
BackgroundBackground There isgrowingThere isgrowing

evidence of a relationship between frontalevidence of a relationship between frontal

neuroimagingandneuropsychologicalneuroimagingandneuropsychological

abnormalities and the physiopathologyabnormalities and the physiopathology

and course of late-onsetmajorand course of late-onsetmajor

depression.depression.

AimsAims To assess acute antidepressantTo assess acute antidepressant

responseinlate-onsetmajordepressioninresponse inlate-onsetmajordepressionin

relationto baseline frontalperfusionrelationto baseline frontalperfusion

ratios.ratios.

MethodMethod AA 99m99mTc HMPAO singleTc HMPAO single

photon emission computed tomographicphoton emission computed tomographic

brain scanwasperformedinmedication-brain scanwasperformed inmedication-

free patientswith late-onsetmajorfree patientswith late-onsetmajor

depression, whowere then included in adepression, whowere then included in a

12-week antidepressanttreatment12-week antidepressanttreatment

regimen.Logistic regressionwasused toregimen.Logistic regressionwasused to

define a predictivemodel of non-define a predictivemodel of non-

remission.remission.

ResultsResults Atotal of 47 patientsAtotal of 47 patients

completed the study, 34 of whomwerecompleted the study, 34 of whomwere

classed as remitters and13 asnon-classed as remitters and13 as non-

remitters.Thevariableleft anterior fronto-remitters.Thevariableleft anterior fronto-

cerebellar perfusionratio had a globalcerebellar perfusionratio had a global

predictive powerof 87%.Analysing thispredictive powerof 87%.Analysing this

variable togetherwiththe baselinevariable togetherwiththe baseline

variables age of onset and duration ofvariables age of onset and duration of

indexepisode, thepredictivepoweroftheindexepisode, thepredictivepowerofthe

modelrose to 94%.modelrose to 94%.

ConclusionsConclusions Our studysuggests that aOur studysuggests that a

specific frontal functioningcouldpredictspecific frontal functioningcouldpredict

the acute antidepressant response in late-the acute antidepressantresponse in late-

onset severemajordepression.onset severemajordepression.
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Neuropsychological studies (AlexopoulosNeuropsychological studies (Alexopoulos

et alet al, 2000), structural neuroimaging studies, 2000), structural neuroimaging studies

(Alexopoulos(Alexopoulos et alet al, 2002) and functional, 2002) and functional

neuroimaging studies (Kumarneuroimaging studies (Kumar et alet al, 2002;, 2002;

NavarroNavarro et alet al, 2002) have suggested the, 2002) have suggested the

possible involvement of the frontal lobespossible involvement of the frontal lobes

in the physiopathology of late-onset majorin the physiopathology of late-onset major

depression. Various structural neuroimagingdepression. Various structural neuroimaging

studies have stressed the possible influencestudies have stressed the possible influence

of these frontal alterations on the courseof these frontal alterations on the course

of the disorder (Simpsonof the disorder (Simpson et alet al, 1998;, 1998;

AlexopoulosAlexopoulos et alet al, 2002). To our knowl-, 2002). To our knowl-

edge, no prognostic study as yet has usededge, no prognostic study as yet has used

functional neuroimaging. Following on fromfunctional neuroimaging. Following on from

the vascular depression concept defined bythe vascular depression concept defined by

AlexopoulosAlexopoulos et alet al (1997), the hypothesis(1997), the hypothesis

we put forward here is that the greater thewe put forward here is that the greater the

frontal hypoperfusion, the poorer thefrontal hypoperfusion, the poorer the

clinical evoluclinical evolution of late-onset majortion of late-onset major

depression. Afterdepression. After establishing in an earlierestablishing in an earlier

study (Navarrostudy (Navarro et alet al, 2002) that perfusion, 2002) that perfusion

abnormalities detected during activeabnormalities detected during active

depression in elderly patients in the leftdepression in elderly patients in the left

anterior frontal region disappeared in re-anterior frontal region disappeared in re-

mission, the main aim of our study was tomission, the main aim of our study was to

assess in a new sample the acute responseassess in a new sample the acute response

to antidepressant medication of patientsto antidepressant medication of patients

with late-onset major depression in relationwith late-onset major depression in relation

to baseline frontal perfusion ratios.to baseline frontal perfusion ratios.

METHODMETHOD

SampleSample

The study was conducted at the HospitalThe study was conducted at the Hospital

Clınic of Barcelona. Participants were re-Clı́nic of Barcelona. Participants were re-

cruited from in-patients and out-patientscruited from in-patients and out-patients

with a diagnosis of major depressive dis-with a diagnosis of major depressive dis-

order, aged 60 years or over; all wereorder, aged 60 years or over; all were

right-handed. Only people with late-onsetright-handed. Only people with late-onset

depression were included, i.e. those indepression were included, i.e. those in

whom depression had begun after the agewhom depression had begun after the age

of 50. To be eligible for inclusion, patientsof 50. To be eligible for inclusion, patients

had to fulfil thehad to fulfil the DSM–IV (AmericanDSM–IV (American

Psychiatric Association,Psychiatric Association, 1994) criteria for1994) criteria for

a current major depressive episode. Wea current major depressive episode. We

excluded patients with neurological dis-excluded patients with neurological dis-

orders, those receiving medications withorders, those receiving medications with

potential central nervous system side-effectspotential central nervous system side-effects

and those with uncontrolled medical illnessand those with uncontrolled medical illness

at the time of recruitment. Psychiatricat the time of recruitment. Psychiatric

exclusion criteria included any history ofexclusion criteria included any history of

mania, hypomania or non-affective psy-mania, hypomania or non-affective psy-

chosis, and currentchosis, and current substance dependence.substance dependence.

Similarly, in order toSimilarly, in order to reduce the risk thatreduce the risk that

prior exposure to electroconvulsive therapyprior exposure to electroconvulsive therapy

(ECT) might bias the results, we excluded(ECT) might bias the results, we excluded

patients who hadpatients who had received ECT within 6received ECT within 6

months of recruitment.months of recruitment.

