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                    andncontains noise. The unknown parameters inwnhave to be estimated with
 w1,n≥0andw2,n≥0.


MRTM2 has been shown to be a useful method for estimating BP in larger regions
 with a good control of the noise levels of PET data with [11C]DASB. The model
 does however still contain noisy predictors. In the paper ofIchise et al. (2003)
 that introduced the method, it was shown that the two-step procedure effectively
 reduces the bias and variability of regional estimates in a simulation study and is
 stable for high-binding areas and mid-binding areas, such as cerebral cortex, in a
 study with data from the ECAT 47 scanner with a spatial resolution full width half
 maximum of 9.3 mm. It did however have problems in regions with lower binding,
 such as white matter. This is perhaps not surprising, as cerebral white matter has
 been shown to have almost as low binding as cerebellum (Kish et al.,2005). In the
 simulation study it was shown that the accuracy is comparable to that of the 
 non-linear method SRTM with the same two-step procedure and direct kinetic analysis
 on the one-tissue compartment model with radioactivity data from blood. At the
 same time, it is more computationally efficient to compute.


In a test-retest study byKim et al. (2006) the method has been shown to have
 high reliability in most regions when comparing the regional BP estimate from an
 average ROI TAC or when averaging voxel level BP estimates over a region. The
 reliability measure was ICC(3,1) and the scanner used was GE Advance with a 
 re-constructed voxel size of 6 mm. A slight negative bias was present at all reported
 regions, perhaps due to the short time between test and retest scan of 1 hour. The
 effect of noise at individual voxels were however not reported in detail, but seems
 to have been stable.


With a higher scan resolution, such as the 1.2 mm resolution of the scans used
 in this thesis, MRTM2 is unstable at voxel level. This is conventionally handled by
 reducing the spatial resolution of the data by spatially smoothing each volume with
 a Gaussian filter previous to MRTM2 estimations.



4.2. Data set - A sex-hormone fluctuation study


The examined data set of 61 healthy female volunteers is from an ongoing project
 at NRU, headed by Vibe G. Frøkjær (MD,PhD). The project examines the 
 neu-ropsychobiological effects of pharmacologically introduced sex-hormone 
 fluctua-tions. It has previously been shown in epidemiological studies that there is an 
 in-creased vulnerability to neuropsychiatric disorders directly after a pregnancy and in
 the menopausal transition period (Munk-Olsen et al.,2006;Freeman et al.,2006).


Both these events are characterized by sex-hormone fluctuations in terms of a rapid
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decline in sex-hormone production from late pregnancy to post partum and of a
 period of increased fluctuation in ovarian sex-hormone production that ultimately
 ceases when menopause is reached. Because sex hormone levels has been shown to
 be linked to the serotonergic transmitter system (Frøkjær et al.,2010) and the 
 sero-tonin transporter function as a key regulater of the serotonergic signaling is linked
 to depression and many other neuropsychiatric disorders, the project includes 
 imag-ing of the serotonin transporter. The hypothesis of the study was that sex hormone
 fluctuation provokes depressive symptoms and that the emergence of depressive
 symptoms would be coupled to a change in this marker of serotonergic signaling.


Thus one of the goals is to address if one of the pathways by which sex-hormone
 fluctuations provokes mood changes could be over serotonin signaling. The study
 was approved for NRU by the Regional Ethics Committee in Copenhagen and data
 acquisition was finalized by the end of 2012.


Two PET scans were acquired for each subject: a baseline and a follow-up scan.


Between the two scans, 31 subjects were given a GnRH-agonist treatment to obtain
 a transient stimulation and a subsequent downregulation of ovarian sex-hormone
 production, while the remaining 30 were given placebo injections of saline. The
 study design was doubleblinded. Furthermore, Hamilton rating scale for 
 depres-sion was used to characterize the change in the subjects’ depressive symptoms from
 baseline. The Hamilton score is determined by a semistructured interview where
 the interviewing doctor follows a questionnaire to score different symptoms, such
 as anxiety, feelings of guilt, insomnia and agitation. The scores are then weighted
 together to give an overall score; a lower score means less depressive symptoms
 and a higher score more depressive symptoms. A score of 0-7 is considered normal
 and a score of 20 or higher indicates moderate to severe depression. One Hamilton
 score was assessed at baseline and one at follow-up.


The follow-up scan was acquired as close as possible to the same time in the
 menstrual cycle as the baseline scan for the placebo group. The baseline scan
 was acquired at cycle day 5-8, GnRHa intervention was started on cycle day 22
 and the follow-up scan was acquired 14-19 days after intervention. For most 
 sub-jects the scans were acquired one cycle apart, i.e. roughly one month apart(N =
 50,32.6±3.4days), while some were 2 cycles apart(N = 8,64.5±7.5days), 3
 cycles apart(92days) or 4 cycles apart (133 and 122 days). The follow-up scan in
 the placebo group was on average acquired slightly later in the cycle than the 
 base-line scan. The subjects were screened for variables that could alter the serotonin
 transmitter system, such as past or present psychiatric or neurological disorders and
 substance abuse. As none of these variables were present, they were regarded as
 healthy. Further demographics is shown in table4.2.1. The age, body mass index
 and Hamilton score at baseline are fairly similar between the groups. Additionally,
 no difference between groups in baseline sex hormones was observed.


