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BACKGROUND AND PURPOSE: The neuroanatomic substrate of cognitive deficits in long-term survivors

of prematurity with PVL is poorly understood. The thalamus is critically involved in cognition via
extensive interconnections with the cerebral cortex. We hypothesized that the thalamus is atrophic
(reduced in volume) in childhood survivors of prematurity with neuroimaging evidence of PVL and that
the atrophy is associated with selective microstructural abnormalities within its subdivisions.
MATERIALS AND METHODS: We performed quantitative volumetric and DTI measurements of the

thalamus in 17 children with neuroimaging evidence of PVL (mean postconceptional age, 5.6 ⫾ 4.0
years) who were born prematurely and compared these with 74 term control children (5.7 ⫾ 3.4 years).
RESULTS: The major findings were the following: 1) a significant reduction in the overall volume of the
thalamus in patients with PVL compared with controls (P ⬍ .0001), which also correlated with the
severity of PVL (P ⫽ .001); 2) significantly decreased FA (P ⫽ .003) and increased ⬜ (P ⫽ .02) in the
thalamus overall and increased axial, radial, and mean diffusivities in the pulvinar (P ⬍ .03), suggesting
injury to afferent and efferent myelinated axons; and 3) a positive correlation of pulvinar abnormalities
with those of the parieto-occipital white matter in periventricular leukomalacia, suggesting that the
pulvinar abnormalities reflect secondary effects of damaged interconnections between the pulvinar
and parieto-occipital cortices in the cognitive visual network.
CONCLUSIONS: There are volumetric and microstructural abnormalities of the thalamus in preterm

children with PVL, very likely reflecting neuronal loss and myelinated axonal injury. The selective
microstructural damage in the pulvinar very likely contributes to abnormal cognitive visual processing
known to occur in such survivors.
ABBREVIATIONS: A⫽ anterior, ADC or Dav ⫽ apparent diffusion coefficient or mean diffusivity;
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fuse gliosis in the surrounding white matter.2,3 Emerging neuropathologic and neuroimaging studies indicate that PVL
does not occur in isolation but rather is associated with injury
to gray matter sites, including the thalamus, cerebral cortex,
hippocampus, basal ganglia, cerebellum, and brain stem in
variable combinations.1,2 This spectrum of gray and white
matter injuries is now referred to as the “encephalopathy of
prematurity.”1,2 Indeed, the associated damage to certain gray
matter regions that are critical to higher cognitive processing
may account for the intellectual deficits in preterm survivors
with PVL. Of the gray matter structures involved in the encephalopathy of prematurity, the thalamus is critically involved in cognition via extensive interconnections with the
cerebral cortex.
A recent neuropathologic study of the thalamus in PVL
indicates that damage to this structure is present in most
(59%) postmortem examinations.4 The incidence of such injury in published neuroimaging studies in living children is
lower,5-10 very likely reflecting variability in living versus postmortem cohorts and/or incomplete sensitivity of the neuroimaging techniques to detect subtle neuronal loss and/or gliosis observed in histologic sections. MR imaging studies
indicate a diminished volume of the thalamus in PVL,11-13
consistent with atrophy due to diffuse neuronal loss and gliosis
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reterm infants are highly vulnerable to brain injury resulting in a substantial burden of cognitive disability,1 but the
neuroanatomic substrate of the cognitive impairments is not
completely understood.1,2 A major neuropathologic finding in
preterm infants is PVL, a disorder of immature cerebral white
matter characterized by focal periventricular necrosis and dif-

