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To compare measurements of regional pulmonary per-
fused blood volume (PBV) and pulmonary blood flow
(PBF) obtained with computed tomography (CT) in two
pig models.

The institutional animal care and use committee approved
all animal studies. CT-derived PBF and PBV were deter-
mined in four anesthetized, mechanically ventilated, su-
pine swine by using two methods for creating pulmonary
parenchymal perfusion heterogeneity. Two animals were
examined after sequentially moving a pulmonary arterial
balloon catheter from a distal to a central location, and
two others were examined over a range of static airway
pressures, which varied the extents of regional PBF. Lung
sections were divided into blocks and Pearson correlation
coefficients calculated to compare matching regions be-
tween the two methods.

CT-derived PBF, CT-derived PBV, and their associated
coefficients of variation (CV) were closely correlated
on a region-by-region basis in both the balloon occlusion
(Pearson R = 0.91 and 0.73 for animals 1 and 2, respec-
tively; Pearson R = 0.98 and 0.87 for comparison of nor-
malized mean and CV for animals 1 and 2, respectively)
and lung inflation studies (Pearson R = 0.94 and 0.74 for
animals 3 and 4, respectively; Pearson R = 0.94 and 0.69
for normalized mean and CV for animals 3 and 4, respec-
tively). When accounting for region-based effects, corre-
lations remained highly significant at the P < .001 level.

CT-derived PBV heterogeneity is a suitable surrogate for
CT-derived PBF heterogeneity.

©RSNA, 2012

Supplemental material: http://radiology.rsna.org/lookup
/suppl/doi:10.1148/radiol. 12112789/-/DC1
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espite considerable successes with

quantitative computed tomography

(CT) and its adoption into numer-
ous multicenter pharmaceutical and de-
vice trials, the assessment of the pres-
ence and distribution of emphysema and
airway wall remodeling in chronic ob-
structive pulmonary disease may be miss-
ing crucial underlying differences more
closely aligned with disease pathophysi-
ology (1,2). It has recently been demon-
strated (1) that a subset of smokers with
very early CT-based evidence of suscep-
tibility to centrilobular emphysema and
normal findings at spirometry has in-
creased regional heterogeneity of pulmo-
nary blood flow (PBF) and mean transit
time. These findings are consistent with
the hypothesis that patchy, inflammation-
based hypoxic pulmonary vasoconstric-
tion is occurring in smokers susceptible
to centrilobular emphysema, whereas
the normal response to inflammation-
associated hypoxia (local alveolar flood-
ing) is to maintain regional perfusion
(2,3). We strongly believe that an assess-
ment of functional phenotypes such as
PBF and mean transit time is crucial for
the advancement of the understanding of
the etiology of the disease and the devel-
opment of new targeted therapies.

Advances in Knowledge

B We demonstrate that relative
values of pulmonary perfused
blood volume (PBV), as assessed
with dual-energy CT, can serve
as a surrogate for true CT-based
measures of regional pulmonary
parenchymal perfusion (Pearson
R for CT-derived pulmonary
blood flow [PBF] vs CT-derived
PBV = 0.91-0.98).

B By showing the similarity of the
CT-derived pulmonary parenchy-
mal perfusion (PBF) and CT-
derived perfused PBV, we dem-
onstrate the quantitative
reliability of newly emerging
dual-energy CT methodology
(Pearson R for CT-derived PBF vs
CT-derived PBV = 0.91-0.98;
Pearson R for coefficient of varia-
tion of CT-derived PBF vs that of
CT-derived PBV = 0.69-0.87)

Implementation of the CT-derived
PBF method, which necessitates place-
ment of a central line for rapid high-pres-
sure injection of radiologic contrast mate-
rial during sequential cardiac-gated axial
CT during a breath hold, is impractical
for widespread implementation in mul-
ticenter studies. Recent developments
in dual-source dual-energy CT offer the
ability to image regional pulmonary per-
fused blood volume (PBV) by using a pe-
ripheral venous line and slow infusion of
contrast material while spirally imaging
the entire lung in a single short breath
hold, a protocol similar to that used for
assessment of pulmonary emboli (4-10).

