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IMAGING IN NEURAL REGENERATION

Optic radiation injury in a patient 
with intraventricular hemorrhage:  
a diffusion tensor tractography study

Optic radiation (OR) injury can occur following various brain 
injuries and it is usually accompanied by visual field defects 
(Zhang et al., 2006). OR is very important for performing ac-
tivities of daily living and providing safety. However, the OR 
cannot be clearly demarcated from adjacent neural structures 
and thereby conventional brain MRI has limited specificity in 
diagnosis of OR injury. Diffusion tensor tractography (DTT), 
which is derived from diffusion tensor imaging (DTI), has en-
abled three-dimensional reconstruction of the OR. Many DTT 
studies have reported OR injury following various brain injuries 
(Shinoura et al., 2010; Lee et al., 2012; Seo et al., 2013; Jang and 
Seo, 2015), however,  few DTT studies on OR injury have been 
reported. 

In this study, we reported DTT findings of OR injury in 
one 58-year-old male patient. The patient was diagnosed with 
spontaneous subarachnoid hemorrhage, intraventricular hem-
orrhage (IVH), and intracerebral hemorrhage (ICH) in the left 
subcortical white matter, and underwent endovascular emboli-
zation and right frontal extraventricular drainage for ruptured 
arteriovenous malformation at the department of neurosurgery 
of a local hospital (Figure 1A). He complained of a right hom-
onymous visual field defect and mild right hemiparesis since 
the onset, and visited a university hospital for precise evaluation 
at 12 months after onset. Brain MRI showed a leukomalactic 
lesion in the left subcortical white matter below the posterior 
limb of the internal capsule: however, no specific lesion was 
observed on the occipital lobe. Right bilateral homonymous 
hemianopsia was detected in Humphrey Visual Field (HVF) test 
(Figure 1C). 

After providing signed informed consent, the patient was in-
cluded in this study under the approval by Institutional Review 
Board of Yeungnam University, Republic of Korea. 

DTI data were acquired at 12 months after onset using a 1.5-T 
Philips Gyroscan Intera system (Philips, Ltd, Best, the Nether-
lands) equipped with a synergy-L Sensitivity Encoding (SENSE) 
head coil utilizing a single-shot, spin-echo planar imaging pulse 
sequence. For each of the 32 noncollinear and noncoplanar dif-
fusion sensitizing gradients, 67 contiguous slices were acquired 
parallel to the anterior commissure-posterior commissure line. 
Imaging parameters were as follows: acquisition matrix = 96 × 
96; reconstructed matrix = 192 × 192; field of view = 240 × 240 
mm2; repetition time/echo time = 10,398/72 ms; SENSE factor 
= 2; EPI factor = 59, b = 1,000 s/mm2, NEX = 1, slice thickness 
= 2.5 mm. Fiber tracking was performed using the fiber as-
signment continuous tracking (FACT) algorithm implement-
ed within the DTI task card software (Philips Extended MR 
WorkSpace 2.6.3; Philips, Ltd, Best, the Netherlands). Each of 
the DTI replications was intra-registered to the baseline “b0” 
images in order to correct for residual eddy-current image dis-
tortions and head motion effect, using a diffusion registration 
package (Philips Medical Systems) (threshold fractional anisot-
ropy = 0.15, angle = 27). ORs were ascertained by selection of 

fibers passing through ROIs. The seed ROI was placed on the 
lateral geniculate nucleus (LGN) on the color map, and the tar-
get ROI was placed on the bundle of the OR at the middle por-
tion between LGN and occipital pole (Hofer et al., 2010; Jang 
and Seo, 2015). 

The right OR was reconstructed from the LGN to the primary 
visual cortex, while the left OR showed a discontinuation at the 
middle portion around the temporal horn of the lateral ven-
tricle. Green color density of the left OR was largely decreased 
around the middle portion of the left OR (Figure 1B). 

We reported on a patient who showed a left OR injury on 
DTT following SAH, IVH, and ICH, which was not detected 
by conventional brain MRI. This evidence of the left OR injury 
on DTT coincided well with the right bilateral homonymous 
hemianopsia on the visual field test. According to the previous 
studies, all types of hemorrhages (SAH, IVH, and ICH) in this 
patient could cause neural injury (Chua et al., 2009; Yeo et al., 
2011; Seo et al., 2013; Jang and Kim, 2015; Jang and Yeo, 2015). 
However, considering the anatomical locations of hemorrhag-
es within the OR, the ICH around the LGB appeared to be 
the most plausible cause of the left OR injury. However, DTT 
showed discontinuation of the left OR in the middle portion 
around the temporal horn of the lateral ventricle, indicating 
an injury of the left OR by the hemorrhage in the lateral ven-
tricle. Previous studies have suggested that injury to periven-
tricular white matter by IVH could occur through mechanical 
(increased intracranial pressure or direct mass) or chemical 
mechanisms (a blood clot itself can cause extensive damage) 
(Chua et al., 2009; Yeo et al., 2011; Jang and Yeo, 2015). In 
this study, considering that the middle portion of the left OR 
is close to the temporal horn of the lateral ventricle, and the 
middle portion of the left OR appeared to be affected by he-
matoma in this ventricle.

In conclusion, we report on a patient who had a left OR in-
jury detected by DTT. Our results suggest that DTT is a useful 
technique for detection of the OR injury not detected on con-
ventional brain MRI. Therefore, we think that DTT for the OR 
should be recommended for more precise evaluation along with 
conventional brain MRI for patients who complain of visual 
field defect following brain injury. To the best of our knowledge, 
this is the first study to demonstrate OR injury following SAH, 
IVH, and ICH. However, this study is limited because it is a case 
report. Further complementary studies involving larger num-
bers of patients are warranted. 
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Figure 1 Results of CT, MRI, diffusion tensor tractography (DTT), and Humphrey visual field test in a 58-year-old male patient with 
intraventricular hemorrhage.
(A) Brain CT images (upper row) at onset show subarachnoid hemorrhage, intraventricular hemorrhage, and intracerebral hemorrhage (arrows) 
in the left subcortical white matter. Brain MR images (lower row) at 12 months after onset show a leukomalactic lesion (arrows) in the left subcor-
tical white matter below the internal capsule. (B) On 12-month DTT, the left optic radiation (OR) is discontinued (arrow) at the middle portion 
around the temporal horn of the lateral ventricle. Green color density of the left OR is greatly decreased (arrow) around the middle portion of 
the left OR. (C) The Humphrey visual field test of the patient shows right bilateral homonymous hemianopsia. (D) DTT for the OR in a normal 
57-year-old male subject. R or Rt.: Right; A: anterior; L or Lt.: left. 


