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Introduction

The significance of determination of the
fraction of creatinine-phosphokinase in
patients with acute ischemic brain disease
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Heart and brain vascular diseases are the leading causes of mortality in the world. Cardiac
complications can frequently occur during the development of cerebral ischemia. The aim
of this study was to establish the possible changes in fractions of creatinine-phosphokinase
as the sensitive laboratory index of parenchymal lesion of brain parenchyma and the pres-
encelabsence of risk factors for ischemic brain and heart disease. The study comprised 80
patients with acute ischemic brain disease (AIBD), without the history of previous coro-
nary disease. Blood samples were taken in ail patients within the first 48 hours from AIBD
onset aiming to determine a total (muscular MM) and heart fraction of creatinine-
phosphokinase (MB), and brain parenchyma ischemia was confirmed by CT or MR scan
of the head. A detailed history of the risk factors for ischemic brain disease (IBD) and is-
chemic heart disease was taken from all patients with AIBD, and the profile of glycemia
and lipid status were determined, and blood pressure was measured 6 times a day. Inde-
pendent variagbles in statystical analysis were: age, degree of severity and the side of neu-
rologic event, size of ischemic lesion and maximal values of systolic and dyastolic pressure.
Dependent variables were the values of fractions of creatinine-phospokinase (CPK). Con-
trol group {(n=40) comprised patients with neurologic diseases of non-vascular origin. All
parameters as well as their interrelations were statistically analyzed. The results revealed
significant correlation of the increased levels of CPK of MM and MB fraction with the size
and place of ishemic lesion in the right cerebral hemisphere, which was highly significant
Jor MB fraction in the total group of patients with AIBD, and for MM fraction, only for
cases of more severe IBD. Highly significant increased values of those fractions were also
observed compared to the control group of patients.

Key words: cerebral ischemia; myocardial ischemia; blood chemical
analysis; creatinine; creatinine kinase,

tients compared to the group with IBD were frequently
found arrhythmia, increased levels of serum enzymes and
Death of cardiac origin is the leading cause of mortal-  plasma catecholamine (1-5).

ity in patients with ischemic brain disease. Sometimes this
can happen "unexpectedly” after the initial good recovery
and course of the main disease. Although it is sometimes
associated with the underlying heart disease, in those pa-‘

Numerous experimental and clinical facts support the
cerebral etiology of these changes. Thus, after the onset of
IBD, blood pressure increases, as well as the serum con-
centrations of catecholamine and cortisol. Also, ST depres-
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sion in patients with IBD was registered in 15-40% cases
from previous studies. Prevalence of asymptomatic ST de-
pression in patients with angina pectoris was 43-60% and in
patients without the history of cardiac disorders was 6-8%.
According to this data, ST depression was more frequently
present in patients with IBD than in asymptomatic patients
and less frequently in patients with the diseases of coronary
arteries (6—9).

Besides, necrosis of myocardial cells was found in ex-
perimental studies after the occlusion of cerebral arteries in
the absence of coronary arfery disease. Also, according to
our findings patients with ischemic lesion in the right cere-
bral hemisphere had the poorer prognosis, what was sup-
ported by the experiments and examination during the
neurosurgical treatment of epilepsy, which showed that the
stimulation of right insular cortex region caused the in-
crease in blood pressure, in heart rate and in serum cathe-
holamine, while the stimulation of the other side had the
opposite effects (§—14).

Based on these facts, we formulated the following hy-
pothesis:

~  in patients with IBD, without the previous history
of ischemic heart disease, existed the increase of both frac-
tions of CPK (MM and MB) and

—  the values of both fraction directly correlated with
the severity and localization of IBD.

According to this hypothesis, the aim of the study was
to determine the character of correlation between the clini-
cal, neurological and laboratory findings (concentration of
MM and BM fraction of CPK) in patients with IBD.

Methods

A study included 80 patients who were hospitalized in
our clinic due to transient ischemic attack (TIA}, reversible

ischemic attack (RIA) and brain infarction (BI). Control
group cansisted of 40 patients without the symptoms and
signs of atherosclerosis, immunologic, inflammatory,. he-
matologic and malignant diseases.

Patients with previous history of ischemic heart dis-
ease were excluded from the study, which was the reason
why standard ECG was taken for every patient.

Upon the check up in all patients were determined the
degree of neurologic deficit (Canadian neurological scale)
(15), functional deficiency (Bartel's daily activity scale) (16)
and a side of neurologic deficiency. Blood presure was
measured at 6 hours interval during fhe first 48 hours and
afterwards three times daily (17).

Blood samples for detérmination of CPK concentra-
tion (MM and MB fraction) were taken from all patients
with IBD and control group immediately after the admis-
sion or at least 72 hours after the clinical picture was re-
vealed (18}.

