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Abstract
Objectives High radiation dose during CT perfusion (CTp) studies contributes to prevent CTp application in daily clinical
practice. This work evaluates the consequences of scan delay on perfusion parameters and provides guidelines to help reducing
the radiation dose by choosing the most appropriate delay.
Methods Fifty-nine patients (34 men, 25 women; mean age 68 ± 12) with colorectal cancer, without underlying liver disease,
underwent liver CTp, with the acquisition starting simultaneously with iodinated contrast agent injection. Blood flow (BF) and
hepatic perfusion index (HPI) were computed on the acquired examinations and compared with those of the same examinations
when a variable scan delay (τ) is introduced. Dose length product, CT dose index, and effective dose were also computed on
original and delayed examinations.
Results Altogether, three groups of delays (τ ≤ 4 s, 5 s ≤ τ ≤ 9 s, τ ≥ 10 s) were identified, yielding increasing radiation dose
saving (RDS) (RDS ≤ 9.5%, 11.9% ≤RDS ≤ 21.4%, RDS ≥ 23.8%) and decreasing perfusion accuracy (high (τ ≤ 4 s), medium
(5 s ≤ τ ≤ 9 s), low (τ ≥ 10 s)). In particular, single-input and arterial BF and HPI were more insensitive to delay as regards the
absolute variations (only 1 ml/min/100 g and 1%, respectively, for τ ≤ 9 s), than portal and total BF.
Conclusion Using delays lower than 4 s does not change perfusion accuracy and conveys unnecessary dose to patients.
Conversely, starting the acquisition 9 s after contrast agent injection yields a RDS of about 21%, with no significant losses in
perfusion accuracy.
Key Points
• Scan delays lower than 4 s do not alter perfusion accuracy and deliver an unnecessary radiation dose to patients.
• Radiation dose delivered to patients can be reduced by 21.4% by introducing a 9-s scan delay, while keeping accurate perfusion
values.

• Using scan delays higher than 10 s, some perfusion parameters (portal and total BF) were inaccurate.
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Abbreviations
aBF Arterial blood flow
ADC Cohort-oriented absolute differences
ADP Patient-oriented absolute differences
BF Blood flow
CTDIvol Volumetric CT dose index
CTp CT perfusion
DLP Dose length product
Ea Examination acquired
Eτ Delayed examination
ED Effective dose
HPI Hepatic perfusion index
N Integer number for statistical differences
pBF Portal blood flow
PDC Cohort-oriented percentage differences
PDP Patient-oriented percentage differences
p.u. Perfusion unit
RDS Radiation dose saved
tBF Total blood flow
TCCs Time concentration curves

Introduction

CT perfusion (CTp) is a widely available imaging technique
that has aroused lively interest in several clinical applications
of the liver [1, 2] such as early tumour detection, characteri-
sation, and prognosis [3–5], fibrosis staging [6, 7], and diag-
nosis of cirrhosis [8, 9]. However, the high radiation dose
delivered to patients during CTp examinations prevents its
usage in the daily clinical practice [10, 11], as it adds radiation
dose to that of routine examinations [12, 13].

In the last few years, several steps forward have been taken
to face this issue, according to two main approaches. The
former are applied to standard non-dynamic CT applications
like automatic tube current modulation [5], low tube voltage
values [14], and iterative reconstruction techniques [15, 16].
The latter are specifically dedicated to dynamic studies and
consist in reducing the number of CTp scans acquired. This
task is subdivided into three methods: (1) reducing the number
of samples by increasing the time period between scans [17];
(2) stopping earlier CTp acquisition during arterial, portal, or
equilibrium phases of the tissue time concentration curves
(TCCs) [18, 19]; (3) introducing an initial delay between con-
trast agent administration and CTp acquisition that shortens
the unenhanced portion of the TCCs (i.e. baseline). This last
method is widely employed in hepatic CTp studies. Indeed, it
is very common to find out CTp studies introducing a fixed
scan delay between 5 and 10 s [20–23] or a delay chosen
through patient-based preliminary scan tests, carried out be-
fore perfusion acquisition [24–26].

However, no study exists in the literature discussing how
reducing the unenhanced stage ultimately affects perfusion

accuracy. Accordingly, the aim of this research was to measure
the effects of scan delay on perfusion results computed using the
maximum slope that is the most dose-preserving method [27].

