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Abstract 

Schizophrenia is a neurodegenerative and disabling psychiatric illness which its physiopathology is still 

unknown. The spectrum of symptoms is widely variable among patients; which suggest that some variants of 

the disease affect different brain circuits, generating specific neuropsychological deficits. Thus, we propose 

that every subtype of schizophrenia could arise from the dysfunction of specific prefrontal circuits, inducing 

different clinical symptoms and neuropsychological deficits. 

 

Keywords: Prefrontal cortex, Hippocampus, Working memory, Disexecutive syndrome, Paranoid delusions, 
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Resumen 

La esquizofrenia es una enfermedad psiquiátrica neurodegenerativa y discapacitante cuya fisiopatología es 

aún desconocida. El espectro de síntomas es ampliamente variable entre un paciente y otro, lo cual sugiere 

que algunas variantes de la enfermedad afectan diferentes circuitos cerebrales, generando deficits 

neuropsicológicos específicos. Por lo tanto, se propone que cada subtipo de esquizofrenia pudiera provenir 

de la disfunción de circuitos prefrontales específicos, incluyendo diferentes síntomas clínicos y deficits 

neuropsicológicos. 
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1. Introduction 

 

Schizophrenia is a disabling disorder which 

affects 1% of the world population, involving 

several brain areas and mental functions like 

thought, mood, perception and cognition.1 

Currently, there exist 5 subtypes of 

schizophrenia2 i.e. paranoid, catatonic, 

hebephrenic, simple and undifferentiated, 

following specific diagnostic criteria of 

Diagnostic and Statistical Manual of Mental 

Disorders IV Text Revision (DSMIV TR, 

Table 1). Scientific research has made 

remarkable efforts to establish the 

neurobiological basis of this condition, 

achieving a better comprehension of this 

brain disorder. Nevertheless, this knowledge 

hasn’t reached yet a direct impact over 

treatment, course and prognosis of 

schizophrenia. In addition, once the illness 

begins, there are no clinical tools to 

efficiently predict the pattern of cognitive 

and brain damage, elements deeply different 

from one patient to other. This situation 

could come from the fact that, almost all the 

disease related scientific publications express 

their results without characterize the specific 

subtype of schizophrenia, moreover the 

tendency to ignore negative results worsens 

this situation because both positive and 

negative results are relevant to show if 

specific neuronal networks or brain circuits 

are affected in one subtype of schizophrenia 

and not in another. Even worse, despite 

DMS-V maintains the general diagnosis 

criteria for schizophrenia (table 2), the 

clinical criterion for the diagnosis of subtypes 

were removed, due to the fact that almost all 

patients developed criteria for more than 

one subtype of schizophrenia during the 

illness course, and generally are less used by 

psychiatrists.3 

 

 

Table 1. Diagnostic Criteria for subtypes of Schizophrenia. DSM IV TR 

Paranoid Type: 

A. Delusions or frequent auditory hallucinations. 

B. None of the following is prominent: disorganized speech, disorganized or catatonic behavior, or flat or inappropriate 
affect. 

Catatonic Type:  

1. Motoric immobility as evidenced by catalepsy (including waxy flexibility) or stupor. 

2. Excessive motor activity (that is apparently purposeless and not influenced by external stimuli).  

3. Extreme negativism (an apparently motiveless resistance to all instructions or maintenance of a rigid posture against 
attempts to be moved) or mutism.  

4. Peculiarities of voluntary movement as evidenced by posturing (voluntary assumption of inappropriate or bizarre 
postures), stereotyped movements, prominent mannerisms, or prominent grimacing.  

5. Echolalia or echopraxia. 

Simple Type:  

A. Absence of prominent delusions, hallucinations, disorganized speech, and grossly disorganized or catatonic behavior.  

B. There is continuing evidence of the disturbance, as indicated by the presence of negative symptoms or two or more 
symptoms listed in Criterion A for Schizophrenia, present in an attenuated form. 

