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Abstract: This study aims to investigate the use of 320-slice volume computed tomography perfusion imaging 
(VCTPI) for evaluation of secondary cerebral ischemia after acute supratentorial spontaneous cerebral hematoma. 
VCTPI data of 33 patients with acute supratentorial spontaneous cerebral hematoma were retrospectively analyzed. 
Perfusion parameters in affected tissues, surrounding tissues, and corresponding contralateral mirror image zones 
were analyzed, and ipsilateral/contralateral relative values were calculated for each parameter. The paired t test 
was used to compare the differences among the parameters. The perfusion in the affected regions was reduced 
in comparison to the mirror image regions, and differences in cerebral blood flow (CBF), cerebral blood volume 
(CBV), mean transit time (MTT), and time-to-peak (TTP) were all statistically significant. CBF and TTP in ipsilateral 
non-affected areas were significantly lower than that in the contralateral mirror image regions, but the differences in 
CBV and MTT between sides were not significant. There were visible perfusion asymmetries between the cerebellar 
hemispheres in 10 of 33 patients (30%), 8 of whom exhibited reduced perfusion in the hematoma-contralateral cer-
ebellum and 2 of whom exhibited reduced perfusion in the hematoma-ipsilateral cerebellum. The tissues surround-
ing acute supratentorial spontaneous cerebral hematoma were hypoperfused. VCTPI not only displayed secondary 
cerebral ischemia around the hematoma, but also revealed changes distant to the primary lesion, thus achieving a 
comprehensive assessment of post-hemorrhagic cerebral perfusion.
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Introduction

Spontaneous cerebral hemorrhage is a com-
mon neurological emergency that accounts for 
10% to 15% of all stroke events [1-5]. It has 
greater mortality and morbidity than other 
stroke subtypes [1, 6]. Clinical studies have 
shown that cerebral hemorrhage results in 
mechanical damage caused by the space occu-
pying effects of the hematoma itself as well 
secondary injury around the hematoma, both of 
which are instrumental to the mortality and 
morbidity of brain hemorrhage [7, 8]. Previous 
studies have shown that computed tomography 
perfusion imaging (CTPI) has an important diag-
nostic role in cases of cerebral hematoma, 
especially towards describing hemodynamic 
changes in the surrounding tissues [1, 3-6]. 

However, previous CTPI technologies could not 
image the entire brain, thus lesions distal to the 
site of the hemorrhage might not be shown 
completely or could be missed entirely. More 
recently, whole-brain perfusion imaging has 
gradually replaced traditional CTPI [9, 10]. 
Technologies such as 320-slice dynamic vol-
ume CTPI (VCTPI) can achieve whole-brain per-
fusion imaging in one scan, thus allowing com-
prehensive assessment of the cerebral 
hematoma itself as well as both surrounding 
tissues and distant parts. In this study, the 
value of whole brain perfusion imaging by 320-
slice VCTPI in diagnosing secondary cerebral 
ischemia after cerebral hematoma was asse- 
ssed in 33 patients with acute supratentorial 
spontaneous cerebral hematoma.
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Materials and methods

Patients

Patients who were diagnosed with acute spon-
taneous cerebral hemorrhage and underwent 
VCTPI at the First Affiliated Hospital of Wenzhou 

Medical University from July 2013 to January 
2015 were enrolled in this retrospective analy-
sis. The inclusion criteria were: (1) supratento-
rial acute (within 72 h) spontaneous cerebral 
hemorrhage; (2) accompanied with sudden 
limb weakness with (or without) headache and 
vomiting associated with (or without) slurred 
speech; (3) images acquired within the acute 
period using the Toshiba Aquilion ONE 320-
slice Dynamic Volume CT scanner (Toshiba, 
Yokohama, Japan); (4) absence of iodine allergy 
and heart, liver, and kidney dysfunction; and (5) 
signed informed consent. Exclusion criteria 
were: (1) hemorrhage caused by intracranial 
aneurysm, vascular malformation, cerebral 
infarction, brain tumor, and brain trauma; (2) CT 
angiography-confirmed presence of significant 
cerebral arterial stenosis (including the cere-
bellar artery); (3) organic cerebral parenchymal 
lesions; (4) iodine allergy, heart, liver, or kidney 
dysfunction; and (5) excessive motion or rest-
lessness during the examination process that 
might affect image quality. A total of 33 
patients, 21 men and 12 women aged 22 to 79 
years (average 55.79 years), met the inclusion 
criteria, among whom 20 patients had a history 
of hypertension, 16 had basal ganglionic hem-
orrhage, and 17 had lobar hemorrhage. This 
study was conducted in accordance with the 
declaration of Helsinki. This study was conduct-
ed with approval from the Ethics Committee of 
Wenzhou Medical University. Written informed 
consent was obtained from all participants.

