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Background. Numerous studies shown that structural hippocampal alterations are present in subjects at high risk of
developing psychosis or schizophrenia. These findings indicate that in a subset of patients undergoing first-psychosis
episode (FPE), hippocampal volume alterations are accompanied by associated cognitive and neuropsychological
deficits. The combination of psychological deficits and neuroanatomical alterations, in turn, appears to increase
treatment complexity and worsen clinical outcomes.

Objective. We aim to determine whether cognitive and neuropsychological functioning deficits precede or follow
hippocampal alterations during early onset psychosis.

Methods. This cross-sectional study describes 3 case-studies of adolescent subjects, ages 16–17, admitted at the
child and adolescent inpatient psychiatric unit in lieu of first psychotic episode. We conducted detailed structured
clinical psychiatric interviews, anatomical-structural magnetic resonance imaging (MRI), sleep-deprived
electroencephalogram (EEG) recordings, laboratory testing, and a comprehensive battery of psychological testing to
better understand their clinical pictures.

Results. Psychological testing in each patient demonstrated the presence of low to borderline intellectual functioning
coupled with neuropsychological deficits in different psychiatric domains. Interestingly, these changes coincided with
structural MRI alterations in the hippocampal area.

Conclusions. Our case report adds to the armamentarium of literature signifying that radiologically detectable
alterations of the hippocampus may occur either concomitantly or closely following the development of early cognitive
deficits in patients with FPE.
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Introduction

Hippocampal abnormalities are commonly found in
patients with schizophrenia spectrum disorders.1 Anato-
mical alterations of hippocampal volume have been
noted in subjects at high risk for developing psychosis
and early in the development of schizophrenia.2–6 To this
end, the strive for identifying a putative biomarker that
predicts the onset of psychosis has been continuous.
A large cross-sectional study from Vargas et al7 found

that hippocampal abnormalities emerge before the onset
of psychosis episode. A similar large-scale study looking
at volumetric alteration in hippocampal subfield and first-
psychotic episodes (FEP) found unusually low volumes of
left hippocampal subfields in patients with FEP, suggest-
ing a potential putative neural biomarker of psychosis
onset. Other studies suggest a potential association of8

selective volume deficits subfields and early onset
psychosis.9 However, to this day, the literature examining
the hippocampal alteration and illness onset trajectory
remains sparse. Nonetheless, it remains unclear how
these early changes coincide with the broader cognitive
impairments that include attention, memory, and
executive functioning.10–12 Specifically, the question of
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whether cognitive and structural impairments present
before the onset of psychosis or are the consequence of
the underlying episode remains highly debatable in
today’s literature.13

At the functional level, anatomical changes in first-
episode schizophrenia broadly coincide with the altera-
tion of the basal ganglia-thalamocortical circuit,14

suggesting neuronal pathology in a well characterized
pathway implicated in schizophrenia.15 Earlier published
work3,16 suggests that abnormal hippocampal develop-
ment in schizophrenia can be linked to deficits in global
functioning, the presence of negative symptoms, and
worsened functional outcomes. Studies of patients at
extremely high risk for psychosis (defined by a mix of
trait and state factors) have shown that cognitive
impairments prior to first psychosis episode are less
profound.17–19 Further, work from Mathew et al20 shows
that hippocampal alterations (a key node to the pathway
of psychosis) were evident in psychosis patients. They
show abnormalities on the subfields closely related with
memory-associated processes, indicating that pattern
separation and pattern completion might be abnormal in
psychosis patients.20

In another angle, genetic studies found that the
combination of a subset of schizophrenia patients’ risk
variants inversely relates to hippocampal volume.21,22

Additionally, the literature indicates plausible accumu-
lated longitudinal epigenetic risks associated with
pathophysiology of FPE. In this regard, it is highly
possible that random factors that increase DNA methyla-
tion variability may contribute to the complex, hetero-
geneous pathophysiology of conversion to psychosis in
patients with ultra-high risk of psychosis.23,24

Given the above literature, which leaves the relation-
ship of brain anatomical abnormalities and clinical
course unsettled, we undertook a thorough evaluation
of 3 patients who presented to our adolescent inpatient
psychiatry service with cognitive impairments and new-
onset psychosis. Interestingly, for the time of admission
we observed a temporal relationship between cognitive
performance and neuroanatomical changes in these
patients.

Although limited, our findings suggest that volu-
metric reductions and/or alterations of the hippocampus
may occur either concomitantly or closely following the
development of early cognitive deficits in young patients
with psychosis. Cognitive deficits are thought to progress
if the disease is left untreated with uncertain effects on
brain morphology.

