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Technical Note

Using 80 kVp versus 120 kVp in Perfusion CT
Measurement of Regional Cerebral Blood Flow

Max Wintermark, Philippe Maeder, Francis R. Verdun, Jean-Philippe Thiran, Jean-Francois Valley, Pierre Schnyder,
and Reto Meuli

Summary: Perfusion CT studies of regional cerebral blood
flow (rCBF), involving sequential acquisition of cerebral
CT sections during 1V contrast material administration,
have classically been reported to be achieved at 120 kVp.
We hypothesized that using 80 kVp should result in the
same image quality while significantly lowering the pa-
tient’s radiation dose, and we evaluated this assumption.

In five patients undergoing cerebral CT survey, one sec-
tion level was imaged at 120 kVp and 80 kVp, before and
after 1V administration of iodinated contrast material.
These four cerebral CT sections obtained in each patient
wer e analyzed with special interest to contrast, noise, and
radiation dose.

Contrast enhancement at 80 kVp is significantly in-
creased (P < .001), aswell as contrast between gray matter
and white matter after contrast enhancement (P < .001).
Mean noise at 80 kVp is not statistically different (P =
.042). Finally, performance of perfusion CT studies at 80
kVp, keeping mAs constant, lowers the radiation dose by
a factor of 2.8.

We, thus, conclude that 80 kVp acquisition of perfusion
CT studies of rCBF will result in increased contrast en-
hancement and should improve rCBF analysis, with a re-
duced patient’s irradiation.

Perfusion CT performed for the evaluation of re-
gional cerebral blood flow (rCBF) involves sequen-
tial acquisition of cerebral CT sections obtained in
axial mode during IV administration of iodinated
contrast material. Clinical use of such atechnology
in the setting of cerebrovascular diseases has clas-
sically been reported to be performed at 120 kVp
(1-3).

Another method used to measure rCBF is stable
xenon CT (Xe-CT), relating to dynamic CT real-
ized during inhalation of gaseous stable xenon (4).
In 1978, Kelcz (5) carried out experimental studies
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that demonstrated that the optimal kVp to perform
stable Xe-CT ranges at about 80. However, stable
xenon has an atomic number of 54 and a K-edge
of 34.6 keV, very close to those of iodine, which
are respectively 53 and 33.2 keV. We therefore
evaluated the use of an 80-kVp tension to perform
perfusion CT studies.

Method

Five patients who underwent cerebral CT examinations
(Lightspeed CT; General Electric, Milwaukee, WI) before and
after IV administration of iodinated contrast material were se-
lected. CT revealed three normal examinations, one case of
agenesis of the corpus callosum, and one case of Alzeihmer's
dementia. After the native cerebral CT examination, one sec-
tion level through the basal nuclel was selected and imaged at
120 kVp (number 1) and 80 kVp (number 2). After IV admin-
istration of 70 cc of iodinated contrast material at 1 cc/s (over
a 70-sinterval), a contrast-enhanced cerebral CT was achieved
over 30 seconds. At the end of the injected series, sections at
the previously selected level were acquired successively at 120
kVp (number 3) then at 80 kVp (number 4), in a 5-second
interval, this delay being short and not significant with respect
to the elimination kinetics of the iodinated contrast material.
The four additional sections, before (numbers 1-2) and after
(numbers 3—4) IV administration of contrast material, were
performed at 200 mAs, with a field of view of 25 cm. This
study protocol was approved by our institutional review board.
Informed consent was obtained from each patient prior to per-
formance of the four additional CT sections.

For each of our five patients, we had four cerebral CT sec-
tions: native 80 kVp (number 2, Fig 1C) and 120 kVp (number
1, Fig 1A), and 80 kVp (humber 4, Fig 1D) and 120 kVp
(number 3, Fig 1B) after contrast enhancement. These four
cerebral CT sections were analyzed with specia interest to
contrast, noise, and radiation dose.

We determined the respective values of contrast enhance-
ment, as well as of gray matter-white matter contrast (mean
CT number in regions of interest [ROIs| drawn on gray matter
divided by mean CT number in ROIs drawn on white matter
in the corresponding issue), in ROIs of about 100 pixels, as
they related to the typical size of the spatial filtering used in
perfusion CT data processing. The ROIs were drawn on cor-
tical gray matter (10 ROIs for each patient), basal nuclei gray
matter (five ROIs for each patient), and white matter (10 ROIs
for each patient). The same ROIs were chosen on the four
sections (Fig 1). Statistical analysis (unilateral t tests for
matched variables) was performed for the data related to the
various ROIs. On the same images and with the same statistical
tests, we analyzed noise related to the standard deviation of
CT density in a uniform area chosen in the background, at 80
and 120 kVp, respectively.

