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Background: Little is known about changes in brain functioning after first-episode psychosis (FEP). Such
knowledge is important for predicting the course of disease and adapting interventions. Functional
magnetic resonance imaging has become a promising tool for exploring brain function at the time of
symptom onset and at follow-up.

Method: A systematic review of longitudinal fMRI studies with FEP patients according to PRISMA
guidelines. Resting-state and task-activated studies were considered together.

I;Eﬁwords" Results: Eleven studies were included. These reported on a total of 236 FEP patients were evaluated by
Psychosis two fMRI scans and clinical assessments. Five studies found hypoactivation at baseline in prefrontal

Neuroimaging cortex areas, two studies found hypoactivation in the amygdala and hippocampus, and three others found
fMRI hypoactivation in the basal ganglia. Other hypoactivated areas were the anterior cingulate cortex,
Longitudinal thalamus and posterior cingulate cortex. Ten out of eleven studies reported (partial) normalization by
Review increased activation after antipsychotic treatment. A minority of studies observed hyperactivation at
baseline.
Conclusions: This review of longitudinal FEP samples studies reveals a pattern of predominantly
hypoactivation in several brain areas at baseline that may normalize to a certain extent after treatment.
The results should be interpreted with caution given the small number of studies and their
methodological and clinical heterogeneity.
© 2019 Published by Elsevier Masson SAS.

1. Introduction

First-episode psychosis (FEP) is characterized by the appear-
ance of psychotic symptoms for the first time in an individual’s life.
More than 3% of the general population suffers a psychotic episode
at some point in life [1]. The incidence rate is 21.4 per 100,000
person-years, and the average age when the first episode occurs is
30.5 years. However, epidemiologic data must be cautiously
interpreted because of the heterogeneity of existing studies [2].
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There is enough evidence to indicate the need to improve and
develop tools for early diagnosis and interventions in FEP to
improve treatment response, reduce dysfunction and improve the
quality of life of patients [3-6].

There is a lack of knowledge regarding why some people fully
recover from their symptoms while others tend toward deteriora-
tion and chronicity. More longitudinal investigations examining
the biological markers of FEP are needed [7].

One of the principal instruments used in biomarker research for
FEP is magnetic resonance imaging (MRI) [8]. Many studies have
used MRI scans to obtain information about the main volumetric
changes in the brain during psychosis over time (the possible
secondary effects of medication, the loss of grey matter, etc.) [9].
However, structural changes are not specific and cannot be used as
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predictors in individual cases, so more sensitive instruments are
needed [10-13].

Another way to view the brain is with functional MRI (fMRI).
Given recent theoretical models of psychosis, fMRI could provide
an important means of understanding what happens in the brain
during the processing of different stimuli [ 14-19]. This knowledge
could contribute to an understanding of the biological issues
underpinning the longitudinal course of psychosis.

To the best of our knowledge, there is only one systematic review
focusing on psychotic patients in general [20] and no systematic
reviews of longitudinal fMRI studies in FEP patients. Hence, the
purpose of this review is to systematically gather, analyse and review
longitudinal fMRI studies in FEP patients with a specific focus on the
relevance of methodology, the different paradigms used during scans
and the mode of presentation. We think this review could show
different methodological biases and activation results to explore their
relationships and contribute to the methodological optimization of
fMRI studies. In addition, we expect to elucidate the longitudinal
changes in the brain and to shed some light on treatment effects in FEP.

253 records identified
through database

searching

261 articles manually
screened

2. Materials and methods

This review was methodologically outlined as a protocol
prepared according to the PRISMA guidelines [21,22].

2.1. Inclusion criteria

e A longitudinal design involving at least two fMRI scans
performed at different times with any interval between them.

e Functional data, including activation or functional connectivity
(FC) results.

o Task-activated or resting-state fMRI paradigms.

e Clinical studies with control groups.

e Psychotic spectrum diagnoses (schizophrenia, schizophreniform
disorder, bipolar disorder, schizoaffective disorder, brief psy-
chotic episode and psychosis not otherwise specified) verified by
structured clinical interviews.

o First-episode samples, defined as individuals who had been
diagnosed with a psychotic disorder for the first time in their

