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ABSTRACT

Article History:

Objective-To
Objective
To diagnose hyperacute(<3hrs duration of symptoms) ischemic infarct and differentiating
penumbra from core infarct by using CT perfusion technique.
Material and methodmethod The study was conducted on 40 patients of acute stroke using 128 slice
MDCT scanner first NCCT were done to rule out hemmoragic infa
infarction and other pathologies
followed by 40 milliliters of a nonionic contrast agent at a rate of 4 mL/sec. 5 seconds after initiation
of the injection, a cine (continuous) scan was initiated for duration of 45 seconds. CT perfusion data
was analyzed at an
a imaging workstation (Syngo Acquisition workstation; Siemens healthcare Systems)
equipped with commercially available software (Stroke MTT; Siemens Healthcare Systems).
Results: out of 40 patients, 8 patients presented within 3 hours of symptoms and the ssensitivity of
NCCT in detecting Ischemic infarct within 3 hours is 26 % whereas that of CTP was 87.4%. rCBF of
tissue at risk was 0.64 ± 0.12 and that of core infarct was 0.35 ± 0.05. the rCBV of tissue at risk was
0.80 ± 0.16 and rCBV of core infarct was 0.29 ± 0.11
Conclusion Considering all the parameters studied, CT Perfusion was found to be more sensitive
Conclusion:than NCCT in diagnosing acute ischemic stroke and was better in differentiating salvageable
penumbra from non salvageable core infarct.
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INTRODUCTION
Stroke is the rapid loss of brain function due to disturbance in
the blood supply to the brain. This can be due to ischemia (lack
of blood flow) caused by blockage (thrombosis
thrombosis, arterial
embolism), or a hemorrhage (Sims et al., 2012). As a result, the
affected area of the brain cannot function, which might result in
an inability to move one
ne or more limbs on one side of the body,
inability to understand or formulate speech, or an inability to
see one side of the visual field (Donnan et al., 2008). Its early
diagnosis is important as its treatment is dependent on the time
elapsed since
nce ictus. Tissue at risk, or “penumbra,” is defined as
an area of markedly reduced perfusion with loss of function of
still viable neurons (Astrup et al., 1981; Donnan et al., 2008).
This risk increases as the time interval between the onset of
symptoms and
nd thrombolytic therapy increases. Thus, patients
are more likely to have a good outcome when treated within
3hours than between 3 and 6 hours after the acute event
(Wardlaw, 2001). Therefore, the primary purpose of diagnostic
imaging is to ensure selectionn of the appropriate patients for
thrombolytic therapy to reduce severe complications.
*Corresponding author: Dr. Rajesh Sharma
Acharya Shri Chander College of Medical Sciences, Bye Pass Road, Sidhra,
Jammu, Jammu and Kashmir 180017

For this purpose, diagnostic imaging of acute stroke should
reliably help (a) exclude intracranial hemorrhage, (b)
differentiate between irreversibly affected brain tissue (“dead
brain”) and reversibly impaired tissue (“tissue at risk”), which
might benefitt from early treatment.
In the assessment of acute stroke syndrome, NCCT remains the
first-line
line imaging technique for differentiating hemorrhagic and
ischemic stroke and identifying other etiologies for altered
neurologic status, such as an intracranial m
mass (de Lucas et al.,
2008).. Perfusion computed tomography (CT) is a relatively
new technique that allows rapid qualitative and quantitative
evaluation of cerebral perfusion by generating maps of cerebral
blood flow (CBF), cerebral blood volume (CBV), and mean
transit time (MTT). It is hypothesized that tissue at risk of
infarction will have decreased CBF, normal or elevated CBV
secondary to activation of cerebral autoregulatory mechanisms,
and elevated MTT, while infarcted tissue will have decreased
CBF and CBV with elevated MTT (Wintermark et al., 2001).
Color-coded
coded perfusion maps showing CBV, mean transit time
(MTT), and CBF are obtained (Wintermark et al., 2007;
Eastwood et al., 2003). Quick visual assessment of the
perfusion maps is better than more accurate measurements in
the emergency
mergency setting. Subsequently, we analyze the CBF and
CBV maps, which are more specific for distinguishing
ischemia from infarction (Schaefer
Schaefer et al., 2006; Wintermark et
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al., 2007). Thus with the new imaging modalities of perfusion
CT stroke patients can now be evaluated more precisely and
consequently treated according to their individual needs, thus
avoiding the potential harm of performing thrombolysis in
patients with a large amount of irreversibly damaged brain
tissue or reversible cerebral ischemia, in which spontaneous
reperfusion of ischemic tissue may occur (Yuh et al., 2000).

sensitive indicator for diagnosing infarct but cannot
differentiate between penumbra and core infarct. Decrease in
CBF is more sensitive than CBV in detecting hypoperfusion
however decrease in CBV better depicts extent of core infarct.
The sensitivity of increase in TTP is 92.68% in diagnosing
hypoperfusion however there is not much difference in
alteration of TTP between penumbra and core infarct (Table 4).

