
Christopher et al. Egypt J Radiol Nucl Med          (2022) 53:196  
https://doi.org/10.1186/s43055-022-00876-z

RESEARCH

Comparison of Turbo Flash and dual-energy 
modes of third-generation dual-source 
CT in pre-transplant renal angiography: 
a prospective observational study
Navya Christopher, Gopinath Periaswamy, Venkatesh Kasi Arunachalam*  , Vandana Pilli, Rupa Renganathan, 
Sriman Rajasekaran, Pankaj Mehta and Mathew Cherian 

Abstract 

Background: The purpose of this study was to compare the Image Quality, Contrast Medium Volume, and Radiation 
dose in renal angiography performed using Turbo Flash mode and dual-energy (DE) mode in the third-generation 
dual-source dual-energy CT.

This prospective observational study was performed on renal donors who underwent CTA imaging as a pre-trans-
plant workup. The study population was divided into two groups. Group A underwent DECT renal angiography. 
Group B underwent Turbo Flash Mode CT renal angiography. For group A, a contrast volume of 1 ml/kg and for group 
B at 0.5 ml/kg was administered. Image Quality was evaluated objectively by calculating CNR and SNR and subjec-
tively by a 5-point scale. Radiation Dose analysis was done by noting CTDIvol and DLP on the scanner system and 
calculating effective radiation dose (ED).

Results: The subjective image quality scores for the Turbo Flash group were comparable with the DE group in quali-
tative image analysis. Additionally, in the Turbo Flash group, there was a reduction in contrast media and effective 
radiation dose by 47.5% and 32.7%, respectively. Nevertheless, mean attenuation of the abdominal arteries, CNR, SNR, 
and Noise (S.D) showed statistical significance between the two groups (p value < 0.01).

Conclusions: To our knowledge, no previous study compared Turboflash mode with DE protocol in CT renal angiog-
raphy in a donor group of patients. Turbo Flash CT is an excellent modality that is faster and has an added advantage 
of decreased radiation dose and contrast media volume reduction, which can be recommended for screening of 
voluntary kidney donors but needs further clinical studies, validation, and standardization with tailored protocols.

Keywords: TurboFlash CT, Dual-energy CT, CT renal angiography

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

Background
Chronic kidney disease (CKD) is well known for its sub-
stantial health burden in terms of mortality and morbid-
ity globally [1]. The treatment of choice for end-stage 
renal disease is renal transplantation, which significantly 

increases the patient’s quality of life [2]. Since cadaveric 
transplantation fails to meet the ever-increasing demand 
for donor kidneys, more transplants from living donors 
occur, which can bridge the gap of deficit and offer long-
term survival of graft with fewer complications. In such 
cases, careful preoperative assessment of the donor and 
assurance of donor safety becomes mandatory.

Among the various imaging modalities for evaluat-
ing prospective donors, C.T. angiography (CTA) can be 
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considered the “one-stop-shop technique”. This less inva-
sive, safe, cost-effective, and more tolerable technique 
shows excellent delineation of renal anatomy, which plays 
a key role in the selection of donors [3]. Although the 
benefits of CTA outweigh its risk in renal donor evalu-
ation, there has been a recent escalation of concerns 
regarding an increase in radiation and contrast-induced 
nephropathy. Though there is no direct evidence to link 
the radiation received from medical imaging with malig-
nancies, some risks can be associated with even small 
doses of ionizing radiation. Hence, the ALARA princi-
ple becomes essential [4]. A meta-analysis study showed 
a close relationship between the volume of contrast 
medium (CM) with glomerular filtration rate and the 
occurrence of contrast-induced nephropathy (CIN) [5]. 
Bearing these potential adverse effects of radiation dose 
and CM usage in mind, it is crucial to reduce CT radia-
tion dose and CM volume while maintaining diagnostic 
range image quality (IQ) during CTA. This warrants the 
search for additional novel techniques in CTA.

In this study, we compared a potential novel protocol 
using Turbo Flash to dual-energy CT in the evaluation of 
CTA of renal donors in an attempt to decrease radiation 
dose and contrast media volume while preserving diag-
nostic image quality.

