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Diagn Interv Radiol 2025; DOI: 10.4274/dir.2024.242755

Preoperative prediction of lymphovascular invasion and T-staging of 
rectal cancer via a dual-energy computed tomography iodine map: a 
feasibility study

PURPOSE
To investigate the value of dual-energy computed tomography (DECT) in predicting lymphovascu-
lar invasion (LVI) and the accuracy of preoperative T-staging of rectal cancer (RC).

METHODS
Forty-nine patients with RC who had not received radiotherapy were enrolled to undergo a DECT 
scan. All patients underwent surgical tumor resection within 3–5 days after the DECT scan. Preoper-
ative T-staging of RC based on images was performed by experienced radiologists. The normalized 
iodine concentrations (NIC) of the tumor and the perirectal adipose tissue (PAT) from the arterial 
phase (AP) and venous phase (VP) were measured using DECT. The tumor LVI and T-staging con-
firmed by pathology were used as the gold standard for grouping (group A, LVI−; group B, LVI+; 
group C, T1-2; and group D, T3-4a). The NIC values between two groups were compared using the 
Mann–Whitney U test, with P < 0.05 indicating a statistically significant difference. The accuracy 
of NIC in predicting LVI and distinguishing T1-2 RC from T3-4a RC were determined via receiver 
operating characteristic curve analysis, and the optimal cut-off of NIC was determined using the 
area under the curve.

RESULTS
The tumor NIC values were significantly higher in the LV+ group than in the LVI− group in the VP 
(0.728 ± 0.031 vs. 0.669 ± 0.034, P < 0.001). The NIC values of PAT were significantly higher in the 
T3-4a group than in the T1-2 group in both the AP (4.034 ± 0.991 vs. 3.115 ± 0.581, P < 0.05) and the 
VP (5.481 ± 1.054 vs. 3.450 ± 0.980, P < 0.001). The accuracy of using NIC values to distinguish be-
tween the LVI+ group and the LVI− group and to diagnose the T3-4a group were 85.7% and 89.8%, 
respectively. However, there was no statistically significant difference between the NIC value in the 
LVI+ group and in the LVI− group in the AP. There was also no statistical difference in the tumor NIC 
value between the T1-2 group and the T3-4a group.

CONCLUSION
The tumor and PAT NIC are valuable indicators in RC that can preoperatively predict LVI and im-
prove the accuracy of preoperative RC T-staging.

CLINICAL SIGNIFICANCE
The use of DECT improves the T-staging and LVI prediction of RC, which is helpful in guiding the 
clinical selection of appropriate treatment modalities and improving prognostic outcomes.

KEYWORDS
DECT, lymphovascular invasion, normalized iodine concentration, rectal cancer, T-staging
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According to the 2022 global cancer 
statistics, rectal cancer (RC) is the third 
most common malignant cause of 

morbidity (19.5%) and mortality (9.0%) and 
has become a major global health problem.1 
Preoperative staging of patients using imag-
ing instruments has a great clinical signifi-
cance for formulating the best possible in-
dividualized treatment plan.2 Currently, TNM 
staging is globally recognized as a standard 
staging system for distinguishing the extent 
of cancer spread. The T-stages of RC accord-
ing to the 8th edition of the cancer staging 
manual3 are shown in Table 1. This staging 
system has a notable clinical significance for 
preoperatively distinguishing between stage 
T1-2 RC and stage T3-4 RC,4 and relevant re-
search shows that patients with T1-2 RC have 
a low recurrence rate after radical surgery, 
which can effectively prolong the survival 
period; in contrast, patients with T3-4 RC do 
not directly benefit from surgery, and preop-
erative adjuvant radiotherapy and chemo-
therapy are needed to improve the surgical 
resection and radical cure rate.5 Whether 
there is lymphovascular invasion (LVI) can be 
a decidable indicator of preoperative adju-
vant chemotherapy.6 For patients with stage 
T3-4 or LVI+ RC, declining the adenocarci-
noma grade before surgery is significant for 
treatment and prognosis.1,7

Transrectal ultrasonography (TRUS) and 
magnetic resonance imaging (MRI) have 
been widely used for preoperative T-staging 
of RC, and the diagnostic accuracies of TRUS 
for preoperative T-staging of patients with 
RC have been reported in the literature to 
range from 71% to 95%.8 However, the diag-
nostic accuracy of TRUS is highly dependent 
on the experience and skill of the operator.9 
Moreover, the field of view of TRUS is limit-

ed, and high-grade and stenotic tumors are 
often difficult to reach with the probe.10 Pre-
operative T-staging of patients with RC via 
MRI has been proven to have an accuracy 
of 65%–86%, and MRI has become the most 
commonly used technology in clinical rectal 
examination.11,12 However, despite the many 
advantages of the radiation-free rectal MRI, 
the examination is expensive, requires a long 
scanning time and presents a potential safety 
risk for some specific individuals (e.g., those 
with metal implants, claustrophobia, and 
epilepsy).13 In addition, the preparation for 
patients with RC is challenging (e.g., the gas 
and fluid in the intestines and other intesti-
nal contents present during the examination 
produce artifacts on MRI images). The main 
advantages of computed tomography (CT) 
when compared with MRI are more avail-
able clinical scanning and a shorter scanning 
time; thus, CT is often used to detect distant 
metastases in patients with RC. In clinical 
practice, radiologists also use convention-
al CT to complete preoperative-image na-
ked-eye T-staging of RC. Some studies12,14 

note that it is difficult to precisely distinguish 
stage T2 RC and T3 RC using CT or MRI imag-
es, since the rectal surface is rough, and the 
indication of peripheral fat is uneven. There-
fore, determining whether the condition is 
caused by tumor infiltration from only the 
imaging point of view is complicated. More-
over, inflammatory exudation is easily misdi-
agnosed as a fibrous cord of adipose tissue 
around the RC in cancer invasion, causing a 
high false positive rate for clinical diagnosis 
of stage T3 RC. Similarly, the appearance of a 
tumor invading the surrounding soft tissue is 
difficult to distinguish from blood vessels or 
local inflammation, often leading to radiolo-
gists misdiagnosing stage T3 RC as stage T2 
RC. Sometimes, inflammation, image arti-
facts, small blood vessels, and other factors 
may also lead to the same imaging results. As 
a result, the rate of misdiagnosing stage T2 
RC as stage T3 RC in clinical practice is high. 

In summary, novel methods for improving 
the sensitivity, specificity, and accuracy of 
preoperative prediction of LVI and T-staging 
of RC are in high demand.

Dual-energy computed tomography 
(DECT) uses two X-ray beams of different 
energy levels to simultaneously scan the 
desired object, showing both alterations 
in conventional CT features and quantita-
tively reflecting differences in the energetic 
categories of tissues, thus providing many 
quantitative parameters reflecting biologi-
cal properties, such as iodine concentration 
(IC).15 The iodine-based images provided 
by DECT are pseudo-color images.16,17 Com-
pared with the images provided by conven-
tional CT, which only provide a CT value, 
DECT iodine-based images are more conve-
nient for naked-eye distinguishing of the RC 
invasion extent. In addition, the IC provided 
by DECT is a quantitative parameter that can 
provide a better objective basis for diagnosis. 
For early invasion of cancer cells, abnormal 
tumor angiogenesis appears in the affected 
area, and DECT can evaluate the microcircu-
lation in the region of interest (ROI) by mea-
suring the concentration of iodine in the ad-
ipose tissue around the tumor, thus helping 
determine whether it has been invaded.18,19 
Furthermore, DECT can detect the iodine 
density maps in the tissue, since it can simul-
taneously collect two data sets of different 
energy spectra in a single acquisition, and 
iodine has strong photoelectric absorption 
at the low tube voltage close to the K edge 
of iodine, making it easily distinguishable 
from other materials.18 Related studies have 
shown that IC in perigastric adipose tissue 
can predict whether gastric cancer will in-
vade the serosa tissue and determine the T4 
stage of gastric cancer.20 Moreover, DECT has 
been used to identify various other diseases 
(e.g., lymph node metastasis of colorectal 
cancer,21,22 liver metastasis of colorectal can-
cer23-25) and determine the diagnostic classi-

Main points

• Preoperative prediction of lymphovascular 
invasion (LVI) and T-staging of rectal cancer 
(RC) via a dual-energy computed tomogra-
phy (DECT) iodine map.

• Compared with the pathological gold stan-
dard, the accuracy of conventional comput-
ed tomography in differentiating between 
T3-4a RC and T1-2 RC was only 67.3%, 
whereas the accuracy of iodine mapping us-
ing DECT was 89.8%. In addition, DECT was 
relatively effective in predicting LVI positivi-
ty (85.7%).

• The obtained results showed that the nor-
malized iodine concentration of the tumor 
and the perirectal adipose tissue in RC can 
preoperatively predict LVI and improve the 
accuracy of T-staging.

Table 1. T-staging for rectal cancer

 T-staging Rectal wall involvement/description

T0 No evidence of primary tumor

Tis
Carcinoma in situ, intramucosal (tumor invades the lamina propria 
of the mucosa but does not break through the muscular layer of the 
mucosa)

T1 Tumor invasion of the submucosa

T2 Tumor invasion of the lamina propria

T3
Tumor penetration of the intrinsic muscular layer to reach the sub-
plasma layer or invasion of paracolorectal tissue without peritoneal 
coverage

T4
T4a Tumor penetration of the peritoneal visceral layer

T4b Tumor directly invades or adheres to adjacent organs or structures
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Figure 1. Flowchart showing the inclusion and exclusion criteria for patient selection. DECT, dual-energy computed tomography.

fication of benign and malignant colorectal 
lymph nodules.26 Thus, this study aims to 
evaluate the value of IC in RC PAT and tumors 
using DECT in predicting (i) pre-operative 
LVI and (ii) the accuracy of preoperative RC 
T-staging. 

Methods

Patient characteristics

The study was approved according to 
the principles of the Declaration of Helsinki 
by the Local Institutional Ethics Committee 
of the First Affiliated Hospital of Shandong 
First Medical University [approval no: 2022 
LUN (S521)], and all participants signed a 
written informed consent form. A total of 62 
patients with non-T4b-stage primary RC en-
doscopically and pathologically confirmed 
between November 2020 and February 2022 
were retrospectively enrolled in the study. 
The 62 patients underwent preoperative 
DECT scanning at the First Affiliated Hospital 
of Shandong First Medical University. All en-
rolled patients underwent three-phase DECT 
scans, including unenhanced CT scan and 
contrast-enhanced arterial phase (AP) and 
venous phase (VP) DECT scans.

Of the 62 patients initially included in the 
study, 13 were excluded (2 without adequate 
intestinal preparation, 2 who underwent sur-
gery more than a week after the CT scan, 3 
with severe image artifacts, 4 who refused to 
accept any treatment, and 2 who underwent 
preoperative neoadjuvant chemotherapy). A 

final number of 49 subjects was selected (33 
men and 16 women), with an average age of 
61.3 years (31–76 years). The inclusion and 
exclusion criteria are summarized in Figure 
1, and the patient characteristics are shown 
in Table 2. 

The surgically resected tissue specimens 
were pathologically examined and utilized as 
the gold standard to determine the RC stage. 
Some studies stage-divided RC into the T1-2 
group and the T3-4 group based on progno-
sis.27,28 Considering that the T4b stage could 
be clearly differentiated from the T3 stage on 
CT images, all enrolled patients with stage 
T4 RC indicated stage T4a RC. Finally, the pa-
tients were divided into group A (LVI–) and 
group B (LVI+); group C (no serosa invasion, 
T1-2), and group D (serosa invasion, T3-4a).

Dual-energy computed tomography scan

All DECT images were acquired using a 
256-row energy spectrum CT scanner (Rev-
olution CT, GE Healthcare, WI, USA). An in-
testine preparation time of 30 minutes was 
required per patient before the CT exam-
ination. A mixture of pure water and medi-
cal ultrasonic couplants at a ratio of 1:1 was 
prepared and injected into the rectum based 
on the distance between the tumor and the 
anus. Moreover, 400 mL of water was given 
to patients before the DECT examination. 

All patients received routine intravenous 
administration, followed by an intravenous 
injection of the contrast agent, iopromide 

(370 mg iodine/mL, Ultravist®, Bayer Sch-
ering Pharma), through the elbow vein at a 
flow rate of 4 mL/s. The injection dose of the 
contrast agent was calculated based on the 
body weight (2 mL/kg) of each patient. The 
scanning of the AP was triggered at a thresh-
old of 100 HU for the abdominal aorta. After 
a delay of 40 seconds, VP scanning was per-
formed. Thus, DECT images in the AP and VP 
were achieved.

The conventional imaging acquisition 
protocol was as follows: tube voltage = 120 
kVp; automatic tube current modulation 
range = 200–720 mA; noise index (NI) = 10; 
rotation time = 0.8 s; detector coverage = 
80 mm; scan slice thickness = 5 mm; recon-
structed thickness/interval = 0.625/0.625 
mm; and pitch = 0.992:1. The spectral (Gem-
stone Spectral Imaging) mode was used 
in both the AP and VP using the following 
parameters: tube voltage = 80 and 140 kVp 
with a tin filter; tube currents = 190 mA; NI = 
10; rotation time = 0.8 s; detector coverage 
= 80 mm; scan slice thickness = 5 mm; re-
constructed thickness/interval = 0.625/0.625 
mm; and pitch = 0.992:1.

Image analysis and quantitative parame-
ters

Two experienced radiologists performed 
naked-eye preoperative T-staging of pa-
tients with RC using a PACS system and con-
ventional CT images, as shown in Figure 2, 
Figure 3a and b. The staging was as follows: 
(1) T1-2 stage: the tumor had invaded the 
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submucosal and muscular layers but had 
not breached the muscularis propria; (2) 
T3 stage: the tumor had penetrated the in-
trinsic muscle layer and reached the lower 
serosa layer or invaded the perirectal tissue 
without peritoneal coating; (3) and T4 stage: 
the tumor had penetrated the serous layer 
and reached the peritoneum (T4a), or adja-
cent organs were involved (T4b). Morpho-
logical features included plain scan and en-
hanced scan CT values, whether the tumor 
edge was blurred, whether the density of 
adjacent adipose tissue had increased, and 
whether the surrounding structures and or-
gans had been infiltrated. The radiologists 
were blinded to the results of IC measure-
ment and histology.

A slice thickness of 0.625 mm was cho-
sen to reconstruct the dual-energy AP and 
VP iodine-based images to quantitatively 
measure IC using a GE AW4.2 workstation 
(GE Healthcare). The IC was calculated by 
manually delineating ROIs in the tumor, per-
irectal adipose tissue (PAT), and iliac arteries. 
A 50–75 mm2 ROI was obtained from the tu-
mor and iliac artery, covering as much tumor 
as possible, outside of blood vessels and ne-
crotic lesions. A 45–70 mm2 ROI was found in 

the PAT; the distance between the ROI and RC 
intestinal wall was >1 mm, and the ROI didn’t 
involve the tumor intestinal wall.20 To obtain 
the adipose tissue normalized IC (NIC), iden-
tical ROIs of the same size were placed at the 
same level in the area away from the tumor 
(Figure 2, Figure 3c-f ).

The corresponding IC was measured from 
the AP and VP images of each patient. Each 
measurement was repeated six times (three 
layers of images were selected for measure-
ment, and the data from each layer were 
measured twice), and the average IC was re-
corded for further analysis. The second mea-
surement was completed using the same 
method after 2 months, and the two mea-
suring results were averaged to obtain more 
rigorous measurement results.

The NIC1 values of the initial lesion and the 
NIC2 values of the adipose tissue around the RC 
were calculated using the following formulas: 

,

which minimized variations in different patients.

Statistical analysis

Statistical analysis was performed using 
the SPSS 26.0 software (IBM Corp. Armonk, 

NY, USA). The Mann–Whitney U test was used 
to compare the NIC values between group 
A and group B; P < 0.05 was considered sta-
tistically significant. The values of NIC1 and 
NIC2 in diagnosing LVI and T3-4a RC were 
determined via receiver operating charac-
teristic (ROC) curve analysis. The area under 
the ROC curve (AUC) was used to determine 
the optimal cut-off of NIC for tumor classifi-
cation. Inter-observer agreement between 
two measurements of DECT parameters was 
evaluated using the interclass correlation co-
efficient (ICC). The ICC values were as follows: 
<0.5 = poor reliability; 0.5–0.75 = moderate 
reliability, 0.75–0.9 = good reliability; and 
>0.9 = excellent reliability.

Results

Quantitative parameters of dual-energy 
computed tomography

In the AP, the difference in the NIC1 values 
between group A and group B was not statis-
tically significant (P > 0.05). However, in the 
VP, the NIC1 was significantly higher in group 
B than in group A (0.728 ± 0.031 vs. 0.669 
± 0.034, P < 0.001) (Table 2). For VP images, 
the ROC curve (Figure 4) analysis of LVI pre-

Figure 2. A 60-year-old man with lymphovascular invasion negative stage T2 rectal cancer. The white arrow denotes the thickening and transmural enhancement 
of the rectal wall. The density of the perirectal fat increases with the stripe-like shadow. In (a) and (b), the radiologist diagnosed the rectal tumor as clinical staging 
T3 with traditional computed tomography (CT) before surgery, but the pathological stage was pathological staging T2; (c-f) were used to measure the iodine 
concentration (IC) in tissues using post-processing techniques; (c) and (d) show the method of drawing regions of interest (ROIs) on the tumor in the arterial phase 
(AP) and venous phase (VP), respectively; (e) shows that the mean IC was 0.501 mg/mL in the perirectal fat tissue (ROI: 1.2) and 0.175 mg/mL in the fat tissue distant 
from the tumor in the AP (ROI: 3); (f) shows that the mean IC was 0.546 mg/mL in the fat tissue near the tumor (ROI: 1.2), and 0.195 mg/mL in the fat tissue distant 
from the tumor in the VP (ROI: 3). The dual-energy CT corrected the preoperative T-staging of the patient as non-T3.

a
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c

f
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diction via DECT denoted that the AUC was 
0.868, and the best cut-off of NIC1 for distin-
guishing group B from group A was 0.690, 
with a sensitivity of 87.5%, a specificity of 
84.0%, and an accuracy of 85.7%.

There was no statistical difference in the 
tumor NIC1 values between group C and 
group D. However, the NIC2 was significantly 
higher in group D than in group C in both the 
AP (4.034 ± 0.991 vs. 3.115 ± 0.581, P < 0.05) 
and the VP (5.481 ± 1.054 vs. 3.450 ± 0.980, P 
< 0.001) (Table 2). The ROC curve (Figure 5) 
analysis of the preoperative T-staging of RC 
showed that the AUC was 0.794 in the AP im-
age and 0.905 in the VP image. For AP imag-
es, the best cut-off of NIC2 for distinguishing 
group D from group C was 3.346, with a sen-
sitivity of 80.6%, a specificity of 77.3%, and 
an accuracy of 83.7%. The best cut-off of NIC2 
for the VP image was 4.105, with a sensitivity 
of 90.3%, specificity of 88.9%, and accuracy 
of 89.8%.

Interobserver agreement for dual-energy 
computed tomography spectral parame-
ters

The ICC score of NIC1 was 0.988 (95% CI: 
0.982 to 0.992), and the ICC score of NIC2 was 

0.968 (95% CI: 0.955 to 0.978), which was 
considered an excellent consensus.

Conventional computed tomography pre-
operative T-staging

Using the pathological results as the gold 
standard, 20 cases of T1-2 were diagnosed 
via conventional CT imaging, of which 11 
cases were correctly diagnosed, and 9 cases 
of T3-4a were misdiagnosed as T1-2. A total 
of 29 patients were diagnosed with T3-4a 
using conventional CT imaging, of which 22 
patients were correctly diagnosed, and 7 pa-
tients with T1-2 were misdiagnosed with T3-
4a (Table 3). Compared with the pathological 
staging, the accuracy of conventional CT in 
differentiating T3-4a from T1-2 was 67.3% 
(33/49).

Quantitative parameters of dual-energy 
computed tomography T-staging

According to NIC measured by DECT, 18 
patients were diagnosed with T1-2, and 31 
patients were diagnosed with T3-4a in the 
AP. Compared with the pathological results, 
14 patients were correctly diagnosed with 
T1-2, 4 patients with T3-4a were misdiag-
nosed with T1-2, 27 patients were correctly 

diagnosed with T3-4a, and 4 patients with 
T1-2 were misdiagnosed with T3-4a (Table 3). 
The accuracy of DECT in differentiating T3-4a 
from T1-2 was 83.7% (41/49) in the AP.

In the VP, 17 patients were diagnosed 
with T1-2 and 32 patients with T3-4. Com-
pared with the pathological results, 15 pa-
tients were correctly diagnosed with T1-2, 2 
patients with T3-4 were misdiagnosed with 
T1-2, 29 patients were correctly diagnosed 
with T3-4, and 3 patients with T1-2 were mis-
diagnosed with T3-4 (Table 3). The accuracy 
of DECT in differentiating T3-4a from T1-2 
was 89.8% (44/49) in the VP.

Discussion
The purpose of this study was to inves-

tigate the value of DECT in predicting LVI 
and evaluate the accuracy of preoperative 
RC T-staging. The postoperative histological 
results were used as the gold standard for 
grouping. 

1. The tumors were divided into the 
LVI− (group A) and the LVI+ (group B). The 
LVI was defined as the presence of cancer 
cells in peritumoral lymphatic vessels and 
small non-muscularized blood vessels or 

Figure 3. A 59-year-old man with lymphovascular invasion positive stage T3 rectal cancer. The white arrow denotes the thickening of the rectal wall, which was 
enhanced. The density of fat tissue around the tumor was more uniform. The local strip high-density shadow (denoted by the yellow arrow) is the vascular tissue. In 
(a) and (b), the radiologist diagnosed the rectal tumor as clinical staging T2 with traditional computed tomography (CT) before surgery, but the pathological stage 
was pathological staging T3; (c) and (d) show the method of drawing regions of interest (ROIs) on the tumor tissue in the arterial phase (AP) and the venous phase 
(VP), respectively; (e) shows that the mean iodine concentration (IC) was 0.756 mg/mL in the perirectal fat tissue (ROI: 1.2) and 0.173 mg/mL in the fat tissue distant 
from the tumor in the AP (ROI: 3); (f) shows that the mean IC was 1.198 mg/mL in the fat tissue near the tumor (ROI: 1.2), and 0.191 mg/mL in the fat tissue distant 
from the tumor in the VP (ROI: 3). The dual-energy CT corrected the preoperative T-staging of the patient as non-T2.
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both,29 and was related to the dissemina-
tion of cancer cells.30 Therefore, the NIC2 of 
the adipose tissue around the tumor was 
not employed to evaluate LVI. Moreover, 
the study found that the difference in NIC1 
values between group A and group B was 
not statistically significant (P > 0.05) in the 
AP. However, in the VP, the NIC1 was signifi-
cantly higher in group B than in group A (P 
< 0.001). Setting 0.690 as the cut-off value, 

the accuracy of NIC1 in LVI evaluation was 
83.7%. There are several possible reasons 
for this result. First, LVI denoted a high in-
vasiveness of cancer cells.31 Second, the 
cancer cells of patients with LVI+ RC were 
relatively active, and the blood flow led to 
an increase in IC values. The study indicates 
that using the NIC value in the VP can dis-
tinguish between LVI− and LVI+. Further 
study, such as the use of a combination 

of different quantitative parameters, may 
improve the sensitivity and specificity of 
DECT technology.

