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[Abstract] Objective: To evaluate the feasibility of using gadopentetate dimeglumine (Gd-DTPA)
for dual-energy computed tomography pulmonary angiography (CTPA). Methods: Sixty-six
patients were randomly divided into three groups and underwent CTPA. Group A had a turbo flash
scan using an iohexol injection, Group B had a turbo flash scan using Gd-DTPA, and Group C had
a dual-energy scan using Gd-DTPA. The original images of Group C were linearly blended with a
blending factor of 0.5 or reconstructed at 40, 50, 60, 70, 80, 90, 100, and 110 keV, respectively. The
groups were compared in terms of pulmonary artery CT value, image quality, and radiation dose.
Results: The pulmonary artery CT values were significantly higher in Group C,, .y than in Groups
B and C, but lower than in Group A. There was no significant difference in the image noise of
Groups Cyev» B, and C. Moreover, Group A had the largest beam hardening artifacts of the superior
vena cava (SVC), followed by Groups B and C. Group C,, . showed better vascular branching
than the other three groups, among which Group B was superior to Group A. The subjective score
of the image quality of Groups A, B, and C showed no significant difference, but the score was
significantly higher in Group C,, .y than in Groups A and B. The radiation dose was significantly
lower in Group B than in Groups A and C. Conclusion: Gd-CTPA is recommended to patients who
are unsuitable for receiving an iodine-based CTPA. Furthermore, a turbo flash scan could surpass a
dual-energy scan without consideration for virtual monoenergetic imaging.

Key words: gadopentetate dimeglumine; computed tomography pulmonary angiography; dual-
energy scan; turbo flash scan; virtual monoenergetic imaging

A pulmonary embolism (PE), which refers to a
blood clot that obstructs pulmonary circulation, is the
third most common cause of cardiovascular deaths
worldwide!'. The short-term prognosis of a PE can
be significantly improved by timely diagnosis and
carly treatment®. With the aid of imaging, a PE can
be more accurately diagnosed on the basis of clinical
manifestations that usually exhibit poor specificity®®!.
Computed tomography angiography (CTA) is a medical
imaging technique that has been widely applied for the
diagnosis of vascular diseases due to its advantages
of convenience, noninvasiveness, high accuracy, and
ability to simultaneously display internal and external
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vascular lesions™™. Computed tomography pulmonary
angiography (CTPA) is the current gold standard for the
diagnosis of suspected acute PE but cannot be offered
to patients who have a low glomerular filtration ratel.

lodinated contrast media are frequently used
injectables that enhance the radiographic visualization
of anatomical structures, but the intravascular
administration of contrast media is associated with
negative outcomes, such as acute kidney injuryf®l.
Iodinated contrast media can also induce persisting
hyperthyroidism or worsen the condition of the disease,
particularly in patients with a family history of thyroid
diseases’l. Moreover, intravenous iodinated contrast
media increases the risk of acute kidney injury in patients
with renal insufficiency or can trigger hypersensitivity
reactionst® %, The application of iodine-based contrast
media may also be complicated for patients with
multiple myeloma because they are considered at a very
high risk of acute kidney injury!'?l. The side effects and
limitations of iodinated contrast warrant investigations
on an alternative CT contrast medium.

Lanthanide ion gadolinium is the most commonly
used metal atom for the enhancement of magnetic
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resonance imaging (MRI)!". Compared with iodinated
contrast, a gadolinium-based contrast agent (GBCA)
has been shown to reduce the incidence of contrast-
induced nephropathy in percutaneous transluminal
renal angioplasty!'?l. Remy-Jardin et al used gadolinium
chelates in 16-detector CTPA and yielded favorable
diagnostic information!"l. Additionally, the emergence
of advanced CT scanners has increased the possibility
of using gadolinium-based contrast media. Therefore,
this study elucidated the feasibility of using a GBCA
[gadopentetate dimeglumine (Gd-DTPA)] for a CTPA
in the turbo flash scan mode and also investigated the
effect of virtual monoenergetic imaging on contrast
enhancement.

