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Objective: In psychiatric practice, adult patients
are most commonly referred for magnetic resonance
imaging (MRI) to screen for suspected organic medical
diseases of the central nervous system that can mimic
psychiatric syndromes. We identified the most common
signs and symptoms prompting MRIs to establish the
predictive value of these signs and symptoms for clini-
cally pertinent organic syndromes.

Method: This study was a retrospective chart review
of psychiatric patients at the Veterans Affairs Greater
Los Angeles Health Care Center (Los Angeles, Calif.)
who were referred for MRI of the brain between 1996
and 2002. Patients referred for evaluation of dementia
were excluded. The specific indications leading clini-
cians to obtain MRI were identified and grouped. In
order to offset the uncertain significance of many MRI
findings, for this study, the predictive value of each
indication was calculated based on the percentage of
patients in whom clinical management changed in re-
sponse to MRI findings rather than on the percentage
with any abnormal MRI results.

Results: Of 253 patients who had MRIs, 38 (15%)
incurred some degree of treatment modification as a
result of MRI findings, including 6 patients in whom
MRI identified a medical condition that became the fo-
cus of treatment. Six indications appeared most likely to
prompt clinicians to obtain MRIs. Because pertinent re-
sults were associated with each of these indications, sta-
tistical evaluation did not reveal significant differences
in their predictive values (x> = 4.32, df = 5, p = .505).

Conclusions: Unlike prior studies showing no value
to screening radioimaging, this study shows MRI can be
a useful screening test among patients suspected of hav-
ing organic psychiatric disorders and that the common
indications for MRI employed at one institution were
predictive.
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I n adult psychiatry, magnetic resonance imaging
(MRI) is most commonly used to identify occult or-
ganic medical conditions of the central nervous system
(CNS), which can mimic psychiatric symptoms. While the
role of MRI in the evaluation of dementia is well estab-
lished,! there is no consensus on the indications for its use
in the evaluation of nondemented patients. Even the signs
and symptoms considered suspicious in the diagnosis of
organic conditions are uncertain, as the available literature
is limited to occasional case reports and a few case series.
To date, there has been no systematic attempt to identify
the particular clinical features that should be considered
suspicious for organic illness and thus lead clinicians to
obtain MRI. To clarify the usefulness of MRI in the evalu-
ation of patients with suspected organic syndromes, we
performed a retrospective review of all MRIs obtained for
adult, nondemented patients at a large health care center
within the Department of Veterans Affairs. We identified
the most common signs and symptoms considered indica-
tions of organic conditions and calculated the predictive
value of these indications for pertinent MRI findings.
While estimates of the prevalence of medical syn-
dromes causing psychiatric symptoms suggest that they
are relatively uncommon compared with functional psy-
chiatric disorders (Table 1),>® patients with these syn-
dromes may be disproportionately represented in selected
demographic groups, including the elderly. Given the
potential benefits for treatment from early diagnosis of
these conditions, the ability to identify them should be of
interest. While computerized tomography (CT) scanning
remains the most sensitive investigative procedure for
patients with suspected cranial fractures or acute intracra-
nial bleeding, MRI is the diagnostic procedure of choice
for CNS neoplasms, vascular disorders (including arterio-
venous malformations, vasculopathies, and aneurysms),
and demyelinating diseases. MRI may also provide clini-
cally useful information in patients with a prior history of
head trauma or suspected infectious diseases of the CNS
(including herpes and prion diseases), as well as in patients
with systemic illnesses that involve the CNS (systemic
lupus erythematosus, sarcoid, etc.), although its usefulness
in the identification of these conditions is less distinct.
The available practice guidelines for the major psychi-
atric diagnoses either make no recommendations for MRI

968



Erhart et al.

