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IMPORTANCE Individuals presenting with first-episode psychosis (FEP) may have a secondary
(“organic”) etiology to their symptoms that can be identified using neuroimaging. Because
failure to detect such cases at an early stage can have serious clinical consequences, it has
been suggested that brain magnetic resonance imaging (MRI) should be mandatory for all
patients presenting with FEP. However, this remains a controversial issue, partly because the
prevalence of clinically relevant MRI abnormalities in this group is unclear.

OBJECTIVE To derive a meta-analytic estimate of the prevalence of clinically relevant
neuroradiological abnormalities in FEP.

DATA SOURCES Electronic databases Ovid, MEDLINE, PubMed, Embase, PsychINFO, and
Global Health were searched up to July 2021. References and citations of included articles
and review articles were also searched.

STUDY SELECTION Magnetic resonance imaging studies of patients with FEP were included if
they reported the frequency of intracranial radiological abnormalities.

DATA EXTRACTION AND SYNTHESIS Independent extraction was undertaken by 3 researchers
and a random-effects meta-analysis of pooled proportions was calculated. Moderators were
tested using subgroup and meta-regression analyses. Heterogeneity was evaluated using the
2 index. The robustness of results was evaluated using sensitivity analyses. Publication bias
was assessed using funnel plots and Egger tests.

MAIN OUTCOMES AND MEASURES Proportion of patients with a clinically relevant radiological
abnormality (defined as a change in clinical management or diagnosis); number of patients
needed to scan to detect 1such abnormality (number needed to assess [NNA]).

RESULTS Twelve independent studies (13 samples) comprising 1613 patients with FEP were
included. Of these patients, 26.4% (95% Cl, 16.3%-37.9%; NNA of 4) had an intracranial
radiological abnormality, and 5.9% (95% Cl, 3.2%-9.0%) had a clinically relevant abnormality,
yielding an NNA of 18. There were high degrees of heterogeneity among the studies for these
outcomes, 95% to 73%, respectively. The most common type of clinically relevant finding
was white matter abnormalities, with a prevalence of 0.9% (95% Cl, 0%-2.8%), followed by
cysts, with a prevalence of 0.5% (95% Cl, 0%-1.4%).

CONCLUSIONS AND RELEVANCE This systematic review and meta-analysis found that 5.9% of
patients presenting with a first episode of psychosis had a clinically relevant finding on MRI.
Because the consequences of not detecting these abnormalities can be serious, these
findings support the use of MRI as part of the initial clinical assessment of all patients with
FEP.
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he early diagnosis of secondary psychosis, where a psy-

chotic disorder is caused by another medical condi-

tion, isan indispensable but complex diagnostic task in
psychiatry. Because several causes of secondary psychosis
result in structural brain abnormalities,! brain imaging is con-
sidered essential by many psychiatrists during the assess-
ment phase.? Magnetic resonance imaging (MRI) is a safe and
well-tolerated® technique that has high sensitivity for detect-
ingintracranial abnormalities. Since its introduction more than
40 years ago, structural MRI has become increasingly avail-
able, and the costs of scanning have progressively reduced.*
However, there is no consensus as to whether MRI scanning
should be a mandatory part of the clinical assessment of pa-
tients presenting with a first episode of psychosis (FEP). Some
guidelines recommend scanning all patients with FEP,> while
others recommend that MRI be restricted to cases in which a
secondary cause is suspected.®

Most radiological abnormalities in patients with FEP are in-
cidental and do not require any clinical action. However, a mi-
nority of abnormalities lead to a change to a patient’s clinical care.
A barrier to resolving the debate about the routine use of MRI
in the assessment of FEP has been uncertainty about the preva-
lence of clinically relevant abnormalities, with estimates rang-
ing from 0%’ to more than 10%.8 Beyond guidelines for indi-
vidual clinical management, there is also the issue of population
health. In otherwise healthy individuals, white matter hyper-
intensities reliably predict later cognitive decline, greater cere-
brovascular risk, and increased mortality in epidemiological
studies,>!° suggesting that the presence of neuroradiological ab-
normalities may be an indicator of neurological health.

We sought to clarify the prevalence of intracranial abnormali-
ties in FEP by undertaking the first meta-analysis of such stud-
ies to our knowledge. We also sought to establish the prevalence
of clinically relevant abnormalities that led to a change in diag-
nosis or management. In addition, we examined the influence
of study, patient, and imaging characteristics on outcome.

Methods

A systematic review and meta-analysis was conducted in ac-
cordance with Meta-analysis of Observational Studies in Epi-
demiology (MOOSE)'" and Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA) guidelines,'?
and the study was prospectively registered on PROSPERO
(CRD42020140917). See the eMethods in Supplement 1 for
details of the search strategy, eligibility criteria, and data
extraction and encoding. In brief, we searched the databases
Ovid, MEDLINE, PubMed, Embase, PsychINFO, and Global
Health up to July 2021. References and citations of included
articles and review articles were also searched.

Quality Assessment

Included studies were assessed for the risk of bias using a 10-
item tool developed for prevalence studies!® (eTable 3 in
Supplement 1). The sum was calculated to derive a summary
score. Studies were categorized based on the overall score as
high (0-3), moderate (4-6), or low (7-10) risk of bias using well-
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Key Points

Question How common are neuroradiological abnormalities in
first-episode psychosis?

Findings In this systematic review and meta-analysis, we found
approximately 6% of patients with first-episode psychosis had an
abnormality that required a change in clinical management. The
number of patients needed to scan to detect 1 clinically relevant
abnormality was estimated to be 18.

