The use of 80 kV versus 100 kV in pulmonary CT angiography:
an evaluation of the impact on radiation dose and image quality
on two CT scanners

A. Rusandu, A. @degérd, G.C. Engh, H.M. Olerud

ABSTRACT

Introduction: Use of CT in the investigation of pulmonary embolism in radiosensitive
patients such as pregnant and young female patients entails the need for protocol
optimization. The aim of this study was to analyze the dose reduction and image quality
achieved by using 80 kV instead of 100 kV in CT pulmonary angiography protocols.

Methods: 80 examinations of non-obese patients were analyzed (40 consecutive patients for
each protocol, equally distributed on two CT scanners). Objective image quality was assessed
by measurements of HU values (average and standard deviation) in five ROIs in pulmonary
arteries and calculations of signal-to-noise (SNR) and contrast-to-noise ratios (CNR).
Subjective image quality was independently evaluated by two radiologists in terms of
perceived noise, sharp reproduction of pulmonary arteries and overall diagnostic quality.
Radiation dose parameters (CTDIvo, DLP, SSDE and effective dose) and effective risk were
compared. Differences in radiation dose and objective measures of image quality for the two
protocols were assessed using the independent t test; comparison of subjective grading of
image quality was performed with the Mann-Whitney U test.

Results: Use of 80 kV significantly increased both arterial contrast enhancement and image
noise. Differences in SNR and CNR between protocols were not statistically significant.
Achieved dose reduction by using 80kV was significant on both scanners (SSDE reduction
35% and 46%, p<0.001; effective dose reduction 40% and 53%, p<0.001).

Conclusion: Use of 80 kV protocols for CT examinations of pulmonary arteries in non-obese
patients with bodyweight below 80kg results in significant reduction of radiation doses
without compromising image quality.

Introduction

Pulmonary embolism (PE) is the third most common cause of death amongst cardiovascular
diseases after myocardial infarction and stroke® 2. Reported mortality associated with
untreated PE is 30%?2. Sudden death occurs in up to 10% of acute PE patients and two thirds
of those patients die in the first two hours after onset of symptoms.* Clinical signs and
symptoms of PE, such as chest pain and shortness of breath, are unspecific, as they also occur
in other pulmonary and cardiac diseases. Thus, there is a great need for accurate and rapid
diagnosis® °. CT pulmonary angiography (CTPA) has become the first-choice method for
diagnosing PE due to accessibility, accuracy and cost-effectiveness®. One challenge is the
high radiation sensitivity of the breast tissue’, and women in childbearing age represent a



special patient group due to the higher risk of PE associated with oral contraceptives, pre- and
post-partum pregnancy *. Pregnancy requires special attention due to scattered radiation to the
fetus and increased radiation sensitivity in the breast tissue®. Nuclear medicine (NM) has the
advantage of lower dose to breast tissue and the disadvantage of higher fetal doses® due to
pooling of radionuclide in the maternal bladder. The diagnostic accuracy is comparable’ but
CTPA is more easily available and allows investigation of eventual alternate pathologies.
Due to the high mortality and unspecific symptoms, the threshold for referral to CTPA for
suspected PE is low. This entails the need for careful protocol optimization with a focus on
radiation dose reduction®. Reducing tube voltage is suggested as an effective dose reduction
strategy for CT angiography.®!! Reduced KV increases attenuation in contrast agent filled
arteries and increases contrast difference between vessels and other tissues which may
compensate for increased image noise2,

Despite several previously published studies proving the feasibility of reducing kV in CTPA,
the use of 100 and even 120KV is still widespread. Based on reports with only positive effects
of reducing voltage in CTPA protocols®**°, an 80kV protocol was introduced. The aim of this
study was to strengthen the arguments of previous studies by adding information of the effect
of kV reduction on SSDE (which give a better estimate of the organ doses than CTDI0*%)
and effective risk which would be a more suitable parameter for the target group (young
female patients). A novel approach in our study is also the use of an additional criterion of
subjective image quality assessment “sharp reproduction of the pulmonary arteries” as the
pulmonary arteries are the organ of interest in CTPA studies.

Methods

The study is comparative, non-randomized and analyzes radiation doses and image quality in
80 examinations of non-obese patients with a body weight under 80 kg (40 consecutive
patients for each protocol, equally distributed on two CT scanners). The sample size was
decided based on ICRP?! recommendation for data collection for establishing DRL’s. A post-
hoc power analysis confirmed that the sample size was appropriate to detect differences in
dose and image quality with a power of 80%.

