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Recent Updates in Brain Imaging Studies on Depressive Disorders and
Its Clinical Applications

Jeong Ho Seok, MD, Hyun-Sang Cho, MD and Jae-Jin Kim, MD, PhD
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ABSTRACT @ Neuroimaging techniques and methodologies in psychiatric research area have been developed for a few decades with
a surprising amount of products. Although there has been a consensus that depressive disorders are neuropsychiatric
illnesses associated with dysfunctions of brain, the neurobiological basis for these dysfunctions has not been estab-
lished. Numerous investigators have reported structural, functional, and neurochemical changes occurred in depressive
disorders through neuroimaging and post-mortem studies. In addition, baseline neuroimaging finding as a predictor
for treatment response has been suggested and replicated in several studies. In turn, clinical treatment strategies and
hypothesis of pathogenesis of depressive disorders have been suggested based on the result of these neuroimaging
studies. This article will briefly review the structural and functional brain changes in depressive disorders, especially
in unipolar depressive disorder and introduce a limbic-cortical network model of depression. However, we have to
consider the limitations and problems in current neuroimaging studies for appropriate clinical applications of the
results and continuing development in neuroimaing studies of depressive disorder. (J of Kor Soc for Dep and Bip
Disorders 2004;2:75-87)
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Table 1. Structural brain changes in depressive disorder
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Region MRI, lesion study, postmortem study (posifive/negative resulf)
Cortical
Frontal I Subgenual cortex volume 26)38)/32)
1 Frontal (prefrontal) volume 25)27-30)37)/31 -34)
1 Orbitofrontal cortex volume 3537)
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Temporal 1 Temporal lobe volume 31)34)63)64)/65)66)
Limbic

Hippocampus | Hippocampal volume

Hippocampal volume change related to depression symptoms
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Amygdala volume

Loss of normal asymmetry
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1

Others Total brain volume

1 White matter signal intensities
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MRIO Magnetic resonance imaging, MDDO Major depressive disorder
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Table 2. Functional brain imaging findings in depressive disorder
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Functional changes

Modality References
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Neurochemical Presynaptic and postsynaptic serotonin deficiency MRS~ 102109)
changes 1 GABA concentration in unipolar depression MRS 10¢)

*0 Subjects of these studies were not depressed patients but healthy controls and their sadness had been induced in experimental
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scopy, PETO positron emission tomography, SPECTO single photon emission computed tomography, CBFO cerebral blood flow, ECTO
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Fig. 1. Limbic-cortical dysregulation model. Regions with known
anatomical interconnections, that also show synchronized chan-
ges using PET in 3 behavioral states-baseline depressed (unipolar
and Parkinson's disease patients), post-treatment (medication,
cognitive therapy, placebo, surgery), and transient induced sad-
ness (controls, patients, neurotics)-form the basis of this schema-
fic. Failure of this regional network is hypothesized to explain the
combination of clinical symptoms seen in depressed patients (i.e.
mood, motor, cognitive, vegetative). Regions are grouped into
3 main compartments, cortical (black), limbic (darkgrey) and
subcortical (lightgrey). The frontal-imbic (dorsalventral) segre-
gation additionally identifies those brain regions where an inverse
relationship is seen across the different PET paradigms. Sadness
and depressive illness are both associated with decreases in dor-
sal neocortical regions and relative increases in ventral limbic
paralimbic areas. The model, in turn, proposes that illness remission
occurs when there is appropriate modulation of dysfunctional
limbic-cortical interactions (solid black arrows)-an effect facilita-
ted by various forms of treatment. It is further postulated that initial
modulation of unique subcortical targets by specific treatments
facilitates adaptive changes in particular pathways necessary
for network homeostasis and resulting clinical recovery. Dorsal
medial frontal (mf9), rostral anterior cingulate (rCg24) and me-
dial orbital frontal cortex (oF11) are separated from their respec-
five ‘compartments’ in the model to highlight their critical primary
interactions both within and between ‘levels’ in the integration
self-referential, emotionally salient, exogenous stimuli relevant to
reward, punishment and leaming in the healthy and depressed
state. AbbreviationsO mF, medial prefrontald dF, prefrontald pm,
premotord par, parietald aCg, dorsal anterior cingulated pCg,
posterior cingulated rCg, rostral cingulated thal, thalamusO bs-
tem, brainstemO mOF, mdical orbitofrontald Cg25, subgenual
cingulated Hth, hypothalamusO He, hippocampusO a-ins, ante-
rior insulad amyg, amygdalad p-ins, posterior insula. Numbers are
Brodmann designations. Adapted with permission from (May-
berg. Modulating dysfunctional limbic-cortical circuits in depres-
siond towards development of brain-based algorithms for diag-
nosis and optimised treatment. Br Med Bull 2003;65:193-207).135)
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Fig. 2. Predictive value of baseline rostral cingulate metabolism. Glucose metabolic activity in rostral anterior cingulate (Cg24a)
measured prior to treatment predicts 6-week response to pharmacotherapy in three patient groups (A-C)O Non-responders are
hypometabolic and responders hypermetabolic relative to healthy controls. Location of significant rostral cingulate increases in
responders compared fo non-responders is demonstrated as white demarcated regions. This paftem continues long-term, as demon-
strated by persistent increases in a separate group of fully remitted patients on maintenance medication (D). AbbreviationO UP Depl,
unipolar depression group 1 (n=180 10 responders, 8 non-responders)d UP Dep?2, unipolar group 2 (n=450 25 responders, 20 non-
responders)d PD Dep, Parkinson's disease patients with major depression (n=150 9 responders, 5 non-responders)d UP Rem, unipolar
depression in full remission (n=10 versus 10 healthy controls). Adapted with permission from (Mayberg. Modulating dysfunctional
limbic-cortical circuits in depressiond towards development of brain-based algorithms for diagnosis and optimised treatment. Br Med
Bull 2003;65:193-207).133)
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Fig. 3. Regional relationships predicting treatment outcome identified using structural equation modeling. A prescribed analytic mo-
del linking prefrontal (F?), medial frontal (mF10), orbital frontal (OF11), subgenual cingulate (Cg25), rostral cingulate (Cg24a), anterior
thalamus (aTh), and hippocampus (hc) was used to test first for overall differences between 3 separate cohorts of depressed subjects
subdivided as a function of tfreatement type and response outcome. Pathways within each treatment group demonstrating differen-
ces with response are illustrated. Solid arrows represent positive path coefficients (positive effect of a region on its target)d dotted
arrows represent negative path coefficients. Value of path coefficients are not shown but are representedby thickness or arrows.
Lightgrey, common across comparison groups] grey, CBT reponse pathwaysO darkgrey, drug response pathwaysO black, unique
abnormalities in drug non-responsive patients. MRl demonstrates limbic leucotomy lesions with regions of interest from the model
superimposed. Note the overlap between site of subcaudate tractotomy and overactive pathways seen in the drug failure group.
Adapted with permission from (Mayberg. Modulating dysfunctional limbic-cortical circuits in depression : fowards development of
brain-based algorithms for diagnosis and optimised treatment. Br Med Bull 2003;65:193-207).135)
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