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Neuromodulatory pharmacotherapy individualization in prolonged 
and chronic consciousness disorders after severe traumatic brain injury
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ABSTRACT
One of the most probable causes of effective therapy for post‑comatose disorders of consciousness is the lack of individualization 
of drug prescriptions. In this observational study, we analyzed 48 courses of neuromodulatory therapy in 28 patients with pro‑
longed and chronic disorders of consciousness following severe traumatic brain injury. Comparison of 24 effective and 24 ineffec‑
tive courses demonstrated higher effectiveness of pharmacotherapy through its individualization, i.e. the choice of a drug whose 
neuromodulatory spectrum would correspond to neurological syndromes of neurotransmitter dysfunction. In this approach, 74% 
of therapy courses were effective while opposite management resulted only 34% of effective courses.

Keywords: traumatic brain injury, unconsciousness, disorder of consciousness, vegetative state, minimal consciousness state, neu-
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Introduction

An important issue of the last 10 years is searching 
for effective methods for accelerating recovery of patients 
with impaired consciousness after traumatic brain injury.

Pharmacological treatment of these patients is im-
portant as evidenced by multiple studies devoted to this 
issue [1—5]. This is not surprising in view of direct cor-
relation of duration of coma and post-comatose distur-
bances of consciousness with the outcome of brain dam-
age [6, 7].

Neuromodulatory pharmacotherapy looks perspec-
tive for this problem. Appropriate drugs modulate activ-
ity of the main low-molecular neurotransmitter systems 
which are essential in maintaining consciousness [8], pro-
cesses of adaptive behavior and decision-making in re-
sponse to changed external conditions [9].

The effect of neuromodulatory agents on restoration 
of consciousness after brain injury was first described 
in the 80s of the last century. Nevertheless, only a few ran-
domized controlled trials (RCTs) devoted to these drugs 
have been carried out [10, 11]. This situation is largely 
due to difficult selection of clinical cases because of nu-
merous factors influencing the course of traumatic brain 

disease and diverse clinical manifestations of this trauma. 
This complicates interpretation of results.

To date, only amantadine has been relatively stud-
ied and included in the clinical guidelines for the treat-
ment of chronic disorders of consciousness [12—14]. There 
are data to effectiveness of GABA-ergic (gamma-amino-
butyric acid) drug zolpidem [15, 16], but feasibility of this 
drug was not confirmed in RCTs [17].

According to empirical data and ideas developed 
at the Burdenko Neurosurgery Center [18—21], effec-
tiveness of a particular neurotransmitter drug depends 
on specific «neurotransmitter landscape» occurring after 
«neurotransmitter storm» in acute period of brain dam-
age. It is almost always possible to determine predomi-
nance of a particular dysfunction («weak neurotransmit-
ter link») with advisable correction by appropriate neu-
rotransmitter drug.

We have previously studied post-traumatic uncon-
scious states and identified the main neurotransmitter 
disorders. These are syndromes of cholinergic deficien-
cy, glutamatergic deficiency and redundancy, dopami-
nergic deficiency and redundancy [21, 22]. These syn-
dromes differ from each other by clinical signs. Thus, cho-
linergic deficiency is characterized by muscle hypotonia 
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with normal or low tendon reflexes and pathological re-
flexes, hypotonia of masticatory muscles, bilateral mydri-
asis with decreased photoreactions, tachycardia, hyper-
thermia, dry skin, hypotonia of the gastrointestinal tract. 
Glutamatergic deficiency includes paresis with increased 
extensor tone and decreased tendon reflexes, no clonus, 
or paresis with decreased muscle tone and increased ten-
don reflexes +/– pathological foot signs, as well as tris-
mus with oral automatisms, pseudobulbar syndrome, pa-
resis of upward gaze reflex, suppression of corneal reflexes 
and oculocephalic reflex, disconjugate gaze palsies. Glu-
tamatergic redundancy is characterized by paresis with 
hypertonicity of flexors and hyperreflexia, or paresis with 
hypertonicity of extensors and hyperreflexia, or hyperre-
flexia, pathological signs and normotonia, as well as de-
cerebration and decortication rigidity. Dopaminergic de-
ficiency includes parkinsonian disorders, dystonia, fetal 
position, greasiness of skin and hypersalivation. Dopa-
minergic redundancy includes hyperkinesis and dyskine-
sia, psychomotor agitation.

