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Abstract: Objective: To evaluate the efficacy and safety of 128 slice CT low-dose scanning technology combined with 
low-density contrast agent in lower extremity computed tomography angiography (CTA) for patients with diabetic 
foot. Methods: A retrospective study was conducted on 342 patients with diabetic foot admitted to Shaanxi Kangfu 
Hospital from March 2021 to May 2023. Of these, 181 received 128 slice CT low-dose scanning technology com-
bined with low-density contrast medium for lower extremity CTA examination (research group), and 161 patients 
underwent conventional dose contrast medium for CTA examination (control group). Diagnostic outcomes of the 
two groups were compared, along with image quality, contrast agent dosage, patient tolerance to contrast agents, 
and incidence of adverse reactions. Results: No significant difference was observed in diabetic foot detection rate 
between the two groups (90.06% in research group vs. 86.96% in control group, P > 0.05). No significant difference 
in image quality or vascular CT values was found between the two groups (P > 0.05). Although the research group 
exhibited slightly higher image noise and lower signal-to-noise ratio (SNR) and contrast-to-noise ratio (CNR), these 
differences were not significant (all P > 0.05). The volume computed tomography dose index (CTDIvol), effective 
dose (ED), and iodine uptake in the research group were significantly lower than those of the control group (all P < 
0.05). In terms of the incidence of adverse reactions, patients in the research group had a good tolerance to con-
trast agents, with an 8.29% incidence of mild discomfort (such as nausea and mild rash) and no reports of severe 
allergic reactions. In contrast, the incidence of mild discomfort reactions in the control group was 14.91% (P < 0.05). 
Among the diabetic foot patients, 46.20% had mild stenosis, while 53.80% had moderate-to-severe stenosis. The 
detection rate of moderate-to-severe stenosis was 84.67% (138/163) in the research group and 82.86% (116/140) 
in the control group (P > 0.05). The ROC curve results indicated good diagnostic accuracy in both groups (AUC of 
0.690 in research group and 0.783 in control), with significant difference between the two groups (P > 0.05). Con-
clusion: 128 slice CT low-dose scanning technology combined with low concentration contrast medium shows good 
effectiveness and safety for CTA of lower limbs in patients with diabetic foot. It provides an optimized scheme for 
vascular assessment of diabetic foot patients, reducing contrast agent exposure, lowering the risk of complications, 
and maintaining diagnostic accuracy.
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Introduction

Diabetes is a globally prevalent chronic meta-
bolic disease characterized by hyperglycemia. 
It is a leading cause of cardiovascular diseas-
es, retinopathy, and nephropathy, as well as a 
severe complication of diabetic foot. Studies 
have found that about 15% of diabetic patients 
develop diabetic foot, primarily characterized 
by vascular lesions in the lower extremities that 

cause circulatory disorders. According to da- 
ta from the International Diabetes Federation 
(IDF), the global population of diabetes patients 
has exceeded 463 million, with approximately 
15% experiencing diabetic foot during their life-
time [1]. The incidence of diabetic foot signi- 
ficantly increases with disease progression, le- 
ading to foot ulcers, infections, and even ampu-
tations, which severely worsen patients’ quality 
of life and life expectancy [2].
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Early detection and accurate assessment of 
vascular lesions in diabetic foot patients are 
crucial, and imaging examinations play a key 
role in this process. Computed tomography an- 
giography (CTA), as a non-invasive imaging te- 
chnique, has been widely used in clinical pra- 
ctice [3, 4]. Conventional CTA examinations, 
with high accuracy and resolution, clearly dis-
play the anatomic structures and pathologic 
changes of the lower extremity arteries. How- 
ever, conventional CTA requires high doses of 
radiation and high concentrations of contrast 
agents, which present risks for diabetic pa- 
tients, especially those with impaired renal fun- 
ction [5]. Research has reported that high-do- 
se radiation exposure may increase the risk of 
cancer, and high-concentration contrast agents 
may cause contrast-induced nephropathy (CIN), 
further impairing renal function and possibly 
causing acute renal failure [6].

In recent years, 128-slice CT low-dose scan-
ning technology has gradually become an im- 
portant option for CTA examinations due to its 
advantages of low radiation dose, fast imaging 
speed, and high image quality. Studies have 
found that the application of low-concentration 
contrast agents not only reduces the risk of 
renal impairment but also lowers the inciden- 
ce of contrast-related adverse reactions [7]. 
However, there remains a lack of systematic 
research on the effectiveness and safety of 
combining low-dose scanning technology with 
low-concentration contrast agents in lower ex- 
tremity CTA for diabetic foot. This study aims to 
investigate the clinical efficacy and safety of 
128-slice CT low-dose scanning technology 
combined with low-concentration contrast ag- 
ents in lower extremity CTA for diabetic foot. By 
comparing with conventional CTA examination 
methods, this study seeks to identify the advan-
tages and challenges of this technology in clini-
cal practice, providing a reference for clinical 
practice.

