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Purpose: Retrospective evaluation and comparison of image quality generated by low-dose
computed tomography (LDCT) from obese patients with urolithiasis using alternative recon-
struction algorithms.

Materials and methods: Twenty-five obese patients (body mass index [BMI]>25 kg/m?)
underwent LDCT scans for suspected urolithiasis. The scans were recompiled using filtered-
back projection (FBP), statistical iterative reconstruction (iDose) and iterative model-based
reconstruction (IMR). Dose-length product (DLP) and patient details were obtained from the
CT dose report and clinical charts, respectively. Objective image noise was assessed by
measuring the SD of Hounsfield units (HUs) in defined locations. Additionally, subjective
image evaluation was independently performed by two radiologists using a 3-point Likert
scale. The inter-reviewer agreement of image quality was calculated.

Results: Ureteral concretions were observed in all CT scans, two of which revealed bilateral
stones. The assessed patients’ mean BMI was 29.29+3.74 kg/m?, and the DLP of the CT
scans was 100.04+£10.00 mGy*cm. All scans were rated diagnostic with the iDose and
iterative model-based reconstructions, whereas 41% of the scans performed with FBP
reconstruction were nondiagnostic. With respect to image quality, IMR was superior to
iDose and FBP, both in the objective (P<0.001) and overall subjective (P<0.008) evaluation
of the respective data sets. The inter-reviewer agreement for overall image quality was
“almost perfect” for IMR, “substantial” for iDose and “moderate” for FBP (x values of
1.0, 0.6 and 0.46, respectively).

Conclusion: Using iterative image reconstruction algorithms, LDCT of urolithiasis is
feasible in overweight patients with a BMI between 25 and 35 kg/m”. Due to higher
image quality, IMR is the preferred algorithm for scan reconstruction as it may help to
avoid repeated examinations due to initial nondiagnostic scans.

Keywords: low-dose computed tomography, model-based iterative reconstruction, statistical
iterative, urolithiasis, obesity

Background

Urolithiasis is a common disease with increasing incidence, prevalence and reoc-
currence in industrialized countries. The rise in renal stone disease is particularly
evident in younger patients and is primarily due to factors such as overconsumption
of food, sedentary lifestyle, increased fructose intake and reduced physical activity.'
Statistics reveal that up to 12% of the population will contract a urinary stone
during their lifetime, with recurrence rates amounting around 50%.% Fifty-five
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percent of patients with recurrent stones have a family
history of urolithiasis.> Consequently, these patients have
a three-fold risk of developing stones.* Epidemiological
studies have revealed that the incidence of stone risk may
rise with increasing body mass index (BMI).!

With a sensitivity of 95-96% and a specificity of
97-100%, an unenhanced computed tomography (CT) scan
of the abdomen and pelvis is considered a state-of-the-art
method to confirm or eliminate suspected urolithiasis in
symptomatic patients.” ’ As diagnosis by CT has become
more widespread, radiation dose in patients has become
a major concern.® '® Consequently, attention has recently
been directed to using low-dose CT protocols in order to
reduce the effective radiation dose administered to the
patient.® These low-dose scans have been increasingly imple-
mented in routine clinical investigations to diagnose urinary
calculi. Moreover, ultra-low-dose CT protocols (ULDCT)
with effective doses <1 millisievert (mSv) have been evalu-
ated in several studies and have shown promising results.”'
For individuals with high BMI scores, low-dose CT imaging
is often restricted because of excessive image noise. Even
when using high radiation doses, accurate diagnosis of
urolithiasis is often difficult in overweight and obese
patients."!