Computed tomography protocol

The Aquilion ONE 320-slice CT scanner was 
used, and all patients underwent one-stop cra-
nial CT examination. The single-lap rotation 
time of head CTPI was 0.75 s. The scanning 
tube voltage was 100 kV with a tube current of 
150 to 310 mA. A 50 mL bolus of Omnipaque 
350 mgI/mL non-ionic contrast agent (GE 
Pharmaceutical Co., Ltd. Shanghai, China) was 
injected via the antecubital vein at a rate of 4 to 
5 mL/s, followed by 20 mL of saline at the same 
rate. The scanning interval was 2 s for the arte-
rial phase and 5 s for the venous phase and the 
total scan time was approximately 60 s. During 
the scanning process, the head was fixed with 
head fixation band. Each scan produced a total 
of 19 sets of volume data with 320 images in 
each set, for a total of 6080 images. Image 
thickness was 0.5 mm.

Figure 1. Male, 59 years old, suddenly occurred the 
left limb weakness for 10 h, the plain CT scanning 
revealed the hematoma in right basal ganglion. ROI 
was drawn manually, measured the CBF, CBV, MTT 
and TTP values of PA and NA; then set the cerebral 
midline as the mirror, and drew ROI in the healthy 
side of contralateral hemisphere, and the corre-
sponding perfusion parameters were measured.

Figure 2. Right-left PA: CBV 0.5 ml·(100 g)-1·min-1 vs 
2.0 ml·(100 g)-1·min-1, right-left NA: CBV 2.4 ml·(100 
g)-1·min-1 vs 3.5 ml·(100 g)-1·min-1; CBV was increas-
ingly decreased in right PA and NA.
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Calculation of radiation dose

The dose-length product (DLP) of the head was 
displayed on the machine during the one-stop 
CT examination was recorded and multiplied 
with the effective dose coefficient ([0.0023]3) 
to obtain the total effective radiation dose for 
each patient.

Image post-processing and data acquisition

All the data were input into a Toshiba 4D-DSA 
software package for automatic subtraction, 

followed by regeneration of 3D dynamic vascu-
lar images, application of pseudo-color, arbi-
trary-angle rotation, and local enlargement or 
shielding that allowed blood vessels to be much 
more clearly displayed. The software measured 
the volume of the hematoma and all of the data 
were then imported into the Vetrea 3 software 
skull analysis module, which automatically gen-
erated whole brain enhanced three-dimension-
al (3D) color images from which regional cere-
bral blood flow (CBF), regional cerebral blood 
volume (CBV), mean transit time (MTT), and 
time-to-peak (TTP) could be determined. 
Enhancements were based on each patient’s 
actual situation and the region of interest (ROI) 
of (100±10) mm2 was set manually (Figures 
1-5). CBF, CBV, MTT, and TTP were measured in 
the perihematomal low-density area (PA) and in 
the normal-appearing brain tissue (NA) within 1 
cm surrounding the PA. The same perfusion 
parameters were checked in a mirror ROI that 
was drawn at the same distance from the cere-
bral midline in the contralateral hemisphere 
and relative (rCBF, rCBV, rMTT, and rTTP) values 
of the tissue perfusion parameters were calcu-
lated from the ratio (ipsilateral/contralateral) of 
perfusion parameters in each ROI (Figures 
2-5). All measurements were repeated three 
times and results for the absolute value and 
relative value of each parameter are expressed 
as mean ± standard deviation.

Figure 3. Right-left PA: TTP 21.7 s vs. 15.3 s, right-
left NA: TTP 16.9 s vs. 14.6 s; TTP was extended in 
right PA.