PEDIATRICS

ANOVA ⫽ analysis of variance; CVI ⫽ cognitive visual impairment; DTI ⫽ diffusion tensor imaging;
FA ⫽ fractional anisotropy; FLAIR ⫽ fluid attenuated inversion recovery; L ⫽ lateral; 储 ⫽ axial
diffusivity; 1 ⫽ eigenvalue 1; 2 ⫽ eigenvalue 2; 3 ⫽ eigenvalue 3; ⬜ ⫽ radial diffusivity; M ⫽
medial dorsal; P ⫽ pulvinar; PCA ⫽ postconceptional age; PVL ⫽ periventricular leukomalacia; R ⫽
Pearson correlation; RA ⫽ relative anisotropy; VR ⫽ volume ratio

detected by neuropathologic examination.4,14 Most important, decreased thalamic volume in association with PVL correlates with cognitive deficits in survivors.10,12,13
In the following study, we applied the technique of DTI to
obtain much-needed information about intrinsic thalamic
microstructural pathology in childhood survivors of prematurity with PVL. DTI is a noninvasive advanced imaging technique that enables the measurement of the random motion of
water molecules to provide information regarding “microstructure,” (ie, cellular and subcellular integrity and pathology
of the tissue).15,16 It measures the following: 1) anisotropy, an
index of the directional diffusivity of water in relation to the
magnitude and orientation of structure; and 2) diffusivity, an
index of the rate of water diffusion with preference to a specific
direction. In myelinated tissue, ⬜ correlates with demyelination, while 储 correlates with axonal injury, as determined by
correlations between neuroimaging and histopathology in animal models.17-19 DTI has been used to study corticothalamic
connections in survivors of prematurity,20-22 but these studies
rely only on tractography postprocessing methods based on
FA. In contrast, our study measures diffusivity DTI metrics
within the thalamic parenchyma, thereby providing information about its intrinsic cellular pathology. In our study, we
tested the hypothesis that the thalamus is atrophic (reduced in
volume) in childhood survivors of prematurity with PVL (diagnosed by conventional MR imaging) and that the atrophy is
associated with microstructural abnormalities within its subdivisions. We sought to determine, in particular, whether
there is targeted involvement of microstructural abnormalities in the posterior subdivision of the thalamus (pulvinar) as
a potential reflection of the preferential involvement of the
posterior (parieto-occipital) white matter in PVL.
Materials and Methods
Subjects
The inclusion criteria for the preterm survivors with PVL were the
following: 1) prematurity (⬍37 gestational weeks at birth), and 2)
evidence of the sequelae of PVL on conventional MR imaging performed during childhood. These sequelae were defined as periventricular white matter volume loss and signal-intensity hyperintensities on FLAIR.23 PVL was classified as mild, moderate, or severe on the
basis of the degree of posterior lateral ventriculomegaly and the size
and number of associated periventricular hyperintensities on T2/
FLAIR in the periatrial regions. Neuroimaging studies were also reviewed for cortical injuries as defined by abnormal signal intensity
within any areas of the cortex with associated volume loss. The thalamic region was also evaluated for infarcts and tissue loss. The controls were children born at term (37– 42 gestational weeks) with normal findings on conventional MR imaging performed in the same age
range in childhood as the preterm cohort. The main clinical indications for performing imaging in the control group included headache,
meningitis, and seizure activity. Clinical information was recorded on
retrospective chart review for each patient and control. Seizure activity was further characterized by electroencephalography reports and
classified as a 1-time occurrence (mostly febrile) or epilepsy (chronic
repetitive seizures). The institutional review board at our medical
center approved the study protocol.
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MR Imaging Protocol
All imaging was performed in a 1.5T scanner (Signa LX; GE Healthcare, Milwaukee, Wisconsin) with a pediatric head coil. We acquired
the following imaging sequences: axial fast spin-echo T2-weighted
imaging (TE/TR ⫽ 85/5000 ms, FOV ⫽ 20 cm, matrix ⫽ 320 ⫻ 160 or
256 ⫻ 128, section thickness ⫽ 4 –5 mm with 0- to 1-mm intersection
gap); axial FLAIR imaging (TE/TR ⫽ 120/9000 ms, FOV ⫽ 20 cm,
matrix ⫽ 320 ⫻ 160 or 256 ⫻ 128); and DTI protocol, which included
an echo-planar imaging sequence (TE/TR ⫽ 80/10,000 ms, FOV ⫽ 22
cm, matrix ⫽ 128 ⫻ 128, section thickness ⫽ 5 mm, spacing ⫽ 0)
applied along 25 noncollinear directions with a b-value of 1000
s/mm2. For the volumetric analysis, the bilateral regions of the thalamus, seen on multiple axial sections, were manually traced on the
T2-weighted sequence. The volume of the thalamus was computed
from an area determined for all sections, section thicknesses, and gaps
between the sections.