Disorganized Type: 

A. All of the following are prominent:  

1. Disorganized speech  

2. Disorganized behavior  

3. Flat or inappropriate affect  

B. The criteria are not met for Catatonic Type. 
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Table 2. Diagnostic Criteria for Schizophrenia. DSM V 

Criterion A. Two (or more) of the following (At least one of these should include 1-3): 

1. Delusions 

2. Hallucinations 

3. Disorganized speech 

4. Grossly disorganized or catatonic behavior 

5. Negative symptoms (i.e., diminished emotional expression or avolition) 

Criterion B. One or more major areas functioning, such as work, interp, are markedly below the level achieved prior to 

the onset. 

Criterion C. Continuous signs of the disturbance persist for at least 6 months.  

Criterion D. Schizoaffective disorder and depressive and bipolar disorder with psychotic features have been ruled out. 

Criterion E. Substance / general medical condition exclusion. 

Criterion F. If there is a history of autism spectrum disorder or other communication disorder of childhood onset, the 

additional diagnosis of schizophrenia is made only if prominent delusions or hallucinations are also present 

for at least 1 month (or less if successfully treated). 

 

Schizophrenic patients have marked 

differences in the clinical symptoms, as well 

as an extremely variable pattern of brain 

damage, involving both, cortical and 

subcortical areas. However, recently it was 

reported that the frontostriatal circuit plays 

an important role in schizophrenia.4 The 

frontal lobe shows the most extensive 

connectivity of the brain, with five main 

circuits: motor, oculomotor, dorsolateral, 

orbitofrontal and anterior.5 The last three 

circuits present a close association with 

schizophrenia because, their dysfunction 

produce multiple neuropsychiatric 

syndromes that mimicking many of the 

symptoms caused in every subtype of the 

disease. Therefore, we propose that every 

subtypes of schizophrenia comes from a 

different prefrontal circuit, generating a 

particular pattern of neurocognitive 

impairment, which, once delimited, could be 

effectively approachable through 

neuropsychological assessment. 

 

2. Paranoid Schizophrenia and 

orbitofrontal circuit 
 

Paranoid schizophrenia is the most common 

subtype of the disease and frequently 

presents the better prognosis.6 Delusions 

and auditory hallucinations are typical; 

especially during the psychotic episodes that 

in general terms, require hospitalization. The 

prodromal phase involves at least six months 

of social isolation and cannabis use previous 

to the onset.7 Appropriate antipsychotic 

treatment has been related with a reduction 

of relapses; due to the fact that every new 

psychotic crisis aggravates the long term 

prognosis and social functionality.8  

Paranoia is an abnormality of thought 

content and come from a judgment defect. 

Personality and mood are not permanently 

involved, but contribute with it in each 

relapse. The prognosis of this subtype of 

schizophrenia is favorable.9 

The orbitofrontal circuit connects 

the frontal monitory system with limbic 

structures and any dysfunction in these brain 

region generates changes in personality, 

disinhibition and emotional lability, showing 

an inappropriate interpretation of social 

elements,5 as well as a mistaken performance 

during the Wisconsin Test10 (for evaluate 

working memory and perseveration), both 

elements present in paranoid schizophrenia.11 

Auditory hallucinations and paranoid 

delusions are developed in frontotemporal 

dementia, involving a degeneration of this 

brain circuit.12 A medial division of the 

orbitofrontal circuit has been described, 

which begins from the medial orbital gyrus 
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(11 Broadmann area), and connects to 

nucleus accumbens, medial globus pallidus, 

temporal lobe and mediodorsal thalamic 

nucleus, returning to the medial orbital 

gyrus. The medial orbitofrontal cortex of 

patients with paranoid schizophrenia reveals 

activation abnormalities in functional 

Magnetic Resonance Imaging (fMRI) during 

the presentation of images of sad, furious and 

cheerful faces;13 furthermore, this region 

shows a significant reduction of grey matter 

also associated to a volume decrease of 

medial temporal gyrus14 and persistent 

auditory hallucinations.15 Other neurologic 

conditions like Persecutory Delusions 

Following Traumatic Brain Injury (PDFTBI) 