8 records identified from
other resources

213 clearly unrelated
articles by abstract

48 articles considered
elegible after first

screening

13 articles finally met the
inclusion criteria

16: Transversal study

35 articles excluded after
complete reading

18: Chronic patients sample

1: No control group

Fig. 1. The results, of every step, in the inclusion process of fMRI longitudinal studies of FEP.
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Table 1
Longitudinal studies of fMRI in First Episode Psychosis.
First autor and FEP Sample Scales Medication DUI Number of ROI Paradigm and task Results Comments
year scans and
time Pre Post
between
scans
Snitz, 2005 N=11 SCID-1 Naive at baseline. Not 2 scans DLPFC and  Visual stimuli in Hypoactivation in Increased activation in DLPFC dysfunction
Age: 23 BPRS At follow-up: risperidone specified 1 month ACC cognitive control DLPFC and ACC. ACC but not in DLPFC.  associated with
Male: 70% (n=7) 1-4mg/day; olanzapine task negative symptoms
Diagnoses: FES (n=3) 5-10 mg/day; quetiapine before treatment.
(n=1) 300 mg/day.
Reske, 2007 N=10. SCID-1 Under treatment at baseline Not 2 scans Emotional Mood induction Hypoactivations in Increased activation in  Stability of
Age: 37.4. PANSS and at follow-up: double blind specified 6 months  processing (happiness and regions of emotional the pre and post central emotional
Male: 60% with haloperidol (n=5) 2,6 mg/ regions sadness) using processing like right gyri and in the inferior dysfunctions is
Diagnoses: FES day or risperidone (n=5) visual stimuli ACC, OFC and ATP and frontal cortex and associated with
2,6 mg/day. subcortical regions like temporal areas. negative symptoms
the caudate, thalamus  Stability of other
and hippocampus. hypoactivations.
Hyperactivation in
cerebellum.
Van Veelen, N=23 SCID-1 Naive at baseline. 4,9 months 2 scans Left Visual stimuli ina  Hypoactivation in Normalization in good Prefrontal lobe
2011 Age: 25.3 MINI At follow-up: olanzapine 10 weeks fusiform working memory DLPFC. responders to dysfunction
Male: 100% PANSS (n=13) 15 mg/day; risperidone gyrus, left  task treatment. Persistent predicts treatment
Diagnoses: FES (12 (n=4) 4mg/day; quetiapine and right hypoactivation in response.
schizophrenia and 11 (n=3) 733 mg/day; ziprasidone superior nonresponders.
schizophreniform (n=3) 65 mg/day. parietal
disorder) cortex, ACC
and DLPFC
Nielsen, 2012 N=23 ICD-10 Naive at baseline. Not 2 scans Striatum Visual detection of Hypoactivation in Increased activation in Reward-related
Age: 26 criteria At follow-up amisulpride specified 6 weeks targets and reward bilateral ventral right ventral striatum. system activation
Male: 70% GAF 300 mg. anticipation striatum. correlates with
Diagnoses: FES (13 PANSS clinical
paranoid, 8 improvement
undifferentiated, 1
simplex) and 1
schizoaffective
disorder
Bergé, 2014 N=18 SCID-1 Naive at baseline. Not 2 scans Limbic Visual Hypoactivation in Increased activation in  Selective
Age: 24.83 PANSS At follow up: risperidone specified 3-6 weeks  system discrimination of  ventro-limbic regions  amygdala, lingual gyrus hypoactivations of
Male: 55% SUMD (389%) 7,3 mg/day; olanzapine emotional or (amygdala and right and calcarine fissure. ventral limbic
Diagnoses: FES (13 (Insight) (556%) 17 mg/day; aripiprazole neutral faces, hippocampus), ventral- system, improved
schizophreniform (5,6%) 30 mg/day. representing fear,  posterior regions with antipsychotics
disorder, 2 anger, disgust or (bilateral lingual gyrus,
schizophrenia, 1 brief happiness calcarine fissure and
psychotic disorder, 1 expressions. occipital superior
schizoaffective gyrus) and fronto-
disorder and 1 temporal regions.
psychosis NOS)
Ikuta, 2014 N=14 SCID-1 At baseline: 5 days exposure to Not 2 scans Basal Visual stimuli in Hyperactivation in Decreased activation Basal ganglia play a
Age: 22 BPRS antipsychotic medication (5mg specified 3 months  ganglia and cognitive control basal ganglia, specially after treatment, role in thought
Male: 100% aripiprazole or 1 mg thalamus task globus pallidus. correlated with disturbance.

Diagnoses: FES (11
schizophrenia, 2
psychosis NOS and 1
schizophreniform
disorder)

risperidone).