DTI Postprocessing
All DTI data were extracted by using DTIStudio (Johns Hopkins University, Baltimore, Maryland). The anterior, lateral, medial, and posterior subdivisions of the thalamus were determined by reference to
the Stereotactic Atlas of the Human Thalamus and Basal Ganglia by
Anne Morel.24-26 Small circular regions of interest with a diameter of
4 mm were positioned in the anterior, lateral, medial, and posterior
thalamus (Fig 1A). We followed Erbetta et al24 for specifics about
placing these regions of interest for the nuclei. The anterior region of
interest was placed around the anterior nucleus in proximity to the
genu of the internal capsule and posterolateral to the anterior columns of the fornix. The regions of interest for the medial and lateral
subdivisions were placed at the level of the posterior limb of the internal capsule. The medial region of interest was placed near the third
ventricle, and the lateral region of interest, close to the posterior limb
of the internal capsule. The posterior region of interest was placed
around the pulvinar nucleus. Analysis was performed on larger regions of interest, which together encompassed the entire thalamus
(Fig 1B). The manual placement of the regions of interest was performed by the same person and checked by the same board-certified
neuroradiologist to ensure consistency. The FA, RA, VR, 1, 2, 3,
and ADC (or Dav) were recorded. 1 was also considered as 储. ⬜ was
calculated as the average of eigenvalues 2 and 3. See equations below:
1)

2)

FA ⫽

冑冑

RA ⫽

3
2

(1 ⫺ Dav)2 ⫹ (2 ⫺ Dav)2 ⫹ (3 ⫺ Dav)2
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Statistical Analysis
ANOVA was used to compare the DTI metrics and volume of the
thalamus and its subdivisions between the PVL and control groups.
Pearson correlations were calculated to measure the association be-

Fig 1. Thalamic subdivision small and large region-of-interest anatomic locations. A, The small circular regions of interest are fixed at a diameter of 4 mm. Region-of-interest placements
in the anterior, lateral, medial, and posterior (pulvinar) nuclei of the thalamus are shown on the FA (1) and ADC (2) maps. B, Large region-of-interest subdivisions are shown on the same
FA and ADC maps.

tween pairs of variables. The amount of variation explained by a linear
regression was estimated by R2. A Student t test was used to compare
the ages between groups. Differences between patients with PVL and
controls for sex, seizure activity, and other categoric clinical variables
were compared by using the test of 2 binomial proportions. The
Fisher exact test was used for differences on ethnicity, sex, cerebral
palsy, and cortical injury. The Fisher exact test was used when the 2
test could not be performed due to a small sample size. Minitab Statistical Software (Minitab, State College, Pennsylvania) was used for
statistical analyses.

Results
Clinical Data Base
The volumetric study included 17 patients with PVL (mean
PCA, 5.6 ⫾ 4 years; range, 1.0 –14.3 years) and 74 controls
(mean PCA, 5.9 ⫾ 3.4 years; range, 1.8 –12.7 years). The patients with PVL were born at 24 –36 gestational weeks and
were similar in PCA to the control group (P ⫽ .90). Of these
subjects, a subset of 16 patients with PVL (mean PCA, 5.7 ⫾
4.1 years; range, 1.0 –14.3 years) and 68 controls (mean PCA,
6.0 ⫾ 3.4 years; range, 1.8 –12.7 years) underwent DTI assessments due to the necessity of excluding DTI data in certain
children with artifactual movement during imaging. Among