1 MATERIALS AND METHODS

1.1 Research Objects

This study involved 66 patients (35 males and 31
females; 20-81 years; 57.7+18.3 years) who underwent
a CTPA at Hunan Provincial People’s Hospital, China,
from February 2019 to October 2019. Inclusion criteria
comprised: (1) Patients who needed a CTPA and agreed
on using an iohexol injection or Gd-DTPA as a contrast
medium, (2) patients who needed enhanced scanning
and agreed to add a pulmonary arterial phase scan using
iohexol or Gd-DTPA, and (3) >18 years. Exclusion
criteria consisted of: (1) Severe heart or kidney
dysfunction, (2) poor breathing coordination resulting
in large breathing artifacts, and (3) pulmonary trunk
embolism affecting the measurement of the data. There
were nine cases of pleural effusions, six atelectasis, 16
space-occupying lesions of the lung, two pericardial
effusions, and two PEs in the selected patients. This
study recruited patients who had volunteered to join in
this research, and these patients had mild symptoms of
a PE or suspected PE. Patients with high pretest risks
were excluded because this study was designed to
investigate whether gadolinium-enhanced CTA could
clearly display the pulmonary arteries and be used for
diagnosis of a PE instead of replacing iodine-enhanced
CTA. Therefore, the number of positive PE cases was
extremely low in the study population, which may
not be a good reference for evaluating the diagnostic
performance of CTPA.
1.2 Ethics Statement

This study was approved by the Ethics Committee
of Hunan Provincial People’s Hospital and informed
consent from all patients (ethical approval number:
2018-198) was obtained before the experiments.
The procedures involving human participants all
complied with the Declaration of Helsinki established
in June 1964 and subsequent revisions. There was no
identifiable patient information in this case report.
1.3 Scanning Methods and Parameters

The SOMATOM Force dual-source CT scanner

(Siemens, Germany) was used in this study. The patient
underwent respiratory training before a CT scan was
performed during the maximum end-inspiratory pause.
The patient lied supine and was scanned feet first and
from the tip to the bottom of the lung. A dual-cylinder
syringe was used to inject iohexol (350 mg/mL) or
Gd-DTPA (469.01 mg/mL) at a dose of 0.6 mL/kg into
the left elbow vein at a rate of 5 mL/s. After injecting
with the contrast agent, the patient was additionally
injected with 30 mL of normal saline. The region of
interest (ROI) was set in the horizontal pulmonary
artery trunk below the tracheal bifurcation, and the
scan was triggered when the CT value increased by
50 Hu on the basis of the plain scan. The CT images
were reconstructed using a 1.0 mm slice thickness and
1.0 mm slice interval. The 66 patients were randomly
divided into three groups (Group A, B, and C; 22
patients per group). Group A underwent turbo flash
scanning using an iohexol injection (100 kVp tube
voltage, automatic tube current, 2.8 mm pitch, 0.6 mm
collimation width, and 0.25 s/cycle speed). Group B
underwent turbo flash scanning using Gd-DTPA (70
kVp tube voltage, automatic tube current, 2.8 mm pitch,
0.6 mm collimation width, and 0.25 s/cycle speed).
Group C underwent dual-energy scanning using Gd-
DTPA (70/Sn150 kVp tube voltage, automatic tube
current, 1.2 mm pitch, 0.6 mm collimation width, and
0.5 s/cycle speed).
1.4 Image Processing

The original images were imported into the
Siemens post-processing workstation (syngo.via).
The “CT angiography” software window was run to
obtain virtual reality (VR) and maximum intensity
projection (MIP) images, and a high-resolution soft
tissue window (600 Hu width; 150 Hu level) was
reconstructed. The dual-energy scanning data obtained
at 70 kVp represented the data of Group C (70 kVp;
Sn150 kVp). The images of Group C were run in the
“dual energy” software window under the mono+mode
(virtual monoenergetic imaging) to obtain axial images
at 40, 50, 60, 70, 80, 90, 100, and 110 keV, respectively
(1.0 mm slice thickness, 1.0 mm slice interval, 600 Hu
window width, and 150 Hu window level). The images
of Group C were also reconstructed as linear-blended
images by applying a blending factor of 0.5 at the
workstation.
1.5 Measurement and Evaluation of the Pulmonary
Artery CT Values

The CT values of the pulmonary artery trunk, left
pulmonary artery, and right pulmonary artery were
measured at the pulmonary artery bifurcation level
simultaneously, thus avoiding the beam hardening
artifacts of the superior vena cava (SVC). The area of
the ROI was 0.5 cm?.
1.6 Image Quality Evaluation

The signal-to-noise ratio (SNR) and contrast-
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to-noise ratio (CNR) were calculated according to
the following formulas: SNR=the CT value of the
pulmonary artery trunk/the standard deviation of the
right paraspinal muscle CT value; CNR=(the CT value
of the pulmonary artery trunk — the CT value of the
right paraspinal muscle)/the standard deviation of the
right paraspinal muscle CT value.