At follow-up: doses reached
maximums of 30 mg
aripiprazole and 6 mg of
risperidone +lorazepam when

anxiety or agitation.

symptoms
improvement.

9
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Keedy, 2014

Sarpal, 2015

Anticevic,
2015

Hu, 2016

Li, 2016

Niendam,
2018

N=14 SCID-1
Age: 23.9 PANSS
Male: 73% HAM-D
Diagnoses: FES (17
schizophrenia, 3

schizoaffective

disorder and 1
schizophreniform

disorder)

N=24 SCID-1
Age: 214 BPRS
Male: 71%

Diagnoses: FES

N=25 DSM-IV
Age: 24.29 criteria
Male: 43% GAF
Diagnoses: FES PANSS
N=42 SCID-1
Age: 24.86 PANSS
Male: 34%

Diagnoses: FES

N=20 SCID-1
Age: 22.9 GAF
Male: 30% PANSS
Diagnoses: FES

N=32 SCID-1
Age: 19,9 GAF
Male: 84% BPRS
Diagnoses: FES (29 SAPS
schizophrenia, 2 SANS

schizoaffective
disorder and 1
schizophreniform
disorder)

Motor
learning
system
regions

2 scans
1 month

Naive at baseline. Not

At follow-up risperidone specified
(n=12) 2,5mg/day and

aripiprazole (n=2) 15 mg/day.

2 scans Striatum

3 months

At baseline: mean of 4.5 days Not

of antipsychotic exposure. specified
At follow-up: double blind with
risperidone (1-6 mg) or

aripiprazole (5-30 mg).

Prefrontal
Cortex

2 scans
12 months

Naive at baseline. 9 months
At follow-up, chlorpromazine
equivalent mean dose of

16,883 mg/day.

2 scans Striatum

2 months

Naive at baseline. 8 months
At follow-up risperidone 4-

6 mg/day.

Global
approach

2 scans
12 months

Naive at baseline. 6,4 months
At follow-up atypical

antipsychotic medication.

Risperidone (n=13) 267 mg/

day; quetiapine (n=4)

50,875 mg/day; clozapine

(n=3) 3255 mg/day;

olanzapine (n=2) 466 mg/day;

sulpiride (n=2) 438 mg/day;

aripiprazole (n=1) 20 mg/day.

2 scans DLPFC

15 months

At baseline: atypical only 4,7 months
(n=24), other medication

(n=2) and untreated (n=6).

Doses are not specified.

At follow-up: not specified.

Visual attention
and motor learning
tasks, tracking a
predictive moving
target

Resting-state

Resting-state

Resting-state

Resting-state

Visual stimuli in a
cognitive control
task (AX
Continuous
Performance Test)

Hypoactivation in the
neocortical network
associated with
attentional control of
saccades (frontal
cortex, left IPS, left
lentiform nucleus,
posterior cingulate and
bilateral insula. Also
reduced activation in
visual cortex.

No differences between
FEP and HC groups.

Hyperconnectivity in
medial prefrontal
cortex regions.
Hypoconnectivity in
lateral prefrontal cortex
regions.
Hyperactivation in left
caudate and putamen.

Hypoconnectivity in
right IPL, right OFC and
hyperconnectivity in
right occipital gyrus.
Hypoconnectivity in
bilateral thalami and
ventral MPFC, the
precuneus and right
amygdala

Increased connectivity
between the right OFC
and DMPFC.
Hypoactivation in
bilateral DLPFC.

Significantly increased
activation in
supplementary eye
fields, IPS, posterior
temporal cortex and
occipital cortex.
Hypoactivation in
DLPFC, associated with
adverse effects of
medication.

As symptoms
improved, increased
functional connectivity
between dorsal caudate
nucleus and ACC, DLPFC
and between ventral
caudate and left
accumbens and left
hippocampus.
Decreased functional
connectivity between
caudate and right
accumbens and left
supramarginal gyrus
and left superior
parietal lobule.

They both normalized,
according with
symptoms
improvement.

Increased activation in
bilateral putamen and
right caudate related to
compensatory
treatment effects.
Increased functional
connectivity levels in
IPL, OFC and occipital
gyrus.

Persistent
abnormalities in
subcortical areas.

Stability of DLPFC
hypoactivations.