Methods
This study was a prospective observational study for 
one year, approved by the ethical and scientific commit-
tee and with informed consent obtained from all par-
ticipants. The study population included 60 prospective 
renal donors referred to the radiology department for 
CTA imaging as a part of pretransplant workup. Patients 
with renal tumours, abnormal RFT and small renal arter-
ies (in whom ROI covering at least 11–40  mm2 could not 
be placed) were excluded from this study.

Participants were randomly divided into two groups of 
30 each: Group A scanned by Dual-energy CT (DECT) 
and group B scanned by Turbo Flash mode CT renal 
angiography. The scans were performed on Somatom 
Force, Siemens, a 3rd-generation dual-energy CT 
scanner.

The common parameters for both the modes of renal 
CTA are described in Table 1.

Table 2 details the different CT parameters used in two 
groups.

Images were reconstructed from raw data using 
offline reconstruction software with field-of-view sizes 
of 260 × 260   mm2, as it is implemented in the commer-
cially available scanner software. Post-processing was 
performed on dedicated workstations using 1-mm-thick 
images with an overlap of 0.5  mm. Images were pro-
cessed on Siemens Somatom Force workstation and 

multiplanar reformatting (MPR), curved MPR (cMPR), 
maximum intensity projection (MIP), and 3D volume 
rendered images (VR) were reconstructed. The evalua-
tion of images was done on Syngo via. Siemens.

Contrast medium administration
Ultravist-370 (Iopromide) warmed to body temperature 
(37  °C) was administered with a dual-head power injec-
tor followed by a 30 mL saline chaser at a rate of 4 mL/s 
through an 18-gauge cannula placed in the antecubital 
vein of the right arm in both groups. An automatic bolus-
tracking program was used for initiating arterial phase 
scanning after CM injection in both groups. A region of 
interest (ROI) was placed in the abdominal aorta at the 
level of diaphragm. A threshold of 150 Hounsfield unit 
(HU) for peak enhancement in the abdominal aorta was 
selected for triggering the arterial phase imaging.

Objective image quality evaluation
Image quality was evaluated by measuring the attenua-
tion in the main abdominal artery (AA) and both renal 
arteries 1  cm from their origin. The ROIs were drawn 
as large as vessel lumen, whereas wall calcifications that 
might cause artefacts were avoided (range of ROI sizes, 
11.0–40.0  mm2). The measurements were performed and 

Table 1 The common parameters for renal CTA 

CT scanner parameter Protocol

Voltage 120 kVp

Effective current Auto Modulation

Slice thickness 1 mm

Slice increment 0.5 mm

Injection rate 4 ml/s

Reconstruction 50% overlap

Kernel Bv 36—smooth

Image viewing (PACS) Axial, coronal and sagittal (3 mm)

Anatomic coverage Dome of diaphragm to iliac crest 
covering iliac arteries

Table 2 CT parameters used in two groups

Group A underwent renal CTA in a dual-energy mode scanner with a 
conventional pitch (pitch = 0.9) and 1.0 mL/kg CM injection, with parameters 
from the standard protocol used in our institution

Group B underwent renal CTA on the same scanner via a Turbo Flash mode 
(pitch = 2.0) with 0.5 mL/kg CM injection

Parameters Group A Group B

Tube current (Kvp) 90/Sn 150 120

Tube current time product (mAs) Care dose Care dose

Pitch 0.9 2.0

Rotation time in secs 0.5 0.25

Collimation 128 × 0.6 192 × 0.6
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tabulated. The SD, which serves as a quantitative marker 
of image noise, and the attenuation of the right psoas 
muscle were measured at the level of the lower pole of 
the right kidney using an ROI with area 200   mm2. To 
minimize bias from the use of a single measurement, we 
obtained three measurements for each of the following: 
the attenuation of the renal artery, image noise, and the 
attenuation of the psoas muscle. The mean of these val-
ues was used for further statistical analysis. The signal-
to-noise ratio (SNR) and contrast-to-noise ratio (CNR) 
of the renal arteries were calculated using the following 
formulas

Subjective image analysis
Qualitative image evaluation was performed using the 
volume rendering images, 3 (axial, coronal, sagittal) 
orthogonal MIP and cMPR of the renal arteriography. 
The window level and width settings were adjusted for 
best viewing of anatomy during evaluation. The arteries 
were evaluated on a 5-point scale for arterial enhance-
ment and the sharpness of the artery boundary (Table 3).