2. The tumors were divided into two 
groups: group C (no serosa invasion, T1-
2) and group D (serosa invasion, T3-4a). 
Conventional CT scanning was used for 
naked-eye observation of PAT density to 
determine whether the serosa had been in-
filtrated. Seven patients with stage T1-2 RC 
were overestimated as having stage T3 RC, 
and 9 patients with stage T3 RC were un-
derestimated as having stage T1-2 RC, with 
an accuracy rate of 67.3%. These findings 
denoted the limitations of multi-slice spiral 
CT in the assessment of serosa invasion. The 
present study demonstrated that DECT was 
more valuable than conventional plain CT 
in diagnosing T3-4a RC. The NIC2 in the PAT 
was significantly higher when the serosa had 
been invaded than when it had not been 
invaded. The ROC curve (Figure 5) analysis 
showed that the NIC2 was more capable of 
distinguishing whether RC had invaded the 
surrounding adipose tissue in the VP than 
in the AP. The accuracy of NIC2 in evaluating 
serous infiltration was 83.7% (AP) and 89.8% 
(VP) when setting the cut-off as 3.346 and 
4.105 in the AP and VP, respectively, which 
was higher than the CT value. This study 
found that the NIC1 of RC tissue was not re-
lated to the T-stage, which differed from the 
results of Li et al.27 A possible reason for this 
result is that the invasiveness of the tumor 
was not only related to benignancy and ma-
lignancy, but also closely related to the accu-
racy of cancer detection time.32 

Poorly differentiated RC may not break 
through the muscular layer in the early stage; 
in contrast, highly differentiated RC may in-
vade the peripheral adipose space of the 
intestinal wall; and even distant metastasis 
will occur in the late stage. Whether the tu-
mor had invaded the perirectal tissue or not 
was the criterion for judging stage T3 of RC. 
In summary, these observations suggest that 
DECT is an innovative and accurate imaging 

Table 2. Demographic and clinical characteristics of the included participants

Characteristic Group A (LVI−) Group B (LVI+) P value

Gender (n)

Male 14 19
0.086

Female 11 5

Age (year, mean ± SD)
Height (cm)
Weight (kg)
BMI (kg/m2)

59.7 ± 9.7
166.6 ± 6.2
69.7 ± 8.3
25.0 ± 1.8

63.0 ± 8.7
169.6 ± 6.0
74.4 ± 10.3
25.7 ± 2.3

0.237
0.091
0.090
0.262

Quantitative parameters

NIC1 AP 0.126 ± 0.003 0.127 ± 0.005 0.659

NIC1 VP 0.669 ± 0.034 0.728 ± 0.031 <0.001**

Group C (T1-2) Group D (T3-4a) P value

Gender (n)

Male 10 23
0.187

Female 8 8

Age (mean ± SD)
Height (cm)
Weight (kg)
BMI (kg/m2)

59.1 ± 7.6
166.1 ± 5.6
68.1 ± 7.8
24.6 ± 1.3

62.6 ± 9.9
169.2 ± 6.4
74.3 ± 9.8
25.8 ± 2.3

0.065
0.092
0.029*
0.022*

Stage (n)

 T1 2 0

 T2 16 0

 T3 0 28

 T4a 0 3

Quantitative parameters

NIC1 AP 0.124 ± 0.003 0.127 ± 0.004 0.417

NIC1 VP 0.690 ± 0.040 0.704 ± 0.044 0.342

NIC2 AP 3.115 ± 0.581 4.034 ± 0.991 0.003*

NIC2 VP 3.450 ± 0.980 5.481 ± 1.054 <0.001**

*P < 0.05, **P < 0.001; NIC1, normalized iodine concentration of the initial tumor; NIC2, normalized iodine 
concentration of the adipose tissue around the rectal tumor; AP, arterial phase; VP, venous phase; LVI+, 
lymphovascular invasion positive; LVI−, lymphovascular invasion negative; BMI, body mass index; SD, standard 
deviation. 

Table 3. T-staging of rectal cancer using preoperative conventional computed tomography and dual-energy computed tomography 
compared with postoperative histology staging

Confusion matrix
Conventional CT DECT arterial phase DECT venous phase

Total
T1-2 T3-4a T1-2 T3-4a T1-2 T3-4a

Histologic 
stage

Group C (T1-2) 11 7a 14 4a 15 3a 18

Group D (T3-4a) 9b 22 4b 27 2b 29 31
aSeven patients with RC in group C were misdiagnosed as group D using conventional CT; 5 of them were corrected using DECT in the arterial phase (AP), and 6 of them were 
corrected using DECT in the venous phase (VP). In addition, the conventional CT diagnosis of 2 patients in group C was correct, but the DECT was misdiagnosed as group D. bNine 
patients with RC in group D were misdiagnosed as group C using conventional CT; 6 of them were corrected using DECT in the AP, and 8 of them were corrected using DECT in the 
VP. In addition, the conventional CT diagnosis of 1 patient in group D was correct, but the DECT led to a misdiagnosis as group C. CT, computed tomography; DECT, dual-energy 
computed tomography; RC, rectal cancer.
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method for predicting LVI and improving the 
accuracy of preoperative RC T-staging.

Peng et al.33 utilized the novel multipara-
metric imaging capabilities of DECT to pre-
dict very early distant metastasis (VEDM) fol-
lowing colorectal cancer surgery and noted 
that the venous enhancement fraction, the 
slope of the VP spectral curve (λ-V) and the in-
verse of the VP-standardized IC (1/NIC-V) pre-
sented significant discriminative abilities in 
predicting VEDM, with AUC values of 0.822, 
0.738, and 0.713, respectively. 

LVI is an early sign of lymph node metas-
tasis and distant metastasis, which is the ini-
tial manifestation of lymph node metastasis 
and other types of organ metastasis;34 the IC 
parameter of the tumor was applied in the 
prediction of LVI with an accuracy of 85.7%. 
Thus, it can guide clinical treatment and in-
tervention in a relatively precise manner and 
in the early disease stage.

Jia et al.35 compared the image quality of 
MRI and DECT virtual monochrome imag-
ing techniques and assessed their accuracy 

in T-staging, demonstrating that the overall 
diagnostic accuracy of dual-layer spectral 
CT and high-resolution MRI in T-staging 
was 65.67% and 71.64%, respectively, with 
no significant difference (P > 0.05). Qin et 
al.36 investigated the optimal DECT parame-
ter-AP λHU for differentiating between T3 and 
T4a stages of RC, with an overall accuracy of 
76.9%. The present study on the T-staging 
of RC was conducted according to different 
clinical treatment modalities and focused 
on distinguishing the difference between 
T1-2 and T3-4a, which was more relevant to 
clinical needs than the other studies. The au-
thors of the present study comprehensively 
considered the critical factors for the selec-
tion of clinical treatment options, including 
both tumor T-staging and LVI. This study set 
the research protocol according to clinical 
needs; the diversity and depth of this study 
contribute to a more comprehensive under-
standing of the application of DECT in on-
cology and may lead to the development of 
future diagnostic and therapeutic strategies. 
With the continuous development of DECT 
technology and the growing demand for 
a more accurate prediction of cancer stag-
ing and metastasis in clinical practice, more 
spectral parameters may be derived33,37 and 
combined with clinical parameters38 or even 
radiomics and artificial intelligence37 to fur-
ther improve the predictive potential. This 
provides new opportunities for follow-up 
studies.

This study has several limitations. First, 
the number of patients was limited, and 
the study used an experimental methodol-
ogy. In the future, performing a larger-scale 
and more accurate patient selection study 
to affirm the results would be worthwhile. 
Second, the type of all involved tumors was 
rectal adenocarcinoma, and whether other 
types of rectal tumors can be staged using 
this method should be verified in future. 
Third, the placement of ROI was subjective 
and could only avoid obvious large blood 
vessels; however, interaction with some 
small vessels may have caused inflamma-
tion of connective tissue, increasing the false 
positive rate of the study. Fourth, this study 
did not measure other quantitative param-
eters of DECT. A combination of other DECT 
parameters could enhance the accuracy of 
predicting the pathological indicators of RC. 
Fifth, the present study did not measure the 
size of the primary tumor or locate the po-
sition of the tumor, especially the accurate 
location of the supra- or sub-peritoneal layer, 
which are critical factors for the RC treatment 
plan. Sixth, comparisons between DECT and 

Figure 4. The receiver operating characteristic (ROC) curve showed the ability of preoperative normalized 
iodine concentration (NIC) values in the arterial phase (AP) and venous phase (VP) to predict the 
lymphovascular invasion (LVI) of rectal cancer. The ROC curves showed that the NIC1 could predict the LVI of 
rectal cancer more accurately in the VP than in the AP. NIC1, normalized iodine concentration of initial tumor; 
NIC2, normalized iodine concentration of adipose tissue around rectal tumor.

Figure 5. The receiver operating characteristic (ROC) curve showed the ability of preoperative normalized 
iodine concentration (NIC) values in the arterial phase (AP) and venous phase (VP) to predict the invasion of 
adipose tissue around the tumor; NIC1 means the NIC of tumor tissue, and NIC2 means the NIC of perirectal 
adipose tissue. The ROC curves showed that NIC2 could predict the invasion of adipose tissue around the 
tumor more accurately in the VP than in the AP. NIC1, normalized iodine concentration of initial tumor; NIC2, 
normalized iodine concentration of adipose tissue around rectal tumor.
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other imaging techniques, such as MRI and 
TRUS, were not performed. Finally, this study 
was a single-center study and did not involve 
samples from other medical centers. There-
fore, a complicated analysis using DECT pa-
rameters will be performed in future studies.

In conclusion, this study found that the 
quantitative determination of NIC in tumors 
can predict LVI. Furthermore, NIC in PAT via 
DECT can accurately, sensitively, and specif-
ically distinguish whether serosa invasion 
has occurred in RC. In addition, the study 
first utilized NIC to evaluate the invasion of 
PAT and effectively reduce the difference of 
individual factors among patients. The DECT 
quantitative IC measurement was a useful 
clinical tool for the preoperative prediction 
of pathological indicators of RC.
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Computed tomography-based contrast features for distinguishing extra-
gastrointestinal stromal tumors from intra-abdominal fibromatosis

PURPOSE
This study aims to define the computed tomography (CT) criteria that distinguish extra-gastrointes-
tinal stromal tumors (eGISTs) from intra-abdominal fibromatosis (IAF).

METHODS
Retrospective analysis was conducted on CT images obtained from 31 pathologically confirmed 
cases, including 17 cases of eGISTs and 14 of IAF. Various parameters [e.g., lesion location, contour 
characteristics, border delineation, enhancement patterns, presence of intralesional necrosis, ves-
sels, air, fat, and hemorrhage, the long diameter (LD), LD/short diameter (SD) ratio, and volume (LD 
× SD × height diameter)] were meticulously evaluated. In addition, the degree of enhancement 
during arterial and portal venous phases and the lesion-to-aorta CT attenuation ratio during both 
phases were quantified. Statistical analysis was performed using Fisher’s exact test, the Student’s 
t-test, and the receiver operating characteristic curve to identify significant CT criteria. Sensitivity
and specificity assessments were conducted for single and combined CT criteria.

RESULTS
Significant differentiators between eGISTs and IAF include non-mesenteric localization, irregular 
contour, well-defined borders, heterogeneous enhancement, presence of intralesional necrosis 
and vessels, and absence of intralesional fat, with LD exceeding 9.6 cm, an LD/SD ratio >1.22, and 
volume surpassing 603.3 cm3 (P < 0.05). A combination of seven or more of these criteria yielded a 
specificity of 100%.

CONCLUSION
Ten distinct CT criteria have been identified to distinguish eGISTs from IAF, notably encompass-
ing non-mesenteric localization, irregular contour, well-defined borders, heterogeneous enhance-
ment, presence of intralesional necrosis and vessels, absence of intralesional fat, LD >9.6 cm, an LD/
SD ratio >1.22, and volume surpassing 603.3 cm3.

CLINICAL SIGNIFICANCE
The current findings establish CT criteria to distinguish eGISTs from IAF in a clinical setting.

KEYWORDS
Diagnosis, computed tomography criteria, non-mesenteric localization, intralesional necrosis, het-
erogeneous enhancement

You may cite this article as: Zhang L, Li Y, Luo X, et al. Computed tomography-based contrast features for distinguishing extra-gastrointestinal stromal tumors 
from intra-abdominal fibromatosis. Diagn Interv Radiol. 2025;31(1):10-16.

Extra-gastrointestinal stromal tumors (eGISTs) are a rare type of gastrointestinal stromal 
tumor (GIST). They occur outside the gastrointestinal tract and are not associated with 
the intestinal wall.1 Approximately 80% (26/32) of eGISTs are intra-abdominal, primarily 

in the mesentery and omentum, with some detected in the retroperitoneum.2 A pioneering 
report in 1999, documenting 26 cases originating from the omentum and mesentery, high-
lighted their clinicopathological and immunohistochemical similarities to GISTs, leading to 
their classification as eGISTs.3 Most reported eGISTs present as large lesions (>10 cm) or ex-
hibit high mitotic activity (>10/50 high-power field), placing them in a high-risk category with 
an unfavorable prognosis.2,4,5 Diagnosis typically involves preoperative identification using 
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radiological imaging modalities such as con-
trast-enhanced computed tomography (CT) 
or magnetic resonance imaging, followed 
by confirmation through postoperative his-
topathological and immunohistochemical 
analyses. Histologically, eGISTs are charac-
terized by spindle, epithelioid, and/or pleo-
morphic cell morphology and are associated 
with positive immunostaining for CD117 
(c-kit receptor) and CD34 biomarkers.5

A subtype of aggressive fibromatosis (AF), 
intra-abdominal fibromatosis (IAF) has the 
lowest incidence rate, representing a rare 
benign monoclonal fibroblastic proliferation 
that primarily originates from the mesentery 
or retroperitoneum within the abdomen.6 

Despite its benign classification, IAF is nota-
ble for its high recurrence rate post-surgical 
resection, with no propensity for metastasis.7 
Although IAF and eGISTs are distinct enti-
ties, they are prone to misidentification.7-10 
As a widely employed non-invasive medical 
imaging modality, CT plays a pivotal role in 
examining abdominal structures to detect 
lesions.7 Consequently, differentiating be-
tween eGISTs and IAF on CT images is cru-
cial because of their distinct prognoses and 
treatment modalities. However, accurate 
diagnosis remains challenging for personal-
ized treatment and prognosis evaluation giv-
en the rarity of both intra-abdominal eGISTs 
and IAF.

Considering the scarcity of literature 
clarifying the distinctive CT features and 
clinical attributes of both eGISTs and IAF, 
we conducted a retrospective analysis of 
clinical data and CT images from 31 patients 
observed at a single center. Among these 
patients, 17 were diagnosed with intra-ab-
dominal eGISTs and 14 with IAF. We aimed to 
provide a comprehensive synthesis of their 
clinical profiles and CT characteristics, there-
by enhancing our understanding of their 

inherent behaviors. By identifying unique 
features on contrast-enhanced CT scans, we 
sought to mitigate the risk of inappropriate 
or subpar treatment strategies.

Methods

Patient characteristics

This retrospective study received ap-
proval from the Institutional Review Board 
at Cangzhou Central Hospital (decision no: 
#2021-266-02, date: 09.05.2021), which 
waived the requirement for informed con-
sent. We screened 224 patients with GISTs 
who underwent surgical procedures at our 
hospital between July 2013 and December 
2021. Among them, 19 cases were confirmed 
as eGISTs (Figure 1). Additionally, all 15 cases 
of IAF included in our institutional database 
were compiled from routine clinical practice 
during the same period. The inclusion crite-
ria were as follows: surgical excision of the 
tumor, complete clinicopathological data, 
and preoperative contrast-enhanced CT 
scans of good image quality. The exclusion 
criteria were irresectable tumors (one case 
caused by multiple focal lesions for eGISTs 
and one case caused by liver metastasis) or 
the absence of preoperative contrast-en-
hanced CT scans (one case with only plain CT 
for IAF). Ultimately, 31 patients (17 with intra- 
abdominal eGISTs and 14 with IAF) were in-
cluded in this study. Clinical data, including 
age, sex, presence of abdominal mass, and 
abdominal pain, were carefully reviewed.

Computed tomography image acquisition

All 31 patients underwent comprehensive 
abdominal and/or pelvic contrast-enhanced 
CT examinations covering the entire tumor, 
using a 320-detector row scanner (Toshiba 
Medical Systems, Otawara, Japan) at our in-
stitution. The CT imaging parameters were 

standardized as follows: tube voltage was set 
at 120 kV, tube current ranged from 100 to 
450 mA, rotation time was 0.5 s, detector col-
limation was set at 64 × 0.625 mm, matrix size 
was 512 × 512, pitch ratio was 0.6–1.2:1, and 
slice thickness was 5 mm. For dynamic con-
trast-enhanced CT imaging, an intravenous 
non-ionic contrast agent (1 mL/kg) was ad-
ministered using an automatic power injec-
tor at a rate of 3.5 mL/s. Images of the arterial 
and portal venous phases were acquired at 
25–30 and 60 s post-injection, respectively. It 
is important to note that delayed-phase im-
aging was omitted in this retrospective study 
due to its absence in routine abdominal CT 
protocols. The reconstruction of CT images 
from both phases was performed with a slice 
thickness of 2 mm. Additionally, coronal and 
sagittal multiplanar reformatted (MPR) imag-
es were generated to ascertain the lesions’ 
origin relative to the gastrointestinal tract 
wall.

Image analysis

The contrast-enhanced CT images were 
independently reviewed by two seasoned 
abdominal radiologists (with 11 and 9 years 
of experience, respectively), following a 
randomized sequence using a picture ar-
chiving and communication system. Both 
readers conducted evaluations without any 
knowledge of the clinical findings or patho-
logical results. Qualitative analysis of the CT 
criteria included evaluating lesion location, 
contours, borders, enhancement pattern, 
and the presence of intralesional necrosis, 
vessels, air, fat, and hemorrhage. Lesion lo-
cations were validated using MPR CT images 
and surgical records and were stratified as ei-
ther mesenteric or non-mesenteric regions. 
Lesion contours were categorized as round, 
ovoid, lobulated, or irregular, with round and 
ovoid shapes classified as regular and lobu-
lated and irregular shapes as irregular. Lesion 

Main points

• The computed tomography (CT) images of 
patients with extra-gastrointestinal stromal 
tumors (eGISTs) and intra-abdominal fibro-
matosis (IAF) have crucial differences.

• The 10 discerning CT criteria to distinguish 
eGISTs from IAF are non-mesenteric localiza-
tion, irregular contour, well-defined borders, 
heterogeneous enhancement, presence of 
intralesional necrosis and vessels, absence 
of intralesional fat, long diameter (LD) >9.6 
cm, an LD/ short diameter ratio >1.22, and 
volume exceeding 603.3 cm3.

• These 10 CT criteria can be utilized in clin-
ical practice to distinguish eGISTs from IAF 
before surgery. Figure 1. Study flowchart. GIST, gastrointestinal stromal tumor; eGIST, extra-gastrointestinal stromal tumors; 

CT, computed tomography; IAF, intra-abdominal fibromatosis.
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borders were delineated as ill-defined or 
well-defined in relation to the adjacent soft 
tissue. Enhancement patterns, characterized 
as homogeneous or heterogeneous, were 
assessed during the portal venous phase. 
Homogeneous enhancement was identi-
fied by a difference of <10 HU between the 
most strongly and weakly enhanced regions, 
whereas >10 HU signified heterogeneous 
enhancement. Intralesional low attenuation, 
suggesting necrosis, was designated by a CT 
attenuation value of <20 HU on the portal 
venous phase. Intralesional vessel identifica-
tion was based on feeding vessels observed 
in MPR images during the arterial phase. In-
tralesional low attenuation, indicating gas, 
was identified by a CT attenuation value 
similar to the gas density in the stomach or 
intestine during the arterial–venous phase. 
Similarly, intralesional low attenuation, sug-
gesting fat, was delineated by a CT attenua-
tion value similar to subcutaneous fat during 
the arterial–venous phase. Intralesional 
hyperattenuation, indicating hemorrhage, 
was recognized by a CT attenuation value of 
>70 HU, persisting across both arterial and 
portal venous phases. In cases of disagree-
ment, the radiologists engaged in a discus-
sion to achieve consensus. The quantitative  
analysis included assessing the long diame-
ter (LD), LD/short diameter (SD) ratio, volume 
[LD × SD × height diameter (HD)], degree of 
enhancement (DE) during both arterial and 
portal venous phases, and lesion/aorta (L/A) 
CT attenuation ratio. Consensus was reached 
by averaging measurements from the two 
readers to determine the final result for qual-
itative data analysis.

Statistical analysis

All statistical analyses were conducted 
using the SPSS statistical package (version 
26.0, SPSS, Chicago, IL, USA). The required 
sample size was determined using PS soft-
ware (version 3.0.12). A P value of <0.05 was 
considered statistically significant. Fisher’s 
exact test was used to compare qualitative 
data between the eGIST and IAF groups, 
and the Student’s t-test was utilized for com-
paring quantitative data. After statistical  
analysis, sensitivity and specificity values 
were calculated for each CT criterion that 
showed a significant difference between eG-
ISTs and IAF. Sensitivity and specificity values 
were computed for the LD, LD/SD ratio, and 
volume (LD × SD × HD) to generate receiver 
operating characteristic (ROC) curves. These 
curves helped determine the optimal cut-off 
points for distinguishing IAF from eGISTs. The 
optimal cut-off point was identified as the 

value that maximized the sum of sensitivity 
and specificity.

Results

Clinical characteristics

This study involved a cohort of 31 patients, 
17 individuals diagnosed with intra-abdomi-
nal eGISTs and 14 with IAF, to outline distinc-
tive clinical characteristics and CT features 
observed on contrast-enhanced CT images. 
The cohort consisted of 10 men and 7 wom-
en in the eGISTs group, with a mean age of 
60.94 ± 2.90 years, and 6 men and 8 women 
in the IAF group, with a mean age of 54.29 ± 
4.03 years. The clinical characteristics of the 
patients with are summarized in Table 1. The 
analysis revealed no significant differences in 
age, sex, or the presence of abdominal pain 
and abdominal mass between the two tumor 
types (all P > 0.05).

Qualitative analysis of computed tomogra-
phy features

The qualitative analysis of CT features 
comparing eGISTs and IAF is summarized in 
Table 2. The distribution of tumor location 
differed significantly between the two tumor 
types (P = 0.021). Furthermore, eGISTs were 
more commonly found in the non-mesen-
teric region, whereas IAF occurred more fre-
quently in the mesenteric region. In terms 
of lesion contour, most eGISTs exhibited a 
lobulated or irregular shape, whereas most 
IAF cases presented with an ovoid or round 
contour (P = 0.001). Moreover, eGISTs tend-
ed to have well-defined borders, whereas 
most IAF lesions demonstrated ill-defined 
borders (P = 0.001). The enhancement pat-
tern significantly differentiated between eG-
ISTs and IAF (P < 0.001), with heterogeneous 
enhancement observed more frequently in 
eGISTs. In addition, eGISTs exhibited a high-
er tendency toward intralesional necrosis 
compared with IAF (P < 0.001), whereas IAF 

lesions showed less frequent intralesional 
necrosis. Regarding intralesional vessels, eG-
ISTs displayed a higher tendency, whereas 
IAF had less frequent intralesional vessels (P < 
0.001). By contrast, IAF demonstrated a great-
er tendency toward intralesional fat, where-
as eGISTs had less frequent intralesional fat  
(P = 0.004). However, intralesional hemor-
rhage and intralesional air did not signifi-
cantly differentiate between eGISTs and IAF. 
Representative images illustrating these qual-
itative CT features are presented in Figures 2a-
c. These findings emphasize the utility of qual-
itative CT analysis in distinguishing between 
eGISTs and IAF, providing valuable insights for 
accurate diagnosis and treatment planning.

Quantitative analysis of computed tomog-
raphy features

Table 2 provides a summary of the quan-
titative analysis of CT features comparing 
eGISTs and IAF. eGISTs exhibited a larger LD 
and volume compared with IAF (P < 0.001) 
and displayed a higher LD/SD ratio than IAF  
(P = 0.003). However, the DE during the arte-
rial phase and venous phase and the L/A ra-
tio (arterial phase, portal venous phase) did 
not reveal significant differences between 
eGISTs and IAF in this study. Representative 
images are presented in Figure 2a-c. 

Based on the ROC analysis results, the LD 
had a cut-off value of 9.6 cm for the differ-
ential diagnosis of eGISTs and IAF, achieving 
a sensitivity of 82.4%, a specificity of 82.9%, 
and an area under the ROC curve of 0.912. 
Similarly, the volume had a cut-off value that 
resulted in 94.1% sensitivity, 85.7% speci-
ficity, and an area under the ROC curve of 
0.903. Additionally, the LD/SD ratio had a 
cut-off value that led to 82.4% sensitivity, 
71.4% specificity, and an area under the ROC 
curve of 0.826. The LD exhibited similar per-
formance compared with volume and LD/SD 
ratio (DeLong test, P < 0.05); the ROC curves 
are displayed in Figure 3.

Table 1. Clinical characteristics analysis results for eGISTs versus IAF

Clinical characteristics eGISTs (n = 17) IAF (n = 14) P value

Age (mean ± SD) 60.94 ± 2.90 54.29 ± 4.03 0.181b

Sex
Man 10 (58.8%) 6 (42.9%)

0.479a

Woman 7 (41.2%) 8 (57.1%)

Abdominal mass
Present 8 (47.1%) 6 (42.9%)

1.000a

Absent 9 (52.1%) 8 (57.1%)

Abdominal pain
Present 7 (41.2%) 11 (78.6%)

0.067a

Absent 10 (58.8%) 3 (21.4%)

P < 0.05 indicates that the difference is statistically significant. a: Between eGISTs and IAF compared with Fisher’s 
exact test. b: Between eGISTs and IAF compared with the Student’s t-test. SD, standard deviation; eGISTs, extra-
gastrointestinal stromal tumors; IAF, intra-abdominal fibromatosis.
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Sensitivity and specificity values for com-
puted tomography diagnosis

Table 3 displays the sensitivity and spec-
ificity values of each significant CT criterion 
for distinguishing eGISTs from IAF. The com-
bination of any 5 of these 10 criteria resulted 
in a sensitivity of 100% (17 of 17) and a spec-
ificity of 92.9% (13 of 14). When employing 
any seven or more of these criteria, a speci-
ficity of 100% was achieved, as indicated in 
Table 4.