Tworadiologists with three and 11 years of imaging
diagnosis experience, respectively, independently
evaluated whether there were beam hardening artifacts
of the SVC. A consensus on the evaluations was
reached if there were differences.

The two radiologists independently determined
the vascular branching series based on the VR, MIP,
and high-resolution soft tissue window images. A
unanimous result was obtained if the two grades
obtained were inconsistent. Vascular branching series
had 6 grades: grade 1, pulmonary artery trunk; grade
2, right pulmonary artery; grade 3, right interlobular
artery; grade 4, right lower lobe artery; grade 5, right
lower lobe segmental artery; grade 6, right lower lobe
segmental arterial branches.

The two radiologists scored the overall image
quality by using a five-point Likert scale!'¥, The scale
was as follows: 1 point, images with poor quality that
could not be used for diagnosis; 2 points, suboptimal
enhancement and noise interference with diagnostic
confidence; 3 points, acceptable enhancement and
moderate noise without affecting the diagnostic
confidence; 4 points, typical enhancement and noise
for the evaluation of the vascular and extravascular
structures; and 5 points, homogeneous enhancement
and minimal noise, which was optimal for vascular
evaluation.

1.7 Radiation Dose

The volume CT dose index (CTDI vol) and dose
length product (DLP) were calculated based on the CT-
dose table.

1.8 Statistical Analysis

SPSS 21.0 software (SPSS Inc, USA) was used
for the statistical analysis. Measurement data, such
as age, body mass index (BMI), and CT value were
expressed as the meantstandard deviation (SD),

while enumeration data, such as pleural effusion,
atelectasis, space-occupying, pericardial effusion,
vascular branching series, and hardening artifacts were
expressed as percentages. The #-test (for the two groups)
and analysis of variance (for the multiple groups) were
used to compare the measurement data. The least
significance difference test or Tukey’s test was used for
post hoc multiple comparisons. The enumeration data
were compared using the Chi-squared test. Differences
were considered statistically significant at P<0.05.

2 RESULTS

2.1 Basic Information and Clinical Characteristics
of the Patients

A total of 66 patients were enrolled in this study,
including 35 males and 31 females. The average age,
gender, BMI and clinical characteristics of Groups
A, B and C (n=22 per group) are listed in table 1 and
showed no significant difference (P>0.05).
2.2 Pulmonary Artery CT Values

The CT values of the pulmonary artery trunk, left
pulmonary artery, and right pulmonary artery of Group
A were significantly higher than those of Groups B
and C (table 2; P<0.001). Group A used an iodinated
contrast agent, while Groups B and C used Gd-DTPA.
The concentration of gadolinium was lower than that
of iodine. Therefore, the CT values of Groups B and
C were not as high as that of Group A. There were
no significant differences in the pulmonary artery CT
values between Groups B and C (table 2; P>0.05).
The CT values of the pulmonary artery trunk, left
pulmonary artery, and right pulmonary artery all met
the diagnostic standards.
2.3 Image Quality Evaluation

The SNR and CNR in Group A were significantly
higher than those in Groups B and C (table 3,
P<0.0001). There was no significant differences
in either the SNR or CNR between Groups B and
C (P=0.587; P=0.259). The proportions of beam
hardening artifacts of the SVC in Groups A, B, and
C were 90.9%, 22.7%, and 13.6%, respectively and
showed statistically significant differences (table

Table 1 Basic information and clinical characteristics of patients [# (%), mean+SD]

Parameters Group A Group B Group C Fix’ P
Age (years) 62.4+11.3 60.7£12.5 58.7+14.2 0.466 0.629
Gender
Male 12 (54.5) 9(40.9) 14 (63.6) 2312 0.315
BMI (kg/m’) 23.3+4.5 21.6£3.1 22.6+3.8 1.088 0.343
Clinical characteristics
Pleural effusion 2(9.1) 4 (18.2) 3(13.6) 0.772 0.679
Atelectasis 2(9.1) 1(4.5) 3(13.6) 1.100 0.576
Space-occupying 7 (31.8) 5(22.7) 4(18.2) 1.113 0.573
Pericardial effusion 1(4.5) 0(0) 1(4.5) 1.031 0.597
Pulmonary embolism 1(4.5) 0(0) 1(4.5) 1.031 0.597
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Table 2 Pulmonary artery CT values (mean+SD)