the patients with PVL with available neurologic information,
100% demonstrated developmental delay, and 81%, cerebral
palsy, the latter all subclassified as spastic—all significant differences from the controls (P ⬍ .001). Most (67%) of the
patients with PVL also had a history of seizures, primarily
classified as epilepsy, in comparison with 26% of the controls,
the latter mainly classified as having febrile seizures (P ⫽
.003). There was no statistically significant difference between
patients with PVL and controls with respect to race or sex.
Conventional MR Imaging Findings of the Cerebral
White Matter
As per study inclusion criteria, all of the patients with PVL had
cerebral white matter damage on conventional MR imaging,
whereas the controls did not. The T2/FLAIR signal-intensity
hyperintensities in the patients with PVL were both focal and
confluent and were found in the parieto-occipital white matter and the region of the optic radiations in 100% of the cases.
The severity of white matter injury was observed in T2, FLAIR,
FA, and ADC images (Fig 2). None of the patients with PVL
demonstrated focal T2/FLAIR hyperintensities in the deep
frontal white matter, and 12% of the patients with PVL had
cortical injury (Table 1).
AJNR Am J Neuroradiol ●:● 兩 ● 2011 兩 www.ajnr.org
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Fig 2. Range of severity of PVL and whole thalamic regions of interest. Rows: A, Severe PVL. B, Mild PVL. C, Healthy control. Columns: 1) T2-weighted. 2) FLAIR. 3) FA. 4) ADC. The T2
and FLAIR images for the patients with PVL show periventricular hyperintensity. The severity of PVL in each case is evident from the degree of periventricular white matter volume loss
compared with the control. The contours for acquiring the DTI metrics are shown on the FA and ADC images for the whole thalamus.

There was no significant correlation between thalamic volume
and PCA in the age range studied (1.0 –14.3 years) in either the
PVL or the control group.

Table 1: Volumetric analysis of the entire thalamus
Mean (SD)

PCA (yr)
Thalamic volume (mm3)
Cortical injury
a
b

PVL
(n ⫽ 17)
5.6 (4.0)
5588 (2081)
12% (2)

Control
(n ⫽ 74)
5.9 (3.4)
9750 (1501)
0% (0)

P Value
.779a
⬍.0001a
.00b

ANOVA.
Fisher exact test.

Overall Volume Measurements of the Thalamus
With MR imaging, the volume of the thalamus in patients with
PVL (5588 ⫾ 2081 mm3) was significantly smaller than that in
controls (9750 ⫾ 1501 mm3) (P ⬍ .0001) (Table 1). Patients
with severe PVL (n ⫽ 4) demonstrated a marked decrease in
thalamic volume (3360 ⫾ 1155 mm3) compared the thalamic
volumes of patients with moderate PVL (n ⫽ 9) (6089 ⫾ 1728
mm3) or mild PVL (6687 ⫾ 2194 mm3) (n ⫽ 4) (P ⫽ .032).
4
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Diffusion Tensor Metrics of the Entire Thalamus
The paired mean differences between the left and right regions
of the thalamus and its subdivisions were not significantly different from zero for all DTI measurements (paired t tests);
hence, the values from the bilateral regions were averaged for
subsequent analyses. The preterm group with PVL had significantly decreased FA (P ⫽ .003), RA (P ⫽ .004), and VR (P ⫽
.008) in the entire thalamus compared with the control group
(Table 2). There was no statistically significant age effect on
the anisotropy metrics (data not shown). The ⬜ was increased (P ⫽ .02) in preterm infants with PVL compared with
controls. The 储, however, was similar between the 2 groups
(Table 2). There was a nonsignificant trend toward increased
mean diffusivity in patients with PVL compared with the controls (P ⫽ .056).

