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Injury of the lower ascending reticular activating
system in patients with pontine hemorrhage
Diffusion tensor imaging study
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Abstract
Many studies have reported about injury of the ascending reticular activating system (ARAS) in patients with various brain
pathologies, using diffusion tensor tractography (DTT); however, little is known about injury of the ARAS in patients with pontine
hemorrhage. In this study, using DTT, we attempted to investigate injury of the lower ventral and dorsal ARAS in patients with pontine
hemorrhage. Twenty-three consecutive patients with pontine hemorrhage and 14 control subjects were recruited into this study. The
patients were classified into 2 subgroups on the basis of the preservation of arousal: subgroup A (14 patients)—intact arousal,
subgroup B (9 patients)—impaired arousal. The lower ventral and dorsal ARAS between the pontine reticular formation with
hypothalamus and thalamic intralaminar nucleus were reconstructed. Fractional anisotropy (FA), mean diffusivity (MD), and tract
volume (TV) values were measured. The TVs of the lower ventral and dorsal ARAS were significantly lower in subgroup B than in the
subgroup A and control group (P<0.05). In terms of FA value, the lower dorsal ARAS were significantly lower in subgroup A and
subgroup B than in the control group (P<0.05). In conclusion, injury of the lower ventral and dorsal ARAS was demonstrated in
patients with impaired arousal following pontine hemorrhage. We believe that analysis of the ARAS using DTT would be helpful in
evaluation of patients with impaired consciousness after pontine hemorrhage.

Abbreviations: ARAS = ascending reticular activating system, DTI = diffusion tensor imaging, DTT = diffusion tensor
tractography, FA = fractional anisotropy, GCS = Glasgow Coma Scale, ILN = intralaminar nucleus, MD = mean diffusivity, RF =
reticular formation, ROI = regions of interest.
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1. Introduction

Pontine hemorrhage accounts for approximately 5% to 10% of
intracranial hemorrhages.[1–7] The survival rate of patients with
pontine hemorrhage is approximately 40%; because the pons
contains many nuclei for cranial nerves and neurotransmitters,
and is the passage that provides an area for passage of neural
fibers between the cerebral cortex and the spinal cord, patients
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who survive commonly have various accompanying neurological
sequelae.[7–12] Impaired consciousness is a major clinical
manifestation of pontine hemorrhage, which is ascribed to injury
of the ascending reticular activating system (ARAS) in the
pons.[2,3,5,7] However, accurate evaluation of the ARAS in
patients with impaired consciousness following pontine hemor-
rhage is limited.
Recently developed diffusion tensor imaging (DTI) technique

enables evaluation of the integrity of white matter tracts by virtue
of its ability to image water diffusion characteristics.[13–15]

Diffusion tensor tractography (DTT), which is derived from DTI,
has enabled 3-dimensional reconstruction and estimation of the
lower ventral ARAS between the pontine reticular formation (RF)
and hypothalamus and the lower dorsal ARAS between the RF
and thalamic intralaminar nucleus (ILN).[10,12] As a result, many
studies have reported about the injury of the ARAS in patients
with various brain pathologies, using DTT.[16–25] However, little
is known about injury of the ARAS in patients with pontine
hemorrhage.[26]

In the current study, using DTT, we attempted to investigate
injury of the lower ventral and dorsal ARAS in patients with
pontine hemorrhage.
2. Methods

2.1. Subjects

Twenty-three consecutive stroke patients with pontine hemor-
rhage (21 males, 2 females; mean age 48.6 years; range
31–63 years) and 14 age- and sex-matched normal control
subjects (10 males, 4 females; mean age 47.3 years; range
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38–64 years) with no history of neurologic or psychiatric
disease were recruited into this study. Among consecutive
patients with pontine hemorrhage admitted to the department
of rehabilitation of a university hospital for rehabilitation, 23
patients were recruited according to the following inclusion
criteria: first-ever stroke, age range: 30∼65 years, hematoma
confined to the pons, and more than 1 month after stroke onset.
The patients were classified into the following 2 subgroups on
the basis of the preservation of arousal based on the Glasgow
Coma Scale (GCS): subgroup A—patients with intact arousal
(GCS: 15) and subgroup B—patients with impaired arousal
(GCS<15).[27,28] All subjects provided signed, informed
consent, and the study protocol was approved by the
Institutional Review Board of a university hospital and the
study was conducted retrospectively.
2.2. Diffusion tensor imaging

Acquisition of DTI data was performed at an average of 2.8
months (range: 1∼9 months) after stroke onset using a 6-channel
head coil on a 1.5-T Philips Gyroscan Intera (Philips, Best, The
Netherlands) and single-shot echo-planar imaging. For each of
the 32 noncollinear diffusion 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�240mm2; repetition time=10,726ms; echo time=
76ms; parallel imaging reduction factor (SENSE factor)=2; EPI
factor=49; b=1000s/mm2; NEX=1; and a slice thickness of 2.5
mm with no gap (acquired isotropic voxel size 1.3�1.3�2.5
mm3).
2.3. Probabilistic fiber tracking