and Capgras syndrome involve abnormalities 

in medial frontal cortex and anterior 

temporal poles, also present emotional faces 

recognition difficulty and paranoid 

delusions.16 The medial orbitofrontal circuit 

is related to guessing task (more than 

planning task), in which there is no rational 

basis to choose one answer over another, 

forcing the subject to make associations,17 

which is the mental process recently involved 

in delusion formations.18 Thus, paranoid 

schizophrenia could be neuropsychologicaly 

evaluated with specific tests to evaluate the 

medial orbitofrontal cortex. This scenario 

explains why these patients show a normal 

performance during intelligence, language, 

visospatial, attention and executive task;19 

even in reward tasks,20 which are related to 

the lateral portion of the orbitofrontal 

cortex.17 

The reversal learning is also 

abnormal in paranoid schizophrenia;21 this 

deficit is more evident when reward is not 

present in the task.22 However, the link 

among orbitofrontal cortex, paranoid 

schizophrenia and reversal learning is poor, 

mainly because those publication do not 

report the sub type of the disease. Clearly, 

patients with orbitofrontal cortex lesions 

show a similar behavior and paranoid 

delusion of those with paranoid 

schizophrenia,23 but different than patients 

with prefrontodorsolateral lesions,24 whose 

behavior is successful linked with the simple 

schizophrenia sub type. Theory of mind 

(ToM) is another function of orbitofrontal 

area, which is abnormal in paranoid 

schizophrenia,25 and consist in the capacity of 

a person to infer the feelings and thoughts of 

a conspecific. It is composed for emotional 

and cognitives components, being the 

emotional one, more affected in 

orbitofrontal lesion, producing hippomaniac 

and manic states with a remarkable social 

dysfunction.26 Paranoid delusions, mayor 

criteria of paranoid schizophrenia, have been 

linked to a manic tendency and to an 

increment of the self-proportion.27 

 

3.Catatonic schizophrenia and anterior 

cingulated circuit 

 

Catatonia was described the first time by 

Karl Kahlbaum in 1870, as a medical entity 

different from schizophrenia; years later 

(1971) it was integrated to the psychiatry by 

Emil Kraepelin as a subtype of the disease,28 

until the publication of DSM IV, being 

recently removed as schizophrenia subtype 

and becoming in a sign of severity of many 

psychiatric disorders by the DSM V,29 mainly 

because catatonia is more prevalent in mood 

disorders.30 Almost all European psychiatry 

joined to the Jasper’s definition of catatonia: 

“somewhere between the neurological 

phenomena, seen as disturbances of the 

motor apparatus, and the psychological 

phenomena, seen as the sequel of psychic 

abnormality with the motor apparatus intact, 

lie the psychic motor phenomena, which we 

register without being able to comprehend 

them satisfactorily one way or the other”.31 

This definition excludes a possible 

biologically base for catatonia however, the 

first definition of catatonia by Kahlbaum was 

clinically sophisticated, describing the akinetic 

form like a state of rigid immobility, fixed 

gaze without winking and rigidity. Aggressive 

form of catatonia, described almost fifty 

years later by Kretschmer, involves extreme 

aggressiveness, hyperkinesia and orallity.32 As 

we can see, since the first definitions, 

catatonia had diffuse conceptual limits, 

therefore DSM V establish formal diagnosis 
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criteria, in which three (3) or more of the 

