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Abstract

AIM

To examine effects of computed tomography (CT)
image acquisition/reconstruction parameters on clot
volume quantification /n vitro for research method
validation purposes.

METHODS

This study was performed in conformance with HIPAA
and IRB Regulations (March 2015-November 2016). A
ten blood clot phantom was designed and scanned on
a dual-energy CT scanner (SOMATOM Force, Siemens
Healthcare GmBH, Erlangen, Germany) with varying
pitch, iterative reconstruction, energy level and slice
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thickness. A range of clot and tube sizes were used
in an attempt to replicate /7 vivo emboli found within
central and segmental branches of the pulmonary
arteries in patients with pulmonary emboli. Clot volume
was the measured parameter and was analyzed by a
single image analyst using a semi-automated region
growing algorithm implemented in the FDA-approved
Siemens syngo.via image analysis platform. Mixed
model analysis was performed on the data.

RESULTS

On the acquisition side, the continuous factor of energy
showed no statistically significant effect on absolute
clot volume quantification (# = 0.9898). On the other
hand, when considering the fixed factor of pitch, there
were statistically significant differences in clot volume
quantification (P < 0.0001). On the reconstruction
side, with the continuous factor of reconstruction slice
thickness no statistically significant effect on absolute
clot volume quantification was demonstrated (P =
0.4500). Also on the reconstruction side, with the fixed
factor of using iterative reconstructions there was also
no statistically significant effect on absolute clot volume
quantification (P = 0.3011). In addition, there was
excellent R’ correlation between the scale-measured
mass of the clots both with respect to the CT measured
volumes and with respect to volumes measure by the
water displacement method.

CONCLUSION

Aside from varying pitch, changing CT acquisition para-
meters and using iterative reconstructions had no
significant impact on clot volume quantification with a
semi-automated region growing algorithm.

Key words: Computed tomography angiography;
Radiographic phantom; Computer-assisted image
analysis; Pulmonary embolism; Thrombolytic therapy

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This /n vitro study showed that with the
exception of pitch, varying the computed tomography
pulmonary angiography image acquisition parameters
and using iterative reconstructions had no significant
impact on clot volume quantification when using
a semi-automated region growing algorithm. This
finding is applicable to validating core lab analysis
in multicenter clinical trials with imaging endpoints,
where a wide range of acquisition and reconstruction
parameters are used.

Kaufman AE, Pruzan AN, Hsu C, Ramachandran S, Jacobi A,
Fayad ZA, Mani V. Effect of varying computed tomography
acquisition and reconstruction parameters on semi-automated
clot volume quantification. World J Radiol 2018; 10(3): 24-29
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INTRODUCTION

Pulmonary embolism (PE) occurs in greater than one
third of patients with deep venous thrombosis, and
together the two disease states are termed venous
thromboembolism™. In the United States, venous
thromboembolism occurs with an average annual
incidence of greater than 275000 among white people
of predominantly European ancestry and African
Americans combined™. With its high mortality rate, PE
represents the most significant sequela of deep venous
thrombosis®®*.

In clinical practice, computed tomography (CT)
Pulmonary Angiography (CTPA) is commonly performed
as it has been shown to help with risk stratification
of PEP”. Clot burden is not used as a diagnostic
or prognostic tool in clinical practice. However,
quantification of clot burden is used in research to
assess the efficacy, potency and optimal duration of
pharmaceuticals such as thrombolytics'™.

In vivo quantification of clot burden can be
performed using CTPA and segmenting the non-
enhanced thrombus using semi-automated region
growing algorithms™. The effects of various imaging
parameters both on the CT acquisition side (energy,
pitch) as well as reconstruction side (slice thickness,
iterative reconstruction) on the quantification of
pulmonary embolism measurements have not been
studied extensively. Thus, the purpose of this study is
to examine the effects of varying CT image acquisition
and reconstruction parameters on the quantification
of clot volumes in vitro with the goal of solidifying this
method as a means of measuring in vivo thrombus
volume in PE. This study has not been performed for
clinical diagnostic or primary therapeutic purposes, but
rather the sole intention of this study is for research
purposes where clot burden and its change over time
are utilized as endpoints in clinical drug trials. There is
value in determining this because in multicenter clinical
trials involving imaging endpoints there can be great
variability in methods of acquisition and reconstruction.
The overall objective is to confirm viability of this method
in multicenter clinical pharmaceutical trials where site-
to-site variability in parameters is common.