Discussion
eGISTs constitute a rare subset of malig-

nant mesenchymal tumors that share clinico-

pathological and immunohistochemical fea-
tures with GISTs.3 Although reports suggest 
eGISTs can appear in various anatomical sites 
such as the neck,11 liver,12,13 and prostate,14 
the abdomen remains the predominant loca-
tion,15 often involving the mesentery, omen-
tum, and retroperitoneum.16 It is widely 
acknowledged that eGISTs demonstrate ag-
gressive behavior and have an unfavorable 
prognosis.2,5,15 Despite being distinct entities, 
eGISTs and IAF are frequently confused.7-10 
The differentiation between these entities 
carries significant clinical implications, as the 
diagnostic criteria for malignancy in eGISTs 
do not apply to IAF. Unlike eGISTs, which 
are prone to metastasis and exhibit aggres-

sive behavior, IAF represents benign tumors 
with no metastatic potential, although they 
can be locally aggressive. Therefore, clarify-
ing the distinction between eGISTs and IAF 
is crucial for appropriate treatment planning 
and prognostic assessment.

For both eGISTs and IAF, abdominal pain 
and a palpable mass are the most com-
mon clinical symptoms.6,17 In this study, we 
observed no significant differences in the 
presence of abdominal pain, abdominal 
mass, age, or sex between the tumor types 
(P > 0.05). However, we encountered two in-
triguing cases of IAF where a palpable mass 
was distinctly observed in the initial plain CT 
scan, subsequently shifting to another loca-
tion within the abdomen in the contrast-en-
hanced CT scan. This observation suggests 
that the mass exhibited mobility along the 
mesentery, originating from the mesenteric 
region.

Our study identified 10 CT criteria as 
statistically significant indicators for distin-
guishing between eGISTs and IAF: non-mes-
enteric location, irregular contour, well-de-
fined border, heterogeneous enhancement, 
presence of intralesional necrosis and ves-
sels, absence of intralesional fat, LD >9.6 
cm, volume >603.3 cm3, and an LD/SD ratio 
>1.22. Moreover, combining positive CT cri-
teria improved the diagnostic performance 
for distinguishing eGISTs from IAF, thereby 
facilitating accurate diagnosis and appropri-
ate treatment selection.

In our study, eGISTs exhibited a signifi-
cantly larger LD and volume compared 
with IAF (P < 0.001), as well as a higher LD/
SD ratio than IAF (P = 0.003). These find-
ings are consistent with previous literature, 
which suggests that patients with eGISTs 
often remain asymptomatic until the le-
sion progresses to a palpable mass.18 Given 
the demands of our routine workflow and 
heavy reporting load, measuring the LD 
in axial CT images proves to be a practical 
and cost-effective approach. Our analysis 
identified a 9.6-cm cut-off value for the LD 
in axial images as an effective discriminator 
between eGISTs and IAF, yielding a sensitiv-
ity of 82.4%, a specificity of 82.9%, and an 
area under the ROC curve of 0.912. Nota-
bly, this performance was comparable with 
that of volume and LD/SD ratio (P > 0.05 for 
the DeLong test). In contrast to previous 
reports that encompassed all GIST cases, 
our study focused specifically on eGISTs be-
cause of their fundamental differences from 
GISTs.16 Interestingly, in our analysis, both 
DE (arterial and venous phases) and L/A ra-

Figure 2. (a) A 50-year-old woman with a 17.1-cm-long diameter extra-gastrointestinal stromal tumor in 
the space between the stomach and spleen. (a1) Axial arterial phase computed tomography (CT) image 
revealing an irregular mass with a well-defined border and intralesional vessels (arrows). (a2) Portal venous 
phase axial contrast-enhanced CT images revealing a heterogeneously enhanced mass with intralesional 
necrosis (arrows). (b) A 57-year-old woman with a 9.4-cm-long diameter intra-abdominal fibromatosis 
(IAF) arising from transverse colon mesentery. (b1) Axial arterial phase CT image revealing a regular mass 
with a well-defined border without intralesional vessels. (b2) Portal venous phase axial contrast-enhanced 
CT images revealing a homogeneously enhanced mass without intralesional necrosis. (c) A 53-year-old 
woman with a 5.3-cm-long diameter IAF arising from duodenal mesentery. (c1) Axial arterial phase CT 
image revealing punctate intralesional fat (arrows). (c2) Axial arterial phase CT image displaying an involved 
descending duodenal segment (arrow).

a1

b1

c1

a2

b2

c2
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tio (arterial and portal venous phases) for  
eGISTs and IAF did not exhibit significant 
differences, diverging from previous find-

ings. We observed that eGISTs tended to 
have a larger average volume (1,840.68 cm3) 
compared with IAF (459.74 cm3), potential-

ly resulting in the dispersion of intra-tumor 
vessels and subsequent reduction in CT 
attenuation values. However, significant 
factors for distinguishing eGISTs from IAF 
included the enhancement pattern and 
the presence of intralesional necrosis and 
vessels. Our results indicated that eGISTs 
predominantly exhibited heterogeneous 
enhancement (94.1% of cases), intralesional 
necrosis (94.1% of cases), and intralesion-
al vessels (94.1% of cases) on contrast CT. 
These findings align with previous reports, 
underscoring the characteristic features of 
eGISTs, including heterogeneous contrast 
enhancement, prominent intralesional ves-
sels, and inner low attenuation changes at-
tributed to necrosis, hemorrhage, or cystic 
degeneration, which contrast with the CT 
features observed in IAF in our study.

In this study, IAF was more frequently 
located in the mesenteric region (92.9%, 
13/14) compared with eGISTs (52.9%, 9/17), 
a finding consistent with prior research.6 
Intra-abdominal AF, a rare and locally ag-
gressive mass, originates from benign fi-
brous tissue proliferation7 and represents 
the most common primary tumor of the 
mesentery.19 In our series, 70.6% (12/17) of 
eGIST cases exhibited lobulated or irregular 
contours, whereas 92.9% (13/14) of IAF cas-
es demonstrated ovoid or round shapes, 
deviating from typical pathological de-
scriptions of eGISTs.17 Intra-abdominal AF is 
characterized by a highly collagenous stro-
ma, often homogenous and with soft-tis-
sue attenuation.20 In our study, 50% (7/14) 
of IAF cases displayed ill-defined margins 
on contrast CT, indicative of its locally 
aggressive growth pattern, a distinct CT 
feature from eGISTs. We propose that the 
ill-defined mass represents an aggressive 
phenotype for IAF, necessitating patholog-
ical confirmation in future studies. Another 
distinguishing CT feature is the presence of 
intralesional fat, observed in 42.9% (6/14) 
of IAF cases compared with 0% (0/17) of 
eGIST cases, which is consistent with previ-
ous findings.9 As IAF gradually enlarges, it 
infiltrates mesenteric fat, signaling a local-
ly aggressive growth pattern distinct from 
eGISTs. This unique growth pattern under-
scores the differential diagnosis between 
IAF and eGISTs and highlights the impor-
tance of considering both clinical and ra-
diological features in making an accurate 
diagnosis. 

The treatment approach for both eGISTs 
and IAF involves multidisciplinary team man-
agement, which is paramount for optimizing 
patient outcomes.7 The standard treatment 

Table 2. Qualitative and quantitative CT image analyses results for eGISTs versus IAF

CT criteria eGISTs 
(n = 17)

IAF 
(n = 14)

P value

Location
Mesenteric region 9 (52.9%) 13 (92.9%)

0.021a

Non-mesenteric region 8 (47.1%) 1 (7.1%)

Contour
Regular 5 (29.4%) 13 (92.9%)

0.001a

Irregular 12 (70.6%) 1 (7.1%)

Border
Well-defined 17 (100%) 7 (50%)

0.001a

Ill-defined 0 (0%) 7 (50%)

Enhancement pattern 
Homogeneous 1 (5.9%) 12 (85.7%)

<0.001a

Heterogeneous 16 (94.1%) 2 (14.3%)

Intralesional necrosis
Present 16 (94.1%) 0 (0%)

<0.001a

Absent 1 (5.9%) 14 (100%)

Intralesional vessels
Present 16 4

<0.001a

Absent 1 10

Intralesional air
Present 2 (11.8%) 2 (14.3%)

1.000a

Absent 15 (88.2%) 12 (85.7%)

Intralesional fat
Present 0 (0%) 6 (42.9%)

0.004a

Absent 17 (100%) 8 (57.1%)

Intralesional 
hemorrhage

Present 2 (11.8%) 0 (0%)
0.488a

Absent 15 (88.2%) 14 (100%)

LD 13.50 ± 1.01 6.74 ± 0.82 <0.001b

LD/SD ratio 1.56 ± 0.11 1.17 ± 0.03 0.003b

Volume (LD × SD × HD) 1840.68 ± 264.46 459.74 ± 196.43 <0.001b

DE (AP, HU) 49.10 ± 3.24 48.37 ± 2.19 0.860b

DE (PP, HU) 65.67 ± 4.46 61.77 ± 2.65 0.482b

L/A ratio (AP) 0.17 ± 0.01 0.17 ± 0.01 0.856b

L/A ratio (PP) 0.46 ± 0.02 0.45 ± 0.03 0.780b

Data are presented as means ± standard deviations. a: Between eGISTs and IAF compared with Fisher’s exact test. 
b: Between eGISTs and IAF compared with the Student’s t-test. CT, computed tomography; eGISTs, extra-
gastrointestinal stromal tumors; IAF, intra-abdominal fibromatosis; LD, long diameter; SD, short diameter; HD, height 
diameter; DE, degree of enhancement; L/A ratio, lesion/aorta CT attenuation ratio; AP, arterial phase; PP, portal 
venous phase.

Figure 3. Receiver operating characteristic (ROC) curve. Graph displaying four ROC curves for long diameter 
(LD), volume, and LD/short diameter (SD) ratio to differentiate eGISTs from IAF. The areas under the ROC 
curve are 0.816 (LD), 0.861 (volume), and 0.888 (LD/SD ratio). eGISTs, extra-gastrointestinal stromal tumors, 
IAF, intra-abdominal fibromatosis.
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for GIST involves radical surgical resection, 
often combined with adjuvant imatinib 
therapy for cases classified as medium or 
high risk according to National Institutes of 
Health criteria.21 Unfortunately, eGISTs have 
an unfavorable prognosis despite treatment 
strategies mirroring those of GISTs. Common 
treatment modalities for managing IAF in-
clude surgery alone or in combination with 
radiotherapy.6 In certain cases, a multidis-
ciplinary approach encompassing surgery, 
chemotherapy, and radiation therapy is ad-
vocated.22

Several limitations were encountered in 
our study. First, due to the low incidence 
rates of both eGISTs and IAF, our sam-
ple size was limited. Future research with  
larger sample sizes is warranted to provide 
a more comprehensive understanding 
of the biological behavior of both tumor 
entities. Second, immunohistochemical 
markers are crucial in delineating the dis-
tinct characteristics of eGISTs and IAF. Fur-
ther investigation and correlation studies 
between these two tumors are warranted. 
Third, the routine abdominal CT protocols 

utilized in our study did not include delayed 
phase imaging to minimize unnecessary ra-
diation exposure.

In conclusion, this study identifies effec-
tive CT criteria to differentiate eGISTs from 
IAF. A total of 10 main parameters were de-
termined, and the 3 CT parameters with 
the highest diagnostic accuracy were LD 
>9.6 cm, heterogeneous enhancement, and 
well-defined borders.
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C O M M E N TA R Y

Research on artificial intelligence (AI) for radiology is rapidly expanding, with an expo-
nentially increasing number of AI submissions being accepted for publication in radiol-
ogy journals. The quality of these publications significantly depends on the information 

included in the text or accompanying it (e.g., code and data), which allows for the accurate 
evaluation of the proposed work and the reproduction of the results. Reporting checklists can 
be instrumental in assisting authors in including all required information; they also help re-
viewers to comprehensively evaluate the manuscripts before publication. Journals in medical 
imaging have an available arsenal of reporting checklists and guidelines that can be used to 
ensure a minimum standard of reporting quality in any published paper.1

The work by Koçak et al.2 indicated that, unfortunately, only a small minority of journals en-
courage authors to use these reporting guidelines. In their well-designed analysis, the authors 
clearly point out that only 5 out of 98 journals encouraged using reporting guidelines, and 
only 3 out of these 5 mandated uploading the filled checklist together with the manuscript 
files.

Journals were considered to encourage the use of a guideline if they mentioned the name 
of the guideline, had a direct reference to it, or explicitly recommended its use, adherence, 
or referral, even if the authors were not asked to upload a completed version of the guide-
line with the manuscript. The authors looked for a series of AI-specific guidelines, including 
the Checklist for AI in Medical Imaging (CLAIM),3,4 the Consolidated Standards of Reporting 
Trials-AI (CONSORT-AI),5 the Fairness, Universality, Traceability, Usability, Robustness, and 
Explainability-AI (FUTURE-AI) checklist,6 the CheckList for EvaluAtion of Radiomics Research 
(CLEAR),7 and the Transparent Reporting of a multivariable prediction model for Individual 
Prognosis Or Diagnosis-AI (TRIPOD+AI).8

Some guidelines cover any AI application (e.g., CLAIM, FUTURE-AI, minimum information 
about clinical AI modeling, and TRIPOD+AI), and others are intended for specific AI applica-
tions related to clinical trials (e.g., CONSORT-AI and Standard Protocol Items: Recommenda-
tions for Interventional Trials-AI) and radiomics (e.g., CLEAR guidelines and the METhodolog-
ical RadiomiCs Score (METRICS).9 Despite the wide variety of purpose-specific checklists and 
their importance in increasing manuscript quality, most journals do not encourage authors 
to use them.

Even though the use of checklists is not encouraged by all journals, the peer review process 
aims to filter out low-quality or flawed articles and provide reviewer suggestions to enhance 
the quality of published research. Reviewers should use checklists while evaluating AI papers 
and should require authors to use and include, as a supplementary file, the completed check-
list document, indicating how the manuscript covers each point of the checklist. According to 
Koçak et al.2 only 6% of journals included instructions for reviewers that encouraged the use 
of AI-related checklists. This does not necessarily mean that individual reviewers neglect the 
use of these checklists; however, journals should prompt their reviewers to ensure that the 
points of the relevant checklist are discussed in the manuscript. In cases where a manuscript 
fails to include important information, the reason for this should be mentioned in the text or 
the accompanying checklist document. 

Received 07 May 2024; revision requested 17 May 2024; 
accepted 21 May 2024.

You may cite this article as: Klontzas ME. Reporting checklists as compulsory supplements to artificial intelligence manuscript submissions. Diagn Interv 
Radiol. 2025;31(1):17-18.

Corresponding author: Michail E. Klontzas

E-mail: miklontzas@gmail.com, miklontzas@uoc.gr

1Department of Radiology, School of Medicine, 
University of Crete, Heraklion, Greece

2Computational Biomedicine Laboratory, Institute 
of Computer Science, Foundation for Research and 
Technology (FORTH), Heraklion, Greece

3Division of Radiology, Department for Clinical 
Science Intervention and Technology (CLINTEC), 
Karolinska Institutet, Stockholm, Sweden

 Michail E. Klontzas1,2,3

Reporting checklists as compulsory supplements to artificial 
intelligence manuscript submissions

Epub: 24.06.2024

Publication date: 30.12.2024

DOI: 10.4274/dir.2024.242849

https://orcid.org/0000-0003-2731-933X


 

18 • January 2025 • Diagnostic and Interventional Radiology Michail E. Klontzas.

In addition, caution needs to be exercised 
when authors provide self-filled checklists. 
This has become evident in another publica-
tion by Kocak et al.10 Their study shows that 
almost 60% of publications asserting the ad-
herence to CLAIM did not provide a complet-
ed checklist. Moreover, most papers that pro-
vided a filled-out checklist contained errors. 
Therefore, the proper use of these checklists 
should be assessed to avoid misuse or mis-
interpretation of individual points. Common 
mistakes include the omission of explana-
tions in case one of the requirements is not 
fulfilled or false claims that all requirements 
have been fulfilled.

Appropriate use of checklists should ide-
ally be evaluated at multiple stages (Figure 
1). At the pre-submission stage, journals 
should mandate the selection of a checklist 
related to the topic of the paper (e.g., medi-
cal imaging, clinical trials, and generic AI ap-
plications), and authors should prepare the 
manuscript in accordance with the require-
ments of the checklist. Subsequently, authors 
should submit a completed, detailed version 
of the checklist at the submission stage. The 
submission of this completed version should 
be obligatory to proceed to the review stage. 
During the review stage, reviewers should 
ensure the inclusion of all necessary informa-
tion outlined in the checklist, and any missing 
data or discrepancies should be addressed in 
subsequent review rounds.

In conclusion, reporting checklists can 
enhance the quality of manuscripts, ease 
the work of reviewers, and increase the re-
producibility of published work. Nonethe-
less, their proper use requires: (i) adoption 
by journals as a mandatory requirement for 
submission, (ii) author adherence to checklist 
points, (iii) meticulous evaluation by review-
ers to ensure that all checklist requirements 
are fulfilled prior to submission. This pipeline 
will ensure a smooth review process, without 
surprises to authors, leading to high quality 
publications. 
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PURPOSE
Unstructured, free-text dictation (FT), the current standard in breast magnetic resonance imaging 
(MRI) reporting, is considered time-consuming and prone to error. The purpose of this study is to 
assess the usability and performance of a novel, software-based guided reporting (GR) strategy in 
breast MRI.

METHODS
Eighty examinations previously evaluated for a clinical indication (e.g., mass and focus/non-mass 
enhancement) with FT were reevaluated by three specialized radiologists using GR. Each radiolo-
gist had a different number of cases (R1, n = 24; R2, n = 20; R3, n = 36). Usability was assessed by 
subjective feedback, and quality was assessed by comparing the completeness of automatically 
generated GR reports with that of their FT counterparts. Errors in GR were categorized and analyzed 
for debugging with a final software version. Combined reading and reporting times and learning 
curves were analyzed.

RESULTS
Usability was rated high by all readers. No non-sense, omission/commission, or translational errors 
were detected with the GR method. Spelling and grammar errors were observed in 3/80 patient 
reports (3.8%) with GR (exclusively in the discussion section) and in 36/80 patient reports (45%) 
with FT. Between FT and GR, 41 patient reports revealed no content differences, 33 revealed minor 
differences, and 6 revealed major differences that resulted in changes in treatment. The errors in all 
patient reports with major content differences were categorized as content omission errors caused 
by improper software operation (n = 2) or by missing content in software v. 0.8 displayable with v. 
1.7 (n = 4). The mean combined reading and reporting time was 576 s (standard deviation: 327 s; 
min: 155 s; max: 1,517 s). The mean times for each reader were 485, 557, and 754 s, and the respec-
tive learning curves evaluated by regression models revealed statistically significant slopes (P = 
0.002; P = 0.0002; P < 0.0001). Overall times were shorter compared with external references that 
used FT. The mean combined reading and reporting time of MRI examinations using FT was 1,043 s 
and decreased by 44.8% with GR.

CONCLUSION
GR allows for complete reporting with minimized error rates and reduced combined reading and 
reporting times. The streamlining of the process (evidenced by lower reading times) for the readers 
in this study proves that GR can be learned quickly. Reducing reporting errors leads to fewer thera-
peutic faults and lawsuits against radiologists. It is known that delays in radiology reporting hinder 
early treatment and lead to poorer patient outcomes. 

CLINICAL SIGNIFICANCE
While the number of scans and images per examination is continuously rising, staff shortages cre-
ate a bottleneck in radiology departments. The IT-based GR method can be a major boon, improv-
ing radiologist efficiency, report quality, and the quality of simultaneously generated data.

KEYWORDS
Breast magnetic resonance imaging, clinical informatics, quality, radiology report, radiology work-
flow, software-based reporting, structured reporting, workflows, human interactions
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Radiology reporting has not changed 
significantly since the beginning of the 
20th century. By general consensus, ra-

diologists should communicate unambigu-
ously with referring physicians according to 
the six C’s of communication: clarity, correct-
ness, concision, completeness, consistency, 
and a high level of confidence.1 Few linguis-
tic guidelines exist for the structure of radio-
logical findings.2,3 Most radiology reports are 
crafted by free-text dictation (FT), whereby 
individual styles of speech may not meet the 
expectations of a referring physician.4,5 In ad-
dition, a high percentage of reports contain 
errors,6 with the amount of radiology errors 
recently assessed as 3%–5%.7 Errors can oc-
cur before, during, or after the reporting pe-
riod, may cause direct, indirect, permanent, 
or temporary harm to patients,8 and can be 
classified into 12 subgroups.9 Contrary to the 
low incidence of “poor communication-re-
lated error” reported by Kim and Mansfield9 
2014, Brady7 concludes that poorly written or 
incoherent reports are a significant source of 
potential harm to patients. 

Additionally, the time it takes radiologists 
to generate reports10,11 creates a bottleneck. 
Waiting for imaging and its accompanying 
report affects length of hospital stay and 
the quality of patient care. In a Canadian 
evaluation, each additional hour spent wait-
ing for magnetic resonance imaging (MRI)  
increased acute length of hospital stay by  
1.2 h.12 Modern MRI scanners produce in-
creasingly detailed images in ever shorter 

times, often making image acquisition faster 
than analysis and reporting.

Modern radiology reporting systems 
are expected to reduce error rates, increase 
comprehensibility, and shorten report gen-
eration times. Templates and structured re-
porting (SR) methods do not meet all these 
requirements and have been applied in clini-
cal routine only to a limited extent.13-15 Guid-
ed reporting (GR) is a new strategy for radiol-
ogy reporting. To the best of our knowledge, 
this study is the first to investigate and evalu-
ate the performance of GR in breast MRI. Our 
purpose is to overcome the known disadvan-
tages of SR, which include greater time in-
vestment and effort, inconsistencies in inter-
pretation, and poor user experiences (UX).16

Methods

Study design

The Ethics Committee of Carl von Os-
sietzky University in Oldenburg, Germany 
approved the protocol for this retrospec-
tive study (project no: 2023-217, date: 
20.11.2023). This is an experimental retro-
spective study conducted to assess the us-
ability, report quality, and reading time of 
GR software (RadioReport®) in breast MRI  
(Figure 1). The study used a pre-market ver-
sion (v. 0.8) of the MR mammography mod-
ule to validate the usability of the software 
and identify further areas for improvement 
needed for the finalization of a market ver-
sion. Eighty MRI examinations covering the 
full spectrum of clinical breast MRI findings 

[mass (n = 57), focus or non-focus enhance-
ment (NME) (n = 8), and exclusion of a mass 
(n = 15)] were selected from the department 
of radiology at University Hospital Olden-
burg (Oldenburg, Germany). Broad consent 
for retrospective evaluation is routinely ob-
tained at the study hospital. These cases had 
been reported more than 8 weeks prior using 
FT and were reevaluated by the same radiol-
ogist. 

The GR evaluation in this study was com-
pleted by three radiologists specialized in 
breast diagnostics with 16, 13, and 11 years 
of experience in breast MRI. The three radiol-
ogists completed a 90-min online training 
session on how to use the software. Applica-
tion support was available by phone. Read-
ers were instructed to begin the image read-
ing and reporting processes simultaneously. 
Reader 1 had 24 cases, Reader 2 had 20 cases, 
and Reader 3 had 36 cases. The number of 
orthographic errors in the FT and GR reports 
was evaluated.

Guided reporting software

The pre-market v. 0.8 of the GR software 
was used as a stand-alone web tool. The soft-
ware automatically generates radiological 
reports based on decoded complex radio-
logical decision trees. A comprehensive que-
ry system (Figure 2) guides the user through 
the reporting process, and a dedicated 
module for breast MRI is available. The pro-
gram includes mandatory fields, predefined 
paths for information input, and plausibility 
checks, thus guaranteeing completeness in 

Main points

• The software-based guided reporting (GR) 
strategy is a novel technology for structured 
reporting in medicine.

• GR allows for complete radiology reporting 
with minimized error rates and reduced 
reading times. 

• The shortening of reporting times is key for 
successful implementation of GR into the 
clinical workflow.