The lung has a large capacity for di-
lation and recruitment of capillary beds
because the entire blood volume passes
through the pulmonary vascular bed while
maintaining very low pressures relative to
the systemic circulation (11). There is a
close relationship between pulmonary
perfusion and capillary recruitment (12).
Thus, one would expect that there is a
correlation between CT measures of re-
gional perfused blood volume (PBV) and
CT measures of pulmonary perfusion. As
perfusion to a region increases, capillary
beds would be expected to expand and
new portions of the capillary bed may
be recruited. Thus, simpler measures of
pulmonary PBV, requiring only a single
volume scan with dual-energy CT (13)
to quantitate regional iodine concentra-
tions, can serve as a surrogate for the

Implications for Patient Care

B Dual-energy CT pulmonary PBV
heterogeneity, as a surrogate for
CT-derived pulmonary parenchy-
mal perfusion (PBF) heteroge-
neity provides for a simpler-to-
implement procedure while
maintaining quantitative
similarity.

B CT-derived PBV avoids the need
for a central high-pressure bolus
of contrast material and allows
for a single dual-energy spiral
scan of the entire lung during a
short duration breath hold as
opposed to scanning a limited
axial extent of the lung during a
cardiac-gated scan.

dynamic imaging methods that have been
used to date (1,14). We performed this
study to compare measurements of re-
gional PBV and PBF obtained with CT in
two pig models.

Materials and Methods

Animal Preparation

The institutional animal care and use
committee approved all animal stud-
ies reported herein. Four farm-bred
swine (mean weight = standard devi-
ation, 32.7 kg * 5.6; two males) were
premedicated with intramuscular ad-
ministration of ketamine (20 mg/kg)
and xylazine (2 mg/kg) and anesthetized
with 3%-5% isoflurane in oxygen by
means of nose cone inhalation. Once sur-
gical depth of anesthesia was achieved, a
cuffed endotracheal tube with an inner
diameter of 8.0 mm was placed through
a tracheostomy and the animal was me-
chanically ventilated with 100% oxygen,
a tidal volume of 10-14 mL/kg, and a
rate of 10-20 per minute adjusted to
achieve an end-tidal Pco, of 30-40 mm
Hg. Femoral arterial, femoral venous,
and external jugular venous introducers
were placed. A 7.0-F pigtail catheter was
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Abbreviations:

CV = coefficient of variation

PBF = pulmonary blood flow

PBV = perfused blood volume

PEEP = positive end-expiratory pressure
ROI = region of interest
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advanced into the right ventricle under
hemodynamic and fluoroscopic control.
A surgical plane of anesthesia was main-
tained with inhaled isoflurane (1%-5%
in oxygen), and neuromuscular blockade
was achieved with pancuronium (0.1 mg/
kg intravenous initial dose and 0.5-1 mg/
kg hourly as needed). Arterial pressure,
oxygen saturation, and airway pressures
were continuously monitored and record-
ed. Cardiac output was determined with
a thermal-dilution technicue.

CT Scanning

All CT scans were obtained with a
second-generation  dual-source  unit
(Somatom Definition Flash; Siemens
Medical Systems, Erlangen, Germany).
To determine PBF, axial (4-cm z-axis
extent) electrocardiographically gated
dynamic CT (80 kV, 150 mAs, 0.75-mm
section thickness, 0.5-mm increments,
0.28-second rotation time, 25 time
points, ~4.2 mSv) was performed during
continuous airway pressure breath holds
after right ventricular injection of iodin-
ated contrast material (0.5 mL/kg over
2 seconds; Isovue, 370 mg of iodine per
milliliter, Bracco Diagnostics, Princeton
NJ), as previously described (1,14,15).
To determine PBV, spiral dual-energy
CT (either 80 and 140 or 100 and 140
kV, 0.75-mm-thick sections, 0.5-mm
increments, 0.55 pitch, ~3.5 mSv) was
performed during continuous airway
pressure breath holds after an infusion
of Isovue (4 mL/sec). A delay adequate
for Isovue equilibration, approximately
15 seconds, was included before the
initiation of the dual-energy scan in ac-
cordance with the standard pulmonary
embolism scanning protocol (16).

