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Abstract Evaluating mechanical valves with computed

tomography (CT) can be problematic because artifacts

from the metallic components of valves can hamper image

quality. The purpose of this study was to determine factors

affecting the image quality of cardiac CT to improve

assessment of mechanical aortic valves. A total of 144

patients who underwent aortic valve replacement with

mechanical valves (ten different types) and who underwent

cardiac CT were included. Using a four-point grading

system, the image quality of the CT scans was assessed for

visibility of the valve leaflets and the subvalvular regions.

Data regarding the type of mechanical valve, tube voltage,

average heart rate (HR), and HR variability during CT

scanning were compared between the non-diagnostic

(overall image quality score B2) and diagnostic (overall

image quality score [2) image quality groups. Logistic

regression analyses were performed to identify predictors

of non-diagnostic image quality. The percentage of valve

types that incorporated a cobalt-chrome component (two

types in total) and HR variability were significantly higher

in the non-diagnostic image group than in the diagnostic

group (P\ 0.001 and P = 0.013, respectively). The

average HR and tube voltage were not significantly dif-

ferent between the two groups (P[ 0.05). Valve type was

the only independent predictor of non-diagnostic quality.

The CT image quality for patients with mechanical aortic

valves differed significantly depending on the type of

mechanical valve used and on the degree of HR variability.

Keywords Cardiac computed tomography � Mechanical

valves � Aortic valve replacement � Image quality � Valve
type

Introduction

Traditionally, transthoracic echocardiography (TTE) has

been the standard method for assessing and establishing

valve function after mechanical valve replacement. How-

ever, mechanical valve assessment by TTE has its limita-

tions, such as suboptimal visualization of valve motion due

to acoustic shadowing and wide variation in transprosthetic

pressure gradients (PGs). Increased transprosthetic PG may

be caused by left ventricular outflow tract (LVOT)

obstruction, measurement error, a high flow state, or

pressure recovery [1]. Even though cine fluoroscopy is

used to evaluate valve leaflet motion, obtaining a perpen-

dicular image of the valve leaflet with fluoroscopy and

accurately measuring the opening angle can be difficult.

Recently, cardiac computed tomography (CT) has been

shown to be valuable for evaluating mechanical valves,

particularly in regard to evaluation of leaflet motion,

measurement of opening and closing angles [2, 3], and

identifying the causes of prosthetic valve obstruction (e.g.,

pannus, thrombus, or vegetation) [4, 5]. However, CT

evaluation of the mechanical valve can be difficult because

artifacts from the metallic components of valves can

hamper image quality, especially in valves with cobalt-

chrome components [2, 4–7]. However, there have been no

assessments of the relevant factors affecting CT image

quality of mechanical aortic valves in a large population.
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The purpose of this study was to identify factors

affecting the image quality of cardiac CT scans to deter-

mine their utility in mechanical aortic valve assessment.

Methods

Patients

The Institutional Review Board of Severance Hospital

approved this retrospective study and informed consent was

waived. We retrospectively searched our database for car-

diac CT examinations performed between March 2010 and

August 2014. Among 22,824 consecutive patients who

underwent CT during this period, we included 181 patients

who underwent aortic valve replacement (AVR) with

mechanical valves before receiving their CT scans. Thirty-

seven patients without multiphase CT data were excluded

from this study. A total of 144 patients were included in the

final analysis. Demographic data and information on

mechanical valves were collected from electronic medical

records. The clinical conditions for which patients under-

went cardiac CT included suspected coronary artery disease

(n = 77), suspected prosthetic aortic valve dysfunction on

TTE (n = 40), suspected dysfunction of the mitral or tri-

cuspid valve on TTE (n = 11), postoperative evaluation

after AVR (n = 7), pulmonary vein evaluation before

radiofrequency ablation (n = 6), and evaluation of coronary

bypass graft (n = 3).

