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Abstract

Background: The multiplicity of CT scans required for management of COVID-19 pandemic patients
necessitates to review our standard CT protocols and reduce the radiation dose exposure. Therefore, we aimed to
investigate the diagnostic accuracy of low dose CT with Model Based Iterative reconstruction (LD-MBIR) in
comparison with standard dose CT protocol.

Methods: In our study, total 100 patients aged 18years or older referred for chest CT scans indicated for
COVID-19 pneumonia by Medicine Department were enrolled and scheduled for CT scan. Out of 100 patients,
50 cases and 50 controls were scanned using low dose CT with MBIR reconstruction and standard dose CT with
HIR reconstruction respectively and diagnostic accuracy was compared.

Results: The quality of images as per 3 point Likert scale seen in standard dose CT with HIR, iDose 4 (84%; 42
out of 50 patients) was good as compared to patients in low dose MBIR CT images (68%; 34 out of 50). There
was excellent intra-reader agreement in detecting typical findings of COVID-19 pneumonia.

The CTDIwiand DLP were significantly lower in low dose MBIR CT than standard dose CT with HIR (mean
CTDlLvor : 1.6mGy vs 18.56 £+ 2.75 mGy respectively. P value <0.001 ; mean DLP was 46.87 + 3.2 mGycmvs
720.1 + 129.6 mGycm, p value < 0.001), corresponds to 93.6% reduction in mean effective dose. Mean effective
dose in MBIR CT was 0.64mSv and in HIR CT was 10mSv.

Conclusion: The results of our study indicated that low dose MBIR CT chest protocol can be reliably used in
routine patients for detecting COVID-19 pneumonia with significant reduction in radiation dose, without
sacrificing the distribution, appearance and severity of disease.

Keywords: COVID-19 pneumonia, Diagnosis. Computed tomography, Low-dose MBIR CT, Effective CT
Dose.
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Introduction

Corona virus (COVID-19) was first reported in real time reverse transcriptase polymerase chain
Wuhan, China in December 2019.[1] It spread reaction (RT-PCR) remains the standard diagnostic
rapidly across the world and was declared a reference of COVID-19, it has many limitations
pandemic by WHO in 2020.[2] It can spread both like a high false negative rate and delay in
through direct and indirect contact.[3,4] Although confirmation of diagnosis.[5,6] RT-PCR is time
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consuming (4-5 hours) with specific expertise and
precautions required in sample collection and
testing. The sensitivity varies with type of sample
increasing from oropharyngeal, nasopharyngeal to
sputum, maximum being with broncho-alveolar
lavage (BAL; 93%) and only 32% for throat
swabs.[7-9]

Chest X-Ray is also not considered a sensitive tool
to detect viral pneumonia.[10] CT scan is a good
modality in predicting disease severity and
prognosis and might predate RT PCR in
symptomatic and asymptomatic patients .[11,12]
Most common CT findings in COVID-19 patients
include bilateral ground glass opacities (GGO’s)
with  peripheral  distribution, consolidation,
reticulations and air bronchogram with crazy
paving pattern.[13]

In a case series by Fang et al. sensitivity of chest
CT was observed to be greater than that of RT-
PCR (98% vs 71%, respectively, p<0.001) .[14]

However, increasing number of chest CT scan
increases radiation exposure.[15] Ionising radiation
increases risk of lung cancer even at low doses.[16-
18] The average dose of a standard chest CT scan
in the literature is 4.9mSv.[19,20] Thus, multiple
CT scans in a short period of time significantly
increases the risk of lung cancer.[21]

Factors affecting radiation dose and image quality
in CT scans are tube voltage, mAs, pitch,
collimation, iterative algorithm level, hardware and
software.[22] CT images were reconstructed with
filtered back projection (FBP) algorithm which
produces increased image noise at low radiation
dose. [23,24] The concept of iterative
reconstruction was first described in early 1970s by
Brollks, however it was not used for clinical CT
because of limiting computation power. IR
algorithms reduce the image noise and improve the
image quality.[25,26] First generation IR
algorithms are not fully iterative, but use a
combination of IR and FBP known as hybrid
IR.[27,28] Presently available hybrid IR techniques
are IDOSE4 in PHILIPS HEALTHCARE. More
advanced fully iterative IR algorithms are MBIR in
PHILIPS Healthcare that uncouples the image
noise and spatial resolution without compromising
the image quality. In this prospective study, we
performed low dose CT images with MBIR which
produced diagnostically acceptable CT chest
images in COVID-19 pneumonia patients having
acceptable noise and artifacts. Simultaneously we
compared MBIR images with our control patients
who underwent standard CT with Hybrid
reconstruction (high dose). We hypothesized that a
low-dose chest CT protocol would yield
comparable diagnostically accurate CT images.
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Material and Methods