• Differences in content between GR and 
unstructured, free-text dictation are not 
caused by limitations of the software itself 
but by insufficient, user-dependent opera-
tion of the software. Thus, the introduction 
of this disruptive technology requires inten-
sive training and adjustment to the process. 

• The great potential of structured datasets 
will open doors for the future of radiology 
with respect to big data analysis, automatic, 
real-time International Statistical Classifica-
tion of Diseases and Related Health Prob-
lems 10 coding, and the efficient integration 
of artificial intelligence. Figure 1. Study flowchart. FT, free-text dictation; GR, guided reporting; ICD-10, International Statistical 

Classification of Diseases and Related Health Problems.
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reporting. The radiologist is guided through 
10 folders (patient/indication, anamnesis, 
technique, anatomy, background parenchy-
mal enhancement, findings, lymph nodes/
organs, bones, summary, and report). A key 
difference between GR and SR is the former’s 
anatomy-based approach: every body region 
and modality is covered in a single module 
[e.g., thorax computed tomography (CT), ab-
domen MRI, breast MRI]. Each module covers 
all relevant pathologies for its specific ana-
tomical region (e.g., tumors, inflammation, 
post-surgery pathologies), and a combina-
tion of different pathologies can be easily 
reported (rather than having to combine dif-
ferent templates for a single body region).17 

Instead of having to offer and continuously 
update hundreds of templates, almost all 
MRI, CT, and breast imaging indications can 
be reported using 23 modules.

Each folder (e.g., “axillary lymphadenop-
athy” in the lymph nodes/organs folder; 
Figure 2b) opens with a mouse click and dis-
plays further items on the next level of depth 
(e.g., right/left). Each sub-item consists of 
several subordinated levels (e.g., level I/II/
III). Detailed descriptions can be added (e.g., 
max. short-axis diameter in mm). Moreover, 
the software features information files. By 
selecting different items and sub-items, the 
software concomitantly generates semantic 
sentences from predefined and approved 
text phrases stored in its database. 

Additional information can be entered 
manually in the Discussion section (using 
speech recognition or keyboard entry) to 
enable a hybrid approach,18 wherein GR with 
fully machine-readable data and individual 
information entries are combined to en-
hance flexibility and acceptance. The com-
mercial and European conformity (CE)-certi-
fied version (v. 1.7) of the software includes 
an add-on of bullet points in the Impression 
section (i.e., to highlight the exclusion of sus-
pected pathologies) (Figure 3).

With a final click, a fully automated text 
structured in standard compliant sections 
(e.g., patient data, indication, anamnesis, 
technique, findings, impression, and recom-
mendations; Figures 3, 4) is generated. Di-
agnoses are automatically coded according 
to the 10th revision of the International Sta-
tistical Classification of Diseases and Related 
Health Problems (ICD-10).19

For the second phase of the study, v. 1.7 
of the software was used. Here, technical and 
medical feedback was implemented, and the 
complexity of the breast MRI module was 
increased from 33,756 lines of code in v. 0.8 
to 57,213 in v. 1.7 (front- and backend). Five 
hundred-thirteen logic lines were used in v. 
1.7.

Evaluation

Usability and guided reporting quality

Usability was evaluated based on feed-
back from every reader along three parame-
ters: intuitive operation, the practicability of 
simultaneous image analysis and reporting, 
and user confidence in the automatically 
generated report compared with FT (as-
sessed on a 4-point scale: very good, good, 
medium, and poor). Readers were asked if 
they experienced a change in confidence 
while operating the software and if they 
would specifically recommend GR for certain 
subgroups.

Report quality was evaluated by compar-
ing the completeness of the automatically 
generated GR product with its FT counter-
part, as well as noting any differences be-
tween the two strategies. This evaluation 
was performed by consensus by two senior 
radiologists who organized the reports into 
three scores. A report received a score of A 
if there were no differences in content be-
tween FT and GR, a score of B if there were 
only minor differences in content that did 
not result in differences in treatment, and a 
score of C if there were major differences in 
content that resulted in differences in treat-

Figure 2. Screenshots of guided reporting software graphic interface. (a) Folder 6, featuring the reporting of 
a finding (a mass in the right lower outer quadrant). The complex query system, with selections on different 
levels and entry for embedded reference images is depicted. (b) Folder 7, featuring the reporting of right 
axillary lymphadenopathy. The query system, with selections on four levels (score, site, size, and level) is 
depicted.

a

b
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ment. Entries in the Discussion section were 
not included in this evaluation.

Content omission errors (COEs) in GR, v. 
0.8, for patient reports receiving a score of B 
or C were further evaluated and categorized 
as follows: category 1 errors were caused by 
insufficient operation of the software; cate-
gory 2 errors were caused by missing content 
in the v. 0.8 software displayable with v. 1.7; 
and category 3 errors were caused by miss-
ing content in the v. 0.8 software that was 
not displayable with v. 1.7. Errors in report-
ing were further categorized according to a 
modified classification system proposed by 
Hawkins et al.6 as follows: (a) non-sense; (b) 
spelling/grammar; (c) omission/commission; 
and (d) translation (Table 1).

Reporting process and time

Reading time (s) was defined as the over-
all combined image reading time and report 
creation time, evaluated based on the im-
plemented tracking option. Individual use 
of information files was tracked automati-
cally. Overall reading times were compared 
between different readers as well as differ-
ent lesions. The learning curve for reading 
time over the study period was evaluated 
for every reader using a multiple regression 
analysis. The reporting process was addition-
ally analyzed on a segmental (folder) level 
and compared on an interindividual basis. 
FT was not evaluated in this portion of the 
study; however, benchmark data from large 
radiological information system (RIS) evalu-
ations (n = 170,901 reports, including 5,622 

MRI reports) were used as reference.10 These 
benchmark data were extracted from two 
large teaching hospitals with 23 full-time ra-
diologists in New Zealand. Outliers with ex-
ceptionally long reporting times (>60 min for 
MRI) were culled, removing 9.5% of the total. 
Automatically generated GR ICD-10 codes19 
were compared with manual FT coding by a 
senior radiologist (A.H.).

Statistical analysis

Differences in reading duration by num-
ber of cases per reader were assessed using 
a trend test. A regression analysis was used 
to assess trends, first by reader and then us-
ing a mixed model for repeated measures 
(MMRM). In the MMRM, the data of all three 
readers were used within the same model, 
with the factor, “reader”, used to indicate re-
peated measures. For sensitivity analysis in 
case of abnormality, a non-parametric Jonck-
heere–Terpstra trend test was used. Analyses 
were performed using SAS v. 9.4 software 
(SAS Institute Inc., Cary, NC, USA).

Results
Usability was rated high by all readers. 

Intuitive operation was rated very good by 
two readers and good by one reader. The 
coworking of image analysis and reporting 
was rated very good by all readers, and confi-
dence in the automatically generated report 
compared with its FT counterpart was rated 
good. All readers reported increasing confi-
dence during the study.

With respect to content differences be-
tween GR and FT, 41 patient reports (51.3%) 
received an A score (no differences in con-
tent), 33 patient reports (41.3%) received a 
B score (minor differences in content not re-
sulting in differences in treatment), and 6 pa-
tient reports (7.5%) received a C score (major 
differences in content resulting in differences 
in treatment) (Table 2).

Of the 39 patient reports scoring B or C, 26 
(66.7%) involved category 1 errors (COEs in v. 
0.8 caused by insufficient operation of the 
software), and 13 (33.3%) involved category 
2 errors (COEs caused by missing content in 
v. 0.8 of the software but displayable with v. 
1.7). No category 3 errors (COEs caused by 
missing content in the v. 0.8 software and not 
displayable with v. 1.7) were identified.

No non-sense, omission/commission, or 
translation errors were observed in the GR 
reports. Spelling/grammar errors were ob-
served in 3/80 (3.8%) GR patient reports (ex-
clusively in the free-text discussion section), 
compared with 36/80 (45%) in FT patient 
reports.

Figure 3. Breast magnetic resonance imaging (MRI) of a 37-year-old woman with suspected cancer in the 
right breast. (a) Subtracted, early dynamic phase from contrast-enhanced MRI. (b) Screenshot of folder 10: 
report preview (the highlighted blue text in the Impression section was entered with free-text dictation).

a

b
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Table 1. Error categorization according to a modified segmentation from Hawkins et al.6

Error 
category

Error type Definition Intended phrase 
example

Transcribed phrase example

a Non-sense Passages, words, or phrases that make no 
sense or have no sensible meaning

No suspicious lesion 
in the breast No suspension in the breast

b
Spelling/grammar (typographical 

and grammatical errors, 
homonyms, improper period 

usage)

Typographical errors, word misuse, duplicate 
periods, or lack of a period at the end of a 

sentence

There is a lesion in 
the left breast There is a lesion in the light breast

c

c1: Omission
 (other)

Omitted words/phrases that do not result in 
a missense or non-sense error

There is no lesion in 
the left breast There is no lesion left breast

c2: Commission 
A statement retained from a standardized 

template that contradicts dictated findings 
or impression

There is no lesion in 
the left breast

There is no lesion in the left 
breast. Mass in the left upper 

inner quadrant

d Translational (other)

A translation error that does not result in 
a non-sense/missense error. The resulting 

sentence still has sensible meaning (as 
opposed to non-sense errors)

Breast parenchyma 
has an inconspicuous 

appearance

Breast parenchyma has an 
unobtrusive appearance

Figure 4. Depiction of two reports of the same patient in (a) was created with guided reporting (GR) technology. (b) was created with free-text dictation (FT). Major 
differences include GR’s form, which includes embedded key images and localizers, and the absence of spelling/grammar errors. The short and to-the-point phrases 
of GR are much easier to understand (especially compared with sentences 5 and 6 in the FT findings section: “Round lesion…outer quadrant”, which correspond 
to sentences 6 and 7 in the GR Findings section: “Detection of …not further specified”). The standardized GR glossary corresponds exactly to the recommendation 
of the state-of-the art BI-RADS Atlas,38 whereas FT uses terms that are not exactly defined (such as “lesion”) and unclear classifications [such as “little-medium 
activity”, which corresponds to “parenchyma with minimal contrast enhancement” (sentence 4 in the GR Findings section)]. Free-text dictation reveals additional 
differences. For example, in FT, the phrase, “…extends immediately to the pectoralis muscle,” differs from its GR counterpart, where the choice for the pectoralis 
muscle is a facultative radio button with the phrase, “bilaterally circumscribed margin” or “muscle invasion.” The radio button is a graphical control element that 
allows the user to choose only one of a predefined set of mutually exclusive options. Guided reporting fulfills BI-RADS recommendations exactly,38 with the decision 
about “pectoralis muscle invasion” included in the section of associated features. The relative description, “suspicion of,” is not possible. Other minor differences are 
the phrase, “plateau or an implied washout” in FT, as opposed to the GR facultative radio button for delayed contrast enhancement choice between “progressive,” 
“plateau,” or “wash-out.” BI-RADS, Breast Imaging Reporting and Data System.

a b
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Table 2. Patient reports with a score of C: major differences in content resulting in differences in treatment
Patient; 
reader; case 
no.

MRM 
category;
no. of lesions; 
lateralization

FT report content & MRM 
BI-RADS

GR report content &
MRM BI-RADS

Difference
FT vs. GR

Resulting difference 
in treatment

Error 
category

Change in GR
b/t v. 0.8 and v. 1.7

34 y/o F; R3; 
case 5/36 Mass; 1; R

Large, centrally necrotic BC 
@ 12:00; diffuse, strongly 
enhancing parenchyma 
on the upper outer Q @ 
9.00–10:00.
Diffuse infiltration/
DCIS cannot be ruled out.
BI-RADS (r/l): 6/2

Detection of mass in R 
upper interQ.
Diagnosis: breast CA 
NOS.
BIRADS (r/l): 6/2

Additional NME 
in R upper outer 
Q not described 
in GR (included 
in free-text 
“discussion”).

Planning of more 
extended surgical 
resection due 
to additionally 
ipsilateral, NME.

2

Extended teaching 
of “loop function” 
(i.e., a software fxn 
to describe multiple 
lesions) during 
online training.

39 y/o F; R3; 
case 27/36 Mass; >3; R

MRM–BI-RADS 5 (or 6, 
if histological diagnosis 
available): malignant 
lesions, multicentric/ 
multifocal involvement of 
at least the two lower Qs. 
BI-RADS (l): 2

Detection of mass in R 
outer interQ, R lower 
outer Q, and R lower 
inner Q. Diagnosis: 
breast CA NOS.
BI-RADS (r/l): 5/2

Explicit wording 
“multifocal” and 
“multicentric” 
missing in GR.

Multicentricity/
multi-focality have 
a (–) impact on 
prognosis, and 
more aggressive 
treatment options 
were used.35

2

Extended teaching 
of additional 
independent 
checkboxes, 
“multifoca” and 
“multicentric”.

56 y/o F; R3; 
case 17/36

Exclusion of 
mass; 0; N/A

No malignant lesions on 
either side; no implant 
rupture of breast implants; 
no capsular fibrosis.
BI-RADS (r/l): 1/1

Exclusion of a mass.
BI-RADS (r/l): 1/1

Exclusion of 
implant rupture 
not explicitly 
expressed in GR 
(the automatically 
generated report 
would mention a 
rupture in case of 
a [+] finding).

Additional 
diagnostic 
examination(s) 
might be 
performed to 
check integrity of 
implants

1

In the chapter, 
“silicone implant”, 
an additional radio 
button, “in-tact 
bilateral implants”
added in v. 1.7

34 y/o F; R3; 
case 23/36

Mass; >4; 
bilateral

BRCA2 mutation.
R: biopsy-confirmed, poorly 
differentiated breast CA w/ 
extension in all Qs; axillary 
lymph node metastases.
L: three malignant areas.
BI-RADS (r/l): 6/4

1. Detection of mass in 
R upper outer; R upper 
inner; R lower outer; 
and R lower inner Qs.
Diagnosis: breast CA 
NOS; 

2. Pathologic 
enlargement of R 
axillary lymph nodes; 

3. Detection of mass 
in L lower interQ and L 
upper outer Q.
Diagnosis: breast CA 
NOS.
BI-RADS (r/l): 6/4

Information on 
BRCA mutation 
missing in GR.

The surgical 
treatment of 
patients with a 
genetic germline 
variant might be 
different from 
patients who are 
not carriers of 
BRCA.36

1

In the “indication” 
drop-down list, an 
additional criterion, 
“BRCA mutation/
genetically high 
risk”, added in v. 1.7.

72 y/o F; R2; 
case 11/20 Mass; 2; R

Recurrence of moderately 
differentiated invasive 
breast CA 8 y after 
ipsilateral carcinoma. Two 
lesions: first lesion @ 10:00, 
max: 10 mm, irregular 
shape, margin spiculated, 
fast initial enhancement; 
second lesion @ 12:00; 
max: 4 mm; fast initial 
enhancement.
BI-RADS (r/l): 6/1

1. Detection of mass in 
R upper outer Q.
Diagnosis: invasive 
breast CA. 

2. Detection of mass in 
R upper interQ.
Diagnosis: invasive
breast CA. 
BI-RADS (r/l): 6/1

Histological 
confirmation 
already available 
not explicitly 
covered in the 
wording of 
GR (though 
anticipated by 
categorization,
BI-RADS 6 = 
known biopsy).

Next clinical step 
with FT would be 
surgery; next step 
with GR might be 
biopsy.

1

Checkbox 
“histological 
confirmation”
added in v. 1.7.

77 y/o F; R3; 
case 35/36 NME; 1; L

Status after lobular breast 
CA on R with ablation, 
2014; suspicion of 
mediastinal lymph node 
metastasis.
L breast: newly developed, 
pronounced malignancy; 
suspicious contrast 
enhancement w/ suspicion 
of upper outer Q lobular 
CA.
BI-RADS (r/l): 0/4

1. Detection of a NME L 
upper outer Q.
Differential diagnosis: 
breast CA NOS. 

2. Mediastinal lymph
node metastasis.
BI-RADS (r/l): 0/4

(Highly probable, 
from patient 
history) specific 
histology (= 
invasive lobular 
CA) of malignant 
lesion missing 
in GR.

Differences in 
clinical mgmt b/t 
invasive lobular and 
invasive ductal BC.37

1

Checkbox 
“histological 
confirmation” 
added/differential 
diagnoses of NME 
further extended 
to provide specific 
histology. In v. 1.7, 
different, more 
specific lesion 
types, including 
invasive lobular 
and invasive ductal 
breast CA, added to 
the drop-down list.

BRCA2, breast cancer gene 2; MRM, magnetic resonance mammography; BI-RADS, Breast Imaging Reporting and Data System; BC, breast cancer; CA, carcinoma; FT, free-text dictation; 
GR, guided reporting; Q, quadrant; NOS, not otherwise specified; DCIS, ductal carcinoma in situ; NME, non-mass enhancement.
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Three patients were excluded from the 
overall reading time analysis due to software 
issues (system instability resolved by remote 
maintenance). The mean reading time was 
9 min 36 s (standard deviation: 5 min 27 s; 
min: 2 min 35 s; max: 25 min 17 s). The mean 
reading time per reader was 12 min 34 s 
(Reader 1), 9 min 17 s (Reader 2), and 8 min 
5 s (Reader 3). The mean reading time for 
reports on patients without lesions was 11 
min 16 s, 9 min 31 s for reports on patients 
with mass(es), and 7 min 31 s for reports on 
patients with focus/NME. The overall read-
ing time was significantly shorter than FT 
radiology report reference values. The mean 
reading time for MRI examinations in general 
was 17 min 23 s (assessed from 1,629 h for 
5,622 examinations).10 Thus, compared with 
MRI examinations in general, reading time 
was shortened by 44.8%. More specifically, 
for breast MRI, a study-ascribable time (SAT) 
of 35 min was reported.11 In contrast to the 
reading time analyzed in,10 the SAT includes 
additional steps to reading and reporting, 
such as interpretation and clarification of 
request, prescription of the examination pro-
tocol, and communication with the referrer.11

The information fields in the software 
were unsurprisingly limited to two uses for 
one reader, as the users were highly special-
ized in breast imaging. 

A learning curve with significant stream-
lining of the reading process (assessed 
by time to completion) during the train-
ing course was observed for all readers  

(Figure 5). Regression models show read-
ing time learning curve slopes of –0.59 (P 
= 0.002) for Reader 1, –0.52 (P = 0.0002) for 
Reader 2, and –0.31 (P < 0.0001) for Reader 3, 
with an average slope of –0.36 (P < 0.0001). 
As a certain deviance from normality was 
found in the data, a sensitivity analysis was 
performed using a non-parametric Jonck-
heere–Terpstra trend test. This test support-
ed the results of the parametric regression 
analyses (Reader 1: P = 0.0157; Reader 2: P 
= 0.0015; Reader 3: P < 0.0001). A detailed 
analysis of the steps in the reporting process 
revealed differences between the readers 
(Figure 6). Reader 2 invested the greatest 
time allotment (38.4%) (Figure 6b) to folders 
1 and 2 (patient/indication and anamnesis) 
of the GR process (compared with 33.3% and 
27.9%, for Readers 1 and 3, respectively) (Fig-
ure 6a, c), suggesting that Reader 2 analyzed 
the image dataset in detail before beginning 
the reporting process. The relative time allot-
ment for folder 6 (findings, which is the crux 
of a MR mammography report) was longer 
for Reader 3 (28.8%) compared with Readers 
1 and 2 (21.9% and 21.0%, respectively). For 
folder 10 (report), the relative time allotment 
was longer for Reader 2 (17.6%) compared 
with Readers 1 and 3 (9.0% and 9.3%, respec-
tively). This folder is used to check the text 
of the automatically generated report and 
the free-text entry of the discussion section, 
meaning that Readers 1 and 3 spent objec-
tively less time in the acceptance or modi-
fication of the report text generated by the 
software than Reader 2.

The ICD-10 coding of the automatically 
generated GR reports was identical to man-
ual FT coding and included the following 
codes: C22.9 (malignant neoplasm of the liv-
er, not specified as primary or secondary; n = 
1), C50.11 (malignant neoplasm of the cen-
tral portion of the breast, n = 2), C50.21 (ma-
lignant neoplasm of the upper, inner quad-
rant; n = 2), C50.31 (malignant neoplasm 
of the lower, inner quadrant; n = 1), C50.41 
(malignant neoplasm of the upper, outer 
quadrant; n = 7), C50.51 (malignant neo-
plasm of the lower, outer quadrant; n = 4), 
C50.81 (malignant neoplasm of overlapping 
sites of the breast; n = 34), C50.9 (malignant 
neoplasm of unspecified site of the breast; 
n = 1), D13.4 (benign neoplasm of the liver; 
n = 1), D24 (benign neoplasm of the breast; 
n = 1), N60.1 (diffuse cystic mastopathy; n 
= 3), N62 (hypertrophy of the breast; n = 2), 
N63 (unspecified lump in the breast; n = 15), 
R59.0 (enlarged lymph nodes; n = 17), T85.4 
(mechanical complication of breast prosthe-
sis and implant; n = 4), Z80.3 (family history 
of malignant neoplasm of the breast; n = 
7), and Z85.3 (personal history of malignant 
neoplasm of the breast; n = 20). In total, 122 
ICD-10 codes were generated.

Discussion

Differences between guided and struc-
tured reporting and the clinical need for 
guided reporting technology

GR is a modern, information technology 
(IT)-based solution developed to improve 
the workflow and quality of radiology re-
ports. A standalone version of the software 
was used in this study, as opposed to integra-
tion into existing IT that occurs in clinical rou-
tine (e.g., picture archiving and communica-
tion systems and RIS. The benefits of SR have 
been reported in several publications.20,21 
Traditional narrative reporting is associated 
with high variability and is prone to error. 
According to Hawkins et al.6, 41% of radiol-
ogy reports contain errors, and 33% contain 
non-grammatical errors that can lead to 
quality issues in patient care (e.g., errors in 
electronic patient records) and poor-quality 
routine data for research. SR allows for a sig-
nificant improvement in the quality of writ-
ten reports. Text is generated automatically 
based on information input and is edited in a 
concise and standardized language. SR may 
be easy to implement into clinical workflow 
for uncomplicated cases; however, patients 
with complex pathologies involving different 
diseases (e.g., breast carcinoma combined 
with a benign bone tumor in the humerus) 

Figure 5. Reading duration for Readers 1, 2, and 3 with trend lines (number of cases per reader differed). 
The most significant learning curve occurred with Reader 1: with 21 reports, reading time decreased from 
992–1,517 s for each of the first five reports to a minimum of 295 s by the 13th. 
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with a wide range of findings require greater 
flexibility. Thus, percentages of unstructured 
free-text reporting in clinical settings will re-
main comparatively high.20,21 

GR is a further development of SR. Major 
differences include reporting by anatomi-

cal region, rather than by pathology, with a 
manageable number of 23 modules covering 
the whole spectrum of clinical MRI and CT 
examinations (plus X-ray mammography and 
breast ultrasound); the mapping of a com-
plex cognitive decision tree developed by 

imaging specialists with a predefined point-
by-point approach guiding radiologists 
through the reporting process, and the con-
scious exclusion of free text in the findings 
section and in the core components of the 
Impression section. The software provides er-
ror-free report texts: non-grammatical omis-
sion errors are reduced by the implementa-
tion of mandatory fields in the most relevant 
parts of the decision tree; plausibility checks 
reduce the risk of missense errors due to hu-
man failure; an intuitive and clear UX design 
focuses on risk reduction of commission er-
rors; and intrinsic contradictions within the 
imaging report (e.g., between the findings 
and the impression sections) are prevented 
by waiving free-text entries. Digumarthy et 
al.22 reported that 33 of 47876 radiology re-
ports (876; 0.0007%) contained side discrep-
ancies between the findings and impression 
sections. These discrepancies were revealed 
to be uncommon but quantifiable. Most dis-
crepancies occurred in complex radiology re-
ports involving multiple bilateral lesions with 
numerous citations of lateralization used to 
describe lesion distribution and location.22

Usability and performance of guided re-
porting: learning how to use the technol-
ogy 

Our starting hypothesis that the usability 
of GR software is intuitive and enables radiol-
ogists to produce high-quality breast MRI re-
ports was confirmed by the high ratings of all 
readers. Of the 80 reports, 51.3% revealed no 
content differences between FT and GR, 41.3 
% contained minor differences in content be-
tween FT and GR not resulting in differences 
in treatment, and 7.5% contained major dif-
ferences in content resulting in differences 
in treatment. All those reports containing 
major differences were COEs caused either 
by insufficient operation of the software or 
by an omission in the v. 0.8 software pro-
totype displayable with the commercially 
available v. 1.7. Analysis revealed the need 
for extended training in 2/6 cases with the 
lowest score C (major differences in content, 
resulting in differences in treatment) and for 
additions to the decision tree in 4/6 cases. 
The importance of intensive training in the 
novel technology was clear from our study 
results. In conclusion, GR reports are com-
plete, error-free, and without contradictions 
between the Findings and Impression sec-
tions. The error rate of 45% (mostly spelling 
and grammatical) in our evaluation of free-
text narrative reporting by dictation can be 
lowered with the use of GR. Attached images 
and localizers within the GR system increase Figure 6. Evaluation times on a folder level; representations of means and standard deviations.

a

b

c
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comprehensibility for referring physicians. It 
had been shown previously that reports with 
embedded images save time, increase physi-
cian confidence in treatment decisions, and 
may influence patient management.23,24

Increased reporting speed

The major attraction for radiologists in 
the use of GR in their daily routines is the 
reduction in reporting time. Staff shortages 
are a current bane in radiology; the number 
of scans and images per examination are 
rapidly rising, while the number of specialist 
radiologists remains more or less stagnant. 
In the U.S., MRI and CT rates increased by 
124% and 110%, respectively, between 2000 
and 2016.25 In contrast, the total number of 
radiologists increased by only 39% between 
1995 and 2011.26 Our study was able to 
demonstrate a shortening of the combined 
reading and reporting time with GR com-
pared with reference values from a narrative 
reporting process. The mean reading time 
for general MRI examinations was 17 min  
39 s10 and 35 min for breast MRI specifically.11 
Radiologist reporting times are a key com-
ponent of radiology department workload 
assessment. Although of pivotal importance 
for management decisions, reliable mea-
surements remain challenging.27 Different 
methods have been described. Site-specific 
median reporting times (MRTs) are consid-
ered more precise than the SATs27 introduced 
by Pitman et al.11 in 2018. As the MRT de-
scribed by Cowan et al.10,27 was very similar to 
our site-specific method, it was selected as a 
comparator. Reading time was decreased by 
44.8% (general MRI). The learning curve for 
all readers promises great time and cost sav-
ings potential.