Figure 4. Right-left PA: CBF13.1 ml·(100 g)-1·min-1 vs 
28.8 ml·(100 g)-1·min-1, right-left NA: CBF33.0 ml·(100 
g)-1·min-1 vs. 51.5 ml·(100 g)-1·min-1; CBF was increas-
ingly decreased in right PA and NA.

Figure 5. Right-left PA: MTT 2.1 s vsv4.2 s, right-left 
NA: MTT 4.1 s vs. 4.0 s, MTT was shortened in right 
PA.
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Statistical analysis

SPSS17.0 statistical software was used for the 
data processing. The measurement data met 
the normal distribution, and therefore the 
paired t test was to compare the differences of 
different parameters in their corresponding 
cerebral regions during the acute phase, and 
the paired-sample t test was performed to com-
pare the differences of relative values of vari-
ous perfusion parameters in their correspond-
ing cerebral regions. P<0.05 indicated stati- 
stical significance.

Results

Perfusion parameters in the perihematomal 
low density area

Among the 33 patients, the largest volume of 
cerebral hematoma was 94.45 mL, while the 
minimal volume was 5.72 mL, and the average 
volume was 31.75 mL. The acute phase values 
of CBF, CBV, MTT, and TTP in the perihemato-
mal low density area (PA) were 16.83±5.89 

and the values in the corresponding mirror area 
(MNA) were 26.09±7.40 mL·100 g-1·min-1, 
1.85±0.41 mL/100 g, 4.47±0.80 s, and 
17.63±3.58 s, respectively. The differences in 
CBF and TTP between NA and MNA (NA-MNA) 
were significantly different (tCBF = -3.586, 
PCBF<0.01 and tTTP = 2.620, PTTP<0.05), but the 
differences in CBV and MTT values were not 
(tCBV = -2.007, PCBV>0.05 and tMTT = 0.662, 
PMTT>0.05) (Table 2).

Relative values of perfusion parameters

In the acute phase, the rCBF, rCBV, rMTT, and 
rTTP values for the perihematomal low density 
area (PA) were 0.70±0.14, 0.61 ±0.20, 
0.84±0.17, and 1.16±0.19, The corresponding 
values for the normal appearing tissue in the 
surrounding 1 cm (NA) were 0.95±0.10, 
0.98±0.15, 1.02±0.09, and 1.02±0.05. The 
differences in rCBF and rCVP between PA and 
NA (PA-NA) were significant (trCBF = -8.747, 
PrCBF<0.01 and trCBV = -9.057, PrCBV<0.01), and 
rMTT in the PA was relatively shorter than rMTT 

Table 1. Comparison of perfusion parameters of PA and MPA in the 
33 patients (

_
x±s)

Observation 
region

CBF [ml•(100 
g)-1•min-1] CBV (ml/100 g) MTT (s) TTP (s)

PA 16.83±5.89 1.04±0.41 3.70±0.93 20.16±3.07
MPA 24.18±6.67 1.71±0.35 4.44±0.75 17.74±3.78
t -11.223 -11.743 -4.641 5.035
P 0.000 0.000 0.000 0.000

Table 2. Comparison of perfusion parameters of NA and MNA in the 
33 patients (

_
x±s)

Observation 
region

CBF [ml•(100 
g)-1•min-1] CBV (ml/100 g) MTT (s) TTP (s)

NA 24.53±6.97 1.77±0.38 4.51±0.74 17.98±3.49
MNA 26.09±7.40 1.85±0.41 4.47±0.8 17.63±3.58
t -3.586 -2.007 0.662 2.62
P 0.001 0.053 0.512 0.013

mL·100 g-1·min-1, 1.04±0.41 
mL/100 g, 3.70±0.93 s, 
and 20.16±3.07 s, and the 
values in the correspond- 
ing mirror area (MPA) we- 
re 24.18±6.67 mL·100 g-1· 
min-1, 1.71±0.35 mL/100 
g, 4.44±0.75 s, and 17.74 
±3.78 s, respectively. The 
perfusion to the PA was sig-
nificantly reduced, with 
comparison values of per-
fusion parameters (PA- 
MPA) as follows: tCBF = 
-11.223, PCBF<0.01; tCBV = 
-11.743, PCBV<0.01; tMTT = 
-4.641, PMTT<0.01, and tT- 
TP = 5.035, PTTP<0.01 (Tab- 
le 1).