The CT scanners used in this study were Somatom Definition AS + (128 slice) and Somatom
Sensation 64 (Siemens Medical Solutions, Forchheim, Germany), later referred to as scanner
1 and 2, respectively. Both CT scanners had regular quality control and the results fell within
expected tolerance. The only difference between the old protocol and the new one was the
adjustment from 100 kV to 80 kV. Automated tube current modulation (CareDose4D,
Siemens) was used inn all examinations. There was used filtered back projection
reconstruction algorithm with the same kernel in all patients. All patients received 80 ml
contrast agent 350 mg/ml, followed by 30 ml saline administrated with a flow rate of 5 ml/s
through an 18-gauge cannula placed in an antecubital vein. Scan timing was individualized
using bolus-tracking with a threshold of 120 Hounsfield units (HU) in a region of interest
(ROI) in the pulmonary trunk (no difference in the contrast regime between 100 and 80 kV
protocols).



Table 1. Scan parameters.

scanner 1 scanner 2
Old protocol New protocol Old protocol New protocol

Tube voltage (kV) 100 80 100 80
Ref. mAs 150 150 135 135
Rotation time(s) 0,3 0,3 0,3 0,3
Total collimation 128 x 0,6 128 x 0,6 64 x0,6 64 x0,6
(mm)
Reconstructed 1,5 1,5 1,5 1,5
slice thickness
(mm)
Kernel B20f B20f B20f B20f
Pitch 0,8 0,8 0,9 0,9
CTDlvol (MGy) 5,91 2,79 6,0 2,74

Subjective assessment of image quality

The images were evaluated by two radiologists (with 25 and 5 years experience in thoracic
radiology) using a five-point Likert scale for subjective image noise (5 = very low, 4 = low, 3
= medium, 2 = high, 1 = very high) and sharp reproduction of the pulmonary arteries (5 =
very good, 4 = good, 3 = medium, 2 = bad, 1 = very bad). In addition, a total assessment of
diagnostic image quality was given (5 = very good, 4 = good, 3 = sufficient, 2 = bad, 1 = very
bad).

The two radiologists received randomized lists with identification numbers and searched for
the examinations in PACS (Picture Archiving and Communicating System) themselves. A
Sectra IDS7, (Link6ping, Sweden) PACS workstation with two diagnostic Eizo Radiforce
MX241W monitors (Cypress, CA, USA) was used for image evaluation. The radiologists
evaluated the images independently, blinded to specific patient identification and exposure
parameters and without knowledge of the results of the physical measurements performed on
the images. Radiologists were free to use all the tools available in PACS that are commonly
used for clinical images (adjustment of window/level, magnification, etc.).

Obijective assessment of image quality

Attenuation (quantified as average HU) and noise (quantified as standard deviation HU) were
measured in ROIs placed in the lumen of the pulmonary trunk, right and left pulmonary
arteries, and right and left lower lobar arteries. When PE was present we avoided
incorporating the embolus in the ROI. These measurements were then combined to calculate
average attenuation and noise for the pulmonary arteries. Attenuation in pulmonary arteries is
referred to as fundamental in the diagnosis of PE.1® Attenuation and noise was also recorded
in a paravertebral muscle at the level of the pulmonary trunk (figure 1). All measurements
were performed in a homogeneous area with a CT angiography window setting (width 600
HU, center 100 HU).

The signal-to-noise ratio (SNR) and contrast-to-noise ratio (CNR) have been suggested as the
most appropriate parameters to objectively quantify the quality of clinical images??, with
CNR as the key indicator for pulmonary embolism detectability*®. In our study, the SNR was
calculated as ratio of average HU and noise in pulmonary arteries.



CNR was calculated using average attenuation in the pulmonary arteries (HUpa) and
paravertebral muscle (HUpwm) and noise in the paravertebral muscle (SDpwm), according to the
formula®®: CNR= (HUpa — HUpm)/SDpw.
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Figure 1. ROIs for the objective measurements of attenuation (quantified as average HU)
and noise (quantified as standard deviation HU) placed in the lumen of the pulmonary
trunk, right and left pulmonary arteries, right and left lower lobar arteries and
paravertebral muscle.