Materials and methods

Study subjects

This study included 342 diabetic foot patients 
treated at Shaanxi Kangfu Hospital from March 
2021 to May 2023, with approval from the hos-
pital’s ethics committee (Ethics Lot Number: 
2023001). The hospital’s medical record sys-
tem and radiology department database were 
searched to screen all diabetic foot patients 

who underwent lower extremity CTA examina-
tion. Relevant data, including scanning proto-
col, contrast agent types and doses, were col-
lected. Based on imaging reports and contrast 
agent injection records, 342 diabetic foot 
patients were screened out, including 181 pa- 
tients who received lower limb CTA examination 
with 128-slice CT low-dose scanning technolo-
gy combined with low-concentration contrast 
agent (as research group), and 161 patients 
who received conventional-dose CTA examina-
tion with standard contrast agent (as control 
group). The sample size was estimated using 
the formula: n=(Zα/2+Zβ)2·(p1(1-p1)+p2(1-p2))/(p1-
p2)2, where n represents the required samples 
for each group quantity, Zα/2 stands for the criti-
cal value under normal distribution (for signifi-
cance level α = 0.05, Zα/2 ≈ 1.96), Zβ represents 
the critical value corresponding to statistical 
power (usually 80%, Zβ ≈ 0.84), p1 represents 
expected detection rate in the research group, 
and p2 represents expected detection rate in 
the control group. Based on the expected de- 
tection rate, the estimated sample size was 
348, which aligns with the 342 cases collected 
in this study.

Inclusion criteria

Inclusion criteria: (1) Patients diagnosed with 
type 2 diabetes and diabetic foot according to 
diagnostic guidelines provided by the American 
Diabetes Association (ADA), with diagnostic cri-
teria including X-rays, MRI, or CTA showing le- 
sions in the bones and soft tissues of the foot, 
clinical examination revealing insufficient blood 
flow, skin lesions, or infections, and symptoms 
such as foot ulcers, infections, gangrene, foot 
pain, or sensory abnormalities [8]; (2) Age be- 
tween 50 and 80 years; (3) No history of lower 
extremity vascular surgery; (4) Able to cooper-
ate in completing the CTA examination; (5) 
Complete medical records.

Exclusion criteria: (1) Allergy to contrast agents; 
(2) Pregnant or breastfeeding women; (3) Pa- 
tients with acute renal insufficiency; (4) Patients 
with severe heart or lung dysfunction.

Methods

Before examination, both groups underwent 
body weight measurement and renal function 
evaluation. The low-dose 128-slice CT scanner 
(Siemens SOMATOM Definition AS) for lower ex- 
tremity examination in the research group. Pa- 
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tients were positioned supine on the scanning 
table, head first. The scanning parameters: 
tube voltage at 100 kV, tube current at 300 mA, 
scanning speed at 0.35 seconds/rotation, slice 
thickness of 0.625 mm, and pitch of 1.375. A 
low-dose localization scan was performed, with 
the scanning range and position from the renal 
arteries to the ankle joint and dorsum of the 
foot. The actual scan started simultaneously 
with the injection of the contrast agent. In the 
research group, patients received an injection 
of iodixanol (120 ml), with the concentration 
controlled at approximately 270 mg I/mL, in- 
jected through the elbow vein at a rate of 3.5 
mL/s using a high-pressure injector. In the con-
trol group, iodixanol (120 ml) with a concentra-
tion controlled at 350 mg I/mL was used, in- 
jected at the same rate. Post-scan, the CTA 
images of the lower extremities were obtained 
through computer processing.

Image quality evaluation

The image quality was independently evaluated 
by two experienced radiologists using a five-
point scale (1 = poor image quality, 5 = excel-
lent image quality). The evaluation criteria in- 
cluded image clarity, vascular display quality, 
noise level, signal-to-noise ratio (SNR), and con-
trast-to-noise ratio (CNR) [9]. In cases of disag- 
reement between the two radiologists, a senior 
physician independently reviewed the images 
and provided the final diagnosis.