Image acquisition

All CT scans were performed with a dual-source CT

scanner (SOMATOM Definition Flash; Siemens Health-

care, Erlangen, Germany). In the absence of contraindica-

tions, patients with a heart rate (HR)[65 beats/min (bpm)

received a 50 mg dose of an oral beta-blocker (metoprolol

tartrate) 1 h before examination and were administered a

0.3 mg sublingual dose of nitroglycerin just before the

scan. Scans were performed using a retrospective electro-

cardiogram (ECG)-gated data acquisition mode. We did

not use ECG-based tube current modulation to allow for

images of the mechanical valve during the entire cardiac

cycle; for each patient, the appropriate time interval

between contrast agent injection and initiation of scanning

was determined by the timed bolus technique. After a bolus

injection of 10 mL of iopamidol (Pamiray: 370 mg of

iodine/mL; DongKook Pharmaceutical, Seoul, Korea) fol-

lowed by 20 mL of saline at 5 mL/s, optimal delay times

were determined by automatic evaluation of the contrast

enhancement in the ascending aorta. All CT scans were

performed using the triple-phase injection method (70 mL

of iopamidol followed by 30 mL of 30 % blended

iopamidol with saline and 20 mL of saline at 5 mL/s).

From March 2010 to July 2011, the tube potential and tube-

current–time product were designated according to a BMI-

based protocol described in previous studies [8, 9]. From

August 2011, the automatic tube potential selection with

tube current modulation was conducted using the CARE

kVTM software (Siemens Healthcare) and simultaneous

application of CARE Dose4D (Siemens Healthcare) [8, 9].

From the raw data sets, images were generated using

filtered back projection. Image reconstruction was per-

formed with a medium kernel (b36f), and a reconstruction

slice thickness of 0.75 and 0.5 mm increments. For all

patients, ten transverse datasets were reconstructed at every

10 % increase of the cardiac cycle (from 0 to 90 % of the

RR interval at 10 % increments). Reconstructed images

were transferred to an image server and analyzed using

dedicated three-dimensional software (Aquarius iNtuition,

version 4.4.11; TeraRecon, Foster City, CA, USA).

Image analyses

All CT analyses were performed by two observers who

were blinded to all clinical information. To resolve dis-

agreements over image analysis, a final assessment was

reached through a consensus reading. Mechanical valves

were evaluated using multiplanar reformatted images in

cine mode. To visualize the mechanical valves, the default

window for the vertebrae was selected with additional

adjustment to the window level and width to minimize

blooming, at the discretion of the reader. For CT analysis,

three common views were created: (1) A short axis image

of the mechanical aortic valve was created in a direction

similar to that of the surgeon’s view. (2) A long-axis view

of the LVOT was created parallel to the axis of the

mechanical valve leaflets. (3) The coronal section view was

created perpendicular to the left ventricular long-axis view.

The image quality of the scans for mechanical aortic

valve evaluation was assessed for the subvalvular and

valvular regions using a four-point scale: 1 = poor visu-

alization, 2 = fair visualization, 3 = good visualization,

and 4 = excellent visualization, as described in a previous

study [7]. The criteria for different scores by region were

also formulated. For the subvalvular region: 1 = no dis-

cernible subvalvular details widely beyond the prosthesis;

2 = no or limited details within 5 mm of the prosthesis;

3 = adequate details within 5 mm of the prosthesis;

4 = perfect details. For the valvular region: 1 = presence

of severe metal artifacts and the leaflet is hardly visible;

2 = presence of moderate artifacts and the leaflet is iden-

tifiable in some of the reconstructed phases but opening

and closing angle measurements were not obtained reli-

ably; 3 = presence of mild artifacts and images allow for a

view of opening and closing angle measurements but they
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are partially blurred; 4 = presence of minimal artifacts and

visualization of valvular angles were excellent in both

diastole and systole, allowing for reliable measurements.

The overall image quality score was determined as the

mean score of the valvular and subvalvular regions. We

divided patients into two groups according to their overall

image quality score: non-diagnostic overall image quality

(score B2) or diagnostic overall image quality (score[2).

We decided on [2 as the cutoff for diagnostic quality

because either the measured value of opening and closing

angles or the presence of pannus could not be accurately

evaluated in cases with a mean score B2.

For those patients with images of diagnostic quality, the

phase that showed the least number of artifacts among the

ten cardiac cycles (0–90 %) was recorded for both the

systole (opening phases of valve) and the diastole (closing

phases of valve). The best phases for observing the coro-

nary artery were separately recorded.