The issue in using dual-energy CT
and iodinated intravenous contrast ma-
terial for assessing PBV is that there are
three unknown independent variables
per voxel (air, soft tissue and/or blood,
and iodine) and only two measured lin-
ear attenuation coeflicients per voxel.
We solved this by using a generalized
three-material mass fraction decomposi-
tion technique discussed elsewhere (17).

Perfusion Heterogeneity

Pulmonary perfusion was altered by us-
ing two methods chosen to facilitate the

comparison of the two techniques over a
variety of PBF values and induce a range
of PBF heterogeneities. Two animals (an-
imals 1 and 2) were examined after se-
quential occlusion with a balloon catheter
placed in a pulmonary artery such that
blood flow to progressively larger por-
tions of lung parenchyma was occluded.
In the other two animals (animals 3 and
4), the continuous airway inflation pres-
sures were increased in 5 cm H,O incre-
ments, from 5 to 25 cm H, O, to obtain five
different lung inflation levels for compar-
ison. The acquisition of Cl-derived PBF
and PBV data sets was done as a cou-
pled pair performed sequentially at each
state, with a minimal (approximately 5
minutes) delay between scans necessary
for animal recovery and contrast mate-
rial washout. Thus, at each state, two CT
scans were obtained in each animal, one
to determine PBF and one to determine
PBV. The balloon model incorporated
four states (baseline, balloon 1, balloon
2, and balloon 3), resulting in eight scans,
whereas the lung inflation model incorpo-
rated five states (35, 10, 15, 20, and 25 cm
H.,0), resulting in 10 scans.

Image Analysis

Quantitative regional PBF was deter-
mined with the application of indicator
dilution theory and first-pass kinetics to
the four-dimensional electrocardiograph-
ically gated axial CT perfusion images
(14,15). PBF was calculated by using the
ratio of peak parenchymal attenuation
enhancement to the area under the time-
attenuation curve of a reference pulmo-
nary artery by means of the time-series
image analysis module of the Pulmonary
Analysis Software Suite (Fig E1, online)
(18). The voxel size for PBF imaging was
0.46 X 0.46 X 0.5 mm. The software per-
forms a curve-fitting process on the mean
intensity of a region of interest (ROI)
over time. To reduce noise, a neighbor-
hood-averaging filter was applied on each
ROI such that the mean value from a 7
X 7-voxel region surrounding a voxel was
used to represent the attenuation of the
voxel for that time point. Regional perfu-
sion values (in milliliters per minute per
ROI) were normalized by total blood flow
in the 4-cm section stack and presented
as a percentage to allow for comparisons