Table 2: DTI analysis of the entire thalamus
Mean (SD)
a

PCA (yr)
FA
RA
VR
储 (⫻10⫺3 mm2/s)
⬜ (⫻10⫺3 mm2/s)
ADC (⫻10⫺3 mm2/s)
a
b

PVL
(n ⫽ 16)
5.7 (4.1)
0.24 (0.02)
0.20 (0.02)
0.07 (0.01)
1.04 (0.13)
0.73 (0.10)
0.83 (0.11)

Controla
(n ⫽ 68)
6.0 (3.4)
0.26 (0.02)
0.22 (0.02)
0.08 (0.01)
1.01 (0.07)
0.69 (0.05)
0.79 (0.06)

P Valueb
.80
.003
.004
.008
.215
.020
.056

DTI data excluded in certain children with artifactual movement during imaging.
ANOVA.

Table 3: DTI analyses of thalamic subdivisions
Mean (⫾SD)

Anterior thalamus
FA
RA
储 (⫻10⫺3 mm2/s)
⬜ (⫻10⫺3 mm2/s)
ADC (⫻10⫺3 mm2/s)
Medial thalamus
FA
RA
储 (⫻10⫺3 mm2/s)
⬜ (⫻10⫺3 mm2/s)
ADC (⫻10⫺3 mm2/s)
Lateral thalamus
FA
RA
储 (⫻10⫺3 mm2/s)
⬜ (⫻10⫺3 mm2/s)
ADC (⫻10⫺3 mm2/s)
Pulvinar thalamus
FA
RA
储 (⫻10⫺3 mm2/s)
⬜ (⫻10⫺3 mm2/s)
ADC (⫻10⫺3 mm2/s)
a

PVL
(n ⫽ 16)

Control
(n ⫽ 68)

P Valuea

0.30 (0.04)
0.25 (0.03)
1.00 (0.08)
0.65 (0.06)
0.77 (0.06)

0.30 (0.04)
0.25 (0.04)
1.02 (0.07)
0.66 (0.05)
0.78 (0.05)

.828
.802
.335
.519
.348

0.23 (0.03)
0.20 (0.03)
0.95 (0.09)
0.68 (0.07)
0.77 (0.08)

0.25 (0.04)
0.21 (0.03)
0.96 (0.07)
0.69 (0.05)
0.78 (0.05)

.116
.113
.430
.881
.584

0.29 (0.06)
0.25 (0.05)
1.00 (0.11)
0.64 (0.07)
0.76 (0.07)

0.28 (0.05)
0.24 (0.05)
0.98 (0.09)
0.64 (0.05)
0.75 (0.05)

.650
.649
.371
.834
.734

0.25 (0.03)
0.21 (0.03)
1.04 (0.11)
0.72 (0.08)
0.83 (0.09)

0.24 (0.03)
0.20 (0.02)
0.98 (0.07)
0.68 (0.05)
0.78 (0.06)

.794
.882
.007
.024
.011

ANOVA.

Diffusion Tensor Metrics of the Subdivisions of the
Thalamus
All 3 diffusivity measurements in the pulvinar were significantly increased in the patients with PVL compared with controls: 储 (P ⫽ .007), ⬜ (P ⫽ .024), and Dav (P ⫽ .011) (Table
3). There was no difference between the PVL and control
groups in these metrics in the anterior, medial, and lateral
subdivisions. There was also no difference in the FA and RA
metrics between the patients with PVL and controls in any
thalamic subdivision, including the pulvinar. The same findings were essentially reproduced between the large and small
subdivision regions of interest with selective diffusivity abnormality within the pulvinar again noted.
Correlation between DTI Metrics and Severity of White
Matter Injury in the Pulvinar
We asked whether the DTI metrics positively correlated with
the degree of PVL (ie, were the DTI metrics worse in moderate
or severe PVL compared with mild PVL?). Although the sam-

