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Summary

Time resolved whole brain CT angiography 
(4D-CTA) is a novel imaging technology pro-
viding information regarding blood flow. One 
of the factors that influence the diagnostic value 
of this examination is the temporal resolution, 
which is affected by the gantry rotation speed 
during acquisition and the reconstruction inter-
val during post-processing. Post-processing de-
termines the time spacing between two recon-
structed volumes and, unlike rotation speed, 
does not affect radiation burden. The data sets 
of six patients who underwent a cranial 4D-CTA 
were used for this study. Raw data was acquired 
using a 320-slice scanner with a rotation speed 
of 2 Hz. The arterial to venous passage of an 
intravenous contrast bolus was captured during 
a 15 s continuous scan. The raw data was recon-
structed using four different reconstruction-in-
tervals: 0.2, 0.3, 0.5 and 1.0 s. The results were 
rated by two observers using a standardized 
score sheet. The appearance of each lesion was 
rated correctly in all readings. Scoring for qual-
ity of temporal resolution revealed a stepwise 
improvement from the 1.0 s interval to the 0.3 s 
interval, while no discernable improvement was 
noted between the 0.3 s and 0.2 s interval.

An increase in temporal resolution may im-
prove the diagnostic quality of cranial 4D-CTA. 
Using a rotation speed of 0.5 s, the optimal re-
construction interval appears to be 0.3 s, beyond 
which, changes can no longer be discerned.

Introduction

A  novel  technology  for  imaging  blood  flow 
through  the  cranial  blood  vessels  is  time  re-
solved  whole  brain  CT  angiography,  or  4D-
CTA  1-3.  4D-CTA  provides  a  series  of  angio-
graphic images during the passage of a contrast 
bolus and shows, in that respect, similarities to 
conventional  catheter  angiography  1-3.  One  of 
the parameters influencing the diagnostic value 
of time resolved imaging is its temporal resolu-
tion 4. In 4D-CTA, this resolution is determined 
by a combination of rotation speed and recon-
struction  interval.  The  first  is  a  parameter  of 
image  acquisition,  the  second  a  parameter  of 
image  processing.  During  4D-CTA  imaging,  a 
continuous stream of raw data is acquired using 
a set rotation speed. Subsequently, this raw da-
ta can be processed with varying reconstruction 
intervals, defined as the amount of time spacing 
between two reconstructed volumes. Therefore, 
changing  the  reconstruction  interval  does  not 
affect radiation burden, as opposed to changing 
rotation speed. 

The clinical use of 4D-CTA to depict the in-
tracranial circulation continues to increase, and 
recent studies show promising results regarding 
the value of 4D-CTA in the diagnostic work-up 
of intracranial arteriovenous shunting lesions 5, 

6. However, to our knowledge, the optimal 4D-
CTA  reconstruction  interval  has  not  yet  been 
assessed  for  any  given  rotation  speed. We  ex-
pect  the  smallest  reconstruction  interval  to 
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Both observers frequently use 4D-CTA images 
in a clinical setting, one as a neurosurgeon and 
neuro-interventionalist  (PWAW)  and one as  a 
radiologist  and  fellow  neuro-interventionalist 
(BS).

The reconstructions were rated using a scor-
ing  sheet  consisting  of  two  parts.  In  the  first 
part,  the observers recorded whether an Avm 
or dAvF could be detected. If one of these was 
detected,  it  was  subsequently  rated  using  the 
Spetzler-martin and Borden classifications,  re-
spectively  7,8.  In  the  second  part  of  the  score 
sheet, the observers compared all four data sets 
of  a  single  patient  and  graded  the  temporal 
resolution from 1 to 10, with 10 being the high-
est  identifiable temporal resolution (Figure 1). 
The observers were requested not to assign the 
same grade twice within one patient. This grad-
ing was designed to find a preference for a cer-
tain reconstruction interval based on the ability 
to evaluate flow characteristics, e.g. flow direc-
tion in different vessel segments.

Results

With regard to lesion detection, both observ-
ers detected all Avms and dAvFs correctly in 
all  reconstructions,  regardless  of  the  recon-
struction  interval.  The  same  was  true  for  the 
respective classifications. 

With  regard  to  temporal  resolution grading, 
both observers gave highest grades to the 0.2 s 
reconstruction  in  all  cases.  The  average  score 
for  this  reconstruction  interval  was  9.25.  Re-
constructions  made  with  an  interval  of  0.3  s 
were graded with an average score of 8.75, indi-
cating only a  small difference between  the 0.2 
and  0.3  s  reconstruction  intervals.  The  recon-
structions with an interval of 0.5 and 1.0 s were 
rated much lower, with an average score of 6.75 
and 4.83, respectively. 

show  most  detail  with  regards  to  blood  flow 
characteristics.  This  is  especially  important 
when  assessing  high-flow  lesions  such  as  arte-
riovenous  malformations  (Avms)  or  dural  ar-
teriovenous  fistulas  (dAvFs).  Although  de-
creasing  the  reconstruction  interval  does  not 
significantly  increase  post-processing  time,  it 
does come at higher computational and storage 
costs.  Furthermore,  since  reconstructions  are 
based on a limited amount of raw data, the pos-
itive effect of lowering the reconstruction inter-
val  may  show  a  plateau  at  some  stage.  This 
study  aims  to  find  the  optimal  reconstruction 
interval using a rotation speed of 0.5 s, which is 
the rotation speed currently used in our clinical 
protocols.