between conditions. PBV was calculated
by using scanner-associated three-ma-
terial decomposition software (Fig E2,
online), which extracts the iodine at-
tenuation and creates an image for the
entire lung representing blood volume as
discussed earlier. The voxel size for PBV
imaging was 0.46 X 0.46 X 0.5 mm. Sim-
ilar to CT-derived PBF, noise reduction
for CT-derived PBV, performed by the
scanner-associated software, was accom-
plished by calculating values with use of
a 7 X 7-voxel neighborhood average to
represent the attenuation of each voxel.
Corresponding regions from the full lung
PBV scans were isolated and extracted
to match the axial 4-cm section stack
obtained during PBF CT. Thresholding
was used to exclude voxels outside of the
—910 HU to —50 HU range. CT-derived
PBF was thresholded by using a range of
0 to 0.25 mL/min, and CT-derived PBV
was thresholded by using a range of O to
375 mL/min. Simple thresholding is con-
founded by a potential difference in con-
trast material distribution between PBF
and PBV scans. CT-derived PBF uses the
distribution over time of a short bolus of
iodinated contrast material, whereas CT-
derived PBV uses a continuous infusion
until a plateau is reached. Scans acquired
during PBF CT will have a variety of io-
dine profiles because the distribution of
contrast material will vary with mean
transit times for each location. There-
fore, in addition to simple thresholding, a
combination of semiautomated lung and
vessel segmentation was used to restrict
the areas of comparison to the lung pa-
renchyma. Because catheters can occa-
sionally cause variable, highly visible arti-
facts within the image, and because these
artifacts may not be in the same place on
both the PBF and PBV CT scans, these
regions of distinct artifacts (largely at the
lung apices) were manually selected and
removed from analysis (M.K.F., with 7
years of experience). The lung boundaries
were also eroded to further reduce edge
artifacts. CT-derived PBV values were
also normalized to represent a percent-
age of total attenuation in the 4-cm sec-
tion stack. CT-derived PBF and PBV were
compared on a regional basis by dividing
the matching 4-cm section stacks into a
10 X 10 X 3 (x, v, z) grid of blocks. The
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SPIRAL MODE

DUAL-ENERGY
3-MATERIAL DECOMPOSITION

IDENTIFY MATCHING
STACK USING
ANATOMIC MARKERS

Figure 1:

CT-PBF

AXIAL MODE

TIME-SERIES
INDICATOR DILUTION

IMAGING YIELDS: 4-CM STACK|

CT-PBV  CT-PBF
MATCHING STACKS

-

L R R R

RESULTANT FUNCTION MAPS
FROM MATCHING STACKS

VESSEL AND AIRWAY
SEGMENTATION

CALCULATE ROI STATISTICS

Flowchart of image acquisition and analysis process. The CT-derived PBV method (left column) employs dual-energy

imaging in spiral scanning mode with a three-material decomposition process to extract iodine attenuation for full lung. The CT-derived
PBF method (middle column) employs an axial scanning mode to perform time-series indicator dilution, resulting in a blood flow map
for a 4-cm section stack of the lung near the heart. To compare CT-derived PBF and PBV, a matching 4-cm section stack is identified
and extracted from the full-lung CT-derived PBV scan. Semiautomated lung segmentation along with vessel and airway segmentation is
used to limit the analysis region to lung parenchyma (right column, second row). The 4-cm section stacks are then divided into a 10 X
10 X 3 grid of blocks and the mean and CV within each block calculated.

volume of each block contained between
100 and 25000 CT-derived PBF or PBV
ROlIs. Blocks that had a difference in ROI
count between CT-derived PBF and PBV
greater that 40% were also excluded.
Normalized mean CT-derived PBF and
PBV values, as well as the coefficients of
variation (CVs) of normalized CT-derived
PBF and PBV values, were compared by

using the sectioned data. Pearson R and
linear correlation coefficients were calcu-
lated for both comparisons. The analysis
process is depicted in Figure 1.