Table 1. Published Estimates of the Incidence of Organic Conditions First Presenting as
Psychiatric Symptoms in the General Population

1-Year Incidence Percentage First Presenting

Disorder (per 100,000) With Psychiatric Symptoms Odds Ratio®
Schizophrenia 1642 100? 16.0-42.0
Multiple sclerosis 1 183 0.2
Neoplasms of the central nervous system 12 20* 2.0
Head trauma 400 3-5 12.0-20.0
Chronic subdural hematoma 3 <50° <09
Aneurysms/arteriovenous malformations 18 Case reports’ Rare
Vasculitides 10-20 Case reports® Rare

“Estimated number of patients initially presenting to psychiatrists with organic conditions relative to patients

initially presenting with schizophrenia, i.e., for every 16—42 patients with new-onset schizophrenia,
psychiatrists see 2 patients with unrecognized central nervous system neoplasms.

or recommend against its use in the evaluation of patients
with presentations clearly consistent with these diag-
noses. In part, the low prevalence and protean nature of
the symptoms that characterize the organic syndromes,
combined with the expense and uncertain clinical rel-
evance of many MRI findings, have contributed to the ab-
sence of accepted guidelines for MRI use in evaluation of
suspected organic syndromes. Also relevant is the ab-
sence, to date, of any systematic attempt to identify the
clinical features of organic illness.

The utility of CNS imaging as a screening measure in
psychiatric patients without dementia has been studied
twice.”'® The most widely cited is a case series'® of 261
patients who underwent CT scans as a routine procedure
upon admission to a psychiatric hospital. Because this
practice did not yield any clinically pertinent results, rou-
tine use of imaging as a screening device in patients with-
out suspicious features has subsequently been discour-
aged. In the case of MRI, one retrospective chart review
of 731 patients screened by MRI yielded a number of in-
stances of patients with occult medical conditions includ-
ing tumors and hemorrhages.9 However, the authors did
not indicate either the basis for referral for MRI or wheth-
er it had any treatment impact, and the study appears
to have been largely ignored. The applicability of either
of these studies to the current use of MRI by clinicians
is limited, however. The design of the McClellan et al.
study,'® in particular, includes a selection bias toward pa-
tients with long-standing and static symptoms who, as a
group, do not resemble the patients who today receive
MRI, namely those with atypical clinical features.

While the particular signs and symptoms considered
atypical vary among clinicians, certain symptoms on face
value have come to be considered suspicious for organic
illness. A literature review of case reports of medical con-
ditions mimicking psychiatric syndromes discovered by
MRI suggests that the most common clinical features
prompting MRI are subsyndromal cognitive deteriora-
tion''"* and psychiatric symptoms whose emergence is
accompanied by neurologic signs.'> Less commonly, im-
portant MRI results have also been reported for cases of
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mutism'® and Capgras syndrome.'” Small numbers of case
reports describe MRI studies prompted by mood and be-
havioral symptoms.'®"

Here, we present the results of a review of the useful-
ness of MRI in the management of nondemented patients
who were suspected of having organic illnesses. In addi-
tion to identifying the common indications for MRI and
calculating their predictive value for pertinent results, we
also provide preliminary data on the cost-effectiveness of
MRI, as measured by changes in clinical management and
quality of life that occurred among patients with positive
findings.

METHOD

This study was a retrospective chart review of patients
who received MRIs of the brain ordered by psychiatrists
as part of the evaluation of suspected organic symptoms.
The potential subjects included all psychiatric patients re-
ceiving care at the Veterans Affairs Greater Los Angeles
(VAGLA) Health Care Center, Los Angeles, Calif., who
had MRIs between 1996 and 2002. The project was ap-
proved by the VAGLA Institutional Review Board.

Patients were identified using the computerized med-
ical records of the Department of Veterans Affairs. Pa-
tients who received MRIs for the evaluation of dementia
or had an existing diagnosis of dementia at the time
of MRI were excluded. Patients who received MRI or-
dered by a psychiatrist at the direct request of another
specialty service (e.g., otolaryngology, neurology) were
also excluded.