Meaning These findings support the routine use of magnetic
resonance imaging as part of the initial assessment in patients
presenting with first-episode psychosis.

established cutoffs. Studies at high risk of bias were excluded
from the meta-analysis.

Outcomes

Aradiological abnormality was defined as any intracranial find-
ing, regardless of the evidence to suggest a causal relationship
with psychosis. Radiological abnormalities were further cat-
egorized by clinical relevance. A clinically relevant finding was
defined as an abnormality that was reported by the study au-
thors as having led to a change in management (eg, referral to a
medical specialty) or diagnosis. Abnormalities were also grouped
into the following neuroanatomical categories: white matter,
vascular (excluding white matter), ventricular, cyst, pituitary,
tumor, cerebral atrophy, and other (ie, not falling into any of the
aforementioned categories) by a psychiatrist (G.B.) and a neu-
roradiologist (A.M.), with the latter blind to diagnosis (eMethods
in Supplement 1).

Statistical Analysis

For each study, the proportion of patients with FEP and a radio-
logical abnormality was calculated, along with the 95% CIbased
on the Score (Wilson) method.'* A Freeman-Tukey double arc-
sine transformation'® was used to stabilize the variance be-
cause the proportion of abnormal scans was expected to be low.'®
Transformed proportions were meta-analyzed using arandom-
effects inverse variance method'” as methodological hetero-
geneity was anticipated. To assess the clinical usefulness of
MRI, the estimated number of patients needed to be scanned to
detect 1 abnormality (number needed to assess [NNA]) was cal-
culated, based on the reciprocal of the prevalence estimate,'®
which is comparable with the numbers-needed-to-treat'® sta-
tistic: NNA =1/ (proportion with abnormality).

We also estimated the prevalence of the neuroanatomi-
cal subtypes of abnormalities (eTable 4 in Supplement 1). In
addition, for studies that included a healthy control group, we
calculated the risk ratio (relative risk) to explore the specific
association between neuroradiological abnormalities and
psychosis.

The significance level was set to P < .05, and all analyses
were performed using R version 4.2.1%° with meta-analyses per-
formed using meta.?"22 Further details on the statistical analy-
sis are reported in the eMethods in Supplement 1, and all code
and data are included in an online archive (link available on
request).
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Assessment of Heterogeneity

Heterogeneity was assessed using the Cochran Q statistic, as well
asthe P index, which is independent of the number of studies.
Risk of publication bias was assessed thorough visual inspection
of funnel plots and an Egger test.>> Modifiers of clinically relevant
abnormalities were assessed through subgroup analysis and meta
regression provided there were sufficient data points. For cat-
egorical variables, we explored the effect of the sample (research
vs clinical) and field strength (3 T vs <3 T) using subgroup analy-
sisbased on the Cochran Q statistic. For continuous variables, we
explored the effect of sample age, psychosis duration, and year
of publication using meta-regression provided at least 6 studies
could be included.?*

Sensitivity Analyses

Sensitivity analyses were performed to determine the effect of
studies (1) with a mean patient age older than 35 years, (2) where
assessment was performed by a nonradiologist, and (3) based on
aresearch sample. Influential study analysis using the leave-1-
out paradigm?® was performed using the dmetar package.?® This
was performed to identify any study with an excessive influ-
ence on the pooled effect size and/or that contributed substan-
tially to between-study heterogeneity.

. |
Results

Search Results and Study Selection

The search strategy yielded 1682 publications from the data-
base search and other sources. After duplicates were removed
and abstracts screened, 240 publications were reviewed in full.
eFigure 1in Supplement 1 shows the PRISMA flowchart. In 1
study, patients with FEP had been pooled with patients with mul-
tiepisode psychosis®; however, it was possible to estimate the
proportion of abnormalities in the FEP subgroup group based
on published details and consultation with the study authors
(eMethods in Supplement 1). In another study, only white mat-
ter abnormalities were reported,?” so this study was not en-
tered into the main meta-analysis.

Study Characteristics
Twelve studies were eligible,*7-%-27-3> with no overlapping
samples (eTable 1 in Supplement 1 contains study character-
istics). Studies were published between 1991 and 2021 and re-
ported a pooled sample of 1613 patients with FEP. Nine stud-
ies reported clinically relevant abnormalities,>”:8-2730:32:34 yyjth
a pooled sample of 1318 patients. Eight studies included a
healthy control group,®327:29:30:33-36 wjth a pooled sample of
3265 patients (FEP = 1399; control = 1866). (eTable 2 in
Supplement 1 describes the recruitment, screening, and match-
ing of healthy controls for each study.) Studies were con-
ducted in Europe (n = 7), North America (n = 4), Australasia
(n =1), and South America (n = 1). Ten studies excluded pa-
tients in whom a potential secondary cause of psychosis was
suspected before neuroimaging, such as a positive finding on
a neurological examination (not reported in 2 studies).

In a minority of studies, the total number of abnormali-
ties in the sample were reported, rather than the number of
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patients with an abnormality. A post hoc sensitivity analysis
was therefore performed to restrict to studies that reported the
total number of patients with an abnormality. All studies re-
porting clinically relevant abnormalities reported this at the
patient level.

