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PESKOME. Koma sBnsieTcsi OCHOBHbLIM CMHAPOMOM TSDKENOro OTpaBrieHns. B cBOW ouepenb BeretaTuBHOE COCTOS-
HWe NpeLCcTaBNseTCs BapMaHTOM Ucxoda KoMbl. IMeKTCs CBeAEHMS, YTO u3MeHeHne peakTuBHocT O3l Ha hoHe
BHYTPWUBEHHOTO BBeAeHMS 6eH3oamasennHa no3BonseT OLEHMBaTb NPOrHO3 ANs Takux nauneHToB. M3BecTHO Tak-
Xe, YTO NONOXMUTENbHbIN BEH3041a3enMHOBBIN TECT UMeeT npeackadyeMocTb okono 50-60%. Lienbio HacToswen
paboThl ABMMIACh OLeHKa POn B3aMMOLENCTBUS raMma-amuHomacnsHomn kucnotel (FAMK) n xonuHepruieckux cu-
cTem Mo3ra. B yacTHoCTHW, yCTaHOBNEHO, YTO NOCNeaoBaTENbHbIE UHBEKLWUN BEH30ANa3enHa U aTponiHa noBbl-
watoT npefckadyemocTb nporHo3a Ha 20%. MonyyeHHble pesynbTaThl NOATBEPXAANT CleayoLyto runotedy. AHo-
manuu FAMK-xonuHeprnieckoro B3anMoLENCTBUS SBASKTCS OQHUM M3 MEXaHU3MOB (DOPMMPOBAHUS CTabUMbHOW
naTonor1nyeckon CUCTeMbl, KOTopas ABASETCS OCHOBOW NaToreHe3a BereTaTMBHOMO COCTOSIHUS.

K/MIOYEBBLIE CJIOBA: ocTpoe oOTpaBneHue, HEMpPOTOKCMYHOCTb, OCTpasi MO3roBasi HeAoCTaToO4HOCTb, I3,
BroanekTpuyeckas akTUBHOCTb.
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ABSTRACT: The main syndrome of severe poisoning is coma. An option of coma outcome is a vegetative state.
EEG reactivity due to intravenous benzodiazepines estimates the prognosis for such patients. However, a positive
benzodiazepines test has the predictability of about 50-60%. The aim of the work is to assess the role of interaction
between gamma amino butyric acid (GABA) and cholinergic systems of the brain. The consequent injections of
benzodiazepine and atropine lead to a 20% increase in predictability. The results obtained confirm the following
hypothesis. Abnormality of GABA-cholinergic interaction is one of the mechanisms of forming a stable pathological
system resulting in the pathogenesis of the vegetative state.
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INTRODUCTION not observed [1, 2, 4, 10]. For forecasting of the recovery of the
At the outcome of the comatose period of acute poisoning central nervous system (CNS) activity of patients in VS authors

there may develop so-called vegetative states (VS). In such cases  have used GABA agonists of benzodiazepines [4].

the cerebral deficiency is characterized by restoration of the activ- «Vegetative status» is understood as the term a condition

ity of brain stem structures, but the recovery of consciousness is  described by full absence of comprehension of and surrounding,
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accompanied full or partial safety of the vegetative functions ad-
justable at a level of hypothalamus and brainstem. The VS acts
as one of forms of cerebral insufficiency. Pathogenesis ofthis
given form of central nervous system (CNS) dysfunction can be
most productively described through concept of typical patho-
logical processes in formation of steady pathological systems in
CNS. Typical pathological processes in nervous system are the
processes which are not having specific the etiological charac-
teristics and carried out at various forms of CNS defeat. Typical
processes play a role of base pathogenetic mechanisms at devel-
opment of cerebral insufficiency.

Pathological changes in nervous system are caused by two
typical pathological processes. The first process is an alteration.
As a result of this process there is a destruction of anatomic
structures of a brain, infringement and break of functional com-
munications. As a result of process of damage there is a de-
composition existing in CNS physiological functional systems.
Other pathological process is occurrence new integrations from
the damaged and again changed formations of nervous system.
Arising integration by results of the activity are in overwhelming
majority pathological, as not form mechanisms of compensatory-
adaptive reactions.