ple size was small in the mild, moderate, and severe PVL
groups (Table 4), we found that the ⬜ values of the whole
thalamus and pulvinar were significantly increased in the
moderate/severe groups compared with the mild groups
(whole thalamus, P ⫽ .013; pulvinar, P ⫽ .024) and that the 储
in the pulvinar in mild PVL was significantly decreased compared with severe PVL (P ⫽ .026).
Discussion
This study reports bilateral thalamic atrophy with microstructural abnormalities preferentially involving the pulvinar in
childhood survivors of prematurity with PVL and neurologic
disabilities. The major findings of this study are the following:
1) a high incidence of developmental disabilities and cerebral
palsy in the PVL group; 2) a significant reduction in the overall
volume of the thalamus in patients with PVL compared with
controls; 3) a significant association of severe PVL, as assessed
by quantitative measures, with the most severe decrease in
overall thalamic volume; 4) preferential damage to the pulvinar in PVL relative to the anterior, medial, and lateral subdivisions; 5) significantly decreased FA and increased ⬜ in the
thalamic parenchyma overall and increased axial, radial, and
mean diffusivities in the pulvinar parenchyma, suggesting injury to afferent and efferent myelinated axons; and 6) a positive correlation of pulvinar abnormalities with those of the
posterior (parieto-occipital) white matter in PVL, suggesting
that the pathologic changes in the pulvinar reflect, as least in
part, secondary effects of the injury to interconnections between the pulvinar and parieto-occipital cortices in the cognitive visual network. Together, our findings indicate that bilateral and widespread thalamic volume loss and abnormal DTI
metrics correlate with global neurodevelopmental disabilities
in long-term survivors with PVL and suggest that selective
microstructural damage in the pulvinar likely contributes to
abnormal cognitive visual processing, which is known to occur in such survivors. Decreased thalamic volume has been
reported previously in preterm survivors,11-13,27-29 including
those with PVL.11-13 Our study is unique in its analysis of
combined volumetric and microstructural (DTI) measurements that point to the simultaneous occurrence of different
types of thalamic lesions (ie, thalamic atrophy due to neuronal
loss and gliosis combined with myelinated axonal injury).
Microstructural Abnormalities in the Thalamus in PVL
In the study cohort of patients with PVL compared with controls using DTI, we found decreased FA and increased ⬜
throughout the entire thalamic parenchyma and increased axial, radial, and mean diffusivities throughout the pulvinar. Although the pathologic significance of DTI metrics is somewhat
controversial, abnormalities of 储 are generally considered to
indicate axonal pathology, while increased ⬜ is thought to be
related to primary demyelination.30-34 In the acute phase of
axonal damage, 储 is decreased on the basis of correlations
between neuroimaging and quantitative staining for neurofilaments in tissue sections in animal models.32 With time,
however, 储 may increase due to an increase in the extraaxonal space, which reflects reduced axonal attenuation or
axonal caliber.35-37 Because damage in the patients with PVL
of our cohort was preferentially in the parieto-occipital white
matter that contains axons to and from the pulvinar (see beAJNR Am J Neuroradiol ●:● 兩 ● 2011 兩 www.ajnr.org
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Table 4: Correlation of DTI metrics and severity of white matter injury
Mean (⫾SD)

Entire thalamus
FA
⬜ (⫻10⫺3 mm2/s)
Pulvinar
储 (⫻ 10⫺3 mm2/s)
⬜ (⫻10⫺3 mm2/s)

P Value

1

2

3

4

Control
(n ⫽ 68)

Mild
(n ⫽ 4)

Moderate
(n ⫽ 8)

Severe
(n ⫽ 4)

1 vs 2 vs
3 vs 4

2 vs 3
vs 4

0.26 (0.02)
0.69 (0.05)

0.25 (0.030
0.63 (0.06)

0.23 (0.01)
0.79 (0.08)

0.26 (0.01)
0.71 (0.08)

.003
.000

.069
.013

0.98 (0.07)
0.68 (0.05)

0.91 (0.15)
0.63 (0.07)

1.08 (0.07)
0.76 (0.06)

1.08 (0.07)
0.71 (0.06)