The necessity of leaving prosaic radiology 
reporting

Numerous studies have found that struc-
tured, disease-focused dictation templates 
improve the comprehensiveness and ap-
propriateness of radiologist reports.18,20,21,28,29 
Structure in reporting can help reduce errors 
(particularly typographical errors), train resi-
dents in the evaluation of complex examina-
tions, and assist residents in recalling critical 
findings.29 Structure in reporting is recom-
mended in many MRI indications.30,31

In accordance, the following recommen-
dation was published by the European So-
ciety of Radiology in 2018: “moving from 
conventional prose reports to SR is endorsed 
as a positive development, and must be an 
international effort, with international de-

sign and adoption of SR templates that can 
be translated and adapted in local environ-
ments as needed. Industry involvement is 
key to success, based on international data 
standards and guidelines”.32 In addition, IT-
based reporting tools, and especially novel 
GR technology, are the basis for additional 
export formats of structured data (i.e., direct 
ICD-10 coding), as used in our study. Pa-
tient-friendly reporting, created with a single 
click, is essential to providing patient-cen-
tered and value-based care in the radiology 
of tomorrow.33

The limitations of our study include the 
setting of FT as the gold standard, prevent-
ing intra-individual comparison between 
FT and GR regarding reporting time, as well 
as its relatively small sample size and sin-
gle-institution, retrospective design. Future 
studies with double reading and reporting 
in a randomized order using the commer-
cial, CE-certified version of GR software are 
needed to validate the reduced combined 
reading and reporting time and to quantify 
reduced radiology turnaround times. An in-
ternational multicenter design with a wider 
range of reader experiences would provide 
further insight into workflow improvements 
in different regional and education settings. 
An evaluation of all readers reading all to 
assess intra- and inter-reader reliability and 
variability was not performed and should be 
conducted in future studies to confirm the 
robustness of the advantages of GR technol-
ogy. In addition, testing for missense errors 
in GR reports, and how they compare with 
those in FT reports, would need direct com-
parative analysis, with the images as a gold 
standard. Missense errors as defined by Haw-
kins et al.6 (including their subclassifications 
into E1: translation errors, E2: errors of omis-
sion, and E3: human error, any of which could 
change the meaning of a phrase/sentence) 
could not be detected in our evaluation be-
cause FT was used as the gold standard. 

In conclusion, GR allows for complete ra-
diology reporting with a minimized error rate 
and a reduced combined reading and report-
ing time. Introducing this disruptive report-
ing strategy into clinical workflow requires 
management adjustments and intensive 
training, as has been emphasized by reports 
showing minor differences between GR and 
FT that are not caused by limitations of the 
software itself but by user-dependent oper-
ation. Shortening of reporting time is key for 
successful implementation into the clinical 
workflow. The great potential of structured 
datasets will open the doors for the future of 
radiology with respect to big data analysis, 

automatic ICD coding, and efficient artificial 
intelligence development. SR, and GR even 
more so, has the potential to facilitate devel-
opments in machine learning for radiological 
applications.34 
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PURPOSE
The study aimed to assess the feasibility and image quality of dual-source photon-counting detec-
tor computed tomography (PCD-CT) in evaluating small-sized coronary artery stents with respect 
to different acquisition modes in a phantom model.

METHODS
Utilizing a phantom setup mimicking the average patient’s water-equivalent diameter, we exam-
ined six distinct coronary stents inflated in a silicon tube, with stent sizes ranging from 2.0 to 3.5 
mm, applying four different CT acquisition modes of a dual-source PCD-CT scanner: “high-pitch,” 
“sequential,” “spiral” (each with collimation of 144 × 0.4 mm and full spectral information), and “ul-
tra-high-resolution (UHR)” (collimation of 120 × 0.2 mm and no spectral information). Image qual-
ity and diagnostic confidence were assessed using subjective measures, including a 4-point visual 
grading scale (4 = excellent; 1 = non-diagnostic) utilized by two independent radiologists, and ob-
jective measures, including the full width at half maximum (FWHM).

RESULTS
A total of 24 scans were acquired, and all were included in the analysis. Among all CT acquisition 
modes, the highest image quality was obtained for the UHR mode [median score: 4 (interquartile 
range (IQR): 3.67–4.00)] (P = 0.0015, with 37.5% rated as “excellent”), followed by the sequential 
mode [median score: 3.5 (IQR: 2.84–4.00)], P = 0.0326 and the spiral mode [median score: 3.0 (IQR: 
2.53–3.47), P > 0.05]. The lowest image quality was observed for the high-pitch mode [median score: 
2 (IQR: 1– 3), P = 0.028]. Similarly, diagnostic confidence for evaluating stent patency was highest 
for UHR and lowest for high-pitch (P < 0.001, respectively). Measurement of stent dimensions was 
accurate for all acquisition modes, with the UHR mode showing highest robustness (FWHM for se-
quential: 0.926 ± 0.061 vs. high-pitch: 0.990 ± 0.083 vs. spiral: 0.962 ± 0.085 vs. UHR: 0.941 ± 0.036, 
P = non-significant, respectively).

CONCLUSION
Assessing small-sized coronary stents using PCD-CT technology is feasible. The UHR mode offers 
superior image quality and diagnostic confidence, while all modes show consistent and accurate 
measurements.

CLINICAL SIGNIFICANCE
These findings highlight the potential of PCD-CT technology, particularly the UHR mode, to en-
hance non-invasive coronary stent evaluation. Confirmatory research is necessary to influence the 
guidelines, which recommend cardiac CT only for stents of 3 mm or larger. 
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Coronary computed tomography (CT) 
computed tomography angiography 
(CTA) is an indispensable diagnostic 

tool for ruling out obstructive coronary ar-
tery disease (CAD) in patients with a low to 
intermediate risk profile.1 While its use in 
patients with pre-existing CAD is general-
ly more restrained, recent guidelines have 
acknowledged its reasonable use in assess-
ing stent patency for patients experiencing 
symptomatic changes and if stents with an 
internal diameter of 3 mm or greater are 
present.2,3 This is attributed to the diagnos-
tic difficulties introduced by blooming arti-
facts, which originate from stent materials 
and consequently restrict the effectiveness 
of CTA-hence the restraint regarding larger 
stent diameters.4,5 

With the clinical introduction of novel 
photon-counting detector (PCD) CT tech-
nology, there is a potential advancement in 
overcoming these challenges. This technolo-
gy eliminates the need for septa within the 
detector elements and allows improvement 
in geometrical dose efficiency and electro-
cardiogram (ECG)-synchronized CTA at ul-
tra-high resolution (UHR) by utilizing a direct 
conversion process for incoming X-ray pho-
tons and semiconductor plate technology.6 
ECG-synchronized CTA is a special imaging 
procedure that is primarily used to examine 
the structure and function of the heart. In 
this method, the CT scanner is synchronized 
with the patient’s ECG signal, allowing the 
scanner to acquire images at specific points 
in the cardiac function. This synchronization 
helps to reduce the motion artifacts caused 
by the beating heart, resulting in better and 
more detailed images of the heart and its 
vessels, which is crucial for the accurate diag-
nosis of heart diseases and conditions. More-

over, a dual-source CT system using PCD-CT 
technology is clinically available. Recent 
studies have demonstrated the potential of 
PCD-CT to reduce artifacts significantly and 
improve image quality in non-invasive stent 
assessment, compared with traditional ener-
gy-integrating detector (EID) CT.7 Photon-CT 
utilizes detectors that do not require septa 
for lightning photons, unlike EID-CT. The 
PCD design incorporates application-specific 
integrated circuits instead of photodiodes, 
facilitating the construction of smaller de-
tector pixels. As a result, PCD-CT achieves 
higher spatial resolution, better delineation 
of structure edges, and reduces the spread of 
signals from high-density objects, effectively 
mitigating blooming artifacts. Additionally, 
PCD-CT’s capability to directly count and 
measure the energy of individual photons al-
lows for precise material differentiation, min-
imizing the impact of overlapping densities. 
Moreover, PCD-CT reduces image noise by 
directly converting X-ray photons into elec-
trical signals, enhancing image clarity and 
reducing blooming artifacts. Initial human 
and phantom studies have shown promis-
ing results for PCD-CT in stent evaluation, 
particularly when employing a sharp vascu-
lar convolution kernel.8,9 This approach has 
facilitated excellent in vivo visualization of 
stent lumens, with a recent study achieving 
a 100% negative predictive value for stent 
patency evaluation against invasive angiog-
raphy as the reference standard.10 

However, a dedicated analysis of PCD-CT’s 
performance in evaluating coronary artery 
stents with an internal diameter of 3 mm or 
less is lacking. Therefore, our study aims to 
evaluate the feasibility and assess the image 
quality of PCD-CT in evaluating small-sized 
coronary artery stents. Furthermore, we seek 
to investigate which specific scan mode pro-
vides the highest performance and image 
quality. 

Methods

Ethical statement 

This study used an ex vivo phantom mod-
el; therefore, ethical approval and the Dec-

laration of Helsinki were not applicable. The 
additionally presented in vivo case is part 
of a larger study sanctioned by the Institu-
tional Review Board of University Medical 
Center, Freiburg (approval no: 21-2469, date: 
09/21/2021), investigating the functional-
ities and properties of photon-counting CT 
in various clinical scenarios. Patient consent 
was not required. 

Phantom setup

The experimental setup utilized in this 
current study was previously published.11 A 
phantom mimicking the average (avg) pa-
tient’s water-equivalent diameter (DW) value 
was constructed based on the analysis of 
457 consecutive patients (189 women, 268 
men; age 61.15 ± 12.95 years; median body 
mass index 27.2; range 17.2–58.8) undergo-
ing cardiac CT. The DW value was calculated 
using a dose management system (DoseM, 
Infinitt EU, Frankfurt, Germany) according 
to AAPM TG220,12 with an avg DW of 27.5 
cm determined. The phantom, comprising 
a polymethyl-methacrylate frame (36.0 × 
24.5 cm) filled with tap water, achieved a DW 
of 28.0 cm. For CT measurements, various 
stents were inflated within silicone tubes at 
pressures specified by the manufacturer’s  
in vitro compliance table and mounted at 
the phantom’s isocenter. Silicone tubes were 
chosen for their minimal interference in im-
age quality.

Coronary stents

Six distinct coronary stents with small 
diameters were examined, each differing in 
size and from various manufacturers. The siz-
es of these stents ranged from 2.0 to 3.5 mm. 
The characteristics of each stent are shown 
in Table 1.

Contrast media 

The stent-containing silicon tubes were 
filled with an iodinated contrast medium 
(Imeron 400, Bracco Imaging, Italy) and 
diluted to achieve a radiodensity of 800 
Hounsfield units (HU) at a tube voltage of 

Main points

• Evaluating small coronary stents with con-
ventional computed tomography (CT) is 
challenging due to blooming artifacts.

• This study assessed dual-source pho-
ton-counting detector (PCD) CT using differ-
ent acquisition modes in a phantom model.

• The ultra-high-resolution (UHR) mode pro-
vided the best image quality, with an ex-
cellent median score of 4.0, and the highest 
diagnostic confidence (P < 0.001).

• All scan modes showed consistent and ac-
curate stent measurements, with the UHR 
mode scoring a full width at half maximum 
of 0.941 ± 0.036 mm.

• The use of PCD-CT technology is promising 
for non-invasive small-sized stent evalua-
tion; further clinical validation is needed to 
initiate guideline revision.

Table 1. Characteristics of coronary stents used in the study, including size, length, and 
properties

Manufacturer Name Size (mm) Length (mm) Properties

Monorail Synergy 3.50 8.00 Everolimus-eluting

Synsiro Biotronik 3.00 26.00 Sirolimus-eluting

Monrail Promus Elite 2.75 8.00 Everolimus-eluting

Monrail Promus Elite 2.50 8.00 Everolimus-eluting

Monrail Promus Elite 2.25 32.00 Everolimus-eluting

Medtronic Resolute Onyx 2.00 12.00 Zotarolimus-eluting



 

Photon-counting detector ct in evaluating small-sized coronary stents • 31

120 kVp. To ensure an even distribution of 
the contrast agent and to prevent any sed-
imentation, a flow-simulating pump was in-
corporated into the phantom setup. This de-
vice was used to simulate a blood flow rate of 
2.0 mL/s, mirroring physiological conditions. 
Details of the contrast medium specifications 
are presented in Table 2.

Computed tomography scan parameters 
and image reconstruction

All scans were performed on a 1st genera-
tion, dual-source PCD CT scanner (NAEOTOM 
Alpha, Siemens Healthineers AG, software 
version VA50). In total, four different scans 
were performed for each stent: 1) a prospec-
tively ECG-synchronized high-pitch spiral CT 
(“flash”), 2) a prospectively ECG-triggered 
sequential scan (“sequential”), 3) a retro-
spectively ECG-gated spiral CT (“spiral”); all 
featured full spectral sensitivity and a col-
limation of 144 × 0.4 mm. Last, a retrospec-
tive spiral CT employing the ultrahigh-spa-
tial-resolution scan mode (“UHR”) without 

spectral information and a collimation of 120 
× 0.2 mm was acquired. The tube voltage was 
set at 120 kVp, and a constant effective tube 
current of 32 mAs was maintained across all 
scans to standardize image quality and en-
sure consistent diagnostic accuracy, in line 
with the manufacturer’s recommendations 
for the CT scanner used. To mimic a typi-
cal z-axis extension of cardiac CT, the scan 
length was set at 120 mm each.13,14 Images 
were reconstructed to a field of view of 140 × 
140 mm and a matrix size of 512 × 512 pixels. 
Axial images were reconstructed employing 
an intermediate sharp vascular convolution 
kernel (Bv60) and Quantum Iterative Recon-
struction at level 3. Detailed CT scan and 
reconstruction parameters are outlined in 
Table 3.

Computed tomography data analysis

All CT scans were evaluated by two inde-
pendent board-certified radiologists (MTH, 
CS; 5 and 6 years of experience in cardiac CT, 
respectively) on a dedicated and clinically 
approved workstation (Dedalus HealthCare, 
Bonn, Germany). Images were provided in 
the transversal orientation, with a default 
window level of 850 HU and a window width 
of 2.200 HU. The readers were permitted to 
adjust the window settings as desired and to 
perform multiplanar reconstructions for their 
analysis.

Visual and subjective image quality assess-
ment

The overall subjective image quality of 
the stented lumen was evaluated using a 
four-point visual grading scale, consider-
ing sharpness, noise, blooming artifact in-
terference, and diagnostic confidence for 
assessing stent patency. The grading scale 
for each parameter was defined as follows:  
For overall image quality, a score of 1 indi-
cated non-diagnostic quality, characterized 
by poor lumen attenuation with significant 
artifact interference from stent struts; a score 
of 2 indicated fair quality, with moderate 
interference from stent struts but interpre-
table lumen attenuation; a score of 3 repre-
sented good quality, with mild interference 
from stent struts and generally clear lumen 
attenuation; and a score of 4 indicated excel-
lent quality, marked by clear lumen attenua-
tion without artifact interference from stent 
struts.

Noise levels and blooming were scored 
inversely, with minimal noise or blooming 
receiving a score of 1 and extensive noise or 
blooming receiving a score of 4. Specifically, 
for noise levels, a score of 1 indicated minimal 
noise with a homogenous lumen appear-
ance; a score of 2 indicated mild noise that 
did not significantly affect image interpreta-
tion; a score of 3 indicated moderate noise 
that may impact image clarity; and a score of 

Table 2. Contrast medium specifications

Iodine concentration (mgI/mL) 400

Volume (mL) 70

Flow rate (mL/s) 2.0

Iodine flux (g/s) 0.8

Total iodine dose (g) 28

Table 3. Computed tomography scan and reconstruction parameters

Flash Sequential Spiral UHR

ECG-synchronization Prospective Prospective Retrospective Retrospective

Scan length (mm) 120 120 120 120

Scan direction Cranio-caudal Cranio-caudal Cranio-caudal Cranio-caudal

Tube voltage (kV) 120 120 120 120

Effective mAs 32 32 32 32

CARE IQ level 135 135 135 82

CTDIvol (mGy) 2.33 11.8 28.2 35.0

DLP (mGy x cm) 40.7 146 428 485

Rotation time (ms) 250 250 250 250

Pitch 3.2 N/A 0.2 0.2

Slice collimation (mm) 144 × 0.4 144 × 0.4 144 × 0.4 120 × 0.2 

Slice width (mm) 0.4 0.4 0.4 0.2 

Increment (mm) 0.2 0.2 0.2 0.1 

Matrix size (pixels) 512 × 512 512 × 512 512 × 512 512 × 512

Field of view (mm) 140 × 140 140 × 140 140 × 140 140 × 140

Reconstruction kernel Bv60 Bv60 Bv60 Bv60

Iterative reconstruction QIR level 3 QIR level 3 QIR level 3 QIR level 3

Spectral reconstruction Monoenergetic + 67 keV Monoenergetic + 67 keV Monoenergetic + 67 keV Polychromatic (T3D)

ECG, electrocardiogram; CTDIvol, computed tomography dose index volume; DLP, dose-length-product; N/A, not-applicable; QIR, quantum iterative reconstruction; UHR, ultra-
high-resolution.
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4 indicated extensive noise that made image 
interpretation difficult. For blooming artifact 
interference, a score of 1 indicated minimal 
blooming with clear visualization of stent 
struts; a score of 2 indicated mild blooming 
that did not significantly obscure stent struts; 
a score of 3 indicated moderate blooming 
that partially obscured stent struts; and a 
score of 4 indicated extensive blooming that 
significantly obscured stent struts.

Diagnostic confidence for evaluat-
ing in-stent lumen patency ranged from 
non-diagnostic (score of 1), where lumen 
patency could not be assessed, to reduced 
confidence (score of 2), where lumen paten-
cy assessment was possible but with reduced 
confidence, to good confidence (score of 3), 
where lumen patency could be assessed with 
good confidence, and ultimately to excellent 
confidence (score of 4), where lumen paten-
cy could be assessed with high confidence.

Quantitative objective image quality as-
sessment

Full width at half maximum 

Two readers measured coronary stent 
length and internal and external diameters 
on reformatted CT images, focusing on the 
axial slice that best-represented stent ge-
ometry. To quantify blooming systematical-
ly, sagittal cross-sectional images along the 
phantom’s axis were first reconstructed. Sub-
sequently, attenuation profiles were avg over 
multiple voxels perpendicular to the longitu-
dinal axis of the stent, establishing an avg 

attenuation profile. Utilizing these attenua-
tion profiles, the full width at half maximum 
(FWHM) for both intensity peaks was calcu-
lated for all stents under each acquisition 
mode. The mean of these two FWHM values 
was then used to derive measurement con-
sistency for the stent corresponding to each 
acquisition mode, as depicted in Figure 1.

Effect on in-stent lumen attenuation, con-
trast-to-noise ratio, and signal-to-noise ra-
tio

Three manually drawn regions of inter-
est (ROIs) were performed:  an in-stent ROI 
(ROIin_stent), carefully avoiding stent struts 
with a minimum 4 mm2 area, and two iden-
tical-sized ROIs at the adjacent vessel lumen 
relative to the stent (ROIproximal vessel and ROId-

istal vessel), placed within 10 mm of the stent’s 
ends. The avg HU and standard deviation 
(SD) were noted for every ROI. The following 
equation was applied to evaluate the atten-
uation changes caused by the stent in the 
lumen (HUIn-stent):

Two circular ROIs of 250 mm2 were placed 
within the water around the stent, and the 
avg, as well as SD and HU, were noted. The 
signal-to-noise ratio (SNR) and contrast-to-
noise ratio (CNR) were calculated as follows: 

Statistical analysis

Statistical analyses were performed using 
open-source Python (version 3.9.13) and Ju-
pyter Notebooks. The Shapiro–Wilk test was 
used to check for the presumption of normal 
distribution. Quantitative variables with nor-
mal distribution were expressed as mean ± 
SD. Categorical variables were presented as 
frequencies and percentages in parentheses. 
Non-normally distributed variables, such as 
subjective image quality scores or attenu-
ation, were expressed as the median and 
interquartile range (IQR), and their compari-
sons across different acquisition modes were 
analyzed using the Kruskal–Wallis test. Anal-
ysis of variance (ANOVA) was performed to 
determine the statistical significance of the 
differences in FWHM measurements across 
the four CT acquisition modes. Following a 
significant ANOVA result, post-hoc pairwise 
comparisons were conducted using Tukey’s 
honestly significant difference (HSD) test to 
identify which specific acquisition modes 
differed from one another. To account for 
the increased risk of type I error due to mul-
tiple comparisons, the Bonferroni correc-
tion was applied to all P values. A P value of 
<0.05 was considered statistically significant. 
For testing diagnostic accuracy, 95% confi-
dence intervals (CIs) were reported. All sta-
tistical measurements were performed by TS  
(4 years of experience).

Results
For all six small-sized stents, four consec-

utive scans using different acquisition meth-
ods were performed. Representative images 
for a stent measuring 2.0 mm in diameter are 
presented in Figure 2. Figure 3 summarizes 
the overall subjective assessments of diag-
nostic confidence for evaluating stent paten-
cy, sharpness, blooming artifact interference, 
and noise; Table 3 outlines the overall image 
quality and objective quality evaluation met-
rics.

Visual and subjective image quality assess-
ment

The UHR mode provided the highest 
subjective image quality across all stent siz-
es, with a median score of 4 (CI: 3.67–4.00), 
categorizing 18 (37.5%) of the images as “ex-
cellent.” Sequential and spiral modes showed 
slightly lower subjective image quality, with 
median values of 3.5 (CI: 2.84–4.00) and 3.0 
(CI: 2.53–3.47), respectively. The flash mode 
provided the lowest subjective image qual-
ity, with a median value of 2.25 (CI: 1.66–
2.84)) and was considered “non-diagnostic” 

Figure 1. Displays the mean intensity profile of an entire stent. For every acquisition mode and each stent, 
the full width at half diameter was calculated to account objectively for stent-induced blooming artifact 
interference. FWHM, full width at half maximum.
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in 3 (6.3%) stents. Subjective and objective 
image qualities relative to the acquisition 
mode are displayed in Table 4.

When analyzing the acquisition modes in 
detail for different stent sizes, the UHR mode 
provided the highest performance in terms 
of image quality across various stent diam-
eters, with statistically significant differenc-
es identified when compared with the flash 
mode (CI: 1.31–2.85, P = 0.0015) and when 
compared with the spiral mode (CI: 2.38-3.69, 
P = 0.0284). The sequential mode did not dif-
fer significantly from the UHR-spiral mode 
in pairwise comparisons (CI: 2.47–4.11, P = 
0.3236). Details on subjective image quality 
distribution relative to stent size are provid-
ed in Table 5. 