Participant Characteristics

The FEP sample size ranged from 203° to 349 patients.® Mean
age ranged from 20 to 60 years, and the proportion of female
patients ranged from 27% to 70%. Five studies reported data
from routine clinical practice, and 6 studies reported data from
clinical research studies. One study reported data from both
routine clinical practice and clinical research.? For the pur-
poses of subsequent analysis, this study was split into re-
search and clinical subsamples (therefore, 13 samples are
considered henceforth). Antipsychoticstatus at the time of neu-
roimaging was reported in 6 samples (n = 714). Among these,
the proportion of patients receiving antipsychotic medica-
tion was 65%. Duration of psychosis was reported in 6 samples
(n = 665) and ranged between 4 and 52 weeks with the excep-
tion of 1 study, which had a mean duration of 90 weeks.>*

Neuroimaging Characteristics

Scanner field strength was reported in 10 samples, with 1.5 T
(n = 6) being the most common. MRI scans were interpreted
by aneuroradiologist in 9 samples. In the other 3 samples, MRI
scans were reported by a general radiologist (n = 1) or a psy-
chiatrist (n = 1), or the clinician was unspecified (n =1). In 6
samples, raters were blind to clinical status (unreported in 8
samples).

Quality Assessment and Risk of Bias

The quality assessment score ranged from 4 to 8 of 10 (eTable 2
in Supplement 1). Overall, 10 samples were at medium risk and
3 were at low risk of bias. No studies were at high risk of bias.

Prevalence of Radiological Abnormalities

The proportion of patients with any abnormality was calcu-
lable for 12 samples (11 studies) because 1 study only reported
the presence or absence of white matter abnormalities.?” The
pooled prevalence was 26.4% (95% CI, 16.3%-37.9%), with a
corresponding NNA of 4 (95% CI, 3-7) (Figure 1). The I° statis-
tic was 95%, indicating a high degree of heterogeneity. The
proportion of patients with a clinically relevant abnormality
was calculable for 10 samples (9 studies). In the other samples,
clinically relevant abnormalities were grouped with non-
clinically relevant abnormalities.?9-3:33 The pooled preva-
lence was 5.9% (95% CI, 3.2%-9.0%), with a corresponding
NNA of 18 (95% CI, 12-31). The I° statistic was 73%, indicating
moderate heterogeneity.

Prevalence of Radiological Abnormalities

by Anatomical Type

As part of the secondary analysis, we calculated the prevalence
of specific neuroanatomical abnormalities among patients with
FEP (Figure 2). Overall, white matter abnormalities were the most
common (typically white matter hyperintensities), with a preva-
lence of 7.9% (95% CI, 3.0% to 14.4%), followed by ventricular
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Figure 1. Forest Plots of Magnetic Resonance Imaging Abnormalities in First-Episode Psychosis (FEP)
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abnormalities (typically ventricular enlargement), with a
prevalence of 5.0% (95% CI, -1.5% to 10.0%) (eFigure 3 in
Supplement 1). Among clinically relevant abnormalities,
white matter abnormalities were the most common, with a
prevalence of 0.9% (95% CI, 0% to 2.8%), followed by cysts,
with a prevalence of 0.5% (95% CI, 0% to 1.4%) (Figure 2 and
eFigure 4 in Supplement 1).

Relative Risk of Radiological Abnormalities

We also calculated the pooled risk ratio of neuroanatomical
abnormalities in patients with FEP vs healthy controls.
Patients with FEP had a relative risk of 2.8 (95% CI, 1.3-5.9;
k = 9 studies) for any radiological abnormality compared
with heathy controls (eFigure 5A in Supplement 1). Among
abnormalities that were clinically relevant, patients with FEP
had a relative risk of 1.5 (95% CI, 0.8-2.8) compared with
heathy controls (eFigure 5B in Supplement 1); however, a
leave-1-out sensitivity analysis (below) indicated that this
may be an underestimate.

Influence of Potential Effect Modifiers on Prevalence

Meta-regression found no association between the preva-
lence of clinically relevant abnormalities and publication year
(k =10, P = .07) or sample age (k = 9, P = .95). There were in-
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sufficient samples (k = 3) to explore the effect of psychosis du-
ration. Subgroup analysis found no association for the effect
of'sample type (k = 10, P = .99) or field strength (k = 12, P = .16).

Sensitivity Analyses

We repeated the analysis excluding samples (1) with a mean
patient age older than 35 years, (2) where assessment was
performed by a nonradiologist, and (3) that recruited patients
for research. Removing studies under any 1 of these condi-
tions did not result in pooled estimates becoming nonsignifi-
cant. Leave-1-out sensitivity analysis did not identify any
influential samples for the meta-analysis of prevalence (eFig-
ure 6 in Supplement 1). Leave-1-out sensitivity analysis indi-
cated that the study by Khandanpour et al*° was influential
in the meta-analysis of relative risk for any abnormality, and
removal adjusted the pooled relative risk to 1.8 (95% CI, 1.1-
3.2). For the meta-analysis of relative risk for clinically rel-
evant abnormalities, the study by Sommer et al® was identi-
fied as influential, and removal adjusted the pooled relative
risk to 2.1 (95% CI, 1.1-4.0).

Publication Bias
Inspection of funnel plots suggested no clear evidence of pub-
lication bias (eFigure 2 in Supplement 1), which was con-
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Figure 2. Forest Plots of Magnetic Resonance Imaging Abnormalities in First-Episode Psychosis (FEP)
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firmed by nonsignificant Egger test results for studies report-
ing any abnormalities (P = .36) and those reporting clinically
relevant abnormalities (P = .70).

|
Discussion

The estimated prevalence of a radiological MRI abnormality
in patients with FEP was 26%, while that of a clinically rel-
evant abnormality was 6%. Patients with FEP had a signifi-
cantly higher prevalence of radiological abnormalities over-
all, as well as clinically relevant abnormalities compared with
healthy controls, after removal of an outlier. White matter ab-
normalities, predominantly small hyperintensities, were the
most common finding overall and the most common clini-
cally relevant finding. The NNA to detect 1 clinically relevant
abnormality was 18.