The study was approved by the ethicalThe study was approved by the ethical

committee of our hospital. All patients (orcommittee of our hospital. All patients (or

a close relative when there was doubt abouta close relative when there was doubt about

the patient’s understanding) gave informedthe patient’s understanding) gave informed

written consent.written consent.

Clinical assessmentClinical assessment

Depressive symptoms were rated on theDepressive symptoms were rated on the

Spanish version of the 17-item HamiltonSpanish version of the 17-item Hamilton

Rating Scale for Depression (HRSD;Rating Scale for Depression (HRSD;

Hamilton, 1960; Ramos-Brieva &Hamilton, 1960; Ramos-Brieva &

Cordero-Cordero-Villafafila, 1988) and on theVillafafila, 1988) and on the

Newcastle Scale (CarneyNewcastle Scale (Carney et alet al, 1965). All, 1965). All

patients recruited had a baseline HRSDpatients recruited had a baseline HRSD

score of 21 or greater. A baseline Newcastlescore of 21 or greater. A baseline Newcastle

Scale score of 7 or higher was used to defineScale score of 7 or higher was used to define

endogenous depression. We also screenedendogenous depression. We also screened

for reduced global cognitive function usingfor reduced global cognitive function using

the Spanish version of the Mini-Mentalthe Spanish version of the Mini-Mental

State Examination (MMSE; FolsteinState Examination (MMSE; Folstein et alet al,,

1975; Lobo1975; Lobo et alet al, 1999)., 1999).

Following Baldwin & TomensonFollowing Baldwin & Tomenson

(1995), we quantified vascular risk factors(1995), we quantified vascular risk factors

as follows: 0, absent; 1, mild (asympto-as follows: 0, absent; 1, mild (asympto-

matic), for example, controlled hypertensionmatic), for example, controlled hypertension

or clinical evidence of arteriosclerosis (e.g.or clinical evidence of arteriosclerosis (e.g.

carotid murmur); 2, moderate (sympto-carotid murmur); 2, moderate (sympto-

matic), for example, poorly controlledmatic), for example, poorly controlled

hypertension, symptomatic angina or historyhypertension, symptomatic angina or history

of myocardial infarction; and 3, severeof myocardial infarction; and 3, severe

(active disease), for example, peripheral vas-(active disease), for example, peripheral vas-

cular disease with amputation or transientcular disease with amputation or transient

ischaemic attack. Other vascular risk factorsischaemic attack. Other vascular risk factors

such as blood levels of cholesterol andsuch as blood levels of cholesterol and

glucose were also assessed.glucose were also assessed.

Study designStudy design

To minimise bias from the administrationTo minimise bias from the administration

of psychotropic drugs, patients underwentof psychotropic drugs, patients underwent

a minimum washout period of 10 days fora minimum washout period of 10 days for

antidepressant medication and a minimumantidepressant medication and a minimum

of 2 days for benzodiazepine medication.of 2 days for benzodiazepine medication.

Baseline clinical assessments, includingBaseline clinical assessments, including

brain single photon emission computedbrain single photon emission computed

tomography (SPECT), were then con-tomography (SPECT), were then con-

ducted. After the SPECT scan, treatmentducted. After the SPECT scan, treatment

was started. Fortnightly clinical evaluationswas started. Fortnightly clinical evaluations

(HRSD) were made during the study.(HRSD) were made during the study.
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Evaluators were masked to the functionalEvaluators were masked to the functional

neuroimaging measures. Patients wereneuroimaging measures. Patients were

considered to be in remission when theconsidered to be in remission when the

17-item HRSD score was below 8 on two17-item HRSD score was below 8 on two

consecutive visits.consecutive visits.

Treatment protocolTreatment protocol

The treatment used complied with standardThe treatment used complied with standard

therapeutic norms, and specifically withtherapeutic norms, and specifically with

our hospital’s treatment protocol forour hospital’s treatment protocol for

elderly patients with major depression.elderly patients with major depression.

The antidepressant initially used wasThe antidepressant initially used was

nortriptyline at a daily dosage of 12.5 mg,nortriptyline at a daily dosage of 12.5 mg,

which was raised to 25 mg and thenwhich was raised to 25 mg and then

50 mg on the fourth and eighth day of50 mg on the fourth and eighth day of

treatment, respectively. Nortriptylinetreatment, respectively. Nortriptyline

plasma concentrations were determinedplasma concentrations were determined

after 1 week of stable dosing; the doseafter 1 week of stable dosing; the dose

was adjusted to obtain a blood levelwas adjusted to obtain a blood level

between 80 ng/ml and 120 ng/ml (304–between 80 ng/ml and 120 ng/ml (304–

456 nmol/l); maximum dose 100 mg/day.456 nmol/l); maximum dose 100 mg/day.

All patients achieved correct plasma levelsAll patients achieved correct plasma levels

during the first month of treatment. Induring the first month of treatment. In

combination with antidepressant treat-combination with antidepressant treat-

ment, both haloperidol (up to 4 mg/dayment, both haloperidol (up to 4 mg/day

for management of psychotic symptoms)for management of psychotic symptoms)

and lorazepam (up to 4 mg/day for manage-and lorazepam (up to 4 mg/day for manage-

ment of anxiety/insomnia) were allowed.ment of anxiety/insomnia) were allowed.

Patients remained on a regimen ofPatients remained on a regimen of

nortriptyline for 12 weeks. Patients whosenortriptyline for 12 weeks. Patients whose

HRSD score had not fallen by at leastHRSD score had not fallen by at least

50% by the end of the sixth week of50% by the end of the sixth week of

nortriptyline treatment received adjunctivenortriptyline treatment received adjunctive

citalopram (20 mg/day) until the end ofcitalopram (20 mg/day) until the end of

the 12-week follow-up.the 12-week follow-up.