Group A Group B Group C F P
Pulmonary artery trunk (Hu) 552.66+92.54 262.34+64.87 256.19+48.45 125.3 <0.0001
Left pulmonary artery (Hu) 483.62+103.28  258.78+53.64 249.74+53.62 70.57 <0.0001

Right pulmonary artery (Hu) 498.4+101.38 248.15+58.49 246.85+56.29 382.11 <0.0001
Table 3 Image quality evaluation [n (%), mean=SD]
Group A Group B Group C Z/x P
Vascular branching series

Grade 5 19 (86.4) 11 (50.0) 13 (59.1)

Grade 6 3 (13.6) 11 (50.0) 9 (40.9) 6.94 0.0311
Beam hardening artifacts 20 (90.9) 5(22.7) 3 (13.6) 29.65 <0.0001
Subjective scores

3 0(0) 1 (4.6) 0(0)

4 4(18.2) 9 (40.9) 7(31.8) 5.1 0.2772

5 18 (81.8) 12 (54.5) 15 (68.2)

SNR 49.53+15.47 21.58+8.49 18.44+4.68 58.01 <0.0001
CNR 45.28+13.27 17.59+8.16 13.02+5.61 73.36 <0.0001

SNR: signal-to-noise ratio; CNR: contrast-to-noise ratio

3; P<0.0001). The vascular branching series of the
three groups also had significant differences (table 3;
P=0.0311). The pairwise comparisons showed that
the vascular branching series of Groups B and C were
significantly superior to those of Group A (P=0.0096;
P=0.0423), but there was no significant difference
between Groups B and C (P=0.5448). Furthermore,
there were no significant differences in the subjective
scores of the three groups (table 3; fig. 1A—1C).
2.4 Radiation Doses

The CTDI vol and DLP of Groups A, B and C
showed significant differences (table 4; P<0.0001,
CTDI vol/DLP, ~ >CTDI vol/DLP, ~ >CTDI vol/
DLP ). In the pairwise comparisons, the differences

group B
between the groups were also statistically significant

Fig. 1 VR images of the pulmonary arteries
A: high-pitch helical scanning using an iohexol injection; B: High-pitch helical scanning using gadopentetate dimeglumine; C:
dual-energy scanning using gadopentetate dimeglumine. These three images all had grade 6 vascular branching series and scored
five points (excellent) in the subjective evaluation.

(CTDI vol: P=0.0116, P=0.0003, and P<0.0001; DLP:
P=0.0027, P<0.0001, and P<0.0001).
2.5 Evaluations of the Reconstructed Images of
Group C

The CT values of the pulmonary artery trunk, left
pulmonary artery, and right pulmonary artery of Group
C,, 1.y Were significantly higher than those of the other
post-processing groups. The pulmonary artery CT values
of all the post-processing groups are listed in table 5.

There was significant difference in the image
quality of these post-processing groups (table 6).
The SNR (19.85+6.82), CNR (15.13+5.84), vascular
branching series (grade 6; 81.8%) and subjective score
(5 points; 95.4%) of Group C were the highest

40 keV

among these post-processing groups. The beam

Table 4 Radiation doses (mean+SD)

Group A Group B Group C F P
CTDI vol (mGy) 3.65+1.42 2.25+0.8 4.39+0.93 25.86 <0.0001
DLP (mGyecm) 102.45+52.82 58.88+26.48 159.28+41.26 32.21 <0.0001

CTDI vol: the volume CT dose index; DLP: dose length product
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Table 5 Pulmonary artery CT values of post-processing

groups (mean+SD)

