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By Dr E Tong & Dr M Wintermark

Ultra-low dose Perfusion CT
Perfusion computed tomography allows imaging beyond anatomy.  It eluci-
dates information about the capillary hemodynamics and tissue-level blood 
flow. PCT has an established role in stroke imaging and has expanding appli-
cations. However, many clinicians are reluctant to adopt this technology, in 
part, due to its relatively high radiation dose. This article introduces a new 
method to perform an ultra-low dose PCT with good image quality, at a radia-
tion cost equivalent to two chest radiographs.

Pct – INtROductION 
Advanced imaging techniques have extended from 
traditional anatomic imaging and progressed to 
dynamic, physiologic and functional imaging. Perfu-
sion CT (PCT) is an advanced imaging technique that 
provides information about capillary hemodynamics 
and tissue-level blood flow. PCT has an established 
role in stroke imaging. Other exciting clinical appli-
cations have emerged in the past few years, includ-
ing diagnoses, predicting prognosis and monitoring 
therapy responses. The following discussion focuses 
on PCT of the brain, but the technique can be easily 
adapted for other organ systems.

tEchNIquE – AcquIsItION & POstPROcEssING
PCT evaluates parenchymal perfusion by dynami-
cally following the wash-in and wash-out of a con-
trast bolus [1].  Typical protocol creates a cine-
image of a pre-selected region. Quantitative cal-
culations of perfusion parameters - cerebral blood 
volume (CBV), cerebral blood flow (CBF) and mean 
transit time (MTT) are obtained by commercial 
postprocessing software. These perfusion param-
eters can elucidate the underlying pathophysiol-
ogy. For instance, in stroke imaging, a region with 
reduced CBV and CBF reflects infarcted brain 
tissue, whereas a region with preserved CBV and 
reduced CBF reflects ischemic tissue at potential 
risk of infarct.

APPlIcAtIONs
PCT has an established role in stroke imaging. Multi-
modal stroke imaging, which includes non-contrast 
CT (NCCT), CT angiography (CTA), and PCT, is 
increasingly accepted as standard acute stroke proto-
col at many institutions [5-7].  Signs of early infarc-
tion can be very subtle on NCCT. PCT improves the 
sensitivity and accuracy of stroke diagnosis [5-7]. 
Lesions detected on PCT often prompt retrospective 
identification of abnormalities on NCCT and CTA 
[8,9].

PCT helps rule out stroke mimics [10], such as 
seizure, migraine, metabolic derangement, cerebral 
tumor, etc. Other important applications of PCT 
include the assessment of collateral circulation[11], 
prediction of hemorrhagic transformation and malig-
nant edema [12]. PCT can also assess other cerebral 
perfusion impairment such as predicting vasospasm 
secondary to subarachnoid hemorrhage [13].  

Since its inception, many new promising applica-
tions of PCT have emerged. Gliomas can be graded 
by specific perfusion parametric thresholds [14]. PCT 
can differentiate benign pathology from malignancy 
in head and neck squamous cell carcinoma [15] and 
colorectal carcinoma [16].  PCT can be used for ther-
apy monitoring in head and neck, liver, prostate, and 
colorectal carcinomas [17-19]. With the recent surge 
in anti-angiogenesis drugs in cancer treatment, PCT 
can be used to monitor therapeutic response [20]. 

NEw dEVElOPMENt
PCT is often criticized for its low signal-to-noise ratio, 
an inevitable consequence in order to keep radia-
tion dose low. A typical PCT protocol acquired at 
80kVp and 100mAs, has an effective radiation dose of 
approximately 2 mSv (similar to a noncontrast head 
CT). While this radiation dose is relatively low, it can 
become of concern when multiple successive studies 
are obtained on the same patients, such as in monitor-
ing vasospasm and therapeutic response. In keeping 
with “ALARA” (As Low As Reasonably Achievable), 
there are continual efforts to reduce the radiation dose.
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At our institution, we have devel-
oped an ultra-low-dose PCT with 
good signal-to-noise ratio and can 
produce diagnostic-quality perfusion 
parametric maps. This is achieved by 
extracting information contained in 
the CT-angiogram (CTA) and inte-
grating it into a virtual PCT dataset 
by utilizing Fast-Fourier-Transforms 
(FFT). High spatial frequency com-
ponents, which dictate the anatomi-
cal details of the vasculature, are 
extracted from the CTA. The low 
spatial frequency components, which 
describe the undulating blood flow, 
are extracted from the PCT. A virtual 
PCT dataset is reconstructed from the 
combination of the extracted infor-
mation [21]. 