Materials and Methods

The  raw data were  retrospectively  collected 
from  six  patients  who  underwent  4D-CTA  of 
the  cranial  blood  vessels,  using  the  Aquilion 
One 320-slice CT system (Toshiba medical Sys-
tems). Raw data acquisition consisted of 15 s of 
continuous  scanning  with  a  rotation  speed  of 
0.5  s  and  80  kv,  240  mA  tube  settings.  under 
these conditions the arterial to venous passage 
of an intravenous contrast bolus was captured. 
Patients were diagnosed to harbour a dural ar-
teriovenous  fistula  (high-flow  dAvF,  two  cas-
es),  an  arteriovenous  malformation  (high-flow 
Avm, two cases) or neither (two cases). 

The raw data was processed four times, using 
pre-determined  reconstruction-intervals  of  0.2 
s, 0.3 s, 0.5 s and 1.0 s. For each reconstruction 
interval, time resolved maximum intensity pro-
jection  (mIP)  runs  were  generated  in  lateral 
and  anterior-posterior  (AP)  views,  in  accord-
ance with the clinical imaging protocol used at 
our  institution. The  reconstructions  were  ano-
nymized  and  rated  by  two  blinded  observers. 

Figure 1    Total  temporal  resolution  score  for  each  recon-
struction  interval.  The  Figure  shows  the  total  amount  of 
points  awarded  by  both  readers  to  each  reconstruction  in-
terval with  respect  to  temporal  resolution.  It  indicates  that 
temporal  resolution  is  inversely  proportional  to  the  recon-
struction  interval, with the  largest  improvement gained be-
tween the 1.0 s, 0.5 s and 0.3 s reconstruction intervals. The 
improvement gained between the 0.3 s and 0.2 s is substan-
tially smaller and was judged too subtle to be clinically rel-
evant by both readers.
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the  venous  phase  during  image  evaluation. 
Both observers experienced this to be a serious 
limitation. When  choosing  post-processing  pa-
rameters, computational and storage costs (and 
limitations)  need  to  be  weighed  against  diag-
nostic  benefit. Although  all  six  tested  datasets 
were diagnostically accurate,  it  is possible  that 
more subtle lesions would have benefitted from 
the increase in temporal resolution with small-
er  reconstruction  intervals. larger numbers of 
cases will be needed to assess the full diagnos-
tic potential of 4D-CTA in the diagnostic work-
up  of  patients  with  arteriovenous  shunting  le-
sions  5,6.  The  aim  of  this  study  was  limited  to 
finding  the optimal  reconstruction  interval  for 
our  current  acquisition  protocol,  and  the 
marked  consistency  in  the  results  does  enable 
conclusions  in  that  regard. Given  the  fact  that 
the difference between 0.2 s and 0.3 s intervals 
was extremely subtle and the 0.2 s  interval re-
sulted  in  the  loss  of  part  of  the  venous  phase 
due to storage limitations, our results clearly fa-
vour a 0.3 s reconstruction interval.

Conclusion

Increasing temporal resolution may improve 
the diagnostic quality of 4D-CTA of the brain. 
using a rotation speed of 0.5 seconds, the opti-
mal  reconstruction  interval was  found at 0.3  s, 
beyond  which  changes  were  no  longer  clearly 
discernable.

Discussion

During the acquisition of a 4D-CTA data set, 
there  is  a  three-way  trade-off  between  signal-
to-noise ratio, radiation burden and gantry ro-
tation  speed.  The  latter  determines,  to  some 
extent,  the temporal resolution. However, dur-
ing  post-processing,  the  acquired  data  may  be 
reconstructed at different reconstruction inter-
vals to optimize the perceived temporal resolu-
tion. 

This  study  aimed  to  find  an  optimal  recon-
struction interval in the post-processing of 4D-
CTA data  sets, acquired with a  rotation  speed 
of  0.5  seconds. All  data  sets  were  found  to  be 
sufficient for accurate diagnosis and grading in 
the  six  patients  used  for  this  analysis.  Subjec-
tive  grading  of  the  temporal  resolution  was 
found  to  be  inversely  proportional  to  the  re-
construction interval, as was expected. Howev-
er, the difference between 0.2 s and 0.3 s inter-
vals was judged to be too subtle to be of clinical 
relevance. 

A drawback of this study was the inability to 
adequately  blind  the  readers  for  the  recon-
struction  interval,  since  lower  reconstruction 
intervals  yield  reconstructed  volumes  contain-
ing  more  images.  Another  drawback  was  our 
current  computational  limit.  A  reconstruction 
interval of 0.2 s would yield a volume set of 75 
images. However, our current software only al-
lows volumes with a maximum of 50 images to 
be created, which resulted in the loss of part of 
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