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Abstract

Background—The fornix is a compact bundle of white matter fibers that project from the

hippocampus to the mamillary bodies and septal nuclei. Its association with memory, as well as

with symptoms in schizophrenia, has been reported in chronic schizophrenia. The purpose of this

study is to determine whether or not fornix abnormalities are evident at the onset of schizophrenia.
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Methods—Diffusion Tensor Imaging (DTI) and DT tractography were used to evaluate the

fornix in 21 patients with first episode schizophrenia (16 males/5 females) and 22 healthy controls

(13 males/9 females). Groups were matched on age, gender, parental socioeconomic status,

education and handedness. Fractional anisotropy (FA), a measure of white matter integrity, radial

diffusivity (RD), thought to reflect myelin integrity, trace, a possible marker of atrophy or cell

loss, and axial diffusivity (AD), thought to reflect axonal integrity, were averaged over the entire

tract extracted by means of DT tractography, and used to investigate fornix abnormalities in first

episode schizophrenia compared with healthy controls.

Results—Significant group differences were found between first episode patients and controls

for FA (p=0.0001), RD (p=0.001) and trace (p= 0.006).

Conclusion—These findings suggest abnormalities in the fornix in the early stages of

schizophrenia, and further suggest that white matter abnormalities, which are apparent in the early

course of the disease, may reflect myelin disturbances.

Keywords

First Episode Schizophrenia; Fornix; Diffusion Tensor Imaging; Fractional Anisotropy; Trace;
Axial Diffusivity; Radial Diffusivity

INTRODUCTION

Prior to the introduction of Diffusion Tensor Imaging (DTI), most neuroimaging studies of

schizophrenia focused on gray matter (see review in Shenton et al., 2001; Glahn et al.,

2008). These findings led to schizophrenia being viewed as a neurodevelopmental disorder

(e.g., Rapoport et al., 2005), but with neurodegenerative components (e.g., Andreasen et al.,

2011; Vita et al., 2012). The pathogenesis of such brain abnormalities is, nonetheless, still

unknown. It is also not clear whether progressive changes reported in gray matter in

schizophrenia, are also extant in white matter (e.g., Kasai et al., 2003).

DTI is based on the detection of water diffusion properties (Basser et al., 1994), and

provides quantifiable information about white matter tracts, their organization, and their

integrity. Research suggests that white matter maturation and myelination processes might

be disrupted in schizophrenia, which, in turn, might trigger schizophrenia symptoms.

Additional evidence for white matter involvement comes from postmortem and genetic

studies, which indicate a disruption of oligodendrocyte function (Uranova et al., 2007;

Tkachev et al., 2007). The majority of DTI studies report fractional anisotropy decreases in

patients with chronic schizophrenia compared to healthy controls (see reviews in Kubicki et

al., 2007; Fitzsimmons et al., 2013).

There are more inconsistencies, however, among studies of first episode schizophrenia (FE,

see for example reviews in Kuswanto et al., 2012; Samartzis et al., 2013). In the current

study, we focus on the fornix, a compact bundle of white matter fibers that projects from the

hippocampus to the mamillary bodies, and is part of the limbic system. The hippocampus

has been repeatedly found to be abnormal in schizophrenia (e.g., Heckers et al., 2001), and

has been associated with cognitive disturbances in memory in schizophrenia (e.g., Nestor et

al., 2007). With respect to postmortem studies of schizophrenia, the fornix has been
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investigated in only two studies (Chance et al., 1999; Davies et al., 2001), both of which

report an increase in fiber density in the left fornix in male subjects and an increase in the

cross-sectional area of the fornix in early onset of schizophrenia. Also DTI studies in

chronic schizophrenia suggest abnormalities in white matter integrity of the fornix (e.g.,

Kuroki et al., 2006; Abdul-Rahman et al. 2011), while DTI studies in FE schizophrenia are

less consistent, with one study reporting no abnormalities (Kendi et al., 2008), while other

studies (e.g., Luck et al., 2010; Davenport at al., 2010) report differences in FA.

The purpose of the current study is to investigate whether or not white matter abnormalities

within the fornix are present at illness onset. The current study is unique in that in addition

to measuring FA, other measures such as Radial Diffusivity (RD), Trace, and Axial

Diffusivity (AD) are also included. RD is purported to be a possible marker of myelin

disruption, Trace is purported to be a possible marker of atrophy or cell loss, and AD is

purported to be a possible marker of axonal disruption (e.g., Song et al., 2005). Thus by

adding these measures, we not only hope to detect fornix abnormalities in FE schizophrenia,

which is shown with FA as a sensitive but non-specific measure, but also, if such

abnormalities exist, we will be able to describe better their specificity and to microstructural

correlates.

METHODS

Subjects

Twenty-one patients (16 males/5 females) diagnosed with first episode schizophrenia and 21

control subjects (13 males/9 females) were recruited as part of the Boston CIDAR Center

(www.bostoncidar.org). (See Table 1 for demographic information).

The patients were either not medicated (four patients) or medicated with atypical

antipsychotic medication (seventeen patients). All medication dosages were converted to

chlorpromazine equivalents (Woods 2003). Clinical symptoms were measured using the

Brief Psychiatric Rating Scale (BPRS) (Ventura et al., 2000). This study was approved by

the local IRB committees at all participating institutions.