following must be present: catalepsy, waxy 

flexibility, stupor, agitation, mutism, extreme 

negativism, posturing, mannerisms, 

stereotypes, grimacing, echolalia and 

echopraxia.29 Catatonic schizophrenia could, 

episodically, show any of the diagnosis  

criteria for other subtypes of the disease, but 

in longitudinal course, motor alterations are 

common; hospitalizations are frequent and 

large, the prognosis is unfavorable and highly 

disabling, basically due to the cognitive  

damage. Generally, the response to classic 

antipsychotic treatment is irregular, requiring 

benzodiazepines and electroconvulsive 

therapy, which promote GABA-A receptor 

binding33 mainly in frontoparietal circuits, 

showing alterations in that brain region 

during fMRI, associated to motility 

processing.34,35 

The anterior cingulated gyrus is 

associated to catatonia because damage in 

this area generates akinetic mutism, which 

consists in a remarkable apathy with 

indifference to pain, hungry or thirst, lack of 

motor initiative, abnormal movements, 

echopraxia and echolalia;5 mimicking at least 

eight (8) DSM V catatonia’s diagnosis criteria, 

and more strikingly directed to the akinetic 

form. Anterior cingulated circuit starts in 

cingulated cortex (24 Broadmann area), 

sending afferences to the striatum (caudate, 

putamen and accumbens nuclei) passing 

through the internal globus pallidus, ending in 

the locus nigger. Many of those inputs are 

connected to the supplementary motor area 

and association cortex, in the parietal lobe. 

This circuit regulates the spatial processing of 

movement, which is required for the correct 

performance of motor activity, and lesions of 

these brain regions generate abnormalities in 

the cognitive component of movement 

control.36 The performance of patients with 

catatonic schizophrenia in the visual and 

perception object-space tests is deficient37 

(table 3); additionally, the object alternation 

task and the Iowa gambling task (for evaluate 

decision making) showed abnormalities as 

well, associated with the reduction of 

cerebral blood flow in left frontoparietal 

surface during the brain Single Photon 

Emission Computed Tomography (SPECT) 

with Tc-99mECD;38 in contrast, patients with 

paranoid schizophrenia don’t show a 

remarkable deficit on those tasks.39 

 

Table 3. Prefrontal circuits and main 

neuropsychological deficit. 

 

4. Simple schizophrenia and Prefrontal 

dorsolateral circuit 

 

Simple schizophrenia was introduced by 

Diem, describing a disease without bold 

presence of delirious and hallucinations and 

with progressive cognitive impairment,40 

seventy years later, Kraepelin included it as 

subtype of schizophrenia. Those patients 

usually do not show long periods of 

psychotic symptoms; contrary, social 

isolation and cognitive impairment induce an 

almost sure disability during the 4th or 5th 

decade of life.41 Cognitive damage includes a 

progressive impairment of intellectual 

coefficient, working memory and executive 

functions, which are associated to bilateral 

frontotemporal hipoperfusion SPECT.42 This 

combination is not shared for others 

subtypes of schizophrenia.43 Atypical 

antipsychotics and antidepressants have 

shown partial efficacy, which suggest that 

serotoninergic system is implicated in this 

ORBITOFRONTAL CIRCUIT 

Working memory 

Reversal learning 

Theory of mind and guessing 

ANTERIOR CINGULATED CIRCUIT 

Visual and perception object-space 

Object alternation 

Decision making 

PREFRONTAL DORSOLATERAL CIRCUIT 

Working memory and perseveration 

Planning and sustained attention 

Logical thinking and learning 

MEDIAL LONGITUDINAL FASCICULUS 

Verbal fluency 

Semantic 

Predictive functions of speech 
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subtype of the disease.44 However, no 

treatment option available to date produces 

a relevant improvement.45,46 

The dorsolateral prefontal circuit 

starts at the 9th and 10th  Broadmann’s 

areas in the lateral surface of prefrontal 

cortex, projecting to dorsolateral head of the 

caudate nucleus, internal globus pallidus and 

sustantia nigra pars reticulate, ending it up in 

the ventroanterior and mediodorsal thalamic 

nucleus and finally returns to its cortical 

place.5 Patients with dorsolateral prefrontal 

syndrome show disexecutivity with 

disturbances in planning, monitoring and 

working memory, besides sustained attention 

deficit, learning disabilities, and rigid, 

perseverative and poor logical thinking with 

marked social isolation.26,36 Furthermore, 

those patients present apathy, defined as a 

quantitative reduction of voluntary initiatives, 

linked to an underestimation of 

environmental elements.47 Neurocognitive 

damage caused by simple schizophrenia 

match with dorsolateral prefrontal 

syndrome,48 showing both an inefficient 

performance during Wisconsin Test.26,42 

Besides, patients with simple schizophrenia 

have diffuse cerebral atrophy mainly in 

dorsolateral prefrontal cortex in MRI, 

associated to a prominent social retraction,49 

showing the highest degree of cerebral 

atrophy among all schizophrenia subtypes.50 

 