Expanded
dopamine
hypothesis in
schizophrenia

Antipsychotic
treatment
normalizes the
abnormal salience

Disconnection
syndrome

Dopamine
hypothesis of
schizophrenia

Dopamine and
serotonin
hypothesis of
schizophrenia

Neurodevelopmental

hypothesis of
schizophrenia
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lives and were assessed and scanned for the first time within the
first 18 months after symptom onset.

2.2. Exclusion criteria

Morphometric (MRI, DTI . . . ) results.

Epidemiological studies, reviews and meta-analyses.

No psychosis spectrum diagnoses.

Inclusion of chronic patients, defined as those who have had one
or more previous psychotic disorder diagnosed in their lifetime,
or those who were scanned more than 18 months after the onset
of symptoms.

2.3. Study search, selection and data extraction

A systematic search was conducted by two independent
researchers (CG-V and PS-M) using the query (“longitudinal”
and “fMRI” and “schizophrenia”) combined with (“longitudinal”
and “fMRI” and “psychosis”) in the PubMed, MEDLINE and Web of
Science (WOS) databases on April 2019. There was potential for an
overlap in the final number of studies found due to the multiple
databases employed.

These automatic searches were complemented by manual
reviews of the references of the eligible articles after the final
screening.

The selection of these datasets was performed hierarchically.
An initial screening was performed based on the title and abstract,
and a second screening was performed based on the full article
reading.

Data were extracted using a table that addressed the following
points: 1) author and year of publication, 2) sample data, including
number of cases, mean age, percentage of males and diagnoses, 3)
clinical assessment scales, 4) medication, 5) duration of illness and
untreated period, 6) number of scans and intervals between them,
7) approach used (region of interest (ROI) or global), 8) paradigm
and task applied, 9) results, according to hypo/hyper activation at
baseline or follow-up and 10) comments regarding the discussion.

Given the very few articles that were finally included and the
small resulting sample size, we decided to include both task and
resting-state paradigms in the same table. The table summarizes
the methodology of the studies, and their possible relationship
with results will be examined in the discussion.

2.4. Neuroimaging acquisition and data processing

The MR field strength reported in the selected articles was
either 1.5 or 3 T. Scans were performed by neuroimaging experts.
There was high heterogeneity in the software tools used for data
processing and brain mapping. Activation and connectivity studies
were both considered.

3. Results
3.1. Included studies and sample description

The results of every step in the inclusion process are
summarized in Fig. 1. A total of 13 clinical studies were included
[23-35]. By aggregating the included samples, a total of 290 FEP
patients and 401 healthy volunteers were assessed. The mean age
of the patients was 24.55 years old, and the mean age of the
controls was 29.9 years. Males comprised more than half of the
study population (62% in both experimental and control groups).
Every participant was scanned twice, with an average interval of
4.76 months between scans.
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Diagnoses were made according to the DSM-IV-TR or ICD-10
criteria in every included article. Nine out of 13 studies used the
Positive and Negative Symptom Scale (PANSS) for psychotic
symptom measurement. The Brief Psychotic Rating Scale (BPRS)
was used instead of the PANSS in 4 studies. The Global Assessment
of Functioning (GAF) was used in 4 studies for global function
measurement. Other clinical scales were used in only one study
each and included the following: the Hamilton Depression Scale
(HAM-D), the Mini International Neuropsychiatric Interview
(MINI), the Scale to Assess Unawareness of Mental Disorder
(SUMD) to evaluate insight, the Scale for the Assessment of Positive
Symptoms (SAPS), the Scale for the Assessment of Negative
Symptoms (SANS) and the Schedule of Clinical Assessment in
Neuropsychiatry (SCAN).

3.2. Methodological issues

The articles included in this review showed important
methodological heterogeneity.

Regarding article design, only 3 out of the 13 included articles
used a double-blinded medication approach; these studies were
interested in investigating the differences in different antipsy-
chotic effects [24,25,35]. The remaining 10 studies implemented
naturalistic designs with longitudinal follow-up of clinically
selected samples treated according to a psychiatrist’s criteria.

In all studies, the main diagnosis was first-episode schizophre-
nia (FES), although 4 studies [27,31,32,34] included also patients
with schizoaffective disorder. Nine out of 13 studies reported
medication naive patients at baseline, but all of the patients were
receiving psychopharmacological treatment at follow-up assess-
ment. Different antipsychotics were managed in the pharmaco-
logical treatments. Most of studies applied atypical antipsychotic
medications, but 1 study implemented typical antipsychotic
treatment (haloperidol) in a half of its patients [24]. Antipsychotic
doses are fully described in Table 1.