Radiation dose analysis
Volume CT dose index (CTDIvol) and dose length prod-
uct (DLP) provided by the scanner system after each case 
were recorded. To account for variations in scan acqui-
sition length between patients, DLP was normalized 
for a  typical abdominal acquisition covering 32  cm for 
arterial phase was taken in all patients to avoid confu-
sion. The effective radiation dose (ED) estimate was cal-
culated for each patient by multiplying the DLP with an 
abdomen-specific conversion coefficient k of 0.015 mSv/
(mGy cm) [6].

The donors’ number of renal arteries and veins were 
compared with the intraoperative findings.

Statistical analysis
The collected data were analysed with IBM.SPSS statis-
tics software 23.0 Version. To describe the data descrip-
tive statistics frequency analysis, percentage analysis was 

SNR = Mean attenuation value of renal arteries/image noise

CNR = (mean attenuation value of renal arteries− psoas muscle attenuation value)/image noise.

used for categorical variables and the mean and S.D were 
used for continuous variables. To find the significant dif-
ference between the bivariate samples in independent 
groups, the unpaired sample t test was used. In the above 
statistical tool, the probability value 0.05 is considered as 
a significant level.

Results
Patient characteristics
The male-to-female ratio in group A was 18:12 in com-
parison to 15:15 for group B. There were no signifi-
cant differences between the two groups regarding age 

(p = 0.303), height (p = 0.720), weight (p = 0.655), and 
BMI (p = 0.975). The patient baseline characteristics are 
given in Table 4.

Objective image quality analysis
The difference in mean attenuation of renal arteries was 
statistically significant between two groups (p value 
between 0.01 and 0.05). The difference in mean attenua-
tion of abdominal aorta (AA), CNR, SNR, and noise (S.D) 
showed high statistical significance between the two 
groups (p value < 0.01).

Subjective image quality analysis
The mean subjective score of group A was 4.95 ± 0.224 
and that of group B was 4.85 ± 0.305, thus showing com-
parable image quality in both groups (Figs.  1, 2) with 
statistical insignificance in qualitative image analysis 
(p = 0.15).

Radiation dose and contrast media volume
There was significant reduction in CTDIvol, DLP, ERD 
in group B patients with high pitch protocol. The mean 
CTDIvol of group A and B are 8.3 ± 0.8 and 6.0 ± 1.8, 
respectively (p value of 0.0005). The mean DLP of 
group A and B are 266.4 ± 25.9 mGycm and192.5 ± 58.7 
mGycm, respectively (p value of 0.0005). The mean ERD 

Table 3 Subjective image quality evaluation

Score 1 Bad, non-diagnostic

Score 2 Poor, substandard

Score 3 Moderate, standard

Score 4 Good, better than standard

Score 5 Excellent

Table 4 Patient baseline characteristics of two groups

Patients’ 
characteristics

Dual-energy CT Turbo Flash CT p value

Age (years) 44.0 ± 13.1 48.0 ± 11.3 0.303

Height (cm) 157.8 ± 7.6 156.9 ± 8.1 0.720

Weight (kg) 62.9 ± 10.3 61.4 ± 11.3 0.655

BMI (kg/m2) 25.2 ± 3.4 25.2 ± 3.8 0.975
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of group A and B are 4 ± 0.4  mSv and 2.9 ± 0.9  mSv, 
respectively (p value of 0.0005) which represents a dose 
reduction of 32.7% (Table 5).

The mean CM volume in group B was 31.5 ± 7.0  mL 
compared with 60.00 ± 0.0  mL in group A (p < 0.001), 
which saved 48.33% of CM.

Among 60 patients evaluated, two from group A and 
one from group B did not undergo donor nephrectomy 
surgery for personal reasons. There is no difference 
between intraoperative and CT findings in the number of 
renal arteries and veins in the rest of the patients.

Discussion
Chronic kidney disease (CKD) continues to cause sub-
stantial health burden in terms of mortality and morbid-
ity in India [7], and renal transplantation is the treatment 
of choice for CKD that offers several advantages [2]. 