Perfusion parameters in 
normal-appearing brain

In the acute phase, the 
CBF, CBV, MTT, and TTP val-
ues of normal appearing 
brain in the 1 cm surround-
ing the PA (NA) were 24.53 
±6.97 mL·100 g-1·min-1, 
1.77±0.38 mL/100 g, 4.51 
±0.74 s, and 17.98±3.49 s, 

Table 3. Comparison of relative values of perfusion parameters of PA 
and NA in the 33 patients (

_
x±s)

Perfusion parameter rCBF rCBV rMTT rTTP
PA 0.70±0.14 0.61±0.20 0.84±0.17 1.16±0.19
NA 0.95±0.10 0.98±0.15 1.02±0.09 1.02±0.05
t -8.747 -9.057 -5.639 4.399
P 0.000 0.000 0.000 0.000
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in the NA (trMTT = -5.639, PrMTT<0.01) while 
rTTP was longer (trTTP = 4.399, PrTTP<0.01) 
(Table 3).

Perfusion abnormalities in cerebellar hemi-
spheres

There were 10 patients (10/33; 30%) who had 
visible perfusion asymmetry between the cer-
ebellar hemispheres on VCTPI (Figures 6-9). Of 
these, 8 patients (24%, 8/33) exhibited re- 
duced perfusion in the cerebellar hemisphere 
opposite the hematoma. The CBF values of the 

hematoma-contralateral cerebellum ranged 
from 20.0 to 45.3 mL·100 g-1·min-1, CBV from 
1.5 to 2.8 mL/100 g, MTT from 3.1 to 7.8 s, 
and TTP from 13.7 to 21.7 s. CBF values in 
hematoma-ipsilateral cerebellum ranged from 
22.2 to 45.7 mL·100 g-1·min-1, CBV from 1.6 to 
3.0 mL/100 g, MTT from 3.0 to 7.3 s, and TTP 
from 13.3 to 21.1 s. There were 2 patients (6%, 
2/33) who exhibited reduced perfusion in the 
hematoma-ipsilateral cerebellar hemispheres, 
with CBF values in the hematoma-ipsilateral 
cerebellum ranging from 21.6 to 33.6 mL·100 

Figure 6. CBV on cerebellar level, right-left CBV: 2.1 
ml·(100 g)-1·min-1 vs. 1.7 ml·(100 g)-1·min-1; CBV was 
reduced in the left.

Figure 7. TTP on cerebellar level, right-left TTP: 11.7 
s vs. 12.0 s, TTP was slightly longer in the left.

Figure 8. CBF on cerebellar level, right-left CBF: 30.7 
ml·(100 g)-1·min-1 vs. 19.7 ml·(100 g)-1·min-1, CBF was 
decreased in the left.

Figure 9. MTT on cerebellum level, right-left MTT: 4.2 
s vs. 5.2 s, MTT was extended in the left.
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g-1·min-1, CBV from 2.2 to 3.0 mL/100 g, MTT 
from 5.3 to 6.1 s, and TTP from 10.6 to 17.3 s, 
and CBF values in the hematoma-contralateral 
cerebellum ranging from 21.8 to 35.0 mL·100 
g-1·min-1, CBV from 2.1 to 3.5 mL/100 g, MTT 
from 5.0 to 6.5 s, and TTP from 9.8 to 16.2 s.

Radiation dose

The DLP of the one-stop cranial CT examination 
was 4244.30 mGy with an effective radiation 
dose as about 9.76 mSv.