MATERIALS AND METHODS

In our study, rCBF of tissue at risk was 0.64 ± 0.12 and that of
core infarct was 0.35 ± 0.05. This shows that there is mild
decrease in CBF of tissue at risk and CBF of core infarct
decreases significantly. So the mean threshold value for
discrimination of infarct and tissue at risk of rCBF was
estimated to be 0.44.Here the rCBV of tissue at risk was 0.80 ±
0.16 and rCBV of core infarct was 0.29 ± 0.11 i.e. CBV
decreased slightly in TAR whereas in core infarct is decreased
significantly. The threshold absolute value for CBV to
diagnose core infarct was estimated to be 1.98 ml/ 100g.In our
study, there was increase in MTT in both tissue at risk and core
infarct and the value of rMTT in tissue at risk was 1.69 and in
core infarct it was 2.06 i.e. in core infarct MTT further
increases however there is no significant difference in MTT of
TAR and core infarct. The threshold value for MTT was
estimated to be 147%.rTTP in TAR was 1.84 and in core
infarct it was 2.39 i.e TTP is increased in both core infarct as
well as TAR (Table 5).

This prospective observational study (case series) was carried
out in the Department of Radio-Diagnosis, Government
Medical College Jammu and Superspeciality Hospital Jammu
on 40 Patients presenting with acute stroke and have no
hemorrhage on NCCT head. Informed and written consent was
taken from the patient prior to examination.
All the patients had undergone NCCT Head first using Siemens
Somatom definition AS (Siemens Healthcare, Germany) 128
slice Multi Detector row CT Scanner. The CT images were
acquired by using a 120-kV and 450-mAs technique. Images
were reconstructed into a contiguous 5-mm axial dataset by
using a standard algorithm. After unenhanced CT of the whole
brain, four adjacent 5-mm-thick sections were selected starting
at the level of the basal ganglia. At this level, all three
supratentorial vascular territories were visualized. 40 milliliters
of a nonionic contrast agent (370 mg of iodine per milliliter)
was injected at a rate of 4 mL/sec. 5 seconds after initiation of
the injection, a cine (continuous) scan was initiated with the
following technique: 80 kVp, 190–200 mA, 4 × 5-mm sections,
1-second per rotation for duration of 45 seconds. CT perfusion
data was analyzed at an imaging workstation (Syngo
Acquisition workstation; Siemens healthcare Systems)
equipped with commercially available software (Stroke MTT;
Siemens Healthcare Systems). The software then generated
color-coded CBF, CBV, and MTT maps. The final summary
maps were generated by the software on free hand drawing
ROIs in affected area and setting the threshold values of CBF
and CBV for core infarct.

OBSERVATIONS AND RESULTS
In the present study, the age of the patients ranged from 38
years to 94 years. The maximum number of patients 12
(33.33%) was in the age group of 70-79 years and more than
two third of the patients were above 65 years of age.Out of
these 40 patients, 24 (55%) were female patients and 16 (45%)
were male patients with a sex ratio of 1:1.5(table 1). In our
study, among 40 patients, 15 patients (37.5%) presented with
hemiparesis which was the most common presenting symptom
followed by hemiparesis with aphasis in 20% patients. 2
patients (5%) among 40 presented with ataxia and vomiting
representing posterior circulation abnormality (Table 2).
Among the 28 patients who presented within 6 hrs of
symptoms, 10 (35.7%) had normal NCCT, 4 (14.2%) had well
formed infarct on NCCT and rest 18 (50%) had early changes.
Obscuration of lentiform nucleus was seen in 6 (21.4%) of the
patient and was most common among early findings followed
by dense MCA in 5(17.8%) patients(table 3).In our study,
among 40 patients, 3 had normal study on CT perfusion and 4
had AMBI thus, the total no. of ROIs evaluated were 41 for
penumbra and core infarcts. The sensitivity of increase in MTT
was 100% in detecting hypoperfusion and was the most

In our study, among 40 patients, 8 patients presented within 3
hours of symptoms and out of these only 2 patients were
diagnosed by NCCT. However CTP diagnosed 7 patients i.e.
the sensitivity of NCCT in detecting Ischemic infarct within 3
hours is 26 % whereas that of CTP was 87.4%(table 6).In our
study, among 40 patients, only 29(72.5%) patients were
diagnosed by NCCT. However CTP diagnosed 37(92.5%)
patients i.e. the sensitivity of NCCT in detecting Ischemic
infarct is only 72.5% which can be increased to 92.5% by using
CTP (Table 7).