All living renal donors should have a detailed medical 
evaluation to ensure donor safety, and CT Angiogra-
phy is the imaging workhorse for their evaluation. CTA 
shows excellent delineation of renal anatomy, variations 
and other findings which play a key role in the selec-
tion of donors [3]. MDCT can detect accessory arteries, 
early branching of renal arteries, and renal vein anoma-
lies, with an accuracy of 89–97%, 93–97% and 96–100%, 
respectively [8].

With the robust use of CTA, the knowledge regarding 
the risk of radiation and contrast induced nephropathy 
(CIN) is of prime importance. Though there is no direct 
evidence to link the radiation received from medical 
imaging with malignancies, some risk can be associated 
with even small doses of ionizing radiation. Hence, mini-
mizing dose according to the ALARA principle becomes 
essential. And with the increased usage of iodinated 
CM in CTA, the apprehension of the risk of CIN is also 

Fig. 1 Contrast CT Axial images of DECT (A) and Turbo Flash (B) at the renal artery level shows comparable image quality between both

Fig. 2 Contrast CT VRT images of DECT (A) and Turbo Flash (B) of the aorta and renal arteries shows comparable image quality between both
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increased [9]. The incidence of CIN is dependent on the 
volume of CM used in CECT examinations as shown by 
literature [9–11]. Therefore, while maintaining the diag-
nostic image quality, it is also essential to reduce the radi-
ation dose and CM amount during the CTA evaluation of 
prospective donors.

Dual-energy and turbo flash modes were used in this 
study to acquire the images. In Third-generation dual-
source CT (DSCT) scanners, two tubes operate at dif-
ferent kVp in dual-energy mode. The DECT images have 
been increasingly used in renal imaging for preoperative 
workups, evaluation of vascular pathology, and oncologi-
cal evaluation [12].

Turbo flash mode is a high pitch mode in dual-source 
scanners, in which ultrafast acquisition of images is pos-
sible. In this, both sources operate at the same kVp, and 
the table accelerates up to 737  mm/s depending on the 
selected pitch (1.5–3). The gantry rotation time of 0.25 s 
is the additional factor that helps acquire the images 
faster in third-generation Dual-source CT.

Image quality analysis
The objective analysis of image quality in this study was 
based on the attenuation of AA and both renal arteries. 

The difference in mean attenuation of both renal arteries 
and AA among the two groups, as well as the differences 
in CNR and SNR was statistically significant, with higher 
values in group A. But the subjective analysis showed 
that there was no statistical significance between two 
groups, suggesting comparable imaging quality between 
two groups. Though a comparable CNR, SNR could not 
be achieved in group B, possibly due to increased noise in 
TurboFlash mode [13]. MIP, cMPR and VR images dem-
onstrated a fairly good diagnostic assessment and helped 
in risk stratification of donors (Figs.  3, 4). Also, known 
drawbacks of high pitch CT scanners like helical artefacts 
were not seen in any of the cases.

Radiation dose analysis
Third-generation dual-source CT (DSCT) scanners have 
different tools for radiation dose reduction [14]. An 
important technique is automated tube current modu-
lation (Care dose 4D in Siemens) which utilizes scout 
image taken before the actual scan to estimate which 
region requires greater/lesser radiation doses; and based 
on the attenuation values acquired, the tube current can 
be modulated to deliver the appropriate doses to that 
particular region [15].

Table 5 Comparison of two CTA protocols (significant p value less than 0.05)