.000
.000

.026
.024

low), the abnormal DTI metrics in this structure likely reflect
degeneration of these axons and secondary myelin changes
(wallerian degeneration). This possibility is supported by the
finding of axonal damage, as determined with an antibody to
fractin, a marker of axonal injury, within the thalamic parenchyma in 59% of the patients with PVL at postmortem examination.4 In addition, diffuse and widespread axonal damage
has been found in the gliotic white matter surrounding
periventricular necrotic foci.38 The loss of overall thalamic
volume in patients with PVL in our cohort represents, as opposed to abnormal DTI metrics, primary and/or trans-synaptic neuronal loss and gliosis, based on extrapolations from
pathologic studies of the thalamus in PVL.4,14

thalamocortical interconnections of the posterior visual attention network.55 Lesions of the pulvinar detected by conventional MR imaging in childhood survivors of prematurity with
PVL have also been correlated with paroxysmal ocular downward deviation, as well as global developmental disabilities.6
Correlations in visual-spatial function with pulvinar damage
are not possible in our study because the relevant neuropsychological testing could not be performed. Nevertheless, our
study suggests that CVI in preterm survivors with PVL can
involve (primary and/or secondary) damage to the pulvinar in
combination with damage to the posterior white matter in the
parieto-occipital regions, optic radiation, and/or posterior
thalamic radiation.

Clinical Consequences of Thalamic Damage in PVL
The findings of volume loss and decreased anisotropy in the
thalamus of childhood survivors with PVL and developmental
disabilities, seizures, and/or cerebral palsy in our cohort suggest that thalamic damage in combination with PVL results in
significant and diverse neurologic dysfunction. Indeed, symmetric and bilateral thalamic loss in isolation is known to contribute to global cognitive, limbic, sensory, motor, and state
deficits,39 given the role of the thalamus in each of these functions via extensive reciprocal interconnections to related areas
in the cerebral cortex.40 Yet, the major brunt of the thalamic
damage in our cohort occurred to the pulvinar, begging the
question of the function of this structure. The pulvinar is a
critical component of the parietal cortical-subcortical network
that mediates visual attention and visuospatial integration, the
so-called posterior visual attention network.41-46
Premature infants with PVL who survive into childhood
demonstrate so-called CVI, which reflects an impaired capacity to process visual information and occurs with little or no
compromise in visual acuity46; deficits occur in visual object
recognition, visual-spatial skills, and visual memory.46 The
anatomic basis of CVI in preterm infants with PVL is thought
to be the destruction of the interconnections of the posterior
visual network by preferential damage to the parieto-occipital
white matter and distal optic radiations relative to the frontal
white matter.14,46 –52 Moreover, DTI with tractography demonstrates frequent injury to the posterior thalamic radiation,
among other tracts, which connects the pulvinar and lateral
geniculate nucleus to the parietal cortex.53,54 Of major interest
to our study is the report of clinical dysfunction in attentiondemanding visual integration in adolescents with PVL, who
demonstrate preferential white matter damage to periventricular parieto-occipital regions, presumably destroying the

Limitations of the Study
A limitation of the study is its retrospective nature with the
determination of the neurologic disabilities of patients based
on chart review. Thus, it was not possible to make precise
correlations between the spectrum of neurologic abnormalities, including sophisticated cognitive visual or other testing,
to uncover subtle deficits potentially related to the pulvinar or
other thalamic subnuclei. Another limitation of the study is
the analysis of children with neurologic indications for MR
imaging as controls who may not be healthy and thus may not
truly represent a healthy population. Nevertheless, the neurologic indications for neuroimaging in the controls were considered minor and typically resolved (eg, meningitis, febrile
seizures, or unconfirmed developmental delay).
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Conclusions
We report major thalamic abnormalities in childhood survivors of prematurity with PVL. In addition, we report novel
microstructural abnormalities in the entire thalamus and
pulvinar that likely reflect damage to thalamic axons at their
sites of origin or targets. The damage to the pulvinar correlates
with pathology in the parieto-occipital white matter, suggesting that the damage to the pulvinar reflects preferential injury
to the posterior white matter with severance of parieto-occipital connections to and from it. Finally, our study indicates a
broad spectrum of injury to the thalamus in childhood survivors of prematurity and perinatal white matter injury.
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