Visual and subjective sharpness analysis

The analysis of stent sharpness revealed 
that the UHR mode was significantly associ-
ated with the highest mean sharpness scores 
across all stent sizes, achieving a value of 
4.00 (CI: 3.67–4.33), whereas the flash mode 
achieved a median value of 2.00 (CI: 1.97–
2.21). The sequential mode showed mod-

erate performance, with a score of 3.00 (CI: 
2.53–3.47), whereas the spiral mode showed 
a median of 2.50 (CI: 1.8–3.20), with P = 
0.0349 compared with the UHR mode. Stent 
sizes did not affect overall sharpness (Tukey 
HSD P > 0.05). Overall, the statistical analysis 
emphasizes the superior performance of the 
UHR mode regarding sharpness across the 
range of stent diameters. Significant differ-
ences were found in comparisons with the 
flash mode (P = 0.0007) and spiral mode (P 
= 0.0349), and again, the sequential mode’s 
differences were not significant (P = 0.2279).

Visual and subjective noise analysis 

The analysis of noise levels across differ-
ent stent sizes and acquisition modes re-
vealed that the UHR-spiral mode was asso-
ciated with the highest mean noise level of 
3.00 (CI: 2.67–3.33), indicating it produced 
the most noise among the acquisition modes 
tested. In contrast, the flash mode showed 
improved noise performance with 2.25 (CI: 
1.34–2.66), with significant differences com-
pared with UHR (P = 0.0217). Sequential and 
spiral modes demonstrated intermediate 

noise levels with 2.50 (CI: 1.84–3.16) and 2.25 
(CI: 1.70–2.80), respectively. Analysis of noise 
levels in relation to stent diameters did not 
show significant variation (Tukey HSD P > 
0.05, respectively). 

Visual and subjective diagnostic confi-
dence for evaluating stent patency

In evaluating coronary stents using the 
different cardiac CT scan modes-sequential, 
spiral, UHR, and flash-the results showed 
a median “good” diagnostic confidence of 
3.0 (IQR, 2.0–4.0) for sequential, for spiral a 
“good” median score of 3.0 (IQR, 3.0–4.0), 
and for flash a “reduced” median score of 
2.0 (IQR, 2.0–3.0). The UHR mode provided 
the highest diagnostic confidence median 
of 3.5, with an IQR of 1.0 (3.0–4.0). The UHR 
mode demonstrated superior performance 
by achieving “good” or “excellent” diagnostic 
confidence in all readings (n = 12), which cor-
responds to 100.00% of its evaluations. The 
spiral scan mode followed, achieving “good” 
or “excellent” diagnostic confidence in 9 out 
of 12 readings (75%). The sequential scan 
mode reported “good” or “excellent” confi-
dence levels in 9 out of 12 readings, translat-
ing to 75% of the time, while the flash scan 
mode achieved these levels of confidence in 
3 instances or 25% of cases. Detailed metrics 
on diagnostic confidence are presented in 
Table 6, and an in vivo imaging example is 
provided in Figure 4.

Full width at half maximum measurements 

The inner stent diameters were consis-
tently measured across all modes, averaging 
1.8 ± 0.4 mm; the outer diameter measure-
ments showed a slight variation, with an 
overall avg of 3.1 ± 0.5 mm. The FWHM val-
ues were uniformly distributed, with a mean 
of 0.947 ± 0.067 mm across all scans. 

The most stable mean FWHM was found 
to be 0.941 mm (CI: 0.912–0.971) in the UHR 
mode, followed by the sequential mode 
(FWHM of 0.926, CI: 0.876–0.975), indicat-
ing the least amount of blooming artifact 
interference. The flash mode displayed the 
highest mean FWHM of 0.990 mm (CI: 0.924–
1.057), potentially indicating more bloom-
ing susceptibility. However, the differences 
across acquisition modes did not reach sta-
tistical significance (ANOVA P = 0.386). The 
sequential and spiral modes yielded similar 
mean FWHM results of 0.926 mm (CI: 0.877–
0.975) and 0.932 mm (CI: 0.863–1.000), re-
spectively, with no significant differences 
compared with the UHR-spiral mode (Bon-
ferroni corrected P > 0.05). 

Figure 2. Presents a longitudinal multiparametric reconstruction alongside a transversal section through 
a stent of 2.00 mm, with a window level of 850 Hounsfield units (HU) and a window width of 2,200 HU. 
Displayed are, from left to right, four distinct computed tomography (CT) acquisition modes: high-pitch 
helical CT (“flash”), sequential CT, spiral CT, and ultra-high-resolution (UHR) CT. Image quality was assessed 
by two independent radiologists, who found the flash CT quality poor due to compromised clarity and 
artifact interference of the stented lumen. Both sequential and spiral CT images were deemed to have 
reduced quality, with some loss of detail within the stent lumen. In contrast, the UHR CT image was 
rated independently as excellent, showcasing exceptional detail and clarity in stent structure and lumen 
visualization.
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Figure 3. Displays the result of the qualitative analysis for diagnostic confidence of stent patency (upper left), sharpness (upper right), noise (lower left), and blooming 
artifact interference (lower right). Values were presented as mean and 95% confidence interval ranges (CI). The P values were corrected for multiple comparisons 
using the Bonferroni method. The ultra-high-resolution (UHR)-spiral mode received the highest ratings for stent patency with a mean of 4.00 (CI: 3.59–4.41), and 
flash mode showed the lowest with a mean of 2.25 (CI: 1.66–2.84). Similarly, sharpness was rated highest in the UHR-spiral mode with a mean of 4.00 (CI: 3.67–4.33). 
Flash mode registered the lowest sharpness ratings with a mean of 2.00 (CI: 1.79–2.21). Regarding noise, the UHR-spiral mode exhibited the lowest perceived noise 
levels with a mean of 3.00 (CI: 2.75–3.25), while the sequential mode also displayed comparatively low noise levels with a mean of 2.75 (CI: 2.24–3.26). For blooming 
effects, the flash mode exhibited the highest with a mean of 3.00 (CI: 2.31–3.69), and the lowest blooming effects were noted in the UHR-spiral mode with a mean 
of 2.00 (CI: 1.67–2.33). 
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Table 4. Image quality analysis with analysis of overall image quality, diagnostic confidence, and objective measurements across different 
computed tomography acquisition modes: overall image quality (median [IQR]), diagnostic confidence (median [IQR]), inner diameter (mm, 
mean ± SD), outer diameter (mm, mean ± SD), FWHM (mm, mean ± SD), SNR (mean ± SD) and CNR (mean ± SD)

Flash Sequential Spiral UHR Overall

Subjective image quality 

Overall image quality† 2 [1–3] 3 [2–4] 3 [2–4] 4 [3–4] 3 [2–4]

Excellent 3 6 9 18 (37.5%)

Good 4 7 3 3 17 (35.4%)

Reduced 5 2 3 10 (20.8%)

Non-diagnostic 3 3 (6.3%)

Objective image quality 

Measured inner diameter (mm) 1.79 ± 0.33 1.81 ± 0.31 1.77 ± 0.35 1.71 ± 0.27 1.8 ± 0.4

Measured outer diameter (mm) 3.02 ± 0.47 3.17 ± 0.38 3.15 ± 0.39 3.15 ± 0.35 3.1 ± 0.5

FWHM (mm) 0.990 ± 0.083 0.926 ± 0.061 0.962 ± 0.085 0.941 ± 0.036 0.947 ± 0.067

Attenuation (avg HU)

Water* 5.23 ± 57.0 4.64 ± 52.5 6.26 ± 51.5 3.43 ± 43.6 4.89 ± 51.2

Adjacent vessel* 863.5 ± 56.1 857.4 ± 58.5 853.5 ± 59.0 750.7 ± 49.95 831.3 ± 55.9

In-stent lumen* 991.5 ± 140.1 923.1 ± 95.1 928.0 ± 82.5 817.4 ± 83.5 915.0 ± 100.3

Noise (SD HU)

Water 50.1 49.4 53.4 51.8 51.2 ± 6.6

SNR 11.6 ± 1.8 13.6 ± 1.9 14.0 ± 2.1 13.4 ± 1.7 13.2 ± 2.1

CNR 11.6 ± 1.9 13.5 ± 1.9 13.9 ± 2.1 13.4 ± 1.7 13.1 ± 2.1
†Values correspond to median and interquartile range in square brackets; *Values are presented as mean and standard deviation. 
FWHM, full width at half maximum; SNR, signal-to-noise ratio; CNR, contrast-to-noise ratio; avg, average; HU, Hounsfield units; SD, standard deviation; IQR, interquartile range; 
UHR, ultra-high-resolution.

Table 5. Image quality relative to acquisition mode and stent size

Stent size (mm)

2.00 2.25 2.50 2.75 3.00 3.50

Scan mode

Flash

Excellent
(n = 18)

Image 
quality

Sequential 1 2

Spiral 1 1 2 2

UHR 2 2 1 2 2

Flash 1 2 1

Good
(n = 17)

Sequential 1 2 1 2 1

Spiral 1 1 1

UHR 2 1

Flash 1 2 1 1

Reduced
(n = 10)

Sequential 1 1

Spiral 2 1

UHR 

Flash 2 1

Non-diagnostic
(n = 3)

Sequential

Spiral 

UHR 

Two readers assessed the image quality for various stent sizes across different imaging acquisition protocols. The stents ranged in size from 2.00 to 3.50 mm, with protocols 
including flash, sequential, spiral, and UHR scan modes. Image quality was rated on a four-point scale from “excellent” to “non-diagnostic.” Each entry represents the number of 
stents that were assigned a particular image quality level by the readers under each protocol and stent size combination. The far-right column denotes the total counts of ratings 
for each image quality category. UHR, ultra-high resolution.
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Signal-to-noise ratio and contrast-to-noise 
ratio 

The SNR values spanned from 11.6 ± 1.8 in 
flash mode to 14.0 ± 2.1 in spiral mode. Sim-
ilarly, CNR evaluations illustrated a marginal 
preference for the spiral mode at 13.9 ± 2.1 
over the flash mode, which presented a CNR 
of 11.6 ± 1.9.

Discussion
Our ex vivo phantom study assessed the 

feasibility and image quality of PCD-CT for 
evaluating small-sized coronary stents (2.0–
3.5 mm internal diameter). We found that 
PCD-CT is effective for stent imaging, par-
ticularly in the UHR mode, which provided 
superior image quality and diagnostic confi-
dence compared with standard dual-source 
PCD-CT scan modes. The high-pitch spiral 
mode was deemed unsuitable for small stent 
imaging. 

A study by Mannil et al.15, which analyzed 
larger stents using a dual-source prototype 
scanner with one detector being an ener-
gy-integrating CT and the other using PCD 
technology, found that PCD technology 
enhanced stent lumen visibility. In compar-
ative in vitro analysis between PCD-CT and 
EID-scanner systems, superior stent lumen 

visibility was achieved, particularly in the 
UHR mode.16,17 The results of all these studies 
corroborate our findings.

The objective measures of the FWHM for 
the sequential and UHR modes underscored 
its superior robustness, while all acquisition 
modes provided measurement consisten-
cy. In that regard, our study results are in 
agreement with those of a recent study per-
formed by Koons et al.18, which shows the 
least amount of blooming for UHR mode and 
the use of a sharp kernel. This has been con-
firmed in a recent clinical study highlighting 
improved diagnostic performance of coro-
nary stents with optimal in-stent lumen at 
Bv72 kernels.19 Subjective assessments of 
image quality and diagnostic confidence 
further reinforced the advantages of the UHR 
mode, with it receiving the highest propor-
tion of “excellent” ratings across all evaluated 
parameters. Conversely, the high-pitch heli-
cal scan mode displayed limitations in accu-
rately depicting smaller stents, suggesting 
that although it may offer reduced radiation 
dose,20 it is not suitable for small-sized stent 
assessment. This is confirmatory to results 
reported by Ochs et al.21, where a noticeable 
deterioration in image quality was observed 
in patients with increased coronary calcifica-
tions. 

While our results indicate a significant 
potential of UHR PCD-CT in assessing small-
sized stents, the implications extend beyond 
stent evaluation: initial clinical studies indi-
cate high potential in coronary stenosis of 
stenosis severity,22 enhanced diagnostic ac-
curacy in challenging cases, and pronounced 
plaques evaluation.23-25 It remains to be de-
termined how this advanced technology will 
impact patient management and outcomes.

This study’s limitations include its ex vivo 
nature, which presents challenges for direct 
clinical application. We focused on different 
acquisition modes for small-sized stent im-
age quality but did not evaluate the impact 
of different kernels or iterative reconstruc-
tion levels, which have been addressed in 
previous studies. Additionally, the current 
scanner software does not support simul-
taneous UHR–CTA spectral sensitivity with 
monoenergetic reconstruction, an area 
needing future research to determine the 
best imaging approach. In this regard, a re-
cent study investigated the image quality of 
stents in various 3.00 mm stents UHR-CT with 
a sharp kernel, and synthetic monoenergetic 
reconstruction of 55 keV showed promising 
results.26 Furthermore, updated scanner ver-
sions introduced sequential scanning with 
UHR. Here, a comparative analysis of diag-
nostic performance between retrospective 

Table 6. Diagnostic confidence relative to acquisition mode and stent size

Stent size (mm)

2.00 2.25 2.50 2.75 3.00 3.50

Scan mode

Flash

Excellent
(n = 19)

Diagnostic 
confidence 

Sequential 1 2 1 2

Spiral 1 2 2

UHR 2 2 2 2

Flash 1 2 1

Good 
(n = 15)

Sequential 1 1 1

Spiral 2 2

UHR 2 2

Flash 1 2 1 1

Reduced 
(n = 10)

Sequential 2 1

Spiral 1 1

UHR 

Flash 2 1

Poor 
(n = 4)

Sequential

Spiral 1

UHR 

Two readers assessed the diagnostic confidence for various stent sizes across different imaging acquisition protocols. The stents ranged in size from 2.0 to 3.50 mm, with protocols 
including flash, sequential, spiral, and UHR mode. Diagnostic confidence was rated on a four-point scale from “excellent” to “poor.” Each entry represents the number of stents 
that were assigned a particular confidence level by the readers under each protocol and stent size combination. The far-right column denotes the total counts of ratings for each 
diagnostic confidence category. UHR, ultra-high resolution.
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and sequential UHR PCD-CT would be in-
sightful.

In conclusion, our ex vivo study demon-
strates that the UHR mode of PCD-CT offers 
the best image quality and diagnostic con-
fidence for evaluating small-sized coronary 
stents. Given that current guidelines do not 
recommend non-invasive modalities for 
stents smaller than 3 mm, our findings sug-
gest that PCD-CT could fill this gap, pending 
validation through dedicated in vivo clinical 
studies.
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Infra-popliteal arterial disease constitutes a substantial contributor to critical limb-threaten-
ing ischemia (CLTI); it is also closely associated with elevated rates of limb amputation and 
mortality. CLTI is marked by (1) a presence of persistent ischemic pain at rest or (2) tissue 

loss, typically occurring in the distal parts of the lower extremities.1-4 Surgical revasculariza-
tion of CLTI for limb salvage is a known traditional treatment option; however, an increasing 
number of centers are treating patients with CLTI via endovascular procedures as the first 
approach. With the development of small-size stents, low profile balloon catheters, hydrophil-
ic guidewires, support catheters, recanalization devices, and vasodilators, the endovascular 
approach for infra-popliteal arterial occlusive disease is becoming increasingly common.5-7 
Surgical methods carry an elevated risk of systemic and local complications attributable to 
the presence of multiple comorbidities.8
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PURPOSE
The present study aims to (1) assess the technical success and limb salvage rates of endovascular 
therapy in patients with critical limb-threatening ischemia (CLTI) and infra-popliteal Trans-Atlantic 
Inter-Society Consensus (TASC) C/D lesions according to the updated 2015 TASC II classification and 
(2) to present our institutional experience.

METHODS
A single-center retrospective study was conducted on patients with TASC C/D CLTI who underwent 
endovascular treatment between 2012 and 2017. The follow-up protocol consisted of Doppler ul-
trasound conduction every 3 months for the first year unless patients showed symptoms of CLTI. 
Patients with at least 1 year of follow-up data were included in the study, and if applicable their 
3-year results were evaluated in terms of primary patency, absence of amputation, amputation-free 
survival, and overall survival.

RESULTS
A total of 248 patients and 287 limbs (238 TASC D lesions and 49 TASC C lesions) were treated via in-
fra-popliteal percutaneous transluminal angioplasty. The overall technical success was 87%, the pri-
mary patency rate was 41.5% in the first year, and the freedom from amputation rates were 80.8% 
in 1 year and 67.7% in 3 years.

CONCLUSION
In patients with infra-popliteal arterial occlusive diseases, endovascular treatment methods demon-
strate a high rate of technical success and favorable outcomes in limb preservation.
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CLTI is defined as a Rutherford 4, 5 and 
6 disease (ischemic rest pain; nonhealing 
ulcer/gangrene with minor tissue loss and 
major tissue loss),9 and Trans-Atlantic In-
ter-Society Consensus (TASC) D lesions are 
characterized as occlusions within the target 
tibial artery, with a total lesion length of >10 
cm, substantial lesion calcification, or a lack 
of collateral visualization. Additionally, it in-
cludes cases where the other tibial arteries 
are occluded or densely calcified. The TASC 
C lesions, on the other hand, are defined as 
stenoses within the target tibial artery or an 
occlusion with a total lesion length of 10 cm. 
They also encompass occlusion or stenosis of 
a comparable or relatively severe degree in 
the other tibial arteries.10

In the literature, significant heterogeneity 
is evident in studies investigating endovas-
cular treatment outcomes of infra-popliteal 
artery occlusions.11 The present study aims 
to share its authors’ institutional experience 
regarding the endovascular treatment of 
infra-popliteal arterial occlusive disease in 
patients with CLTI, as per the revised TASC II 
classification. Furthermore, it seeks to assess 
the technical success and limb salvage rates 
specifically for TASC C and D lesions in endo-
vascular treatment.

Methods 
The present study was conducted with 

adherence to the principles outlined in the 
Declaration of Helsinki Good Clinical Practice 
guidelines and was approved by the Gazi 
University Ethical Committee (date: 12/2019, 
reference number: 286). Patient consent was 
waived.

A retrospective analysis was conduct-
ed on all consecutive patients diagnosed 
with CLTI who underwent an endovascular 
intervention for revascularization of TASC 
C/D infra-popliteal lesions between January 
2012 and September 2017. Patients with at 

least 1 year of follow-up data were enrolled 
in the study, and if applicable the 3-year out-
comes of these patients were evaluated. De-
mographic details and follow-up data were 
collected from Gazi University digital medi-
cal records database.Technical success was 
defined as the achievement of successful 
revascularization, characterized by <50% re-
sidual stenosis following angioplasty and the 
absence of flow-limiting dissection. Baseline 
angiograms of the whole limb were obtained 
for comparison purposes.

In all patients, the preferred initial ap-
proach involved ipsilateral antegrade access 
through the common femoral artery and 
subsequent revascularization. Following the 
ultrasound-guided puncture of the common 
femoral artery, a 6-Fr peripheral guiding 
sheath (Destination, Terumo) was placed in 
the distal superficial femoral or popliteal ar-
tery to reduce contrast media administration 
and for better catheter support and guide-
wire control. The study authors tried to cross 
all the occluded segments with a 0.014-inch 
hydrophilic-tipped guide wire (V14, Boston 
Scientific Corporation) with a compatible 
support catheter (Seeker, Bard; TrailBlazer, 
eV3). If these methods failed, the authors 
tried to cross the arterial occlusion with more 
supportive 0,018-inch guide wires (V18, Bos-
ton Scientific Corporation) and a compatible 
support catheter (Seeker, Bard; TrailBlazer, 
eV3). In cases with failed antegrade crossing 
attempts, retrograde pedal artery access un-
der ultrasound guidance with a pedal access 
kit (Cook Medical Inc.) or atherectomy cathe-
ter (Crosser, Bard) were used. After crossing 
the occlusion from retrograde pedal access, 
the wire was snared from or inserted into the 
femoral access sheath, and the procedure 
continued from the antegrade approach. The 
occluded segments crossed with a guide-
wire and a support catheter, and these seg-
ments were dilated with an appropriately 
sized low-profile balloon catheter. Balloon 
catheters with a diameter of 2–4.5 mm were 
inflated for 60 s at 6–8 atm. If there was a 
suboptimal result or flow-limiting dissec-
tions, further dilatation was performed for 
an additional 2 min or the occluded segment 
was dilated with a balloon 0.5 mm larger in 
diameter. Bail-out stenting (Ephesos II, Al-
vimedica) was performed in lesions due to 
persistent flow-limiting dissections or imme-
diate post-angioplasty recoiling. A final an-
giogram was performed to reveal the result, 
including the pedal arteries (Figure 1).

During the procedure, 5000 IU intrave-
nous heparin was administered to all patients 
except those with renal failure, who received 

2500 IU heparin following the insertion of 
the arterial sheath. Dual antiplatelet therapy 
of clopidogrel (75 mg/day) and acetylsalicyl-
ic acid (ASA) (100 mg/day) were recommend-
ed 3 days before the procedure and resumed 
for 6 months. Lifelong treatment with ASA 
was continued. After the intervention, 4000 
anti-Xa units of low-molecular-weight hepa-
rin were recommended twice daily for 5 days.

The authors’ follow-up protocol includ-
ed Doppler ultrasound (DUS) imaging at 
discharge at the first month and every 3 
months thereafter for the first year. The first-
year control interval then increased to every 
6 months unless patients presented with 
symptoms of CLTI. Follow-up angiography 
and/or re-intervention was considered when 
the DUS findings suggested restenosis of 
>50% (with a Rutherford score of >4 and no 
wound healing).

Statistical analysis

Data analysis was performed using the 
Statistical Package for the Social Sciences 
(IBM, SPSS Statistics for Macintosh, Version 
25.0, Armonk, New York). Continuous vari-
ables were represented as mean ± standard 
deviation, and categorical variables were de-

Main points

• Infra-popliteal arterial disease is a major 
cause of critical limb-threatening ischemia 
(CLTI) and it is associated with high rates of 
limb loss and mortality.

• Challenging infra-popliteal arterial lesions 
can be treated via endovascular approaches 
with low complication rates.

• Endovascular treatment methods are effec-
tive and reliable in alleviating symptoms 
associated with CLTI and in preventing 
limb loss in cases involving challenging in-
fra-popliteal arterial lesions.

Figure 1. Pre-angioplasty images show occlusion 
of all crural arteries (arrows). Reconstitution of 
the tibial arteries are visible distally (arrowheads). 
The anterograde approach was performed, and 
recanalization was achieved in the posterior tibial 
artery (PTA) but not in the anterior tibial artery 
(ATA). The distal ATA was punctured, and retrograde 
access was gained (small arrow). Next, anterograde 
access was gained using the rendezvous technique, 
and successful recanalization and balloon 
angioplasty of the ATA was accomplished (star). The 
final angiogram shows successful recanalization 
and patency of both ATA and PTA.
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picted as values along with their respective 
percentages. Each patient’s demographic 
and comorbidity details were recorded, and 
patency data were calculated for each indi-
vidual. Outcomes regarding major amputa-
tion and mortality rates in the patient cohort 
were visualized via Kaplan–Meier analysis.

Results
Between 2012 and 2017, 1,244 patients 

were treated at Gazi University Hospital for 
peripheral arterial disease. Patients with iso-
lated infra-popliteal lesions were included in 
the study; among them, 380 had infra-popli-
teal TASC C/D lesions, and only 248 patients 
had complete 1-year follow-up data and 
were enrolled in the study.

A total of 238 TASC D and 49 TASC C le-
sions were treated in the 248 patients. In 95 
of the patients, more than one infra-poplite-
al artery was treated. A total of 190 patients 
were men (76.6%), and the mean age was 
65.3 years. Patient characteristics are given in 
Table 1. A total of 190 patients (76.6%) had 
diabetes mellitus, 183 (73.7%) had hyperten-
sion, and 39.9% had coronary artery disease. 

Risk factors are also noted in Table 1. Accord-
ing to the Rutherford classification, 38 of 
the patients (13.2%) fell into category 4, 172 
(59.9%) fell into category 5, and 77 (26.8%) 
fell into category 6. Treated occlusions were 
10–30 cm long, and the average occlusion 
length was 15.7 ± 0.2 cm. Detailed lesion 
characteristics are given in Table 2.