DISCUSSION
In the past 40 years the use of medical imaging to distinguish
stroke subtypes has become a mainstay at almost all medical
institutions, revolutionizing acute stroke diagnosis and
treatment. Currently the NCCT acquisition is the most common
imaging modality used to diagnose stroke however
characterization of penumbra and core infarct separately is not
accurate and diagnostic sensitivity of NCCT in hyperacute
stage( <3 hrs) is very low. In the present study, patients had
age range between 38 years to 94 years with mean age of 69.4
± 14.3 years and the maximum no. of patients, 12 (33.3%)
were in the age group of 70-79 years. The present study also
revealed that 72.5% of patients were above the age of 65 years.
Out of these 40 patients 24(55%) were females and 16(45%)
were male patient and we had a sex ratio of 1:1.5.Gregg. C.
Fonarow et al. (2010) in their study found that the mean age of
patients was 71.0± 14.6 years which is consistent with our
finding however the maximum no. of patients in their study
were seen in age group of 80-89 years which is different from
our study. In their study the percentage of female patients was
52.5% and sex ratio was 1:1.2. These findings also corresponds
to our study finding.In the present study, Hemiparesis was the
commonest presenting feature in 15 (37.5%) patients followed
by Hemiparesis with aphasia in 8 (20%) patients. Other
presenting features are Altered sensorium in 5 (12.5%) patients,
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Table 1: Demographic data (n=40)
AGE GROUP
( IN YEARS)
< 50
50-59
60-69
70-79
80-89
> 90
Total

No of males(n=16)
1
2
4
5
3
1

TOTAL(n=40)
No of Females(n=24) Total No.(n=40)
3
4
3
5
3
7
7
12
6
9
2
3
40

Percentage (%)
10
12.5
17.5
33.33
22.5
7.5
100.0

Table 2: Distribution of clinical features of patients of stroke
CLINICAL FEATURES
Hemiparesis
Hemiparesis with aphasia
Altered sensorium
Hemiparesis with altered sensorium
Hemiparesis with facial palsy
Ataxia and vomiting
Facial palsy
Slurring of speech
Generalised weakness

NO. OF PATIENTS (PERCENTAGE)
15 (37.5%)
8 (20%)
5 (12.5%)
4 (10%)
3 (7.5%)
2 (5%)
1 (2.5%)
1 (2.5%)
1 (2.5%)

Table 3: Findings on NCCT head in patients of stroke with less than 6 hours duration of symptoms
FINDING
Normal study
Obscuration of lentiform nucleus
Subtle hypodensity of parenchyma with sulcul effacement
Loss of grey- white differentiation
Insular ribbon sign
Dense MCA
Well formed infarct

NO. OF PATIENTS (PERCENTAGE)
10 (35.7%)
6 (21.4%)
3 (10.7%)
2 (7.14%)
2 (7.14%)
5 (17.8%)
4 (14.28%)

Table 4: Qualitative comparison of perfusion parameter alteration on ct perfusion in tissue at risk and non viable tissue
PARAMETER
Decreased CBF
Decreased CBV
Increased MTT
Increased TTP

No. of ROI (n=41)
TISSUE AT RISK
CORE INFARCT
40
41
29
41
41
41
38
41

Table 5: Quantitative comparison of perfusion parameters on ct perfusion in tissue at risk and non viable tissue
PARAMETER

CBF

CBV

MTT

TTP

Range
Mean ± SD
Relative to contralateral
hemisphere (rCBF ± SD)
Range
Mean ± SD
Relative to contralateral
hemisphere (rCBV ± SD)
Range
Mean ± SD
Relative to contralateral
hemisphere (rMTT ± SD)
Range
Mean ± SD
Relative to contralateral
hemisphere (rTTP ± SD)