Although the prevalence of neuroradiological abnor-
malities in FEP has previously been explored in systematic
reviews,*3738 to our knowledge, this is the first study to de-
rive ameta-analytic estimate based on MRI data. Previous stud-
ies have reported conflicting results. The largest MRI study of
patients with psychosis (n = 656) reported a higher preva-
lence of clinically relevant abnormalities (10.3%) in their first
episode subsample compared with our meta-analytic esti-
mate but essentially found no difference from healthy con-
trols, who had a similarly high prevalence of clinically rel-
evant abnormalities (11.8%).8 This study is notable for being
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the only one in our meta-analysis that reported the preva-
lence of clinically relevant abnormalities to be lower in pa-
tients with psychosis than in controls and was identified as an
outlier in the leave-1-out sensitivity analysis. Studies explor-
ingradiological abnormalities in patients with psychosis using
computed tomography (CT) have yielded substantially lower
estimates than MRI.#3° This likely reflects the relative insen-
sitivity of CT to detect intracranial abnormalities in patients
with psychosis.

In otherwise healthy individuals, the prevalence of inci-
dental clinically relevant brain abnormalities found on MRIis
estimated to be 1.4%%° to 2.7%.'8 In our study, we were able
to derive the first meta-analytic estimate of the relative risk
of clinically relevant brain abnormalities in FEP compared with
asymptomatic healthy individuals. Our findings suggest a
2-fold increased risk, once adjusted for outliers. Research MRI
studies have identified widespread differences in gray and
white matter density in FEP compared with controls. How-
ever, these studies typically use voxel-based morphometry and
involve alterations that are too small to be detected by the na-
ked eye. Although most radiological abnormalities in FEP do
not necessitate a change in management, it is worth noting that
these apparently benign findings may be associated with rela-
tively poor outcomes across the life span*! and a marker of neu-
rovascular health.*? This suggests that they could reflect the
macroscopic sequelae of suboptimal brain development and
as such may represent determinants of a poor outcome, even
if they do not lead to a diagnosis of secondary psychosis.
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The most common neuroradiological abnormality was
white matter abnormalities, predominantly small hyperin-
tensities. They were also the most common clinically rel-
evant abnormality reported. This finding is consistent with
independent neuroimaging evidence that psychosis is associ-
ated with widely distributed anatomical and functional
dysconnectivity.*>-*> White matter lesions are closely associ-
ated with neuroinflammatory processes in psychosis,*® as
well as immune-mediated neurological disorders such as
multiple sclerosis,*” supporting an etiological role of the
immune system in psychosis.

Interestingly, we found the prevalence of brain tumors in
FEP was very low (with the estimated NNA to detect 1 tumor
of around 1000) despite this being one of the main concerns
of psychiatrists. However, because all the studies in this meta-
analysis excluded patients with clinical evidence suggestive
of a secondary medical (“organic”) cause, our results are likely
to underestimate the true prevalence of tumors in patients
with FEP more broadly, as such cases are more likely to pre-
sent with neurologic features, such as apraxia, visual field
deficits, and anomia.*®

The heterogeneity between studies in the proportion of
patients with any type of abnormality was large. In contrast,
heterogeneity for clinically relevant abnormalities was mod-
erate. Between-study differences in design, eligibility crite-
ria, neuroimaging methods, and radiological assessment may
have contributed to this statistical heterogeneity. We ex-
plored its basis using subgroup analysis and meta-regression.
The former found no difference between studies based on
sample type, rater, or field strength, and the latter found that
the effects of patient age and publication year were not sig-
nificant. We were not able to explore the effect of psychosis
duration because of insufficient data.

We assessed the robustness of the findings using sensi-
tivity analyses. One study*® was identified as an outlier in the
meta-analysis of risk for clinical abnormalities, and its re-
moval resulted in the risk ratio becoming significant. Further-
more, the results remained robust to several sensitivity analy-
ses. Our group-level estimates assumed that each patient had a
maximum of 1type of abnormality, and findings did not change
substantially at a group level when we excluded studies in
which this assumption could not be confirmed.

Should MRI be routinely performed in patients with FEP?
One approach to resolving this debate is to consider the net
clinical benefit. We were able to ascertain that 1in 18 patients
had a change in management after an MRI, and therefore it
could be argued they received some clinical benefit. In con-
trast, clinical risks associated with MRI scanning are mini-
mal, and most patients find the procedure acceptable. An-
other approach is to consider the economic implications. The
financial costs of a brain MRI vary considerably, and there-
fore the economic case for routine screening is also likely to
vary. In Europe, the average cost is around $264 (€250), in-
cluding evaluation by a radiologist. Based on the estimated
NNA, the cost to detect 1 clinically relevant abnormality is ap-
proximately $4752 (€4500). In comparison, the financial cost
is substantially higher in the United States. However, the po-
tential costs associated with failing to identify a clinically rel-
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evant abnormality (that may include a potentially reversible
cause) are also likely to be higher. While further analysis is in-
dicated to explore the net economic benefits, provisional evalu-
ation based on clinical grounds would favor offering MRI to
all patients with FEP.