Table 4.2.1. Demographics of the 61 subjects enrolled in the study (mean±SD).


Active group,N= 31 Placebo group,N = 30


Age (years) 23.3±3.3 25.2±5.9


Body mass index (kg/m2) 23.2±2.3 23.4±3.9
Hamilton score baseline 1.2±1.5 1.6±2.2
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The PET scans and Hamilton scores at baseline and follow-up will be examined
 in this thesis to compare the results of surface-based analysis with FreeSurfer to
 the initial results of the study obtained on a regional level of analysis. This will
 serve as a basis to discuss the capabilities, advantages and issues with the tools
 of FreeSurfer and an overall surface-based approach. Moreover, 24 subjects from
 the placebo group will be used in a pseudo test-retest analysis to conclude on the
 repeatability of the different modeling approaches. The 24 selected subjects are
 the placebo subjects whom were scanned with one month in between baseline and
 follow-up (32.9±3.1days).



4.2.1. Image acquisition


The list-mode data from the HRRT PET scanner was reconstructed to 38 dynamic
 time frames by the iterative ordinary Poisson ordered-subset expectation 
 maximiza-tion (OP-OSEM) 3D method with resolumaximiza-tion modeling (Hong et al.,2007;Comtat
 et al.,2008;Sureau et al.,2008). The 38 frames had the sequence6×5s,10×15
 s,4×30s,5×2min,5×5min and8×10min. The total acquisition time was 90
 min. The mean intravenously injected dose of [11C]DASB was 577±43 MBq for
 the active group and 591±11 MBq for the placebo group. The reconstructed voxel
 size was1.2188×1.2188×1.2188mm. The radioactive decay was accounted for
 and the dynamic frames were motion corrected. The motion between frames was
 estimated by the automatic image registration routines fromWoods et al.(1998).


Each subject was also scanned by a 3T Verio Siemens Medical Inc scanner to 
 ac-quire a structural T1-weighted magnetic resonance scan, which was corrected for
 field inhomogenities bias field intensities previous to the analysis in this report.



4.2.2. Radiotracer [
11C]DASB


The radioactive tracer [11C]DASB is used in this study to image the serotonin 
 trans-porter binding by PET. The tracer was introduced byHoule et al.(2000) and is 
 re-garded as one of the superior tracers for this purpose. [11C]DASB binds with high
 selectivity to the serotonin transporter and has been shown to correlate well with 
 re-gional post-mortem receptor densities and distribution pattern. Furthermore, it has
 been shown to give reliable results when used with MRTM2 (Ichise et al.,2003).



4.2.3. Initial results for the sex-hormone fluctuation study


The study was successful in inducing an initial rise followed by a downregulation
of sex-hormones by the time of the follow-up scan in the treated group. It did also
provoke a rise in Hamilton score on average in this group, as seen in figure4.2.1.
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Figure 4.2.1. Difference in Hamilton score from baseline to follow-up in the
 placebo and active group.


The PET data was automatically segmented into cortical and subcortical regions
 and averaged time activity curves were obtained for these regions. This 
 auto-matic segmentation is based on the segmentation bySvarer et al. (2005). The
 segmentation method used was the one in the software Statistical Parametric 
 Map-ping (SPM5) by the Wellcome Trust Centre for Neuroimaging, London, which uses
 structural information from MRI data. Regional BP estimates were by modeling the
 regional averaged TACs by MRTM2 in PMOD version 3.0 by PMOD Technologies
 Ltd.


The data was analyzed with the general linear model


∆Hamilton =β0+β1group +β2∆BP +β3group ∆BP, (4.13)


wheregroupis a categorical variable for group belonging (treated or placebo),
 DeltaHamiltonis the change in Hamilton score between baseline and follow-up
 and∆BPis the change in binding potential between baseline and follow-up. This
 model is set up to measure how significant the difference in slope is between the
 treated group and the placebo group, i.e. the interaction between group and∆BP.


The global result on BP from the total neocortical region is shown in figure4.2.2.
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GLM model for neocortex − R2=0.23, intercept p=0.0026


Figure 4.2.2. Change in Hamilton score plotted against change in global 
 neo-cortical BP. Red shows active group and blue shows placebo group. The lines
 corresponds to the fit of the general linear model.


The significance of the difference in slope within neocortex is consistent with the
hypothesis that an acute change in sex-hormonal levels is coupled with the 
sero-tonergic signaling system in the brain. However, two remarks could be made: the
slope of the placebo group is slightly negatively correlated to the change in BP 
al-though not significantly, and there is one subject who drives the slope of the treated
group. The negative slope of the placebo group might have to do with the time of
acquisition of the follow-up scan, which was on average slightly later in the 
men-strual cycle than the baseline scan. That one subject who is driving the active slope
does make the conclusions that can be drawn from the study less certain. 
Never-theless, it is consistent with previous studies where there are only a limited number
of women in a population that develop neuropsychiatric disorders after pregnancy
or in the menopausal transition period. The development of the other active 
sub-jects do follow the same trend as the driving subject, but to a lower degree. With
a higher number of subjects within the study, the statistical power would of course
have been greater. It is however rarely plausible in a neurobiological study, due to
the cost and complexity of conducting PET studies and in the case of this study
the ethics in pharmacologically challenging healthy women. 61 subjects is a rather
high number for these kind of studies. The significance in some other regions is
shown in figure4.2.2.
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