In 203 of the lesions (71%), recanalization 
was successful with standard guidewires and 
support catheters via anterograde access. In 
the remaining 48 (16%) lesions, retrograde 
pedal access was needed to cross the occlud-
ed segment. In 29 (10%) lesions, atherecto-
my devices were used. A total of 7 (3%) le-
sions required use of both pedal access and 
atherectomy devices. In 33 and 23 patients, 
the anterior tibial artery and posterior tibial 
artery, respectfully, were punctured under 
ultrasound guidance with a pedal access set. 
However, in 6 of the lesions, all attempts at 
recanalization were unsuccessful. The overall 

occlusion crossing success rate was 97.9%. 
After balloon dilatation, a result of subopti-
mal angioplasty or flow-limiting dissection 
was seen in 57 (19.8%) lesions. In 20 (6.9%) 
additional lesions, successful revasculariza-
tion was achieved after repeated balloon 
dilatations for an additional 2 min at nomi-
nal pressure. In 6 lesions (2%) a persistent 
flow-limiting dissection was noticed, and 
bail-out stenting was performed. Despite all 
attempts, adequate vessel patency was not 
achieved in 37 (12.8%) of the lesions.

The procedure was technically success-
ful in 87.2% of lesions. In the follow up, the 
Rutherford score improved to 3.3 ± 0.4 in 
the first year. The primary patency rate was 
65.2% at 3 months and declined to 41.5% 
at 12 months (Figure 2). At 1 year, a total of 
67 (23.3%) limbs required re-intervention; 
among them, 12 (4.8%) were referred for by-
pass surgery. Amputations above the ankle 
level were accepted as major amputation, 

Table 1. Baseline characteristics

Characteristic Value 

Patients (n) 248

Limbs (n) 287

Male gender 190/248 (76.6%)

Diabetes mellitus 190/248 (76.6%)

Hypertension 183/248 (73.7%)

Smoking 184/248 (74.6%)

Hyperlipidemia 102/248 (41.1%)

CAD 99/248 (39.9%)

ESRD 21/248 (8.5%)

CAD, coronary artery disease; ESRD, end-stage renal 
disease.

Table 2. Lesion characteristics

Rutherford

4 5 6 Total

TASC
C 28 16 5 49 (17.1%)

D 10 156 72 238 (82.9%)

Total 38 (13.2%) 172 (59.9%) 77 (26.8%)

Lesion length 15.7 ± 0.2

Vessel diameter 2.92 ± 0.3

Lesion location

Anterior tibial artery 191

Posterior tibial artery 130

Peroneal artery 62

TASC, Trans-Atlantic Inter-Society Consensus.

Figure 2. Kaplan–Meier curve for primary patency.
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and at 12 months, 25 (8.6%) limbs had un-
dergone major amputation, and 32 (11.1%) 
limbs had undergone minor amputation. 
Over the 3-year follow-up period, 40 (13.9%) 
limbs had undergone major amputation, and 
40 (13.9%) limbs had undergone minor am-
putation. The amputation-free survival rates 
were 70.7% at the first year and 32.9% at the 
third year (Figure 3). A total of 30 patients 
(12%) died during 12 months of the follow 
up, and 117 (47.1%) died over 3 years (Figure 
4). Freedom from amputation was 80.8% at 
the first year and 67.7% at 3 years (Figure 5).

There were no procedure-related deaths 
in the first month after the procedure. There 
were 9 major complications (3.6%), includ-
ing 4 pseudoaneurysms and 5 persistent 
flow-limiting dissections at the puncture site, 
which were treated accordingly. There were 
21 minor complications, such as a small he-
matoma at the puncture site.

Discussion 
This study presents the 3-year outcomes 

of patients diagnosed with CLTI who received 
endovascular interventions to address in-
fra-popliteal lesions categorized as TASC C 
and TASC D. Percutaneous revascularization 
of infra-popliteal lesions was performed with 
an 87.2% technical success rate and a low 
major adverse events rate (3.6%).

The success of the revascularization pro-
cedure was assessed by evaluating the pa-
tency rates and clinical endpoints, including 
amputation-free survival. The occurrence 
of restenosis (>50%) poses a significant 
challenge. The present authors’ primary ap-
proach always centered on reducing rest 
pain and amputation rates, coupled with vig-
ilant post-intervention follow up to achieve 
these goals.

The effectiveness of the endovascular 
approach for treating infra-popliteal arterial 
lesions remains uncertain and not yet firmly 
established.12 For the treatment of CLTI, both 
bypass surgery and endovascular revascular-
ization are viable options, each demonstrat-
ing favorable limb salvage rates.13 Although 
venous bypass surgery seems to have a high-
er durability, many patients with CLTI are not 
suitable for surgery due to comorbidities. 
Endovascular treatment stands as a less inva-
sive, efficient, and secure therapeutic choice 
that can be carried out under local anesthe-
sia.14 Despite a general trend toward initially 
adopting the endovascular approach for all 
patients with CLTI, surgical revascularization 
for infra-popliteal lesions in CLTI cases is still 
commonly observed.15

Figure 5. Kaplan–Meier curve for freedom from amputation.

Figure 4. Kaplan–Meier curve for overall survival.

Figure 3. Kaplan–Meier curve for amputation-free survival.
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In a single-center study, complex in-
fra-popliteal lesions had poorer outcomes 
compared with moderate lesions over long-
term outcomes.16 In a separate study, the 
TASC C/D lesions were linked with a lower 
rate of procedural success, higher incidence 
of major amputations, and poorer primary 
patency. This was attributed to the fact that 
these small vessel lesions tend to be signifi-
cantly longer and are more frequently char-
acterized as chronic occlusions.17 While the 
present technical success rate of 87.2% ap-
pears comparable with the mentioned study, 
it is important to note that in the present 
study, all the lesions were occlusions with a 
length of >10 cm.

Recent reports for endovascular treat-
ment of CLTI have high limb salvage rates 
of,18-20 which is similar to the results of the 
present study. The present findings revealed 
high technical success rates in the treatment 
of infra-popliteal occlusions via balloon an-
gioplasty following crossing with a guide-
wire and a compatible support catheter via 
the antegrade access. Furthermore, the use 
of pedal access safely increases the reca-
nalization rates in infra-popliteal occlusions 
when the traditional antegrade approach 
fails.21

In the endovascular treatment of in-
fra-popliteal lesions, a high rate of reste-
nosis is expected, especially if the lesions 
are long-segment occlusions.22,23 In a series 
of 139 patients with CLTI treated via angio-
plasty, the restenosis rate reached 45.3% at 
1 year.22 In another study, Schmidt et al.23 
reported 77 infra-popliteal arterial interven-
tions with long-segment disease, where 65% 
of the lesions were occlusions. The 3-month 
angiography follow up showed >50% reste-
nosis or re-occlusion, and despite these rates, 
clinical findings in 76% of the patients with 
CLTI had improved. In another infra-popliteal 
interventional revascularization study, Na-
kano et al.19 investigated 449 patients with 
CLTI who also had end-stage renal disease, 
demonstrating a 77% limb salvage rate (Ta-
ble 3).24

In the present study, the endovascular ap-
proach was used as the first-line treatment. 
The majority of the patients were not eligible 
for surgical treatment due to comorbidities 
or unavailability of distal vessels for bypass 
surgery. In the follow up, 13.9% limbs had 
undergone major amputation and 13.9% 
had undergone minor amputation. Although 
the prognosis for TASC C and D lesions is 
poor, the mean Rutherford score improved 
from 5.13 ± 0.6 to 3.3 ± 0.4 at the 12th month 
after endovascular treatment.

An improved Rutherford score and wound 
healing in some patients were observed 
even after restenosis and re-occlusion in 
target arteries. Infra-popliteal interventions 
have high rates of restenosis in patients with 
CLTI but less clinical importance in wound 
healing and rest pain, as the aim of these 
interventions is to provide more arterial per-
fusion pressure for the non-healing tissue 
at least for a certain time.25 To obtain better 
perfusion pressure, multilevel interventions 
are thought to be more beneficial than only 
treating a target vessel or isolated lesion.26 
Thus, the authors aimed to revascularize as 
many vessels as possible.

The present study has some limitations. 
First, due to the lack of a surgical counterpart 
in this study, it is difficult to draw firm con-
clusions regarding the role of endovascular 
therapies in the treatment strategies of pa-
tients with CLTI. Second, given that the pres-
ent paper is a retrospective study from a sin-
gle center targeting only selected patients, it 
might not reflect the patient characteristics 
of the whole target population.

In conclusion, this study has shown that 
endovascular treatment of TASC C/D le-
sions can be accomplished with a high rate 
of technical success and a low incidence of 
complications. Based on this data, the au-
thors believe that endovascular treatment 
can be used as a first-line treatment with 
high limb salvage and primary patency rates 
in the treatment of infra-popliteal occlusion. 
Further randomized cohort studies should 

be performed to promote the success rates 
of endovascular treatment in infra-popliteal 
TASC C and D lesions.
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Staged angioplasty using a full-length balloon catheter to achieve 
maturation of arteriovenous fistulas

PURPOSE
To evaluate the efficacy of staged full-length balloon-assisted maturation (BAM) for the maturation 
of arteriovenous fistulas (AVFs) on entire segmental veins, including stenosis, causing primary AVF 
failure.

METHODS
This study included patients who underwent AVF surgery using an autogenous vein between Feb-
ruary 2020 and June 2021 and received staged angioplasty with a full-length balloon catheter. To 
minimize balloon overlap and the risk of barotrauma to the immature vein, serial-staged upsizing 
balloon angioplasty with a long balloon catheter covering the entire vein segment was employed 
approximately 2 weeks apart. 

RESULTS
Twenty-three patients (mean age, 69.50 years; mean follow-up, 620.62 days) with average diame-
ters of the radial artery and cephalic vein at 2.14 ± 0.5 mm and 2.43 ± 0.5 mm, respectively, were 
enrolled. In the first procedure, the average AVF diameter and flow were 4.03 ± 0.57 mm and 438.08 
± 220.95 mL/min, respectively, with juxta-anastomotic stenosis (JAS) present in 61.5% of cases. Af-
ter staged full-length BAM, the average fistula diameter and flow improved to 5.95 ± 0.86 mm and 
717.52 ± 305.95 mL/min, respectively. Maturation was achieved in 87% of the cases. No hematomas 
or ruptures occurred around the arterialized veins. Despite successful maturation and cannulation, 
65.2% of the patients required additional percutaneous transluminal angioplasty (PTA) during the 
follow-up period. The necessity for PTA was determined by the presence of JAS prior to the first 
staged full-length BAM, with an odds ratio of 11.74 (95% confidence interval: 1.31–104.96, P = 0.03).

CONCLUSION
Staged full-length BAM can be safely used in patients with small veins requiring further matura-
tion. Most patients achieved successful cannulation following maturation without post-procedural 
complications.

CLINICAL SIGNIFICANCE
Staged full-length BAM is a safe and effective method for enhancing maturation in patients with 
underdeveloped small veins.

KEYWORDS
Arteriovenous fistula, balloon-assisted maturation, hemodialysis, maturation, stenosis

You may cite this article as: Bae M, Jeon CH, Chung SW, et al. Staged angioplasty using a full-length balloon catheter to achieve maturation of arteriovenous 
fistulas. Diagn Interv Radiol. 2025;31(1):45-51.

Due to the increasing number of patients requiring hemodialysis, efforts are underway 
to create arteriovenous fistulas (AVFs) in arteries or veins previously considered too 
small for AVF surgery. Although technological advancements have raised expectations 

for improved maturation rates, this issue remains a substantial challenge.1 Several studies 
have addressed the failure of AVF maturation. Suggested interventions include preopera-
tive vein preservation,2 exercise,3 and enhanced examination methods for veins and arteries, 
along with various surgical techniques introduced during the procedure.4 Post-AVF forma-
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tion, treatments such as balloon angioplasty 
for stenosis that impedes maturation, surgi-
cal ligation, or endovascular coil emboliza-
tion of the collateral veins where flow steal 
occurs may be performed.5-7 Additionally, 
techniques aimed at forcibly increasing vein 
size through surgical intervention have been 
attempted.8

Numerous studies have explored the 
application of balloon angioplasty follow-
ing AVF creation to address the strictures 
causing primary AVF failure; however, the 
results, including technical and clinical suc-
cess, remain unsatisfactory.9-14 When balloon 
angioplasty is performed for anastomosis or 
juxta-anastomotic stenosis (JAS), although 
flow improvement is typically observed, 
the diameter of the entire vessel within the 
AVF circuit does not always increase. Conse-
quently, the fistula cannot be immediately 
needled, requiring more time before the AVF 
is usable. Moreover, there are relatively few 
reports on balloon maturation in small veins 
≤3 mm in diameter, and the clinical signifi-
cance of such interventions, including long-
term outcomes, remains unclear.15,16

In this study, we performed percutaneous 
angioplasty on the entire vein segment, ad-
dressing the stenosis responsible for primary 
AVF failure. To minimize the risk of barotrau-
ma to the immature vein, we utilized two 
approaches: serial-staged upsizing balloon 
angioplasty and a long balloon catheter cov-
ering the entire vein segment to minimize 
balloon overlap. We analyzed the technical 
success of this staged full-length balloon-as-
sisted maturation (BAM) and investigated 
clinical success rates, including AVF salvage, 
long-term AVF patency, and the occurrence 
of additional stenosis during long-term fol-
low-up.

Methods
This retrospective study was conduct-

ed in accordance with the principles of the 
Declaration of Helsinki and received ap-
proval from the Institutional Review Board 
of Pusan National University Hospital, Re-
public of Korea (IRB no: 2308-024-130, date: 
19.08.2023). Due to the retrospective nature 
of this study, the requirement for informed 
consent was waived.

Patient selection and data collection

Among 275 patients who underwent AVF 
surgery using autogenous veins at our hos-
pital between February 2020 and June 2021, 
we collected data from patients who under-
went staged angioplasty using a full-length 
balloon catheter. Patients who visited the 
outpatient clinic at 4–6 weeks post-AVF sur-
gery underwent ultrasonography to evaluate 
AVF maturation. Staged full-length BAM was 
recommended for patients who exhibited an 
unsatisfactory increase in vein size, generally 
defined as no more than 4.5 mm in diame-
ter. Additionally, even if the vein diameter 
exceeded 4.5 mm, challenges in cannulation 
could occur if the vessel was deeply situated. 
Out of these, 23 patients who consented to 
the procedure and have been under contin-
uous observation with no loss to follow-up 
were included in the analysis (Figure 1).

Variables such as age, sex, follow-up dura-
tion, type of AVF, comorbidities, and smoking 

history were recorded. Detailed information 
on the size and depth of the arteries and 
veins before surgery, as well as the size and 
depth of the AVF at the time of the first pro-
cedure, was collected. Blood flow data, the 
total number of procedures performed, the 
degree of balloon used, the size and depth 
of the AVF post-final procedure, subsequent 
blood flow information, and success rates of 
cannulation and maturation were further in-
vestigated.

Staged balloon-assisted maturation using 
a full-length balloon catheter

Radiocephalic and brachiocephalic fistu-
las were assessed by puncturing the radial 
artery at the wrist, draining vein, or internal 
jugular vein under ultrasound guidance. 
During the procedure, the balloon diame-
ter was set approximately 1 mm larger than 
the size of the native vein, and the balloon 
size was incrementally increased by 1 mm 
during subsequent procedures. The balloon 
length was determined by measuring the 
distance from the anastomosis to the tip of 
the anatomical section of the vein. The entire 
anatomical segment of the vein was dilated 
using a balloon measuring at least 120 mm 
in length. For patients on dialysis, a unipla-
nar angiography suite with a contrast agent 
was used; however, for pre-dialysis patients, 
a guidewire was inserted under ultrasound 
guidance to position the balloon, and flu-
oroscopy was used only for additional bal-
looning (Figure 2).

Main points

• Balloon-assisted maturation (BAM) for an ar-
teriovenous fistula (AVF) involves adjusting 
the balloon catheter size to match the vein’s 
actual size. Balloon dilation is performed 
along the entire length of the anatomical 
segment to minimize barotrauma in areas 
of overlapping balloon exposure.

• Among the patients, 34.6% underwent 
three or more procedures. The average AVF 
diameter increased from 4.03 mm to 5.95 
mm, and the average AVF flow from 438.08 
mL/min to 717.52 mL/min.

• No hematomas or ruptures were observed 
following full-length staged BAM; however, 
65.2% of patients required additional percu-
taneous transluminal angioplasty to main-
tain patency during the follow-up period. Figure 1. Flow chart depicting the patient selection process-arteriovenous fistula (AVF); balloon-assisted 

maturation (BAM); percutaneous transluminal angioplasty (PTA).
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All patients returned for follow-up as out-
patients 10 days after the initial procedure, at 
which point clinicians assessed the need for 
a second procedure. If necessary, the second 
treatment was conducted approximately 2 
weeks after the first. These procedures were 
repeated until the vein size reached or ex-
ceeded 6 mm. 

Outcomes and complications

Technical success was defined as the in-
tentional expansion of the vein diameter 
without rupture, as confirmed by outpa-
tient ultrasonography 10 days following the 
staged full-length BAM procedure. Clinical 
success was defined as the ability to conduct 
stable dialysis using an AVF within 3 months 
of performing the staged full-length BAM.

Postprocedural complications such as 
skin bruising, perivascular hematoma, rup-
ture, and infection were monitored-addi-
tionally, progress after AVF maturation was 
observed, including cases where further pro-
cedures or surgeries were necessitated. The 
main lesions targeted in additional interven-
tions were also documented.

Statistical analysis

Statistical analyses were conducted using 
basic descriptive statistics, with results pre-
sented as means and standard deviations. 
Logistic regression analysis was employed 
to estimate factors influencing failures and 
additional interventions post-maturation, 
whereas the chi-square test was used to 
compare characteristics between groups 
(intervention vs. non-intervention). Prima-
ry patency rates were calculated using Ka-
plan–Meier life-table analysis. Statistical sig-
nificance was established at P values <0.05. 
All analyses were performed using MedCalc 
Statistical Software version 20.106 (MedCalc 
Software, Ostend, Belgium).

Results
The mean age of the patient cohort was 

69.50 ± 11.12 years, and 39% of the patients 
were women. The average follow-up dura-
tion was 620.62 days. Among the comorbid-
ities, 80.8% of the patients had diabetes, and 
the current smoking rate was 8.7%. Addition-
ally, 88.5% of the patients had radiocephalic 
fistulas at the wrist, with the mean diameter 
of the radial artery being 2.14 ± 0.5 mm and 
that of the brachial artery being 4.5 ± 0.14 
mm. The mean diameter of the veins used for 
surgery was 2.43 ± 0.5 mm. At the time of the 
first procedure, the mean diameter was 4.03 

± 0.57 mm, and the average flow rate was 
438.08 ± 220.95 mL/min. JAS was present in 
61.5% of the cases. The median time from the 

AVF operation to the first staged full-length 
BAM was 51 days. The patient characteristics 
are summarized in Table 1.

Figure 2. Illustration of staged full-length balloon-assisted maturation.

Table 1. Demographic data of the study participants

Variables n = 23

Age (mean, SD) (years) 69.50 11.12

Sex (M:W) 17:9

Follow-up duration (mean, SD) (days) 620.62 260.40

Type of AVF (n, %)

 Radiocephalic 23 88.5%

 Brachiocephalic 2 7.7%

 Radiobasilic (with transposition) 1 3.8%

Preoperative condition (mean, SD)

 Artery diameter (mm)

  Radial 2.14 0.5

  Brachial 4.5 0.14

 Vein diameter (mm) 2.43 0.5

Duration (days) between surgery to the first staged balloon PTA* 
[median, (range)] 51 11–343

Preprocedural condition (mean, SD)

 Fistula diameter (mm) 4.03 0.57

 Fistula depth (cm) 3.3 1.06

 Fistula flow (mL/min) 438.08 220.95

Comorbidities (n, %)

 Diabetes 21 80.8%

 Hypertension 17 23.1%

 CAOD 5 19.2%

 CVA 5 19.2%

 Malignancy 2 7.7%

 Glomerulonephritis 2 7.7%

Smoking status (n, %)

 Ex-smoker 12 46.2%

 Current smoker 2 8.7%

Normally distributed data are presented as means and standard deviations; otherwise, medians and minimum-
maximum values* are used. AVF, arteriovenous fistula; CAOD, coronary artery occlusive disease; CVA, cerebrovascular 
accident; W, women; M, men; PTA, percutaneous transluminal angioplasty; SD, standard deviation.
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Staged full-length balloon-assisted matu-
ration

Ten patients (28.5%) underwent a single 
procedure, whereas nine (34.6%) under-
went three or more procedures (Table 2). The 
Mustang balloon (Boston Scientific, Marl-
borough, MA, USA) was the most commonly 
used balloon catheter. The balloons typical-
ly had a diameter of 5 mm and a length of 
150 mm. After the final procedure, the AVF 
diameter was measured separately at the ar-
terial and venous needle cannulation areas 
(Table 2). These measurements were taken 
during hemodialysis sessions using the fis-
tula. Detailed information on the balloons 
used, the condition of the AVF prior to the 
procedures, and the outcomes are provided 
in the Supplementary Table.

Outcomes and complications

There was a substantial increase in both 
the pre- and postoperative diameters of the 
AVF at the arterial and venous cannulation 
sites. Additionally, there was a considerable 
increase in blood flow within the AVF (Table 
3). The fistula matured successfully in 87% of 
the patients. However, clinical failure occurred 
in 3 of the 23 patients, as their AVFs could 
not be used for dialysis due to unsuccessful 
maturation, as noted with an asterisk (*) in 
the Supplementary Table. Logistic regression 
analysis was conducted to identify potential 
factors contributing to these failures, but no 
statistically significant factors were identi-
fied.

Despite successful maturation and cannu-
lation, 15 of the 23 patients (65.2%) required 
additional percutaneous transluminal an-
gioplasty (PTA). The frequency of additional 
PTA and the number of these procedures 
are detailed in the Supplementary Table.
The decision to perform additional PTA was 
influenced by the presence of JAS prior to 
the first full-length balloon angioplasty. The 
odds of requiring additional PTA for patients 
with pre-existing JAS were significantly 
higher, with an odds ratio of 9.33 (P = 0.03; 
95% confidence interval: 1.22–97.62). When 
comparing AVF data between patients who 
underwent additional PTA and those who 
did not, a notable difference in the incidence 
rate of JAS was observed (Table 4). Addition-
al PTA targeted the JAS in 7 of the 15 patients 
and was performed on various venous zones 
outside the JAS in the remaining 8 patients. 
The 1-year primary patency rate of these in-
terventions was 49.2% (Figure 3).

In terms of postoperative complications, 
bruising occurred in 3 patients; however, 

there were no cases of hematoma, vascular 
rupture, procedure-related infections or ac-
cess-site complications.

Discussion
BAM is a method for the forced matura-

tion of immature AVFs that initially appears 
effective; however, there is an ongoing de-
bate about its long-term patency.7,17-22 A re-
cent meta-analysis by Tordoir et al.5 reported 
BAM success rates ranging from 43% to 97%. 
The most frequent complication was a hema-
toma, occurring in about 40% of cases, typ-
ically caused by using overly large balloons 
in the forearm. The study also noted a low 
long-term primary patency rate (28%–72%), 
indicating that multiple interventions might 
be necessary to maintain patency.5

In previous research, de Oliveira Harduin 
et al.23 conducted percutaneous angioplasty 
on the entire vein segment to expand the 
vessel wall and enhance blood flow by induc-

ing controlled rupture or controlled intramu-
ral hematoma from the intima, media, and 
adventitia layers. This technique resulted in 
the formation of a large-diameter AVF circuit 
with patency comparable to that of a mature 
AVF. Although this approach achieved a high 
success rate of approximately 91%, substan-
tial complications such as massive pseu-
doaneurysm from large-sized ballooning, 
uncontrolled steal, and juxta-anastomosis 
rupture requiring AVF ligation still occurred 
in about 5% of cases.23

In situations where the balloon diameter 
exceeds the AVF size by more than 2 mm, 
the vessel circumference increases by ap-
proximately 6 mm, substantially raising the 
risk of rupture. Therefore, the present study 
utilized staged full-length BAM to reduce 
this risk and increase the size of the entire ve-
nous segment where maturation was inad-
equate. The clinical outcomes of this staged 
approach did not substantially differ from 
earlier reports. Despite the intended uniform 

Table 2. Characteristics of staged balloon percutaneous transluminal angioplasty

Number of procedures performed (median, [range]) 2 [1–4]

 1 10 28.5%

 2 7 26.9%

 3 6 23.1%

 4 3 11.5%

Median diameter of the first balloon (median, [range]) (mm) 5 [3–7]

Median length of the first balloon (median, [range]) (mm) 150 [120–220]

Type of the first balloon (n, %)

 Mustanga 18 69.2%

 Passeob 3 11.5%

 Achillesc 4 15.4%

 Sterlingd 1 3.8%

Postprocedural fistula diameter (mean, SD) (mm)

 Arterial needle cannulation area 5.94 0.86

 Venous needle cannulation area 5.7 0.81

Postprocedural fistula depth (mean, SD) (mm)

 Arterial needle cannulation area 2.9 0.71

 Venous needle cannulation area 2.6 1.03

Postprocedural fistula flow (mean, SD) (mL/min) 716.25 663.5

Success rate of maturation and needling (n, %) 24 92.3%
aMustang balloon: Boston Scientific, Marlborough, MA, USA; bPaseo balloon: Biotronik AG, Bülach, Switzerland; 
cAchilles balloon: BrosMed Medical, Guangdong, China; dSterling balloon: Boston Scientific, Natick, MA, USA. SD, 
standard deviation.