Study design/ patient cohort: This prospective
study was conducted over a period of 6 months
(Jan-June, 2021) at aGovt. Medical College located
in Haryana. The project was approved by the
Institutional Ethical Committee (IEC) and written
informed consent was taken from all the
subjects.100 patients identified by medicine
department for chest CT indicated for COVID-19
pneumonia were enrolled with clinical signs and
symptoms including cough, fever, loss of taste or
smell, body aches or generalised malaise and who
fulfilled our inclusion criteria. 100 patients were
scheduled for chest CT in the department of
Radiodiagnosis — divided into two groups of 50
each — cases and controls.

Based on published data and our own experience,
we selected acquisition parameters for low dose
and standard dose chest CT scans in patients with
suspected COVID 19 pneumonia.

Inclusion Criteria

1. Patients with RT PCR positive test
2. Patients RT PCR negative test

3. Clinically symptomatic

4. Age more than 18 years

Exclusion Criteria

1. Asymptomatic patients with RT PCR negative
test

2. Obese patients (BMI>30)

3. Patients who could not hold their breath
properly

4. Pregnant patients

CT data acquisition: All CT images were
obtained using 128 section multidetector low
scanner (Philips Ingenuity core 128). First low dose
CT was performed in helical mode with MBIR
algorithm with following parameters: tube voltage-
120kvp, current - 25mAs,gantry rotation time- 0.5
sec, slice thickness- 0.625 mm, slice thickness -0.6
mm, pitch 1.2, ATCM on, FOV from thoracic inlet
cranially to just below the costophrenic angles
caudally which was acquired in MBIR algorithm.

Controls who underwent standard dose chest CT
with hybrid (iDose 4, Philips healthcare)
reconstruction were chosen retrospectively with
tube voltage 100-120 kvp and current 200-320mAs.
Rest all scanning parameters remained same in
both cases and controls.

Image Reconstruction: Low dose CT MBIR
images were reconstructed by using fully iterative
reconstruction that is MBIR (Philips healthcare)
and standard dose images were reconstructed using
HIR, iDose4 (Philips healthcare). According to
recommendation by vendor, level 1 and image
settings “Body sharp plus” for MBIR were used.
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Qualitative image Analysis (Subjective):
Subjective analysis of low dose CT MBIR images
were compared with those of standard dose CT
images reconstructed in iDose4 (HIR) technique.
Two experienced radiologists (with 10 and 7 years
of experience respectively) read the images of each
patient for presence of typical pulmonary COVID
19 pneumonia CT findings.

Image quality

Image quality of reconstructed images was rated by
two separate radiologists by using 3 point Likert
scale as follows:

1. Good image quality with minor artifacts and
sharp delineation of anatomic structures.

2. Fair image quality with moderate artifacts not
affecting major structures.
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3. Poor image quality with substantial artifacts
impairing delineation of major anatomic
structures.

Image noise was also graded as follows

1. Less than average image noise.
2. Average image noise.
3. More than average image noise.

Images were viewed in lung window (window
center-600 HU, window width 1600 HU) and
mediastinal window (window center 60 HU,
window width 350HU).

CT Chest findings of 100 patients with low dose
MBIR CT and standard dose CT with iDose 4(HIR)
images can be seen in Table 1.

Table 1: CT imaging chest findings

e Ground glass opacities : peripheral and central

e Consolidation : peripheral and central

e Septal thickening / fibrosis

e Crazy paving pattern

e Halo / Reverse halo sign

e Bronchiectasis

e Cysts

e Cavity

e  Pleural effusion

Quantitative image analysis (Objective)

For objective image quality analysis, two readers in
consensus manually placed circular regions of
interest (ROI) in descending thoracic aorta at the
level of carina (2/3 of lumen is covered), in trachea
just above its bifurcation and subcutaneous fat in
left anterior chest wall at level of tracheal
bifurcation.