Strengths and Limitations

This meta-analysis provides the most precise estimate of the
prevalence of neuroradiological abnormalities in FEP in the lit-
erature to date. Subgroup and meta-regression permitted the
exploration of moderating factors and causes of heteroge-
neity, such as study characteristics and imaging parameters.
Furthermore, by comparing neuroradiological abnormalities
in FEP with healthy controls, we were able to determine the
specificity of these abnormalities. Importantly, in most stud-
ies, FEP samples were matched with healthy controls. Other
strengths included a rigorous approach to study identifica-
tion and data extraction. Furthermore, because the meta-
analysis focused on patients with FEP, the findings are un-
likely to have been confounded by the influence of chronic
illness or its treatment.

This study also had limitations. First, the studies we ex-
amined may not have included patients who were particu-
larly unwell and/or lacked capacity. Second, around half of the
studies involved patients who had undergone MRI as part of
research rather than routine clinical care, and all the studies
had excluded patients in whom there was clinical evidence of
apotential secondary cause (based on examination and/or psy-
chiatric assessment). These factors are likely to have resulted
in an underestimate of the prevalence of clinically relevant ra-
diological abnormalities in FEP, suggesting the true figure may
be higher. Third, we assumed each patient had only 1 type of
radiological abnormality. However, in a few studies, this could
not be confirmed, which may have inflated the overall esti-
mate (of note, this limitation did not apply to our estimate of
clinically relevant abnormalities). Fourth, because we used ag-
gregate data, we were unable to explore the influence of po-
tentially relevant patient-level characteristics. Fifth, informa-
tion on duration of illness and antipsychotic exposure was
unavailable in several studies. Finally, included studies mostly
consisted of relatively small samples, which reduces statisti-
cal precision.

Future Research

Follow-up data would help determine the proportion of
clinically relevant radiological abnormalities that are treat-
able. Similarly, it would be useful to clarify whether the
presence of radiological abnormalities are associated with ad-
verse long-term clinical outcomes. If this was the case, this may
suggest a role for MRI in providing prognostic information in
addition to its diagnostic role. Secondary causes of psychosis
are associated with particular clinical variables, such as vi-
sual hallucinations®°->2 and delusions of misidentification.>*
Systematic assessment of these risk factors could comple-
ment the use of MRI to help clinicians identify patients with a
secondary etiology. Further research is also indicated to ex-
plore the optimal MRI parameters for detecting radiological
abnormalities.
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Conclusions

This systematic review and meta-analysis found that around
6% of patients presenting with psychosis have a clinically
relevant radiological abnormality on MRI, with a corre-
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sponding NNA of 18. These findings provide a rationale for

the use of MRI in the clinical assessment of all patients pre-
senting with psychosis. As the availability of MRI increases

REFERENCES

1. Marques JG. Organic psychosis causing
secondary schizophrenia in one-fourth of a cohort
of 200 patients previously diagnosed with primary
schizophrenia. Prim Care Companion CNS Disord.
2020;22(2):19m02549. doi:10.4088/PCC.19m02549

2. Keshavan MS, Kaneko Y. Secondary psychoses:
an update. World Psychiatry. 2013;12(1):4-15. doi:10.
1002/wps.20001

3. Falkenberg|, Benetti S, Raffin M, et al. Clinical
utility of magnetic resonance imaging in
first-episode psychosis. Br J Psychiatry. 2017;211(4):
231-237. doi:10.1192/bjp.bp.116.195834

4. Albon E, Tsourapas A, Frew E, et al. Structural
neuroimaging in psychosis: a systematic review and
economic evaluation. Health Technol Assess.
2008;12(18):iii-iv,ix-163. doi:10.3310/hta12180

5. Galletly C, Castle D, Dark F, et al. Royal Australian
and New Zealand College of Psychiatrists clinical
practice guidelines for the management of
schizophrenia and related disorders. Aust N Z J
Psychiatry. 2016;50(5):410-472. doi:10.1177/
0004867416641195

6. National Institute for Health and Care Excellence
(NICE). Structural neuroimaging in first-episode
psychosis: technology appraisal guidance [TA136].
Published February 27, 2008. https://www.nice.
org.uk/guidance/ta136

7. Robert Williams S, Yukio Koyanagi C, Shigemi
Hishinuma E. On the usefulness of structural brain
imaging for young first episode inpatients with
psychosis. Psychiatry Res. 2014;224(2):104-106.
doi:10.1016/j.pscychresns.2014.08.001

8. Sommer IE, de Kort GA, Meijering AL, et al. How
frequent are radiological abnormalities in patients
with psychosis? a review of 1379 MRI scans.
Schizophr Bull. 2013;39(4):815-819. doi:10.1093/
schbul/sbs037

9. Debette S, Markus HS. The clinical importance of
white matter hyperintensities on brain magnetic
resonance imaging: systematic review and
meta-analysis. BMJ. 2010;341:c3666. doi:10.1136/
bmj.c3666

10. Kloppenborg RP, Nederkoorn PJ, Geerlings MI,
van den Berg E. Presence and progression of white
matter hyperintensities and cognition:
ameta-analysis. Neurology. 2014;82(23):2127-2138.
doi:10.1212/WNL.O0O00000000000505

11. Stroup DF, Berlin JA, Morton SC, et al;
Meta-analysis of Observational Studies in
Epidemiology (MOOSE) Group. Meta-analysis of
observational studies in epidemiology: a proposal
for reporting. JAMA. 2000;283(15):2008-2012.
doi:10.1001/jama.283.15.2008

12. Moher D, Liberati A, Tetzlaff J, Altman DG;
PRISMA Group. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA
statement. BMJ. 2009;339:b2535. doi:10.1136/
bmj.b2535

Downloaded From: https://jamanetwor k.com/ by a University College London User on 07/23/2023

and its costs decrease, it is becoming increasingly difficult to
justify not making MRI a mandatory part of the clinical
assessment of FEP.