Normalized color maps for CT-derived
PBF and PBV obtained with the balloon

occlusion and lung inflation models are
shown in Figure 2. Figure 2a, which
shows an example data set from the
balloon occlusion model, demonstrates
the decreased CT-derived PBF in the
occluded region of the left lung and the
increased area of this region when the
balloon is repositioned to a more prox-
imal location. CT-derived PBV and PBF
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Figure 2:  Gray-scale, PBV, and PBF CT scans. (a) Color map comparison of CT-derived PBF and PBV from pig studied with balloon
occlusion model. (b) Color map comparison of CT-derived PBF and PBV from pig studied at five different lung volumes, which were
used to achieve a range of pulmonary perfusion values. Color coding is the same for each condition, with low values in blue and high
values in red.
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Figure 3:  Comparison of normalized mean values and CVs of CT-derived PBF versus CT-derived PBV in two animals studied with bal-
loon occlusion model, which was used to achieve a range of pulmonary perfusion values and heterogeneities. Values are percentages of
summed total voxel values. (a, b) Normalized mean values for animals 1 and 2, respectively. (Fig 3 continues.)
color maps were visually equivalent.
In Figure 2b, note the increasing ex- N N "
. Balloon Occlusion Model: Comparison between Normalized Values and CVs of
tent of the nondependent low perfusion .
. . . . R Normalized Values
regions associated with lung inflation.
The increased nondependent area of Animal 1 Animal 2
low perfusion associated with lung in- gt PBF vs PBY CV of PBF vs CV of PBV PBF vs PBV CV of PBF vs CV of PBV
flation is mirrored on the PBV maps.
As shown in Tables 1 and 2, the Baseline 0.96 0.77 0.98 075
normalized PBF and the CV of the Balloon 1 0.93 0.51 0.99 0.72
PBF were highly correlated with the e 2 L it L2 03
normalized PBV and the CV of the PBY, ~ Salon3 096 078 098 083
Combined 0.91 0.73 0.98 0.87

respectively. For the balloon occlusion
model, the Pearson R ranged from 0.91
to 0.99 in the comparison of normal-
ized mean PBF with normalized mean
PBV and from 0.78 to 0.98 in the com-
parison of the CV of normalized mean
PBF with the CV of normalized mean
PBV. All correlations were statistically
significant (P < .001). The R? for the
linear correlation of normalized mean
PBF and normalized mean PBV was
0.83 for the combined data in animal 1

Note.—Data are Pearson R values. All values are statistically significant to the P < .001 level.

(R* = 0.91 for baseline, 0.87 for bal-
loon 1, 0.86 for balloon 2, and 0.91
for balloon 3) (Fig 3, A) and 0.96 for
the combined data in animal 2 (R? =
0.96 for baseline, 0.97 for balloon 1,
0.96 for balloon 2, and 0.97 for bal-
loon 3) (Fig 3, C). The R? values for

the linear correlation of the CV of
normalized mean PBF and that of nor-
malized mean PBV was 0.53 for the
combined data in animal 1 (R? = 0.59
for baseline, 0.26 for balloon 1, 0.55
for balloon 2, and 0.60 for balloon 3)
(Fig 3, B) and 0.76 for the combined
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Figure 3 (continued). (c, d) CVs of normalized values for animals 1 and 2, respectively.

Table 2

Lung Inflation Model: Comparison between Normalized Values and CVs of Normalized

Values

Animal 3 Animal 4
Inflation Level PBF vs PBV CV of PBF vs CV of PBV PBF vs PBV CV of PBF vs CV of PBV
5cmH,0 0.96 0.64 0.95 0.64
10cm H,0 0.97 0.76 0.97 0.69
15cmH,0 0.94 0.84 0.96 0.79
20cmH,0 0.95 0.75 0.96 0.76
25cm H,0 0.95 0.77 0.97 0.68
Combined 0.94 0.74 0.94 0.69

Note.—Data are Pearson R values. All values are statistically significant to the P < .001 level.

data in animal 2 (R? = 0.57 for base-
line, 0.52 for balloon 1, 0.86 for balloon
2, and 0.68 for balloon 3) (Fig 3, D).
Table 2 demonstrates that, for the lung
inflation model, the Pearson R ranged
from 0.94 to 0.97 in the comparison of
normalized mean PBF with normalized
mean PBV and from 0.64 to 0.84 in the

comparison of the CV of normalized
mean PBF with that of normalized mean
PBV. All correlations were statistically
significant (P < .001). The R? for the
linear correlation of normalized mean
PBF and normalized mean PBV was
0.88 for the combined data in animal 3
(R? = 0.93 with positive end-expiratory