The radiation dose for perfusion CT involving 25 succes-
sive CT sections obtained in an axial mode at 200 mAs was



1882 WINTERMARK AJINR: 21, November/December 2000

120kVp+c

Fic 1. Four cerebral CT sections through the basal nuclei obtained at 200 mAs and at 80 kVp (C, D) and 120 kVp (A, B), before (A,
C) and after (B, D) IV administration of iodinated contrast material (C, 80 kVp [number 2], A, 120 kVp [number 1], D, 80 kVp + C
[number 4], B, 120 kVp + C [number 3]). ROIs were drawn on cortical gray matter, basal nuclei gray matter, and white matter. Typical
ROls chosen for measurements are shown on A. The four sections are displayed with the same window settings (window level: 40 HU,
and window width: 80 HU). At 80 kVp, the contrast enhancement is increased, as well as the gray matter-white matter contrast. The

signal-to-noise ratio is not significantly altered.

evaluated for 80 and 120 kVp on the Lightspeed CT unit.
This evaluation was achieved through experimental studies
on a test phantom in conformity with Food and Drug Ad-
ministration (FDA) rules, related to a polymethylmetacrylate
cylinder of 16-cm diameter (Code of Federal Regulations, 21
CFR Ch. 1, 81020.3, FDA, Washington DC, 1992). Calcu-
lation of normalized and weighted CT dose index
(nCTDIw) and cerebral effective dose was performed accord-
ing to European Guidelines on Quality Criteria for Computed
Tomography (6), which are very close to those recommended
by the FDA. The brain-absorbed dose was deduced from the
nCTDIlw (7).

Results

Contrast enhancement and gray matter-white mat-
ter contrast observed at 80 and 120 kVp, respec-
tively, are summarized in the Table, which de-
scribes numerical averages and standard deviations
of ROI values in the corresponding issue. Contrast
enhancement at 80 kVp is significantly increased
for cortical gray matter (P < .001), basal nuclei
gray matter (P < .001), and white matter (P <
.001). Contrast between gray matter and white mat-
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Contrast enhancement and gray matter-white matter contrast at 80 and 120 kVp (numeric average = standard deviation)

#4 #3
#2 80 kVp + #1 120 kVp +
80 kVp Contrast Material 120 kVp Contrast Material
Cortical gray matter
Density 69 = 5 HU 78 = 7 HU 63 = 3 HU 68 = 5 HU
Contrast enhancement 9+ 4HU 5+ 3HU
13% *+ 5% 7% + 4%
Basal nuclel gray matter
Density 62 = 1 HU 68 = 3 HU 60 = 1 HU 63 = 2 HU
Contrast enhancement 6 = 3HU 3+ 2HU
10% *+ 4% 5% * 3%
White matter
Density 54 + 2 HU 58 = 2 HU 53 = 3 HU 55 + 2 HU
Contrast enhancement 4+ 2HU 2+ 2HU

Gray matter-white matter contrast 20% * 1%

% = 4%
25% * 2%

4% *= 4%

15% = 3% 18% = 2%

ter before contrast material administration is in-
creased at 80 kVp, but not significantly (P = 0.06).
On the other hand, contrast between gray matter
and white matter after contrast enhancement is sig-
nificantly increased (P < .001).

Mean noise was 6.6 HU = 3.9 HU at 80 kVp
and 5.3 HU = 2.6 HU at 120 kVp, a statistically
insignificant difference (P = .042).

Considering acquisition of two adjacent 10-mm
sections, available thanks to the multidetector-array
technology, the measured nCTDIw is 0.090 mGy/
mAs at 80 kVp and 0.249 mGy/mAs at 120 kVp.
Supposing a perfusion CT protocol of 25 succes-
sive dices obtained in axial mode at 200 mAs and
with regard to the geometry of radiation delivery
on the Lightspeed CT unit (dose efficiency of
65%), the resultant radiation dose is 291 mGy at
80 kVp and 806 mGy at 120 kVp. Regarding the
stochastic effect of radiation, these cal culated doses
must be redistributed on the whole cerebral vol-
ume. Because a 20-mm thickness relates approxi-
matively to a 10th of the cerebral volume, the brain
absorbed dose at 80 kVp is 29 mGy. Considering
a weighting factor of 0.0021 mSv/(mGy x cm) for
the brain, the cerebral effective doseis 1.218 mSv,
which is inferior to the reference dose level for a
standard cerebral CT examination (2.5 mSv) (6).

Discussion

It was impossible to perform successive 120- and
80-kVp perfusion CT studies in human patients for
evident ethical and technical reasons. The radiation
dose required and the time delay necessary to elim-
inate contrast between two studies would have been
excessive. However, we demonstrated on static ce-
rebral CT sections that using 80 kVp significantly
improves steady-state contrast enhancement. It
seems reasonable to infer that it will also increase
dynamic contrast enhancement obtained during 1V
administration of iodinated contrast material. Be-

cause measurement of rCBF in perfusion CT stud-
ies precisely results from dynamic contrast en-
hancement analysis, acquisition of sequential
cerebral CT sections at 80 kVp will facilitate data
processing.

Furthermore, contrast between gray matter and
white matter at 80 kVp is increased after contrast
material administration, which constitutes an addi-
tional benefit. This increase of gray matter-white
matter contrast after contrast enhancement at 80
kVp results from the more important perfusion of
gray matter compared with that of white matter.
Moreover, after contrast enhancement, X-ray inter-
action with soft tissues at 80 kVp relates to the
photoelectric effect due to the 33 keV K-edge of
the iodine included in the contrast material. On the
other hand, X-ray interaction before contrast ma-
terial administration is mainly due to the Compton
effect, and then contrast between gray matter and
white matter is not modified at 80 kVp.

Using 80 kVp involves a lower photon flux, but
does not result in a statistically significant increase
in noise, alowing 80 kVp images to be used in
perfusion CT analysis.

Finaly, performance of perfusion CT examina-
tion at 80 kVp, keeping mAs constant, lowers the
radiation dose by a factor 2.8.

Conclusion

Perfusion CT studies of rCBF achieved at 80
kVp will result in increased contrast enhancement
and should improve rCBF analysis, with a reduced
patient’s irradiation. We thus propose to perform
perfusion CT studies of rCBF at 80 kVp.
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