Between the third and tenth day after the onset of the
disease computerized brain tomography (CT) or MRI was
performed and localization and size of ischemic lesion were
determined.

After the acute phase, based of neurologic examina-
tion and the degree of functional recovéry as-well as neuro-
radiologic findings we determined the degree of ischemic
brain disease using Grotta scale {19).

Results were analyzed using Student’s t tests, iinear
regression analysis and logistic regression analysis.

Results

The majority of patients were males, and mean age
was 66.5 years. No significant differences of gerieral char-
acteristics were found between the observed gmups.
(Table 1).

Tablel
"The general characteristics of patients
Male Female AGE
IBD (n=80} 49 31 X=66.5 SD=7.67
Control group 26 14 X=639 SD=8.12

(n=40)

Table 2

The characteristics of the observed group for mean value of blood. pressure, age, size of ischemic lesian_and ‘
fraction of MB and MB CPK (Stadent’s iest)

AGE CPK-TOT. CPK-MB TA SIS. SIZE -
IBD (80) 66,5 7.67 751 342 112 62 143 1438 2.46 °1.23
TIA(14) 587 3.67 309 9.1 09 1.1 135 171 072 0.42
RIA(12) 61.4 4,01 432 114 16 15 144 149 1.32 057
BI-M(26) 62.2 404 76.3 195 49 28 149 124 229 111
BI-S(28) 68.1 4.94 1102 31.1 193 39 156 115 3.73 087
CG (40) 639 812 377 107 0.4 034 136 145 00 00

BI-M-brain infarction-moderate; BI-S- brain infarction-severe
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Comparing the observed parameters significant differ-
ences (p<0.05) were observed for age and degree of IBD se-
verity. Also, significant differences (p<0.05) were found be-
tween the value of blood pressure and IBD severity.

Results for concentrations of CPK :

~ Significant differences (p<0.01) were observed
between patients with IBD and control group, as well as
between patients with severe brain infarction (SBI) and
control group (p<0.01) for CPK MM fraction, and a total
concentration of CPK (MM + MB fraction).

— Significant differences were observed between
control group and patients with TIA (p<0.05), between
RIA patients and control group (p<0.01), and between
SBI patients and control group for MB fraction of CPK
(p<0.001).

~ Also, comparing the observed parameters using
the linear regreesion analysis we found significant correla-
tion between the size of ischemic lesion and a total con-
centration of CPK (p<0.01), r=0.469 in group with IBD.

—~ Highly significant possitive correlation (p<0.001)
was observed in the size of ischemic lesion and concentra-
tion of MB fraction of CPK.

Lipid oxidation is one of the theories that explains this
process. Oxidation of LDL and Lp(a) occurs under the ac-
tivity of free radicals and enzyme reactions. This influences
the modification of apo B 100 (apoprotein specific for
LDL), which leads to uncontrolled uptake of LDL from
monocytes and macrophages in which degradation and
deposition of cholesterol with foamy cell formation occur.
This is the initial pathological process in atherogenesis and
therefore is responsible for IBD (22—24).

This, we can say "cascade" system with extremly complex
changes is responsible for atherosclerosis, which subsequently
leads to IBD that is the most severe atherosclerotic brain
complication. The main event in this system is the change in
hemorrheological mechanisms, since we are dealing with the
factors influencing cerebral microcirculation (25—-33).

Examining these changes, we can get an insight in fine
molecular changes at the level of ionic currents in ischemic
tissue. Coagulation-anticoagulation system represents the
dynamic balance ailowing liquid blood state by cascade
processes (25-33).

Decrease in oxidative phosphorylation is the initial
process in IBD, followed by the production of highly ener-

Table 3
The correlation of localization of ischemic brain lesion blood pressure value age and fraction of CPK in
patients with IBD
AGE-LOC.” CPKMM/LOC**  CPKMB/LOC***  TASIS/LOC*
RHL-42(52.5%) 67.4 82.38 12.78 154.6
LHI.-38(37.5%) 61.2 51.04 3.98 144 4

LOC:-localization of ischemic brain disease; RHL-right hemisphere localization; LHL-left hemisphere localiza-

tion; *p<0.05; **p<0.01; ***p<0.001
Discussion

Due to the rapid development of science and technol-
ogy, contemporary medicine has a trend to create highly
specialized experts, who tend to have a "tunnel vision".
Multidisciplinary approach as well as the fact that organism
is not only one organ, but a fine organization of inter-
relationships is frequently neglected (1 -2, 20).

Vascular brain diseases are ranked the third as the
cause of morbidity and mortality in most countries inde-
pendently of their medical technological progress and so-
cio-economical status. Ischemic brain disease (IBD) is rep-
resented in 80% of the cases.