Contrast agent dosage and tolerance record-
ing

The total amount of contrast agent adminis-
tered to each patient was recorded, along with 
their tolerance to the contrast agent. Adverse 
reactions during and after the examination, 
such as nausea, rash, dizziness, were docu- 
mented.

Distribution of stenosis degree and detection 
rate of moderate-to-severe stenosis

The degree of stenosis (mild stenosis vs. mod-
erate-to-severe stenosis) in all diabetic foot 
patients was statistically analyzed, with com-
prehensive diagnostic results used as the stan-
dard. The detection rates of moderate-to-se- 
vere stenosis in the two groups were compared. 
The grading criteria for vascular lesion stenosis 
were as follows: mild stenosis: post-treatment 
arterial lumen narrowing of less than 30%; mo- 

derate stenosis: post-treatment arterial lumen 
narrowing of 30%-69%; severe stenosis: post-
treatment arterial lumen narrowing of 70%- 
99%.

Statistical methods

Data were processed and analyzed using SPSS 
26.0 statistical software. Measured data were 
expressed as mean ± standard deviation (

_
x  ± 

s) and analyzed using the independent samples 
t-test. Counted data were expressed as rates or 
percentages and compared using the χ2 test. A 
two-tailed test result with P < 0.05 was consid-
ered significant.

Results

Comparison of baseline data between the two 
groups

The research group consisted of 181 patients 
with an average age of (65.2 ± 7.8) years, in- 
cluding 112 men and 69 women. The control 
group included 161 patients with an average 
age of (64.8 ± 8.1) years, including 90 men and 
71 women. There were no significant differenc-
es between the two groups in terms of gender, 
age, duration of diabetes, blood glucose con-
trol level, or other basic characteristics (all P > 
0.05), ensuring comparability of baseline char-
acteristics between the two groups, as shown 
in Table 1.

Comparison of detection rate and diagnostic 
effect between the two groups

According to the ADA diagnostic guidelines, the 
gold standard for diagnosis includes clinical 
presentation, pathological examination, and im- 
aging studies (such as MRI, ultrasound, and 
CTA). In the research group, the detection rate 
of diabetic foot was 90.06%, with sensitivity 
and specificity of 88.39% and 82.61%, respec-
tively. In the control group, the detection rate 
was 86.96%, with sensitivity and specificity of 
85.44% and 75.00%, respectively. There were 
no significant differences in the detection rate 
between the two groups (P > 0.05), as shown in 
Table 2 and Figure 1.

Comparison of image quality and noise levels 
between the two groups

There were no significant differences in image 
quality and vascular CT values between the 
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research group and the control group (all P > 
0.05). The research group had slightly higher 
imaging noise and slightly lower SNR and CNR 
compared to the control group, but these differ-
ences were not significant (all P > 0.05), as 
shown in Table 3.

Comparison of radiation dose and contrast 
agent usage between the two groups

The CTDIvol, ED, and iodine dose in the resear- 
ch group were significantly lower than those in 
the control group (all P < 0.05), as shown in 
Table 4.

Comparison of the distribution and detection 
rates of mild and moderate-to-severe stenosis 
between the two groups

Among diabetic foot patients, 46.20% had mi- 
ld stenosis, while 53.80% had moderate-to-
severe stenosis. The detection rate of moder-
ate-to-severe stenosis in the research group 
was 84.67% (138/163), compared to 82.86% 
(116/140) in the control group (P > 0.05), as 
shown in Figure 3. 

The ROC curve results are shown in Figure 4, 
indicating good diagnostic accuracy for both 

Table 1. Comparison of General Information between the two groups
Feature Research group (n = 181) Control group (n = 161) χ2/t P
Age (years) 65.23 ± 7.84 64.85 ± 8.12 0.440 0.660
Gender (n, male/female) 112/69 90/71 1.259 0.262
Diabetes duration (years) 10.5 ± 5.4 10.2 ± 5.74 0.498 0.619
Diabetic foot duration (years) 3.6 ± 1.1 3.4 ± 1.3 1.541 0.124
HbA1c (%) 8.26 ± 1.46 8.11 ± 1.55 0.921 0.358
BMI (kg/m2) 27.52 ± 3.27 27.32 ± 3.43 0.552 0.582
Smoking history (%) 45 (24.9%) 39 (24.2%) 0.137 0.891
History of hypertension (%) 120 (66.3%) 106 (65.8%) 0.090 0.929
History of cardiovascular disease (%) 55 (30.4%) 49 (30.4%) 0.242 0.809
Note: BMI: Body Mass Index.