The purpose of the study was to evaluate whether 
the effectiveness of therapy is affected by correspondence 
of neuromodulatory actions of the drug to neurological 
syndromes of neurotransmitter dysfunction in the treat-
ment of patients with prolonged and chronic impairment 
of consciousness following severe traumatic brain inju-
ry (TBI).

Material and methods

A prospective observational single-center study includ-
ed 94 patients (68 men and 26 women) aged 32.5±13.6 years 
with severe TBI (GCS score ≤8) with recovery from co-
ma into vegetative state (VS) or minimally conscious state 
(MCS–).

In 66 (70.4%) cases, recovery occurred spontaneous-
ly without addition of any neuromodulatory drugs to ba-
sic and symptomatic therapy. In other 28 (29.6%) pa-
tients, duration of unconsciousness at inclusion in the study 
was more than two weeks (15—457 days) that correspond-
ed to prolonged [23] or chronic [24] impairment of con-
sciousness. In this group, we routinely prescribed certain 
neuromodulatory drugs approved in Russia for the treat-
ment of severe brain damage. Four groups of drugs were 
used: 1) cholinergic — ipidacrine or choline alfoscerate; 2) 
dopaminergic — L-dopa + carbidopa; 3) antiglutamater-
gic — amantadine sulfate; 4) GABAergic — aminophenyl-
butyric acid hydrochloride or calcium hopantenate.

Effective therapy implied new significant manifesta-
tions of consciousness — gaze fixation and/or emotional 
reactions (typical for recovery to MCS– from VS) or signs 
of speech understanding (typical for MCS+ and further 
restoration of mental activity). Finally, we compared 
two groups of prescriptions where neurotransmitter ther-
apy corresponded or did not correspond to clinical syn-
dromes of neurotransmitter dysfunction [22].

Statistical analysis was carried out using the Statisti-
ca 8.0 software and non-parametric Fisher’s exact test.

Results

In the main group (n=28), chronic impairment 
of consciousness persisted in 7 (25%) patients despite 
neurotransmitter therapy. Twenty-one (75%) patients 
recovered from chronic impairment of consciousness 
for subsequent stages of mental recovery. Mean duration 
of impaired consciousness in this group was 46.7±19.6 days 
vs. 12±7.6 days among 66 patients without neurotransmit-
ter therapy. This is due earlier spontaneous recovery of con-
sciousness without the need for neurotransmitter therapy 
(up to 2—3 weeks). The indication for neurotransmitter 
therapy was the tendency to prolonged period of impaired 
consciousness (duration of one of the variants of uncon-
sciousness was more than 15 days).

Various neuromodulatory drugs were effective 
(fig. 1). Seven (25%) patients recovered consciousness 
under cholinergic drugs (ipidacrine 40—60 mg/day, 
choline alfoscerate 1000—2000 mg/day), 5 (18%) pa-
tients — under GABAergic drugs (aminophenylbutyr-
ic acid 2000—2250 mg/day, calcium hopantenate 500—
750 mg/day). In 4 (14%) patients, impaired consciousness 
regressed under dopaminergic therapy (L-dopa + carbi-
dopa 750 mg), 4 (14%) patients — under glutamate recep-
tor blocker with concomitant dopaminergic effect (aman-
tadine sulfate 100—400 mg/day). One (4%) patient re-
covered consciousness under combination of cholinergic 
drug (choline alfoscerate 1000 mg) and glutamate recep-
tor blocker (amantadine sulfate 100 mg/day).
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Fig. 1. Distribution of 28 patients with impaired consciousness de-
pending on effectiveness (signs of recovery) and type of successful 
neurotransmitter therapy.
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Characteristics of patients depending on various neu-
romodulatory therapies are presented in table 1.