Second, the ROI approach was implemented in 12 of the 13
included studies. Specifically, the striatum, but also the prefrontal
cortex, basal ganglia, hippocampus and limbic system, were the
most investigated brain areas. The global approach was used in 1
study [29], and there were 2 articles investigating specific
functional networks involving emotional processing (the anterior
cingulate cortex, pre-post central gyri and inferior frontal and
temporal areas) [24] and motor learning areas (the dorsal
prefrontal cortex and striatum) [34].

Third, a resting-state paradigm was used in 4 of 13 studies. In
these studies, images are obtained using no task in particular, and

the results reflect the spontaneous fluctuation of the blood oxygen
level-dependent (BOLD) signal. In contrast, 9 studies presented
some kind of visual stimuli during fMRI scans to develop task
paradigms. Two of them presented pictures of human facial
emotional expressions to induce a mood or discriminate emotions
[24,32]. Four other articles used a cognitive control paradigm
[23,25,27,34]. For this purpose, Snitz et al. [23] developed an
overcome prepotency task in which the subject received visual
targets (arrows pointing to left or right) and had to respond with
ipsilateral or contralateral button that would be pressed depending
on the target’s colour. In the Ikuta et al. study [25], subjects
completed the Multi-Source Interference Task (MSIT) to assess
attentional control by the identifying targets with interference
between the target number and the key. In the Keedy et al. study
[34], subjects tracked a white dot along its relocations over the
horizontal meridian. Two other studies implemented a reward
paradigm to explore the benefits of medication for the brain’s
reward system by changing the certainty of monetary gains
according to the participants’ correct responses to target detection
tasks [26,31]. Finally, one study developed a visual working
memory task by presenting a memory set of 5 digits for 5s,
followed by series of target discrimination tasks [30].

Fourth, in terms of the presentation of the results, 3 of the 13
studies reported FC results [29,33,35], presenting BOLD signal
changes in networks that involve different brain structures. The
other 10 studies presented the results according to the BOLD
activation level differences in seed regions.

3.3. Longitudinal changes

Taken together, most of the included studies reported findings
of hypoactivation in several brain areas during the basal
assessment. Different studies found hypoactivation in the prefron-
tal cortex (PFC) areas [23,24,27,29,30,33,34] and limbic regions,
specifically the amygdala and hippocampus [24,29,32,34]. Hypo-
activation was also found in regions such as the basal ganglia,
particularly the striatum [24,26,31], anterior cingulate cortex
(ACC) [23,24], thalamus [24,29], bilateral precuneus [29] and
posterior cingulate cortex (PCC) [34] (Fig. 2).

On the other hand, 5 studies reported some kind of hyper-
activation at baseline. One study reported hyperconnectivity
around medial prefrontal cortex (MPFC) regions [33]. Two studies
reported hyperactivation of the basal ganglia [25,28]. One article
reported hyperactivation of the cerebellum in a patient group [24],
but only during sadness processing. Finally, one study found
hyperconnectivity between the right orbitofrontal cortex (ROFC)

Baseline main findings comparing to controls

Fig. 2. A summary of the main baseline findings in comparison with healthy control subjects is presented. Y = number of studies reporting this activation. X = grouped areas
according to the main results from sources. Multiple studies report some hypoactivation (Blue) results in several brain areas, but specially in PFC, occipital cortex, cingulate
cortex, basal ganglia and limbic system (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article).

https://doi.org/10.1016/j.eurpsy.2019.04.009 Published online by Cambridge University Press
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Longidutinal main changes comparing to baseline

Fig. 3. A summary of longitudinal changes in comparison with baseline results is presented. Y = number of studies reporting this activation. X = grouped areas according to the
main results from sources. Increased activation (Red) when compared to baseline was found in most of the included studies. PFC and basal ganglia are the most frequently
activated areas after treatment. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article).

and the dorsolateral prefrontal cortex (DLPFC) [29]. Just one
included article reported no differences between patients and
healthy control groups [35].

At follow-up, the main result was increased activation in those
hypoactivated regions [23,26,29-35], which could be interpreted
as normalization. Most of studies reported increased activation in
PFC (OFC, DLPFC and MPFC) and basal ganglia but also in cingulate
cortex, limbic system, parietal cortex, temporal cortex and
thalamus. Some studies reported marginally decreased activations
respect to pretreatment scans in the DLPFC [34], right accumbens
[35], MPFC [33] and parietal cortex areas [29,35]. Only one study
reported as a main result a decrease in activation in the basal
ganglia and thalamus [36]. A summary of the main longitudinal
changes can be found in Fig. 3.