CONTRALATERAL
HEMISPHERE
25.5 – 73.8
57.8 ± 10.2
1

TISSUE AT RISK

CORE INFARCT

20.1-48.8
37.2 ± 7.3
0.64 ± 0.12

10.7 – 23.8
16.6 ± 3.32
0.35 ± 0.05

2.2 – 4.3
3.4 ± 0.6
1

1.5 - 3.6
2.7± 0.57
0.80 ± 0.16

0.1 – 1.8
1 ± 0.4
0.22 ± 0.11

3.1 – 6.3
4 ± 0.7
1

4.4 – 8.8
6.7 ± 1.4
1.69 ± 0.35

5.4 – 11.2
8.2 ± 1.4
2.06 ± 0.35

2.7 – 8.2
4.39 ± 1.09
1

4.7–11.7
8.1 ± 1.9
1.84 ± 0.44

6.6 – 13.9
10.5 ± 2.4
2.39 ± 0.55
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Table 6: Comparison of NCCT and CTP findings in diagnosing hyperacute infarct (less than 3 hours duration) (n=8)
Diagnostic Modality
NCCT
CTP

Diagnostic
2
7

No. of Patients
Normal
6
1

Table 7: Comparison of NCCT and CTP findings in diagnosing acute infarct (n=40)
Diagnostic Modality
NCCT
CTP

No. of Patients
Diagnostic
Normal
29(72.5%)
11
37(92.5%)
3

Fig 1(a) :- NCCT of 62 year old male patient presented with weakness of Left side of body of 2-3 hours duration showing subtle
hypodensity in right parietal lobe.

Hemiparesis with altered sensorium in 4 (10%) patients,
Hemiparesis with facial palsy in 3 (7.5%) patients, Ataxia and
vomiting in 2 (5%) patients, Isolated Facial palsy in 1 (2.5%)
patient, Slurring of speech in 1 (2.5%) patient and Generalized
weakness in 1 (2.5%) patient.
Among 40 patients, 2 patients who had Ataxia and vomiting as
presenting features were diagnosed to have posterior
circulation infarction. In our study, among 28 patients, who
presented within 6 hours of symptoms, early ischemic changes
were seen in 14 (50%) patients with obscuration of lentiform
nucleus being most common finding, seen in 6 (21.4%) patients
followed by dense MCA in 5(17.8%) patients. Other early
findings on NCCT were subtle hypodensity of parenchyma
with sulcul effacement in 3 (10.7%) patients, loss of grey-white
matter differentiation in 2 (7.14%) patients and loss of insular
ribbon sign in 2 (7.14%) patients. Among 28 patients, 10
(35.7%) patient had normal NCCT and 4 (14.28%) had well
formed infarcts on NCCT. Koga et al. (2003) and Wardlaw et

al. (2005) in their studies found that one or more of early
ischemic changes were present in 65 (62%) and 66% patients
respectively with attenuation of lentiform nucleus and sulcul
effacement being most common finding, seen in 43 (41%).
These finding are similar to our findings. Lin et al. (2009) in
their study found that the sensitivity of NCCT in detecting
hyperacute infarct (infarct of less than 3 hours duration) was
very low and was 26.2%. Wintermark et al. (2005) in their
study found that the sensitivity of MTT maps, TTP maps, CBF
maps and CBV maps in diagnosing ischemic infarcts was
94.4%, 87.5%, 85.7% and 62.5% respectively.In our study
among 40 patients, 3 had normal study on CT perfusion and 4
had AMBI thus, the total no. of ROI evaluated were 41 for
penumbra and core infarcts. The sensitivity of increase in MTT
was 100% in detecting hypoperfusion and was the most
sensitive indicator for diagnosing infarct but cannot
differentiate between penumbra and core infarct. CBF maps
were 97.5% sensitive whereas, the sensitivity of CBV maps
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Fig 1(b):- CT Perfusion of the same patient showing Perfusion deficit on all the pefusion maps with significant amount of penumbra
seen on summary map in Right MCA territory. The Perfusion parameters for tissue at risk and core infarct are shown in the table.

Fig 2(a) :- NCCT of 71 year old female patient presented with weakness of Left side of body and Right sided deviation of mouth of 4
hours duration showing obscuartion of right lentiform nucleus.
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Fig 2(b):- CT Perfusion of the same patient showing Perfusion deficit on all the pefusion maps with significant amount of penumbra
seen on summary map in Right MCA territory. The Perfusion parameters for tissue at risk and core infarct are shown in the table.