Pulmonary artery Left pulmonary Right pulmonary

hardening artifact ratio of Group C,;, ., was 18.2%,
which was only below that of Group C, , .. In the
pairwise comparisons, the SNR, CNR, beam hardening

trunk (Hu) artery (Hu) artery (Hu) artifact ratio, vascular branching series, and subjective
Conos 173.52446.28  168.28+43.06  171.20+37.59 score of Group C,, . were significantly different from
gmm ;; 41‘ .4212176.28 361.51+£82.50  372.62482.16 those of Groups Cy,, ., Cyy,.0r C oo e and C, ., but
ey 2245629  278.45+61.22  269.28+65.18 not Groups C,_,, Cy o, C and C
m0. e 60 keV? 70 keV*
Corev 2164545228 2136144329 208.19+53.49 2.6 Comparisons of Group C,,, to Groups A, B,
Coorey 1764244679 1652944624  171.26+42.39 and C
Cyorev 151.26+35.85 146.51+43.28 142.45+26.22 The CT values of the pulmonary artery trunk, left
Corey  135.51£33.35 127.58+226.52  130.28+30.59 pulmonary artery, and right pulmonary artery of Group
Cioorev  126.34£30.26  117.49+30.22  126.12+25.81 C,, v Were significantly higher than those of Groups
Chorey  109.28+£16.94  102.28+17.49 106.3+20.18 B and C, but lower than those of Group A (table 7; all
P <0.0001 <0.0001 <0.0001 P<0.0001).
Table 6 Image quality of post-processing groups [ (%), mean+SD]
CmO.S C40 keV CSO keV C60 keV C70 keV CSO keV C‘)O keV CIOO keV Cl]O keV P
Vascular branching
Grade 3 0 0 0 0 0 0 2(9.1) 5(22.77)  8(36.4)
Grade 4 2 (9.0) 0 0 0 2(9.1) 4(18.2) 10(45.5) 12(54.6) 11(50.0) <0.0001
Grade5 10(45.5) 4(182) 5(227) 5(227)  8(36.4) 15(682) 9(40.9) 5(22.7) 3(13.6)
Grade 6 10(45.5) 18(81.8) 17(77.3) 17(77.3) 12 (54.5) 3(13.6) 1(4.5) 0 0
Beam
hardening 2(9.1) 4(18.2) 7(31.8) 3(14.3) 2 (13.6) 1(4.5) 0 0 0 0.1344
Subjective score
2 points 0 0 0 0 0 0 0 2(9.1) 4 (18.1)
3points 1 (4.5) 0 0 0 1@5)  200) 40182  5227)  8G64) _ o
4points  8(36.4) 1(4.5) 2(9.00  4(182)  5(22.7) 10(455) 11(50.0) 13(59.1) 10(45.5)
5points  13(59.1) 21(954) 20(91.0) 18(81.2) 16(72.8) 10(455) 7(31.8)  2(9.1) 0
SNR 16.43+4.12 19.85+6.82 18.45+6.35 17.13+4.25 16.85+6.23 15.94+5.22 15.34+4.55 14.51+4.53 13.84+4.16 <0.0001
CNR 11.35+£3.26 15.13+5.84 14.03+5.28 11.3+4.82 10.26+5.16 9.81+4.16 9.32+3.26 8.48+3.58 7.86+43.58 <0.0001

Note: Figures in the parentheses are percentages.

Table 7 Pulmonary artery CT values of group A, B, C and C, .y

Pulmonary artery trunk (Hu)

Left pulmonary artery (Hu)

Right pulmonary artery (Hu)

Group A 552.66+92.54
Group B 262.34+64.87
Group C 256.19+48.45
Group Cyg ey 371.42476.28

P (Avs. Cypev)
P Bvs. Cypev)
P (Cvs. Cyev)

<0.0001
<0.0001
<0.0001

483.62+103.28
258.78+53.64
249.74+53.62
361.51+82.50
<0.0001
<0.0001
<0.0001

498.4+101.38
248.15+58.49
246.85£56.29
372.62+82.16
<0.0001
<0.0001
<0.0001

The vascular branching series of Group C,, ,, were
much higher than those of Group A (table 8; P<0.0001).
The SNR, CNR, and beam hardening artifact ratio of
Group C,, ., were significantly lower than those of Group
A (table 8; P<0.0001). Group C,;, ., also had higher
subjective scores than Group A (table 8, P=0.1541).
Compared with Group B, Group C, ., showed a
superior vascular branching series and subjective
scores (table 8; P=0.0260 and P=0.019). Group C,, .,
also had a higher vascular branching series than Group
C (table 8; P=0.0053), but showed no significant

differences from Group C in the subjective scores.