SPECT procedureSPECT procedure

At the end of the drug wash-out period, eachAt the end of the drug wash-out period, each

participant underwent aparticipant underwent a 99m99m-technetium-technetium

hexamethylpropylene amine oxime (hexamethylpropylene amine oxime (99m99mTc-Tc-

HMPAO) SPECT brain scan. The scanHMPAO) SPECT brain scan. The scan

was performed using a rotating dual-headwas performed using a rotating dual-head

gamma camera (Helix, General Electricgamma camera (Helix, General Electric

Medical Systems), fitted with a high-Medical Systems), fitted with a high-

resolution fanbeam collimator. Data acqui-resolution fanbeam collimator. Data acqui-

sition started 20 min after intravenoussition started 20 min after intravenous

injection of 740 MBqinjection of 740 MBq 99m99mTc-HMPAOTc-HMPAO

(Ceretec; Nycomed, Amersham, UK). Sixty(Ceretec; Nycomed, Amersham, UK). Sixty

30 s frames were collected in a 36030 s frames were collected in a 36088 circularcircular

orbit, step and shoot mode, using aorbit, step and shoot mode, using a

12812866128 matrix.128 matrix.

Image data were processed on anImage data were processed on an

Elscint SP1 computer (Apex SP-X, softwareElscint SP1 computer (Apex SP-X, software

version 3.12). Reconstruction was per-version 3.12). Reconstruction was per-

formed by filtered back-projection using aformed by filtered back-projection using a

Metz filter (power factor 3). No attenu-Metz filter (power factor 3). No attenu-

ation correction was performed. The finalation correction was performed. The final

pixel size was 3.9 mm and the full widthpixel size was 3.9 mm and the full width

at half-maximum in the transaxial planeat half-maximum in the transaxial plane

was 10 mm. Semi-quantitative regionalwas 10 mm. Semi-quantitative regional

cerebral blood flow analysis was performedcerebral blood flow analysis was performed

using irregular regions of interest (ROIs)using irregular regions of interest (ROIs)

stored in the computer as astored in the computer as a TT11-weighted-weighted

magnetic resonance imaging (MRI) tem-magnetic resonance imaging (MRI) tem-

plate. Brain SPECT images were normal-plate. Brain SPECT images were normal-

ised to the standardised to the standard TT11-weighted MRI.-weighted MRI.

The ROIs were placed in ten 7.8-mm-thickThe ROIs were placed in ten 7.8-mm-thick

oblique slices, which were parallel to theoblique slices, which were parallel to the

fronto-cerebellar plane. For each hemi-fronto-cerebellar plane. For each hemi-

sphere, anterior fronto-cerebellar ratiossphere, anterior fronto-cerebellar ratios

were obtained as 100were obtained as 10066mean counts permean counts per

pixel of anterior frontal ROIs divided bypixel of anterior frontal ROIs divided by

the mean counts per pixel of cerebellarthe mean counts per pixel of cerebellar

ROIs. Using the same formula, the pos-ROIs. Using the same formula, the pos-

terior fronto-cerebellar ratios were alsoterior fronto-cerebellar ratios were also

obtained. The nuclear medicine physicianobtained. The nuclear medicine physician

was masked to the 12-week course.was masked to the 12-week course.

Statistical proceduresStatistical procedures

Comparisons between groups were assessedComparisons between groups were assessed

by using the Student’sby using the Student’s tt-test (or the Mann–-test (or the Mann–

WhitneyWhitney UU-test for non-parametric data)-test for non-parametric data)

for continuous variables and the chi-for continuous variables and the chi-

squared test for discrete variables. Thesquared test for discrete variables. The

Kolmogorov–Smirnov test was applied toKolmogorov–Smirnov test was applied to

assess the normality of the continuous vari-assess the normality of the continuous vari-

ables. The level of statistical significanceables. The level of statistical significance

was set atwas set at PP550.05.0.05.

Logistic regression methods were used toLogistic regression methods were used to

define a predictive model of non-remission.define a predictive model of non-remission.

In the first stage, only the frontalIn the first stage, only the frontal

perfusion measures were assessed. In theperfusion measures were assessed. In the

second stage, the baseline functional neuro-second stage, the baseline functional neuro-

imaging variables and the baseline clinicalimaging variables and the baseline clinical

and demographic variables were assessedand demographic variables were assessed

jointly to improve the model. Differentjointly to improve the model. Different

models were obtained and explored bymodels were obtained and explored by

forward selection, backward selection andforward selection, backward selection and

stepwise regression. The most significantstepwise regression. The most significant

variables were then fixed in the model andvariables were then fixed in the model and

the others were introduced progressively tothe others were introduced progressively to

improve the adjustment. The modelimprove the adjustment. The model

calibration was assessed by the Hosmer–calibration was assessed by the Hosmer–

Lemeshow goodness-of-fit test. Finally, theLemeshow goodness-of-fit test. Finally, the

reliability and precision of each model werereliability and precision of each model were

analysed in order to choose the best finalanalysed in order to choose the best final

solution (Domenech, 1999).solution (Doménech, 1999).

To avoid any possible separation be-To avoid any possible separation be-

tween groups confounding the results, thetween groups confounding the results, the

predictive models were assessed further bypredictive models were assessed further by

using a split-half approach. To try to avoidusing a split-half approach. To try to avoid

an unlucky splitting of the samples thatan unlucky splitting of the samples that

would cause some variables to be absentwould cause some variables to be absent

in certain groups, the following approachin certain groups, the following approach

was adopted. The whole sample was splitwas adopted. The whole sample was split

randomly into two groups, A and B. Torandomly into two groups, A and B. To

increase the possibility that the data-setsincrease the possibility that the data-sets

to be analysed covered the completeto be analysed covered the complete

variation, two more groups were generated,variation, two more groups were generated,

C and D. Group C was made from the firstC and D. Group C was made from the first

half of A and B, and group D from the lasthalf of A and B, and group D from the last

half of A and B. Every model was fitted tohalf of A and B. Every model was fitted to

each of the data-sets. If the solutioneach of the data-sets. If the solution

replicates over sets A and B or over sets Creplicates over sets A and B or over sets C

and D, the possibility of empirical verifica-and D, the possibility of empirical verifica-

tion of correctness of the solution (i.e. thattion of correctness of the solution (i.e. that

the model captures essential variation notthe model captures essential variation not

only pertaining to the specific samples) isonly pertaining to the specific samples) is

increased. By contrast, although the ab-increased. By contrast, although the ab-

sence of stability of some componentssence of stability of some components

across subsamples might reflect its presenceacross subsamples might reflect its presence

only in specific subsets, this findingonly in specific subsets, this finding

increases the probability that the model willincreases the probability that the model will

not be valid.not be valid.