Analysis of diffusion-weighted imaging data was performed
using software from the Oxford Centre for Functional Magnetic
Resonance Imaging of the Brain (FMRIB) Software Library (FSL
v5.0; www.fmrib.ox.ac.uk/fsl). Affine multiscale 2-dimensional
registration was used for correction of head motion and eddy
current-induced image distortion. Fiber tracking was performed
using a probabilistic tractography method based on a multifiber
model using tractography routines implemented in FMRIB
Diffusion (5000 streamline samples, 0.5mm step lengths,
curvature thresholds: 0.2).[29]

The pathway of the ARAS was determined by selection of
fibers passing through seed regions of interest (ROIs) and the
target (termination) ROI. For the lower ventral ARAS between
RF and hypothalamus, a seed ROI was placed on the RF of the
pons, and the target ROI was drawn at the hypothalamus
including the mammillary body, which was identified by the optic
tract (anterior boundary) and mammillary body (posterior
boundary) at the upper midbrain level with a b0 map.[30] For
the lower dorsal ARAS between RF and ILN, a seed ROI was
placed on the RF of the pons at the level of the trigeminal nerve
entry zone. The target ROI was placed on the ILN at the level of
the commissural plane.[12] In analysis of the connectivity of the
ILN of the thalamus, the seed ROI was placed at the ILN at the
level of the inter-commissural plane.[12] Out of 5000 samples
generated from the seed voxel, results for contact were visualized
at a minimum threshold of 1 streamlined through each voxel for
analysis (Fig. 1). The fractional anisotropy (FA), mean diffusivity
(MD), and tract volume (TV) values were measured for the lower
dorsal and ventral ARAS.
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2.4. Statistical analysis

SPSS software (version 20.0; SPSS Inc., Chicago, IL) was used for
analysis of data. Kruskal–Wallis with Mann–Whitney post hoc
test was used for determination of differences in each DTT
parameter between subgroups of patients and the control group.
Mann–Whitney test was used for determining the significance of
difference in DTI scanning time after stroke between the
subgroups of patients. The level of statistical significance was
set at P<0.05.
3. Results

A summary of the demographic and clinical characteristics of the
patients is summarized in Table 1. Fourteen patients (13 males, 1
female; mean age 49.4 years; range 31–63 years) belonged to
subgroup A, and 9 patients belonged to subgroup B (8 males, 1
female; mean age 47.3 years; range 38–59 years). No significant
differences in age and the time until DTI scanning after onset were
observed between the 2 subgroups (subgroup A: mean 2.29
months, range 1–8 months; subgroup B: mean 2.78 months,
range 1–9 months) (P>0.05).
Results of statistical comparison of DTT parameters for the

lower ventral ARAS between hypothalamus and ILN in the
patient and control groups are summarized in Table 2. The TV of
the lower ventral ARAS was significantly lower in subgroup B
than in subgroup A and the control group (P<0.05).However,
no difference in other DTT parameters was observed between
subgroups and the control group (P>0.05) (Fig. 2A).
Results of statistical comparison of DTT parameters for the

lower dorsal ARAS between RF and ILN in the patient and
control groups are summarized in Table 3. The FA value was
significantly lower in subgroup A and subgroup B than in the
control group (P<0.05). In addition, the TV was significantly
lower in subgroup B than in subgroup A and the control group,
respectively (P<0.05), while no difference in the MD value was
observed between patient subgroups and the control group (P>
0.05). No difference in all DTT parameters was observed
between subgroup A and the control group (P>0.05) (Fig. 2B).
4. Discussion

In the current study, using DTT, we evaluated the lower ventral
and dorsal ARAS in patients with pontine hemorrhage and
obtained the following results: the TV of the lower ventral ARAS
was decreased in subgroup B compared with subgroup A and the
control group, the FA value of the lower dorsal ARAS was
decreased in subgroup A and subgroup B compared with the
control group, the TV of the lower dorsal ARAS was decreased in
subgroup B compared with subgroup A and the control group.
The FA value represents the white matter organization: in detail,
the degree of directionality and integrity of white matter
microstructures (e.g., axons, myelin, and microtubules), while
the MD value indicates the magnitude of water diffusion, which
can increase in some forms of pathology, particularly vasogenic
edema or accumulation of cellular debris from axonal
damage.[13–15] The TV is determined by counting the number
of voxels contained within a neural tract, and thus reflects the
total number of fibers in a neural tract.[31] Therefore, the
decrement of the FA value and TV in subgroup B appears to
indicate injury of the neural tract.[13–15,31] In contrast, the
decrement of the FA in subgroup A appears to indicate mild
injury of lower dorsal ARAS. As a result, patients in subgroup B
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Figure 1. Diffusion tensor tractography of the lower ventral and dorsal ascending reticular activating system (ARAS) in each subgroup of patients and normal
control; green color indicates lower ventral ARAS in unaffected side, red color indicates affected side, blue color indicates lower dorsal ARAS in unaffected side, and
orange color indicates affected side.
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appeared to have had severe injury of the lower ventral and
dorsal ARAS than subgroup A. We believe that the DTT findings
are compatible with the impaired consciousness of patients in
subgroup B.
Since the introduction of DTT for the ARAS, many studies