In order to address the increasing concern of cancer
risk through multiple CT procedures, combined with the
difficulties associated with scanning obese patients using
standard filtered-back projection (FBP), several CT image
reconstruction algorithms have been developed and imple-
mented across a range of clinical scenarios.'''* These
include statistical iterative reconstruction algorithms and
the more recent model-based iterative reconstruction algo-
rithms. Statistical iterative reconstruction algorithms per-
form multiple repetitions to reduce image noise and
improve the signal-to-noise ratio of raw CT data. In con-
trast, model-based iterative reconstruction algorithms use
the statistical model of noise and in addition the geometry
of the acquisition process, including voxel volumes of the
scanned object. By increasing the signal-to-noise ratio,
both processes have led to significant improvements in
image quality in normal-weight and obese patients at
reduced radiation doses.''™'*

The aim of this study was to assess an LDCT pro-
tocol for obese patients with renal stones. The quality
of the CT image and subsequent diagnostic confidence
was evaluated using three different reconstruction algo-
rithms (FBP, iDose and iterative model-based recon-
struction [IMRY]).

Materials and methods

This retrospective study was conducted at a German tertiary
care hospital and over a period of 11 months. We assessed
data from consecutive patients, who had received CT exam-
ination due to suspected symptomatic ureterolithiasis. All
patients who were older than 18 years and had a BMI
>25 kg/m? were enrolled onto the study. Patient character-
istics, clinical course (conservative vs invasive therapy) and
diagnosis at the time of discharge were obtained from
patient records. The dose-length product (DLP) was
extracted from the CT report. In addition, effective radiation
doses were calculated as mSv from the recorded DLP with
a conversion factor of 0.0151.'?

This study was approved by the institutional review
board of the medical faculty, University of Cologne. As
the study was retrospective and observational, patient writ-
ten informed consent was waived by the board.

CT technique
All examinations were performed using a 256-row com-
puted tomography scanner (iCT, Philips Healthcare,
Cleveland, OH, USA) with 128 % 0.625 mm section col-
limation and a pitch factor of 0.977. The scans were
performed at a tube voltage of 100 kV and a fixed tube
current of 50 mAs. The scan range included the
sub-phrenic space to the symphysis.

The acquired raw data was recompiled using
a filtered back reconstruction algorithm (FBP) (Philips
Healthcare, Cleveland, OH, USA), a statistical iterative
reconstruction algorithm (iDose, Philips Healthcare)
with iteration level 4, and a model-based iterative recon-
struction algorithm (IMR, Philips Healthcare) with soft
tissue level 2.

Image analysis

All image reconstructions were anonymized and indepen-
dently evaluated by two radiologists trained in gastrointest-
inal imaging with diagnostic experience of 8 and 3 years,
respectively. Both radiologists were masked, both with
regard to patient outcome and their companion’s image inter-
pretation. Images were evaluated in a random order, and
image quality was rated on a 3-point scale as follows:

1. Overall image quality: 1 = nondiagnostic, interpre-
tation not possible; 2 = severely reduced image
quality, restricted interpretation, 3 = no/slightly

reduced image quality, interpretation unequivocal
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2. Delineation of the ureter: 1 = nondiagnostic, deli- Table | Patient distribution and imaging data
neation of the ureter not possible; 2 = delineation of | p_ciant distribution (n=22) « value
the ureter questionable; 3 = delineation of the ureter
. Age (years), mean+SD 45.8+15.9
possible
. . . . Gender (male), n 19 (76.0%)
3. Image noise: 1 = severe, interpretation not possible; Height (cm), meanSD 1743488
2 = moderate, interpretation limited; 3 = minimal/ Weight (kg), meantSD 89.3+13.2
little, interpretation clear BMI (kg/m?), meantSD 29.3+3.7
4. Sharpness/outline of concretion: 1 = severely Imaging findi
maging findings
blurred; 2 = slightly blurred; 3 = sharply defined
Number of stones (n) 27 1.0
. . . Size of stones (mm 5.08+2.36 0.88
In the IMR data sets, number (n), location (side: left-right, >5 mm (n) (mm) 10
ureter: proximal-middle-distal), and size (<5 mm or | <5pmm () 17
>5 mm) were independently assessed by both reviewers. Location of stones (n) 0.92
Defined as SD of Hounsfield units (HUs), image noise Left 10
was used as a parameter for objective image quality. For | Right 13
all scans, circular regions of interest (ROIs) with an area SOth. | T3
roximal
of 100 mm? were drawn on the psoas muscle and the Middle 5
gluteal subcutaneous fat at the level of the fifth lumbar | g 9

vertebra/first sacral vertebra by a 4th year radiology
resident.