MATERIALS AND METHODS

Ten clots of varying sizes were created in test tubes
by allowing venous blood to coagulate by exposure to
air. The purpose of making ten clots was to replicate
various sized emboli found in vivo. Each clot was
weighed on a laboratory precision scale and assessed
for volume using the water displacement method
and graduated cylinders. The clots were imaged in
Falcon tubes and test tubes of varying diameters filled
with a diluted solution of Isovue 370 (1:25 volume in
saline to simulate typical Hounsfield units of blood in
pulmonary arteries after injection of iodinated contrast
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Figure 1 Photograph of 10 blood clot phantom (A); Volume rendered 3D
reconstructed CT image of 10 blood clot phantom (B); Coronal CT images
of ten blood clot phantom showing in (C) clots numbered 4, 6, 8 and 10, in
(D) clots numbered 3, 5, and 7 and in (E) clots numbered 1, 2 and 9.

in a CTPA scan). All 10 clots in the tubes were scanned
simultaneously on a Siemens Force dual energy CT
scanner (SOMATOM Force, Siemens Healthcare GmBH,
Erlangen, Germany) using various image acquisition and
reconstruction parameters. Figure 1 shows an image
of the clots in the tubes and corresponding sample CT
and Table 1 demonstrates details of the acquisition and
reconstruction parameters.

Analyst 1 (AEK, a board certified diagnostic radio-
logist with six years clinical experience) identified
the 10 individual clots within their respective tubes
within each of the 120 acquisitions. The clot volume
was the measured parameter. Each clot was analyzed
using a semi-automated region growing algorithm
implemented in the FDA approved Siemens syngo.via
image analysis platform. This region growing algorithm
is similar to what has been used in previous studies for
quantification of PE clot volume™ and is also based on
the methods shown in the following papers™®*?. A total
of 1200 volume measurements were made. The results
of the volume water displacement method (with an
average of 5 measurements per clot) were used as the
gold standard comparison with the CT volume data.

A mixed model statistical method was used to
analyze the in vitro data. The discrete factors were pitch
(0.6, 0.9, 1.2) and the Siemens Advanced Modeled
Iterative Reconstruction known as ADMIRE (Yes/No).
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Table 1 Clot scan parameters

Energy (kVp) Pitch Slice thickness (mm) Recon kernel ADMIRE

80 0.6 0.6 Bv36 On
90 0.9 1 Off
100 1.2 1.5

110 2

120

kVp: Peak kilovoltage; Bv: Body vascular; ADMIRE: Siemens Advanced
Modeled Iterative Reconstruction.

The energy level in kVp (80, 90, 100, 110, 120) and
slice thickness in millimeters (0.6, 1, 1.5, 2) were set as
continuous factors. The volume of the clots themselves
was set as a random factor.

Analysis of the in vitro study was performed using
SAS/STAT software, Version 9 of the SAS System
for Windows. ©2013, SAS Institute Inc. SAS and all
other SAS Institute Inc. product or service names are
registered trademarks or trademarks of SAS Institute
Inc., Cary, NC, United States. All plots were drawn using
GraphPad Prism 7 for Mac, GraphPad Software, San
Diego California, United States, www.graphpad.com.

RESULTS

Analysis of Clot 10 is shown as an example in Figure 2
which illustrates the effects of the varying acquisition
and reconstruction parameters on quantification of clot
volume. In each graph displayed, the y-axis shows
the difference between the measured volume and the
gold standard volume for Clot 10. The x-axis shows
the effect of varying the following: (1) Energy/pitch;
(2) energy/slice thickness; (3) slice thickness/pitch;
(4) energy/ADMIRE; (5) pitch/ADMIRE; and (6) slice
thickness/ADMIRE respectively. The complete analysis
of all ten clots is available in supplementary figures 1-6.