Fig 6(a):- NCCT of a 63 year old male patient presented with weakness of Left side of body with Aphasia of 5 hours of duration
showing subtle hypodensity in right fronto parietal region and normal left cerebral hemisphere.
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Fig 6(b):- CT Perfusion of same patient showing multiple areas of Perfusion abnormality involving both the hemispheres. The
Perfusion deficit is more in Right fronto parietal region and the various perfusion parameters of this area are shown in the table.

was only 70.7%. The sensitivity of increase in TTP was
92.68% in diagnosing hypoperfusion however there is not
much difference in alteration of TTP between penumbra and
core infarct.
Thus our study showed good correlation with the studies
mentioned above. In our study, the mean value of CBF in
penumbra i.e. tissue at risk was 37.2 ± 7.3 ml/100gm/min
(mean± SD) and in core infarct it was 16.6± 3.32
ml/100gm/min whereas, the mean CBF value of normal
contralateral hemisphere was 57.8± 10.2 ml/100gm/min. these
values showed that the CBF is reduced to approximately 60%
of normal in penumbra and to less than 35% of normal in core
infarct.In our study , the mean value of CBV in penumbra i.e.
tissue at risk was 2.7± 0.57 ml/100gm (mean± SD) and in core
infarct it was 1.0± 0.4 ml/100gm/min whereas, the mean CBV
value of normal contralateral hemisphere was 3.4±0.6
ml/100gm/min. These values showed that the CBV was only
mildly reduced in penumbra however there was significant

decrease in CBV of core infarct as compared to normal
contralateral hemisphere. The threshold absolute value for
CBV to diagnose core infarct was estimated to be 1.98 ml/
100g.In our study, there was increase in MTT in both tissue at
risk and core infarct and the value of rMTT in tissue at risk
was 1.69±0.35 and in core infarct it was 2.06±0.35 i.e. in core
infarct MTT further increases however there was no significant
difference in MTT of TAR and core infarct. The threshold
value for MTT to diagnose hypoperfusion was estimated to be
147%. rTTP in TAR was 1.84±0.44 and in core infarct it was
2.39±0.55 i.e. TTP is increased in both core infarct as well as
TAR however there is no significant difference in the two
regions. Wintermark et al. (2006) in their study found that the
mismatch between the absolute CBV, with a threshold at 2.0
ml/100 g, and the relative MTT, with a threshold at 145%, was
the most accurate parameter for delineation of the tissue at risk
of infarction. These threshold values are consistent with
estimated values in our study. Abels et al. (2010) measured
perfusion parameters quantitatively and found that absolute
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values of CBF and CBV in tissue at risk were 29±6.6
ml/100gm/min and 2.9± 0.6 ml/100gm respectively, and in
core infarct they were 12±4.2 ml/100gm/min and 1.1±0.44
ml/100gm respectively, when calculated using deconvolution
analysis method. These findings are similar to the findings we
obtained using same method of analysis. P W Schaefer et al
(2006) in their study found that Mean CBF ratios for core
infarct, penumbra and oligemic tissue were 0.19 ± 0.06, 0.34 ±
0.06, and 0.46 ± 0.09,respectively (all P < .001). Mean CBV
ratios for regions were similarly distinct (all P < .05). All
regions with CBF ratio <0.32, CBV ratio <0.68, CBF <12.7
mL/100 g/min, or CBV <2.2 mL /100 g were infracted and no
region with CBF ratio >0.44 was infracted.
In our study, the values of rCBF in tissue at risk and core
infarct were 0.64±0.12 and 0.35±0.05 respectively. Thus the
threshold value of rCBF estimated to differentiate between
penumbra and core infarct was 0.44. The values of rCBV were
0.80± 0.16 and 0.22±0.11 in tissue at risk and core infarct
respectively. This data showed that the difference in values of
rCBV in tissue at risk and core infarct was more significant
than difference in values of rCBF thus, in our study rCBV was
superior in discriminating between tissue at risk and core
infarct. All these findings are similar to the findings of above
mentioned studies. In our study, among 40 patients, 8 presented
within 3 hrs of symptoms and only 2 were diagnosed on NCCT
(sensitivity of NCCT was 26%) however CT Perfusion
diagnosed 7 patients accurately thus the sensitivity of CTP in
diagnosing hyperacute ischemia was 87.4% in our study,
significantly more than NCCT. Lin et al. (2009) in a
comparative study of NCCT and CTP in patients of hyperacute
ischemia (< 3 hours duration) fount that NCCT revealed only
17 (26.2%) acute infarcts without false positives however, CTP
revealed 42 (64.6%) acute infarcts with one false positive. Thus
our study showed good correlation with the study mentioned
above.
Conclusion
Considering all the parameters studied, CT Perfusion was
found to be more sensitive than NCCT in diagnosing acute
ischemic stroke and was better in differentiating salvageable
penumbra from non salvageable core infarct.
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