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We compared manual and automated segmentations 
of the hippocampus in patients with mesial temporal 
sclerosis. This comparison showed good precision of 
the deformation-based automated segmentations. 
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M AGNETIC RESONANCE imaging (MRI)- 
based hippocampal volumetric measure- 

ments are helpful in the diagnosis and treatment of 
patients with mesial temporal lobe epilepsy. In the 
clinical setting of ah epileptic seizure history 
compatible with mesial temporal lobe epilepsy, a 
significant hippocampal volume asymmetry is pre- 
dictive of mesial temporal sclerosis, anda  favor- 
able outcome after epilepsy surgery.1 

The difficulty in manual segmentations lies in 
the subjective interpretations of anatomical varia- 
tions. The emerging field of computational anatomy 
founded on general pattern theory 2 provides tools 
anda framework for accommodating and studying 
this variability. 3 In this framework, an electronic 
atlas of the hippocampus is used a sa  deformable 
template, which is matched to an individual MRI to 
extract and study the individual hippocampal areas. 

MATERIALS AND METHODS 
Five patients with mesial temporal lobe epilepsy had MR 

imaging. Hippocampal segmentations were performed twice for 
each hippocampus using both a deformation-based and manual 
technique. We then calculated the percentage overlap and 
hippocampal volume differences to compare the two segmenta- 
tion techniques. 

For the deformation segmentations, using a Unix-based 
software system (Broomfield, CO), the mapping algorithm 
employed a coarse-to-fine procedure for generating a transforma- 
tion field from an atlas reference MRI to patient MRI. The 
"coarse" aspect of the procedure relied the landmark informa- 
tion provided by expert segmenters to provide an initial 
low-dimensional coregistration of atlas and patient images. The 
landmark information was provided in the forro of the global 
and hippocampus-specific landmarks, which were used to derive 
a coarse manifold transformaUon from the reference to the 
patient images. 

Having completed the coarse first step in the transformation, 
the volurnes were roughly aligned and attention was focused on 
the fine-featured substructures. The "fine" procedure involved 

the next two steps. The second step was to solve the registration 
problem using a linear elastic basis formulation and the full- 
volume data, as previously described. 4 This was fully automatic 
and only driven by the volume data itself. The three-dimensional 
whole-brain maps corresponded to the maximizer, whose varia- 
tion solution corresponded to a solution of a nonlinear partial 
differential equation (PDE), consisting of between 107 and 108 
parameters. The third and final step of the algorithm was to solve 
the nonlinear PDE corresponding to the bayesian maximizer 
associated with the fluid formulation at each voxel of the full 
volume. 5 

RESULTS 

The overall percentage overlap between auto- 
mated segmentations was 92.8 (SD 3.5), between 
manual segmentations was 73.1 (SD 9.5), and 
between automated and manual segmentations was 
74.8 (SD 10.3). Absolute percentage volume differ- 
ences between automated segmentations were 4.3 
(SD 2.7), between manual segmentations were 13.3 
(SD 11.0), and between automated vs. manual 
segmentations were 11.0 (SD 6.4). Table 1 shows 
volume measurements and between-method hippo- 
campal volume differences. 

CONCLUSION 

Manual and deformation-based segmentations 
produced comparable results in hippocampal seg- 
mentations. Deformation-based hippocampal seg- 
mentations for patients with mesial temporal sclero- 
sis provide an efficient, precise, and reproducible 
method of hippocampal volume measurement. 
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Table 1. Volume Measurements and Between-Method Hippocampal Volume Differences 

Hippocampus 

Automatic Segmentation Manual Segmentation 

A1 Vo]ume A2 Vo•ume Absolute Percentage M1 Volume M2 Volume Absolute Percentage 
(mm 3) (mm 3) Difference (mm 3) (mm 3) Difference 

Between Method 
Percentage 
Difference 

1R 2,622 
2L 2,592 
3R 3,240 
4L 2,306 
5R 2,863 
1 L* 1,537 
2R* 1,696 
3L* 1,307 
4R* 1,683 
5L* 1,553 

Normal hippocampi 
Mean 2,725 
SD 349 

Sclerotic hippocampi 
Mean 1,555 
SD 157 

Overall 
Mean 2,140 
SD 667 

2,765 5.5 2,512 2,397 4.6 
2,429 6.3 2,792 2,513 10.0 
3,423 5.6 2,984 3,349 12.2 
2,224 3.6 2,433 2,494 2.5 
2,908 1.6 2,704 3,324 22.9 
1,687 9.8 1,880 1,294 31.2 
1,741 2.7 1,431 1,387 3.1 
1,292 1.1 1,605 1,239 22.8 
1,763 4.8 1,427 1,430 0.2 
1,527 1.7 1,646 1,256 23.7 

2,750 4.5 2,685 2,815 10.4 
463 1.9 221 478 8.0 

1,602 4.0 1,598 1,321 16.2 
196 3.5 186 84 13.7 

2,176 4.3 2,141 2,068 13.3 
692 2.7 604 851 11.0 

4.4 
7.2 
8.6 
5.2 
5.9 

18.2 
18.5 
18.6 
17.9 
5.7 

6.2 
1.7 

15.8 
5.7 

11.0 
6.4 
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