Groups N Mean SD t value p value

Contrast volume Group A 30 60.0 0.0 18.310 0.0005

Group B 30 31.5 7.0

Aorta HU Group A 30 386.4 64.8 4.005 0.0005

Group B 30 313.2 49.9

RR mean Group A 30 315.9 43.3 2.051 0.047

Group B 30 287.1 45.4

LR mean Group A 30 320.9 49.2 2.413 0.021

Group B 30 284.4 46.5

Psoas mean Group A 30 53.4 3.5 0.528 0.600

Group B 30 54.4 7.2

SD mean Group A 30 8.0 2.0 3.819 0.0005

Group B 30 13.6 6.3

CTDIvol Group A 30 8.3 0.8 5.155 0.0005

Group B 30 6.0 1.8

DLP Group A 30 266.4 25.9 5.155 0.0005

Group B 30 192.5 58.7

ERD Group A 30 4.0 0.4 5.155 0.0005

Group B 30 2.9 0.9

RR + LR mean Group A 30 318.4 45.0 2.281 0.028

Group B 30 285.7 45.5

SNR Group A 30 42.8 13.7 4.456 0.0005

Group B 30 25.1 11.3

CNR Group A 30 35.6 12.0 4.531 0.0005

Group B 30 20.2 9.3
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Few other methods include reduction in the tube 
voltage (kVp), tube current (mA), use of different noise 
filters to process the images during reconstruction, 
modifying the reconstruction algorithms, and shielding 
the patient. The ability to create virtual non-enhanced 
data sets and to minimize image acquisition in the clas-
sic triple phase protocol renders DECT a helpful tool in 
further decreasing the radiation dose [16]. Davarpanah 
et al. have shown by reducing tube voltage current from 
120 to 80 kV there is a significant reduction in radiation 
that also improved the SNR and CNR [17]. We had also 
replaced excretory phase acquisition by conventional 
radiography to further reduce the dose to the patient.

Another important technique is using high pitch, 
which can be performed by Turbo Flash mode in 
a third-generation DSCT, which can also perform 
extremely fast scans.

Because of its improved temporal resolution and 
faster overall acquisition times, Turbo Flash can 
decrease cardiac and respiratory motion related arte-
facts [18, 19]. It can also result in lower radiation dose 
to patients, according to Sommer et al. [20].

Similar results were obtained in our study, with lower 
mean CTDIvol, DLP and ERD in Turbo Flash mode, 
and an overall radiation dose reduction of approx. 
32%. These results are in accordance with the previous 

similar study by Pang et al. [21] where there was a dose 
reduction of 38%.

Contrast media volume analysis
The incidence of CIN is dependent on the volume of CM, 
hence the reduction in CM is vital to reduce CIN risk. 
Adjusting CM volume to the patient’s weight is a simple, 
robust, and widely used method for individually tailoring 
CM injection protocols [22].

According to Sodagari et al., 30 ml of iodinated contrast 
was effective in producing diagnostic quality images in 20 
patients with chronic renal insufficiency who underwent 
high-pitch abdominopelvic (AP) CTA on a third-gen-
eration dual-source CT scanner [23]. In our study, with 
administration of 0.5 ml/kg of contrast media in the high 
pitch group, there was a reduction in contrast media by 
47.5% when compared with conventional protocol using 
1 mL/kg.

Limitations

• The contrast opacification was enough for diagnostic 
information but failed to give supportive objective 
evidence in our study.

Fig. 3 Axial images of contrast enhanced CT renal angiography performed in Turbo Flash mode at renal level in patients with varying body mass 
index (BMI) show good image quality
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• Although promising, this study requires further 
standardization and future research before appli-
cation into daily routine practice for solid results.

• Larger sample studies are required to validate the 
results in this study and to evaluate the smaller 
renal and accessory arteries.

• Being a novel technique, this lacks standardization 
with appropriate scanning parameters with respect 
to the patient’s body habitus and CTA methodol-
ogy. In patients with BMI > 27, increased image 
noise and less clarity of the small vessels in 3D VR 
images were noticed.

Conclusions
To the best of our knowledge, this is the first study where 
CT renal angiography was done using Turbo Flash mode 
on a third-generation scanner. In our study, the images 
from  Turbo Flash mode demonstrated diagnostic infor-
mation with delineation of vascular anatomy and their 
variants. Decreased radiation dose and contrast media 
volume reduction was also observed, which can be rec-
ommended for screening of voluntary kidney donors, but 
needs further larger clinical studies with tailored proto-
cols. Due to an increase in apprehension regarding side 
effects of contrast media, new techniques that favour 

Fig. 4 VRT images of contrast enhanced CT renal angiography performed in Turbo Flash mode in patients with varying body mass index (BMI) 
show acceptable image quality
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less contrast dose with preservation of diagnostic infor-
mation should be encouraged. Though there are some 
limitations to Turbo Flash protocol, with proper stand-
ardization and further validation of this technique, this 
technology would have far reaching applications in medi-
cal imaging in near future.