Statistical analyses

Quantitative and qualitative variables were summarized by
mean+SD
Differences in distribution between the reconstruction algo-

and by count (percentage), respectively.
rithms were evaluated using the Wilcoxon signed-rank or
Friedman test. Difference (or agreement) between reviewers
was evaluated by McNemar’s test or the kappa statistic.
P-values <0.05 were assumed indicative of statistical signifi-
cance. Inter-reviewer agreement was interpreted according to
the following scheme: “poor”, k value <0.19; “fair”, k value
0.20-0.39; “moderate”, x value 0.40-0.59; “substantial”,
k value 0.60-0.79 and “almost perfect”, k value 0.80—1.00.
All calculations were performed with SPSS Statistics (IBM

Corporation, Armonk, NY, USA).

Results

Twenty-five consecutive patients with suspected urolithia-
sis were enrolled in this study. The patient BMI was 29.29
+3.74 kg/m? (range: 25.2-36.0 kg/m?). Patient data and
imaging analysis, including inter-reviewer agreement (),
are summarized in Table 1. In each scan, ureteral concre-
tions were consistently detected by both radiologists, and
two revealed bilateral stones. Subsequently, urolithiasis
was the final clinical diagnosis at the time of discharge
for all patients. For 17 cases, conservative treatment with
analgesic medication and administration of intravenous

Note: For simplicity, only the imaging results from reviewer | are given.
Abbreviation: BMI, body mass index.

infusion led to a spontaneous recovery. Six patients under-
went ureteroscopy. Furthermore, in 4 cases, double-J stents
were inserted. One patient underwent percutaneous
nephrolithotomy and another, laser lithotripsy.

The DLP and effective radiation doses of the CT
scans were 100.04+£10.00 mGy*cm and 1.51+0.15 mSy,

respectively.

Image analysis

Table 2 shows the subjective image evaluation for each
category (overall image quality, delineation of ureter,
image noise and sharpness/outline of concretion) using
the three different reconstruction algorithms. In summary,
IMR was superior to iDose and FBP across all categories
(P<0.008). Excluding delineation of the ureter, the inter-
reviewer agreement was highest for IMR across all cate-
gories (Table 2).

All scans were rated as diagnostic in the iDose and
IMR reconstructed images, whereas 9 out of 22 scans
(41%) belonging to the FBP images were rated as
nondiagnostic.

The objective image noise was lowest in the IMR group
(both in muscle and fat) followed by iDose and FBP (Table 3).
In relative terms compared to IMR, image noise was 2.5- and
4.1-fold higher by iDose and FBP, respectively, in muscle and
2.2- and 3.9-fold in fat.
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Table 2 Image evaluation scores (mean+SD) and inter-reviewer
agreement (k). Overall image quality: | = nondiagnostic, inter-

pretation not possible; 2 = severely reduced image quality,

restricted interpretation; 3 = nof/slightly reduced image quality,
interpretation unequivocal. Delineation of ureter: | = nondiag-
nostic, delineation of ureter not possible; 2 = delineation of
ureter questionable; 3 = delineation of ureter possible. Image

noise: | = severe, interpretation not possible; 2 = moderate,

interpretation limited; 3 = minimal/little, interpretation clear.

Sharpness/outline of concretion: | = severely blurred, 2 = slightly
blurred, 3 = sharply defined
IMR iDose FBP

Overall image quality 3.0+0.2 2.6+0.5 1.6£0.6
K | 0.60 0.46
Delineation of ureter 2.8+0.5 2.1+0.5 1.3£0.5
K 0.52 0.6l 0.52
Image noise 2.3+0.5 1.4+0.5 1.0£0.0
K 0.44 0.27 n/a
Sharpness/outline of concretion 2.1£0.6 1.6+0.5 1.0£0.2
K 0.48 0.26 —0.04

Note: For simplicity, only the imaging data from reviewer | are given.
Abbreviations: n/a, not available; FBP, filtered-back projection; IMR, iterative
model-based reconstruction.