Discussion

Cerebral hemorrhage is a devastating type of 
stroke. The high mortality and morbidity are 
closely related to the mechanical damage 
caused by the space-occupying effects of the 
hematoma itself as well as to secondary injury 
to surrounding tissues [5, 11, 12]. The patho-
logical mechanisms of secondary cerebral isch-
emia are complex. A number of studies [3-6, 8, 
13-15] have shown that the tissues around the 
cerebral hematoma exhibit different degrees of 
hypoperfusion, which is closely related to prog-
nosis. It was generally thought that in the early 
stage of cerebral hemorrhage, the hypoperfu-
sion of the surrounding tissues was related to 
the space-occupying effects of the hematoma 
itself, and that with the development of the 
hematoma, retraction of blood clots and gen-
eration of hematoma cleavage products, toxici-
ties of blood components, and associated 
inflammation might be leading factors in subse-
quent brain injury [15, 16]. Zazulia et al. [17] 
used positron emission tomography (PET) to 
examine 19 patients with small hematomas, 
and found that in 16 patients with no midline 
shift, the CBF and the cerebral metabolic rate 
of oxygen (CMRO2) in the periclot area were sig-
nificantly lower than CBF and CMRO2 in the con-
tralateral mirror region in the acute stage of 
intracerebral hemorrhage. The reduction in 
CMRO2 was greater than the reduction of CBF, 
suggesting that factors other than the mass 
effect from the hematoma were responsible for 
the surrounding ischemic changes. Herweh et 
al. [18] have also interpreted the reduced per-
fusion as a secondary phenomenon, i.e., as 
result of reduced oxygen demand of tissue 
damaged by pressure and clot components 
and not as the cause of any tissue damage 
associated with acute intracerebral hemor-
rhage. We believed that it was not sufficient to 

explain perihematomal hypoperfusion after 
cerebral hemorrhage as a function of reduced 
oxygen metabolism, and Herweh thought that 
the reduced perfusion and reperfusion during 
the acute stage of cerebral hemorrhage might 
cause the neuronal damage that could in turn 
aggravate the tissue ischemia. Beseoglu et al. 
[11] agreed that the perihematomal tissues 
were at risk of secondary cerebral damage 
after cerebral hemorrhage, and found that the 
volume of lobar hematoma was associated 
with regions of perihematomal perfusion. 
Beseoglu proposed that perihematomal hypo-
perfusion was most likely to be caused by 
increased local tissue pressures, which thus 
resulted in autoregulation failure and metabolic 
imbalance in small arteries and capillary 
smooth muscle. Removing the hematoma 
reduced the local tissue pressures and 
improved the perfusion [16].

CTPI provides multiple hemodynamic parame-
ters that can quantitatively reflect hypoperfu-
sion status, and because it can overcome the 
shortcomings of other imaging techniques, it 
has become an ideal method to study the 
dynamics of perihematomal blood flow. CBF 
and CBV are two very important hemodynamic 
parameters of CTPI, and can accurately reflect 
the perfusion state of perihematomal tissues. 
In the present study, which included 33 patients 
with supratentorial cerebral hemorrhage, the 
areas around the hematoma, particularly the 
perihematomal low density area (PA), had lower 
CBV, CBF, and MTT values than the contralat-
eral mirror areas (Figures 2, 4, 5), while TTP 
was prolonged (Figure 3). These results con-
firmed the existence of low perfusion around 
the cerebral hematoma and are consistent with 
the results of previous studies [3] which also 
found that perihematomal hypoperfusion 
exhibited a gradient-like change and that perfu-
sion values were gradually improved from the 
bleeding core to the periphery areas, as indi-
cated by negative correlation with the distance 
to the hematoma. In the present study relative 
perfusion (rCBF and rCBV) was lower in the PA 
that in the normal-appearing tissues in the sur-
rounding 1 cm (Figures 2, 4), which also sug-
gests a gradual improvement of perfusion with 
increasing distance from the center to the peri-
hematomal area.

It is generally accepted that MTT reflects the 
rate of flow of the contrast agent through the 
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capillaries, thus providing good predictability 
towards perfusion abnormalities in the brain 
that could sensitively exhibit the reduction of 
local perfusion pressures at the distal vascular 
end. Normally, the ischemic band might exhibit 
a prolonged MTT, but the results of the present 
study concerning the above point of view were 
inconsistent with a previous study [3]. Visual 
assessment of perfusion and the measured 
values all showed that the rMTT of the PA in 
comparison to its contralateral mirror (MPA) 
was extended, rather than shortened (Figure 
5). This may be because different technologies 
were used in the two studies, thus, different 
perfusion algorithms resulted in the different 
results. Previous studies have often used a 
deconvolution algorithm to obtain the values of 
hemodynamic parameters, while in the present 
the Toshiba Aquilion ONE 320-slice 640-layer 
CT scanner added the concept of delay-insensi-
tive singular value decomposition (SVD +) 
based on the original layer. MTT represents the 
amount of time that blood stays inside the cap-
illary and is based on the amount of time 
between the arterial enhanced peak and the 
tissue enhanced peak, which is then subdued 
by the delay while the delay represents the rela-
tive time of arrival of the contrast agent at the 
tissue voxel, which is different than the original 
definition of MTT. However, whether this is the 
reason for the MTT and rMTT findings in the 
present study that is contrary to previous stud-
ies will need to be confirmed in the future. TTP 
is a the more sensitive parameter, and in the 
present study, the TTP parametric figure and all 
of the measured values clearly showed that 
TTP was prolonged in the PA, and the rTTP of 
the PA was also prolonged compared to that of 
NA (Figure 3), and this finding is similar to that 
reported previously.

