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ABSTRACT

Purpose Over the last few years, there has been an increasing

focus on integrating artificial intelligence (AI) into existing

imaging systems. This also applies to ultrasound. There are al-

ready applications for thyroid and breast lesions that enable

AI-assisted sonography directly on the device. However, this

is not yet the case for lymph nodes.

Materials and Methods The aim was to test whether already

established programs for AI-assisted sonography of breast le-

sions and thyroid nodules are also suitable for identifying and

measuring superficial lymph nodes. For this purpose, the two

programs were used as a supplement to routine ultrasound

examinations of superficial lymph nodes. The accuracy of de-

tection by AI was then evaluated using a previously defined

score. If available, a comparison was made with cross-section-

al imaging.

Results The programs that were used are able to adequately

detect lymph nodes in the majority of cases (78.6 %). Prob-

lems were caused in particular by a high proportion of echo-

rich fat, blurred differentiation from the surrounding tissues

and the occurrence of lymph node conglomerates. The avail-

able cross-sectional images did not contradict the classifica-

tion of the lesion as a lymph node in any case.

Conclusion In the majority of cases, the tested programs are

already able to detect and measure superficial lymph nodes.

Further improvement can be expected through specific train-

ing of the software. Further developments and studies are re-

quired to assess risk of malignancy.

Key Points

▪ The inclusion of AI in imaging is increasingly becoming a

scientific focus.

▪ The detection of lymph nodes is already possible using

device-integrated AI software.

▪ Malignancy assessment of the detected lymph nodes is

not yet possible.
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ZUSAMMENFASSUNG

Hintergrund In den letzten Jahren rückt die Integration

künstlicher Intelligenz (KI) in bestehende Bildgebungen zu-

nehmend in den Fokus. Dies gilt auch für die Sonografie. Für

Läsionen der Schilddrüse sowie der Mamma existieren bereits

Anwendungen, die unmittelbar am Gerät eine KI-assistierte

Sonografie ermöglichen. Für Lymphknoten ist dies bisher

nicht der Fall.

Material und Methoden Getestet wurde, ob bereits eta-

blierte Programme zur KI-assistierten Sonografie von Läsio-

nen der Brust beziehungsweise Schilddrüsenknoten sich

grundsätzlich auch dazu eignen, oberflächliche Lymphknoten
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zu erkennen und zu vermessen. Hierzu wurden die beiden

Programme im Rahmen klinischer Routineuntersuchungen

oberflächlicher Lymphknoten ergänzend zum Standard ge-

nutzt. Die Genauigkeit der Erfassung durch die KI wurde im

Anschluss durch einen vorher definierten Score bewertet. So-

fern verfügbar erfolgte ein Vergleich zu einer Schnittbildge-

bung.

Ergebnisse Die genutzten Programme sind in der Mehrheit

der Fälle (78,6 %) in der Lage, Lymphknoten adäquat zu erfas-

sen. Probleme bereiten insbesondere ein hoher Anteil echo-

reichen Fetts, eine unscharfe Abgrenzbarkeit zur Umgebung

sowie das Auftreten von Lymphknoten-Konglomeraten. Die

verfügbaren Schnittbildgebungen widersprachen in keinem

Fall der Wertung der Läsion als Lymphknoten.

Schlussfolgerungen Die getesteten Programme sind in der

Mehrzahl der Fälle bereits in der Lage, oberflächliche Lymph-

knoten zu erfassen. Durch ein entsprechendes Training der

Software ist eine weitere Verbesserung zu erwarten. Zur Di-

gnitätseinschätzung sind weitere Entwicklungen und Studien

notwendig.

Kernaussagen

▪ Die Einbeziehung von KI in Bildgebungen steht zuneh-

mend im wissenschaftlichen Fokus.

▪ Die Erfassung oberflächlicher Lymphknoten ist durch eine

geräteintegrierte KI-Software bereits möglich.

▪ Eine Dignitätsabschätzung der erfassten Lymphknoten ist

durch diese Programme aktuell nicht möglich.

Introduction

Ultrasound is a broadly available imaging technique with minimal
side effects, and it offers a wide range of applications, including
the detection and assessment of lymph nodes. Indications for
the sonographic assessment of lymph nodes include, for example,
the detection of cancer spread, re-staging after oncological treat-
ment or, as a complement to clinical examination, the differential
diagnosis of unclear lymph node enlargement [1, 2, 3, 4, 5, 6].