Abbreviations
CKD: Chronic kidney disease; CTA : Computed tomographic angiography; 
MDCT: Multidetector CT; CTDI: Computed tomography dose index; DLP: Dose 
length product; CNR: Contrast to noise ratio; SNR: Signal to noise ratio; ROI: 
Region of interest; CM: Contrast media; MIP: Maximum intensity projection; 
MPR: Multiplanar reconstruction; VR: Volume rendered; S.D: Standard devia-
tion, noise; ERD: Effective radiation dose; RR: Right renal; LR: Left renal.

Acknowledgements
Not applicable.

Author contributions
NC, GP, VKA, VP contributed to the design and implementation of the research, 
to the analysis of the results and to the writing of the manuscript. RR, SR, PM, 
MC helped in reviewing the manuscript. All authors read and approved the 
final manuscript.

Funding
The authors did not receive support from any organization for the submitted 
work.

Availability of data and material
The datasets generated and/or analysed during the current study are not 
publicly available for maintain the anonymity but are available from the cor-
responding author on reasonable request.

Declarations

Ethics approval and consent to participate
Have got Ethics committee approval (EC/AP/753/09/2019) from KMCH Ethics 
committee, Kovai Medical Centre and Hospital limited. Written consent was 
obtained from the participants during the study.

Consent for publication
We have put images that maintain the anonymity of the participants involved. 
Written consent to publish this information was obtained from study 
participants.

Competing interests
The authors declare that they have no competing interests.

Received: 10 July 2022   Accepted: 18 August 2022

References
 1. WHO | Projections of mortality and causes of death, <br>2016 to 2060 [Inter-

net]. WHO. World Health Organization; [cited 2020 Oct 14]. Available from: 
http:// www. who. int/ healt hinfo/ global_ burden_ disea se/ proje ctions/ en/

 2. Lee EW, Tang VC (2007) Renal transplantation. Ann R Coll Surg Engl 
89(6):649–650

 3. Ghonge NP, Gadanayak S, Rajakumari V (2014) MDCT evaluation of potential 
living renal donor prior to laparoscopic donor nephrectomy: What the 
transplant surgeon wants to know? Indian J Radiol Imaging 24(04):367–378

 4. Halliburton SS, Abbara S, Chen MY, Gentry R, Mahesh M, Raff GL, Shaw 
LJ, Hausleiter J (2011) SCCT guidelines on radiation dose and dose-
optimization strategies in cardiovascular CT. J Cardiovasc Comput Tomogr 
5(4):198–224

 5. Nash K, Hafeez A, Hou S (2002) Hospital-acquired renal insufficiency. Am J 
Kidney Dis 39(5):930–936

 6. Christner JA, Kofler JM, McCollough CH (2010) Estimating effective dose 
for CT using dose-length product compared with using organ doses: 
consequences of adopting International Commission on Radiological 
Protection publication 103 or dual-energy scanning. AJR Am J Roentgenol 
194(4):881–889

 7. Bikbov B, Purcell C, Levey AS, Smith M, Abdoli A, Abebe M et al (2020) 
Global, regional, and national burden of chronic kidney disease, 1990–2017: 
a systematic analysis for the Global Burden of Disease Study 2017. Lancet 
395(10225):709–733

 8. Garcia GG, Harden P, Chapman J (2012) The global role of kidney transplan-
tation. Kidney Blood Press Res 35(5):299–304

 9. From AM, Bartholmai BJ, Williams AW, Cha SS, McDonald FS (2008) Mortality 
associated with nephropathy after radiographic contrast exposure. Mayo 
Clin Proc 83(10):1095–1100

 10. Davenport MS, Khalatbari S, Cohan RH, Dillman JR, Myles JD, Ellis JH (2013) 
Contrast material–induced nephrotoxicity and intravenous low-osmolality 
iodinated contrast material: risk stratification by using estimated glomerular 
filtration rate. Radiology 268(3):719–728

 11. Mann JF, Gerstein HC, Yi QL, Lonn EM, Hoogwerf BJ, Rashkow A, Yusuf S 
(2003) Development of renal disease in people at high cardiovascular risk: 
results of the HOPE randomized study. J Am Soc Nephrol 14(3):641–647