Radiation doses and risk estimates for women of various age

CT dose index (CTDIvar) and dose length product (DLP) were recorded from the examination
reports transferred from the CT scanner to PACS. Effective doses were calculated as a
product of DLP and a conversion factor of 0.014 for thorax?*. Size specific dose estimate
(SSDE) was calculated as a product of CTDIve and the correction factor (fsize) proposed by
AAPM? based on the patient's effective diameter (calculated as the geometric mean of the
anteroposterior and lateral diameter measured at the level of the pulmonary trunk).

The effective risk (R) for a 20, 30 and 40 years old female patient was estimated by using
Brenner’s equation?®.

R=>rrHr



where rr is the lifetime tissue-specific cancer risk per unit equivalent dose to that tissue, and
Hr is the equivalent dose for tissue T. We calculated the average organ doses (HT) for breast
tissue, lungs, thyroid, stomach and liver based on the average CTDIvq Values by using ratios
of organ dose to CTDlvoi (forgan)?®. The rrvalues proposed by Brenner were used?®.

Statistical analysis

Statistical analyses were conducted using SPSS for Windows version 24 (IBM Inc, Armonk,
NY).. Three factors related to the distribution of data were highlighted: average, standard
deviation, and lowest and highest value. The Shapiro-Wilk test was used to determine that the
data were normally distributed. A t-test was used to investigate whether there were
differences in the distribution of age, weight, BMI, effective diameter, thickness of extra
thoracic tissues between the groups. Differences in physical image quality parameters and
radiation dose between the groups were evaluated using the t-test. Differences in scores for
subjective image quality were assessed with the Mann Whitney test. P values of less than
0.05 were considered to be statistically significant. Inter-rater agreement was assessed using
Cohen’s kappa test with following interpretation of agreement: 0.00-0.20 slight, 0.21-0.40
fair, 0.41-0.60 moderate, 0.61-0.80 substantial, 0.81-1.00 almost perfect?’. Detailed analyses
of percentage agreement were used additionally.

Ethical considerations

This project was approved by the local research ethics committee and also the Regional
Committee for Medical and Health Research Ethics. All image evaluations were undertaken
on anonymized images. Previous studies have reported no consensus on the body weight
threshold for using 80 kV protocols. Within our work we opted to use an 80 kg threshold in
view of the potential risk of repeating examinations due to unsatisfactory image quality in
larger patients.

Results
Patient characteristics

There was no statistically significant difference in distribution of patient characteristics
parameters between the groups except for gender (table 2). Nine of the female patients were
under 40 years old. None of them were pregnant, only one post-partum patient was included
(in the group examine with 80KV protocol on scanner 2).

Table 2. Patient data presented as average * standard deviation (minimum - maximum)

scanner 1 scanner 2
100 kV 80 kV 100 kv 80 kV
63,8+17,5 (21-
Age (years) 68,9+12,3 (39-89) 63,7+16,8 (30-95) 88) 61,9+20,7 (17-92)
Weight (kg) 6318,6 (51-80) 65,7¢11,2 (48-79)  66,5+11,3 (50-80)  60,7+10,5 (41-78)
22,8+2,6 (18,5- 22,143 (17,2- 21,943,2 (16,6-
+ -

BMI 27.6) 22,6%2,7 (17-28) 28.7) 30,5)
Effective diameter 290,5+31,5 (237,5- 280,3+25 (239- 277,5£27,6 260,2+20,6 (229,8-
(mm) 386,5) 345,4) (216,9-314,3) 304,4)
Gender(male/female) 10/10 8/12 5/15 5/15



PE positive 3 3 4 3

Subjective image quality

Subjectively assessed noise was significantly higher on the images acquired with the 80 kV
protocols. The scores for sharp reproduction of pulmonary arteries were lower for 80 kV
protocols, but the difference was not significant for any of the scanners (table 3).

Overall rating of diagnostic image quality provided lower scores for 80 kV performed on
both scanners with more accentuated difference on scanner 2. The post-partum patient
received a score of 3 for total assessment of diagnostic image quality.