VS formed in an outcome of a sharp poisoning by neurotox-
ins direct action, have the features of the pathogenesis. At action
of straight lines of neurotoxins adamage of «structures-targets»
does not occur. So, for example, synaptic poisons contact cor-
responding ligand. Sharp cerebral insufficiency in which basis
loss or on the contrary excessive activation of any transmitter
system lays is as a result formed. Except for it there is a failure
of mechanisms of inter transmitter interaction. Such decomposi-
tion of transmitter systems has been figuratively designated as
«transmitter chaos» [9]. Except for direct infringement of transmit-
ter mechanisms undoubtedly important role plays sharp hypoxia
as the in the lead mechanism of any sharp poisoning. Presence of
the pathogenetic mechanism caused by infringement of transmit-
ter processes allows to allocate VSin an outcome of sharp poison-
ings by neurotoxinsin separate group. Data of the VShave no in
the basis the primary rough organic defect caused or mechanical
destruction of a brain, or the diffuse damage caused sharp hypox-
iaand an ischemia. As the primary mechanism of formation of a
steady pathological condition at a poisoning by neurotoxinsfailure
of transmitter mechanisms of regulation acts. It is obvious, that in
the further it causes formation new integrations in CNS.

Evaluation of the EEG reactivity at the intravenous injection
of benzodiazepines is described as “benzodiazepine test’. The
test is considered positive if at the injection of benzodiazepine
(e.g., diazepam) the EEG registers an arousal reaction. How-
ever, as the experience shows, not all patients with the positive
benzodiazepine test demonstrate a recovery of consciousness.
The level of wakefulness is to a large extent defined by the func-
tional activity of the ascending reticular activating system [7]. The
dominating role in this system is played by the cholinergic me-
diation. There was formulated a hypothesis that the possibility of
consciousness recovery of patients in VS is also defined by the

preservation of interaction between GABA-ergic and cholinergic
systems.

This research was aimed to make the pharmaco-EEG analy-
sis of interaction between brain GABA-ergic and cholinergic sys-
tems of patients in VS at the outcome of acute poisoning.

METHODS

The research has been performed in the course of treatment
of 19 patients with acute poisonings. The criteria of including pa-
tients into this study group were as follows: 1) duration of coma
for more than 2 days; 2) recovery of spontaneous breathing; 3)
absence of consciousness [6].

The monitoring of the brain bioelectric activity was performed
on the hardware-software complex “Mitsar-EEG-201" (Russia).
EEG was registered in indirect leads by the system “10/20”. The
amplitude-frequency parameters of EEG were analyzed in com-
mon ranges. The right spectral edge frequency (SEF) is defined
as the frequency at which the spectral capacity of EEG reached
50% (SEF-50) or 90% (SEF-90) of total capacity. To evaluate
the variability of cardiac rhythm ECG was registered in the sec-
ond indirect lead along with EEG.

To evaluate the prognosis of consciousness recovery by a
patient in VS “the benzodiazepine test” was performed [4]: diaz-
epam in the dose of less than 15 mg was injected under EEG
control. The test was considered positive when a reaction of EEG
activation (the increase of SEF-90 by more than 4 Hz) appeared.
In the absence of any EGG change the result of the test was
considered negative.

The estimation of accuracy of changes was performed by the
way of calculating the ranged Mann-Whitney T-criterion and the
fitting criterion x2. To estimate the connectivity of the examined
parameters, the Spearman’s rank correlation coefficient was cal-
culated.

The present investigation is approved by local ethical com-
mittee.

RESULTS

The pattern of background EEG of patients in VS was
represented by diffuse slow wave activity of delta- and theta-band
of average amplitude frequencies. With the prognostic purpose
the patients in VS were given diazepam intravenously in the total
dose of less than 15 mg with the simultaneous EEG registration
(fig. 1). When the reaction of de-synchronization appeared
SEF-90 was increased by more than 4 Hz.

Recovery of formally clear consciousness was demonstrated
by 12 patients (Table 1). The retrospective analysis demonstrated
that the outcome of vegetative state after severe toxic hypoxic
encephalopathy was directly correlated to the result of a benzo-
diazepine test. The Spearman’s rank correlation coefficient be-
tween the presence of de-synchronization and the good outcome
constituted 0.61.