Table 3. Independent t-test results comparing pre- and postprocedural fistula diameter and 
flow

Parameter Preprocedural Postprocedural P value

Arterial needle cannulation area (mm) 4.15 5.94 <0.01

Venous needle cannulation area (mm) 4.09 5.70 <0.01

Flow (mL/min) 438.08 716.25 <0.01
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increase in size not occurring in all patients, 
there were no procedure-related complica-
tions, such as hematoma or rupture.

The immediate technical success rate in 
this study was 100%, and the clinical suc-
cess rate of the dialysis access technique de-
scribed was 87%. For the 3 patients in whom 
the procedure failed, vein size was main-
tained during follow-up at the outpatient 
clinic 2 weeks post-procedure. However, se-
vere intimal hyperplasia developed within 3 
months, preventing lumen maintenance and 
rendering the AVFs unusable. Consequently, 
AVFs that underwent unsuccessful BAM were 
ligated, and new AVFs were created. 

In patient 26 (Supplementary Table), the 
fistula was a left wrist radiocephalic type. Ul-
trasound examination conducted 15 weeks 
post-fistula formation showed an ambigu-
ous vein size of 5.3 mm. Despite attempts 
at puncture, repeated hematomas occurred 
due to the deep placement and small size 
of the vein, which is unsuitable for dialysis. 
The staged full-length BAM was selected to 
potentially facilitate easier puncture by in-
creasing the vein diameter. The procedure 
was performed at 2-week intervals using 6 
mm and 7 mm balloons. Immediately after 
the procedure, the diameter and flow were 
confirmed to be sufficient for maturation 
success. However, for reasons not well un-
derstood, severe intimal hyperplasia devel-
oped throughout the forearm cephalic vein, 
leading to fistula failure (Figure 4). Prior to 
balloon angioplasty, the vein was cleaner 
and well-maintained. At the time of radio-
cephalic fistula formation, the cephalic vein 
in the upper arm increased in size, and the 
balloon did not traumatize the area. Subse-
quently, a brachiocephalic fistula was creat-
ed and maintained successfully for 2 years 
without further intervention. In such cases, it 
may have been preferable to perform super-
ficialization without BAM or PTA. Even if the 
vein diameter was initially large, staged full-
length BAM did not consistently induce mat-
uration, and the veins could fail during the 
maturation process due to intimal damage 
along the entire length of the vein caused by 
the balloon.

In patients 14 and 24 (supplement), there 
was little or no increase in vein size following 
balloon angioplasty; in some instances, the 
actual vein diameter was smaller than before 
the procedure. Ultrasound imaging revealed 
extensive intimal hyperplasia throughout the 
forearm cephalic vein, and an AVF occlusion 
developed within a month, necessitating a 
switch to an arteriovenous graft. Logistic re-
gression analysis was conducted to identify 

Figure 3. Primary patency of arteriovenous fistulas following staged full-length balloon-assisted maturation. 
The 1-year primary patency rate was 49.2%.

Figure 4. An example case of a patient who failed to achieve staged full-length balloon-assisted maturation 
(BAM). (a) Arteriovenous fistula image before cannulation showing a vein diameter of 0.56 cm and a clean, 
undamaged wall. (b) Severe intimal hyperplasia observed 3 months after staged full-length BAM.

Table 4. Comparison of groups that required and did not require additional treatment after 
maturation

Variable Additional intervention (+) Additional intervention (-) P value

Preoperative factors

 Artery diameter (mm) 2.24 ± 0.82 2.43 ± 0.79 0.56

 Vein diameter (mm) 2.39 ± 0.46 2.49 ± 0.59 0.64

Preprocedural factors

 Fistula diameter (mm) 4.19 ± 0.80 4.09 ± 0.49 0.71

 Fistula flow (mL/min) 407.01 ± 227.59 480.45 ± 214.73 0.41

 JAS [n (%)] 12 (80%) 4 (36.3%) 0.03

Postprocedural factors

 Fistula diameter (mm) 6.20 ± 0.75 5.57 ± 0.89 0.06

 Fistula flow (mL/min) 699.43 ± 315.66 739.20 ± 299.25 0.75

JAS, juxta-anastomosis stenosis.

a

b
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factors influencing the failure of the proce-
dure due to severe intimal hyperplasia, but 
no substantial factors were identified; even 
after a thorough review of the raw data and 
images, no singular cause was determined.

Overall, 73.9% of the patients included in 
this study had small veins (≤2.5 mm) before 
AVF formation. The smallest recorded vein di-
ameter was 1.3 mm, with 3 patients present-
ing veins ≤1.6 mm in diameter. Despite these 
small diameters, a radiocephalic fistula was 
chosen for these patients as a radial-based 
native fistula, which was expected to increase 
blood flow gradually while minimizing the 
impact on existing heart disease. Notably, 2 
of the 3 patients with preoperative vein di-
ameters of ≤1.6 mm successfully achieved 
maturation using staged full-length BAM.

In this study, the presence of JAS at the 
time of the first procedure was a substantial 
factor when additional PTA was required. 
JAS was the primary target of PTA in 46.7% 
of cases, with considerable stenosis occur-
ring at various sites, including drainage veins 
and puncture sites. This suggests that the 
findings from previous studies remain rele-
vant. The 1-year primary patency rate in this 
study was 49.2%. To minimize venous trau-
ma, balloons were gradually expanded, start-
ing with smaller sizes; however, the gradual 
stenosis could not be fully mitigated. These 
results underscore that forcibly inducing 
maturation of native AVFs by PTA inevitably 
damages the venous intima, leading to sub-
stantial stenosis over time.

This study had several limitations that 
should be noted. First, its single-center, retro-
spective design may have introduced patient 
selection bias. Second, the small sample size 
could lead to statistical inaccuracies. Third, 
it was not possible to ascertain the cause of 
clinical failure using only the data collected 
in this study. Further research is needed to 
confirm these findings.

In conclusion, in attempting BAM for 
AVF in this study, balloon size was gradual-
ly increased, and ballooning was performed 
along the full-length anatomical segment 
to minimize barotrauma where the balloon 
overlapped. As a result, 87% of patients suc-
ceeded in reaching maturation sufficient for 
needling, although 62.5% required addition-
al procedures during follow-up to maintain 
patency. Despite the burden of repeated 
procedures on patients and clinicians, these 
findings suggest that this approach is a safe 
option for patients with small, immature 
veins.
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Short-term outcomes of the iCover balloon-expandable covered stent 
for iliac artery lesions

PURPOSE
To describe the short-term follow-up results of the recently introduced iCover balloon-expandable 
covered stents for iliac artery lesions.

METHODS
All consecutive patients treated with iCover balloon-expandable covered stents between March 
2022 and August 2023 were retrospectively reviewed. The primary endpoint was target lesion re-
vascularization (TLR) at 6 months. Secondary endpoints included major adverse events, freedom 
from TLR throughout the follow-up period, primary and secondary patency, and clinical and tech-
nical success.

RESULTS
In the study population of 40 adult patients (87.5% men, mean age: 63.5 ± 11 years), the mean 
follow-up period was 6.2 ± 2.8 months. A total of 98 stents of various sizes were implanted. The 
technical success rate was 100%. Freedom from TLR was 95.8% [95%, confidence interval (CI): 95%–
96.6%], the primary patency rate was 91.7% (95%, CI: 89.8%–93.6%), and the secondary patency 
rate was 95.8% (95%, CI: 95%–96.6%) at 6 months. The all-cause mortality rate was 5%.

CONCLUSION
These real-world data demonstrate a high technical and clinical success rate, a high 6-month pri-
mary patency rate, and a low requirement for TLR. These are promising indicators for the safety and 
efficacy of iCover stents. 

CLINICAL SIGNIFICANCE
Balloon-expandable covered stents are frequently used in iliac artery atherosclerotic disease. This 
study shows that the short-term follow-up results of the new iCover stent are satisfactory, indicat-
ing its safety and efficacy.

KEYWORDS
Angiography, balloon-expandable covered stent, iliac artery disease, peripheral, stent

You may cite this article as: Canyiğit M, Beşler MS. Short-term outcomes of the iCover balloon-expandable covered stent for iliac artery lesions. Diagn Interv 
Radiol. 2025;31(1):52-57.

Endovascular treatment, particularly stent implantation procedures, is widely used, with 
high technical success and patency rates in peripheral artery stenoses and occlusions, 
such as those found in the aorto-iliac, subclavian, and mesenteric arteries.1,2 Covered 

stents are theoretically known to reduce restenosis rates by limiting neointimal hyperplasia 
and thrombosis and providing early luminal endothelialization.3 The use of covered stents is 
common in treating conditions such as arteriovenous fistula, iliac aneurysms, and peripheral 
arterial disease.4,5

Balloon-expandable and self-expandable stent grafts show similar performance in mid-
term results.6,7 In a study by Krankenberg et al.8 examining uncovered stents for the treatment 
of iliac artery occlusive disease, self-expandable stents showed lower rates of restenosis and 
target lesion revascularization (TLR) compared with balloon-expandable stents at a 1-year 
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follow-up. Balloon-expandable stents have 
advantages over self-expandable stents, 
including higher radial strength and more 
predictable deployment.9 In the DISCOVER 
trial, no difference was found in the rates of 
freedom from restenosis and TLR between 
covered and bare-metal stents at a 2-year 
follow-up for common iliac artery athero-
sclerotic disease.10 Some studies have shown 
that, compared with bare-metal stents, cov-
ered stents can increase freedom from TLR 
in aorto-iliac arterial disease and be advan-
tageous and preferable in more complex and 
severely calcified lesions.11,12 The 5-year re-
sults of the COBEST study demonstrate that 
covered stents provide higher patency in 
aorto-iliac occlusive disease compared with 
bare-metal stents in long-term follow-up.13 

For these reasons, the use of covered 
stents in iliac artery diseases is becoming 
more widespread. Currently, there are no 
original studies or case reports in the litera-
ture regarding the recently introduced iCov-
er stents for iliac artery lesions. This study 
aims to evaluate the safety and short-term 
effectiveness of the iCover stents using re-
al-world data. 

Methods

Study design

This single-center, retrospective study 
was approved by the Ankara Bilkent City 
Hospital Review Board (decision number: 
E2-23-4066, date of approval: 10.05.2023). It 
received a waiver of informed consent and 
was conducted in accordance with the Dec-
laration of Helsinki. All consecutive patients 
treated with iCover stents during the study 
period, between March 2022 and August 
2023, were assessed. Patients with stents im-
planted in the subclavian artery (n = 7), renal 
artery (n = 3), celiac artery (n = 2), and bra-
chiocephalic truncus (n = 1) were excluded. 
The study population consisted of 40 adult 
patients treated for common and external 

iliac arteries (Figure 1). Among these patients 
(87.5% men, mean age: 63.5 ± 11 years), the 
mean follow-up period was 6.2 ± 2.8 months 
(Table 1). Patients included in the study had 
symptomatic peripheral arterial disease in 
the iliac arteries, with severe stenosis or oc-
clusions ranging from claudication limiting 
quality of life to tissue loss (Rutherford cat-
egory 3 or higher). All procedures were per-
formed by an interventional radiologist with 
20 years of experience in peripheral artery 
interventions. 

Demographic characteristics, comor-
bidities, stenosis or occlusion locations, 
procedural adverse events, pre-procedur-
al symptoms, follow-up examinations, and 
post-procedural antiplatelet medication 
compliance were recorded.

The iCover balloon-expandable expand-
ed polytetrafluoroethylene (e-PTFE)-covered 
stent (iVascular, Barcelona, Spain) was com-
patible with a 0.035-inch guidewire, catheter 
lengths of 80 or 140 cm, and 6F or 7F intro-

ducer sheaths. It was available in various 
diameters (5–10 mm) and lengths (17–57 
mm). Stents with a diameter of 5–8 mm al-
lowed post-dilation up to 10 mm, whereas 
those with a diameter of 9–10 mm permitted 
post-dilation up to 12 mm.

The femoral artery was preferred for vas-
cular access in 35 patients, whereas the bra-
chial artery was chosen in five patients. A 7F 
introducer sheath was inserted. At the begin-
ning of the procedure, 70 U/kg heparin was 
administered as an intravascular bolus. After 
confirming significant stenosis or occlusion 
with digital subtraction angiography, the le-
sion was crossed with a 0.035-inch guidewire. 
The native vessel diameter and lesion length 
were measured on a case-by-case basis, and 
a stent was deployed. Pre-dilation or post-di-
lation was performed using a non-compliant 
balloon if necessary. An additional 2,500 U 
heparin dose was administered every hour if 
the procedure lasted a long time. The proce-
dure was concluded if <30% residual stenosis 
was seen on post-procedural angiography. 

Main points

• Balloon-expandable covered stents can be 
used for iliac artery lesions. 

• The novel iCover stents have demonstrat-
ed satisfactory freedom from target lesion 
revascularization and high primary and 
secondary patency rates in short-term fol-
low-up. 

• According to the study results, the newly 
introduced stents are safe and effective for 
the treatment of iliac artery atherosclerotic 
disease.

Table 1. Baseline characteristics of the study population

Characteristic Total (n = 40)

Gender, men 35 (87.5)

Age, years 63.5 ± 11

Hypertension 28 (70)

Diabetes mellitus 22 (55)

Coronary artery disease 20 (50)

Smoking (pack/years) 22.5 [0–40]

Peripheral arterial bypass graft history 3 (7.5)

Previous endovascular treatment in the target lesion area 5 (12.5)

Limb amputation history 1 (2.5)

Data are presented as number (percentage), mean ± standard deviation, and median [interquartile range 25–75].

Figure 1. Flowchart of patient selection.
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Each patient was prescribed clopidogrel (75 
mg) daily for 6 months and lifelong acetylsal-
icylic acid (100 mg). 

Outcome measures

Primary patency was defined as <50% 
restenosis on Doppler ultrasound or comput-
ed tomography angiography, along with no 
revascularization, bypass surgery, or target 
limb amputation. A peak systolic velocity ra-
tio of <2 corresponded to a diameter steno-
sis of <50%. Secondary patency was defined 
as the patency of the target lesion after treat-
ment of a reocclusion through either a sur-
gical bypass or endovascular intervention. 
Procedural success was defined as <%30 re-
sidual stenosis on final angiography. Clinical 
success was defined as at least a one-point 
improvement in the Rutherford category for 
iliac artery lesions.

The primary endpoint was TLR at 6 
months. Secondary endpoints included ma-
jor adverse events (death, myocardial infarc-
tion at 30 days, stent thrombosis, acute limb 
ischemia, target limb amputation, or proce-
dure-related major bleeding), freedom from 
TLR, primary and secondary patency, and 
clinical and technical success rates. Reinter-
vention was performed for >50% stent reste-
nosis accompanied by clinical symptoms.

Clinical examinations and symptom as-
sessments were conducted at 1, 3, 6, and 
12 months of follow-up, noting any adverse 
events. Stent patency was assessed using 
computed tomography angiography or 
Doppler ultrasound (if the glomerular fil-
tration rate was <60 mL/min) routinely at 
3- and 6-month follow-ups, or during clinical 
follow-up examinations if improvement was 
not achieved according to clinical success 
criteria.

Statistical analysis

Statistical analysis was conducted us-
ing SPSS 26.0 (IBM, Armonk, NY, USA).  
In descriptive statistics, the normality of 
data distribution was determined by the 
Shapiro–Wilk test. Continuous variables were 
expressed as mean ± standard deviation, 
median (range: minimum–maximum), or 
median (interquartile range: 25–75), where-
as categorical variables were expressed as 
numbers and percentages. Patency rates and 
freedom from TLR during follow-up were cal-
culated using Kaplan–Meier estimates.

Results
A total of 98 stents were implanted in 40 

patients for iliac artery diseases. The inter-
vention was performed on the common iliac 
artery in 55% of the patients, on the external 
iliac artery in 30%, and on both the common 
and external iliac arteries in 15%. Stents were 
implanted in the stenosis area in 21 patients 
(52.5%) and in the occlusion area in 19 pa-
tients (47.5%). The stents had a median diam-
eter of 8 mm (range: 6–10 mm) and a median 
length of 37 mm (range: 27–57 mm) (Table 
2). One patient with extensive aorto-iliac dis-
ease was treated using the covered endovas-
cular reconstruction of the aortic bifurcation 
technique. The technical success rate was 
100%, and the overall clinical success rate 
was 90%.

During follow-up, stent occlusion was 
detected in the common iliac arteries of 
two patients. One of these patients under-

went aortofemoral bypass surgery. The other 
patient had a reintervention with the de-
ployment of an iCover stent, and the newly 
deployed stent was patent at the 6-month 
follow-up. It was found that these patients, 
who experienced stent occlusion, had dis-
continued clopidogrel after the 1st month 
post-procedure, continuing only with acetyl-
salicylic acid. Freedom from TLR was 95.8% 
[95%, confidence interval (CI): 95%–96.6%], 
the primary patency rate was 91.7% (95%, 
CI: 89.8%–93.6%), and the secondary paten-
cy rate was 95.8% (95%, CI: 95%–96.6%) at 6 
months (Figures 2-4).

In one patient, during iliac artery stent de-
ployment, plaques migrated to the terminal 
aorta, necessitating the placement of kissing 
stents. In another patient who underwent 
stent placement in the external iliac artery, 
plaque migrated to the internal iliac artery, 
which was managed by deploying an uncov-
ered stent in the internal iliac artery. Similarly, 

Table 2. The sizes and numbers of deployed stents

Diameter (mm)–length (mm) Number of stents (n = 98)

6–27 1

6–37 10

6–57 4

7–27 10

7–37 4

7–57 15

8–27 8

8–37 8

8–57 10

9–27 7

9–37 8

9–57 8

10–27 1

10–37 4

Figure 2. Kaplan–Meier estimate of freedom from target lesion revascularization throughout the follow-up 
period. TLR, target lesion revascularization.
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in a patient where stent placement was per-
formed in the external iliac artery through 
brachial artery access, plaque migrated from 
the terminal aorta to the contralateral exter-
nal iliac artery, requiring the placement of a 
stent in that region as well. Vascular access 
adverse events included a femoral artery 
pseudoaneurysm in one patient, which was 
corrected with manual compression. No 
structural concerns, such as stent fracture 
or kinking, were encountered. No major am-
putations of the target limb occurred during 
follow-up.

The all-cause mortality rate was 5% (n = 
2). No in-hospital mortality was observed 
within the first 30 days. After 30 days, mor-
tality unrelated to endovascular procedures 
occurred. One patient experienced gastroin-
testinal bleeding due to anticoagulant and 
antiplatelet therapy for graft thrombosis af-
ter bypass surgery in the target vessel, and 
another patient with colon cancer and acute 
pulmonary edema died.

Discussion
In this study observing early outcomes 

of a newly introduced balloon-expandable 
stent in 40 patients, real-world data was eval-
uated. The use of stents in iliac arteries and 
short-term follow-up results were examined. 
Despite a median follow-up of 6 months, the 
absence of technical failures, high clinical im-
provement rates, and elevated primary and 
secondary patency rates, along with a high 
rate of freedom from TLR, suggest the safety 
and effectiveness of the stent in treating iliac 
artery disease.

In e-PTFE-covered stents, the surround-
ing membrane reduces cytokine and growth 
factor secretion, thereby inhibiting smooth 
muscle cell migration and neointimal tissue 
growth. This thin membrane decreases stent 
radial pressure, cutting off the connection 
between the vessel wall and blood flow, 
which helps reduce re-embolization.14 Bal-
loon-expandable and self-expandable cov-
ered stents, as well as bare-metal stents, offer 

various solutions in the primary treatment 
of peripheral arterial occlusive disease.8,15,16 
A study highlighting the use of balloon-ex-
pandable covered stents, especially in the 
iliac arteries, noted that these stents were 
clinically useful for addressing recurrent in-
stent restenosis.17 In this study, a balloon-ex-
pandable covered stent was used for the 
treatment of iliac artery reocclusion, and 
the newly deployed stent was patent at the 
6-month follow-up.

In the guideline by the Society for Car-
diovascular Angiography and Interventions 
regarding aorto-iliac arterial interventions, 
drug-eluting stents are not recommend-
ed for aorto-iliac arterial disease. However, 
self-expandable covered stents are sug-
gested with a weak to moderate recom-
mendation, whereas bare-metal stents are 
recommended at various levels. Balloon-ex-
pandable covered stents are endorsed with 
a moderate to strong recommendation. 
Specifically, balloon-expandable covered 
stents are strongly recommended for aor-
to-iliac bifurcation and common iliac artery 
locations, particularly in cases of moderate 
to severely calcified lesions.18 In the ICE trial, 
the use of uncovered stents for treating iliac 
artery occlusive disease was compared. The 
results showed that self-expandable stents 
had better primary patency at a 1-year fol-
low-up than balloon-expandable stents.8 In 
the DISCOVER trial, at a 2-year follow-up for 
the treatment of common iliac artery athero-
sclerotic disease, the results for balloon-ex-
pandable covered stents and balloon-ex-
pandable bare-metal stents were similar.10 In 
a study involving a 2-year follow-up on iliac 
axis occlusions, both self-expandable and 
balloon-expandable covered stents, used 
alone or in combination, achieved excellent 
patency rates.19 For aorto-iliac occlusive dis-
ease, the long-term results of balloon-ex-
pandable covered stents provide acceptable 
patency rates.13,20 The BOLSTER clinical trial 
demonstrated that balloon-expandable cov-
ered stents for iliac artery occlusive disease 
had 89.1% primary patency, 96% freedom 
from TLR, and 90.5% clinical improvement 
at the 9-month follow-up.21 In the VISIBILITY 
study, a 9-month follow-up on atherosclerot-
ic diseases of the common and external iliac 
arteries showed that balloon-expandable 
stents achieved a primary patency and free-
dom from target vessel revascularization rate 
of 95.8%.22 Our study population’s results, 
with 91.7% primary patency, 95.8% freedom 
from TLR, and 90% clinical success rates, are 
comparable with these short-term studies.

Figure 3. Kaplan–Meier estimate of primary patency throughout the follow-up period.

Figure 4. Kaplan–Meier estimate of secondary patency throughout the follow-up period.
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In cases of iliac artery occlusion where 
primary patency was not maintained and 
there was a need for TLR, after the 1st month, 
patients continued with acetylsalicylic acid 
medication alone due to non-compliance 
with dual antiplatelet therapy. While there 
is no consensus on the duration of use in 
peripheral arterial disease, dual antiplatelet 
therapy is considered more beneficial than 
mono antiplatelet therapy for preventing 
thrombotic adverse events following inter-
ventions.23 Dual antiplatelet therapy pre-
vents major adverse limb events such as 
loss of patency, TLR, and major amputation. 
However, as the duration of use increases, 
the rising risk of major bleeding should also 
be considered.24 Strict adherence to the pre-
scribed antiplatelet treatment is crucial for 
maintaining stent patency. 

In the study conducted by Tomoi et al.25, 
which treated aorto-iliac arterial disease in 
149 patients using balloon-expandable cov-
ered stents, residual stenosis, artery rupture 
resolved with additional stenting, and acute 
stent thrombosis due to manual compres-
sion were encountered. In our study popu-
lation, technical success was achieved in all 
patients, and plaque migration occurring 
during the procedure was treated without 
complications through stent implantation in 
three patients. In studies on balloon-expand-
able stent-grafts for iliac artery occlusions, 
the mortality rate was 4% in the VISIBILITY 
study and 4.5% in the BOLSTER study, with 
these rates being unrelated to the proce-
dure.21,22 The AVOCADO II study showed a 
1-year overall survival rate of 93%.25 Similarly, 
in this study, the mortality rate unrelated to 
the procedure was 5%.

This study has some limitations. First, it is 
a single-center, retrospective study that lacks 
a comparative analysis with another stent 
design. Additionally, mid- and long-term 
follow-up results were not available due to 
the recent release of the stent. Multicenter, 
prospective, randomized, and long-term 
follow-up studies should be conducted to 
improve our understanding of the safety and 
efficacy of this stent.

In conclusion, the early results of iCover 
balloon-expandable covered stents in the 
treatment of iliac artery disease are satis-
factory. Therefore, this newly introduced 
stent can be used safely, similar to other bal-
loon-expandable or self-expandable covered 
stents and bare-metal stents.
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