Materials and methods

Study population

The present research is an ancillary study of a prospective
multicentre trial aiming at assessing the capability of perfusion
parameters to predict liver metastasis development in patients
with non-metastatic colorectal cancer (PIXEL, PHRC 2007
no. AOM07228). This study had Institutional Review
Committee approval and written informed consent provided
from all the enrolled patients.

In order to limit the sources of variability, only patients of one
centre, the most peopled one, were considered, and 72 patients
(39men, 33women;mean age 68 ± 13, range 33–89 years) were
originally enrolled. According to PIXEL’s study protocol, pa-
tients free of liver metastases and chronic liver diseases (n = 70)
were eligible for this study. Patients who received chemotherapy
or who underwent cancer colorectal surgery before undergoing
liver CTp were not enrolled. Exclusion criteria for this ancillary
study were an incorrect field of view preventing perfusion anal-
ysis on liver (n = 3) and a poor image quality caused by the
presence of noise (n = 3), artefacts (n= 3), or heavy patient mo-
tion (n = 2). Finally, a total number of 59 patients (34 men, 25
women; mean age 68 ± 12, range 36–89 years) were included in
this study (Fig. 1).

Acquisition protocol

All the patients enrolled underwent CTp, carried out using a
64-slice multidetector CT scanner (LightSpeed VCT; GE
Healthcare). First, an unenhanced helical CT abdominal scan
was performed to localise the portal trunk. Then, an axial CTp
acquisition was carried out on the identified region, with pa-
tient in the supine feet-first position. During the entire scan
sequence, patients were asked to breathe slowly and superfi-
cially to limit motion artefacts. Acquisition parameters used
for CTp acquisition are reported in Table 1.

Data preparation

Starting from the original CTp examination acquired (Ea), 15
delayed examinations (Eτ, with delay τ varying between 1 and
15 s) were created for each patient, progressively disregarding
the first 15 scans to simulate different scan delays (Fig. 2), yield-
ing a total of 944 examinations. To avoid taking advantage from
samples unavailable in a protocol designed for the maximum
slope, we stopped our virtual acquisitions at 65 s (i.e. considering
the first 42 CT scans), roughly corresponding to 5–10 s after the
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arterial first pass. As the maximum slope method we used is
more sensitive to others to baseline length reduction, we think
that our results could be used to other techniques. In fact, differ-
ently from the other methods, it exploits only the first portion of
the TCC (i.e. the first pass) to compute perfusion parameters,
thus suffering more the lack of baseline samples. Finally, ROIs
for aorta, portal vein, spleen, and liver were drawn as large as
possible on a reference slice of each Ea and used for each Eτ of
the same patient as well. An extended explanation is available in
BSupplementary Materials^.

Data processing and analysis

The 3D motion correction method described in [28] was ap-
plied on each Ea to improve data quality. Afterwards, three

averaged TCCs were extracted from aorta, portal vein, and
spleen ROIs. Instead, voxel-based TCCs drawing out from
the tissue ROI were fitted by exploiting a sigmoidal-shaped
curve based on the Hill’s equation [29]. Finally the maximum
slope method, a very popular method for hepatic CTp studies
[2], was applied to compute single- and dual-input blood flow
(BF, ml/min/100 g) and hepatic perfusion index (HPI, %). In
particular, the single-input BF was calculated on each of the
944 examinations, while arterial BF (aBF), portal BF (pBF),
total BF (tBF), and HPI were computed in the 768 examina-
tions of the 48 patients where portal vein and spleen were both
visible [27, 30]. The perfusion results were displayed using
colorimetric maps. Details on perfusion value calculation can
be found in BSupplementary Materials^.

Result assessment

For each of the 944 examinations, the median perfusion value
of each parameter was calculated and, for each delay τ, re-
sumed through their respective median and interquartile
range. Then, in order to quantitatively assess the effects of
introducing a non-zero delay τ on CT scans, the perfusion
values calculated on the acquired examination Ea and on each
delayed examination Eτ were compared. The analysis was
carried out at both patient level, to perform a detailed analysis
of the effects of delay, and cohort level, to provide averaged
resuming indicator values.

