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Abstract

Postoperative delirium (POD) is one of common adverse outcome in patients after major surgery including brain tumor therapy. The
presented review summarizes the theories of etiology and possible pathophysiological mechanism of delirium, as well as the laboratory diagnosis
and the current treatment of delirium. In pathogenesis, the role of activation of inflammatory response is underlined in relation with alterations
in neurohormonal signaling including growth factor IGF-1. This growth factor is postulated as a principal regulator of the connection between
brain and pathophysiological mechanism as inflammation, cognitive impairment of delirium and brain neoplastic processes. The inflammatory
response in delirium is accompanied by immunosuppression and increased synthesis of IGF-I factor. This “switch of the light on” factor of any
pathological processes is also characteristic for glioblastoma multiforme, GBM, presenting an overexpression of IGF-I and immunosuppression.
Logically, as long as a therapy of GBM and its POD is considered, the IGF-I and immunosuppression should be targeted in both processes.
The treatment of glioblastoma, whose mortality remains close to 100%, still constitutes the challenge. Applying the post-operative immuno-
gene therapy based on anti - gene anti IGF-I approach inducing in vivo immune response, this strategy has permitted to stop the neoplastic
development. By the way, post-surgery by-sides effects including delirium were not observed. The treatment has increased the median survival
of GBM patients up to two years (in current post-operative pharmacology therapy, the maximum survival is as 14 and rarely up to 18 months).
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Introduction

attention, memory, orientation, perception, psychomotor behavior,
and sleep. Postoperative delirium (POD) is a common adverse
outcome in patients after major surgery with incidence of up to
65%; POD has been linked to higher rates of inpatient mortality and
morbidity [10,11].

Glioma and Delirium

Glioblastoma multiforme, GBM, constitutes the most aggressive
malignant brain tumor [1,2]. GBM presents a dismal outcome and an
obvious impact on quality of life, because of neurological, physical
and cognitive problems, as well as personality and behavioral

changes [3]. Using radiotherapy and chemotherapy, the mortality
remains close to 100% and the median survival, using conventional
therapy, is 9-14 months. Current pharmacology increases the
survival to 15 and rarely to 18 months [4]. The etiology of glioma
is still being investigated using molecular biology techniques [5].
New or proposed therapies are based either on immune treatment
or on immuno-gene strategies [6-8]. The immunogen therapy is
postoperative therapy based on genetically modified glioma cells
(anti - tumor vaccines) provided from surgical biopsy. Nevertheless,
we need to consider a factor of post trauma lesions of glioblastoma
surgery, especially delirium. Moreover, the delirium constitutes a
postoperative neurological morbidity in glioblastoma whose risk
factors, incidence, and prognostic implications remain undefined
[9]. Delirium is characterized by fluctuating disturbances in

Etiology of Delirium

The etiology of delirium is complex. Known delirium risk factors
include, among others, previous cognitive impairment, dementia,
opioid pain treatment, exposure to benzodiazepines. There is a
great diversity of factors for delirium [9,12-14] (Table 1). To help
identify these mechanisms, the authors suggest that delirium
etiologies may be classified into two major categories:

(a) direct brain insults, for example, hypotension, hypoxia,
hypercapnia, brain infarcts, brain hemorrhage, brain tumor,
trauma, and drugs and

(b) aberrant stress responses, induced by aberrations in
the normally adaptive systemic and central nervous system
(CNS) responses to stressors such as infection, surgical trauma,
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anxiety, and so forth. In summary there are four main causes
that can trigger delirium: systemic medical conditions, primary
neurological disease and medicine or toxic, either for use or
removal of this (Table 1).

Table 1

Causes of Delirium

Pneumonia, asthma, pancreatitis, hepatic
encephalopathy,dehydration, malnutrition, hydro-
electrolytic disorders

Systemic diseases

Brain tumors, malignant tumors expressing IGF-I,

Surger
gery post traumasurgery symptoms
Primary Meningitis, encephalitis, cranial trauma, parietal
Neurological and right temporallesions, bilateral occipital lesions,
disease seizures

Alcohol, illicit drugs, anticholinergic, steroids,

Toxic and drugs .
8 anesthesia

Discussion
Pathophysiology of delirium

Despite being a common disease, its pathophysiology remains
poorly understood [12,13]. In pathogenesis, the following elements
could play a role: activation of inflammatory response, oxidative
stress, apoptosis, and alterations in neurohormonal signaling
including IGF-I [11]. Especially IGF-I is postulated as a principal
regulator of the connection between brain and pathophysiological
mechanism as inflammation and neoplastic processes [8,15].
The relationships between IGF-I, cognitive impairment and
inflammatory processes support a possible role in delirium
pathogenesis [14]. As to the inflammatory response and delirium,
the symptoms of delirium certainly occur in humans exposed to
infection, surgery, or injury. The alterations of behavior occurring
during immune stimulation appear to be coordinated by CNS
synthesis of pro-inflammatory mediators such as cytokines and
prostaglandins, nitric oxygen, accompanied by increased synthesis
of cortisol and IGF-I [1].

