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Abstract

Rationale and Objectives: To validate the accuracy of a novel low-dose dynamic CT perfusion 

technique in a swine model using fluorescent microsphere measurement as the reference standard.

Materials and Methods: Contrast-enhanced dynamic CT perfusion was performed in five 

swine at baseline and following brain embolization. Reference microspheres and intravenous 

contrast (370 mg/ml iodine, 1 ml/kg) were injected (5 ml/s), followed by dynamic CT perfusion. 

Scan parameters were 320×0.5 mm, 100 kVp and 200 mA. On average, 47 contrast-enhanced 

volume scans were acquired per acquisition to capture the time attenuation curve. For each 

acquisition, only two systematically selected volume scans were used to quantify brain perfusion 

with first-pass analysis technique. The first volume scan was selected at the base, simulating 

bolus tracking, while the second volume at the peak of the time attenuation curve similar to a 

CT angiogram. Regional low-dose CT perfusion measurements were compared to the microsphere 

perfusion measurements with t-test, linear regression and Bland-Altman analysis. The radiation 

dose of the two-volume CT perfusion technique was determined.

Results: Low-dose CT perfusion measurements (PCT) showed excellent correlation with 

reference microsphere perfusion measurements (PMICRO) by PCT = 1.15 PMICRO - 0.01 (r = 0.93, 

p ≤ 0.01). The CT dose index and dose-length product for the two-volume CT perfusion technique 

were 25.6 mGy and 409.6 mGy, respectively.

Conclusions: The accuracy and repeatability of a low-dose dynamic CT perfusion technique 

was validated in a swine model. This technique has the potential for accurate diagnosis and follow 

up of stroke and vasospasm.
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Introduction:

Stroke is a leading cause of mortality and disability. The incidence of acute ischemic 

stroke in the USA is about 800,000 patients per year (0.25% of the total population), and 

it is expected to increase significantly, due to the aging population1. Although there are 

challenges with the lack of standardization and accuracy of quantitative assessment, CT 

perfusion is evolving as a cornerstone for imaging-based strategies in the rapid management 

of acute ischemic stroke2. These challenges may be addressed with a low dose dynamic CT 

perfusion technique with currently available high temporal resolution CT scanners to image 

the whole brain in about 2 seconds. Characterizing the ratio of necrotic core to ischemic 

penumbral volume is fundamental for risk assessment and triage of ischemic stroke patients 

for intra-arterial thrombolytic intervention or medical treatment, where parameters such as 

cerebral blood volume, cerebral blood flow, and mean transit time are derived. Furthermore, 

dynamic CT perfusion techniques also are important in the evaluation of reperfusion and 

treatment response of patients with stroke3, vasospasm in subarachnoid hemorrhage4, and 

intracranial tumors5.

Nevertheless, current conventional CT perfusion techniques suffer from a variety of 

problems such as variation in cerebral blood volume and cerebral blood flow measurements 

amongst different postprocessing algorithms6 7, and high radiation dose (66-452 mGy)8 

secondary to the use of multiple scans over time to improve signal-to-noise ratio and 

measurement reliability. Hence, there is a major clinical need for an accurate, low-dose, 

dynamic CT perfusion technique for improved assessment of cerebral blood flow. The 

purpose of this study was to validate a new dynamic CT perfusion technique for low-dose 

absolute cerebral blood flow measurement as compared to reference standard fluorescent 

microsphere measurement in a swine model. The study assessed whether accurate and 

repeatable absolute cerebral blood flow measurement is feasible using only two optimally 

timed whole-brain volume scans and a single contrast injection.