Table 3. Average scores for the four patient groups (mean * standard deviation) with the
lowest of the two scores given by the radiologists in parenthesis (mean), and p-values for
significance assessment of the differences between the 100 and 80 kV protocols,
calculated for each scanner

scanner 1 scanner 2

100 kv 80 kV p value 100 kV 80 kV p value
Subjective noise  4,210,4 3,8+0,8 0,06 4,15+0,7 3,4510,7 <0,001

(4) (3,55) (3,9) (3,05)
sharp 4,15+0,7 4,1+0,6 0,659 4,07+0,6  3,910,6 0,327
reproduction of

(3,85) (3,9) (3,85) (3,65)
pulmonary
arteries

total assessment  4,18+0,6 4,1+0,7 0,718 4,23+0,5 3,83+0,6 0,033
of diagnostic

image quality (4,0) (3,9) (4,1) (3,45)

Interobserver variation

Interobserver variation between radiologists analyzed by Cohen’s kappa test gave the
following results: k = 0,23 for noise, k = 0.24 for sharp reproduction of pulmonary arteries
and k = 0.37 for total image quality. This corresponds to a fair agreement. When analyzing
percentage agreement, the difference between the scores given by the two radiologists was
maximum one point in 95% of the cases for noise, 98,8% for sharp reproduction of
pulmonary arteries and 97,5% for total image quality.

Obijective image quality

Attenuation (HU) in lung arteries was significantly higher for 80 kV protocols (table 4).
Large variation in attenuation in the lung arteries was also recorded within all the groups (i.e.
for examinations performed on the same CT machine and with the same protocol).



Noise measured in lung arteries was significantly higher for 80 kV protocols on both scanners
(higher difference on scanner 2). Noise measured in paravertebral muscle was also higher for
80 kV protocols but statistically significant only for scanner 2.

Slight and not statistically significant differences in both SNR and CNR between 80 kV and
100 kV protocols were recorded on both scanners.

Table 4. Average values and standard deviations for image quality parameters measured
for the four patient groups and p-values for significance assessment of the differences
between the 100 and 80 kV protocols, separately calculated for each scanner.
scanner 1 scanner 2
100 kv 80 kV p value 100 kv 100 kv p value

Average

attenuation

(HU) in 458+115 655193 <0.001 571+145 741+247 0,01
pulmonary
arteries
Average noise
(SDin HU) in
pulmonary
arteries
Attenuation
(HU) in
paravertebral
muscle

Noise (SD in
HU) in
paravertebral
muscle

SNR 18,8t4,9  20,316,7 0,52 20,316,1 19+6,5 0,478
CNR 19,2+7,9 23,2+10,1 0,201 23,419,7 23+10,3 0,779

2515 3449 <0.001 2919 42+16 0,001

4046 47+11 0,026 4949 53+15 0,25

24+7 2816 0,035 24+7 3249 0,001

Radiation dose

Based on the protocol's CTDIvoi (CTDIvor Values provided by the CT machine before scan
start based on reference mAs), an expected dose reduction of approximately 50% was
estimated on both scanners (table 1).

The actual dose reduction based on values which take into account the effect of tube current
modulation (table 5) was significant in terms of both CTDIlvo, DLP, SSDE, and effective dose
on both scanners (p<0,001 for all parameters). Higher dose reduction on scanner 2 was
recorded.

Table 5. Radiation doses expressed as mean * standard deviation (minimum - maximum)
and percentual dose reduction for the two scanners and effective risk (number of cases
per 10°) for a 20, 30 and 40 years old female patient.

scanner 1 scanner 2



100 kV 80 kV dose reduction 100 kV 80 kV dose reduction

(%) (%)
CTDlvol 4,7%1,2 3,01 36 4,6%1,1 2,4+0,4 48
(mGy) (2,3-7,4) (1,5-5,9) (2,2-6) (1,61-3,1)
DLP (mGy 149,7#50,4 90%41,5 40 148,3+31,9 69,7£19 53
-cm) (76-284) (48-228) (94-204) (40-99)
SSDE 6+1,2 3,911 35 6,1+1,4 3,310,4 46
(mGy) (3,5-7,9) (2,2-7,5) (2,7-8,1) (2,6-4,2)
Effective  2,1£0,7 1,240,6 40 2,1+0,4 1+0,3 53
dose (1,1-4) (0,67- (1,3-2,9) (0,56-1,4)
(mSv) 3,19)
Effective 52,19 33,31 32 51,08 26,65 47
risk 20y
Effective 31,87 20,32 36 31,59 16,28 48
risk 30y
Effective 24,44 15,60 30 23,92 12,48 49
risk 40 y