13. Hoy D, Brooks P, Woolf A, et al. Assessing risk of
bias in prevalence studies: modification of an
existing tool and evidence of interrater agreement.
J Clin Epidemiol. 2012;65(9):934-939. doi:10.1016/
j.jclinepi.2011.11.014

14. Newcombe RG. Interval estimation for the
difference between independent proportions:
comparison of eleven methods. Stat Med. 1998;17
(8):873-890. doi:10.1002/(sici)1097-0258
(19980430)17:8<873::aid-sim779>3.0.c0; 2-i

15. Freeman MF, Tukey JW. Transformations
related to the angular and the square root. Ann
Math Statist. 1950;21(4):607-611. doi:10.1214/
aoms/1177729756

16. Barendregt JJ, Doi SA, Lee YY, Norman RE, Vos
T. Meta-analysis of prevalence. J Epidemiol
Community Health. 2013;67(11):974-978. doi:10.
1136/jech-2013-203104

17. DerSimonian R, Laird N. Meta-analysis in clinical
trials. Control Clin Trials. 1986;7(3):177-188. doi:10.
1016/0197-2456(86)90046-2

18. Morris Z, Whiteley WN, Longstreth WT Jr, et al.
Incidental findings on brain magnetic resonance
imaging: systematic review and meta-analysis. BMJ.
2009;339:b3016. doi:10.1136/bmj.b3016

19. Laupacis A, Sackett DL, Roberts RS. An
assessment of clinically useful measures of the
consequences of treatment. N Engl J Med. 1988;318
(26):1728-1733. doi:10.1056/
NEJM198806303182605

20. R Foundation for Statistical Computing. R:
alanguage and environment for statistical
computing: version 3.6.3. 2020.

21. Nyaga VN, Arbyn M, Aerts M. Metaprop: a Stata
command to perform meta-analysis of binomial
data. Arch Public Health. 2014;72(1):39. doi:10.1186/
2049-3258-72-39

22. Balduzzi S, Riicker G, Schwarzer G. How to
perform a meta-analysis with R: a practical tutorial.
Evid Based Ment Health. 2019;22(4):153-160.
doi:10.1136/ebmental-2019-300117

23. Egger M, Davey Smith G, Schneider M, Minder
C. Bias in meta-analysis detected by a simple,
graphical test. BMJ. 1997;315(7109):629-634.
doi:10.1136/bmj.315.7109.629

24. Schmid CH, Lau J, McIntosh MW, Cappelleri JC.
An empirical study of the effect of the control rate
as a predictor of treatment efficacy in meta-analysis
of clinical trials. Stat Med. 1998;17(17):1923-1942.
doi:10.1002/(SIC1)1097-0258(19980915)17:
17<1923::AID-5IM874>3.0.CO;2-6

25. Sterne JA, Egger M, Smith GD. Systematic
reviews in health care: investigating and dealing
with publication and other biases in meta-analysis.
BMJ.2001;323(7304):101-105. doi:10.1136/
bmj.323.7304.101

26. Harrer M, Cuijpers P, Furukawa TA, Ebert DD.
Doing Meta-analysis With R: A Hands-on Guide.
Chapman & Hall/CRC Press; 2021. doi:10.1201/
9781003107347

JAMA Psychiatry Published online July 12,2023

E7


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2023.2225?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2023.2225
https://jamanetwork.com/pages/cc-by-license-permissions?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2023.2225
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2023.2225?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2023.2225
https://dx.doi.org/10.4088/PCC.19m02549
https://dx.doi.org/10.1002/wps.20001
https://dx.doi.org/10.1002/wps.20001
https://dx.doi.org/10.1192/bjp.bp.116.195834
https://dx.doi.org/10.3310/hta12180
https://dx.doi.org/10.1177/0004867416641195
https://dx.doi.org/10.1177/0004867416641195
https://www.nice.org.uk/guidance/ta136
https://www.nice.org.uk/guidance/ta136
https://dx.doi.org/10.1016/j.pscychresns.2014.08.001
https://dx.doi.org/10.1093/schbul/sbs037
https://dx.doi.org/10.1093/schbul/sbs037
https://dx.doi.org/10.1136/bmj.c3666
https://dx.doi.org/10.1136/bmj.c3666
https://dx.doi.org/10.1212/WNL.0000000000000505
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.283.15.2008?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2023.2225
https://dx.doi.org/10.1136/bmj.b2535
https://dx.doi.org/10.1136/bmj.b2535
https://dx.doi.org/10.1016/j.jclinepi.2011.11.014
https://dx.doi.org/10.1016/j.jclinepi.2011.11.014
https://dx.doi.org/10.1002/(sici)1097-0258(19980430)17:8%3C873::aid-sim779%3E3.0.co;2-i
https://dx.doi.org/10.1002/(sici)1097-0258(19980430)17:8%3C873::aid-sim779%3E3.0.co;2-i
https://dx.doi.org/10.1214/aoms/1177729756
https://dx.doi.org/10.1214/aoms/1177729756
https://dx.doi.org/10.1136/jech-2013-203104
https://dx.doi.org/10.1136/jech-2013-203104
https://dx.doi.org/10.1016/0197-2456(86)90046-2
https://dx.doi.org/10.1016/0197-2456(86)90046-2
https://dx.doi.org/10.1136/bmj.b3016
https://dx.doi.org/10.1056/NEJM198806303182605
https://dx.doi.org/10.1056/NEJM198806303182605
https://dx.doi.org/10.1186/2049-3258-72-39
https://dx.doi.org/10.1186/2049-3258-72-39
https://dx.doi.org/10.1136/ebmental-2019-300117
https://dx.doi.org/10.1136/bmj.315.7109.629
https://dx.doi.org/10.1002/(SICI)1097-0258(19980915)17:17%3C1923::AID-SIM874%3E3.0.CO;2-6
https://dx.doi.org/10.1002/(SICI)1097-0258(19980915)17:17%3C1923::AID-SIM874%3E3.0.CO;2-6
https://dx.doi.org/10.1136/bmj.323.7304.101
https://dx.doi.org/10.1136/bmj.323.7304.101
https://dx.doi.org/10.1201/9781003107347
https://dx.doi.org/10.1201/9781003107347
http://www.jamapsychiatry.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2023.2225