Materials and Methods:

General Methods:

Five male Yorkshire swine (mean weight, 55 ± 24 kg) were used. The experimental protocol 

was approved by the Institutional Animal Care Committee and performed accordingly 

(AUP-18-191). In each animal, contrast-enhanced dynamic whole-brain CT scanning was 

performed at baseline and following multiple levels of incremental brain embolization. Each 

dynamic CT acquisition consisted of 40–50 consecutive volume scans over 30 seconds, 

in order to capture the entire arterial time-attenuation curve. Each time-attenuation curve 

was then used for systematic selection of two volume scans to calculate CT perfusion 

measurements which were validated versus reference standard fluorescent microspheres9, 10 

(Figures 1 and 2). Experimental data was prospectively acquired between April and October 

2017 and were retrospectively analyzed between June 2018 and February 2019. All authors 

conducted the data acquisition. Y.Z., L.H., Sh.M., and B.F. conducted the data analysis, 

where Y.Z., L.H., Sh.M had three years of medical imaging research experience, while B.F. 
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had one. P.A., a radiologist with 15 years of clinical experience, also conducted the data 

analysis and the surgical and interventional procedures.

Animal Preparation:

Anesthesia was induced with Telazol (4.4 mg/kg) (Zoetis), Ketamine (2.2 mg/kg) (Vedco), 

and Xylazine (2.2 mg/kg), (Akorn). Endotracheal intubation was performed (6.0 – 8.0 

mm) with the animal in supine position and general anesthesia was administered with 

1.5–2.5% isoflurane (Baxter) in oxygen via mechanical ventilation (Surgivet and HME). 

Two femoral vein and four femoral artery vascular sheaths (Cordis) were placed under 

ultrasound guidance for intravenous contrast injection, drug and fluid administration, 

blood pressure monitoring, selective catheter brain embolization, reference fluorescent 

microsphere injection, and reference blood withdrawal, respectively. A catheter was placed 

in the ascending pharyngeal artery (equivalent to the internal carotid artery in humans) 

under fluoroscopic guidance for progressive embolization of the brain capillaries with 

microspheres (95 μm in diameter, 3M/Z-Light Spheres W-1000). Of note, in swine, the 

ascending pharyngeal artery terminates in the rete mirabile11, an extensive arborization of 

small (250–700 μm) vessels that, after piercing the cavernous sinus dura, coalesce and form 

the internal carotid artery12, 13. The diameter of the embolization microspheres was smaller 

than the rete mirabile diameter, i.e., the microspheres passed freely through the rete mirabile, 

but larger than the average brain capillary diameter (4–7 μm), i.e., the microspheres resulted 

in progressive embolization of the brain. The animals were then euthanized, and their brains 

were surgically resected for reference fluorescent microsphere analysis.

Reference Fluorescent Microsphere Perfusion Measurement:

For each cerebral perfusion condition in each animal, 0.25 mL of fluorescent NuFLOW™ 

microspheres (15.5μm in diameter, IMT Laboratories) was diluted in 1.75 ml of saline 

injected into the heart left ventricle via a pigtail catheter, followed by dynamic CT 

acquisition. At the same time, a reference blood sample was withdrawn from the descending 

aorta at 10 ml/min using a syringe pump (GenieTouch; Kent Scientific), starting 5 seconds 

prior to fluorescent microsphere injection and lasting for 120 seconds. After each fluorescent 

microsphere injection and CT acquisition, the cerebral perfusion was incrementally reduced 

via embolization with microspheres, the color of fluorescent microspheres was changed, and 

the injection and acquisition processes were repeated (Figure 1). After a total of five to eight 

fluorescent microsphere colors had been used, the animal was euthanized, and four to six 

tissue samples (about 10grams each) were surgically excised from the brain (see Table 1). 

All tissue and blood samples were then analyzed independently (IMT Laboratories) and the 

resulting perfusion measurements were used as the reference standard14, 15.