Primary disorder responsible for the development of
IBD is atherosclerosis of cerebral arteries. Numerous fac-
tors, such as heredity and habits influence the progression
of this process. Since etiopathogenesis of atherosclerosis is
still unclear, this study deals with actual processes leading
to atherosclerotic cerebral changes, specially with hemor-
rheological and coagulation disorders. Less frequently the
cause is lacunar infarction occurring due to fibrinoid de-
generation of penetrating cerebral arteries caused by hy-
pertension or brain infarction due to cardiac origin embo-
lism (21-23).

getic phosphates necessary for maintanance of transmem-
brane ion potential. Consequently, there comes to an exces-
sive neural membrane depolarization, which among other
things leads to the activation of voltage-dependent calcium
channels. Calcium ion influx through presynaptic mem-
brane initiates the process of neurotransmitters release, in-
cluding excitatory amino acid, which via ionotrophic and
metabotropic receptors induces calcium fon accumulation
in neurons. Calcium ion initiates the chain of metabolic
process during which intermediary products create highly
reactive oxidative matters, which can be created in other
ways as well as during brain ischemia (27-33).

Besides these "local” events, during cerebral ischemia
occur numerous systemic biochumoral mechanisms, mainly
as compensatory, reactive and adaptive manifestations as
the reaction of an organism to the strong, nonspecific
stress, such as acute cerebral ischemia.

These mechanisms include the increase of circulating
catecholamines, serotonin, cortisone, neuropeptides, acti-
vation of kallikrein-kinin system, and these substances be-
come the mediators of functional disorders of other extra-
cerebral systems, emphasizing the already existing hemor-
rheological disorders with the development of hyperco-
agulabile states,
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This in turn causes consequent global hypoperfusion
and increased blood viscosity with the creation of patho-
logic circles (2, 23, 25, 26, 35, 36).

Arteriosclerosis is- the main disorder in IBD, so it is
logical to assume that clinical disease manifestations of
one of these organs will influence and probably initiate the
pathological reactions including the manifestation of is-
chemic disease of other organs (25—-33).

One of the studies dealing with this problem is the
study of Jovicich et al. from 1989. Results of this study re-
vealed that 30% of patients with TIA without the previous
history of cardiac ischemic disease manifested symptoms of
coronary disease during the exercise testing, including
ECG-determined ischemia (37).

Experimental and clinical facts support the cerebral
etiology of these changes. Thus, after the onset of IBD,
blood pressure increases, as well as the serum concentra-
tions of catecholamine and cortisol. Also, ST depression in
patients with IBD was registered in 15-40% of cases from
previous studies. Prevalence of asymptomatic ST depres-
sion in patients with angina pectoris was 43-60% and in pa-
tients without the history of cardiac disorders was 6-8%.
According to this data, ST depression was more frequently
present in patients with IBD than in asymptomatic patients
and less frequently in patients with coronary heart disease
(2-6).

Besides, necrosis of myocardial cells was found in ex-
perimental studies after the occlusion of cerebral arteries in
absence of coronary heart disease. Also, according to our
findings patients with ischemic lesion in the right cerebral
hemisphere had the poorer prognosis (12), what was sup-
ported by experiments and examination during the neuro-
surgical treatment of epilepsy, which showed that stimula-
tion of right insular cortex region caused the increase in
blood pressure, heart rate and serum catheholamine, while
the stimulation of the other side had the opposite effects
(2-4,12).

Results of rare recent clinical studies support these
findings. So, the finding of significantly higher frequency of
certain changes in continucus ECG, with frequent VA-s
(ventricular arrhythmias), abnormal variations of minute

heart volume, heart rate; blood pressure and cerebral flow
registered by Holter ECG monitoring, power spectar analy-
sis, transcerebral Doppler sonography etc., indicated the
cerebral origin of these changes (38—43).

A certain progress was achieved recently in explaining
the pathogenesis of cardiac complications including ECG
changes such as ST depression and VA-s. Certain struc-
tures in CNS, which could be responsible haye-been identi-
fied. In some studies was confirmed that the prognosis was
worse if the ischemia was in the irrigation zone of right a.
cerebri media. Besides, the variations in biood pressure, in-
crease in heart rate and level of circulating catecholamines
during the stimulation of right insular cortex region sup-
ported these findings. Thus, the most important afferent
input is placed in this region (13, 44 —54).

There is an evidence confirming the involvement of
neural structures in cardiac complications mechanisms, so
that these complications are more freqhently found in right
cerebral hemisphere ischemia,. especially with insular re-
gion involvement. The most acceptable explanation would
be the rapid increase in cireulating catecholamines and
cortisone accompanied with age-dependent hemor-
rheological disorders, which were responsible for the de-
velopment of cerebral and probably heart ischernia (253, 26,
46—56).