Finally, for further clarification of ourFinally, for further clarification of our

findings in a clinical sense, the receiverfindings in a clinical sense, the receiver

operating characteristic (ROC) curve wasoperating characteristic (ROC) curve was

measured for each continuous variable tomeasured for each continuous variable to

define the cut-off point with the bestdefine the cut-off point with the best

sensitivity and specificity.sensitivity and specificity.

RESULTSRESULTS

The initial sample comprised 52 patients,The initial sample comprised 52 patients,

five of whom were eventually excluded:five of whom were eventually excluded:

one had died, two did not attend scheduledone had died, two did not attend scheduled

follow-up visits, and two required ECTfollow-up visits, and two required ECT

because of severe clinical deterioration.because of severe clinical deterioration.

The final sample therefore comprised 47The final sample therefore comprised 47

patients.patients.

The Kolmogorov–Smirnov test showedThe Kolmogorov–Smirnov test showed

that three variables (MMSE score, Newcastlethat three variables (MMSE score, Newcastle

Scale score and the previous evolution inScale score and the previous evolution in

years) did not adjust to a normal distribu-years) did not adjust to a normal distribu-

tion. It was possible to calculate a logarith-tion. It was possible to calculate a logarith-

mic transformation of the Newcastle scoremic transformation of the Newcastle score

for adjustment to a normal distribution. Itfor adjustment to a normal distribution. It

was not possible to transform the MMSEwas not possible to transform the MMSE

score or the years of previous evolutionscore or the years of previous evolution

for adjustment to a normal distribution.for adjustment to a normal distribution.

The mean age was 74.28 (s.d.The mean age was 74.28 (s.d.¼7.68,7.68,

range 62–89) years. Approximately two-range 62–89) years. Approximately two-

thirds of patients were female (68%).thirds of patients were female (68%).

Patients’ symptoms were moderate toPatients’ symptoms were moderate to

severe, as shown by their HRSD scoressevere, as shown by their HRSD scores

(mean 31.04, s.d.(mean 31.04, s.d.¼6.25) and by the inci-6.25) and by the inci-

dence rates of endogenous features (32%),dence rates of endogenous features (32%),

psychoticpsychotic features (19%) and admissionsfeatures (19%) and admissions

to hospitalto hospital (23%).(23%).

Of the 47 patients who completed theOf the 47 patients who completed the

study, 34 were classed as ‘remitters’ andstudy, 34 were classed as ‘remitters’ and

13 as ‘non-remitters’. Some clinical data13 as ‘non-remitters’. Some clinical data

for both subgroups are presented in Tablefor both subgroups are presented in Table

1. Significant differences between the sub-1. Significant differences between the sub-

groups were found in the variables durationgroups were found in the variables duration

of current episode, Newcastle score, leftof current episode, Newcastle score, left

anterior frontal ratio (LAFR) and rightanterior frontal ratio (LAFR) and right
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anterior frontal ratio. No significant differ-anterior frontal ratio. No significant differ-

ence was found in other clinical variablesence was found in other clinical variables

such as age of onset, age of index episodesuch as age of onset, age of index episode

or presence of vascular risk factors, or inor presence of vascular risk factors, or in

neuroimaging variables such as left andneuroimaging variables such as left and

right posterior frontal ratios (Table 1).right posterior frontal ratios (Table 1).

Predictive model of non-remissionPredictive model of non-remission
with frontal perfusion measureswith frontal perfusion measures

Of the four frontal areas assessed (left andOf the four frontal areas assessed (left and

right anterior frontal and left and rightright anterior frontal and left and right

posterior frontal) the predictive model in-posterior frontal) the predictive model in-

cluded only the LAFR (Waldcluded only the LAFR (Wald ww22¼11.88;11.88;

d.f.d.f.¼1,1, PP550.01). The model explained0.01). The model explained

67.8% of the proportion of uncertainty of67.8% of the proportion of uncertainty of

data (data (772lnR2lnR¼25.65;25.65; ww22¼29.78; d.f.29.78; d.f.¼1;1;

PP550.01; Nagelkerke0.01; Nagelkerke RR22¼0.678). Its good-0.678). Its good-

ness of fit was acceptable (ness of fit was acceptable (ww22¼2.66;2.66;

d.f.d.f.¼7;7; PP¼0.92) and the predictions showed0.92) and the predictions showed

good sensitivity (76.9%) and specificitygood sensitivity (76.9%) and specificity

(91.2%). The global predictive power was(91.2%). The global predictive power was

87.2%. The inclusion of the LAFR87.2%. The inclusion of the LAFR

indicated that the risk of non-remissionindicated that the risk of non-remission atat

3-month follow-up rose almost 2.5 times3-month follow-up rose almost 2.5 times

with every point that the LAFR increasedwith every point that the LAFR increased

(exp(B)(exp(B)¼2.54; 95% CI 1.5–4.32). In the2.54; 95% CI 1.5–4.32). In the

split-half approach, the only variable enter-split-half approach, the only variable enter-

ing the four subsamples was the LAFR. Theing the four subsamples was the LAFR. The

solution was found to be replicated oversolution was found to be replicated over

subsets (Table 2).subsets (Table 2).

The ROC curve measurement for theThe ROC curve measurement for the

LAFR showed that the best cut-off pointLAFR showed that the best cut-off point

was a ratio value of 95.5 (sensitivitywas a ratio value of 95.5 (sensitivity

92.3%; specificity 88.2%); area under the92.3%; specificity 88.2%); area under the

curvecurve¼0.95; 95% CI 0.89–1;0.95; 95% CI 0.89–1; PP550.01).0.01).

Global predictive modelGlobal predictive model
of non-remissionof non-remission

To improve the predictive model, theTo improve the predictive model, the

second stage assessed both the baselinesecond stage assessed both the baseline

functional neuroimaging variables and thefunctional neuroimaging variables and the

baseline clinical and demographic variables.baseline clinical and demographic variables.