Patient information gathered included sex, age greater
than 65 years, history of human immunodeficiency virus,
and history of head trauma. Data reviewed included the
MRI results, coincident chart notes, and discharge sum-
maries and orders for a follow-up period of up to 1 year
after MRI.

MRI results were recorded based on the reports by the
radiologist at the time the MRI was obtained. MRI at this
facility used a 1.5 Tesla magnet. All results were reported
by board-certified neuroradiologists working on site.
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Table 2. Categories of Clinical Impact Designated for Magnetic Resonance Imaging (MRI) Findings in Psychiatric Patients

Suspected of Having an Organic Disorder

Category

Explanation

None MRI could be normal or abnormal but resulted in no impact on treatment and/or diagnostic formulation.

Theoretical ~MRI was abnormal but associated treatment modification and/or diagnostic reformulation was less immediate or distinct:
(1) treatment modification (via dose change and/or medication modification) might have been undertaken in the course of good
empirical management without MRI or (2) specialists are consulted but do not intervene.

Significant

MRI was abnormal and resulted in significant impact on treatment and/or diagnostic reformulation: some presenting psychiatric

symptoms are attributable to organic condition, and identification of the organic condition prompts referral to another specialty
along with discontinuation of some psychiatric treatment; treatment outcome by other service may vary, however.

Table 3. Clinical Rationale for Magnetic Resonance Imaging
(MRI) Referral in Psychiatric Patients (N = 253*) With
Suspected Organic Syndromes

Table 4. Positive Predictive Value of Signs and Symptoms for
Clinically Pertinent Organic Syndromes by Clinical Rationale
Prompting Magnetic Resonance Imaging

Rationale N (%)
Subsyndromal cognitive deficits 64 (25)
Unusual age at symptom onset or 57 (23)
unusual symptom evolution
Personality changes 39 (15)
Accompanying neurologic signs/symptoms 38 (15)
Unusual symptoms 19 (8)
Sustained confusion/delirium 18 (7)
Other 46 (18)

“Group Ns do not total 253 due to 28 patients for whom more than 1
rationale was listed for MRI.

MRI results were also assigned a clinical impact level,
determined by the degree to which management after MRI
was influenced by the MRI results. MRI impact was cat-
egorized post hoc. The use of post hoc analysis in MRI
studies of usefulness allows for results to be weighed in
light of clinical impact and has become an accepted prac-
tice in MRI research where it serves to offset the uncertain
significance of many MRI findings.*

In this study, the 3 designated categories of clinical
impact were (1) None: results have no significance for
treatment, (2) Significant: results have clear significance
for treatment, and (3) Theoretical: results have theoretical
significance for treatment (Table 2). The difference be-
tween clear and theoretical significance adopted here may
be explained by example. In this study, there were 2 pa-
tients whose MRIs showed masses consistent with menin-
giomas. In one case, the patient’s records showed that
this finding was deemed responsible for the presenting
psychiatric symptoms by the psychiatric team, and the pa-
tient was transferred to another service. This was listed as
an instance where MRI findings had clear significance
for treatment. By contrast, in another patient, the patient’s
meningioma on MRI was deemed less clearly linked with
the presenting symptoms, and review of subsequent pro-
gress notes showed that treatment (addition of pharmaco-
therapy specifically for disinhibition) might well have
evolved empirically as part of good clinical management.
In this case, MRI findings were considered to have theo-
retical impact on patient management. Statistical signifi-
cance of these impact categories was determined using a
95%, binomial confidence interval for each impact cat-
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Any Significant
Impact® Impact®
Clinical Rationale NN % NN %
Subsyndromal cognitive deficits 9/64 14 1/64 1.6
Unusual age at symptom onset or 13/57 23 3/57 53
unusual symptom evolution
Personality changes 9/39 23 2/39 5.1
Accompanying neurologic 10/38 26 3/38 7.9
signs/symptoms
Unusual symptoms 4/19 21 0/19 0
Sustained confusion/delirium 2/18 11 0/18 0
Other 1/46 2 0/46 0

