the value of the derivative corresponding to the rate of probable

mortality change, x — the severity of MOF, rated on the SAPS II
in points, b1 and b2 — coeflicients obtained by the least squares

method, e — the base of the natural logarithm.

It is known that the value of the derivative reflects
the rate of function change at a given point. The maximum
rate of probable mortality increase in the atherothrombot-
ic subtype AIS is 0.0347, or 3.47 %/point, and is observed
with a severity value on the SAPS II of 40 points. In the car-
dioembolic subtype AIS, the maximum growth rate is higher
and amounts to 0.0588 (5.88 %/point), it has been already
observed with 30 points SAPS II. With the severity of MOF
on the SAPS Il in the range 29-49 points, there are signifi-
cant differences in the frequency of death in atherothrom-
botic and cardioembolic subtypes (p = 0.0021).

Discussion

It is extremely important that in a wide range of MOF
severity on day 5 of AIS (29-49 points) with comparable
values on the SAPS II, the probable mortality on day 28 in
the cardioembolic subtype of AIS was significantly higher
in comparison with the atherothrombotic subtype mor-
tality. These results are consistent with those obtained
in the course of previous domestic and foreign studies [15-
21]. In addition, the unfavorable prognostic significance
of the cardioembolic subtype is confirmed [3, 22]. It should
be noted that most of the works devoted to the prognos-
tic value of organ dysfunction and MOF in severe stroke
include the undifferentiated analysis of patients with isch-
emic and hemorrhagic lesion [11, 17-21]. The novelty of this
study is to clarify the prognostic significance of MOF in as-
sessing the outcome on day 28 in patients with severe AIS,
as well as its definition and comparison in atherothrombotic
and cardioembolic subtypes.

The understanding of the obtained regularities
from the self-organizing systems theory point of view has
been developed quite fully [3]. According to this theo-
ry, for severe AIS as a system, pathogenetic mechanisms
of the AIS with MOF could be designated as control param-
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eters. The impact of which one leads the system to the state
of attractors — areas of the least and greatest mortality,
in which the progression of AIS and the development
of MOF is absent or reaches a maximum. These are zones
of synergetic stability of the system with favorable and un-
favorable forecasts. A distinctive feature of the attractor
zone is the least influence of fluctuations, or external fac-
tors. In this case, external factors are intensive care mea-
sures aimed at relieving AIS pathogenetic mechanisms (ce-
rebral edema, hypoxia, cardiovascular insufficiency, etc.).
With an increase in the influence of control parameters
(progression of acute cerebral insufficiency, extracerebral
organ dysfunction), the sensitivity of the system decreases
to the effects of external factors (intensive therapy). In or-
der to optimize intensive care, it is necessary to identify
areas of instability of the system in which the greatest rate
of probable mortality increase is observed. Accordingly,
it is necessary to consider the possibility of intensifying
therapeutic measures at this moment — an earlier start
of invasive respiratory support, strengthening osmotic ther-
apy, antibiotic therapy. In this case, the areas of instability
of the system (“rapid rise” and “upper bend”) are defined
as the intervals of severity of MOF on the SAPS II from 34 to
57 points for the atherothrombotic subtype, from 25 to
43 points for cardioembolic subtype. The obtained re-
sults indicate an earlier increase in the severity of MOF
with the need for maximum intensification of therapeu-
tic and diagnostic measures in cardioembolic subtype
of AIS.

Conclusion

1. Multiple organ failure is the most important
predictor of the lethal outcome of severe AIS.
Patients with a fatal outcome had significantly
higher severity of MOF on the SAPS II both on th
e first and fifth days of the disease (p < 0.0001).

2. With the development of severe stroke with MOF,
an unfavorable outcome is significantly more
often observed with the cardioembolic subtype
compared with the atherothrombotic subtype
of AIS (p = 0.0469). At the same time, the probable
mortality according to the comparative regression
analysis was significantly higher in cardioembolic
stroke for patients with the severity of MOF
from 29 to 49 points on the SAPS II (p = 0.0021).
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