Statistical analyses

Statistical analyses were performed using MedCalc for

Windows, version 12.7.0.0 (MedCalc Software, Ostend,

Belgium). Normally distributed data were identified using

the Shapiro–Wilk W-test. Continuous variables are pre-

sented as the mean ± standard deviation and were com-

pared using the independent t test for normally distributed

data or a Mann–Whitney U test for non-normally dis-

tributed data. For categorical variables, we used the Chi

square test or Fisher’s exact test. Intra- and inter-observer

variability for image-quality assessment was evaluated

using kappa statistics. The type of mechanical valve, tube

voltage for CT (80, 100, 120, and 140 kV), average HR,

HR variability during CT scanning, and presence of other

valve replacement or repair (e.g., mitral valve or tricuspid

valve) were compared between the non-diagnostic and

diagnostic image quality groups. Thus, HR variability

refers to the maximal HR spread during CT scanning.

Logistic regression analyses were performed to identify the

factors that predict non-diagnostic image quality. Signifi-

cant factors from univariate analyses were analyzed for

independence in multivariate analyses. P values less than

0.05 were considered statistically significant.

Results

Our final study population included 144 patients whose

clinical and CT data are summarized in Table 1. A total of

ten different types of mechanical valves were included

(CarboMedics = 28, St. Jude Medical Regent = 26, St.

Jude Medical = 23, ATS open pivot = 15, Duromedics =

13, On-X = 12, Sorin = 11, MIRA = 10, Björk-Shi-

ley = 4, Medtronic Hall = 2).

Image quality analyses

The median image quality scores were 4.0 for valvular

regions and 3.0 for subvalvular regions (interquartile range

for both: 3.0–4.0; Table 2). The overall median image

quality score was 3.5 (interquartile range 3.0–4.0). The

weighted kappa values for intra-observer variability were

0.919 for the subvalvular region (standard error = 0.023)

and 0.933 for the valvular region (standard error = 0.028),

indicating excellent agreement. The weighted kappa values

for the image quality scores from both observers were

Table 1 Clinical characteristic and CT parameters

Characteristics Data

Male-to-female ratio 73:71

Age (year) 58.3 ± 11.8

Body mass index (kg/m2)a 22.7 ± 2.9

Mean time after AVR (year)a 12.4 ± 8.0

Initial surgery

AVR only 46

AVR ? other valve replacements or repairs 98

Mechanical aortic valve information

Type

CarboMedics 28

St. Jude Medical Regent 26

St. Jude Medical 23

ATS open pivot 15

Duromedics 13

On-X 12

Sorin 11

MIRA 10

Björk-Shiley 4

Medtronic-hall 2

CT parameters

Tube potential (kV)

80 36

100 97

120 10

140 1

Average HR (beats/min)a 62.9 ± 14.7

HR variability (beats/min)a 23.2 ± 28.7

Tube current–time product (mAs) 296.6 ± 40.3

Dose-length product (mGy cm)a 701.5 ± 340.1

AVR aortic valve replacement, CT computed tomography, HR heart

rate, kV kilovoltage
a Represents parameters that reject normality
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0.905 for the subvalvular region (standard error = 0.026)

and 0.913 for the valvular region (standard error = 0.034).

Twenty-one patients (14.6 %) with image-quality scores

B2 were placed in the non-diagnostic group.

Patients who received Duromedics or Björk-Shiley

valves represented a larger proportion of the non-diag-

nostic quality group (15/21, 71.4 %) than the diagnostic

quality group (2/123, 1.6 %, P\ 0.0001; Table 3; Fig. 1).

The HR variability was significantly higher in the non-

diagnostic quality group than in the diagnostic quality

group (median 34 vs. 6 bpm, P = 0.0125; Fig. 2). Average

HR, tube voltage, and the presence of other valve

replacement or repair were not significantly different

between the two groups (P[ 0.05). Multivariate logistic

regression analysis showed that valve type was the only

independent predictor of non-diagnostic image quality

(Table 4, P\ 0.0001, odds ratio = 165, 95 % confidence

interval 26.3–1037).