* Note: All differences were statistically significant (p<0.001)

Discussion

As expected, subjectively perceived noise is substantially higher on the images acquired with
the 80 kV protocols in accordance with higher measured noise. No statistically significant
difference in scores for sharp reproduction of pulmonary arteries between the 100 kV and 80
kV protocols for any of the scanners confirms previous results!*. Overall rating of diagnostic
image quality gave lower scores for 80 kV protocols on both scanners. There was very little
difference in average values for scanner 2, which is consistent with other studies'81°,

Cohen’s kappa test showed a fair agreement in all analyzed aspects of subjective image
quality. A low k coefficient may be due to the use of a five-point Likert scale. When
observers are required to make finer discriminations, identical scores are more difficult to
obtain?®. Cohen’s kappa only takes into account whether or not the observers give the same
score and does not discern between different ranges of disagreement (four-points and one-
points differences in scores are treated equally). Other causes of inter-observer variation may
be differences in how radiologists examined the images (different use of viewing tools) or
subjective preferences regarding image’s appearance. Comparable k values were also found
in similar studies®3. At the same time, if the observers are well trained and the probability of
scoring based on guessing is very low, Cohen’s kappa may underestimate agreement
significantly, and other statistical methods can safely be trusted?®. The proportion of specific
agreement, rather than Cohen’s kappa, was proposed as an informative agreement measure
for clinicians®®. Both radiologists have extensive experience in interpreting CT images and
therefore the score differences which were a maximum of one point difference were 95% of



the cases for noise, 99% for sharp reproduction of pulmonary arteries and 98% for total
image quality might provide a better description of inter-observer variation in our study.

Significantly higher attenuation in the pulmonary arteries for the 80 kV protocols compared
to the 100 kV protocols for both CT scanners confirms the expectations. Reducing voltage to
80KV brings the average energy of the photons closer to the K-edge of iodine and increases
attenuation in contrast enhanced vessels. Variation in attenuation in pulmonary arteries within
the groups can be a consequence of use of the same amount of contrast agent in all patients
without adjusting for patient size.

As expected based on results presented in other studies*®*°, no statistically significant
difference in SNR was noted between the 80 kV and 100 kV protocols on both scanners.
CNR increased slightly using 80 kV protocol but the difference was not significant. This
confirms the expectation that the significant attenuation increase caused by reducing kV
could compensate for the noise increase. Previous studies do not indicate any significant
difference in CNR between 100 kV and 80 kV protocols!®%, not even between 100 kV and
70 kV protocols®.,

The protocol specific CTDIvo values predicted a dose reduction of approximately 50% on
both scanners (table 1). As expected, the actually achieved dose reduction in terms of
CTDlvol, DLP, SSDE, and effective dose in the study was statistically significant and
confirms previous evidence'®>'%18, However, different percent dose reduction on the two
scanners (36 % vs 48% CTDIvo reduction) showed that the scanners reacted differently to the
kV decrease when scanning patients and using tube current modulation. A thinner beam
width might allow a more fine-tuned mA adjustment between rotations when using tube
current modulation and that might explain the higher dose reduction on scanner 2 which
caused higher noise increase on that scanner. Slight differences in both dose and image
quality were expected due to differences in technical details between scanners®2. The
effective risk decreased considerably (table 5). However, our effective risk assessments give
only a rough estimate as they are based on the mean doses for the groups. Separate
calculations for every patient wouldn’t be so relevant given the limited number of young
female patients included. Considering that our calculations did not take into account for
higher breast sensitivity in pregnant and post-partum patients, the effective risk for those
patients might be higher than our estimations.

We recognize that there are some limitations to our study, one of which is that we did not
investigate directly the effect of lower tube voltage on the efficiency of detecting PE.
However, maintained CNR and subjective diagnostic image quality suggest that it would not
cause a negative impact (fig. 2). A further limitation is that we did not assess image quality
for lung or mediastinum window settings used for the examination of incidental findings. One
of the patients examined with 80 kV protocol had a combined HRCT for interstitial lung
disease and PE study. In this case the high-resolution reconstruction for assessment of lung
findings was very poor due to excessive noise.