First of all, for each patient, the absolute (ADP) and per-
centage (PDP) differences between perfusion values calculat-
ed on Ea and each Eτ were computed and, again, summarised
through their median and interquartile range. The correlations
between each couple of perfusionmaps arising fromEa and Eτ

of the same patient were calculated by means of Pearson’s
correlation coefficient (ρ).

Table 1 Acquisition protocol parameters. Contrast media protocol and
scan parameters related to CTp acquisition

Parameter Value

Scan width (mm) 40

Slice thickness (mm) 5

Total number of scans 60

Scan delay (s) 0

Cycle time for the first 30 scans (s) 1

Cycle time for the last 30 scans (s) 3

Total acquisition time (s) 120

Tube voltage (kV) 80

Tube current (mA) 100

Exposure (mAs) 100

Contrast media dosage (ml) 40

Iodine concentration (mgI/ml) 350

Contrast media flow (ml/s) 4

CTp PIXEL examina�ons enrolled
in our Ins�tu�on (n=72)

Not-included CTp examina�ons (n=2)
- Presence of liver metastases (n=2)

Excluded CTp examina�ons (n=11)
- Incorrect field of view (n=3)
- Image noise (n=3)
- Image artefacts (n=3)
- Pa�ent mo�on (n=2)

CTp examina�ons eligible for this 
study (n=70)

CTp examina�ons included in this 
study (n=59)

Fig. 1 Flowchart of study
enrolment
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Thereafter, comparisons between perfusion results were
carried out at cohort level. In particular, for each patient and
perfusion parameter, absolute (ADC) and percentage (PDC)
differences between the median perfusion values calculated
on Ea and Eτ were computed and resumed through median
and interquartile range values.

Statistical analysis

In order to favour the clinical translation of results, besides
testing whether median absolute and percentage differences
between Ea and each Eτwere different from zero, we also tested
to what extent they differ, that is, whether they were significant-
ly lower than an integer number N. The one-tail paired
Wilcoxon signed-rank test was repeatedly applied to test each
ADP and ADC on a 20-point scale (i.e. N = [1 ÷ 20]) of perfu-
sion units (p.u., so defined such as to include variations of
perfusion parameters having different measurement units, that
is Bml/min/100 g^ for BF, aBF, pBF, and tBF and B%^ for HPI)
and each PDP and PDC on the percentage scale (N = [1 ÷ 100]).
All the statistical tests were performed by using IBM® SPSS®

Statistics 23.0 (IBM Corp.), where p value ≤ 0.05 is considered
for statistical significance.

Radiation dose analysis

We quantitatively evaluate the benefit for patients in terms of
dose reduction through using three widely used radiation dose
indicators, i.e. the dose length product (DLP, mGy/mAs), the
effective dose (ED, mSv), and the CT dose index (CTDIvol,
mGy), which also consider the number of CT scans acquired.
DLP, ED, and CTDIvol were computed for each examination
following the European guidelines [31] (see BSupplementary

Materials^ for further details), while the radiation dose saved
(RDS, in percentage) by introducing the delay τ was calculat-
ed for each Eτ according to Eq. 1:

RDS ¼ jτ
j
⋅ 100 ð1Þ

where jτ is the number of acquisitions saved during τ and j is
the number of CT scans considered (here, 42).

Results

Cohort-based analysis

Table 2 reports median and interquartile range of median per-
fusion values of each examination referred to the whole cohort
of patient’s obtained for Ea (i.e. with no delay).

Median perfusion ADC, PDC, and ρ values obtained for
each τ are reported in Table 3. As τ increases, both perfusions
ADc and PDc increase, while correlation between perfusion
values computed on the delayed examinations and the original
data acquired decreases. However, global median ADC are all
below 1 (aBF), 2 (single-input BF and HPI), or 3 p.u. (pBF
and tBF), independently of delay τ, except for pBF with τ = 14
and τ = 15 s. Instead, global median PDC are always lower
than 10% and, in particular, below 4% (tBF), 6% (BF and
pBF), 9% (aBF), and 10% (HPI). Concerning correlation, it
was always high (ρ > 0.90) except for HPI with τ ≥ 12 s.