Once the examiner has detected the lymph nodes as part of
the routine sonographic examination, the status of the lymph
nodes must be assessed. When assessing lymph nodes, the shape,
the ratio of cortex to medulla, the presence of a hilar sign, echo-
genicity, the pattern of vascularization, the extent of induration,
and the perfusion all play a decisive role [7]. Measurement on at
least two planes is required for complete documentation. This is
particularly necessary if sonographic follow-up examinations are
scheduled. Automated detection and measurement with the
help of algorithms based on artificial intelligence (AI) immediately
when performing the examination could be helpful here.

Modern ultrasound technology using high-performance equip-
ment and multi-frequency probes can be used to combine de-
tailed B-scan technology, high-resolution color-coded duplex
procedures, ultrasound elastography techniques, and contrast-
enhanced ultrasound (CEUS) with perfusion analysis [8, 9]. This al-
lows the examiner to obtain a multi-parametric “overall impres-
sion” of the lymph node and use this as a basis for assessment
[10]. AI also offers promising potential regarding the generation
and time-consuming evaluation of this overall impression. For ex-
ample, initial studies have already shown that a combination of AI
and CEUS can provide a more accurate status assessment of thy-
roid nodules [11].

Research on the additional assessment of sonographic findings
using AI has been steadily increasing in recent years. Applications
have been described in particular for the assessment of breast le-
sions [12, 13], the thyroid gland [14, 15, 16, 17], as well as for car-
diac ultrasound [18]. One particular difficulty for the successful
application of AI in the assessment of ultrasound images is the
high variability in the quality and settings of the respective find-

ings [19]. However, modern AI programs work via pattern recog-
nition, which is made considerably more difficult due to this varia-
bility. With regard to the input data, the basic rule for AI is:
“garbage in, garbage out”.

AI-supported sonographic assessment of superficial lymph
nodes has only been minimally investigated. Initial studies show,
for example, that there is potential for improved identification of
axillary lymph node metastases in patients with breast cancer [20]
or for sonographic differential diagnosis of the various causes of
enlarged cervical lymph nodes [21]. Until now, however, the ultra-
sound images have usually been evaluated afterwards using spe-
cial software external to the actual ultrasound device. Neverthe-
less, current ultrasound devices already offer the integrated
option of AI-supported identification and evaluation of lesions on
the ultrasound device (onboard application). Initial studies are in-
vestigating the quality of these programs for the differential diag-
nosis of various lesions [17, 22, 23]. As far as we know, there are
no corresponding smart scanning programs specifically for lymph
nodes. The aim of this study was, therefore, to examine the extent
to which already established AI programs could also be used for
superficially located lymph nodes. This is of interest from our
point of view, as these programs can already be used in everyday
clinical practice.

The primary goal of the study was to determine the suitability
of the two AI programs for the automated identification and
measurement of lymph nodes. Ideally, once a node has been cor-
rectly identified, the AI program should automatically and accu-
rately capture the edge and perform a measurement on both
planes of the respective image. The determined scores formed
the basis for answering this question.

Materials and Methods

The study included superficial lymph nodes regardless of their lo-
cation (e. g., cervical, inguinal, or axillary) and regardless of the
patientʼs basic disease. All examinations were performed in the in-
terdisciplinary ultrasound center of our hospital as part of the clin-
ical routine. All examinations were performed by an experienced
examiner (DEGUM III, more than 20 years of experience in ultra-

Rink M et al. Smart scanning: automatic… Fortschr Röntgenstr | © 2024. Thieme. All rights reserved.

Technical Innovations

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



sound, more than 3000 examinations per year) and stored digital-
ly in the Picture Archiving and Communication System (PACS) to
record the findings. The PACS files were then analyzed retrospec-
tively. A positive ethics vote from the local ethics committee was
available for the retrospective evaluation. The AI program was
used for patient lymph nodes that were documented with an im-
age as part of the clinical question and not for every visualizable
lymph node of the patient. Smart thyroid was available for a con-
siderably shorter period of time than smart breast. A comparison
of the two programs was not the aim of our study.