The shortest period of impaired consciousness was ob-
served in patients with effective cholinomimetic therapy, 
the longest period — in case of effective dopaminergic drugs.

Importantly, there were 12 out of 21 patients with re-
covery of consciousness, and neuromodulatory thera-
py was not immediately selected in these cases (effective 
courses were preceded by 12 ineffective ones). In 3 pa-
tients, two courses were effective. The first course recov-
ered MCS- after VS, and the second therapy contribut-
ed to MCS+ and subsequent stages of mental restoration. 
We also analyzed 12 ineffective courses of neurotransmitter 
therapy in 7 patients with stable impairment of conscious-
ness. Thus, final analysis included 24 effective and 24 in-
effective courses of neurotransmitter therapy.

In 19 courses, effectiveness of neuromodulatory ther-
apy corresponded to clinical syndrome (cholinomimetics 
for cholinergic deficiency, glutamate receptor blockers 
or GABAergic drugs for glutamatergic redundancy, dopa-
minomimetics for dopaminergic deficiency). In 29 courses, 
therapy was non-targeted and did not correspond to neu-
rotransmitter dysfunction (table 2).

Importantly, treatment of patients with glutamatergic 
deficiency syndrome was classified as non-targeted neu-
rotransmitter therapy because the drugs increasing gluta-
matergic transmission were unavailable (for example, glu-
tamic acid). Effectiveness of therapy was low for this syn-
drome (2 out of 6, 33.3%), and mainly cholinergic (but less 

often than in cholinergic deficiency syndrome) and do-
paminergic drugs (in concomitant signs of dopaminergic 
deficiency syndrome) were effective.

Overall effectiveness of targeted neurotransmitter therapy 
was 40% higher than non-targeted therapy (p=0.02) (fig. 2).

Table 1. Characteristics of patients with recovery of consciousness under various neuromodulatory therapies

Factor
Therapy

Cholinomimetic (n=7) Dopaminomimetic (n=4) Antiglutamate (n=4) GABA-mimetic (n=5)

Age, years 34.7±17.8 22.2±4.7 26.2±11.5 43±16.6

Men, % 100 25 25 20

Women, % 0 75 75 80

Duration of impaired 
consciousness, days

20.3±6.1 104.2±43.2 32±12.8 30.4±16.6

Minimum GCS score 5.6±1.7 4.0±0 4.5±0.6 5.2±0.8
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Fig. 2. Effectiveness of 29 courses of non-targeted and 19 courses 
of targeted neurotransmitter therapy in 28 patients with prolonged 
post-traumatic impairment of consciousness.
Effective prescriptions — dark bars, ineffective prescriptions — light bars.

Table 2. Efficacy of targeted and non-targeted neuromodulator therapy for various syndromes of neurotransmitter dysfunction

Syndrome Therapy Nef/Ninef Efficacy, %

Targeted therapy All groups of drugs according to syndrome 14/5 74
Cholinergic deficiency syndrome Cholinomimetics (ipidacrine, choline alfoscerate) 4/1 80
Glutamatergic redundancy syndrome Glutamate blockers (amantadine sulfate) or GABAergic 

agents (aminophenylbutyric acid, calcium hopantenate)
6/3 66.7

Dopaminergic deficiency syndrome Dopaminomimetics (levodopa + carbidopa) 4/1 80
Non-targeted therapy for all syndromes, including 
glutamatergic deficiency syndrome

All groups of drugs without correspondence to neurotrans-
mitter dysfunction syndrome

10/19
2/4

34
33

Total All courses 24/24 50

Note. Nef/Ninef — ratio of effective and ineffective courses.
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Discussion

Neurotransmitter dysfunction is one of the mechanisms 
of impaired consciousness. These disorders occur within 
a few hours after injury and can persist for weeks and even 
months. Neuromodulatory pharmacotherapy may be effec-
tive for correction of these disorders [20]. Complex and mul-
tifactorial problem of restoration of consciousness compli-
cates multiple-center RCTs and formulation of clear rec-
ommendations for specific neuromodulatory drugs.