CT Imaging Protocol:

Immediately following each fluorescent microsphere injection, iodinated contrast material 

(1mL/kg, Isovue 370, Bracco Diagnostics) was intravenously administered at a rate of 5 

mL/sec, followed by a saline chaser of 0.5mL/kg at 5mL/sec (Empower CTA, Acist Medical 

Systems). Dynamic CT scanning was then performed with a 320-slice CT scanner (Aquilion 

One, Canon America Medical Systems) for 30 seconds to capture the entire contrast time 

attenuation curve during a full inspiratory breath hold. The following scan parameters were 
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used: tube voltage, 100 kVp; tube current, 200 mA; detector collimation, 320 × 0.5 mm; 

volume scanning mode; gantry rotation time, 0.35 second; slice thickness, 0.5 mm; field-of-

view, 180 mm; voxel raster, 512 × 512; and reconstruction kernel, FC43 brain with Adaptive 

Iterative Dose Reduction 3D reconstruction. The CT dose index (mGy) and the dose-length 

product (mGy∙cm) were recorded from the dose sheet. Size-specific dose estimates (mGy) 

were also calculated for each swine using an effective diameter conversion factor16, 17. 

Finally, a 20-minute time delay was employed between repeated CT acquisition to allow for 

adequate recirculation and redistribution of contrast material within the parenchyma.

Two-volume dynamic CT perfusion technique:

The existing dynamic CT perfusion techniques use a number of small regions of interest 

in brain tissue and acquire a number of CT images to measure the tissue contrast pass 

curve and then estimate the blood flow. The proposed first pass dynamic CT perfusion 

technique models the whole brain as a single lumped-parameter compartment and derives 

blood flow from the total contrast mass change within the compartment over two time points 

as the contrast bolus enters the cerebral circulation18, 19. Specifically, assuming no contrast 

mass outflow from the compartment over the measurement period, the average blood flow 

(Qave, ml/min) within the entire compartment is equal to the total integrated change in 

contrast mass within the compartment (dMc, mg) over the measurement time interval (Δt, s), 

normalized by the average incoming contrast material concentration (Cin, mg/ml) estimated 

from the ascending pharyngeal artery18–21 (AIF on Figure 2), as shown in Eq.1.

Qave = 1
cin

dMc
Δt Eq.1

The average perfusion within the compartment (Pave, ml/min/g) can then be derived by 

normalizing Eq. 1 the total tissue mass of the brain (MT, gram), as shown in Eq. 2.

Pave = MT
−1 Cin

−1dMc
dt Eq.2

Moreover, since the average perfusion (Pave) is proportional to the rate of contrast material 

concentration change within the compartment (ΔHUave, Housefiled unit), the concentration 

change for each voxel (ΔHU) can be used to derive the absolute perfusion on a voxel-by-

voxel basis (P, ml/min/g), as described by Eq 3. Most importantly, given such a theory, only 

two optimally timed volumes scans, V1 and V2, are mathematically necessary for perfusion 

measurement, as previously validated in the heart and lung20. Specifically, V1 is defined 

at the base of the arterial time attenuation curve, signifying contrast material entry into the 

perfusion compartment. V2 is defined at or near the peak of the arterial input function, 

signifying the time at the maximal rate of contrast mass accumulation20, 22.

P = Pave
ΔHU

ΔHUavc Eq.3
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CT Perfusion Measurement:

For each dynamic CT acquisition series, the volume scans were first registered using 

deformable registration23. A vascular volume-of-interest was defined within the carotid 

artery using a Vitrea workstation (ViTAL Images; Canon Medical System) and used 

to generate an arterial time attenuation curve to calculate contrast concentration and to 

determine V1 and V2 (Figure 2). To avoid partial volume effects within the arterial 

volume-of-interest, semi-automatic region growing segmentation was performed within 

the centermost lumen of a segment of the artery (see Table 1) while excluding the 

peripheral margin of contrast enhancement adjacent to the vessel wall. The enhancement 

of the voxels within this volume-of-interest were then averaged to yield the true arterial 

enhancement. The entire brain parenchyma was also segmented into a three-dimensionally 

volume-of-interest using the Vitrea workstation, , and further used to generate the brain 

tissue time attenuation curve (Figures 2 and 3). Two-volume scans, V1 and V2, were then 

systematically selected from each dynamic CT acquisition series where V1 was selected as 

the first volume scan after external carotid arterial enhancement exceeded 100 HU above 

baseline blood HU while V2 was selected at the peak of arterial enhancement (Figure 2). 