Two different ultrasound devices were used for the examina-
tions: Resona 7 (Mindray, Shenzhen, China) and Resona R9 (Mind-
ray). An AI program for the detection and assessment of breast
lesions (smart breast) was used on the Resona 7, while an AI pro-
gram for thyroid nodules (smart thyroid) was used on the Resona
R9. The detection program for breast tumors (smart breast, Reso-
na 7, Mindray) was used for 52 lymph nodes in 34 patients. The
more recent AI program for thyroid tumors (smart thyroid, Resona
R9, Mindray) was used in 4 patients with 4 lymph nodes.

Smart breast was originally developed for the sonographic as-
sessment and status evaluation of breast lesions. The BI-RADS
criteria required for this are stored in the software and are auto-
matically analyzed after the lesion has been detected, although
manual corrections can be made by the examiner [23]. The soft-
ware relies on the best possible image settings by the examiner, as
the analysis is based on this data. The program cannot perform a
fully automated tomographic examination with scanning of the
lesion, data set generation, and interpretation. The same applies
to smart thyroid, where the TIRADS criteria are stored accordingly.

The examination to identify lymph nodes using smart breast
was carried out according to the following procedure:
1. Adjustment of a superficially located lymph node on the B-scan
2. Start of the “smart breast” program
3. Definition of the axis orientation in the ultrasound image

(sagittal or transversal)
4. Start of the software-supported lesion search. The program

then identifies the lymph node and circles its edge.
5. Start of the automatic measurements (the two diameters that

can be measured within the selected plane are measured here,
for example the ventrodorsal and mediolateral diameters in
the transverse section)

6. Saving of the findings

Modifications can be made to the smart breast program at various
points in the examination, such as correcting the automatically
drawn edge. However, this was not done in the study, as the aim
was to find out how well the automatic definition of the margin
and the measurement points works. The procedure in the smart
thyroid program was equivalent.

Both smart breast and smart thyroid are programs that have
been evaluated by the software manufacturer and are available
to buy for routine users to assist in the differential diagnosis of
breast lesions and thyroid nodules, respectively. Guiban et al. in-
vestigated the agreement in the assessment of breast lesions ac-
cording to BI-RADS between the examiner and smart breast [23].
Before being used for lymph node sonography, smart breast was
tested at our hospital on 100 breast lesions with a diameter of at

least 10mm in order to check the functionality of the program as
described. Incorrect markings or identifications were corrected
manually. For the smart thyroid program, an equivalent procedure
was carried out with 100 thyroid nodules with a diameter of at
least 8mm.

Following this first phase, an attempt was made to automatic-
ally detect 10 lymph nodes, each with a diameter of at least
10mm. In this second step, any errors that occurred were also
corrected manually; the results up to this point were not used for
this study or everyday clinical practice. The software was then set
up on-site and used as an addition to the routine examination ac-
cording to the standard. Therapy-relevant decisions regarding the
examined patients were never dependent on the result of the AI
program. AI errors were no longer corrected manually, and no fur-
ther training in any other form took place, as the aim was to eval-
uate whether the two programs in their current form were already
suitable for detecting and measuring lymph nodes. A total of
three linear probes were used, one of which has a somewhat
wider frequency spectrum than the other two (1 × 3–15MHz and
2 × 3–9MHz).

The evaluation assessed whether the AI software was able to
recognize the lymph nodes and correctly determine their size.
For this purpose, a score from 0 (lymph node not detected at all)
to 5 (lymph node fully detected, complete margin accurately cap-
tured and without any artifact formation) was created. The levels
of the score were determined before the images were analyzed.
The different score levels are shown in ▶ Table 1, representative
examples are shown in ▶ Fig. 1, ▶ Fig. 2, ▶ Fig. 3, ▶ Fig. 4,
▶ Fig. 5. The score was determined in consensus by two of the au-
thors. A score of 4 or 5 was considered “good”, a score of 3 was
considered “adequate”. All lower scores meant an “inadequate”
result. The AI did not assess whether the findings were malignant
or benign. This is currently not possible with the AI programs
used.

Wherever possible, cross-sectional imaging performed close to
the time of the ultrasound examination (maximum interval of
4 weeks) was used for comparison in order to verify the evaluation
of a sonographic finding as a lymph node. The reports produced
by radiologists (CT, MRI) or specialists in nuclear medicine (PET-
CT) as part of their routine clinical practice were used as a refer-
ence.