Based on the differences in results, different explanatory
hypotheses were proposed by the original authors. The dopamine
hypothesis of schizophrenia was used in one study [28]. Two
studies linked the imaging results with the aberrant salience
hypothesis [26,35], which could be considered a version of the
dopamine hypothesis. Meanwhile, one study considered
the expanded dopamine hypothesis [34], and another proposed
the dopamine and serotonin hypothesis [29]. One study was
interpreted to support the disconnection syndrome [33]. One
study was interpreted to support the neurodevelopmental
hypothesis for schizophrenia [27]. The other 6 studies proposed
design-specific interpretations related to treatment response.

4. Discussion

In the present review, we examined longitudinal fMRI studies in
FEP samples and found general hypoactivation in pretreatment
scans that was reduced ("normalized") in the follow-up and after
the administration of antipsychotic treatment. Regarding the
implicated areas, there is a dependent relationship between
results, seed regions and tasks. The main hypoactivated areas were
the PFC (OFC, DLPFC and MPFC), the basal ganglia (caudate nucleus
and striatum), the limbic system (the amygdala and insula), the
hippocampus and the ACC. We also found hypoconnectivity in the
included FC studies, which also tended to normalize at follow-up
scans.

Notably, there are few papers reporting longitudinal follow-ups
of FEP patients, so we considered all those that were available,
including resting-state and task-activation designs. Of the 13
included studies, 4 used resting-state scans, and the other 9 studies
presented different paradigms (mood induction, emotion

https://doi.org/10.1016/j.eurpsy.2019.04.009 Published online by Cambridge University Press

discrimination, reward anticipation, working memory and cogni-
tive control) in visual modalities.

Despite the commonalities, there are some different contribu-
tions that deserve to be discussed. Two of the three longest (more
than 12 months between scans) articles [33,37] were based on
resting-state scans, but they reported different results, which may
in part be due to their different ROI. Anticevic et al. [33] studied the
PFC as an ROI, and reported hypo- and hyperconnectivity at
baseline in the MPFC and DLPFC regions, respectively. Li et al. [29]
reported several hypoconnected areas across the brain in their
global approach to image processing. Niendam et al. [27] studied
the DLPFC using a task, with a long interval between scans
(15 months) and they reported the absence of deterioration during
the first 2 years of the illness in a very young patients sample.In
contrast, Anticevic et al. reported stability of the DLPFC dis-
functions starting with the youngest sample that we included in
this review. The interpretation of these results is based on the
neurodevelopmental hypothesis of schizophrenia, in which
deficits emerge before illness onset.

According to the employed task, Snitz et al. [23], Ikuta et al. [25],
and Niendam et al. [27] implemented cognitive control paradigms
and reported different findings (hypoactivation in the DLPFC and
ACC versus hyperactivation in the basal ganglia and thalamus).
Consequently, differences in the ROI approach (DLPFC and ACC
versus the basal ganglia and thalamus), longer intervals between
scans and different medication states at baseline (naive versus
prior antipsychotic exposure) must be considered for interpreta-
tion. The two studies that implemented emotional paradigms
[24,32] found hypoactivation of its ROIs. They used different task
and time intervals, but both reported some selective treatment
effects resulting in the normalization of aberrant activation in
some emotional processing areas, and both link their results with
positive improvement in symptoms; and the stability of dysfunc-
tions is more associated with negative symptoms. An important
contribution comes from the Danish group, which has published
two articles [26,31] using the same task paradigm and the same
antipsychotic medication (amisulpride). The results vary according
to the ROI, but they are consistent with the basal ganglia
hypoactivation at baseline and the normalization after treatment.

We also found that the time between symptom onset and the
first scan was not normally specified in our selected studies. Only
the most recent articles included this important information for
FEP samples categorization. According to the sample size, the
largest study [39] (n=42) only reported hyperactivation of its ROI
(striatum) at baseline that increased after treatment. This is one of


https://doi.org/10.1016/j.eurpsy.2019.04.009

C. Gonzdlez-Vivas et al./European Psychiatry 59 (2019) 60-69 67

the two articles [28,37] that used amplitudes of low frequency
fluctuations (ALFF), fractional ALFF (fALFF) and regional homoge-
neity (ReHo) indices to show spontaneous brain activity during
resting-state fMRI scans. They linked these results to the
compensatory effects of treatment.