“Total N > 253 because some patients had more than 1 clinical
indication.
®Subset Nis total > 6 because 3 patients had 2 clinical indications each.

egory. A review of impact category assignment by a sec-
ond evaluator showed good agreement: There were no
differences between raters related to cases where impact
was “significant.” Interrater agreement related to patients
with no or theoretical impact was 96% (238/247).
Because a secondary purpose of this study was eval-
uation of the predictive value of the particular signs and
symptoms considered suspicious by clinicians at one
institution, we clustered these into groups (Table 3) and
calculated the percentage of patients referred from each
group who demonstrated pertinent MRI findings (Table
4). The clinical indication for the MRI was determined on
the basis of psychiatrist chart notes and communications
with the radiologist and then assigned post hoc to 1 of 7
rationale groups that emerged in a review by the principal
investigator (S.M.E.; Table 5). Identification of rationales
and assignment of patients into rationale groups was per-
formed by the principal investigator. Statistical evalua-
tion of the predictive values of the various indications for
MRI used a generalized linear model (G.E.E. approach as
implemented by SAS-Genmod [SAS, Cary, N.C., 2002]).

RESULTS

Between 1996 and 2002, 751 patients in the VAGLA
Health Care System had MRI radiographs requested by
psychiatrists. Four hundred ninety-eight referrals were
for the evaluation of dementia or were initiated by other
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Table 5. Clinical Rationale Groups: Specific Signs and
Symptoms Prompting Magnetic Resonance Imaging (MRI)*

Rationale Group N
Subsyndromal cognitive deficits
New memory disturbance 17
Poor concentration/slowing 8
Dysexecutive 6
Language abnormalities 6
Not specified 27

Unusual age at symptom onset or
unusual symptom evolution

Abrupt symptom onset 22
Unusual response to treatment 19
Unusual patient age for symptom 16
Personality changes
Lability/explosiveness 18
Apathy 7
Not characterized 14
Accompanying neurologic signs/symptoms
Movement abnormalities 13
Headache 13
Weakness 1
Other 11
Unusual symptoms
Discrete delusions 10
Visual hallucinations 7
Other 2
Sustained confusion/delirium 18
Other 46

Ns include 28 patients for whom more than 1 rationale was listed for
MRIL

Table 7. Magnetic Resonance Imaging Results by Radiologist
for Psychiatric Patients (N = 253) Referred for Suspected
Organic Syndromes

Result N*
Normal 115 (45%)
Ischemic changes 72 (28%)
Diffuse 51
Localized 21
Atrophy 48 (19%)
Diffuse 30
Localized 18
White matter changes 19 (8%)
Diffuse 13
Localized 6
Demyelination 3
Cysts 3
Sinus 1
Arachnoid 2
Meningioma 2
Aneurysm 2
Subacute hematoma 1
Gyriform enhancement 1

(consistent with vasculitis vs encephalitis)
Other 5

“Percentages shown only for the most prevalent cases. Total N > 253
because some patients had more than 1 result.

Table 8. Magnetic Resonance Imaging Results by Impact
Category for Psychiatric Patients (N = 253) Referred for
Suspected Organic Syndromes

Table 6. Characteristics of Psychiatric Patients (N = 253)
Referred for Magnetic Resonance Imaging to Screen for
Suspected Organic Syndromes

Characteristic N
Sex, female/male 18/235
Age>065y 50
Identified history of head trauma 29
Positive test result for human immunodeficiency virus 3

medical services and are not included. The balance com-
prised 253 patients who had MRIs to investigate clinical
symptoms considered suspicious for organic illness and
will be discussed here (Table 6).