There were no previous studies devoted to individu-
al selection of pharmacological therapy in patients with 
chronic impairment of consciousness due to no individu-
alization criteria. We proposed clinical syndromes of neu-
rotransmitter cerebral dysfunction as such criteria. Selec-
tion of neuromodulatory drugs may be based on these syn-
dromes until high quality RCTs will be available.

According to our data, cholinomimetic drugs (ipida-
crine, choline alfoscerate, citicoline) are preferable for cho-
linergic deficiency syndrome, glutamate receptor block-
ers (amantadine sulfate or chloride) or GABAergic agents 
(aminophenylbutyric acid, calcium hopanthenate) — 
for glutamatergic redundancy syndrome. The drugs in-
creasing glutamatergic transmission may be preferable 
for glutamatergic deficiency syndrome. However, glu-
tamic acid poorly penetrates the blood-brain barrier, 
and D-cycloserine as an activator of glutamatergic sys-
tem has so far been studied only for post-traumatic stress 
disorders [25—27].

Dopaminergic deficiency syndrome necessitates le-
vodopa or dopamine receptor agonists. Amantadine sulfate 
is also possible, since it combines antiglutamate and dopa-
minomimetic effects through enhanced synthesis of dopa-
mine receptors. W. Matsuda et al. [28] also found that ef-
fectiveness of treatment with this drug depends on concom-
itant symptoms of Parkinsonism and MR signs of damage 
to dopaminergic structures. The exact mechanism of ben-
eficial effects of dopaminergic agents on recovery of con-
sciousness is still unclear. It is likely due to enhanced neu-
rotransmission in dopaminergic (nigrostriatal, mesolim-
bic, mesocortical and thalamic) pathways [29]. Specific 
effect of these drugs on striatum and frontal cortex pre-

vents dysfunction of anterior cerebral parts that are most 
vulnerable to injury [30].

Most studies devoted to effectiveness of a particular 
drug for restoring consciousness do not consider mecha-
nism of brain damage (traumatic, hypoxic, toxic or oth-
er), localization of structural brain damage and, most im-
portantly, heterogeneity of clinical manifestations. This 
is probably the reason why many drugs have not proven 
their effectiveness in clinical trials.

The limitations of this study are small sample size, 
no blinding of investigators and comparison of therapeu-
tic effects with placebo.

Conclusion

Specific neuromodulatory therapy may be used in pa-
tients with post-traumatic disturbances of conscious-
ness lasting more than two weeks without signs of spon-
taneous recovery of consciousness. Individual selection 
of neurotransmitter therapy in accordance with clini-
cal syndrome can increase effectiveness. This approach 
is described in the modern clinical guidelines for chronic 
disorders of consciousness of the All-Russian public or-
ganization “Federation of Anesthesiologists and Reani-
matologists” [31], but not accepted by other profession-
al communities.

A large-scale multiple-center RCT comparing effec-
tiveness of therapy in the following groups is needed to in-
crease significance of statements: 1) compliance of drug 
properties with clinical syndromes of neurotransmitter dys-
function; 2) without this compliance; 3) placebo.
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COMMENT

We have an excellent report devoted to important, but, 
alas, usually not going beyond intentions and speculative 
declarations, personalized approach to treatment.

Instead of unfounded arguments about the bene-
fits of genomics, proteomics, metobolomics and other 
“omics”, the authors proposed a real alternative to face-
less randomized clinical trials. The last ones led the is-
sue of personalization and individualization of treatment 
to methodological dead end. This impasse is especial-
ly clear in the treatment of long-term unconscious states 
with polymorphic symptoms and etiopathogenetic basis. 

These features make evidence-based medicine methods 
meaningless, as evidenced by almost complete absence 
of international and national guidelines for the treatment 
of such patients.

The proposed treatment methods are based on classical 
heuristic approach followed by clinical evaluation of effec-
tiveness. The medications are prescribed differentially de-
pending on baseline neurological symptoms and continu-
ous clinical assessment of effectiveness (or ineffectiveness).

I welcome this direction and consider this report ex-
tremely important.

S.V. Tsarenko (Moscow)