The global predictive model included LAFRThe global predictive model included LAFR

(Wald(Wald ww22¼6; d.f.6; d.f.¼1;1; PP550.01), current epi-0.01), current epi-

sode duration (Waldsode duration (Wald ww22¼4.57; d.f.4.57; d.f.¼1,1,

PP¼0.03) and current age (Wald0.03) and current age (Wald ww22¼3.31;3.31;

d.f.d.f.¼1;1; PP¼0.07). Although statistically0.07). Although statistically

non-significant, current age increased thenon-significant, current age increased the

proportion of uncertainty explained by theproportion of uncertainty explained by the

model significantly (75% to 83%) andmodel significantly (75% to 83%) and inin

particular improved the Hosmer–Lemeshowparticular improved the Hosmer–Lemeshow

goodness of fit (goodness of fit (ww22 significance fromsignificance from PP¼0.580.58

toto PP¼0.99). Although lacking clinical sig-0.99). Although lacking clinical sig-

nificance, current age was finally includednificance, current age was finally included

for methodological adjustment. This globalfor methodological adjustment. This global

model explained 83% of the proportion ofmodel explained 83% of the proportion of

uncertainty of data (uncertainty of data (772lnR2lnR¼15.08;15.08;

ww22¼40.35; d.f.40.35; d.f.¼3;3; PP550.01; Nagelkerke0.01; Nagelkerke

RR22¼0.832), its goodness of fit was0.832), its goodness of fit was

3 0 83 0 8

Table1Table1 Baseline demographic, clinical and neuroimaging characteristics of study sampleBaseline demographic, clinical and neuroimaging characteristics of study sample

VariableVariable RemittersRemitters Non-remittersNon-remitters StatisticStatistic d.f.d.f. PP
((nn¼34)34) ((nn¼13)13)

ww22 tt ZZ

Gender (Gender (nn (%))(%)) 0.650.65 11 0.420.42

FemaleFemale 22 (65)22 (65) 10 (77)10 (77)

MaleMale 12 (35)12 (35) 3 (23)3 (23)

Age, years (mean (s.d.))Age, years (mean (s.d.)) 74.50 (7.52)74.50 (7.52) 73.69 (8.38)73.69 (8.38) 0.320.32 4545 0.750.75

Vascular risk factor (Vascular risk factor (nn (%))(%)) 770.460.46 NANA 0.650.65

AbsentAbsent 10 (29)10 (29) 1 (8)1 (8)

MildMild 9 (26)9 (26) 7 (54)7 (54)

ModerateModerate 15 (44)15 (44) 5 (38)5 (38)

Cholesterol level,mg/dl (mean (s.d.))Cholesterol level,mg/dl (mean (s.d.)) 176.22 (29.73)176.22 (29.73) 182.63 (35.47)182.63 (35.47) 0.530.53 4545 0.630.63

Glucose level, mg/dl (mean (s.d.))Glucose level, mg/dl (mean (s.d.)) 82.15 (13.63)82.15 (13.63) 87.70 (14.1)87.70 (14.1) 1.251.25 4545 0.220.22

HRSD score (mean (s.d.))HRSD score (mean (s.d.)) 30.79 (6.61)30.79 (6.61) 31.69 (5.36)31.69 (5.36) 0.440.44 4545 0.660.66

MMSE score (mean (s.d.))MMSE score (mean (s.d.)) 27.12 (1.09)27.12 (1.09) 27.38 (0.87)27.38 (0.87) 771.131.13 NANA 0.260.26

Newcastle Scale score (mean (s.d.))Newcastle Scale score (mean (s.d.)) 6.50 (2.08)6.50 (2.08) 5.23 (1.09)5.23 (1.09) 2.362.36 33.5433.5411 0.020.0222

Psychotic features (Psychotic features (nn (%))(%)) 0.160.16 11 0.680.68

YesYes 7 (21)7 (21) 2 (15)2 (15)

NoNo 27 (79)27 (79) 11 (85)11 (85)

Endogenous features (Endogenous features (nn (%))(%)) 2.262.26 11 0.130.13

YesYes 13 (38)13 (38) 2 (15)2 (15)

NoNo 21 (62)21 (62) 11 (85)11 (85)

Treatment regimen (Treatment regimen (nn (%))(%)) 0.640.64 11 0.420.42

In-patientIn-patient 9 (27)9 (27) 2 (15)2 (15)

Out-patientOut-patient 25 (74)25 (74) 11 (85)11 (85)

Age at onset, years (mean (s.d.))Age at onset, years (mean (s.d.)) 71.97 (7.18)71.97 (7.18) 70.69 (6.47)70.69 (6.47) 0.560.56 4545 0.580.58

Previous depression (Previous depression (nn (%))(%)) 0.230.23 11 0.630.63

RecurrentRecurrent 13 (38)13 (38) 4 (31)4 (31)

Single episodeSingle episode 21 (62)21 (62) 9 (69)9 (69)

Previous evolution, yearsPrevious evolution, years

(mean (s.d.))(mean (s.d.))

2.35 (3.46)2.35 (3.46) 2.77 (4.92)2.77 (4.92) 770.070.07 NANA 0.940.94

Current episode duration, monthsCurrent episode duration, months

(mean (s.d.))(mean (s.d.))

2.74 (1.56)2.74 (1.56) 4.46 (1.98)4.46 (1.98) 3.143.14 4545 0.0030.003

Fronto-cerebellar perfusion ratios (mean (s.d.))Fronto-cerebellar perfusion ratios (mean (s.d.))