Our study supports these findings.

Ceonclusion

Results of our study support the idea of neural
structure involvement in pathogenesis of cardiac complica-
tions and their laboratory correlates (increase in ¢oncen-
tration of MB fraction of CPK.

Statistical analysis shows that highly positive correla-
tion exists between the concentration of MB fraction of
CPK and size and localization of ischemic brain lesion.

Further investigations of larger patients group should
reveal the other, potentially impertant clinical, electrophysi-
ological and laboratory predictors of the development of ex-
tracerebral (cardiac) complications in patients with-IBD.
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3HAYAJ OAPEBMBAMA ®PAKLIMJA KPEATUHH-®OCPOKWHASE KOJ
BONECHMKA CA AKYTHOM UCXEMWJCKOM BOJEWTRY MO3IrA

BackynapHa o6o/berba cpua W Mo3ra npegcrassbajy Boaehe y3poKe CMpPTH vy
LMBUNU3OBAHOM CBMjETY. Y TOKY pasBoja MOXaaHe ucxemuje Moryh. je paszBsoj
KapaujanHnx koMnnnkauuja. Lws osor uctpaxuearba je 610 A3 yTBpav NocTo-
jarbe npomjera y pakuvjama KpeaTuHNH-bOoCOKNHA3ae Kao CeHINTMBHOr fna-
60paTOPUICKOr NOKa3aTerba NAPEHXMMCKE [e3uje Mo3ra WM Cpua, y OAHOTY
Ha NOKAaNW3aLMY ¥ BENMUMHY MCXEMMCKE Fe3nje MOXAAHOT NAPeHXUME 1 Npu-
cycTBa/OACYCTBa hakTopa puanka 3a ncxemujcky 6onect mosra u cpua. Y ucni-
TvBaHse je ykrbyd4eHo 80 BonecHuka ca akyTHOM ucxemuwjckom Goneuifly Mosara
(AMBM) 6Ges nopaTtaka o paHujoj kopoHapHoj fonectu. Ceum Gonechutiuma je y
npBux 48 caru of passoja AMBM, yanMaH y3opak BeHCKe KPBU 3a onpehusarbe
ykynHe (Mywubne — MM) 1 cpuaHe thpakuuje KpeaTuHuH ¢ocdokuHasze (MB), a
NoTBPAA MCXeMHje MOXAAHOr NapeHxuMma je BpweHa nomohy npernega-mMosra
KOMMjyTepu3oBaHOM TOMOrpadmjoM UM MarHeTHOM pes3oHaHLoM. Takohe cBum
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6onecHuupuma ca AMBM je gerarbHO yaumana aHaMHesa O nocTojamy dakTopa
pusvka 3a MIBM n ucxemujcke 6onectu cpua, a y Lurby norspae ceux dakropa
oApenuBaH je npocthun rnukeMuje, NUNUAHK CTATYC M MjepeHe BpUjeaAHOCTU KpB-
HOr NpuTUcKa 6 nyTa AHeBHo. HesasucHe Bapujabne Kop cTaTucTuyke obpage
6une cy : XXMBOTHA 405, CTENeH TEXWUHE U CTpaHa HeyposoWKor gorahaja, Benu-
YMHA UCXEMMICKE Nnesuje, 1 MakcumanHe BpHjeAHOCTH CUCTONHOT U AWjacTOonNHOr
npuTucka. 3asucHe eapujabne cy 6une BpujegHOCTH thpakuuja KpeaTUHUH hoc-
cokunHase. Kontponry rpyny (n=40) cy 4nHunmn BonecHuUM ca HeBackKynapHUM
HeyponowkuM obossersuma. CTatucTdkoMm obpaioM aHanusMpaHsu Cy CBM nNa-
pameTpu M tMxoB MefycobHn ogHock. PeaynTati Cy nokKasany BUCOKOCTATUCTHY-
KV 3Ha4ajHy noee3aHocT nosehaHux KoxueHTpauwja CPK- MM 1 MB cdpakuuje ca
BENUYMHOM ¥ NOKaNU3aLmnioM UCxeMujcke neauje y aecHoj uepebpanHoj xemucde-
pW, WTO je BUCOKOCTAaTUCTHUKY 3Ha4ajHo 3a MB dpakumjy y ykynHoj rpynu 6one-
cHuka ca AVBM, a sa MM dpakumjy 3a Texxe obnuxe MBM. Takohe cy HaheuHe
BMCOKO CTATUCTWYKK 3HayajHo Befe BpujeAHOCTM OBUX (hpakumja y ogHocy Ha
KOHTPOSHy rpyny 6onecHyka.

Kljuéne reéi: mozak, veliki, ishemija; miokard, ishemija; krv,
hemijske analize; kreatinin; kreatinin kinaza.