There were no significant differences in the SNR,
CNR, and beam hardening artifacts between Groups
C and B or between Groups C and C.

40 keV 40 keV

3 DISCUSSION

Dual-energy CT, also known as spectral CT, is
a technique that uses two separate energy spectra to
obtain images similar to those generated by traditional
single-energy CT. Currently, there are six types of
dual-energy CT scanners: single-source helical dual-
energy CT (Siemens Healthineers, Germany), single-



Current Medical Science 42(6):2022

1315

Table 8 Image quality of group A, B, C and C,, .y [# (%), mean+SD|

P P P
Group A Group B Group C  Group Cy ey (Avs. C) (B, o) (C 5. Cppo)
Vascular branching series

Grade 5 19 (86.4) 11 (50.0) 13 (59.1) 4(18.2)

Grade 6 3(13.6) 11 (50.0) 9 (40.9) 18 (81.8) <0.0001 0.026 0.0053
Beam hardening artifacts 20 (90.9) 5(22.7) 3 (13.6) 4(18.2)  <0.0001 0.7086 0.6802
Subjective score

3 points 0(0) 1 (4.6) 0(0) 0(0)

4 points 4(18.2) 9 (40.9) 7 (31.8) 1(4.5) 0.1541 0.019 0.4531

5 points 18 (81.8) 12 (54.5) 15 (68.2) 21 (95.4)

SNR 49.53+£1547 21.58+8.49 18.44+4.68 19.85+6.82 <0.0001 0.9352 0.9633
CNR 4528 +13.27 17.59+8.16 13.02+5.61 15.13+5.84 <0.0001 0.7892 0.8555

Note: Figures in the parentheses are percentages. SNR: signal-to-noise ratio; CNR: contrast-to-noise ratio

source sequential dual-energy CT (Toshiba, Japan),
single-source fast kVp switching dual-energy CT
(GE Healthcare, USA), single-source twin-beam
dual-energy CT (Siemens Healthineers), dual-source
dual-energy CT (Siemens Healthineers), and dual-
layer dual-energy CT (Philips Healthcare, Best, the
Netherlands)!™!. This study used SOMATOM Force
dual-source CT, one type of dual-energy CT, which
provided four tube voltages for dual-energy scanning:
70/150 SnkVp, 80/150 SnkVp, 90/150 SnkVp, and
100/150 SnkVp, respectively!'®l. Turbo flash scan is
a unique scanning mode of dual-source CT, which is
equipped with two X-ray tube/detector systems and
presents the advantages, such as fast scanning speed
and low radiation dosage!'” '®!. This study compared the
differences in image quality and contrast enhancement
between dual-energy scanning (70/150 SnkVp) and
turbo flash scanning when Gd-DTPA was used as a
contrast agent.

The current concentration of gadolinium in
commercial contrast agents for clinical use is only
0.5 mmol/mL, which is significantly lower than that
of iodine (2.4 mmol/mL) in a 300 mgl/mL contrast
agent. Therefore, when a contrast agent was injected
at the same speed and same dose, the intravascular
concentration of gadolinium was about one-fifth of
that of iodine, which limited the use of gadolinium
for the CTA enhancement. Additionally, the general
maximum dose of a gadolinium contrast agent was
0.3 mmol/kg!". In this case, 40 mL of 0.5 mmol/mL
Gd-DTPA was used in an adult weighing 70 kg, which
was equivalent to about 8 mL of an iodinated contrast
agent of the same mmol concentration. Nonetheless,
there was evidence supporting the feasibility of a
gadolinium-enhanced CTAP 211, MRI with Gd-DTPA
was proven to be a safe imaging modality in liver
transplanted patients, and this intravenous contrast
medium was suggested for contrast-enhanced CT in
patients with renal insufficiency®?. High-quality CTPA
images could be produced with low-dose contrast
medial® 24, which also increased the possibility of
using gadolinium-based contrast media for a CTPA.