Left anterior ratioLeft anterior ratio 93.35 (2.43)93.35 (2.43) 98.32 (1.91)98.32 (1.91) 6.616.61 4545 550.0010.001

Right anterior ratioRight anterior ratio 97.10 (2.60)97.10 (2.60) 99.02 (2.48)99.02 (2.48) 2.302.30 4545 0.030.03

Left posterior ratioLeft posterior ratio 90.50 (4.20)90.50 (4.20) 91.92 (4.96)91.92 (4.96) 0.990.99 4545 0.330.33

Right posterior ratioRight posterior ratio 92.29 (3.97)92.29 (3.97) 93.05 (5.95)93.05 (5.95) 0.510.51 4545 0.610.61

HRSD,Hamilton Rating Scale for Depression; MMSE,Mini-Mental State Examination; NA, not applicable.HRSD,Hamilton Rating Scale for Depression; MMSE,Mini-Mental State Examination; NA, not applicable.
1.Corrected for inequality of variances.1.Corrected for inequality of variances.
2. After transformation for adjustment to a normal distribution.2. After transformation for adjustment to a normal distribution.

Table 2Table 2 Split-half analysis of the predictivemodel of non-remissionwith SPECTvariables (LAFR)Split-half analysis of the predictivemodel of non-remissionwith SPECTvariables (LAFR)

Model statisticsModel statistics Variable statisticsVariable statistics

ww22 d.f.d.f. PP 772lnR2lnR NagelkerkeNagelkerke

RR22

WaldWald

ww22

d.f.d.f. PP ChangeChange

772lnR2lnR

d.f.d.f. PP

Group AGroup A 15.5415.54 11 550.0010.001 11.4511.45 0.710.71 4.844.84 11 0.030.03 15.5415.54 11 550.0010.001

Group BGroup B 15.7515.75 11 550.0010.001 12.5212.52 0.700.70 5.515.51 11 0.020.02 15.7515.75 11 550.0010.001

Group CGroup C 5.675.67 11 0.020.02 8.18.1 0.480.48 3.93.9 11 0.080.08 5.675.67 11 0.020.02

Group DGroup D 17.7817.78 11 550.0010.001 14.0614.06 0.720.72 7.067.06 11 550.010.01 17.7817.78 11 550.0010.001

SPECT, single photon emission computed tomography; LAFR, left anterior frontal ratio.SPECT, single photon emission computed tomography; LAFR, left anterior frontal ratio.
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appropriate (appropriate (ww22¼0.96; d.f.0.96; d.f.¼7;7; PP¼0.99) and0.99) and

its predictions showed good sensitivityits predictions showed good sensitivity

(92.3%) and specificity (94.1%). The(92.3%) and specificity (94.1%). The

global predictive power was 93.6%.global predictive power was 93.6%.

The most determinant variable was theThe most determinant variable was the

LAFR. The risk of non-remission at 3-LAFR. The risk of non-remission at 3-

month follow-up rose almost sixfold formonth follow-up rose almost sixfold for

each point that the LAFR increasedeach point that the LAFR increased

(exp(B)(exp(B)¼5.65; 95% CI 1.41–22.61). The5.65; 95% CI 1.41–22.61). The

second variable entering the final modelsecond variable entering the final model

was the current episode duration, indicat-was the current episode duration, indicat-

ing that the risk of non-remission increaseding that the risk of non-remission increased

almost fourfold for every extra month inalmost fourfold for every extra month in

the current episode duration (exp(B)the current episode duration (exp(B)¼3.81;3.81;

3.81; 95% CI 1.12–12.93). In the split-half3.81; 95% CI 1.12–12.93). In the split-half

approach, the only variable entering theapproach, the only variable entering the

four subsamples was again the LAFR. Thefour subsamples was again the LAFR. The

solution including the clinical variablessolution including the clinical variables

was not replicated over subsets (Table 3).was not replicated over subsets (Table 3).

The best cut-off point for current epi-The best cut-off point for current epi-

sode duration according to the ROC curvesode duration according to the ROC curve

measurement was 2.5 months (sensitivitymeasurement was 2.5 months (sensitivity

84.6%; specificity 55.9%; area under the84.6%; specificity 55.9%; area under the

curvecurve¼0.76; 95% CI 0.61–0.9;0.76; 95% CI 0.61–0.9; PP¼0.007).0.007).

DISCUSSIONDISCUSSION

The main findings of this study are that:The main findings of this study are that:

(a) The LAFR seems to be able to predict(a) The LAFR seems to be able to predict

response to acute pharmacologicalresponse to acute pharmacological

treatment in late-onset major depression.treatment in late-onset major depression.

(b) Adding baseline clinical variables, dura-(b) Adding baseline clinical variables, dura-

tion of index episode and current age totion of index episode and current age to

the LAFR in the statistical analysisthe LAFR in the statistical analysis

seems to increase the model’s predictiveseems to increase the model’s predictive

power. However, these results are notpower. However, these results are not

confirmed by the split-half approach,confirmed by the split-half approach,

and could be due to the sampleand could be due to the sample

characteristics.characteristics.

Variables predicting outcomeVariables predicting outcome

Our results suggest that the risk of non-Our results suggest that the risk of non-

remission at 3-month follow-up increasesremission at 3-month follow-up increases

almost 2.5 times with each extra point inalmost 2.5 times with each extra point in

the LAFR. The cut-off point of 95.5 pre-the LAFR. The cut-off point of 95.5 pre-

dicts with an acceptable sensitivity anddicts with an acceptable sensitivity and

specificity the remission/non-remissionspecificity the remission/non-remission

of the depressive episode after 3 monthsof the depressive episode after 3 months

of pharmacological treatment. Unlikeof pharmacological treatment. Unlike

structuralstructural neuroimaging studies of patientsneuroimaging studies of patients

with late-onset major depression, whichwith late-onset major depression, which

have described an association betweenhave described an association between

frontal structural alterations and responsefrontal structural alterations and response

to treatment (Simpsonto treatment (Simpson et alet al, 1998;, 1998;

AlexopoulosAlexopoulos et alet al, 2002), to our knowledge, 2002), to our knowledge

this is the first functional neuroimagingthis is the first functional neuroimaging

study to report an association betweenstudy to report an association between

cerebral perfusion and response tocerebral perfusion and response to

pharmacological treatment in this subgrouppharmacological treatment in this subgroup

of patients with depression. The stability ofof patients with depression. The stability of

the SPECT variable for predicting thethe SPECT variable for predicting the

therapeutic outcome across the split-halftherapeutic outcome across the split-half

approach increases the possibility ofapproach increases the possibility of

correctness of the model.correctness of the model.