Patient-based analysis

The voxel-based analysis carried out for each patient shows
that median perfusions ADP and PDP gradually increase

0 1 2 3 4 5 6 7 8 59 62 65 Time (s)

0 1 2 3 4 5 6 7 8 59 62 65 Time (s)

0 1 2 3 4 5 6 7 8 59 62 65 Time (s)

(a)

(b)

(c)

τ=0s

τ=1s

τ=4s

Fig. 2 Blue vertical lines
represent CT scans performed to
obtain Ea (a) and two simulated
Eτ achieved by introducing a
delay of 1 s (b) and 4 s (c)
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according to the scan delay τ (i.e. the baseline shrinks), as
expected. Conversely, increasing τ causes a decrease of corre-
lation ρ, between Ea and Eτ, for all perfusion parameters.
These trends are depicted in Fig. 3 referring to a sample pa-
tient (ID4), showing the median ADP (a), PDP (b), and ρ (c)
values obtained for each perfusion parameter, as τ varies.

Results of the patient-based statistical analysis are
summarised in Fig. 4. Here, for each τ, the highest statistically
significant ADP (Fig. 4a) and PDP (Fig. 4b) found in at least one
patient are reported for each perfusion parameter. For instance,
considering τ = 7 s, a maximum ADP of 2 p.u. has been ob-
served in at least one patient for both tBF and pBF. Instead,
ADP of maximum 1 p.u. have been found for aBF and HPI,
while single-input BF has not shown significant ADP in any
patient. In practice, the delays in Fig. 4 can be grouped accord-
ing to the vertical dashed lines into three different Bbehaviours^

of ADP and PDP, whether they keep low and stable (τ ≤ 4 s),
slowly (5 s ≤ τ ≤ 9 s), or rapidly increase (τ ≥ 10 s).

A practical example of the effects of introducing a scan
delay of the second group (τ = 9 s) on perfusion parameters
is reported in Fig. 5, which shows the couples of colorimetric
maps computed on Ea (a–e) and Eτ (τ = 9 s) (f–j) for patient
ID35, the one showing the highest ADP. For each parameter,
perfusion is characterised by practically the same pattern, with
excellent correlation (ρ ≥ 0.90) for BF, aBF, pBF, and tBF.
Here, the main differences are the hyper-perfused regions,
which are more extended in the Bdelayed^ maps (Fig. 5f–i).
Nonetheless, the maximum ADP for BF, aBF, pBF, and tBF is
equal to 1, 1, 3, and 4 ml/min/100 g, respectively. HPI is the
perfusion parameter showing the lowest (although quite high)
correlation (ρ = 0.70). Its colorimetric maps mainly differ in
the areas with low perfusion as those calculated with delay

Table 3 Comparison between perfusion results obtained with varying
scan delays and no scan delay. Overall median values for ADC, PDC, and
ρ at different delays τ, referring to BF, aBF, pBF, tBF, and HPI. BF blood
flow, aBF arterial blood flow, pBF portal blood flow, tBF total blood flow,

HPI hepatic perfusion index, ADC cohort-oriented absolute differences,
PDC cohort-oriented percentage differences, ρ Pearson’s correlation
coefficient, τ delay

Perfusion parameter (median) τ (s)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

BF ADC (ml/min/100 g) 0.05 0.09 0.15 0.17 0.31 0.37 0.45 0.56 0.65 0.78 0.76 0.90 1.01 1.33 1.75

PDC (%) 0.18 0.33 0.49 0.65 0.94 1.17 1.46 1.84 2.09 2.47 2.91 3.45 3.97 4.70 5.49

ρ 1.00 1.00 0.99 0.99 0.99 0.99 0.98 0.98 0.98 0.97 0.97 0.96 0.94 0.94 0.92

aBF ADC (ml/min/100 g) 0.03 0.06 0.07 0.12 0.16 0.20 0.28 0.38 0.36 0.41 0.47 0.57 0.80 0.93 0.99

PDC (%) 0.26 0.42 0.68 0.95 1.31 1.59 1.99 2.59 3.01 3.47 4.18 5.07 5.99 7.02 8.54

ρ 1.00 1.00 0.99 0.99 0.99 0.99 0.98 0.98 0.98 0.97 0.97 0.96 0.95 0.93 0.92

pBF ADC (ml/min/100 g) 0.11 0.21 0.34 0.43 0.64 0.94 0.93 1.27 1.39 1.48 1.91 2.21 2.58 3.23 4.03