Methods

The Structured Clinical Psychiatric Interview (SCID) was
conducted by a trained psychology resident or an
attending psychologist in the unit.25

The neuroimaging study involved non-contrast 3
Tesla (3T) magnetic resonance imaging (MRI) of the
brain to rule out structural/anatomical abnormalities or
other ongoing organic changes in the brain. We used the
following technique: sagittal and axial T1-weighted
images, axial flair images, axial gradient echo images,
axial and coronal T2-weighted images, and axial diffu-
sion weighted images of the brain were obtained. The
MRI scans were conducted within the first 3 days of
admission, with the aim of ruling underlying structural
changes and potential masses in the brain.

Sleep-deprived electroencephalogram (EEG) tests

Patients were kept awake between 10 PM and 6 AM,
with aim of detecting abnormal electrical activity in the
brain such as: sharp waves, spike and slow-wave
complexes, polyspike, and slow-wave complexes. These
activities indicate epileptic seizures that are related to
present underlying psychiatric disorders. The testing
was done on a specialized epilepsy unit, at the
Department of Neurology.

Psychological assessment

Comprehensive psychological testing performed included:
cognitive/intellectual functioning, neuropsychological
testing, and executive functions testing (see Table 1), as
well as Montreal Cognitive Assessment (MoCA). The
following instruments were conducted by trained psychol-
ogy residents: Wechsler Intelligence Scale for Children –

Fourth Edition (WISC-IV)26/Wechsler Adult Intelligence
Scale – Fourth Edition (WAIS-IV)27,28; the Repeatable
Battery for the Assessment of Neuropsychological Status
(RBANS)29,30; Trails Making Test (TMT)31; the Personality
Assessment Inventory – Adolescent (PAI-A)32; and the
Rorschach Inkblot Test.33

Results

Patient A

Patient A was a 16-year-old Hispanic male who presented
with emotional and perceptual disturbances associated
with generalized anxiety disorder and intermittent panic
attacks.

The non-contrast MRI of the brain showed decreased
right hippocampal volume (Figure 1, panel A) but
normal sleep-deprived EEG findings.

The psychological assessment revealed a Full-Scale IQ
(FSIQ) of 55, but this finding was not considered to be an
accurate estimate of his cognitive functioning given the
variability across different domains of cognitive func-
tioning. His performance on tasks measuring attention
and ability to retain recently encoded information was in
the low to average range, whereas his performance across
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TABLE 1. Demographics, Clinical Characteristics and Neuropsychological Testing

Patient A Patient B Patient C

Demographics
Age (years) 16 17 17
Gender Male Famale Male
Race Hispanic African-American Hispanic
Psychiatric Hx Anxiety Seizure Negative
Family Hx Negative Positive Positive
Diagnosis Acute Psychosis Acute Psychosis Acute Psychosis
Anatomical/Structural
CT scan Normal Normal Normal
MRI scan ↓Right hippocampus ↓ Left hippocampus ↓ Bilateral hippocampus

EEG-Sleep Deprived Normal Abnormal Normal
Psychological Testing:
Cognitive/Intellectual Functioning Score ( 95% Confidence Interval)
Full scale IQ 55 (46–64) 63 (60–68)
Verbal comprehension 55 (51–64) 74 (69–81)
Perceptual reasoning 69 (64–79) 67 (62–75)
Working memory 80 (74–89) 63 (58–72)
Processing speed 50 (47–65) 71 (47–65)
Neuropsychological Functioning
Immediate memory 88 (77–99) 62 (51–73)
Visuospatial/constructional 54 (34–74) 67 (47–87)
Language 58 (60–86) 58 (43–73)
Attention 73 (60–86) 51 (38–64)
Delayed memory 54 (42–65) 64 (52–76)
Total scale 55 (46–64) 52 (43–61)
Trail Making Test (TMT) Time in seconds (average normal time)
Trail A 56 sec (avg: 29s) 29 sec (avg: 29s)
Trail B 210 sec (avg: 75s) 106 sec (avg: 75s)