We used body weight as the only selection criteria. 80 kV protocols might not be an optimal
choice for obese patients even if they have a body weight under 80 kg. One might use
additional criteria such as BMI or chest diameter although that would increase the
examination time. A less time-consuming alternative would be the exclusion of clearly obese
patients based on the radiographers’ subjective assessment. Considering an average



gestational weight gain of 13,5 kg3 some of the pregnant patients will exceed the 80 kg
weight limit. A pre-gestational weight under 80 kg might be used as a criterion for use of
80kV protocols in pregnant patients, as only a low proportion of the gestational weight gain is
caused by breast enlargement or fat deposit on the upper body?*.

Figure 2. Pulmonary embolism in patients scanned with 80 kV protocol (right) and 100 kV
protocol (left). The score for total assessment of diagnostic image quality was 4 for both
examinations.

Conclusion

Optimization of CTPA protocols should be prioritized due to higher risk of PE in radiation-
sensitive patient groups such as pregnant patients and contraceptive users.

The most important outcome of the study is verification of the hypothesis that reduction of
kilovoltage from 100 to 80 in CTPA protocols results in significant reduction of patient doses
without compromising diagnostic image quality in patients with body weight less than 80 kg.

As our results suggest, the same change in the protocol might have slightly different effects
on the image quality on different scanners. It cannot be concluded that a reduction of
kilovoltage to 80 without the adjustment of other scanning parameters at other protocols
and/or other types of CT scanners would give exactly the same results as ours, but our results
support introduction of 80 kV in CTPA protocols in non-obese patients.

Acknowledgments

The authors wish to thank the radiographers of Department of Radiology at St Olavs
Hospital, Trondheim Norway for their help with data collection. Thanks are also due to Dr.
Carlo N De Cecco for valuable advice in the initial stages of this study. The project has
received founding from the Norwegian University of Science and Technology and the
Norwegian Society of Radiographers.

10



References

1. Henzler T, Barraza M, Nance JW, Costello P, Krissak R, Fink C, Schoepf UJ CT imaging og
acute pulmonary embolism Journal of Cardiovascular Computed Tomography 2011
vol.5, Issue 1 DOI:10.1016/j.jcct.2010.10.001

2. Mayo J, Thakur Y Pulmonary CT Angiography as First-Line Imaging for PE: Image
Quality and Radiation Dose Considerations AJR 2013; 200:522-528
DOI:10.2214/AJR.12.9928

3. Araoz PA, Haramati LB, Mayo JR, Barbosa EJM, Rybicki FJ, Colletti PM Panel Discussion:
Pulmonary Embolism Imaging and Outcomes AJR 2012; 198:1313-1319
doi/10.2214/AJR.11.8461

4. Bélohlavek J, Dytrych V, Linhart A Pulmonary embolism, part |: Epidemiology, risk
factors and risk stratification, pathophysiology, clinical presentation, diagnosis and
nonthrombotic pulmonary embolism. Exp Clin Cardiol. 2013;18(2):129-38
PMCID:PMC3718593

5. Schaefer-Prokop C, Prokop M MDCT for the diagnosis of acute pulmonary embolism
Eur Radiol Suppl 2005 15:37-41 DOI: 10.1007/510406-005-0144-3

6. Ravanel JG, Kipfmueller F, Schoepf UJ CT Angiography with Multidetector-Row CT for
Detection of Acute Pulmonary Embolus Seminars in Roentgenology 2004
https://doi.org/10.1053/j.r0.2004.09.012

7. Sadigh G, Kelly A M, Cronin Challenges, controversies, and hot topics in pulmonary
embolism imaging. AJR, 2011 196(3), 497-515.
https://www.ajronline.org/doi/10.2214/AJR.10.5830

8. Huppmann MV, Johnsom WB, Javitt MC Radiation Risks from Exposure to Chest
Computed Tomography Seminars in Ultrasound, CT and MRI Volume 31, Issue 1,
February 2010 DOI:10.1053/j.sult.2009.09.003

9. Winer-Muram HT, Boone JM, Brown HL, Jennings SG, Mabie WC, Lombardo GT
Pulmonary embolism in pregnant patients: fetal radiation dose with helical CT.
Radiology 2002 Aug;224(2):487-92. https://doi.org/10.1148/radiol.2242011581

10. Kalender WA, Buchenau S, Deak P, Kellrmeier M, Langner O, Van Straten M, Vollmar S,
Wilharm S Technical approaches to the optimisation of CT Physica Medica 2008 24, 71-
79 DOI:10.1016/j.ejmp.2008.01.012