3 1.2

.
1| ® Balloon-3
08 Y R R
086 r
0.4
0.2

o
12 0 02 04 06 08 1 12

pressure [PEEP] of 5 cm H,0, 0.93 with
PEEP of 10 cm H,O, 0.89 with PEEP
of 15 ecm H,0, 0.90 with PEEP of 20
cm H,0, and 0.89 with PEEP of 25 ecm
H,0) (Fig 4, A) and 0.88 for the com-
bined data in animal 4 (R? = 0.90 with
PEEP of 5 cm H,0, 0.93 with PEEP of
10 ecm HZO, 0.93 with PEEP of 15 cm
H,0, 0.92 with PEEP of 20 cm H,O,
and 0.94 with PEEP of 25 cm H,0)
(Fig 4, C). The R? for the linear correla-
tion of the CV of normalized mean PBF
and that of normalized mean PBV was
0.54 for the combined data in animal 3
(R% = 0.41 with PEEP of 5 cm H,0, 0.58
with PEEP of 10 em H,O, 0.71 with
PEEP of 15 cm H,O, 0.56 with PEEP
of 20 cm H,0, and 0.60 with PEEP of
25 cm H,0) (Fig 4, B) and 0.51 for
the combined data in animal 4 (R? =
0.41 with PEEP of 5 cm H,0, 0.57 with
PEEP of 10 ecm H,0, 0.62 with PEEP of
15 em H,0, 0.58 with PEEP of 20 cm
H,0, and 0.46 with PEEP of 25 cm
H,0) (Fig 4, D).
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Figure 4:  Comparison of normalized mean values and CVs of CT-derived PBF versus CT-derived PBV in two animals studied with the lung inflation model, which
was used to achieve a range of pulmonary perfusion values and heterogeneities. Values are percentages of summed total voxel values. a, b, Normalized mean values

for animals 3 and 4, respectively. (Fig 4 continues.)

To address the possibility that the
correlation between CT-derived PBF
and PBV might simply reflect a persis-
tent association in the regions studied,
we performed additional statistical
evaluations for the lung inflation model.
This was not possible for the balloon
occlusion model for two reasons: (a)
The left lung was occluded in animal 1
and the right lung was occluded in an-
imal 2, and (b) the balloon was placed
along whatever peripheral path the
catheter took at the time of insertion,
with the goal of occluding a sublobar
segment when the balloon was resting
at its most distal location. The lung
inflation model had no localized inter-
vention effects and was simply associ-
ated with lung geometry. Therefore, we
chose to use the inflation model for the
test of region-based effects.

For each block within the 4-cm
section stack, the mean value between

both animals for the normalized means
and CVs was calculated and then sub-
tracted from animal 4. A second Pear-
son correlation analysis was then per-
formed on the mean-corrected data
from animal 4. For the normalized
means, before correction, the Pearson
R was 0.93 with use of 1011 regions.
After correction, the Pearson R was
0.75 and remained statistically signif-
icant well below the P < .001 level.
This correction suggests approximately
a 31% region level effect. Although
not small, the 31% region level effect
yields an R? (after adjustment) of 0.56,
a value well above a standard error of
0.06 for a measurement containing
1011 regions. Following a similar cor-
rection for the CV, the Pearson R was
0.54, which is also significantly well
below the P < .001 level. The CV cor-
rection suggests approximately a 25%
region level effect. Although not small,

the 25% region level effect yields an R?
(after adjustment) of 0.29, a value well
above a standard error of 0.06 for a
measurement containing 1011 regions.

CT-derived PBV has been shown herein
to be a good surrogate for CT-derived
PBF heterogeneity, replacing the hard-
to-implement CT PBF protocol in a clini-
cal setting. A prerequisite for the CT-de-
rived PBV method is the requirement of
a dual-energy CT scanner. Dual-energy
scanners are available from two of the
major manufacturers and will likely be
more widely available in the near future.
An assumption of the CT-derived PBV
method is that the PBV is uniformly en-
hanced. In this study, we used normal
pigs of similar age and weight and used
an injection and scanning protocol that
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Figure 4 (continued)
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Figure 4 (continued). c, d, CVs of normalized values for animals 3 and 4, respectively.

had previously been proved to ensure
good, uniform blood pool enhancement.
To implement this study in a clinical set-
ting, a protocol should incorporate a test
injection to ensure that the timing and
rate of infusion is adequate for blood
volume enhancement. With experience,
protocols may emerge that limit the
need for such test injections.