Furthermore, in our study, the additionFurthermore, in our study, the addition

of the duration of the index episode andof the duration of the index episode and

current age seemed to increase the model’scurrent age seemed to increase the model’s

predictive ability. However, taking intopredictive ability. However, taking into

account that these results were not con-account that these results were not con-

firmed in the split-half approach, thefirmed in the split-half approach, the

absence of stability of some clinical compo-absence of stability of some clinical compo-

nents across subgroups increases the prob-nents across subgroups increases the prob-

ability that the model will not be validability that the model will not be valid

and challenges the conclusions obtainedand challenges the conclusions obtained

from its use. In either case, further studiesfrom its use. In either case, further studies

applying the sameapplying the same models on an entirelymodels on an entirely

different data-set are required to confirmdifferent data-set are required to confirm

our findings.our findings.

The possible association betweenThe possible association between

the clinical variables, duration of indexthe clinical variables, duration of index

episode and current age, and courseepisode and current age, and course

of the illness has been assessed in aof the illness has been assessed in a

number of studies, but the results arenumber of studies, but the results are

inconsistent. Like us, a number of authorsinconsistent. Like us, a number of authors

have found a correlation between olderhave found a correlation between older

age at the time of the index episode andage at the time of the index episode and

poor response to treatment (Kennedypoor response to treatment (Kennedy

et alet al, 1991; Dew, 1991; Dew et alet al, 1997), although, 1997), although

the results of other studies have notthe results of other studies have not

corroborated this claim (Burvillcorroborated this claim (Burvill et alet al,,

1991; Tuma, 1996; Halloran1991; Tuma, 1996; Halloran et alet al, 1999;, 1999;

BosworthBosworth et alet al, 2002). Equally, our finding, 2002). Equally, our finding

of a correlation between longer duration ofof a correlation between longer duration of

current episode and poorer response tocurrent episode and poorer response to

treatment is in agreement with some earliertreatment is in agreement with some earlier

studies (Murphy, 1983; Tuma, 1996;studies (Murphy, 1983; Tuma, 1996;

HalloranHalloran et alet al, 1999), but not with others, 1999), but not with others

(Burvill(Burvill et alet al, 1991; Kennedy, 1991; Kennedy et alet al, 1991;, 1991;

DewDew et alet al, 1997; Bosworth, 1997; Bosworth et alet al, 2002)., 2002).

This lack of consensus is probably causedThis lack of consensus is probably caused

by the wide range of methodologicalby the wide range of methodological

approaches, statistical analyses and demo-approaches, statistical analyses and demo-

graphic characteristics of the samples ingraphic characteristics of the samples in

these studies.these studies.

Regarding other clinical variables, itRegarding other clinical variables, it

should be emphasised that the existence ofshould be emphasised that the existence of

significant differences in the Newcastlesignificant differences in the Newcastle

Scale scores between remitters and non-Scale scores between remitters and non-

remitters (higher scores among remitters;remitters (higher scores among remitters;

Table 1) seems consistent with most ofTable 1) seems consistent with most of

the previous studies suggesting higherthe previous studies suggesting higher

rates of response to acute anti-rates of response to acute anti-

depressive treatment in patients with endo-depressive treatment in patients with endo-

genous depression compared with patientsgenous depression compared with patients

with non-endogenous depression (Nelsonwith non-endogenous depression (Nelson

& Charney, 1980; Schatzberg, 1999). At& Charney, 1980; Schatzberg, 1999). At

this point, it is not possible to knowthis point, it is not possible to know

whether increasing the size of our studywhether increasing the size of our study

sample would havesample would have incorporated theincorporated the

Newcastle clinical variableNewcastle clinical variable in the globalin the global

predictive model.predictive model.

3 0 93 0 9

Table 3Table 3 Split-half analysis of the global predictivemodel of non-remissionSplit-half analysis of the global predictivemodel of non-remission

Model statisticsModel statistics Variable statisticsVariable statistics

ww22 d.f.d.f. PP 772lnR2lnR NagelkerkeNagelkerke RR22 WaldWald ww22 d.f.d.f. PP ChangeChange772lnR2lnR d.f.d.f. PP

Group AGroup A

LAFRLAFR

15.5415.54 11 550.0010.001 11.4511.45 0.710.71

4.844.84 11 0.030.03 15.5415.54 11 550.0010.001

Group BGroup B 22.222.2 22 550.0010.001 6.066.06 0.870.87

LAFRLAFR 1.441.44 11 0.230.23 17.9117.91 11 550.0010.001

NewcastleNewcastle 1.121.12 11 0.290.29 6.466.46 11 0.010.01

Group CGroup C

LAFRLAFR

5.675.67 11 0.020.02 8.18.1 0.480.48

3.93.9 11 0.080.08 5.675.67 11 0.020.02

Group DGroup D 24.2224.22 22 550.0010.001 7.627.62 0.870.87

LAFRLAFR 3.173.17 11 0.070.07 11.6611.66 11 0.0010.001

Current episode durationCurrent episode duration 1.491.49 11 0.220.22 6.446.44 11 0.010.01

LAFR, left anterior frontal ratio.LAFR, left anterior frontal ratio.
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Significance of frontal perfusionSignificance of frontal perfusion
abnormalities in late-onsetabnormalities in late-onset
major depressionmajor depression

It is not easy to explain why the lower theIt is not easy to explain why the lower the

LAFR (i.e. the higher the left anteriorLAFR (i.e. the higher the left anterior

frontal hypoperfusion) the better the ratesfrontal hypoperfusion) the better the rates

of clinical remission. It could be that theof clinical remission. It could be that the

LAFR reflects only the speed of responseLAFR reflects only the speed of response

to pharmacological treatment and notto pharmacological treatment and not

remission/non-remission. A longer follow-remission/non-remission. A longer follow-

up of the patients, especially bearing inup of the patients, especially bearing in

mind the evidence that geriatric patientsmind the evidence that geriatric patients

might take longer to respond to anti-might take longer to respond to anti-

depressant treatment (Mulsant & Pollock,depressant treatment (Mulsant & Pollock,

1998; Reynolds1998; Reynolds et alet al, 1996), would provide, 1996), would provide

more information on this issue. It is diffi-more information on this issue. It is diffi-

cult to establish the histological and clinicalcult to establish the histological and clinical

significance of the cut-off point described;significance of the cut-off point described;

in any case, we believe that its significancein any case, we believe that its significance

lies in its usefulness as a prognostic factorlies in its usefulness as a prognostic factor

and as a variable in the area of research.and as a variable in the area of research.