Noise is defined as mean of standard deviation of
attenuation value in ROI measurements.

SNR = HU/ SD (Noise of trachea)
SNR of GGO = HU of GGO / Noise of trachea

SNR of consolidation = HU of consolidation /
Noise of trachea

CNR GGO =HUGGO — HU trachea
Noise of trachea

CNR consolidation =
HU consolidation —HU trachea
Noise of trachea

Radiation dose estimation: Radiation dose
parameters were recorded directly from the exam
summary in CT examination console.

Volume CT dose index (CTDIvo) and dose length
product (DLP) were recorded for each patient. The
effective radiation dose in milliseverts was
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calculated by multiplying DLP by a conversion
factor of chest. i.e. 0.014 mSv/mGy.cm

Statistical Analysis: All statistical analysis was
done using SPSS software version 21 for windows
(IBM, SPSS. INC, Chicago, IL).The collected data
was tabulated and presented as mean + SD for
continuous variables and as percentages for
categorical variables. The scores between the two
groups were compared using student’s ‘t-test’. P
value < 0.05 was considered significant.

Results

Our study was conducted over a period of 6 months
on 100 patients divided into two groups of 50 each
as cases and controls. The aim of our study was to
investigate the diagnostic accuracy of low dose CT
with Model Based Iterative reconstruction (LD-
MBIR) in comparison with standard dose CT
protocol.

Subjective/Qualitative image analysis: The
scores for qualitative overall image quality and
noise are displayed in table 2. The lesions were
distributed in both protocols similarly in lung
parenchyma. The quality of images as per 3 point
Likert seen in standard dose CT with HIR, iDose 4
(84% ; 42 out of 50 patients) was good scale as
compared to patients in low dose MBIR CT images
(68% ; 34 out of 50). There was excellent intra
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reader agreement in detecting typical findings of
COVID-19 pneumonia. Low dose MBIR CT
images were rated as having less than average noise
in 76% patients (38/50), average noise in 18%
(9/50) and more than average noise in 6% (3/50). In
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standard dose CT with HIR, there was less than
average noise in 86%(43/50), average noise in 12%
(6/50) and more than average noise in 2%(1/50)
patients.

Table 2: Qualitative assessment of overall image quality and noise

Parameters Low dose CT MBIR Standard dose CT with i Dose4
reconstruction

Image Quality

Good 34 42

Fair 13 6

Poor 3 2

Noise

Less than average 38 43

Average 9 6

More than average 3 1

No images were non diagnostic in low dose MBIR
CT and standard dose CT with HIR.

For visualisation of normal structure, low dose
MBIR CT was relatively inferior to standard dose
CT with HIR (iDose4).

In qualitative assessment of GGOs, consolidation
and septal thickening, low dose CT images
reconstructed with MBIR and standard dose CT

with HIR, there was no significant difference (P
value >0.05)

Quantitative image analysis

No significant difference was seen in CT
attenuation (HU value) measured in various normal
tissues at low dose MBIR CT (P value > 0.05) and
that measured at standard dose HIR (iDose 4) as
displayed in Table 3.

Table 3: Quantitative image analysis

Mean SD
HUAO Cases 30.06 3.88
Control 19.13 11.43
HUTR Cases -971.72 13.02
Control -980.06 10.75
HUFAT Cases -112.254 8.73
Control -112.92 11.033
NAO Cases 33.55 8.44
Control 13.15 3.25
NTR Cases 10.52 2.68
Control 28.95 4.68
NFAT Cases 21.57 8.90
Control 10.64 1.96
SNRGGO Cases 45.97 18.09
Control 18.58 6.92
SNRCON Cases 2.92 3.79
Control 1.70 1.38
CNRGGO Cases 51.36 26.70
Control 17.69 4.49
CNRCON Cases 48.66 39.52
Control 29.37 11.40
CTDI vol Cases 1.60 0.00
Control 18.56 2.75
DLP Cases 46.87 3.24
Control 720.10 129.62
ED Cases 0.64 0.04
Control 10.03 1.81

Madaan et al.
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Mean noise of aorta, trachea and subcutaneous fat
measured at low dose MBIR CT was larger than
with standard dose HIR (iDose4) CT (as we kept
sharp filter while acquisition of CT images).