Overall statistical analysis of the raw clot volume
data revealed no statistical significance among the
levels for the fixed factor of ADMIRE (P = 0.3011) nor
for the continuous factors of energy (P = 0.9898) and
slice thickness (P = 0.4500). There was, however,
statistical significance found among the levels for the
fixed factor of pitch (P < 0.0001).

The correlation between the independent measure-
ments of the mass of the clots in grams vs the mean
CT acquired volumes in cubic centimeters appears in
Figure 3 with an excellent R? correlation value of 0.9956.
Additionally, the correlation between the independent
measurements of the mass of the clots in grams vs the
volume by physical measurements in cubic centimeters
(average of 5 measurements) appears in Figure 4 with
an excellent R? correlation value of 0.9987.

DISCUSSION

In this in vitro study, we assessed the effect of a variety
of image acquisition and reconstruction parameters

March 28, 2018 | Volume 10 | Issue 3 |
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Figure 2 Box plots showing the difference between the segmented volume and the mean measured (gold standard) volume for Clot 10 as it relates to the
following acquisition and reconstruction parameters. A: Energy and pitch; B: Energy and slice thickness; C: Slice thickness and pitch; D: Energy and Siemens
Advanced Modeled Iterative Reconstruction (ADMIRE); E: Pitch and ADMIRE; F: Slice thickness and ADMIRE.

3.0
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Scale Mass of Clots 1 to 10 (g)

Figure 3 Correlation between scale measured mass vs computed
tomography acquired volume of 10 clots with an excellent R? correlation
value of 0.9956.

on volumetric measurements using a phantom of ten
separate blood clots. We used a range of clot and tube
sizes in an attempt to replicate in vivo emboli found
within central and segmental branches of the pulmonary
arteries. The results of our in vitro phantom study
showed that varying the parameters of slice thickness,
energy and ADMIRE caused no statistically significant
differences in measured volumes for all clots in the raw
data analysis. However, varying the pitch demonstrated
statistical significance, specifically that volumes provided
higher estimates for pitch = 0.9 compared to pitch =
0.6 or 1.2. Although this may relate to limitations in the
accuracy of our gold standard, it is recommended to
give protocol guidance to sites to insure accuracy and
repeatability in embolus volume measurements.
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Figure 4 Correlation between scale measured mass vs volume by
physical measurement (cm®) (average of 5 measurements) of 10 clots with
an excellent R’ correlation value of 0.9987.

Radiation dose (tube current-time product in
milliampere seconds) is also inversely related to the
pitch. This may indicate that changing the tube current
and/or using dose modulation may also have an effect
on the quantification of thrombus volume. This effect
was however not explicitly tested and is one of the
limitations of our study'?. With a thorough search
of PubMed (using key words pulmonary; emboli;
PE; impact; energy; kV; CT; volume; quantification;
measurement; reconstruction; density; iterative; angio;
effect; Hounsfield; scan) looking at the impact of scan
and reconstruction settings as they relate to pulmonary
emboli, there was one study of note performed by
Ogden et a'* which showed that varying the strength
of iterative reconstruction causes very little measurable
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effect on density measurement values for varying
concentrations of iodine regardless of beam energy.
This is applicable to the present study as the semi-
automated region growing algorithm in Siemens syngo.
via image analysis platform creates volumetric masks
using region growing based on density measurement
values.

Aside from the pitch setting, the in vitro study
showed no significant impact on clot volume quanti-
fication. This result indicates that measurement of clot
volumes using semi-automated analysis may be robust
across a range of image acquisition and reconstruction
parameters that may typically be used at various
imaging centers in a multicenter study with adequate
control for pitch.