PDC (%) 0.16 0.28 0.44 0.63 0.88 1.09 1.31 1.67 1.94 2.28 2.68 3.17 3.74 4.37 5.25

ρ 1.00 1.00 0.99 0.99 0.99 0.99 0.98 0.98 0.98 0.97 0.97 0.96 0.95 0.94 0.93

tBF ADC(ml/min/100 g) 0.07 0.14 0.20 0.34 0.44 0.54 0.59 0.78 0.92 0.93 1.17 1.27 1.33 1.98 2.16

PDC (%) 0.11 0.19 0.30 0.46 0.65 0.80 0.96 1.19 1.40 1.64 1.91 2.24 2.62 3.02 3.50

ρ 1.00 1.00 1.00 1.00 1.00 0.99 0.99 0.99 0.99 0.98 0.98 0.98 0.97 0.97 0.96

HPI ADC (a.u.) 0.02 0.05 0.08 0.09 0.17 0.21 0.28 0.33 0.38 0.40 0.57 0.74 0.86 0.95 1.19

PDC (%) 0.27 0.46 0.81 1.04 1.42 1.79 2.28 2.88 3.33 3.90 4.65 5.62 6.64 7.83 9.61

ρ 1.00 0.99 0.99 0.98 0.98 0.97 0.96 0.95 0.94 0.93 0.91 0.89 0.86 0.85 0.82

Table 2 Perfusion values obtained with no scan delay. Perfusion
parameters with their median (IQR) values for the acquired
examinations are reported, together with the number of patients for

which those parameters were computed. BF blood flow, aBF arterial
blood flow, pBF portal blood flow, tBF total blood flow, HPI hepatic
perfusion index, IQR interquartile range

Perfusion parameters Perfusion values (median (IQR)) Number of patients

BF (ml/min/100 g) 32.8 (27.4 ÷ 42.3) 59

aBF (ml/min/100 g) 23.0 (16.0 ÷ 30.6) 48

pBF (ml/min/100 g) 92.0 (74.4 ÷ 105.0) 48

tBF (ml/min/100 g) 112.5 (98.5 ÷ 135.6) 48

HPI (%) 21.6 (16.0 ÷ 25.1) 48
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(Fig. 5j) are larger and slightly lower in value than from Ea

(Fig. 5e). Accordingly, HPI ADP = 0.11 p.u. is very low
(p value < 10−6), practically negligible.

Radiation dose

Table 4 shows DLP, ED, and CTDIvol values computed for
different scan delays τ together with the RDS as compared
with Ea. With the protocol used in this work, each second of
delay τ introduced allows saving 2.38% radiation dose.

Discussion

Reducing the number of CT volumes acquired by introducing a
scan delay at the beginning of the acquisition, perfusion param-
eter accuracy decreases as scan delay increases, for single pa-
tients and the whole cohort as well. pBF and tBF are the param-
eters with the highest ADP. However, as they are the highest
perfusion values, they have the lowest PDP. Conversely, aBF
and HPI have the highest PDP, but their lowest perfusion values

yield the lowest ADP. As far as BF is concerned, it shows the
same lowADP values as aBF andHPI (Fig. 4a) and the same low
PDP value as pBF and tBF (Fig. 4b).

The effects of the delays τ on perfusion parameters are clear at
both patient and cohort levels. However, to select the best τ to use
in a specific acquisition protocol, we suggest focusing on the
patient level, able to emphasise the local heterogeneities [32]
and hence more suitable for clinical purposes. In fact, the cohort
analysis, the preferred and often the only analysis carried out in
many CTp studies, dims the variations observed in single pa-
tients. To this purpose, the graphs of Fig. 4 are useful to select
the most relevant delay. In the τ ≤ 4 s group, no significant
ADP > 1 p.u. and PDP > 3% were reported. Therefore, by intro-
ducing a scan delay of 4 s, it is possible to attain up to RDS=
9.5%, without affecting accuracy. Conversely, if τ is ≥ 10 s, far
lower radiations can be administrated to patients (up to RDS=
35.7%), but only BF, aBF, and HPI keep an acceptable accuracy.
Finally, if τ is between 5 and 9 s, a significant RDS can be
achieved (up to 21.4%), with BF, aBF, and HPI having ADP