Regarding the use of medication at baseline, Sarpal et al. [35]
scanned subjects with prior exposure to antipsychotics; their study
is the only one in our review to report no significant differences at
baseline between patients and control subjects. It also linked
symptom improvement to increased connectivity in cortical areas
and decreased connectivity in subcortical areas, normalizing the
salience system.

Most of the studies linked their results with clinical variables.
Nielsen et al. [31] reported clinical improvement as patients
obtained normalization as a brain reward system. Van Veelen et al.
[30] reported normalization at the DLPFC after treatment in only a
subgroup of patients (responders) versus persistent hypoactiva-
tion at the DLPFC in non-responders. Finally, only Keedy et al. [34]
reported some adverse effects of medication resulting from
hypoactivation at the DLPFC after treatment administration.

Other reviews have studied the longitudinal results of fMRI in
chronic schizophrenia samples [20]. In these reviews the most
consistently reported finding is “normalization” or increased
activation in frontal cortical regions, a finding that was consistent
with our results. Decreased prefrontal activation (hypofrontality)
has been reported in other neuroimaging reviews of chronic
patients and is linked with negative symptoms and antipsychotic
response [40]. In a recent study [41] of the relationship between
BOLD signals and glutamate levels in the salience network (SN) and
the default mode network (DMN) during resting-state scans in a
sample of schizophrenia patients, the authors found a positive
correlation between glutamate levels and activation in the HC
group and in the SZ medicated group (positive but decreased at
baseline), but a negative relationship in the SZ non-medicated
groups. After 6 weeks, all the SZ patients were receiving
antipsychotic treatment, and they all showed a positive correlation
between glutamate levels and BOLD signals, but with significantly
lower activation compared to the HC group in the SN (ACC and
bilateral insula) and DMN (precuneus). Regarding other key brain
areas, Blasi et al. [42] studied longitudinal changes in a
schizophrenia sample and found hyperactivation in the left
amygdala and hypoactivation in the right ventrolateral prefrontal
cortex (VLPFC) during emotional processing in the SZ group at
baseline compared to healthy controls. Both activation alterations
were normalized after 8 weeks of treatment with olanzapine.
Attending to the hippocampal network, Duan et al. [43], studied FC
in a sample with schizophrenia over the course of 24 months. They
found hypoconnectivity between the left hippocampal network
and the bilateral cerebellum at baseline. After 2 years, decreased FC
in the left hippocampal network and increased FC in the right
hippocampal network was observed. The authors proposed the
disconnection syndrome as an explanatory hypothesis.

As opposed to the very few longitudinal fMRI studies in FEP
samples, there are many longitudinal studies that analyse
structural neuroimaging results. In a recent review [44], some
studies reported significant grey matter loss in the frontal regions,
thalamus and total brain volume. They also reported progressive
cortical thinning in the superior and inferior frontal cortex and
superior temporal cortex. White matter (WM) remained unclear
due to contradictory results of recent studies reporting higher WM
with longer periods of antipsychotic exposure. In spite of
everything, linking structural and functional neuroimaging find-
ings remains a challenge for researching.

In terms of limitations, it should be noted that the included
studies present some important biases in sample selection. First,
the sample size of most of the fMRI studies in general, but the
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longitudinal studies in particular, was small, typically approxi-
mately 20 subjects per group. Second, longitudinal course
information such as symptom onset or its duration is frequently
poorly described, which posed problems when categorizing
articles as studies of FEP, high-risk individuals or chronic psychotic
patients. Third, the included articles selected groups of patients
with different ages, but they are balanced with healthy control
groups by age and gender. Fourth, there were different medication
and dose selections. Typical and atypical antipsychotics were used
for treatment, and we consider that a potential area of confusion
when interpreting the results. In general, antipsychotic treatment
helps to normalize the BOLD signal in most cerebral regions, even
in the first weeks of treatment [45]. Fifth, although all the included
patients were on non-affective psychosis spectrum, there could be
an important heterogeneity in the phenotypes of the included
studies. This bias could be fixed by selecting more homogeneous
samples with a specific phenotype.

Another very relevant methodological issue is paradigm
selection. The type of paradigm selected is a key to understanding
fMRI results [46]. Different tasks have been reported to activate
different regions [47]. In general, task-activated studies reported
hypoactivations at baseline, while resting-state studies found both
hypo and hyperactivations in basal assessments.