5. Hebephrenic schizophrenia 

 

Hebephrenia was originally described by 

Ewald Hecker in 1871, being the most 

deteriorate forms of the disease prevailing 

disorganized behavior, distortion of language 

and ideas production.51 The disability during 

the 3rd or 4rd decade of life is almost 

certain, and loss of life quality is the most 

dramatic of all schizophrenia subtypes.52 

Currently it is known that the presence of 

disexecutive syndrome predicts the tenacity 

of thinking disorganization as a main 

symptom, associated to semantic and 

language alterations;53 in addition, 

frontotemporal dementia shows behavioral 

and language alterations, indistinguishable 

from the hebrephrenic symptoms,54,55 which 

suggests an extensive frontal involvement in 

this subtype of schizophrenia.  Nevertheless, 

it has not been possible to identify a constant 

pattern of cortical affectation in MRI, which 

is always diffuse,14 associated to a blood flow 

reduction in the right frontal lobe during 

SPECT, especially in Broca’s area; this 

situation is not manifested in patients with 

others subtypes of the disease. Disorganized 

thinking in schizophrenia is associated with a 

reduction of fractional anisotropy in medial 

longitudinal fasciculus, which connects all the 

language regions,56 justifying the alterations in 

the verbal fluency57 and semantic in the 

hebephrenic patient.58 This subtype also 

presents orbital, cingulated59 and dorsolateral 

circuits disfunction,60 indicating a frontal 

multicircuit deterioration, involving a dark 

prognosis, even when the most problematic 

symptoms have been controlled.61 Extensive 

frontal damage induces a kind of aphasia 

different to the classical Wernicke and Broca 

descriptions; showing a preserved motor 

domain but deficient use of prepositions and 

predictive functions of speech.62 Additionally, 

incoherent, uninhibited and confabulatory 

language63 are elements strongly linked to 

the speech of hebephrenics.58 

 

6. Integration: From Frontal Cortex to 

Hippocampus 

 

The schizophrenic brain has an inhibitory 

interneuron deficit in prefrontal cortex and 

hippocampus,64 without molecular findings of 

cell death, therefore it is believed that those 

interneurons never made the radial and 

tangential migration process for their final 

inclusion to the cortex,65 events which 

normally occur the last trimester of gestation 

and in the early neonatal period. Therefore, a 

subject with schizophrenia is born with those 

abnormalities but becomes clinically evident 

at adolescent, time when prefrontal cortex 

fully matures and myelinates.66 All prefrontal 

cortex circuits connect with hippocampus 

through the anterior thalami nuclei; 

regulating their activity and producing gamma 

oscillations, associated with awareness, 

thinking, attention and executivity,67 
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functions clearly affected in schizophrenia,68,69 

suggesting that this illness is a condition of 

prefronto-hippocampal desynchronization. 

The hippocampus shows an 

association with schizophrenia for three 

principal reasons: 1) the lack of prefrontal 

interneurons linked with the disease, appears 

also in the hippocampus;64,70 2) gamma 

oscillations normally recorded in the frontal 

cortex are a direct consequence of the 

hippocampal physiology, and schizophrenic 

patients have abnormalities in those 

oscillation;68 and 3) there is an extensive 

prefrontal-hippocampal network, which 

characterizes schizophrenia such as a disease 

significantly different from frontal syndromes. 

Every prefrontal circuits described previously 

(vide supra), establishes synaptic connections 

with anterior thalamic nuclei and 

hippocampus, developing memory formation, 

necessary for carry out every component of 

executivity,67 and each prefrontal circuits 

commands one or some neuropsychological 

functions involved in schizophrenia. 