Table 2 CT image quality and related variables

Valvular region (grade)a Subvalvular region (grade)a Image quality scoreb

1 2 3 4 P value 1 2 3 4 P value Mean score Lowest score

Overall (n = 144) 8 10 28 98 14 16 54 60 3.5 (3–4) 3.0 (3–4)

Type of mechanical valve \0.001 \0.001

CM (n = 28) 0 1 6 21 0 2 15 11 3.5 (3.25–4) 3 (3–4)

SJR (n = 26) 0 1 8 17 0 3 14 9 3.5 (3–4) 3.23

SJM (n = 23) 0 1 2 20 0 2 1 20 4 (3–4) 4 (4–4)

ATS (n = 15) 0 2 3 10 0 4 7 4 3.5 (2.6–3.9) 3 (2.3–3.8)

DM (n = 13) 4 4 5 0 10 3 0 0 1.5 (1–2) 1 (1–1.3)

On-X (n = 12) 0 1 1 10 0 1 4 7 4 (3.5–4) 4 (3–4)

Sorin (n = 11) 0 0 0 11 0 0 7 4 3.5 (3.5–4) 3 (3–4)

MIRA (n = 10) 0 0 1 9 0 0 5 5 3.8 (3.5–4) 3.5 (3–4)

BS (n = 4) 4 0 0 0 4 0 0 0 1 1

MH (n = 2) 0 0 2 0 0 1 1 0 2.75 2.5

Tube potential 0.364 0.123

80 kV (n = 36) 3 4 6 23 5 4 9 18 3.8 (2.8–4) 3.5 (2.5–4)

100 kV (n = 97) 5 5 21 66 8 11 39 39 3.5 (3–4) 3 (3–4)

120 kV (n = 10) 0 1 0 9 1 0 6 3 3.5 (3.5–4) 3 (3–4)

140 kV (n = 1) 0 0 1 0 0 1 0 0 2.5 2

Presence of other valve replacement or repair 0.375 0.644

Present (n = 98) 6 9 17 66 10 13 35 40 3.5 (3–4) 3 (3–4)

Absent (n = 46) 2 1 11 32 4 3 19 20 3.5 (3–4) 3 (3–4)

Grade 1 = poor, presence of severe metal artifacts; Grade 2 = fair, presence of moderate artifacts; Grade 3 = good, presence of mild artifacts;

Grade 4 = excellent, presence of minimal artifacts

BS Björk-Shiley, CM CarboMedics, DM duromedics, kV kilovoltage, MH Medtronic-hall, SJM St. Jude Medical, SJR St. Jude Medical Regent
a Data are numbers of lesions
b Data are medians, with interquartile ranges in parentheses

Table 3 Factors affecting image quality

Non-diagnostic (n = 21) Diagnostic (n = 123) P value

Type of mechanical valve (duromedics or Björk-Shiley valve)a 15 (71.4) 2 (1.6) \ 0.001

Tube potential (80 or 100 kV)a 20 (95.2) 113 (91.9) 0.926

Average HR (beats/min)b 63 (50.5–72.5) 60 (53–70) 0.926

HR variability (beats/min)b 34 (16–51.3) 6 (2–34.8) 0.013

Presence of other valve replacement or repaira 16 (76.2) 82 (66.7) 0.541

HR heart rate
a Data are numbers of lesions, with percentages in parentheses
b Data are medians, with interquartile ranges in parentheses
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Among the 123 diagnostic-quality images, the best

diastolic phases were: 0 % of the cardiac cycle, n = 5

cases (4.1 %); 70 %, n = 15 cases (12.2 %); 80 %, n = 39

cases (31.7 %); and 90 %, n = 64 cases (52.0 %; Fig. 3).

The best systolic phases were: 10 % of the cardiac cycle,

n = 10 cases (8.1 %); 20 %, n = 51 cases (41.5 %); 30 %,

n = 52 cases (42.3 %), and 40 %, n = 10 cases (8.1 %).

The best phase for the coronary artery was the same as the

best systolic phase in 13 cases (10.6 %) or the diastolic

phase in 18 cases (14.6 %). In 92 cases (74.8 %), the best

phase for the coronary artery was not the same as either the

best systolic or diastolic phase.

Discussion

Our study shows that specific valve types—Duromedics

and Björk-Shiley—and HR variability during CT scanning

were observed significantly more frequently in the non-

diagnostic image quality group than in the diagnostic

image quality group. Tube voltage, average HR, and the

presence of other valve replacement or repair were not

significantly different between the two groups. Having had

valve replacement with either a Duromedics or Björk-

Shiley valve was the only independent predictor of non-

diagnostic image quality.

Previous studies concluded that valve types with cobalt–

chrome components were more likely to degrade CT image

quality [2, 4–7]. In our study, all images of patients with

Duromedics or Björk-Shiley valves, except for two, were

of non-diagnostic quality, which is a finding that is con-

sistent with those of previous studies. Although those

studies used high tube voltage (mostly 120 kV, but 140 kV

in a few studies) for their CT imaging to avoid metal-

related artifacts, the image quality in our study was not

hampered by our use of low-tube voltage. Rhythm irregu-

larity (i.e., high HR variability) was significantly correlated

with non-diagnostic image quality in our study, although it

was not an independent predictor in multivariate logistic

analyses.