Our reviewed task studies mainly reported hypoactivations in
the involved areas by their specific task and modality. When the
task involves emotional processing, hypoactivations in the PFC,
OPFC, ACC, amygdala and ventro-limbic region are reported. In the
reward learning task, decreased activation of the striatum was
found. In the visual cognitive control task, the involved areas were
the DLPFC, ACC, left intraparietal sulcus (IPS), left lentiform
nucleus, PCC, bilateral insula and visual cortex. A general decrease
in activation was found in these areas.

Our group found important differences in activation (hyper-
activation at baseline) and involved brain areas (notably the
amygdala) in hallucinatory patients with an emotional auditory
paradigm [48], again suggesting a decisive influence of the selected
paradigm.

On the other hand, resting-state studies reported both
hypoactivations and hyperactivations at baseline. The differences
in the areas’ activation could be explained by the methodological
approach used. Hypoconnectivity between the left hippocampal
network and the bilateral posterior lobe of the cerebellum was
reported when the ROI was the hippocampal network. MPFC and
lateral prefrontal cortex (LPFC) hypoconnectivity was found when
the ROI was the prefrontal cortex, and increased activation of the
left caudate nucleus and putamen was found in a striatum ROI
approach.

Despite these important differences, we decided to combine
task-activation and resting-state paradigms because of the lack of
longitudinal studies found for each one. Recent studies have
reported a convergent hypoactivation effect for the task-activation
and resting-state studies in the fronto-temporal pathway that
involves regions such as the DLPFC, OFC and superior temporal
gyrus (STG) [49].

Regarding the resting-state paradigm, an important issue must
be considered. In this paradigm, the investigation subject has to
“not to think in something in particular” and wait until the end of
the scan. Thus, there is no way to control the internal mental
processes that could be modulating brain activation images during
the scan [50].

Another important factor to consider is the difficulty of
precisely determining the time interval between symptom onset
and the first clinical assessment and treatment. Psychotic episodes
sometimes start with negative symptoms, which are often hard to
place along a timeline. We must also consider the different
intervals between scans. In general, when the aim of the study is to
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follow the course of the illness, there is a longer period between
scans (12 months or longer); in contrast, when the aim of the study
is to demonstrate a specific treatment effect, we found shorter
intervals (from 1 to 3 months).

In line with the observed heterogeneity in methodology,
different interpretations have been proposed for the frequently
reported result of normalization after treatment. Methodologi-
cal homogeneity could help to establish a common theoretical
framework. At the moment, the salience model offers an
interesting framework for linking biological, clinical and
neuroimaging findings. It has to be considered that
longitudinal brain studies involving presentation modes other
than visual or cognitive paradigms could show interesting
results. We think that the development of simpler and more
homogeneous paradigms, perhaps involving other modes of
presentation, could help us to link this biological and clinical
knowledge.

Our review has some limitations. First, there was a small
number of longitudinal fMRI studies with FEP samples, so
considered all that were available, including task-activation and
resting-state paradigms. Second, small sample sizes are very
common in functional neuroimaging studies due to the difficulty of
recruiting and following an FEP sample over time and the high cost
of assessment with fMRI scans. Third, there was no standardization
of medications or doses, which could clearly affect the results.
Fourth, there was considerable methodological heterogeneity in
the included studies. Greater homogeneity of methods is needed to
integrate different studies. Fifth, greater clinical heterogeneity in
FEP patients than chronic psychosis patients has been reported
[51]. This finding is important because some clinical symptoms
(negative symptoms) early in the course of the illness may predict
more severe mid-term outcomes [52]. Sixth, regarding the follow-
up, longer periods are needed to allow a naturalistic observation,
which could help provided a prognosis beyond the treatment
response.

5. Conclusions

To the best of our knowledge, this is the first review of
longitudinal fMRI studies of FEP patients. We summarized the
problems of longitudinal neuroimaging follow-ups and their
methodological heterogeneity. The main finding was the normali-
zation of brain activity after treatment. Although fMRI seems a
promising tool for finding a biological marker of the illness, the
mechanisms that distinguish which FEP patients will convert to
chronic disease from those who will obtain a full recovery from
symptoms have not been clarified. More longitudinal studies with
larger samples and simpler and more replicable paradigms could
help us to improve our knowledge of this illness and fill the gap
between research and clinical practice.
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