Despite the potential for CTA contrast, gadolinium-
based contrast agents were also associated with adverse
side effects (0.01%—2% occurrence rate) in MRIT?32,
The most common side effects of gadolinium-based
contrast agents were urticaria-like reactions, and the
incidence of life-threatening allergic reactions ranges
between 0.001% and 0.01%*331, Overall, the incidence
of gadolinium-related adverse events was far lower
than that of iodine-related adverse eventsP’. In the
past two decades, studies on the safety of gadolinium
contrast agents have focused on nephrogenic systemic
fibrosis and gadolinium deposition®®. Gadolinium
can be deposited in human tissues, such as the brain,
bones, and liver®” . McDonald et al reported that
gadolinium was deposited in a dose-dependent manner
in neural tissues of patients after intravenous injection
of a gadolinium-based contrast agent in the absence of
intracranial abnormalities or renal dysfunction®-*", The
form of the deposited gadolinium (chelated or non-
chelated) and the pathophysiology of this deposition
were not fully understood?. Kanda et al believed that
free gadolinium ions were replaced by other endogenous
metal ions in the body, such as iron, copper, and
zinc®), Another theory proposed that gadolinium was
transported across the blood-brain barrier by specific
metal transporters*. However, so far, there has been
no irrefutable evidence showing the clinical side effects
of the gadolinium deposition™- 441, Fortunately, there
was no gadolinium deposition in the brain seen in this
study, but the neurotoxic mechanism of the deposited
gadolinium and how it could be cleared would need
further exploration for safer use of a gadolinium-based
contrast agent.

The safe dose of a gadolinium-based contrast agent
in human was 0.3—0.5 mmol/kgi*”.. Correspondingly,
the safe dose of Gd-DTPA (469.01 mg/mL) was 0.6—
1.0 mL/kg. For safety reasons, the dose of Gd-DTPA
used in this study was 0.6 mL/kg. Moreover, the bolus
tracking technique instead of test bolus was applied
to reduce the usage of Gd-DTPA, and the triggering
threshold was 50 Hu (i.e., the scan was triggered when
the CT value was increased by 50 Hu on the basis of
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a plain scan). Becker et al believed that a CT value
of 250-350 Hu indicated qualified diagnostic images
of intravascular structures™). From the data in table
2, when Gd-DTPA was used as a contrast agent for a
CTPA, both the turbo flash scanning (Group B) and
dual-energy scanning (Group C) generated images
with diagnostic significance. There were no significant
differences in the pulmonary artery CT values,
subjective scores of image quality, the SNR, and CNR
between these two groups. However, Group B had a
significantly lower CTDI vol and DLP than Group C.
Compared with turbo flash scanning (2.8 mm pitch),
dual-energy scanning (1.2 mm pitch) required a longer
scan time and used two X-ray tubes, which resulted in
the higher radiation dose. Therefore, a turbo flash scan
was recommended as the first choice for emergency
CTPA since it not only generated qualified images, but
also reduced the examination duration and radiation
dose. In addition, motion artifacts could be reduced
by shortening the scan duration, which was associated
with a clearer display of the blood vessels*.

Virtual monoenergetic images (VMIs), such as
virtual non-contrast and calcium subtraction images,
could be produced from linear or non-linear blending
of dual-energy CT images®™*>!l. From previous studies,
the best quality of the VMIs could be achieved
when the images were generated at 40-50 keV or
reconstructed as linear-blended images by applying a
blending factor of 0.55% 31 In this study, the images
of Group C were reconstructed at 40, 50, 60, 70, 80,
90, 100, and 110 keV, respectively, or linearly blended
with a blending factor of 0.5 (M_0.5; 50% of the low-
kV and 50% of the high-kV spectrum). Group C,;,
showed the highest pulmonary artery CT values and
the best displaying of vascular branches compared with
the other energy groups and Group B. Reconstruction
of the linear-blended images by applying a blending
factor of 0.5 did not increase the contrast enhancement.

This study proved the feasibility of using Gd-
DTPA for CTPA. The dual-energy and turbo flash
scanning modes showed no significant differences in
image quality. Compared with dual-energy scanning,
turbo flash scanning reduced the scan duration and
radiation dose. Virtual monoenergetic imaging at 40
keV further improved the contrast of the target vessels
and enhanced the displaying of the peripheral vessels,
thus adding to the diagnostic confidence of gadolinium-
enhanced CTPA. Theoretically, the protocols adopted
by this research could work on all the other spiral CT
scanners which are able to perform pulmonary CTA.
Finally, further research could be done to compare
the image quality between dual-energy and other
gadolinium-based CTPA.
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