Radiation dose: The CTDIlwa and DLP were
significantly lower in low dose MBIR CT than
standard dose CT with HIR (mean CTDlyor:

e-ISSN: 0976-822X, p-ISSN: 2961-6042

1.6mGy vs 18.56 £+ 2.75 mGy respectively. P value
<0.001 ; mean DLP was 46.87 + 3.2 mGycmvs
720.1 £+ 129.6 mGycm, p value < 0.001),
corresponds to 93.6% reduction in mean effective
dose. Mean effective dose in MBIR CT was
0.64mSv and in HIR CT was 10mSv as displayed
in Table 4.

Table 4: Radiation dose analysis

S. Protocol Type Kvp mAS CTDIVOL | DLP Effective CT Dose
No. (mGy) (mGy.cm) | (mSv)
1 LD CT with MBIR (cases) | 120 25 1.6 46.8 0.64
2 Standard dose CT with 100-120 200-320 | 18.5 720 10
HIR (control)
Discussion

Early diagnosis of COVID 19 was an essential need
in controlling the condition and providing medical
care which was even worse in the 2nd wave. The
characteristic findings in chest CT scan have shown
promising accuracy in detection of COVID 19
pneumonia. The ACR proposes that chest CT must
not be used for just screening of COVID 19 cases
but should be reserved for hospitalized and
symptomatic cases. Brenner and Hall [29]
estimated that 1-2 % of all cancers in America are
caused by CT examinations.[30] As there is risk of
lung cancer by radiation as COVID 19 patients
undergo multiple CT scans in short period of time,
there is an utmost need to set low dose CT
protocols.

The purpose of our study was to determine low
dose of CT chest which is diagnostically acceptable
by MBIR algorithm in COVID19 pneumonia. The
reduction in tube current and tube voltage are the
main parameters for radiation dose reduction.
Reduction in tube voltage requires increase in tube
current to the power of two. By reducing tube
potential (which determine penetration of X-rays)
below acceptable levels, absorption of X-ray
photons occur which is often not acceptable in
heavy patients. Zhu et al [31] proposed that image
quality of CT scan remained at an acceptable level
when the exposed dose of tube current was 25 mAs
or greater. Also percentage of normal quality
images with lung window setting was higher than
that of mediastinal setting. In our study of low dose
MBIR CT we kept constant tube voltage (120 kv)
as in standard dose CT with HIR and reduced the
current upto 25 mAs after multiple trials of varied
tube potential and tube current which could give
CT images of diagnostically acceptable quality.
The estimated mean effective dose delivered by
low dose MBIR CT in our study was reduced to
0.64 mSv, resulting in 93.6% reduction in radiation
dose as compared to standard dose CT protocol
(iDose4). In our study also, overall image quality
was better in lung window settings.

Madaan et al.

Recently, Agostiniet al [32] in a cohort of 10
patients of COVID 19 reported mean effective dose
of 0.25-0.34mSv with low dose CT protocol.
Hamper et al.[33] in a study population of 36
patients of COVID 19 pneumonia showed effective
dose of 0.5 + 0.2 mSv in low dose (100 kv/ 20
mAs) CT. Steuwe et al. [34] evaluated image
quality and diagnostic impact of low dose CT in
COVID 19 pneumonia and obtained mean effective
dose of 1.3 + 0.4 mSv with acceptable quality of
CT images.