Fig. 1 Examples of CT images showing the image quality of 10

different types of mechanical aortic valves. Long axis and short axis

view CT images show valvular and subvalvular regions of ten

different types of mechanical aortic valves. CT images in DM

(subvalvular region) and BS (valvular and subvalvular regions) valves

are of non-diagnostic quality. BS Björk-Shiley, CM CarboMedics, CT

computed tomography, DM Duromedics, MH Medtronic-hall, SJR St.

Jude Medical Regent, SJM St. Jude Medical
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The presence of artifacts on CT images depends on

valve materials, motion, and image noise. Scatter, photon

starvation, edge effects, beam hardening, and motion

may be responsible for these artifacts [10, 11]. The

degree of artifacts seems to be related to the radio-

opaque parts, such as the metal alloy of the prosthetic

ring and the tungsten impregnated carbon leaflets. Some

valve types with cobalt-chrome components (e.g., Dur-

omedics, Björk-Shiley, and Allocarbon) have been

reported to cause severe metal-related artifacts [7, 12].

This is in line with our finding that the strongest

determining factor of image quality in our study was the

type of mechanical aortic valve implanted. Most of the

Duromedics and Björk-Shiley valves included in our

study received an image-quality score of 1 or 2, espe-

cially in the subvalvular region than in the valvular

region. To evaluate the formation of subprosthetic pan-

nus from CT, visibility of not only the valve leaflet, but

also of the subvalvular region, is important. The current

most commonly used mechanical valves consist of tita-

nium and carbon rather than of a cobalt-chrome alloy.

Therefore, the limited utility of CT scanning for cobalt-

chrome valve types is not likely to be a serious limita-

tion for future evaluations.

Table 4 Logistic regression analysis for factors affecting non-diagnostic image quality

Univariate OR (95 % CI) P value Multivariate OR (95 % CI) P value

Valve type (duromedics or Björk-Shiley) 151 (28–818) <0.001 165 (26.3–1037) <0.001

Average HR ([71 beats/min) 2.1 (0.8–5.7) 0.161 N/A N/A

HR variability ([19 beats/min) 4.2 (1.5–12.3) 0.008 5.0 (0.9–26.9) 0.062

Use of low kV (80 or 100 kV) 1.8 (0.2–14.6) 0.596 N/A N/A

Presence of other valve replacement or repair 1.6 (0.5–4.7) 0.39 N/A N/A

Bold values indicate statistical significance

CI confidence interval, HR heart rate, N/A non-applicable, OR odds ratio

Fig. 2 Examples of CT images

showing different image quality

according to HR variability in

St. Jude Medical Regent valves.

Long axis (top and middle) view

of CT images shows valvular

regions (for valve opening and

closing), and short axis view of

images (bottom) shows

subvalvular regions of St. Jude

Medical Regent aortic valves

with different HR variabilities.

bpm beats per minute, CT

computed tomography, HR

heart rate
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In addition to the metallic components of mechanical

aortic valves, motion artifacts caused by a fast HR or

arrhythmia can decrease image quality [7], because leaflet

motion and annular motion along with heart movements

may enhance artifacts [13, 14]. It may be important to

clarify the effects of arrhythmia on image quality, because

aggressively lowering HR with beta blockers during

scanning is contraindicated in some patients with prosthetic

valves, as they may have poor left ventricular function and/

or conduction abnormalities. In our study, 47.9 % of

patients (69 of 144 patients) had high HR variability

greater than 19 bpm during CT scanning, and 23.2 % of

them had non-diagnostic image quality scores. However,

previous studies have not validated the effect of HR vari-

ability on image quality [7]. This might be because those

studies had only small sample sizes.

Although a fast HR and arrhythmia can degrade image

quality, the type of mechanical aortic valve was the only

independent predictor of non-diagnostic image quality in

our study. A possible reason is that, among some patients

who have a fast HR, motion artifacts may have been

reduced by CT data reconstruction during the end systolic

phase [14]. Although image quality in patients with irreg-

ular HRs may not have always improved with CT data that

were reconstructed for every 10 % increase of the cardiac

cycle, image reconstruction or acquisition using the abso-

lute delay strategy may be helpful in reducing artifacts

related to cardiac motion [15].