 
To determine the lowest mAs 

achievable with this method, we ret-
rospectively identified five patients 
with PCT scans acquired with tube-
current-time product of 100, 75, 
50, 20, and 10 mAs. Two additional 
patients with scans acquired at 10 
mAs with reconstruction utiliz-
ing 40% and 80% ASIR were also 
identified. 

Our results show that the virtual 
PCT attained contrast-to-noise ratio 
(CNR) and signal-to-noise ratio 
(SNR) three- to seven-fold superior 
to real PCT, and a noise reduction 
by a factor 4-6 (p<0.05). By apply-
ing 80% at 10mA, the contrast-to-
noise ratio (CNR) and signal-to-
noise ratio (SNR) of the virtual 
PCT is 5 times better than the real  
PCT dataset.

Using a commercial PCT software, 
the parametric maps for cerebral 
blood volume (CBV), cerebral blood 
flow (CBF) and the mean transit time 
(MTT) were calculated, both for the 
real and virtual PCT. Parametric val-
ues of the gray matter, white matter 
and ischemic regions in the stroke 
hemisphere and the contralateral 
(normal) hemisphere were recorded 
and compared. The values obtained 
from the virtual PCT were consistent 
with the values reported in the lit-
erature (in gray matter, the reported 
normal values are approximately 60 
ml/100g/min for CBF, 4 ml/100g for 
CBV and 4 s for MTT; in white mat-
ter, the reported normal values are 

approximately 25 ml/100g/min for 
CBF, 2 ml/100g for CBV and 4.8 s for 
MTT 22).  

Visual inspection of the vir-
tual PCT parametric maps revealed 
increasingly notable improvement in 
the image quality as the tube-current 
decreased. At 10mAs, both the real 
and virtual PCT maps were consid-
ered not to be of diagnostic quality. 
However, when 40% ASIR technique 
was applied at 10mAs, the virtual PCT 
maps improved and attained diagnos-
tic quality; the quality of the real PCT 
maps remained poor.  There was fur-
ther improvement in the virtual PCT 
maps when 80% ASIR technique was 
applied [Figure 1]. 

Using this new method and acquir-
ing PCT at the setting of 80 kV, 10 
mAs and 80% ASIR, the effective 
dose of a PCT study is approximately 
0.20 mSv, which is similar to 2 chest 
radiographs.

cONclusION
Clinically, PCT remains underuti-
lized, in part, due to concerns raised 
over its high radiation dose. This 

FigUre 1. Perfusion parametric maps for cerebral blood volume (CBV), cerebral blood flow (CBF), mean transit time (MTT).
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LOw dOSE iMAGiNG
new reconstruction technique pro-
duces a virtual PCT with improved 
CNR and SNR, which in turn, allows 
diagnostic perfusion parameters 
to be obtained from virtual PCT 
acquired at lower tube current. Using 
our proposed technique, the effec-
tive radiation dose is significantly 
lowered to the point where even suc-
cessive PCT can be safely performed. 
By overcoming a major barrier that 
hinders the clinical utilization of 
PCT, we hope there will be broader 
acceptance of this promising imag-
ing tool.
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Book review

Now entering its fourth edition, the mar-
ket-leading Handbook of MRI Technique 
has been fully revised and updated to incor-
porate new technologies and developments 
essential to good practice. Written specifi-
cally for technologists and highly illustrated, 
it guides the uninitiated through scanning 
techniques and helps more experienced 
technologists to improve image quality.

The first part of the book considers the 
main aspects of theory that relate to scan-
ning and also includes practical tips on gat-
ing, equipment use, patient care and safety, 
and information on contrast media. The 
second half provides step-by-step instruc-
tion for examining each anatomical area, 
beginning with a basic anatomy section fol-
lowed by sections on indications, patient 

positioning, equipment, artefacts and tips 
on optimizing image quality.

Suitable for users for all types of MRI 
system.the book has been written by an 
international team of technologists from 
the United States, United Kingdom and 
Europe.  The book now includes key points 
throughout for quick reference

A companion website at www.wiley.
com/go/westbrookmritechnique (com-
ing soon) with self-assessment and image 
flashcards

Handbook of MRI Technique continues 
to be the ideal support both for radiogra-
phers new to MRI and for regular users 
looking for information on alternative 
techniques and suggestions on protocol 
modifications