Table 2. Comparison of detection rates and diagnostic outcomes between the two groups (cases, %)
Group n Number of detected cases (n) Detection rate (%) Sensitivity (%) Specificity (%)
Research group 181 163 90.06 88.39 (160/181) 82.61 (19/23)
Control group 161 140 86.96 85.44 (135/158) 75.00 (18/24)

Figure 1. ROC curves for diabetic foot diagnosis in research group (A) and 
control group (B).

Comparison of patient toler-
ance and adverse reactions 
between the two groups

Patients in the research group 
had better tolerance to the 
contrast agent, with a rate of 
mild adverse reactions (such 
as nausea and slight rash) of 
8.29%, and no severe allergic 
reactions were reported. In 
contrast, the control group 
had a mild adverse reaction 
rate of 14.91%. The incidence 
of adverse reactions in the 
research group was signifi-
cantly lower than that in the 
control group (P < 0.05), as 
shown in Figure 2.
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groups (AUC of 0.690 for the research group 
and 0.783 for the control group). However, 
there was no significant difference between the 
two groups (P > 0.05).

Typical cases

Figure 5 shows the CTA images of lower extrem-
ities in diabetic foot patients using convention-
al-dose and low-dose scanning technologies 
combined with low-concentration contrast 
agents. Patient A (70 years old, male, low dose, 
mild stenosis): The images are complete and 
clear, with the mild stenosis area distinctly vis-
ible. Patient B (72 years old, male, conventional 
dose, moderate stenosis): The images show 
small vessel structures and moderate stenosis. 
Patient C (78 years old, male, conventional 
dose, localized occlusion): The images display 
the localized occlusion area clearly, showing 
the occlusion site. Patient D (83 years old, 

by lower limb arterial sclerosis and vascular 
stenosis, which can lead to severe conse-
quences such as foot ulcers and amputation 
[10]. Early and accurate diagnosis of vascular 
lesions in diabetic foot is crucial for preventing 
serious complications. Traditional lower limb 
CTA exams typically use standard doses of con-
trast agents and radiation, which may in- 
crease patients’ exposure to radiation and ele-
vate the risk of contrast-related adverse reac-
tions [11, 12]. The application of 128-slice CT 
low-dose scanning technology combined with 
low-concentration contrast agents holds prom-
ise for reducing these risks while maintaining 
diagnostic accuracy. This study aimed to evalu-
ate the effectiveness and safety of this opti-
mized approach in lower limb CTA for diabetic 
foot patients.

The results of this study indicate that the 
research group using 128-slice CT low-dose 
scanning technology combined with low-con-
centration contrast agents had a high detec-
tion rate for diabetic foot, with good sensitivity 
and specificity. Although there was no signifi-
cant difference in detection rates between the 
two groups, the research group showed slightly 
higher sensitivity and specificity, suggesting 
that low-dose scanning technology combined 
with low-concentration contrast agents can 
effectively detect diabetic foot while maintain-
ing diagnostic accuracy. A study found that 
compared to traditional high-dose scanning 
technology, low-dose CT scanning combined wi- 
th low-concentration contrast agents has simi-

Table 3. Comparison of image quality and noise levels between the two groups (
_
x±s)

Group n Image quality (Score) Vascular CT value (HU) Image noise (HU) SNR (HU) CNR (HU)
Research group 181 4.27 ± 0.64 380.54 ± 22.24 22.24 ± 2.52 17.32 ± 1.95 15.84 ± 1.75
Control group 161 4.10 ± 0.55 384.48 ± 23.42 21.96 ± 2.34 17.62 ± 1.84 16.13 ± 1.60
t 2.618 1.595 1.061 1.458 1.592
P 0.009 0.112 0.290 0.146 0.112
Note: SNR: signal-to-noise ratio; CNR: contrast-to-noise ratio.

Table 4. Comparison of radiation dose and contrast agent use 
between the two groups (

_
x±s)

Group n CTD (mGy) ED (mSy) Iodine Intake (g)
Research group 181 6.54 ± 1.24 3.51 ± 0.35 6.38 ± 1.36
Control group 161 9.22 ± 1.50 5.11 ± 0.43 8.56 ± 1.27
t 18.077 37.899 15.263
P 0.000 0.000 0.000
Note: CTDIvol: volume computed tomography dose index; ED: effective dose.

Figure 2. Comparison of adverse reactions between 
the two groups.

female, low dose, moderate 
stenosis): The images demon-
strate good vascular enhance-
ment and detailed presenta-
tion of moderate stenosis.