Using the previously generated brain tissue volume-of-interest, the whole-brain perfusion 

was computed as described in Eq. 3. Finally, for regional perfusion measurement, each 

segmentation of the brain was divided into four to six digital segments using the Vitrea 

workstation, corresponding to the previously harvested reference fluorescent microsphere 

tissue samples. Of note, anatomical landmarks and measuring tools were used to ensure 

correspondence between the digital and physical tissue segments. The average CT perfusion 

measurements within each digital segment were then quantitatively compared to the 

corresponding reference standard fluorescent microsphere perfusion measurements.

Statistical Approach:

The CT perfusion measurements from each brain segment were quantitatively compared 

to the corresponding reference standard fluorescent microsphere perfusion measurements 

using independent t-test, linear regression, Pearson’s r, and Bland-Altman analysis. The 

root-mean-square error was also determined. The performance of CT perfusion-based 

detection of cerebral infarction was calculated by using a cerebral blood flow threshold of 

0.126 mL/min/g, which was determined in a prior CT perfusion study of cerebral infarction 

in a swine model24. Sensitivity, specificity, positive and negative predictive values, and area 

under the receiver operator characteristic curve (AUC) were computed. Statistical software 

(SPSS, version 22, IBM) was used.

Results:

General:

The mean weight, heart rate, and arterial pressure of the five swine were 55 ±24 kg, 

71.0 ±26.1 bpm, and 60.2 ±19.2 mmHg, respectively. An average of 47 dynamic contrast-

enhanced volume scans were obtained over each 30 second acquisition. One acquisition 

for one of the animals was excluded from the dataset due to a power injector error. A 

total of 33 acquisitions were obtained from the five animals. As four to six regional CT 

perfusion measurements were calculated from each acquisition, a total of 164 CT perfusion 
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measurements were compared to the corresponding reference fluorescent microsphere 

perfusion measurements.

Accuracy and Precision:

For all the brain segments combined, the mean CT perfusion was 0.228 ml/min/g while the 

mean perfusion by reference fluorescent microsphere was 0.208 ml/min/g (p-value >0.05), 

as shown in Table 2. Individual mean comparisons from each animal are also shown in Table 

2, while regional mean comparisons are summarized in Table 3. CT perfusion measurements 

showed excellent correlation to corresponding reference standard fluorescent microsphere 

perfusion measurements by PCT= 1.15 PMICRO - 0.01 (r = 0.93; p-value < 0.01; root-mean-

square error = 0.084 mL/min/g), as shown in Figure 4a, with corresponding Bland-Altman 

analysis shown in Figure 4b. The repeatability of the technique was also evaluated by 

comparing two CT perfusion measurements under the same degree of embolization and 

hemodynamic status, where the first (PCT1) and second (PCT2) perfusion measurements 

were related by PCT2 = 0.94PCT1 - 0.003 (r = 0.97, p =0.03), as shown in Figure 5a, 

with corresponding Bland-Altman analysis shown in Figure 5b. Of note, the observed 

variations of cerebral blood flow amongst different animals is due to differences in degree 

of embolization and hemodynamic status. By using the previously reported cerebral blood 

flow threshold of 0.126 mL/min/g in a swine model24, for CT perfusion-based detection of 

cerebral infarct, AUC was 0.99 and the diagnostic sensitivity, specificity, and positive and 

negative predictive values were 91.2%, 95% CI[84,98], 91.7%, 95% CI[86,97], 88.6% 95% 

CI[81,96], and 93.6%, 95% CI[89,99] respectively, AUC 0.99.