Table 3 Objective image noise (mean+SD)

FBP iDose IMR
Muscle 89.4+20.9 55.1%£10.5 21.7+£54
Fat 78.2+23.1 43.4+7.3 19.6%3.5
Abbreviations: FBP, filtered-back projection; IMR, iterative model-

based reconstruction.

Discussion
In recent decades, there has been a steady increase in
the incidence of urolithiasis in many industrialized
countries.'®!” In parallel, a consistent rise in the num-
ber of overweight and obese people is apparent and has
now reached epidemic proportions.'®!'? Perhaps even
more alarming is a clear and rising trend in the inci-
dence of young patients suffering from urolithiasis and
that this observation can, in part, be explained by life-
style changes, which include overconsumption of food
and reduced physical activity. Indeed, there is mounting
evidence that obesity or being overweight at a young
age are closely associated with an increased likelihood
of developing kidney stones.?*!

The rise in urolithiasis and their recurrence in over-
weight and obese patients is associated with the con-
current increase in the number of times a patient
undergoes Therefore,

a CT protocol. minimizing

radiation exposure is imperative for all patients, but
particularly relevant for younger patients where there
is a longer lifetime risk associated with contracting
cancer.”>?* For patients that present with acute renal
colic, low-dose computed tomography (LDCT) repre-
sents the current gold standard.?*** In addition, studies
have been performed to compare radiation dose and
image quality via iterative reconstruction algorithms
in standard-dose (SD), low-dose (LD), and ultralow-
dose (ULD) CT protocols to evaluate diagnostic per-
formance of LDCT for urolithiasis.?**

However, to our knowledge, none of these studies have
focused exclusively on evaluating the image quality of
LDCT scans of obese patients with suspected urolithiasis.

It should be noted that the terms ‘“‘ultra-low-dose”,
“low-dose” and “standard-dose” are not clearly defined by
the radiological societies and are used diversely in literature.
Nevertheless, in most abdominal studies, effective doses
<1 mSv, 1-4 mSv and 4-8 mSv are considered ULD, LD
and SD, respectively.>2® Therefore, for a normal-weight indi-
vidual, the estimated dose reduction fora ULDCT scan relative
to a SD CT is approximately 75-85%. These definitions, how-
ever, are not always applicable to CT scans performed on obese
patients. Park et al indicated an average effective radiation dose
of 10.3£2.42 mSv was required for a standard abdominal CT
on obese patients (BMI 25-35 kg/mz). In our study, however,
the mean effective radiation dose was 1.51+0.15 mSy, repre-
senting a reduction of approximately 85%. This decrease was
achieved by using a CT protocol with a lowered tube voltage of
100 kVp and a fixed tube current-time product.

In addition to reducing patient exposure to radiation, our
data stress the key importance of postprocessing CT images
via iterative reconstruction algorithms to reach an accurate
diagnosis. For obese individuals, CT imaging is often inferior
due to excessive image noise and artifacts. Consistent with
this well-known fact, we observed that without postproces-
sing of the images, 41% of the FBP data sets were subjec-
tively rated as nondiagnostic (Figure 1).

Similar to our findings, other studies have demonstrated
the superiority of model-based iterative reconstructions on
image quality,”>?”*® particularly for ULD-CT scans.”>*’ Hur
et al*> compared radiation dose and image quality in normal-
weight patients with urolithiasis. All underwent three CT scans
under reduced dose (RD), LD and ULD protocols. RD scans
were reconstructed using FBP, whilst LD scans were recon-
structed using a statistical iterative algorithm. ULD scans were
reconstructed using both techniques and a model-based
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Figure | Unenhanced low-dose CT of the abdomen. A 30-year old, male patient with BMI of 36. Effective dose: 1.62 mSv. (A, C) Severe image noise resulting in restricted
interpretation on axial and coronal reformation with FBP). (B, D) Same patient with iterative model-based reconstruction (IMR). Concrement (I mm) encircled in the distal

ureter on the left side, only clearly visible on IMR image set.