▶ Table 1 Presentation of the score. LN = lymph node.

0 LN not recognized

1 LN is recognized, but rough misinterpretation of the limits

2 LN detected, but significant errors when circling the edge or
setting the measuring points/no setting of measuring points

3 LN recorded, and edge largely captured correctly

4 Edge of the LN only almost completely correctly circled or
measurement only in one dimension with completely correctly
detected edge; no relevant artifact

5 Complete edge of the LN precisely captured and no artifact;
measurement of both axes mandatory

Rink M et al. Smart scanning: automatic… Fortschr Röntgenstr | © 2024. Thieme. All rights reserved.

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



Following the first evaluation of the images, all findings with a
score of 2 or lower were analyzed again to identify possible causes
for the inferior detection by the AI software. During the first eval-
uation, possible factors that were noticed were the close presence
of low-echo structures such as vessels, the presence of a lymph

node conglomerate, a blurred demarcation from the surrounding
area, and a high proportion of echogenic fat. For this reason,
specific attention was paid to these criteria during the review, as
well as to artifacts in the image and an overall unfavorable image
quality.

The evaluations in this study were retrospective and purely ex-
ploratory.

Results

▶ Table 2 summarizes the scores achieved by both programs.
In total, 30 of the 56 lymph nodes (53.6%) achieved a score of

4 or 5 and thus a “good” result, while another 25 % achieved an
“adequate” result with a score of 3. Only 12 of the 56 lymph
nodes (21.4 %) had a score of less than 3 and were therefore asses-
sed as “inadequate”.

As described above, the images with a score of 2 or lower were
subsequently analyzed again. The exact individual analysis for the
follow-up of the images with a score of 2 or lower is shown in
▶ Table 3. Overall, it can be seen that the AI program had prob-
lems delimiting the margin, particularly in lymph nodes with a
high proportion of echo-rich fat (▶ Fig. 3). The division of a con-

▶ Fig. 2 Image example of a score of 2. The lymph node is
recognized, but the borderline is inaccurate in many places.

▶ Fig. 1 Image example of a score of 1. AI incorrectly interprets the
lymph node conglomerate shown as a single lymph node.

▶ Fig. 3 Image example of a score of 3. The lymph node is recog-
nized, but the margin is inaccurate because the high-fat portion is
incorrectly recognized as the border. Measurement of both axes.

▶ Fig. 4 Image example of a score of 4: Although the edge is
completely and precisely circumscribed, the measurement was only
taken on one axis.

▶ Fig. 5 Image example of a score of 5: The lymph node is completely
circled by AI and is measured on both axes. No artifact formation.
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glomerate into individual lymph nodes was also not successful
(▶ Fig. 1).

In the case of the unrecognized lymph node with a score of 0
(corresponding to lymph node 9 in ▶ Table 3), the AI program
mistook a neighboring vessel for a lymph node (▶ Fig. 6).

In none of the cases did the cross-sectional imaging – if per-
formed – contradict the sonographic evaluation of the lesion by
the AI as a lymph node. It should be noted that cross-sectional
imaging was only available for 22 lymph nodes for comparison.
In total, an MRI examination was available for 2 nodes, a CT scan
for 13, and a PET-CT scan for 7 for comparison. In the remaining
cases, no cross-sectional imaging was available for comparison
due to the retrospective approach of this study. A detailed list
can be found in Supplement 1. Even though the cases with
cross-sectional imaging as a comparison did not show any false-
positive cases, the case presented in ▶ Fig. 6 demonstrates that
false-positive results do occur.

Overall, it should be noted that only certain regions were exam-
ined sonographically in this study, all of which were in a superficial
location. “Good” identification and measurement of the lymph
node by AI was only possible in slightly more than half of the cases
(53.6 % score 4 and 5) and still requires the best possible visualiza-

tion by the examiner. Good delineation of the node from surround-
ing structures also improves the accuracy of the AI program.

Discussion

The aim of this pilot study was to test whether an onboard AI ap-
plication for diagnostic breast or thyroid workup can also be used
to identify lymph nodes. After a very short initial training period as
described in the materials and methods section, the system can
recognize lymph nodes and record their size. This can make the
procedure easier and faster for the examiner.