Usually, cardiac CT is acquired and reconstructed for

coronary artery evaluation, and prospective ECG gating

during middiastole (60–70 % of the RR interval) or end-

systole (30–50 %) is widely used [16, 17]. For the

mechanical valve, retrospective ECG gating without ECG-

based tube-current modulation is largely used to evaluate

the mechanical valve during the entire cardiac cycle,

despite the increased radiation dose. A previous study

reported the usefulness of prospective gating over

retrospective gating to reduce radiation dosage, while also

noting the advantages this techniques had for improving

image quality. However, in our study, the best phase was

20–30 % of the RR interval (83.7 %) for the prosthetic

valve opening and 80–90 % of the RR interval (82.7 %) for

the valve closing, and none of the two best phases were

equal to the best phase for the coronary artery in 74.8 % of

the included cases. This result was consistent with the

result from a previous in vitro study, which reported that

leaflet motion affects valve-related artifacts and that good

image quality can be expected when the leaflet is closed

(during 80–90 or 0 % of the RR interval) and opened

(30–50 % of the RR interval) [13]. Therefore, retrospective

ECG gating without ECG-based tube current modulation is

regarded as most useful for CT evaluation of prosthetic

valves by covering the best phases for both the prosthetic

valve and the coronary artery, because the optimal phases

for the coronary artery and the prosthetic valve are usually

different. To overcome radiation-dose increases by retro-

spective gating, other dose-reduction techniques, such as

iterative reconstruction or low-tube potential selection, are

more beneficial than prospective gating or ECG-based tube

current modulation.

Previous studies regarding prosthetic valve imaging

mostly used high-tube voltage (120 or 140 kV) to reduce

image noise and then to avoid metal-related artifacts [2–5,

18]. However, the tube voltage setting in our study did not

affect image quality. This result suggests that, although

low-tube voltage may increase image noise, the degree of

increased noise was not critical enough to have an impact

on overall image quality. Instead, valve type or an irregular

HR seems to determine overall image quality. Besides tube

voltage, image noise in prosthetic valve CT imaging may

be caused by interpolation in the retrospective ECG-gated

helical scan mode [19–21]. One study found that

prospective-triggered axial scanning reduced artifacts in

prosthetic valve CT imaging, compared to retrospective

Fig. 3 Distribution of the best

phases (% of RR interval) for

image quality of mechanical

aortic valves and the coronary

artery
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gating, because less image noise in the axial scan was

achieved by avoiding multisegmental reconstructions and

helical interpolation of helical scans [14]. Although the

helical scan was used in our study, we used dual-source

CT, which has better temporal resolution to reduce motion

artifacts than does single-source CT, and the majority of

our cases (123 of 144 cases, 85.4 %) had diagnostic quality

images. Although the data from the cases in our study were

reconstructed with filtered-back projection, the use of

iterative reconstruction can be strategic for improving

image quality in terms of reducing image noise [22, 23].

We suggest that the added value of iterative reconstruction

to image quality could be investigated in a future clinical

study.

Our study has several limitations. First, it is a nonran-

domized retrospective study, and all data were obtained

from a single institution. However, to avoid bias in patient

selection, analyses of CT images were conducted blindly

without any clinical information. Second, the potential

hazards associated with radiation exposure from CT scan-

ning can be a limitation. In particular, radiation dose can be

a concern in terms of retrospective gating without tube-

current modulation, regardless of the indications from the

CT scan. The mean dose-length product from CT scans in

our study was 701.5 ± 340.1 mGy cm, which was more

than two or three times the dose of prospective gating in

our institution [8, 9]. To minimize the increase in radiation

dose by retrospective gating, we have used a dose reduction

technique with an automatic tube potential selection with

tube current modulation software for most of our CT

examinations.

In conclusion, the CT image quality for patients with

mechanical aortic valves was significantly different

depending on the type of mechanical valve and HR vari-

ability during CT scanning. Valve type was the only

independent predictor; thus, we conclude that evaluation of

Duromedics and Björk-Shiley valves is not feasible with

CT scanning due to severe metal-related artifacts, but

cardiac CTs can be used to evaluate the majority of com-

mercially available mechanical aortic valves.
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