Of these 253 MRIs, the findings of 115 were inter-
preted as normal and 138 included features considered
abnormal according to the reports by the radiologist
(Table 7). Common abnormalities included diffuse ische-
mic changes (N =51) and atrophy (N = 30). Consistent
with prior reports, localized ischemic changes (N =21)
and atrophy (N =18) were less common. Other MRI
findings included 2 patients with suspected meningio-
mas, 2 patients with aneurysms, and 3 patients with find-
ings consistent with multiple sclerosis.

The reasons clinicians obtained MRIs appeared attrib-
utable to 1 of 6 indications that emerged in a review by
the principal investigator (S.M.E.) in the majority of pa-
tients. The most common indication for referral was for
subsyndromal cognitive deterioration not commensurate
with dementia, which was cited in 25% of all referrals.
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Impact on Treatment N % 95% Confidence Interval
None 215 85 79.97% to 89.15%
Theoretical 32 13 8.8% to 17.4%
Significant 6 2 0.9% to 5.1%

The second most common indication for MRI was for
symptoms that emerged at an unusual patient age (23%).
Patients also were referred for abrupt personality changes
(15%), for psychiatric symptoms that emerged concur-
rently with neurologic symptoms (15%), or for psychiatric
symptoms that have historically been deemed unusual—
visual hallucinations and discrete delusions, in particular
(8%). In addition to these reasons, 46 patients (18% of all
referrals) were referred for “other” reasons, which ap-
peared poorly characterized or idiosyncratic. (For a more
detailed description, see Table 5.)

Among the 138 MRIs with abnormal findings, 38 were
associated with some degree of clinical impact: 6 were as-
sociated with significant impact in clinical management
and 32 were associated with evident but nonessential im-
pact on treatment modifications (Table 8). An analysis of
the outcomes among the 6 patients who had significant
changes in clinical management in response to MRI find-
ings suggests that 2 of the 6 cases also experienced un-
equivocal changes in outcome as a direct result of the test
(Table 9).

Of the rationales most commonly listed by clinicians
obtaining an MRI, clinically pertinent results were most
frequently found among patients who were referred in
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Table 9. Long-Term Outcomes Among Psychiatric Patients With Significant Magnetic Resonance Imaging (MRI) Findings

Outcome Details
Improved
Patient I Aneurysm identified on MRI underwent surgical repair. The patient is alive, and presenting symptoms remitted.
Patient 2 Genetic degenerative condition (causing infarcts and atrophy) was identified on MRI. The patient continued to deteriorate,
but the family was referred for testing.
Neutral
Patient 3 MRI identified probable vasculitis believed responsible for symptoms. The patient died while awaiting additional evaluation.
Patient 4  MRI identified a meningioma. The patient was referred to neurosurgery but refused recommendation. The patient subsequently
resumed supportive care by psychiatry and is without symptom progression.
Patient 5 MRI identified olivopontocerebellar atrophy believed to be responsible for psychiatric symptoms. The patient’s psychiatric treatment
was halted but condition continued to deteriorate. The patient died 2 years later having become institution dependent.
Unknown
Patient 6  The patient had an aneurysm found on MRI. The patient was referred to neurosurgery, but long-term outcome is unknown.

cases when psychiatric symptoms emerged coincident
with neurologic symptoms. MRI findings with significant
impact were associated with 4 of the 7 indication catego-
ries, although some clinically meaningful results were as-
sociated with all indications (see Table 4). Statistical eval-
uation using a generalized linear model (G.E.E. approach
as implemented by SAS-Genmod) did not reveal signif-
icant differences in the predictive values of any of the 6
indications (x> = 4.32, df =5, p =.505), once patients re-
ferred for the rationale “other” were excluded. By contrast,
this latter group of patients in whom MRI referral was for
idiosyncratic or poorly characterized reasons were statisti-
cally less likely to have pertinent MRI findings than pa-
tients referred for 6 better characterized indications (y* =
18.87, df = 6, p =.0044).