Therefore, the intravenous injection of benzodiazepine to
18 patients out of 19 in VS caused the distinct reaction of EEG de-
syncronization: the generalized slow activity was replaced by the
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Table 1 5 0615
Outcomes of vegetative state after severe toxic hypoxic \
encephalopathy FR1-AA 1
Outcomes (abs. Fp2-AA
The result of a (abs) 3 ’TJ\
benzodiazepine test Recovery of PermanentVS | C3-Aa R
consciousness ‘
Positive 12 6 C4-AA w“\/\\
Negative - 1 O1-AA WM
Total 12 7 |
02-AA Ve
5| |
T3-AA gm
sustainable fast wave activity of alpha- or beta-band of frequen- 1, ,» %JA
. . [Ts}
cies. However, only in 12 cases out of 18 the recovery of clear al |
consciousness of patients took place. The unicity of the negative  poly1 * (EJL—
benzodiazepine test may be considered a feature of toxic hypoxic b ‘
encephalgpathy. It is shom{n that even in an Iunfavorable COU'Se  Fjo 1. EEG of a patient during vegetative state till
of exotoxic coma such patients are characterized by the durable the injection of diazepam. The vertical mark is the
preservation of ECG reactivity as a response to the injection of end of intravenous injection. Fp,, C,, ..., T, — sites on
synaptic-tropic substances [8]. system 10/20; the lower channel is the registration of the
It was noted that the injection of benzodiazepine to a num- electrocardiogram
ber of patients caused the expressive deceleration of the heart
rate (HR). Therefore, in the initial state the average HR was 3 0675 0616 0617 0618 0619
78+11 beats per minute’, and after the injection of diazepam — 1] | o || ‘
48+12 beats per minute! This change of reactivity of cardiovas- P44 * | | W A
culgr systemis a fe.ature of the somatogenic phase of severe poi- Fp2-AA WMWWWW I
soning by neurotoxic substances. | | Tl |
To control the bradycardia, patients got atropine in the dose c3-AA JVWW%WW ' W
of 0.5-0.7 ml in 0,1% solution. Depending on the EEG changes, \ ‘ ‘ | } | ‘
at the injection of atropine there were identified two variants of =~ C4-AA ‘ | ! ‘ MWWW
reactions: 1) the expressed synchronization in theta-band; 2) the B1-AR | | Al
absence of reaction (areactivity) and the preservation of beta- and WWW
alpha-waves (fig. 2). The data of outcomes of VS in patients are  02-aa :W"M\»«w\w\u pp
presented in tab. 2. el ‘ ‘ ‘
The received results show that at the preserved reactivity of ~ T3-AA gww | ‘ WM
cholinergic mechanisms, the favorable outcome of VS is not an g ‘
occasional event. The coefficient of correlation between EEG Bt §WWWMW ‘ ‘
reactivity at the consecutive injection of benzodiazepine and poly1  * :A,_A—A,_A—AM;A,___[K,_I_LA_
atropine and the recovery of consciousness constituted 0.73. = | ‘ : ‘ ‘ ‘ ‘

Further, probability of consciousness recovery of pa-
tients in VS at different variants of pharmacological tests was
estimated. With this purpose, the positive predictive value (PPV)
of pharmacological tests was calculated as a share (in%) of truly
positive results among all positive test values (true-positive and
false- positive ones).

The benzodiazepine test was positive in 18 patients out of
the 19 who were examined (tab. 1). 12 patients recovered clear
consciousness. It means that in 12 cases the benzodiazepine test
gave the true-positive result and in 6 observations the result was
false-positive. As a result, the positive predictive value of the ben-
zodiazepine test in the observed group constituted 66%.

Injection of atropine to patients with the true-positive
benzodiazepine test brought about the following results. In

Fig. 2. EEG of a patient (samecase, see fig. 1) during vegetative
state after the injection of diazepam. The vertical mark is the
end of intravenous injection. EEG de-synchronization at the
end of injecting diazepam. Fp,, C,, ..., T, — sites on system
10/20; the lower channel is the registration of the electro-
cardiogram

12 cases the patients™ desynchronization of bioelectric activ-
ity was replaced by synchronization in theta-band (tab. 2). In
10 cases such patients demonstrated recovery of conscious-
ness. These facts consider the reaction of synchronization as
a response to the injection of atropine to be the positive result
of the test. As a result, the prognosis of the criterion “the pres-
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Table 2

EEG reactivity of patients in vegetative status with severe
toxic encephalopathy

A benzo- Outcomes (abs.)

diazepine An atropine test Recovery of Perma-
test consciousness | nentVS

Positive Synchronization 10* 2

Reactivity 2 4

Negative - 1

Total 12 7

Note. * — p<0.05.
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Fig. 3. The changes of EEG spectral structure of patients in vegetative
status at the consecutive injections of diazepam and
atropine (scheme)

ence of the EEG phase reaction at the consecutive injections
of benzodiazepine and atropine” in the examined group con-
stituted 85%.