We should stress that the direction ofWe should stress that the direction of

the prediction is at the very least surprising,the prediction is at the very least surprising,

especially as the few descriptive studiesespecially as the few descriptive studies

using functional neuroimaging to investi-using functional neuroimaging to investi-

gate acute major depression in the elderlygate acute major depression in the elderly

have obtained inconsistent results (Ebmeierhave obtained inconsistent results (Ebmeier

et alet al, 1998;, 1998; HalloranHalloran et alet al, 1999; Navarro, 1999; Navarro etet

alal, 2002)., 2002). These inconsistencies suggest thatThese inconsistencies suggest that

the alterations in frontal perfusion in thisthe alterations in frontal perfusion in this

disorder are not specific.disorder are not specific.

The frontal functioning neuroimagingThe frontal functioning neuroimaging

results of our study do not support ourresults of our study do not support our

initial hypothesis and therefore do not cor-initial hypothesis and therefore do not cor-

roborate the proposal of Alexopoulosroborate the proposal of Alexopoulos et alet al

(1997) of a degenerative ischaemic process(1997) of a degenerative ischaemic process

as the cause of late-onset major depressionas the cause of late-onset major depression

(vascular depression). Our hypothesis was(vascular depression). Our hypothesis was

that the greater the frontal hypoperfusionthat the greater the frontal hypoperfusion

(supposedly a manifestation of cerebral(supposedly a manifestation of cerebral

ischaemia), the lower would be the levelischaemia), the lower would be the level

of clinical reversibility (that is, a lower rateof clinical reversibility (that is, a lower rate

of remitters). This study found the reverseof remitters). This study found the reverse

to be the case.to be the case.

To explain this unexpected result, weTo explain this unexpected result, we

could state that most studies of vascularcould state that most studies of vascular

depression are associative (O’Briendepression are associative (O’Brien et alet al,,

1996; Greenwald1996; Greenwald et alet al, 1998) rather than, 1998) rather than

causative, and it is possible that thecausative, and it is possible that the

frequently observed association betweenfrequently observed association between

late-onset major depression and vascularlate-onset major depression and vascular

disease could in fact be the result of un-disease could in fact be the result of un-

known confounding factors. A vascularknown confounding factors. A vascular

aetiology has been proposed for late-onsetaetiology has been proposed for late-onset

depression on the strength of the presencedepression on the strength of the presence

of hyperintensities, although the physio-of hyperintensities, although the physio-

pathological bases of these lesions havepathological bases of these lesions have

not been determined definitively in patientsnot been determined definitively in patients

with major depression (Thomaswith major depression (Thomas et alet al,,

2002). We should add that this is not the2002). We should add that this is not the

first study to obtain results that challengefirst study to obtain results that challenge

the degenerative vascular hypothesis forthe degenerative vascular hypothesis for

late-onset major depression (Dupontlate-onset major depression (Dupont et alet al,,

1995; Ebmeier1995; Ebmeier et alet al, 1997; Greenwald, 1997; Greenwald

et alet al, 1998; Navarro, 1998; Navarro et alet al, 2002). Nonethe-, 2002). Nonethe-

less, we should stress that the inferencesless, we should stress that the inferences

made in this section, i.e. that our resultsmade in this section, i.e. that our results

do not support the vascular depressiondo not support the vascular depression

hypothesis, are based on the possible buthypothesis, are based on the possible but

unproven association between brain SPECTunproven association between brain SPECT

alteration and ischaemia. This associationalteration and ischaemia. This association

is debatable, given the absence of conclu-is debatable, given the absence of conclu-

sive studies that support its existence insive studies that support its existence in

major depression.major depression.

Our results suggest that the pattern ofOur results suggest that the pattern of

left anterior frontal perfusion reflects aleft anterior frontal perfusion reflects a

primary alteration of neuronal activity,primary alteration of neuronal activity,

probably reversible, and that there mightprobably reversible, and that there might

not necessarily be a primary vascular sub-not necessarily be a primary vascular sub-

strate. Equally, although future studiesstrate. Equally, although future studies

should test the predictive models obtainedshould test the predictive models obtained

here, this report provides strong evidencehere, this report provides strong evidence

in favour of the existence of specific neuro-in favour of the existence of specific neuro-

functional predictors of the course in late-functional predictors of the course in late-

onset severe major depression.onset severe major depression.
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CLINICAL IMPLICATIONSCLINICAL IMPLICATIONS

&& The presence of a high level of left anterior frontal perfusion suggests poor acuteThe presence of a high level of left anterior frontal perfusion suggests poor acute
antidepressant response in late-onset severemajor depression.antidepressant response in late-onset severemajor depression.

&& The frontal lobes, especially the left anterior frontal area, seem to be linked to theThe frontal lobes, especially the left anterior frontal area, seem to be linked to the
physiopathology of late-onset severemajor depression.physiopathology of late-onset severemajor depression.

&& The relationship between late-onsetmajor depression and vascular depression isThe relationship between late-onsetmajor depression and vascular depression is
an important issue of which little is known at present.an important issue of which little is known at present.

LIMITATIONSLIMITATIONS

&& As this is a study of predictive factors, a larger sample sizewould have beenAs this is a study of predictive factors, a larger sample sizewould have been
desirable.desirable.

&& Only patients with late-onset and severe depressionwere included in our sample,Only patients with late-onset and severe depressionwere included in our sample,
meaning that the results cannotbe extrapolated to the general population or even tomeaning that the results cannotbe extrapolated to the general population or even to
the general elderly population.the general elderly population.

&& Treatmentwas administered in a naturalistic manner.Treatmentwas administered in a naturalistic manner.
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