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Abstract. Computed tomography perfusion (CTP) is one of the most
widely used imaging modality for cerebrovascular disease diagnosis and
treatment, especially in emergency situations. While cerebral CTP is capable of quantifying the blood flow dynamics by continuous scanning at a
focused region of the brain, the associated excessive radiation increases
the patients’ risk levels of developing cancer. To reduce the necessary
radiation dose in CTP, decreasing the temporal sampling frequency is
one promising direction. In this paper, we propose STAR, an end-toend Spatio-Temporal Architecture for super-Resolution to significantly
reduce the necessary scanning time and subsequent radiation exposure.
The inputs into STAR are multi-directional 2D low-resolution spatiotemporal patches at different cross sections over space and time. Via
training multiple direction networks followed by a conjoint reconstruction network, our approach can produce high-resolution spatio-temporal
volumes. The experiment results demonstrate the capability of STAR
to maintain the image quality and accuracy of cerebral hemodynamic
parameters at only one-third of the original scanning time.
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Introduction

Computed tomography perfusion (CTP) is one of the most widely used imaging
modality for disease diagnosis and therapeutics planning such as stroke and
oncology[3,11], especially in emergency situations. Cerebral CTP scans a focused
brain region for a prolonged amount of time to quantify the blood flow dynamics
in the brain. However, a single 40-second cerebral CTP scan can subject the
human body to as much as a year’s worth of radiation exposure from natural
surroundings [7]. In contrast, a chest x-ray would be on par with about ten
days worth of exposure. Also, by repetitively scanning a particular region of
the brain, there is always a chance the patient may experience the effects of
excessive exposure to radiation. Effects such as hair loss (epilation) and skin
reddening (erythema) have been reported in a CT brain perfusion over-exposure
incident [13]. Risks such as cancer and congenital disabilities are also within
public concern [2]. Solutions such as lowering the radiation dose will increase
image noise [8] and optimizing a CT scan system will increase the cost. Significant
research continues with the goal of reducing radiation exposure from CTP scans.
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