 12. John D, Athira R, Selvaraj S, Renganathan R, Gunasekaran K, Arunachalam VK 
(2021) Does dual-energy abdominal computed tomography increase the 
radiation dose to patients: a prospective observational study. Pol J Radiol 
86:e208–e216. https:// doi. org/ 10. 5114/ pjr. 2021. 105594

 13. Zhou Y, Hu L, Du S, Jin R, Li W, Lv F, Zhang Z (2021) The ultrafast, high-pitch 
turbo FLASH mode of third-generation dual-source CT: effect of different 
pitch and corresponding SFOV on image quality in a phantom study. J Appl 
Clin Med Phys 22(12):158–167

 14. Sodickson AD, Keraliya A, Czakowski B, Primak A, Wortman J, Uyeda JW 
(2021) Dual energy CT in clinical routine: how it works and how it adds 
value. Emerg Radiol 28(1):103–117

 15. Feigal DW (2002) FDA public health notification: reducing radiation risk from 
computed tomography for pediatric and small adult patients. Int J Trauma 
Nurs 8(1):1–2

 16. Zhang X, Zhang G, Xu L, Bai X, Lu X, Yu S, Sun H, Jin Z (2022) Utilisation of 
virtual non-contrast images and virtual mono-energetic images acquired 
from dual-layer spectral CT for renal cell carcinoma: image quality and radia-
tion dose. Insights Imaging 13(1):12

 17. Davarpanah AH, Pahade JK, Cornfeld D, Ghita M, Kulkarni S, Israel GM (2013) 
CT angiography in potential living kidney donors: 80 kVp versus 120 kVp. 
Am J Roentgenol 201(5):W753–W760

 18. Petersilka M, Bruder H, Krauss B, Stierstorfer K, Flohr TG (2008) Technical 
principles of dual source CT. Eur J Radiol 68(3):362–368

 19. Achenbach S, Marwan M, Schepis T, Pflederer T, Bruder H, Allmendinger T, 
Petersilka M, Anders K, Lell M, Kuettner A, Ropers D (2009) High-pitch spiral 
acquisition: a new scan mode for coronary CT angiography. J Cardiovasc 
Comput Tomogr 3(2):117–121

 20. Sommer WH, Albrecht E, Bamberg F, Schenzle JC, Johnson TR, Neumaier 
K, Reiser MF, Nikolaou K (2010) Feasibility and radiation dose of high-pitch 
acquisition protocols in patients undergoing dual-source cardiac CT. Am J 
Roentgenol 195(6):1306–1312

 21. Pang L, Zhao Y, Dong H, Shi H, Yang W, Zhang H, Yan F, Liu B, Yan J (2015) 
High-pitch dual-source computed tomography renal angiography compari-
son with conventional low-pitch computed tomography angiography: 
image quality, contrast medium volume, and radiation dose. J Comput 
Assist Tomogr 39(5):737–740

 22. Fleischmann D, Kamaya A (2009) Optimal vascular and parenchymal contrast 
enhancement: the current state of the art. Radiol Clin N Am 47(1):13–26

 23. Sodagari F, Wood CG, Agrawal R, Yaghmai V (2022) Feasibility of sub-second 
CT angiography of the abdomen and pelvis with very low volume of 
contrast media, low tube voltage, and high-pitch technique, on a third-
generation dual-source CT scanner. Clin Imaging 82:15–20. https:// doi. org/ 
10. 1016/j. clini mag. 2021. 10. 011

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

http://www.who.int/healthinfo/global_burden_disease/projections/en/
https://doi.org/10.5114/pjr.2021.105594
https://doi.org/10.1016/j.clinimag.2021.10.011
https://doi.org/10.1016/j.clinimag.2021.10.011

	Comparison of Turbo Flash and dual-energy modes of third-generation dual-source CT in pre-transplant renal angiography: a prospective observational study
	Abstract 
	Background: 
	Results: 
	Conclusions: 

	Background
	Methods
	Contrast medium administration
	Objective image quality evaluation
	Subjective image analysis
	Radiation dose analysis
	Statistical analysis

	Results
	Patient characteristics
	Objective image quality analysis
	Subjective image quality analysis
	Radiation dose and contrast media volume

	Discussion
	Image quality analysis
	Radiation dose analysis
	Contrast media volume analysis

	Limitations
	Conclusions
	Acknowledgements
	References