Prefrontal cortex receives synapses from 

other thalamic nuclei, including medial dorsal, 

medial anterior, ventral anterior and pulvinar 

nucleus,71,72 moreover, thalamic and 

hippocampal afferences arriving to prefrontal 

cortex show a different pattern of 

distribution according to cortical layers; e.g., 

CA1 is connected to layer 5 and 6 of 

neocortex,73 and the medial dorsal thalamic 

nucleus which represents the main afferences 

of prefrontal cortex, projects to layer 3.74,75 

Besides, the prefrontal cortex regulates 

afferences that come from ascending 

reticular system which arrive to the first 

layer, putting in execution process related to 

attention and working memory, associated to 

high-frequency oscillations and persistent 

discharge, synchronized indirectly by 

hippocampus;76,77 contributing also to the 

formation and recovery of memory.78 The 

most studied role of the hippocampus 

related to memory, is the ability to codify 

and separate related events, necessary for 

the execution of episodic and autobiographic 

memory,79 involved in schizophrenic 

delusions formations.80 However, the 

hippocampus modulates also cognitive, 

sensitive processing and decision making, 

which are tightly related to the disease;81,82 

and could justify the presence of auditory 

hallucinations in schizophrenic patients, 

which have been observed in different 

functional neuroimaging techniques such as 

simultaneously hippocampal activation.83,84 

The clearest cognitive function association 

between the hippocampus and schizophrenic 

brains is the recovering of items previously 

learned.85 Also, the ability to classify new 

learned items and differentiate them from 

older ones is deficient, especially when are 

related,86 these characteristics have been 

associated to a volume reduction and 

hippocampal hyperactivation.87 

The three prefrontal circuits related 

to schizophrenia subtypes show connections 

in different hippocampal regions; the 

orbitofrontal circuit sends afferences to the 

ventral region of CA1, the posterior region 

of CA1 sends efferences to cingulated girus88 

and dorsal lateral cortex ends in the rhinal 

sulcus, parahippocampus and subiculum.71The 

CA1 has been the object of recent functional 

neuroimaging reports in schizophrenic 

patients,89 showing an association between 

blood flow increase in this region and the 

presence of positive symptoms,90 as well as 

its posterior portion was associated with 

working spatial memory.91,92 Additionally, rat 

models of hippocampal global dysfunction 

develop disorganization and are used such as 

an experimental model for hebephrenic 

schizophrenia.93 Is supposed that abnormal 

hippocampal glutamatergic transmission, 

generates a re-entry circuit in the prefrontal 

cortex inducing “cognitive mistakes”, which 

determine a psychotic pattern of association 

with abnormal memories.94 Nevertheless, 

scientific evidence which links schizophrenia 

subtypes with dysfunction in specific 

hippocampal regions is almost absent, and a 

lot of studies have been developed in rat and 

primates brains through tracer techniques, 

which are impossible to perform in humans.88 
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7. Conclusion 

 

Recently was identify four (4) different 

patterns of neuropsychological damage in 

schizophrenic patients e.g., with global 

cognitive impairment, difficult in faces 

recognition, disexecutivity, and without 

cognitive impairment;95 which represents an 

additional sample of the existence of various 

neuropsychological subtypes of 

schizophrenia, and matches to the four mean 

clinical subtypes of the disease; furthermore, 

the two more prevalent groups of 

schizophrenics in clinical practice, 

schizophrenia with or without deficit, show 

different affectation pattern of verbal 

working memory.96 Clearly, is difficult to find 

a schizophrenic patient with a precise 

subgroup of symptoms and specific 

neurocognitive damage, just because in 

patients with frontal damage exist the 

involvement of more than one prefrontal 

circuit, being difficult to find someone with a 

isolated lesion in just one of those circuits,5,26 

then, we propose that clinical heterogeneity 

in schizophrenic patients could arise from 

the combination of more than one prefrontal 

circuit impairment. The definitive 

physiopathology approximation to the clinical 

psychiatry, more than insist in clinical 

subtypes; will be possible developing 

neuropsychological clusters, letting to 

psychiatrists to have objective evidence of 

the patterns of brain damage induced by the 

different endophenotypes of schizophrenia. 

Finally, is evident the need of include the 

neuropsychological deficit in the diagnostic 

criteria; elements that will explain better the 

differences in cognitive impairment, disability, 

treatment response and prognosis from one 

patient to other. 
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