11


https://doi.org/10.1016/j.jcct.2010.10.001
https://doi.org/10.2214/AJR.12.9928
https://www.ajronline.org/doi/10.2214/AJR.11.8461
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3718593/
https://link.springer.com/article/10.1007/s10406-005-0144-3
https://doi.org/10.1053/j.ro.2004.09.012
https://www.ajronline.org/doi/10.2214/AJR.10.5830
https://doi.org/10.1053/j.sult.2009.09.003
https://doi.org/10.1148/radiol.2242011581
https://doi.org/10.1016/j.ejmp.2008.01.012

11.

12.

13.

14.

15.

16.

17.

18.

19.

McCollough CH, Primak AN, Braun N, Kofler J, Yu L, Christner J Strategies for Reducing
Radiation Dose in CT. Radiologic Clinics of North America, 2009 47(1), 27-40.
https://doi.org/10.1016/j.rcl.2008.10.006

Alkadhi H, Schindera ST State of the art low-dose CT angiography of the body.
European Journal of Radiology Volume 80, Issue 1, October 2011, Pages 36—40
DOI: https://doi.org/10.1016/j.ejrad.2010.12.099

Szucz-Farkas Z, Kurmann, L, Strautz T, Patak MA, Vock P, Schindera ST Patient exposure
and image quality of low-dose pulmonary computed tomography angiography:
comparison of 100- and 80-kVp protocols. Investigative Radiology 43, December 2008
DOI:10.1097/RLI.0b013e3181875e86

Szucz-Farkas Z, Schaller C, Bensler S, Patak MA, Vock P, Schindera, ST Detection of
Pulmonary Emboli With CT Angiagraphy at reduced Radiation Exposure and Contrast
Material Volume. Comparizon of 80 kVp and 120kVp Protocols in a Matched Cohort
Investigative radiology volume 44, nr. 12, December 2009
DOI:10.1097/RLI.0b013e3181bfe230

Szucz-Farkas Z, Strautz T, Patak MA, Kurmann L, Vock P, Schindera ST Is body weight
the most appropriate criterion to select patients eligible for low-dose pulmonary CT
angiography? Analysis of objective and subjective image quality at 80 kVp in 100
patients Eur radiol (2009) 19: 1914-1922 D0I:10.1007/s00330-009-1385-7

Szucz-Farkas Z, Christe A, Megyeri B, Rohacek M, Vock P, Nagy EV, Heverhagen JT,
Schindera ST Diagnostic accuracy of computed tomography pulmonary angiography
with reduced radiation and contrast material dose: a prospective randomized clinical
trial Invest Radiol. 2014 Apr;49(4):201-8. DOI:10.1097/RLI.0000000000000016

Viteri-Ramirez G, Garcia-Lallana A, Simdn-Yarza |, Broncano J, Ferreira M, Pueyo JC,
Villanueva G, Bastarrika G Low radiation and low-contrast dose pulmonary CT
angiography: Comparison of 80 kVp/60 ml and 100 kVp/80 ml protocols. Clin Radiol.
(2011) 67: 833-839 https://doi.org/10.1016/j.crad.2011.11.016

Nyman U, Bjérkdahl P, Olsson M., Gunnarsson M, Goldman B Low-dose radiation with
80-kVp computed tomography to diagnose pulmonary embolism: a feasibility study
Acta Radiol. 2012 Nov 1;53(9):1004-13 DOI:10.1258/ar.2012.120327

Yilmaz O, Ustlin ED, Kayan M, Kayan F, Aktas AR, Unli EN, Degirmenci B, Cetin M
Diagnostic quality of CT pulmonary angiography in pulmonary thromboembolism: A
comparison of three different kV values Med Sci Monit, 2013: 19: 908-915
DOI:10.12659/MSM.889578

12


https://doi.org/10.1016/j.rcl.2008.10.006
https://doi.org/10.1016/j.ejrad.2010.12.099
https://doi.org/10.1097/RLI.0b013e3181875e86
https://doi.org/10.1097/RLI.0b013e3181bfe230
https://doi.org/10.1007/s00330-009-1385-7
https://doi.org/10.1097/RLI.0000000000000016
https://doi.org/10.1016/j.crad.2011.11.016
https://doi.org/10.1258/ar.2012.120327
https://doi.org/10.12659/MSM.889578