have reported about the lower ventral and dorsal ARAS in
patients with various brain pathologies, including traumatic
brain injury, hypoxic–ischemic brain injury, and
stroke.[16–26,32–36] Regarding pontine hemorrhage, a case of a
patient with hypersomnia who showed injury of the lower ventral
and dorsal ARAS following pontine hemorrhage was recently
reported.[26] However, the current study is the first original study
to investigate injury of the lower ARAS in a large number of
consecutive patients with pontine hemorrhage. Nevertheless, the
limitations of this study should be considered. First limitation is
Table 1

Demographic data for the patient and control groups.

Subgroup A

Age, y 49.4±10.5
No. of subjects (male/female) 14 (13/1)
Duration from onset, mo 2.3±2.1
Glasgow coma scale 15.0

3

the small number of patients. Second, the time until DTI scanning
after onset was relatively variable (1∼9 months). Due to this
limitation, we could not assess the correlation between the
hematoma volume and DTT finding. Second, DTT is a powerful
anatomic imaging tool that can demonstrate the gross fiber
architecture; however, DTT may underestimate or overestimate
the fiber tracts because regions of fiber complexity and crossing
can prevent full reflection of the underlying fiber
architecture.[37–39] Therefore, further studies including a larger
number of patients and studies to overcome the limitations of
DTT should be encouraged.
In conclusion, injury of the lower ventral and dorsal ARASwas

demonstrated in patients with impaired arousal following
pontine hemorrhage. The results of this study would be helpful
to evaluation of patients with impaired consciousness after
Subgroup B Control group

47.3±6.3 47.3±9.1
9 (8/1) 14 (10/4)

2.8±3.3
5.2±0.9
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Table 2

Comparisons of diffusion tensor image parameters of the lower ventral of the ascending reticular activating system between the
subgroups of patients and the control group.

FA (scalar value) MD (l1+l2+l3/3) TV (number of voxel)

Subgroup A (n=14) 0.36±0.06 1.06±0.15 358.57±296.40
Subgroup B (n=9) 0.35±0.06 1.13±0.36 136.18±82.96
Control (n=14) 0.38±0.04 1.06±0.15 429.71±145.29
Subgroup A vs B 0.612 0.701 0.022

∗

Subgroup A vs Control 0.123 0.774 0.058
Subgroup B vs Control 0.116 0.914 0.000

∗

Values represent mean± standard deviation.
Kruskal–Wallis with Mann–Whitney post hoc test was used for comparison of diffusion tensor parameters between patient groups and normal control.
FA= fractional anisotropy, MD=mean diffusivity, TV= tract volume.
∗
P<0.05.

Figure 2. Comparisons of diffusion tensor image parameters of the lower ventral and dorsal of the ascending reticular activating system between the subgroups of
patients and the control group. FA= fractional anisotropy, MD=mean diffusivity, TV= tract volume.

∗
P<0.05.

Table 3

Comparisons of diffusion tensor image parameters of the lower dorsal of the ascending reticular activating system between the
subgroups of patients and the control group.

FA (scalar value) MD (l1+l2+l3/3) TV (number of voxel)

Subgroup A (n=14) 0.36±0.05 1.03±0.20 381.11±180.95
Subgroup B (n=9) 0.33±0.08 1.20±0.51 168.18±141.84
Control (n=14) 0.39±0.05 1.03±0.38 418.89±144.53
Subgroup A vs B 0.167 0.648 0.000

∗

Subgroup A vs Control 0.009
∗

0.059 0.476
Subgroup B vs Control 0.004

∗
0.167 0.000

∗

Values represent mean± standard deviation.
Kruskal–Wallis with Mann–Whitney post hoc test was used for comparison of diffusion tensor parameters between patient groups and normal control.
FA= fractional anisotropy, MD=mean diffusivity, TV= tract volume.
∗
P<0.05.
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pontine hemorrhage. In particular, we think that accurate
assessment of the ARAS using DTT would be helpful for
prediction of prognosis for impaired consciousness and planning
of rehabilitation strategies for patients with pontine hemor-
rhage.[20,40]
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