Research on the integration of AI into ultrasound as well as
other imaging methods is increasingly becoming a focus of var-
ious disciplines [24, 25]. In the field of ultrasound, most studies
analyze whether the integration of AI can improve the differential
diagnosis of lesions, for example of the thyroid gland [14, 15, 16,
17] or the breast [12, 13].

Determining the status of lymph nodes using ultrasound is a
frequent and highly relevant clinical question. In principle, there
is great potential for improving the diagnostic workup with the
additional assessment by AI. The first step is always the correct
identification and marking of a lesion as a lymph node. This can

▶ Table 2 Summary of the scores achieved with the respective AI programs and their incidence rates. The percentages are rounded to the nearest
whole number.

Score 0 Score 1 Score 2 Score 3 Score 4 Score 5

Smart Breast,
Resona 7

1 ( = 2%) 2 ( = 4%) 9 ( = 17%) 14 ( = 27%) 16 ( = 31%) 10 ( = 19%)

Smart Thyroid,
Resona R9

– – – – 3 ( = 75%) 1 ( = 25%)

▶ Table 3 Presentation of possible influencing factors for lymph nodes detected with a score of 2 or worse. The numbers refer to the consecutive
numbering of the lymph nodes as part of the data collection. LN: lymph node.

Proximity to
echo-poor structures

Conglomerate Blurred demarcation
from surroundings

High fat
content

Artifacts Unfavorable image
quality

LN 2 no yes no yes no no

LN 9 no no no no no no

LN 12 yes yes no no no no

LN 15 no no no yes no no

LN 17 no no no no no no

LN 18 no no yes yes no no

LN 21 no no yes yes no no

LN 32 yes no no no no no

LN 42 no yes no no no no

LN 47 yes no no yes no no

LN 48 no no no no no no

LN 51 yes no yes yes no no
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be done by the examiner, with subsequent assessment of the
lymph node by the AI program. However, automatic detection of
the node with direct subsequent analysis by the AI software would
be more time-efficient. The examiner would then only have to se-
lect a suitable image and everything else would be done automat-
ically. As a first step in this study, we focused on whether lymph
nodes can be reliably detected and their extent determined by
the AI programs available on-site.

In our study, a score of 3 or higher was achieved for 78.6 % of
the lymph nodes. Considering that the programs that we used
were not primarily developed for the identification of lymph
nodes, we consider this to be a promising result. In particular, it
underlines the high potential of AI to improve the identification
and interpretation of lymph nodes using onboard AI applications,
possibly with special programs in the future. An increase in accu-
racy appears possible through higher case numbers and thus in-
creased training of the AI.

As far as we know, this is the first study examining the AI-assis-
ted identification and measurement of lymph nodes right at the
ultrasound machine using onboard AI software.

Despite these encouraging results, some limitations of our
study must be taken into account. The images were acquired as
part of routine clinical practice, not in a prospective study setting.
Therefore, image settings such as orientation, gain, or frequency
are not standardized but rather were defined individually for each
patient. The evaluation was performed by two examiners in con-
sensus, so there was no blinding to each otherʼs assessment and
one of the two examiners was also the original investigator. As a
pilot study, the aim was to show that the method works in princi-
ple. The number of cases is therefore still small. The comparison
with cross-sectional imaging is limited by the fact that cross-sec-
tional imaging from an external radiology/nuclear medicine de-
partment may exist for the nodes without comparative imaging,
which was not accessible due to the retrospective nature of the
study. Due to the retrospective approach, it was only possible to
evaluate images collected and stored in the everyday clinical rou-
tine. Therefore, no statement can be made about the susceptibil-
ity of the AI software to false-positive results. The example in
▶ Fig. 6 shows that false-positive findings can occur (i. e., misin-

terpretation of a structure other than a lymph node). Further pro-
spective studies are required for a more precise statement on this.

For the future aim of improving the assessment of lymph node
status by adding AI, one important limitation must be mentioned.
Currently, only a selected section through the lymph node is ana-
lyzed by the mentioned programs. However, an assessment of the
entire lymph node in all planes would be necessary for a status as-
sessment. The fact that AI can in principle be used to assess the sta-
tus of circumscribed lesions in real time has already been demon-
strated for the thyroid gland [17] and liver masses [22], for example.