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

AAPM Size-specific dose estimates (SSDE) in pediatric and adult body CT examinations
AAPM Report No 204 (City Park, MD: American Association of Physicist in Medicine
2011) https://www.aapm.org/pubs/reports/RPT 204.pdf

ICRP, 2017. Diagnostic reference levels in medical imaging. ICRP Publication 135. Ann.
ICRP 2017 46(1)). DOI:10.1177/0146645317717209

Heyer CM, Mohr PS, Lemburg SP, Peters SA, Nicolas V Image quality and radiation
exposure at pulmonary CT angiography with 100- or 120-kVp protocol: prospective
randomized study. Radiology. 2007 Nov; 245(2):577-83.
DOI:10.1148/radiol.2452061919

Utsunomiya, D., Oda, S., Funama, Y. et al. (2010) Comparison of standard- and low-
tube voltage MDCT angiography in patients with peripheral arterial disease Eur
Radiol 20: 2758. https://doi.org/10.1007/s00330-010-1841-4

Shrimpton PC Assessment of patient dose in CT NRPB Report no NRPB-PE/1/2004
(Chilton: National Radiological Protection Board)

Brenner DJ We can do better than effective dose for estimating or comparing low-dose
radiation risks Ann ICRP, 41 (3—4) (2012), pp. 124-128

Huda W, Sterzik A, Tipnis S, Schoepf, UJ Organ doses to adult patients for chest CT Med
Phys, 2010, Vol.37(2) Doi: 10.1118/1.3298015

Landis JR, Koch GG The Measurement of Observer Agreement for Categorical Data
Biometrics, Vol. 33, No. 1 (Mar., 1977), pp. 159-174 Published by: International
Biometric Society Stable URL: https://www.jstor.org/stable/2529310

McHugh M. Interrater reliability: the kappa statistic. Biochemia Medica, 2012 22(3),
276-282. PMCID:PM(C3900052

de Vet HCW, Mokkink LB, Terwee CB, Hoekstra OS, Knol DL. Clinicians are right not to
like Cohen’s k BMJ 2013; 346 :f2125 doi: https://doi.org/10.1136/bmj.f2125

Bogot NR, Fingerle A, Shaham D, Nissenbaum I, Sosna J Image quality of low-energy
pulmonary CT angiography: comparison with standard CT. AJR Am J Roentgenol. 2011
Aug; 197 (2):W273-8. doi/10.2214/AJR.10.5318

Wichmann JL, Hu DX, Kerl JM, Schulz B, Frellesen C, Bodelle B, Kaup M, Scholtz JE,
Lehnert T, Vogl TJ, Bauer RW 70kVp Computed Tomography Pulmonary Angiography
Potential for Reduction of lodine Load and Radiation Dose. J Thorac Imaging 2015
30(1), 69-76 DOI: 10.1007/s00330-011-2135-1

13


https://www.aapm.org/pubs/reports/RPT_204.pdf
https://doi.org/10.1177/0146645317717209
https://doi.org/10.1148/radiol.2452061919
https://doi.org/10.1007/s00330-010-1841-4
https://dx.doi.org/10.1118%2F1.3298015
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3900052/
https://doi.org/10.1136/bmj.f2125
https://www.ajronline.org/doi/10.2214/AJR.10.5318
https://doi.org/10.1007/s00330-011-2135-1

32. ICRP Managing Patient Dose in Multi-Detector Computed Tomography (MDCT). ICRP
Publication 102. Ann. ICRP (2007) 37

33. Cheikh IL, Bishop DC, Pang R, Ohuma EO, Kac G, Abrams B et al. Gestational weight
gain standards based on women enrolled in the Fetal Growth Longitudinal Study of the
INTERGROWTH-21st Project: a prospective longitudinal cohort study BMJ 2016;352
:i555 doi: https://doi.org/10.1136/bmj.i555

34. Butte NF, Ellis KJ, Wong WW, Hopkinson JM, Smith EO. Composition of gestational
weight gain impacts maternal fat retention and infant birth weight Am J Obstet
Gynecol. 2003;189(5):1423-1432 https://doi.org/10.1067/S0002-9378(03)00596-9

14


https://doi.org/10.1136/bmj.i555
https://doi.org/10.1067/S0002-9378(03)00596-9