Radiation Dose:

The mean CT dose indexvol16 and dose-length product of two-volume CT perfusion 

measurement were estimated to be 25.6 mGy and 410.3 mGy, respectively.

Discussion:

Indication of Results:

This study used a swine model with incremental embolization of the cerebral capillaries 

to validate the accuracy of a new dynamic CT perfusion technique for absolute cerebral 

blood flow measurement. Specifically, the regional and global perfusion measurement with 

the CT perfusion technique demonstrated a high level of agreement with corresponding 

reference fluorescent microsphere perfusion measurement, as indicated by t-testing and 

regression analysis (Tables 2 and 3, Figure 4). Moreover, by extrapolating a previously 

reported cerebral blood flow threshold of 0.126 mL/min/g in a swine model24, our CT 

perfusion-based technique showed excellent theoretical detection of cerebral infarct with 

an AUC of 0.99. The results of this study indicate that the CT perfusion technique can 

accurately measure absolute brain perfusion using only two volume scans, i.e., there is 

significant potential for radiation dose reduction in dynamic CT perfusion of the brain, 

although further prospective validation studies of the two-volume CT perfusion technique 

are necessary.
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Comparison to Previous Studies:

Our results are consistent with previous cardiac and lung perfusion studies which validated 

the same two-volume, dynamic CT perfusion technique for accurate myocardial and lung 

perfusion measurement20, 21, 25–28. Furthermore, recent studies show accurate absolute 

cerebral blood flow measurement in a focal ischemic stroke swine animal model with 

dynamic CT as compared to MRI, PET, and histology3, 24. One of these studies determined 

that the cerebral blood flow threshold obtained with dynamic CT perfusion measurement 

is as effective as diffusion-weighted imaging in delineation of the acute infarct core3. 

Nevertheless, other studies found considerable variation in both the accuracy of perfusion 

measurement and the cutoff thresholds used by conventional dynamic CT perfusion 

algorithms to determine the infarction core and ischemic penumbra of stroke patients29–32. 

Specifically, the maximum slope model and deconvolution model rely on attenuation 

changes in small tissue volumes of interest over many consecutive acquisitions for reliable 

blood flow measurement, at the cost of high radiation dose. Combined with the rapid transit 

and exit of contrast material from these volumes of interest over the measurement duration, 

perfusion measurements are known to produce considerable variation6, 7. Hence, many 

current techniques employ relative perfusion rather than absolute perfusion for comparison 

of ipsilateral ischemia to contralateral normal perfusion but lose relevant flow information as 

a result.

Novelty of the Present Work:

The two-volume CT perfusion technique was developed to address the above limitations. 

First, the recent advances in CT technology with improved temporal resolution has made 

it to image the whole brain in less than 2 seconds33. Thus, the two-volume CT perfusion 

technique can model the entire brain as a single lumped-parameter perfusion compartment. 

Given the large volume of the compartment, the transit time between contrast entry and 

exit is significantly increased; hence, CT perfusion measurements can be made before 

contrast material exits the compartment, resulting in improved accuracy19, 20, 25, 35. This 

has the potential to improve absolute regional brain perfusion quantification to determine 

core infarct versus ischemic penumbra, which is of great importance when stratifying stroke 

patients for invasive endovascular reperfusion36. Second, as the total amount of contrast 

accumulating within the compartment is large, higher contrast-to-noise ratio can be obtained 

as compared with existing CT perfusion techniques using small volumes-of-interest. As 

a result, the radiation dose associated with dynamic CT perfusion of the brain has the 

potential to be dramatically reduced by the two-volume CT perfusion technique. Finally, 

given the timing of the second volume scan at the peak of the arterial time attenuation 

curve, it may also be used as a co-registered CT angiogram, assuming the tube current 

is adjusted accordingly. Hence, the two-volume CT perfusion technique has the potential 

to provide both morphological and physiological information in the same low-dose exam; 

a one-stop-shop solution to CT-based assessment of ischemic stroke. Nevertheless, true 

low-dose prospective implementation of the CT perfusion technique combined with CT 

angiography remains the subject of future work.
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Potential for Radiation Dose Reduction:

In this study, only two volume scans were systematically selected for retrospective CT 

perfusion measurement, simulating a low-dose prospective protocol. Hence, if such a 

protocol were to be implemented prospectively in human subjects at 100 kVp and 200 

mA, the CT dose index of perfusion measurement would be 25.6 mGy, corresponding to 

an estimated effective radiation dose of 0.86 mSv, with a standard head conversion factor 

of 0.002117 and a 16-cm of craniocaudal coverage. This dose is markedly lower than 

the average 5 mSv dose of current conventional whole-brain CT perfusion techniques37. 

Further optimizations of tube current, tube potential, and reconstruction parameters should 

be investigated for further radiation dose reduction.

Limitations:

This study has some limitations. First, the sample size of five swine was small. However, 

multiple CT perfusion acquisitions were obtained in each animal over a range of 

brain embolization levels. Additionally, multiple brain segments were assessed for each 

acquisition in each animal, yielding a large number of measurements to compare with the 

reference standard fluorescent microsphere perfusion measurements. Second, even though 

we showed an excellent detection of infarct core by using previously reported cerebral blood 

flow threshold in swine24, inducing focal cerebral ischemia or infarction was not feasible 

with this swine model due to the rete mirabile and rich collateral blood flow in the brain 

of swine. Hence, future studies should employ focal cerebral infarctions through surgical 

approaches, i.e., by occluding an intracranial artery or via transcranial injection of potent 

vasoconstrictors such as endothelin-13. Third, in the current study, the time delay between 

the two volume scans was estimated using the entire contrast pass curve with multiple 

volume scans, which is clinically unrealistic for a low-dose technique. Consequently, the 

clinical implementation of the low-dose technique will use dynamic bolus tracking for 

acquisition of the first volume scan (V1). The second volume scan (V2) will then be 

acquired using a timing protocol based on contrast injection time26. Nevertheless, true 

prospective acquisition of a low-dose technique is the subject of future work. Fourth, given 

that only two volume scans are required by this technique, transit time parameters (e.g. 

Tmax) cannot be determined with this technique. However, the two-volume technique allows 

for fast arterial inflow evaluation without venous contamination, which may allow for a 

more robust determination of absolute regional arterial cerebral blood flow and improved 

sensitivity to differences in blood flow between brain regions, e.g. infarct core and ischemic 

tissue.

Summary:

CT perfusion measurements were in good agreement with the reference standard fluorescent 

microsphere perfusion measurements. Moreover, such measurements were achieved using 

only two volume scans and a single contrast injection. Hence, accurate assessment of brain 

perfusion is feasible with the two-volume CT perfusion technique at a low radiation dose, as 

compared to the existing CT perfusion techniques. As a result, the two-volume CT perfusion 

technique has the potential to be used for accurate diagnostic assessment, risk stratification, 

and follow-up of patients with stroke, vasospasm, and intracranial tumors.
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Figure 1. 
Flow chart of the experimental design. Blood was withdrawn from the abdominal aorta at a 

rate of at 10 ml/min for 2 min. IV contrast was injected at a rate of 5 mL/sec. TAC: time 

attenuation curve. V1 and V2: volumes 1 and 2 used for CT perfusion measurement.
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Figure 2. 
Two-volume CT perfusion measurement protocol. a) Top curve: arterial input function of 

the external carotid artery (AIF); bottom curve, time attenuation curve(TAC) for the brain 

parenchyma; HU=Hounsfield Units; Cin, average input concentration; Mc, integrated change 

in contrast mass; Δt, measurement time between V1 and V2. b) b) CT image showing one 

carotid artery used for AIF generation and the other corotid used for inducing embolization.
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Figure 3. 
Perfusion color maps generated by the two-volume CT perfusion technique in axial (a 

and c) and coronal (b and d) planes. Baseline (a and b) and postembolization maps (c 

and d) of the same slice are shown. Red arrows indicate embolization catheter within the 

ascending pharyngeal artery. The color bar indicates quantitative perfusion in ml/min/g. 