MRI acquisition and processing

Diffusion Tensor Images were acquired on a 3T GE Echospeed system, using a double echo,

echo planar imaging (EPI) DTI Tensor sequence (Alexander et al., 1997) at a resolution of

1.7mm×1.7mm×1.7mm (51 diffusion directions at b=900, 8 baseline scans at b=0,

TR=17000 ms, TE=78 ms, FOV=24 cm, 144×144 matrix) at Brigham and Women’s

Hospital, Boston.

Before tensor estimation, DICOM data was converted to nrrd format, and data were

corrected for eddy current and movement distortions, using Brain Extraction Tool (BET)

software (Smith et al., 2002). Tensors were estimated using the Least Squares method

(Tristan-Vega, 2009) and the 3DSlicer (www.slicer.org) software version 3.6.4.
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Fiber Tracking

In order to extract and measure the fornix, we used a method that is described in detail in our

previously published study in chronic patients (Fitzsimmons et al., 2009). Briefly,

measurements were obtained using 3Dslicer and diffusion tensor streamline tractography. In

order to ensure precise segmentation of the structure, we used a multiple ROI method (e.g.,

Catani et al., 2002; Jones et al., 2005). Eight separate Regions of Interest (ROIs) were

manually defined, by the same rater (JF), blind to diagnosis, in order to tract the desired

fibers, as described in Fitzsimmons et al. (2009). Only those pathways passing through all 8

ROIs were retained for further analysis (see Figure 1).

After fornix tracts were extracted, the average values of FA, RD, Trace and AD were

calculated for the entire tract and separately for each side, and subjected to statistical

analysis. Inter-rater reliability was also calculated for 5 random cases, drawn by a second

rater (TS), and achieved 0.9 for the right and 0.94 for the left fornix.

Statistical Analysis

Data were analyzed using the Statistical Package for the Social Sciences (SPSS V. 20). To

test for group differences in FA, RD, Trace and AD within the Fornix, analysis of

covariance (ANCOVA) was performed with group as a between-group factor and side as a

within group factor, and gender as a regressor. Protected post-hoc independent sample t-tests

were used to evaluate differences between groups. Pearson correlations were used to

investigate the relationship between the BPRS scores and measures of white matter integrity.

RESULTS

There were no group differences in handedness (all right handed), age, parental social

economical status or premorbid IQ (see Table 1). Patients mean duration of illness was

5.62±6.12 months with a mean age of onset of 21.13±4.31. Duration of medication was

9.16±7.71 months.

ANCOVA revealed a significant group effect for fornix with lower FA in FE patients

relative to controls (F(1,41)=21; p=0.0001) (Fig 2), higher RD in FE patients relative to

controls (F(1,41)=12,04; p=0.001) (Fig 3), and higher Trace in FE patients relative to

controls (F(1,41)=8.28; p= 0.006) (Fig 4). There were no group effects for AD

(F(1,41)=3.68; p=0.062) (Fig 5).

There was no significant effect of side for FA (F(1,41)=0,42; p=0.52), RD (F(1,41)=3.62;

p=0.064) or AD (F(1,41)=1.719, p=0.197) but Trace was lower on the left fornix versus

right in FE patients (F(1,41)=4.54; p=0.039). There were, however, no group by side

interactions for FA (F(1,41)=0.189; p=0.66; RD (F(1,41)=0.58; p=0.45), Trace

(F(1,41)=0.115; p=0.292) or AD (F(1,41)=2.08; p=0.157).

There were also no statistically significant correlations between the DTI measures and

clinical symptoms or sociodemographic variables.
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When we use an ANCOVA design, we used chloropromazine equivalent as a covariate, and

the results remained the same.

DISCUSSION

Results of our study are consistent with previous fornix studies in chronic patients that show

FA alterations (e.g., Kuroki et al., 2006; Fitzsimmons et al., 2009; Abdul-Rahman et al.

2011). To our knowledge there are only three studies to date investigating the fornix in the

early course of schizophrenia. Of these studies, Luck et al. (2010) and Davenport et al.

(2010) found lower FA but did not include measures of RD, Trace or AD. Kendi et al.

(2008), using FA as a dependent variable, did not report any abnormalities in FE

schizophrenia but did report a decrease in fornix volume.

All previous fornix investigations in FE patients have used FA as the dependent imaging

measure. FA has been reported to be sensitive to many micro-pathologies, including

demyelination, axonal damage, changes in tract orientation, organization and axonal density,

but it is not specific to any single one of them. Our study showed a decrease in FA and a

concomitant increase in RD and Trace, but no change in AD. This particular pattern of

diffusion changes has been previously reported in studies in shiverer mice (Song et al., 2005

and Stricker et al., 2009), and has been associated with myelin loss.

It is, however, notable that while group differences in AD were non-significant, they were at

the trend level (p=0.062). This could be due to the fact that RD and AD are not completely

independent measures, and thus myelin pathology affects diffusion in all directions (Von

Hohenberg at al., 2013). It is also possible that the pathology underlying our results might

not be limited to myelin, but may include axons and/or extracellular space.

In conclusion, our findings suggest early alterations of the fornix in first episode

schizophrenia, possibly reflecting myelin alterations. Further studies are needed to follow

patients from the prodromal period through to first episode to understand further the

neurobiological underpinnings of white matter alterations in schizophrenia.
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Figure 1.
Tracts going through the ROIs.
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Fig. 2.
Fractional anisotropy (FA) for FES vs. healthy controls.
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Fig. 3.
Radial diffusivity (RD) for FES vs. healthy controls.
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Fig. 4.
Trace for FES vs. healthy controls.
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Fig. 5.
Axial diffusivity for FES vs. healthy controls.
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