E8

Prevalence of Neuroradiological Abnormalities in First-Episode Psychosis

Research Original Investigation

27. Zanetti MV, Schaufelberger MS, de Castro CC,
et al. White-matter hyperintensities in first-episode
psychosis. Br J Psychiatry. 2008;193(1):25-30. doi:
10.1192/bjp.bp.107.038901

28. Dazzan P, Arango C, Fleischacker W, et al.
Magnetic resonance imaging and the prediction of
outcome in first-episode schizophrenia: a review of
current evidence and directions for future research.
Schizophr Bull. 2015;41(3):574-583. doi:10.1093/
schbul/sbv024

29. Lubman DI, Velakoulis D, McGorry PD, et al.
Incidental radiological findings on brain magnetic
resonance imaging in first-episode psychosis and
chronic schizophrenia. Acta Psychiatr Scand. 2002;
106(5):331-336. doi:10.1034/j.1600-
0447.2002.02217.x

30. Khandanpour N, Hoggard N, Connolly DJ. The
role of MRl and CT of the brain in first episodes of
psychosis. Clin Radiol. 2013;68(3):245-250. doi:10.
1016/j.crad.2012.07.010

31. Guasp M, Martin-Aguilar L, Sabater L, et al.
Neurofilament light chain levels in anti-NMDAR
encephalitis and primary psychiatric psychosis.
Neurology. 2022;98(14):e1489-€1498. doi:10.1212/
WNL.0000000000200021

32. Andrea S, Papirny M, Raedler T. Brain imaging in
adolescents and young adults with first-episode
psychosis: a retrospective cohort study. J Clin
Psychiatry. 2019;80(6):18m12665. doi:10.4088/
JCP18m12665

33. Lieberman JA, Jody D, Alvir JM, et al. Brain
morphology, dopamine, and eye-tracking
abnormalities in first-episode schizophrenia:
prevalence and clinical correlates. Arch Gen
Psychiatry.1993;50(5):357-368. doi:10.1001/
archpsyc.1993.01820170035005

34. Borgwardt SJ, Radue EW, Gétz K, et al.
Radiological findings in individuals at high risk of
psychosis. J Neurol Neurosurg Psychiatry. 2006;77
(2):229-233. doi:10.1136/jnnp.2005.069690

35. Miller BL, Lesser IM, Boone KB, Hill E,
Mehringer CM, Wong K. Brain lesions and cognitive
function in late-life psychosis. Br J Psychiatry.
1991;158:76-82. doi:10.1192/bjp.158.1.76

JAMA Psychiatry Published online July 12,2023

36. Dazzan P, Lawrence AJ, Reinders AATS, et al;
OPTiMISE Study Group. Symptom remission and
brain cortical networks at first clinical presentation
of psychosis: the OPTIMISE study. Schizophr Bull.
2020;47(2):444-455. doi:10.1093/schbul/sbaall5

37. Goulet K, Deschamps B, Evoy F, Trudel JF. Use
of brain imaging (computed tomography and
magnetic resonance imaging) in first-episode
psychosis: review and retrospective study. Can J
Psychiatry. 2009;54(7):493-501. doi:10.1177/
070674370905400711

38. Forbes M, Stefler D, Velakoulis D, et al. The
clinical utility of structural neuroimaging in
first-episode psychosis: a systematic review. Aust N
Z J Psychiatry. 2019;53(11):1093-1104. doi:10.1177/
0004867419848035

39. Srivastava R, Holmes RD, Noel CW, Lam TV,
Shewchuk JR. Reducing neuroimaging in
first-episode psychosis by facilitating uptake of
choosing wisely recommendations: a quality
improvement initiative. BMJ Open Qual. 2021;10(3):
e001307. doi:10.1136/bmjog-2020-001307

40. Gibson LM, Paul L, Chappell FM, et al.
Potentially serious incidental findings on brain and
body magnetic resonance imaging of apparently
asymptomatic adults: systematic review and
meta-analysis. BMJ. 2018;363:k4577. doi:10.1136/
bmj.k4577

41. Moura AR, Lee S, Habeck C, Razlighi Q, Stern Y.
The relationship between white matter
hyperintensities and cognitive reference abilities

across the life span. Neurobiol Aging. 2019;83:31-41.

doi:10.1016/j.neurobiolaging.2019.08.024

42. Huang C-C, Chou K-H, Lee W-J, et al. Brain
white matter hyperintensities-predicted age
reflects neurovascular health in middle-to-old aged
subjects. Age Ageing. 2022;51(5):afac106. doi:10.
1093/ageing/afac106

43. Crossley NA, Mechelli A, Ginestet C, Rubinov
M, Bullmore ET, McGuire P. Altered hub functioning
and compensatory activations in the connectome:
a meta-analysis of functional neuroimaging studies

in schizophrenia. Schizophr Bull. 2016;42(2):434-442.