Moreover, the activation of autonomous nervous system
(catecholamines), immune response (PMNs cells, lymphocytes,
macrophages) [16,17] and AFP [18]. Presence, are included in the
processes. By the way, there are a number of routes by which a
systemic inflammatory signal can be transduced into the brain s.
This hyperinflammatory response is accompanied by increasing
immunosuppression as well humoral as cellular, the last concerning
monocytes, NK cellsand T lymphocytes - with diminished expression
of HLA-DR (MHC-I, MHC-II, TAP 1, TAP 2 [19-22]. Considering IGF-I,
as well precancerous diagnostic of gliomas, as the most efficient
post-surgery gene therapy of this tumor, are both targeting IGF-1
[23]. In this context, as far as delirium is considered being a post-
surgery lesion, it exists an association between serum insulin-like
growth factor-I (IGF-I) levels and postoperative delirium, POD; in
other pathologies, the recent clinical studies have assessed also a
preoperative serum IGF-I levels as a predictor of incident delirium

[11]. We need underline a strike difference: as IGF-I increased
serum level is related to precancerous diagnostic [24,25]. a
statistically significant association between lower preoperative
plasma IGF-I levels and increased incidence and severity of POD
was demonstrated [11].

According to some observations, hypothalamic-pituitary-
adrenal axis hyperresponsiveness and a less frequent suppression
ofthe GH/IGF-1 axis in response to acute stress are possibly involved
in delirium pathophysiology [26]. To predict development of POD,
other authors are studying the problem using 2 tumor-specific
(bihemispheric tumors and tumor size) and 3 patient-specific (age,
psychiatric history, and chronic pulmonary disease) factors [9].
Several neurotransmitter alterations and deficiencies have been
held responsible for the occurrence of delirium as the synthesis
and release of acetylcholine, noradrenaline, serotonin, dopamine,
GABA, and glutamate. Changes in the other neurotransmitters
very probably also play an important role, an excess of glutamate
and dopamine being held responsible for cellular damage and the
psychotic features of delirium [10,27]. Moreover, the intracellular
pathways (involving G proteins, calcium, the phosphatidylinositol
cascade, the cyclic nucleotides AMP and GMP, and protein
phosphorylation) and signal transduction systems including
receptor of IGF-I, and its role in glioma pathophysiology (TK, P13k,
AKT, GSK3, Bcl2), are of importance in the synthesis and release of
neurotransmitters [28,29].

Diagnosis and Treatment of Delirium

As described above, delirium may be caused by many
pathophysiological changes and its cause is not always obvious
[30]. In 66% of cases it is unknown, and diagnosis is not done [31].
The diagnosis is important because some patients can progress to
convulsions, stupor, coma and death [31,32]. The most important
laboratory diagnostic exams to establish the delirium’s etiology,
besides the clinical symptoms, are laboratory tests: hemogram with
sedimentation, electrolytes, blood urea nitrogen (BUN), creatinine,
glucose, arterial blood gases, inflammatory cytokines (IL-1b, IL-10,
IL-12, IL-15, IL-17, IL-18, IL-23, IFNg, TNFa, TNFb), THS, T4 free,
serum IGF-I, TGFbeta and AFP as well as molecules HLA, TAP-1 and-
2. Moreover, lumbar puncture and toxic presence in blood and urine
are performed [9,11,14,22,33]. In the management of delirium, the
most important aspect is to try to detect the etiology and treat it of
according to the established protocols for each one [34].

Antipsychotic drugs are recommended for symptoms
of delirium. Haloperidol is effective and is the most studied
drug to treat delirium, having few anticholinergic effects, little
cardiovascular effects, high potency and low sedative effect. Atypical
antipsychotics such as risperidone, olanzapine, quetiapine have
demonstrated utility in delirium. Benzodiazepines are effective
alternative treatment when antipsychotics are not effective [35-
37]. As far as post-surgery delirium is related to glioma, the first
point of treatment is to stop a neoplastic reappearance of the tumor.
Fortunately, from some years, the application of immunotherapy
and immunogen therapy targeting growth factors, TGFbeta or IGF-I,
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has stopped the symptoms related to neoplastic development,
including delirium, due to anti-tumor immune response [8,38].
Especially the immunogen therapy, based on anti - gene anti IGF-
approach, was efficient. This therapy is targeting IGF-I and an
immunosuppression, both elements present as well in delirium as
in glioma [23].

Targeting the IGF-I system has emerged as a useful method
to reduce glial malignant development. In practice, when human
glioma cells, derived from glioblastoma biopsy, are transfected
in vitro with vectors expressing either IGF-I antisense RNA or
inducing IGF RNA-DNA triple helix, the synthesis of IGF-I is stopped
on translation or transcription levels, respectively (anti-gene
strategy). Down regulation in the expression of IGF-I coincides
with the reappearance of B7 and MHC class I antigens at the
surface of transfected cells (immunogenicity). When injected
subcutaneously, the transfected cancer cells, “vaccines”, initiate an
immune reaction involving CD8+ and CD28+ lymphocytes, followed
by tumor regression. The patients treated by classical surgery and
radiotherapy, were “vaccinated” by three successive injections. The
median survival of treated patients was 2 years, on some cases 3
and 4 years [23].

Conclusion

In presented review, it has only been possible to review some of
the main research issues concerning the etiology, pathophysiology,
diagnosis and treatment of delirium. Further investigation into
the pathophysiological mechanisms of delirium requires the use
of homogeneous populations of patients, combining different
objective methods for characterization of delirium, together with
the simultaneously measuring of biochemical and neurotransmitter
parameters and functional brain imaging. However, these types of
time consuming studies, demand a combined effort of different
clinical research centers to continue basic studies on delirium, with
the ultimate aim of finding effective intervention strategies for this
very complicated syndrome. It seems, that to determine the true
prevalence of biochemical and clinical changes accompanied the
delirium, only shortly signaled in the reported review, prospective
investigations are needed using proper definitions of personality
and behavioral changes [3]. Especially the study of pathophysiology
of delirium, in the context of postoperative trauma, including
surgery of glioma treatment, should consider the relation between
inflammatory and immune responses, both related to IGF-I presence
[8,11,14,26].
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