Montreal - Cognitive Assessment (MoCA) 14/30 22/30 21/30

FIGURE 1. Patient A (panel A) shows non-contrast brain MRI of 16-year-old male with decreased right hippocampus volume; Patient B (panel B) is significant
for bilateral increase of the hippocampal fissure size and smaller left hippocampus of a 17-year-old subject. Patient C (panel C) show the non-contrast
structural brain MRI of the brain pertinent for bilateral prominence of hippocampal fissures.
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domains of verbal comprehension perceptual reasoning,
and processing speed were all in the extremely low range
(Figure 2, patient A). This variability in performance was
also evident on his performance on the RBANS (Figure 3,
patient A), on which he performed in the low average
range on immediate memory and in the extremely low
range on all other functional domains. He had notable
deficits in both verbal and nonverbal reasoning. The
ability to retain verbal information in list form was
limited to 6 items and did not benefit from repetition.
Further, his verbal encoding did not appear to benefit
from context, and the short-term recall was poor for both
verbal and visual information. In fact, his spatial
orientation and visual encoding were particularly

impaired. The patient also struggled with executive
functioning, as he scored in the impaired range on Part
B of TMT, suggesting he had difficulty switching sets and
inhibiting certain stimuli (see Table 1).

Personality assessment revealed that the patient
experienced significant anxiety and somatization. He
tended to struggle with focusing his attention and would
instead scan his environment in a hasty manner. He
exhibited little in the way of psychological resources for
managing stress and became easily overwhelmed. His
reality testing appeared intact without overt symptoms of
thought disorder.

There was no family history of diagnosed psychiatric
disorders.

FIGURE 2. IQ scores are displayed as standard scores with means of 100 and a standard deviation of 15. Patient C performed relatively close to the average,
but both patients A and B performed below average.

FIGURE 3. The RBANS scores are displayed as standard scores with means of 100 and a standard deviation of 15. Like the IQ scores in Figure 2, patient C
performed relatively close to the normative sample, but both patients A and B performed below the normative sample.
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Patient B

Patient B was a 17-year-old African-American female who
presented with frank psychotic symptoms, mood instabil-
ity, intermittent catatonia, and a 4-year history of
cannabis abuse.

The non-contrast brain MRI was notable for bilateral
increase of hippocampal fissure size and a smaller left
hippocampus (Figure 1, panel B). The clinical picture
was further complicated by intermittent myoclonic
seizure activity demonstrated on the sleep deprived
EEG. Spontaneous bursts of generalized spikes and
waves along with polyspike and wave discharges were
consistent with an idiopathic generalized form of
epilepsy.

The corresponding psychological assessment was
pertinent for global deficits in cognitive functioning;
she performed in the extremely low range on verbal
reasoning, nonverbal reasoning, attention, and effi-
ciency. Her poor performance on the WAIS-IV
(Figure 2, patient B) was consistent with her perfor-
mance on the RBANS, on which she also performed in
the extremely low range across all cognitive domains
(Figure 3, patient B). Of note, the TMT revealed no
evidence of major limitations with executive functioning
(see Table 1). Personality assessment was consistent with
minimization of symptoms and poor insight and judg-
ment. She tended to misperceive her environment, but
no overt disorganized thinking was noted. She preferred
to see her environment in a simplistic manner and hence
was prone to feeling overwhelmed.

Patient family history was pertinent first degree
relative with schizophrenia, depression, and learning
disabilities.

Patient C

Patient C was a 17-year old Hispanic male who presented
with frank paranoia, persecutory delusions, and auditory
and visual hallucinations, coupled with increasing
unprovoked agitated behavior in the context of sub-
stance intoxication and a history of extensive
cannabis use.

The non-contrast MRI of the brain was pertinent for
bilateral prominence of hippocampal fissures (Figure 1,
panel C). Sleep-deprived EEG was normal. Psychological
testing for Patient C demonstrated low average cognitive
functioning on the WASI-IV (Figure B, patient C) and
RBANS, with difficulty encoding verbal information,
recalling visual information, and processing simple
information efficiently (Figure 3, patient C). No pro-
blems with executive functioning were noted (see
Table 1). Personality assessment showed a tendency to
misperceive his environment but displayed no evidence
of disorganized thinking. He preferred to see the world in

an unsophisticated manner, tending to become easily
overwhelmed. He had little awareness of his emotions
and appeared to limit his emotions in evocative
situations. Consistent with his psychiatric history, he
reported that drug use had caused problems in multiple
domains of his life. Of note, he expressed interest in
making changes in his life and appeared open to
treatment.

Family history was significant for a first degree
relative with schizophrenia.

Diagnosis and Therapeutic Intervention

Patient A was diagnosed with atypical psychosis, general-
ized anxiety disorder, and panic attacks with agorapho-
bia. He was started on risperidone 0.5 mg oral twice a
daily, gradually titrated to 1.5 mg oral twice daily.
Initially, the anxiety and frequent panic attacks were
managed with lorazepam 1 mg every 6 hours on an as
needed basis, which gradually was tapered off while the
antipsychotics were adjusted to a therapeutic dose. The
patient responded well to intensive psychotherapeutic
interventions offered by therapists on the unit.

