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Radiation Dose Reduction in 
Perfusion Ct Imaging of the Brain: 
a Review of existing Approaches

INTROduCTION
For the evaluation of hemodynamic changes in various 

tissue types, perfusion CT (PCT) is a valuable imaging tech-
nique. A common field of clinical application is acute stroke 
imaging: PCT of the brain allows a highly accurate detec-
tion of ischemic lesions as well asbeing able to distinguish 
infarct core and penumbra brain tissue, thus providing a 
basis for clinical decisions, for instance regarding recanaliza-
tion therapy.

PCT datasets are based on monitoring the first pass of 
iodine contrast: during intravenous administration of iodinated 
contrast material, datasets are acquired in cine mode by succes-
sive gantry rotations. This imaging procedure is followed by the 
generation of perfusion maps. Analysis of PCT data is based on 
the central volume principle, defining the relationship between 
mean transit time (MTT), cerebral blood volume (CBV) and 
cerebral blood flow (CBF) as: CBF = CBV/MTT.

In order to obtain reliable perfusion values, a scan dura-
tion of up to 48 s is required to cover the complete venous 
first pass. However, concerns have been raised by the FDA 
regarding the associated radiation exposure [1]. This aspect 
becomes highly relevant when considering multiple succes-
sive PCT, as can be performed in the same patient several 
times during the monitoring of vasospasms, for instance.

Therefore, the focus of recent research has shifted towards 
possibilities to reduce the risk of radiation exposure. In this 
regard, the development of low-dose PCT protocols has 
opened up a promising approach. 

Following this recent development, we aim in this article 
to provide an overview of different acquisition (tube current, 
tube voltage and sampling frequency) and image processing 
strategies (noise reduction), which have been introduced 
for the reduction of radiation exposure in PCT of the brain.

REduCTION Of TuBE CuRRENT
One of the simplest approaches to reduce radiation dose 

is decreasing tube current. However, simply reducing tube 
current leads to higher noise and therefore might deteriorate 
CT image quality [Figure. 1]. It is noteworthy that increased 
image noise in source PCT images does not necessarily dete-
riorate the image quality of perfusion maps. Recent studies 
found that a tube current reduction down to 72 mAs – 75 
mAs led to considerable radiation dose reduction without 
deterioration of image quality [2, 3]. Substantial deterioration 
of the quality of perfusion maps has however been reported 
for tube current reductions to levels lower than 50 mAs [4].

Figure 1 provides an example of the effect of tube current 
reduction on PCT source images and on perfusion maps.

REduCTION Of TuBE VOlTAGE
Reduction of tube voltage (peak kilovoltage; kVp) can 

result in a substantial radiation dose reduction, because radi-
ation dose is proportional to kVp to the power of > 2 [5]. In 
the case of PCT, decreased beam energy achieved by lower-
ing kVp increases iodine-dependent CT contrast enhance-
ment due to the K-absorption edge of iodine.

The first studies utilizing PCT in the clinical context of 
acute stroke were carried out using 120 kVp [6, 7]. In a com-
parison of PCT exams with 120 kVp and 80 kVp, a study by 
Wintermark showed that images acquired at 80 kVp yielded 
higher iodine-dependent CT contrast enhancement [8]. 
Additionally, these beneficial effects were accompanied by a 
radiation dose reduction of a factor of 2.8 [8]. Subsequently, 
image acquisition at 80 kVp was recommended and thus 
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FigUre 1. Quality of perfusion maps from source images acquired at differ-
ent tube current levels. Comparison between original dataset acquired at 180 
mAs and low-dose simulated datasets at 70 mAs. Note the comparable image 
quality of both tube current levels.
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established as the standard protocol for PCT imaging.
In a recent study, Li et al. (2014) compared the use of 70 kVp 

with the standard PCT protocol at 80 kVp (9). Results of this 
study indicate higher iodine-dependent CT contrast enhance-
ment and higher image quality along with 36% lower radiation 
dose [9]. These results are promising to further reduce patient 
radiation dose and increase patient safety without compromising 
image quality or the diagnostic value of PCT.

TEMpORAl sAMplING fREquENCy
A further approach to a substantial decrease of radiation dose 

in CTP is an increase of the intervals between the single scans 
[10]. An increase of the inter-scan intervals from 2 s to 3 s was 
found to reduce radiation dose by 21% and a further increase to 
4 s was found to reduce radiation dose by 32% [10]. The lowest 
tolerable temporal sampling frequency depends on the amount 
of applied contrast medium [10]. The usual amount of iodine 
contrast medium is 40 mL. In this case, applying inter-scan inter-
vals up to 3 s can yield sufficient perfusion maps [10, 11]. Further 
increase of the inter-scan intervals beyond 3 s deteriorates quan-
titative perfusion values and leads to an overestimation of CBV 
and CBF as well as an underestimation of MTT [11]. Figure 2 
provides an example of the change of perfusion maps that can be 
achieved by increasing temporal sampling.

IMAGE NOIsE REduCTION
Iterative reconstruction (IR) was introduced for CT, showing 

sufficient image noise reduction in comparison to filtered back 
projection [2]. IR was recently applied in a few PCT studies [2, 
12]. In reduced radiation dose (reduced tube current) PCT, IR 
produces perfusion maps of sufficient quality and helps detec-
tischemic lesions at lower radiation dose levels [2, 12],  [Figure 3].

Image denoising in PCT can also be achieved by spatiotem-

poral filters (STF), which process high and low spatial frequency 
components with different weights: High spatial frequencies usu-
ally containing noise are averaged while low frequencies con-
taining the perfusion information are preserved. An increase 
of contrast-to-noise ratio by a factor of 2.5 has been reported 
in PCT through the use of STF [13, 14]. Conceivably, in order 
to generate diagnostically acceptable perfusion maps from low 
dose PCT images, the combination of different noise reduction 
techniques is recommendaed [14]. As shown in Fig.ure  3, the 
combination of IR and STF substantially improves lesion detec-
tion and image quality in ultra-low-dose PCT. 

CONClusION ANd OuTlOOk 
PCT of the brain is common in clinical routine and associated 

with high radiation exposure. Given the risk of ionizing radiation, 
especially regarding multiple successive PCTs, dose reduction 
is a crucial aspect. New technologies such as low tube-voltage 
imaging and noise reduction techniques allow generation of 
diagnostically acceptable perfusion maps from low-dose PCT 
images. PCT imaging at 70 kVp is a powerful tool for dose reduc-
tion and should therefore be applied in clinical routine. Conceiv-
ably, the combination of low kVp, low mAs, and noise reduction 
techniques along with a modified image sampling frequency can 
further decrease radiation dose in PCT without compromising 
diagnostic image quality. This should be examined in future 
studies.
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FigUre 2.  Time attenuation curves (TAC) and perfusion maps at different sampling 
frequencies. Higher inter-scan intervals of 3 s, 4.5 s and 6 s are simulated from original 
datasets acquired with an inter-scan interval of 1.5 s by keeping every second, third 
and fourth time point, respectively. Note the deterioration of images quality with an 
inter-scan interval of 6 s.