≤ 1 p.u. and tBF and pBF with PDP < 6%. All these consider-
ations suggest considering a delay of 9 s.
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Fig. 3 Median ADP (a), PDP (b), and ρ (c) values measured for BF (black asterisk), aBF (blue plus), pBF (green rhomb), tBF (magenta cross), and HPI
(cyan circle) maps of a sample patient (ID4), as τ varies
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Our results are in good agreement with other studies [17, 18]:
by diminishing the number of acquired volumes, it is possible to
save radiation dose, but at the expense of higher perfusion vari-
ations. In particular, one study [18] analysing the effects of stop-
ping the acquisition earlier highlights that perfusion parameters
are better estimated if a longer acquisition is used. Indeed, the
authors considered the single-input BF values were within a
satisfactory confidence level only for acquisitions lasting at least
160 s. This is achieved by avoiding the last three samples and
allows RDS= 5% (with ED decreasing from 28 to 26.6 mSv),
yielding an ADC = 1 ml/min/100 g. Instead, by using our ap-
proach and delaying the acquisition by τ = 9 s, it is possible to
achieve RDS = 21.4% (with ED decreasing from 10.3 to
8.1 mSv), with single-input BF ADC< 1 ml/min/100 g. With a
different approach, one study tested the effect on single-input BF
(computed with maximum slope) of increasing time between
consecutive scans at different exposures [17]. The authors found
that by increasing the time interval between consecutive scans,
from 1 to 2 s or 4 s, it was possible to achieve RDS up to 50%
and 75%, respectively. By acquiring only one volume every 4 s
at 100 mAs (the same exposure as in our study), CTDIvol de-
creases from 1.76 to 0.44 mGy, but introducing a very high BF
ADC= 5.7 ml/min/100 g. With 400 mAs, sampling one volume

every 2 s and 4 s yields ADC of 0.5 ml/min/100 g and 4.1 ml/
min/100 g, but with CTDIvol of 3.54 mGy and 1.77 mGy, re-
spectively. Instead, by using our approach and delaying the ac-
quisition of 9 s, BF ADC is similar, with CTDIvol of only
1.35 mGy.

There are mainly three limitations to this study. First, the
results could be different if perfusion parameters were computed
by different methods than maximum slope. However, the chosen
model is themost sensitive to baseline shortening since it exploits
only the first TCCs’ portion [14]; therefore, we expect that per-
fusion parameters computed with other methods would show
lower variations, or at the most similar, as compared with max-
imum slope. Second, the absolute outcome could vary when
using different scan parameters or contrast agent administration
rate, although the percentage of RDS remains unchanged.
Finally, these results were not tested on patients with chronic
liver disease and cannot necessarily apply to this population.

In conclusion, reducing acquisition scan duration by
delaying the beginning of CTp acquisition allows significant
radiation dose saving, while maintaining an acceptable accu-
racy. Using delay lower than 4 s conveys unnecessary radia-
tion dose. With a delay of 9 s, 21.4% of radiation dose can be
saved with an acceptable reduction in accuracy.

(a) (b) (c) (d) (e)

(j)(f ) (g) (h) (i)
Fig. 5 Colorimetric maps of BF (a, f), aBF (b, g), pBF (c, h), tBF (d, i), and HPI (e, j) computed for patient ID35 on its Ea (a–e) and its Eτ (f–j), obtained
with a τ = 9 s

Table 4 Radiation dose for different scan delays. DLP, ED, CTDIvol,
and RDS for increasing values of the scan delay τ. Columns 0–4, 5–9, and
10–15 refer to the same three regions highlighted in Fig. 4a. DLP dose

length product, ED effective dose, CTDIvol volumetric CT dose index,
RDS radiation dose saved, τ delay

Radiation dose τ (s)

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

DLP (mGy cm) 685.4 669.1 652.8 636.5 620.2 603.8 587.5 571.2 554.9 538.6 522.2 505.9 489.6 473.3 457.0 440.6
ED (mSv) 10.3 10.0 9.8 9.5 9.3 9.1 8.8 8.6 8.3 8.1 7.8 7.6 7.3 7.1 6.9 6.6
CTDIvol (mGy) 1.71 1.67 1.63 1.59 1.55 1.51 1.47 1.43 1.39 1.35 1.31 1.26 1.22 1.18 1.14 1.10
RDS (%) 0.0 2.4 4.8 7.1 9.5 11.9 14.3 16.7 19.0 21.4 23.8 26.2 28.6 31.0 33.3 35.7
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