Patient B was diagnosed with acute-psychosis episode
(rule out psychotic disorder due to general medical
condition) and cannabis use disorder. She was initially
started on lorazepam 2 mg 2 to 3 times a day for
significant catatonic symptoms until she exhibited a
therapeutic benefit. She was then tapered off the
benzodiazepines and cross-titrated to oral risperidone
adjusted to 1 mg in the morning and 2 mg at nighttime
for persistent psychotic symptoms.

Patient C was initially medicated several times
emergently due to agitation and aggression secondary
to synthetic drug use. He was started on quetiapine that
was later cross-titrated to risperidone and adjusted to a
required therapeutic dose of 2 mg twice a day. The
symptoms of disorganized behavior, frank paranoia, and
delusions gradually subsided and he was discharged to
home on risperidone long-acting injection 25 mg every
2 weeks.

All 3 patients were stabilized within a period of
3–6 weeks; their symptoms were managed with atypical
oral and/or long-acting antipsychotics and subsequently
discharged to our outpatient facilities.

It is relevant to clarify that the medication treat-
ment regimen was explicitly guided by therapeutic
response, rather than hippocampal alterations described
above.

Conclusions

Prospective and cross-sectional studies of adults with
first-episode psychosis suggest a relationship between
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hippocampal volume reduction as detected by radiologi-
cally evaluated structural MRI, negative symptoms, and
deficits in global cognitive functioning.3,10,18,34–36

Furthermore, it is well established that cognitive
deficits are a core feature of schizophrenia.37 The
established presence of cognitive deficits supports the
theory of converging neurophysiological and neuropsy-
chological impairments during the first psychotic epi-
sode.11,38,39 In addition, early treatment and recovery of
hippocampal volume has been associated with better
outcomes across clinical, functional, and cognitive
domains.36

The hippocampus is a highly plastic region of the
brain (or of the limbic system) that historically has been
the focus of extensive studies in patients with first
episode psychosis or schizophrenia; yet, the underlying
etiologies of hippocampal alterations remain unclear. It
is still uncertain whether these alterations result from
early cognitive impairments18,38,39 that ultimately lead
to disruption or arrest of normal neurodevelop-
ment,40–43 or whether the anatomical alterations are
epiphenomenal to cognitive changes.44 Clinical studies
have shown that decreased time between the onset of
psychosis and the initiation of appropriate treatment is
associated with a greater chance of recovery45 and better
functional outcomes.39,46

Our clinical case-based review shows a remarkable
coincidence between hippocampal alterations and
neurocognitive deficits during the early course of
psychosis. These findings are consistent with the
hypothesis that preceding psychotic events are asso-
ciated with an early disruption of the neurodevelop-
mental processes that may lead to brain changes and
subsequent clinical manifestations of the illness.
Alterations of gray matter in other brain areas
including hippocampus, amygdala, and prefrontal
cortex are likely to follow thereafter.47,48 The dynamic
changes of brain morphology seem to parallel disease
development, as hippocampal volume reduction was
observed at the time of transition to psychosis with
further progression in later stages of the illness.40,42

However, hippocampal volume measures have not
reproduced across different studies,49 and their relia-
bility as biomarkers of disease progression or prodrome
in schizophrenia is questionable at the current stage;
hence we should be cautious when deriving conclusions
from the current state of the literature.

Additionally, when evaluating patients with FPE one
should cautiously ruling-out epileptic seizures due to
high concordance with psychosis, specifically temporal
lobe seizures, as it may mimic psychotic presentation.50

Our patients in the report all had sleep deprived EEG,
and findings were normal with the exception of patient
B, who had abnormal EEG consistent with idiopathic
generalized form of epilepsy.

The authors are aware of pitfalls inherent in cross-
sectional case reports such as those described in this
article, mainly due to the inability to fully evaluate the
temporal relationship of hippocampal changes to neuro-
cognitive deficits. To better substantiate questions about
the sequential and causative relationships would require
studies of larger cohorts and a longitudinal approach
design. In addition, future studies should include
functional neuroimaging analyses coupled with higher
resolution structural techniques. Nonetheless, despite
the limitations, these findings have important implica-
tions for future neurobiological studies of psychotic
disorders and emphasize the importance of longitudinal
studies that examine patients before and after the onset
of a psychotic illness.
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