Visual assessment of the PBF and
PBV color maps showed that a strong
relationship exists between these two
methods for assessing regional pul-
monary parenchymal perfusion. With
progressive obstruction of pulmonary
parenchymal perfusion, equivalent lobar
boundaries become visible on both of
the functional maps. A comparison of
the CV of the two techniques showed
a strong correlation, as seen by direct
comparison and by examining the bivar-
iate Pearson correlations. From this we
can conclude that the CV of CT-derived

PBV is a suitable surrogate for that of
CT-derived PBF.

The main goal of this study was to
determine whether CT-derived PBF
and PBV correlate with each other in
general, which we believe was clearly
demonstrated in our results. That being
said, CT-derived PBF and PBV were not
100% the same owing to differences in
methodologic artifacts unique to each
method. The major artifacts in both
methods relate to measurement prox-
imity to the heart, being either partial
volume effects from cardiogenic motion
or beam-hardening streaks related to a
high concentration of contrast material
and the presence of catheters in the
heart. Ideally, we would simply avoid re-
gions containing the heart; however, the
CT-derived PBF method requires a ref-
erence ROI placed in a main pulmonary
artery to perform properly and, with the
axial sections acquired being only 4 cm

long in the z-axis, the heart could not be
avoided in this study.

With comparison of the normal-
ized means, the steepness of the slope
correlating CT-derived PBF and PBV
increased at a certain level of the PBF.
We believe that flow through the vessel
can increase to a point beyond which
there is no further room for capillary
recruitment or vessel expansion. Thus,
at the higher flow rates, CT-derived PBF
was seen to increase while CT-derived
PBV increased more slowly. When the
two parts were combined it yielded an
overall slope greater than 1. Linear re-
gression plots for CV, conversely, had a
slope very close to 1, indicating that the
measurement error for each technique
is likely unaffected by the flow limita-
tion and clearly illustrating that the CV
is not a duplication of mean PBF with
a constant standard deviation but offers
added information.
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CT-derived PBV, in addition to pro-
viding a simpler protocol, reduces radia-
tion exposure compared with CT-derived
PBF protocols and enables assessment
of the whole lung. Because the Siemens
128-section Flash CT scanner splits
energy spectra between the two x-ray
sources such that there is minimal over-
lap, dual-energy imaging is achieved
with no additional radiation dose com-
pared with single x-ray source scanners
(19). The CT-derived PBV method also
eliminates the need for central line
placement because of the elimination of
a high-pressure injection. In principle,
dual-energy imaging allows the removal
of the iodine signal from the images, cre-
ating a “virtual” unenhanced image data
set that can provide the more traditional
quantitative measures of the lung paren-
chyma and airway structure.

Although the CT-derived PBV meth
od provides a simpler-to-perform sur-
rogate for regional blood flow measure-
ments from CT-derived PBF, it requires
infusion timing such that contrast ma-
terial concentration in the blood is at
steady-state levels at imaging. CT tech-
nologists must ensure proper infusion
and scanner timing to minimize the
presence of scatter and beam-harden-
ing artifacts. In addition, the continued
delivery of contrast material via the dis-
tal axillary and subclavian veins near the
first rib causes artifacts in the extreme
apical extent of the lung. Improvements
in reconstruction algorithms, along
with novel iodinated blood pool con-
trast material, hold promise for artifact
reduction and serve to further simplify
the CT-derived PBV method in the fu-
ture (20).

In summary, the results of this study
support the notion that CT-derived PBV
is a suitable surrogate for CT-derived
PBF, providing a functional measure
that may lead to new insights into
disease processes not achievable by
simply mapping the aftermath (paren-
chymal destruction and airway remod-
eling) of the pathologic process.
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