Clinically, in order to prevent the continuous 
expansion of the hematoma and to improve the 
prognosis in the acute stage of cerebral hemor-
rhage, rapid treatment to lower the blood pres-
sure has been a common measure, but because 
of the perihematomal ischemic changes, many 
authors have recently expressed concern that 
rapid reduction in blood could aggravate the 
problem of ischemia during the acute phase, 
and have also reported that lowering the blood 
pressure in the early stage did not significantly 
affect the cerebral blood flow of the perihema-
tomal area [6, 19-21].

The one-stop cranial CT examination can obtain 
a plain CT scan along with whole-brain CTPI and 
CTA images. The total radiation dose from the 
Aquilion ONE 320-slice scanner used in the 
present study was 9.76 mSv, and when control-
ling the image quality, the tube current, tube 
voltage, and scanning time could be appropri-
ately adjusted to further reduce the radiation 
dose. Previously reported radiation doses [22-
24] for whole-brain CTP examination were 5.1 
mSv, 6.7 to 7.5 mSv, and 11.2 mSv, and in stud-
ies of traditional brain perfusion imaging that 
included CT scan + CTP + CTA (one-stop exami-
nation) radiation doses varied according to the 
scanning parameters, scanning time, layer 
numbers, and other settings. Because of 
restrictions imposed by the detector thickness 
of some CT scanners, the CTPI examination 
only included two levels, namely the basal gan-
glion and the caudomedial part of the lateral 
ventricle [15]. In these conditions, with a scan 
time of 40 s, the total effective dose range 
reached 5.96 to 7.81 mSv. When examiners 
selected 4 layers with the basal ganglion as the 
center and covered 2 upper layers and 2 lower 
layers, with a layer thickness of about 2 cm, the 
radiation dose was 10 to 15 mSv or higher.

Because the total thickness covered by older 
CTPI technologies was only about 2 to 4 cm, 
evaluations of cerebral hematomas usually 
included only the layers with larger hematomal 
cross-sectional area, which might have result-
ed in missed lesions or signs of injury outside 
the CTP scanning range. The 320-slice CTPI 
encompasses the whole brain with a coverage 
range of up to 16 cm, and it is equipped with 
whole-brain 4D perfusion intelligent clinical 
analysis software that can automatically gener-
ate the color pictures and perfusion data of 
arbitrary coronal, sagittal, and axial sections of 
the whole brain, from the cerebellum to the 
parietal lobe, including CBF, CBV, MTT, and TTP, 
thus providing major advances toward assess-
ing the functional status of the entire brain 
after intracerebral hemorrhage. In the present 
study cerebellar perfusion asymmetries were 
detected in 10 patients (30%, 10/33). The 
reduced cerebellar perfusion was on the side 
opposite the hematoma in 8 of these patients 
(24%, 8/33) (Figures 6-9) and on the same side 
in 2 patients (6%, 2/33), and it might have 
been a harbinger of cerebellar diaschisis. This 
change has rarely been detected previously 
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[25, 26], possibly because traditional CTP could 
not cover the cerebellum, therefore contribut-
ing to the misdiagnosis of this phenomenon. 
Therefore, whole-brain VCTPI not only reveals 
hypoperfusion around the perihematomal brain 
tissues, but is also useful for evaluation of the 
perfusion status of distant brain tissues, which 
could undoubtedly facilitate the implementa-
tion of individualized treatment programs, and 
would also have profound clinical impacts.
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