Discussion

Diabetic foot is a chronic com-
plication of prolonged hyper-
glycemia, often accompanied 
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lar sensitivity and specificity for diagnosing 
peripheral vascular lesions, while significantly 
reducing radiation exposure and contrast agent 
usage [13]. This is consistent with our findings, 
likely because low-concentration contrast ag- 
ents can provide adequate contrast while re- 
ducing the dose, thereby maintaining image cl- 
arity and accuracy [14].

In terms of safety, there were no significant dif-
ferences in image quality or vascular CT values 
between the research and control groups. Whi- 
le the research group exhibited slightly higher 
image noise and lower SNR and CNR, these dif-
ferences were not statistically significant. This 
suggests that low-dose scanning technology 
does not significantly increase noise or reduce 
contrast-to-noise ratio, while still ensuring good 
image quality. This may be attributed to ad- 
vanced image reconstruction algorithms that 

anning parameters (e.g., lower tube voltage and 
iterative reconstruction algorithms) and effi-
cient detector technology [18, 19]. This not only 
reduces the risk of radiation exposure but also 
lowers the potential long-term health risks 
associated with radiation. Moreover, using low-
concentration contrast agents reduces iodine 
usage while maintaining image contrast. The 
optimized injection protocol ensures uniform 
distribution of the contrast agent in the ves-
sels, further reducing the burden on kidneys 
and other organs and decreasing the risk of 
adverse reactions [20]. Since contrast agents 
have been associated with the risk of acute 
renal injury [21], it is noteworthy that this study 
found no severe allergic reactions in either 
group. Additionally, the research group demon-
strated better tolerance, with a significantly 
lower incidence of mild adverse reactions com-
pared to the control group, further demonstrat-
ing the safety and tolerance of 128-slice CT 
low-dose scanning technology combined with 
low-concentration contrast agents. The safety 
advantages of this technology are mainly due 
to its effective reduction of radiation exposure 
and contrast agent usage while maintaining 
high image quality and patient tolerance.

The study also analyzed the degree of stenosis 
in diabetic foot patients. Vascular stenosis is 
one of the main pathological changes in dia-
betic foot patients, and early detection and 
accurate assessment of stenosis are crucial for 
preventing and treating severe outcomes of 
diabetic foot [22, 23]. The results showed that 
in the detection of moderate-to-severe steno-
sis, the research group demonstrated a detec-
tion rate of 84.67%, compared to 82.86% in 
the control group. Although there was no statis-
tical difference between the two groups, the 
slightly higher detection rate in research group 

Figure 4. ROC curves for diagnosing moderate-to-
severe stenosis in both groups.

Figure 3. Distribution of stenosis degree in diabetic foot patients (A) and 
comparison of detection rates of moderate-to-severe stenosis between the 
two groups (B).

effectively reduce noise and 
enhance image clarity and 
contrast [15-17]. Additionally, 
the research group had signifi-
cantly lower CTDIvol, ED, and 
iodine intake compared to the 
control group, indicating that 
low-dose scanning technology 
significantly reduces patient 
exposure to radiation and con-
trast agents. The 128-slice CT 
low-dose scanning technology 
significantly reduces CTDIvol 
and ED through optimized sc- 
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may be due to the ability of low-dose scanning 
technology to more precisely display vascular 
structures and stenosis while maintaining im- 
age quality, thus improving the detection rate of 
stenosis [24, 25]. This also indicates that 128-
slice CT low-dose scanning technology is effec-
tive in detecting various degrees of stenosis.

Conclusions

The 128-slice CT low-dose scanning technology 
combined with low-concentration contrast ag- 
ents demonstrates good effectiveness and 
safety in lower limb CTA for diabetic foot pa- 
tients. This approach not only reduces patients’ 
exposure to contrast agents and potential com-
plications but also maintains diagnostic accu-
racy. This technology is likely to be the preferred 
option for vascular assessment in diabetic foot 
patients, providing a safer and more effective 
diagnostic tool for clinical practice. However, 
this study has limitations. First, the retrospec-
tive design may have introduced selection bias, 
as patients were not fully randomized into gr- 
oups. Second, despite the inclusion of a scor-
ing mechanism by three doctors to address 
subjectivity, physician judgment may have influ-
enced the final scores. Additionally, since this 
study was conducted at a single center, the 
external validity of the results may be limited. 
Future research should consider multi-center, 
large-scale prospective designs to further vali-
date the application of 128-slice CT low-dose 
scanning technology combined with low-con-
centration contrast agents in diabetic foot pa- 
tients.
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