Our study showed reasonable correlation of actual
clot weights vs volumes measured using CT derived
values with R* = 0.9956 (Figure 3) and independently
using the gold standard with R* = 0.9987 (Figure 4). It
should be noted however that the displacement method
for measuring clot volumes in vitro is challenging and
subject to errors of measurement. Additionally, we
compared the individual clot volumes with the mean
of the total CT acquired clot volumes for each clot in
supplementary figures 7-12. In this scenario, none of
the imaging parameters including pitch showed any
significant effect on volumetric quantification further
strengthening the possibility that the results for pitch
being a factor in volume quantification could be due to
inaccurate gold standard clot volume measurements.

Limitations of the study included the failure to
use a “human thorax” phantom, which would have
introduced a varying degree of scatter radiation that
would have possibly affected the images and thus
measurement accuracy. An additional limitation involves
some degree of imprecision of the water displacement
volume analysis of the 10 clots. Also, although we
applied multiple variables including energy, pitch and
reconstruction methods and used a range of clot sizes,
other variables were not included such as additional
reconstruction methods.

In conclusion, the in vitro data showed that with the
exception of pitch, varying the CTPA image acquisition
parameters and using iterative reconstructions had no
significant impact on clot volume quantification.

ARTICLE HIGHLIGHTS

Research background

Pulmonary embolism is a common and serious medical problem often evaluated
using computed tomography (CT) pulmonary angiography. In the clinical setting
the disease course is not followed by embolic volume measurements; however
in clinical pharmaceutical trials, measuring embolic load is useful to assess for
drug efficacy, potency and optimal duration of treatment. Volume measurements
can be made using semi-automated region-growing techniques and the goal of
this study was to assess the accuracy of these measurements.

Research motivation
Our Core Research Imaging Lab group specializes in cardiovascular disease.
Frequently we analyze data coming from multiple outside radiology centers
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where imaging protocols often vary from one site to another. To assess the
validity of region growing volume measurements in CT pulmonary angiography,
we devised this study to assess for significant differences in results with
changes in acquisition and reconstruction of images that often occur in
multicenter studies such as the ones in which we participate.

Research objectives

The overall goal was to validate the imaging assessment methods used in
multicenter clinical trials evaluating treatment options for pulmonary embolism
using CT angiography.

Research methods

In this study ten blood clots were made and each clot was weighed on a
laboratory precision scale and assessed for volume (the gold standard) using
the water displacement method in graduated cylinders. Volume measurements
were made on CT images of the blood clots in test tubes. The CT images
were obtained with varying acquisition and reconstruction parameters and the
clots were placed in diluted contrast material to simulate pulmonary emboli
as they would appear in a CT angiogram. A single image analyst made the
measurements using a semi-automated region growing algorithm using FDA-
approved Siemens syngo.via image analysis platform. A mixed model statistical
analysis was performed on the data.

Research results

Overall the study showed that varying the image acquisition parameters
and using iterative reconstructions had no significant impact on clot volume
measurements with, however, the exception of pitch.

Research conclusions

The new findings of this study are that varying the image acquisition
parameters and reconstructions did not have a significant impact on clot volume
measurements, with the exception of pitch. In terms of pitch, pitch = 0.9 yielded
higher volume measurements than with pitch = 0.6 or 1.2. This could be due
to limitations in the accuracy of our gold standard, yet it is recommended to
give pitch protocol guidance to sites for accuracy and repeatability in volume
measurements. The present study confirms and validates research methods
currently in use. The study found that using data acquired in the multicenter
setting is viable for volume assessment of pulmonary emboli in pharmaceuticals
research and thus, has an important impact on the development of therapies for
this common and severe medical problem.

Research perspectives

Our findings indicate that care must be taken when evaluating data from
multiple centers while evaluating thrombus volume in pulmonary embolism and
appropriate corrections made for differences in acquisition and reconstruction
across the multiple sites. Future research can evaluate more imaging
parameters such as tube current used for its role on pulmonary embolism
thrombus volume quantification.
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