Katsura et al. [35] in a study involving 100 adults
undergoing non-contrast chest CT reported a mean
dose of 1.13mSv using a low dose CT protocol
with almost 80% dose reduction when compared
with a reference CT dose of 5.6mSv. Kubo et al.
[36] demonstrated that low dose and standard dose
CT have statistically same capability in detection of
intrathoracic abnormalities. More specifically, they
demonstrated that low-dose chest CT (50mAs) is as
accurate as standard dose (150mAs) in detection of
pulmonary  parenchymal abnormalities and
mediastinal/pleural findings [2]. Tabatabaei et al. 2
found that in 20 patients with COVID-19, low dose
chest CT protocol is reliable in detecting COVID-
19 pneumonia with significant reduction in
radiation dose in low dose chest CT (1.80+0.42
mSv) as compared to standard chest CT
(6.60+£1.47mSv). Vardhanabhuti et al. [37], in a
study of 30 patients, MBIR shows superior noise
reduction and improved image quality. Sui et al.
[38] reported that model-based iterative
reconstruction reduced image noise and provided
better image quality for chest CT at an effective
dose of 0.13mSv, ie, close to the dose of chest
radiography.[39] In a 2020 study by Dangis et al
[40], in 192 patients, low dose chest CT had a mean
effective radiation dose 0f0.56 + 0.25 mSv. In a
study by Bahrami-Motlagh et al, low dose chest CT
had high sensitivity (96.6%) for triage of COVID-
19.[41] We in our study reduced CT radiation dose
upto 0.64 mSv without significantly affecting
image quality. MBIR images do look different,
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though for all lesions assessed, low dose images
were shown to be as good as normal dose images
for diagnostic quality. New advances in CT
hardware like fully iterative reconstruction allow
significant CT dose reduction without affecting
image quality. Previous studies where CT chest
done with MBIR have proven that fully iterative
reconstruction reduces CT chest doses maintaining
good contrast and reduced noise and artifacts. Yan
et al.[39] compared low dose CT chest with MBIR
algorithm with low dose CT (80 Kv/ 20 mAs with
automatic exposure control) with HIR, having
mean effective dose of 0.3 + 0.3 m5v and 0.7 + 0.2
respectively. In 2023, Suliman et al found that
effective dose values for standard dose and low
dose (LDCT) chest CT protocols ranged from 1.6-
6.6mSv and 0.5-0.8mSv respectively.[42] We also
acquired low dose MBIR CT images with a mean
effective dose of 0.64 mSv which is very less as
compared to standard dose CT with HIR. In our
study of low dose MBIR CT chest, normal lung
parenchymal structures like bronchi/ bronchioles
and vessels were mildly compromised by blurring
of images. Katsura et al.[43] compared low dose
MBIR CT, standard dose ASIR CT and low dose
ASIR CT chest and reported low dose MBIR CT
chest produced pixelated blotchy appearance in
MBIR and more motion artifacts in ASIR, we also
got similar results in our study showing
smoothening of images and increased visibility of
motion artifacts. Lim et al.[44] showed that there is
overestimation of ground glass opacities on low
dose MBIR CT images with smoothening effect at
reduced dose (Mean effective dose = 0.7 £ 0.2
mSv), likewise our study showed that there was
slight blurring/ averaging of ground glass opacities
with surrounding normal lung parenchyma.
However, SNR and CNR of ground glass opacities
and consolidation was significantly high(P<0.001)
than in standard dose CT with HIR (iDose4).
Though we could well appreciate consolidation and
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septal thickening, we could not precisely
differentiate between ground glass opacities (which
is pathological) and mosaic attenuation (due to air
trapping).

Limitations

1. In subjective analysis of overall image quality,
we faced difficulty in the earlier phase as we
were used to reporting on iDose 4 images.

2. While acquiring CT chest images we used
sharp filter which increased the noise in
mediastinal window.

3. We could not compare both protocols in same
patient considering radiation issues.

4. We chose only level 4 for HIR technique and
level 1 MBIR on the basis of recommendations
by the vendor.

5. We were biased on a particular subset of
patients infected by COVID 19.

6. Image analysis was made by consensus
between two readers and did not include
assessment by inter/intra-observer agreement
between two radiologists enrolled in this study.

Conclusion

The significant role of CT Chest in worldwide
COVID 19 pandemic is unquestionable in
suspected and RT PCR negative patients. For
detection of hallmark feature of COVID 19
pneumonia i.e, ground glass opacities and
consolidation, low dose MBIR CT reduces the
radiation dose upto very low level, which in our
study was 0.64 mSv at 120 Kv/ 25 mAs without
sacrificing the distribution, appearance and severity
of disecase. Hence, low dose MBIR CT chest
protocol can be reliably used in routine patients
where multiple follow up CT scans are required for
pre-op, post op and yearly assessment in case of
malignancies.

Abbreviations

Table 5: Abbreviations

S.No. | Abbreviation

1 CT with HIR Standard dose CT with iDose4 (hybrid iterative reconstruction)

2 LD MBIR CT Low dose CT with model based iterative reconstruction.

3 SNR Signal to noise ratio

4 CNR Contrast to noise ratio

5 HU Hounsfield unit

6 SD Standard deviation

7 GGO Ground glass opacity

8 CTDI vol Volume of CT dose index

9 DLP Dose length product.

10 ED Effective radiation dose
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