DISCUSSION

The analysis of EEG-reactivity at patients with long uncon-
sciousnesses at introduction GABA-agonists and cholinergic an-
tagonists allows to estimate a condition of the intracentral atti-
tudes (table 3). During benzodiazepine test positive and negative
results are possible. At positive benzodiazepine test introduction
of atropine is possible. It supportdichotomic reaction: change of
the desynchronization on synchronization in a teta-waves and
absence of reaction on cholinergic antagonist (preservation of
the benzodiazepine desynchronization). Thus, possible variants
of responses reflect changes in mechanisms of EEG generation.
Introduction of the GABA-agonist for benzodiazepine in a greater
degree changes a condition of thalamic-cortical interactions and
pharmacological blockade of the cholinergic system reduces ac-
tivity of the brainstem reticular formation [6, 10].

Absence of EEG desynchronization at benzodiazepine in-
troduction, most likely, testifies to disintegration cortical depart-
ments both with thalamic structures and with brainstem reticular
formation. Dissociation of the cortical-reticular circuits, dissocia-
tion of the diencephalic structures and cortex does impossible
awakening. This assumption, actually, will completely be coor-
dinated with results, that at the negative benzodiazepine test
restoration of consciousness at patients with VS practically does
not occur [5, 7].

During EEG-activation caused by benzodiazepine introduc-
tion, is not stopped by introduction of the atropine’s cholinergic
antagonists, it is necessary to assume, that functional brain-
stem — diencephalic dissociation structures takes place also.
It is probable, that the leading mechanism of this pathological
condition is decomposition of GABA-cholinergic and cholinergic
transmitter systems. As a source of the EEG desynchronization,
possibly, thus act adrenergic projections of a blue spot of a brain-
stem rostral part.

Table 3

Variants of the EEG-reactivity during pharmacological tests at
patients with long unconsciousnesses

Variants of EEG changes/Pathogeneticmechanisms
Benzodiaz- Desynchronization Absence
epine intro- of EEG-activation
duction
Atropine in- | Synchroni- Absence of - -
troduction zation synchronization
Condition of | Normal Disintegrationof- Disintegrationof-
mechanisms | integration | brainstem — dien- | brainstem — dien-
of EEG cephalic structures | cephalic structures
with cortex depart-
ments

Note. During negative benzodiazepine test introduction of atropine was
not carried out.

In decomposition of transmitter systems can result not so
much anatomic damage ascending cholinergic projections, how
many decrease in sensitivity of the GABA-ergic neurons to ace-
tylcholine. This reflection of the general process of change of re-
actance at a chemical trauma has designated as allobiosis condi-
tion.

CONCLUSION

The injection of atropine having the central cholinolytic influ-
ence, when a certain level of generated bioelectric activity mecha-
nism is preserved, caused a block of the de-synchronization reac-
tion conditioned by the injection of diazepam. At the basis of the
EEG activation phenomenon observed at the injection of benzo-
diazepine, there is a change of balance between the synchroniz-
ing and desynchronizing systems of generated bioelectric activity.
The injection of a GABA-agonist diazepam caused suppression
of activity of thalamus relay neurons that led to the suppression
of synchronizing influences and conditioned a relative prevalence
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of the activity of desynchronizing system. Consequently, the EEG
activation registered at this point was caused not by the direct ac-
tion of benzodiazepines, but by a relative increase of the activity
of the cholinergic desynchronizing system.

The received results of the pharmacological analysis confirm
the hypothesis saying that the probability of the consciousness
recovery is to a large extent determined by preservation of inter-
transmitter interaction, as its abnormality is one of the mecha-
nisms of the formation of the sustainable pathological system.

The usage of the methodology of consecutive injections of
benzodiazepine and central anti-cholinergic drug increases the
prognostic ability of pharmacological testing of patients with the
durable unconsciousness. The results of the pharmacological test
with the consecutive injections of benzodiazepines and atropines
may be divided into the following variants: 1) positive ones —
phase change of bioelectric activity (desynchronization — syn-
chronization); 2) negative ones — absence of response to the in-
jection of benzodiazepine; 3) doubtful ones — desynchronization
occurring at the injection of benzodiazepines is preserved at
the injection of atropine.
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