Specifically, four segments were marked for the regional perfusion comparison, including 

the left posterior and anterior lobes (Segment 1 & 2) and the right posterior and anterior 

lobes (Segment 3 & 4), with baseline reference fluorescence microsphere perfusions of 0.48, 

0.55, 0.47, and 0.48 ml/min/g and the postembolization perfusions of 0.15, 0.16, 0.14 and 

0.12 ml/min/g, respectively.
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Figure 4. 
Regression comparing the result of low-dose CT perfusion measurement to the reference 

standard microsphere perfusion measurement (PCT and PREF, respectively) (a), with 

corresponding Bland-Altman analysis shown (b). RMSE indicates root-mean-square-error.
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Figure 5: 
Regression and Bland-Altman analyses comparing the two repeatable CT perfusion 

measurements (PCT1and PCT2, respectively) (a), with corresponding Bland-Altman analysis 

shown (b). RMSE indicates root-mean-square-error.

Abbona et al. Page 15

J Neuroradiol. Author manuscript; available in PMC 2022 June 24.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Abbona et al. Page 16

Table 1.

General experimental details for each animal study.

Animal number Animal weight 
(kg)

Total brain mass 
(g)

Average tissue sample 
mass (g)

Diameter of AIF 
(mm)

Length of AIF 
(mm)

1 35.0 88.68 10.23±0.22 4.5 36.1

2 34.0 84.23 9.78±0.10 4.7 34.0

3 45.5 55.34 9.38±0.54 4.3 44.9

4 63.5 84.70 8.99±0.51 5.2 50.4

5 65.0 98.14 9.57±0.26 5.1 46.9

Note.— Tissue sample mass data expressed as mean ± standard. AIF - indicates arterial input function.
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Table 2.

Mean brain CT perfusion as compared with reference microsphere perfusion per animal

Animal Number Number of Samples 
(n)

Microsphere Reference Perfusion 
(ml/min/g)

CT Perfusion (ml/min/g) P-value (α < 0.05)

1 32 0.42 ± 0.22 0.50 ± 0.27 0.22

2 16 0.30 ± 0.04 0.34 ± 0.05 0.05

3 20 0.02 ± 0.04 0.01 ± 0.02 0.27

4 48 0.24 ± 0.11 0.26 ± 0.15 0.46

5 48 0.08 ± 0.10 0.07 ± 0.11 0.65

All 168 0.21 ± 0.19 0.23 ± 0.23 0.39

Note.— Perfusion data expressed as mean ± standard. P-value less 0.05 indicates significant difference.
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Table 3.

Mean brain CT perfusion as compared with reference microsphere perfusion per brain segment for all animals 

combined.

Brain Segment Number of Samples 
(n)

Microsphere Reference Perfusion 
(ml/min/g)

CT Perfusion (ml/min/g) P-value (α < 0.05)

Right Hemisphere 84 0.21 ± 0.19 0.22 ± 0.22 0.75

 Anterior 34 0.22 ± 0.21 0.25 ± 0.23 0.19

 Middle 16 0.16 ± 0.13 0.15 ± 0.13 0.71

 Posterior 34 0.23 ± 0.19 0.23 ± 0.24 0.90

Left Hemisphere 84 0.21 ± 0.18 0.24 ± 0.24 0.38

 Anterior 34 0.22 ± 0.21 0.24 ± 0.25 0.74

 Middle 16 0.17 ± 0.14 0.18 ± 0.17 0.86

 Posterior 34 0.21 ± 0.18 0.26 ± 0.26 0.37

Note.— Perfusion data expressed as mean ± standard. P-value less 0.05 indicates significant difference.
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