DISCUSSION

This study demonstrates that there are circumstances
under which brain MRI is a useful test and that almost all
of the indications cited by clinicians at one institution for
obtaining MRI were equally predictive of organic syn-
dromes. Of 253 patients who had MRIs, 38 (15%) incurred
some degree of treatment modification based on the MRI
results, including 6 patients in whom the MRI identified an
unexpected medical condition that became the main focus
of treatment. Among 6 clearly identified clinical rationales
for MRI, 3 appeared to have the greatest predictive value
for clinically significant abnormalities: psychiatric symp-
toms that emerged coincidentally with neurologic symp-
toms, symptoms that emerged at an unusual age (or that
responded unusually to treatment), and abrupt changes in
personality. The greater predictive value for these ration-
ales was not statistically significant in this sample, how-
ever, perhaps due to the limited sample size. All of the
6 clearly characterized indications were statistically more
likely to be associated with pertinent MRI findings than
were a group of idiosyncratic or poorly characterized
referrals.

These results are at odds with a previous study'® eval-
uating the usefulness of neuroimaging employed as a
screening method among patients without suspicious clin-
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ical features, which yielded no pertinent CT results in
any of its patients. The difference quite likely reflects the
fact that the total number of MRIs obtained in our study
amounts to only a small fraction of approximately 25,000
unique patients cared for by psychiatrists during the period
of the study and implies that selective use of imaging stud-
ies increases the yield rate.

Even though this study was relatively large, the data
cannot be used to precisely quantify either the cost-
effectiveness or the impact on health-related quality of life
attributable to MRI findings because statistical consider-
ations necessitate sample sizes of several thousand patients
to measure even large changes in these domains.”' How-
ever, a preliminary review suggests that in the hands of
psychiatrists at this institution, the cost-effectiveness ratio
for this procedure is promising: Since brain MRI scans
cost roughly $500 to $1000 apiece, the scans obtained here
most likely cost no more than $253,000. If even 10 quality-
adjusted life years were gained by patients, this test would
fall within the range of commonly accepted procedures.”

The design of this study has several methodological
limitations. First, while the data provide an indication of
the ability of clinicians throughout one health care center
to identify signs and symptoms of organic illness, they do
not establish the sensitivity of these clinicians to organic
illnesses overall. Practical concerns did not allow for a
control group composed of patients with similar demo-
graphics who were randomly sent for MRI. Although the
literature on the prevalence of these conditions does not
imply that large numbers of patients with organic syn-
dromes went undetected, their actual number remains un-
known. Because this is the first project to identify the clin-
ical indications leading any psychiatrists to obtain MRI
in the evaluation of organic illness, it is also uncertain
whether these indications would be emphasized similarly
among clinicians at other institutions. Differences in train-
ing emphases could cause variability between institutions
concerning the features that are perceived as predictive of
organic illness.

Secondly, because impact in this study was measured
only as it related to post-MRI decisions made by the order-
ing clinician, a quite restrictive definition, several theoreti-
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cal benefits of MRI were not considered. These theoret-
ical benefits, including patient reassurance, education of
family members, and the development of the scientific
database, are not reflected in the data of this study but
could also be considered relevant.

A final factor that may limit generalizability is that the
population of this study (psychiatry patients enrolled in
a Veterans Affairs health care system) may differ from
the general population in several respects, as indicated
by prior research. In addition to being disproportionately
male, the VA population has a high prevalence of sub-
stance abuse disorders that may predispose patients to
some of the organic conditions, although their prevalence
in this particular study group is unknown. The VA popula-
tion is also older than non-VA populations.

While this study should not be interpreted as indicating
that MRI scans should be more widely performed, it does
show that selective use of MRI can provide meaningful
clinical information in the management of adult patients.
It also establishes chart review as a reasonable research
design for this topic. A larger sample size might more pre-
cisely establish the predictive values of the clinical indi-
cations identified in this study.
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