Abbreviations: CT, computed tomography; FBP, filtered-back projection; IMR, iterative model-based reconstruction.

iterative reconstruction. The model-based iterative reconstruc-
tion algorithm gave rise to lower subjective image quality
compared to the RD and LD protocols but showed the least
objective image noise. Overall, LD images show a >84%
concordance rate and 100% in ureter stones >3 mm.
Interobserver agreement was substantial (k value=0.61).
Botsikas et al*® showed that ureteral definition was sig-
nificantly improved for model-based iterative reconstruction
compared to adaptive statistical iterative reconstruction. As
a better delineation of the ureter helps in localization of the
stones, it is beneficial for the diagnosis and therefore
a desirable effect of model-based iterative reconstruction.
The mean contrast-to-noise ratio was also significantly

improved with the model-based iterative reconstruction com-
pared to the adaptive statistical iterative reconstruction.
Despite the positive results obtained in our study and the
clear advantages of iterative reconstruction algorithms, there
are two drawbacks associated with this approach. First, recon-
struction time is the longest in IMR followed by iDose and
FBP. According to the specifications of the manufacturer and
the capacity of the user hardware, the reconstruction speeds
are 33 mm/s and 24 mm/s for FBP and iDose, respectively. In
a previous study, the reconstruction time was abrogated in 52
patients undergoing CT-guided lung interventions.'> The
authors concluded that relative to iDose, FBP reduces recon-
struction time by approximately 30%. Khawaja et al
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demonstrated that IMR took <5 min at an offline reconstruc-
tion facility, but was considerably shorter on the CT user
interface (approximately 3 min for the majority of reference
protocols).?” With respect to patient safety and workflow, the
absolute reconstruction speed is tolerable for all reconstruction
algorithms, since patients with suspected urolithiasis are not
usually considered as emergency cases.

A second shortcoming is that IMR has a tendency to
overevaluate the density and size of the stones. Botsikas
et al showed that the maximal density measured from model-
based iterative reconstruction was significantly higher (754.4
+376.5 HU) than that measured from adaptive statistical
iterative reconstruction (559.4+352.4 HU). The size of the
stones was overevaluated with model-based iterative recon-
struction (mean diameter, 4.91+2.61 mm) compared to adap-
tive statistical iterative reconstruction (4.52+2.63 mm).?®
Depending on the type of reconstruction algorithm applied,
we also observed that the sharpness/outline of the concretion
was mostly rated as being slightly to severely blurred.
Moreover, the inter-reviewer agreement in this category
was only poor to moderate (—0.04 to 0.48).

Despite these observations, an almost perfect
inter-reviewer agreement was achieved with the measure-
ment of stone size in the IMR data sets. This may be attribu-
table to the fact that only a few stones <3 mm in size were
observed. Calcified stones >5 mm are usually detected reli-
ably by CT. Clinically, additional diagnostic or therapeutic
procedures may not be required because in up to 98% of
cases, stones <5 mm usually pass spontaneously.*”

Our First,

a retrospective study with a small study population

study has a few limitations.
was conducted without a control group. Therefore,
radiation exposure is only approximately comparable
to other studies. Obviously, patient characteristics,
scanning protocols and reconstruction techniques with
different vendors may restrict the comparability of the
results. Furthermore, a dose-finding study was not per-
formed. Therefore, the extent to which radiation dose
could be further reduced remains unclear and could be
investigated in a potential follow-up study.
Nevertheless, the fact that the image quality of all
examinations was rated as being of diagnostic quality,
indicating that even further dose reduction is reason-
able and should be considered. Severely obese patients
(BMI>35 kg/m®) were not well-represented in this
study and, as such, adapted protocols may still be
required for this patient group. Furthermore method

inherent there might have been false-negative findings

in non calcified stones. In some patients, excretion of
ureteral stones was not obtained as a reference stan-
dard. In these cases, the final diagnosis of urolithiasis
was made when symptoms spontancously resolved an
by exclusion of other underlying diseases.

Conclusion

Using iterative reconstruction algorithms, LDCT of urolithia-
sis is feasible in overweight patients with a BMI between 25
and 35 kg/m?. With respect to image quality, IMR emerges to
be the preferred algorithm and, as such, may alleviate the
need for repeated examinations due to previously measured
nondiagnostic scans.
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