doi:10.1093/schbul/sbv146

Downloaded From: https://jamanetwor k.com/ by a University College London User on 07/23/2023

44. Kanaan RA, Shergill SS, Barker GJ, et al.
Tract-specific anisotropy measurements in diffusion
tensor imaging. Psychiatry Res. 2006;146(1):73-82.
doi:10.1016/j.pscychresns.2005.11.002

45. Pettersson-Yeo W, Allen P, Benetti S, McGuire P,
Mechelli A. Dysconnectivity in schizophrenia:
where are we now? Neurosci Biobehav Rev. 2011;35
(5):1110-1124. doi:10.1016/j.neubiorev.2010.11.004

46. Najjar S, Pearlman DM. Neuroinflammation
and white matter pathology in schizophrenia:
systematic review. Schizophr Res. 2015;161(1):
102-112. doi:10.1016/j.schres.2014.04.041

47. Lucchinetti CF, Briick W, Rodriguez M,
Lassmann H. Distinct patterns of multiple sclerosis
pathology indicates heterogeneity on
pathogenesis. Brain Pathol. 1996;6(3):259-274.
doi:10.1111/j.1750-3639.1996.tb00854.x

48. Madhusoodanan S, Ting MB, Farah T, Ugur U.
Psychiatric aspects of brain tumors: a review. World J
Psychiatry. 2015;5(3):273-285. doi:10.5498/
wjpv5.i3.273

49. Sommer IE, van Bekkum DW, Klein H, Yolken R,
de Witte L, Talamo G. Severe chronic psychosis
after allogeneic SCT from a schizophrenic sibling.
Bone Marrow Transplant. 2015;50(1):153-154.
doi:10.1038/bmt.2014.221

50. Benke T. Peduncular hallucinosis: a syndrome
of impaired reality monitoring. J Neurol. 2006;253
(12):1561-1571. doi:10.1007/s00415-0060-0254-4

51. Mocellin R, Walterfang M, Velakoulis D.
Neuropsychiatry of complex visual hallucinations.
Aust N Z J Psychiatry. 2006;40(9):742-751. doi:10.
1080/}.1440-1614.2006.01878.x

52. Dadwal AK, Blackman G, Teixeira-Dias M, Ffytche
D. The association between visual hallucinations and
secondary psychosis: a systematic review and
meta-analysis. medRxiv. 2022:2022.06.07.22276049.
doi:10.1101/2022.06.07.22276049

53. Teixeira-Dias M, Dadwal AK, Bell V, Blackman G.
Neuropsychiatric features of Fregoli syndrome: an
individual patient meta-analysis. J Neuropsychiatry
Clin Neurosci. 2023;35(2):171-177. doi:10.1176/appi.
neuropsych.22010011

jamapsychiatry.com


https://dx.doi.org/10.1192/bjp.bp.107.038901
https://dx.doi.org/10.1093/schbul/sbv024
https://dx.doi.org/10.1093/schbul/sbv024
https://dx.doi.org/10.1034/j.1600-0447.2002.02217.x
https://dx.doi.org/10.1034/j.1600-0447.2002.02217.x
https://dx.doi.org/10.1016/j.crad.2012.07.010
https://dx.doi.org/10.1016/j.crad.2012.07.010
https://dx.doi.org/10.1212/WNL.0000000000200021
https://dx.doi.org/10.1212/WNL.0000000000200021
https://dx.doi.org/10.4088/JCP.18m12665
https://dx.doi.org/10.4088/JCP.18m12665
https://jamanetwork.com/journals/jama/fullarticle/10.1001/archpsyc.1993.01820170035005?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2023.2225
https://jamanetwork.com/journals/jama/fullarticle/10.1001/archpsyc.1993.01820170035005?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2023.2225
https://dx.doi.org/10.1136/jnnp.2005.069690
https://dx.doi.org/10.1192/bjp.158.1.76
https://dx.doi.org/10.1093/schbul/sbaa115
https://dx.doi.org/10.1177/070674370905400711
https://dx.doi.org/10.1177/070674370905400711
https://dx.doi.org/10.1177/0004867419848035
https://dx.doi.org/10.1177/0004867419848035
https://dx.doi.org/10.1136/bmjoq-2020-001307
https://dx.doi.org/10.1136/bmj.k4577
https://dx.doi.org/10.1136/bmj.k4577
https://dx.doi.org/10.1016/j.neurobiolaging.2019.08.024
https://dx.doi.org/10.1093/ageing/afac106
https://dx.doi.org/10.1093/ageing/afac106
https://dx.doi.org/10.1093/schbul/sbv146
https://dx.doi.org/10.1016/j.pscychresns.2005.11.002
https://dx.doi.org/10.1016/j.neubiorev.2010.11.004
https://dx.doi.org/10.1016/j.schres.2014.04.041
https://dx.doi.org/10.1111/j.1750-3639.1996.tb00854.x
https://dx.doi.org/10.5498/wjp.v5.i3.273
https://dx.doi.org/10.5498/wjp.v5.i3.273
https://dx.doi.org/10.1038/bmt.2014.221
https://dx.doi.org/10.1007/s00415-0060-0254-4
https://dx.doi.org/10.1080/j.1440-1614.2006.01878.x
https://dx.doi.org/10.1080/j.1440-1614.2006.01878.x
https://dx.doi.org/10.1101/2022.06.07.22276049
https://dx.doi.org/10.1176/appi.neuropsych.22010011
https://dx.doi.org/10.1176/appi.neuropsych.22010011
http://www.jamapsychiatry.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2023.2225