Developers and manufacturers of ultrasound AI software
should develop lymph node specific applications and these pro-
grams should then be validated in prospective studies. A second
step would be the use of tomographic ultrasound images for AI-
supported assessment of status.

Conclusion

Our study takes a first step by showing that AI programs can, in
principle, detect and measure lymph nodes directly on the device
in a sectional plane. An assessment of lymph node status is not yet
possible with the programs used. Further developments and stud-
ies are required for this.

Conflict of Interest

Julian Künzel received fees for lectures from GE Healthcare (Chicago, IL,
USA).

References

[1] Zhao D, He N, Shao YQ et al. The diagnostic value of contrast-enhanced
ultrasound for cervical tuberculous lymphadenitis. Clin Hemorheol Mi-
crocirc 2022; 81: 69–79. doi:10.3233/CH-211355

[2] Wang T, Xu M, Xu C et al. Comparison of microvascular flow imaging and
contrast-enhanced ultrasound for blood flow analysis of cervical lymph
node lesions. Clin Hemorheol Microcirc 2023; 85: 249–259. doi:10.3233/
CH-231860.

▶ Fig. 6 The vessel is incorrectly evaluated as a lymph node by AI (score 0). The yellow circle marks the lymph node that is difficult to distinguish
from the surrounding area.

Rink M et al. Smart scanning: automatic… Fortschr Röntgenstr | © 2024. Thieme. All rights reserved.

Technical Innovations

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



[3] Bai X, Wang Y, Song R et al. Ultrasound and clinicopathological charac-
teristics of breast cancer for predicting axillary lymph node metastasis.
Clin Hemorheol Microcirc 2023; 85: 147–162. doi:10.3233/CH-231777

[4] Pang W, Wang Y, Zhu Y et al. Predictive value for axillary lymph node
metastases in early breast cancer: Based on contrast-enhanced ultra-
sound characteristics of the primary lesion and sentinel lymph node. Clin
Hemorheol Microcirc 2023. doi:10.3233/CH-231973

[5] Wang T, Guo W, Zhang X et al. Correlation between conventional ultra-
sound features combined with contrast-enhanced ultrasound patterns
and pathological prognostic factors in malignant non-mass breast le-
sions. Clin Hemorheol Microcirc 2023; 85: 433–445

[6] Zhong L, Xie J, Shi L et al. Nomogram based on preoperative conven-
tional ultrasound and shear wave velocity for predicting central lymph
node metastasis in papillary thyroid carcinoma. Clin Hemorheol Micro-
circ 2023; 83: 129–136. doi:10.3233/CH-221576

[7] de Koekkoek-Doll PK, Roberti S, van den Brekel MW et al. Value of As-
sessing Peripheral Vascularization with Micro-Flow Imaging, Resistive
Index and Absent Hilum Sign as Predictor for Malignancy in Lymph
Nodes in Head and Neck Squamous Cell Carcinoma. Cancers 2021; 13:
5071. doi:10.3390/cancers13205071

[8] Daniaux M, Auer T, De Zordo T et al. Strain Elastography of Breast and
Prostata Cancer: Similarities and Differences. Fortschr Röntgenstr 2015;
188: 253–258. doi:10.1055/s-0041-106540

[9] Kloth C, Kratzer W, Schmidberger J et al. Ultrasound 2020 – Diagnostics
& Therapy: On the Way to Multimodal Ultrasound: Contrast-Enhanced
Ultrasound (CEUS), Microvascular Doppler Techniques, Fusion Imaging,
Sonoelastography, Interventional Sonography. Fortschr Röntgenstr
2021; 193: 23–32. doi:10.1055/a-1217-7400

[10] Künzel J, Brandenstein M, Zeman F et al. Multiparametric Ultrasound of
Cervical Lymph Node Metastases in Head and Neck Cancer for Planning
Non-Surgical Therapy. Diagnostics 2022; 12: 1842. doi:10.3390/diag-
nostics12081842

[11] Gong Z, Xin J, Yin J et al. Diagnostic Value of Artificial Intelligence-Assis-
tant Diagnostic System Combined With Contrast-Enhanced Ultrasound
in Thyroid TI-RADS 4 Nodules. J of Ultrasound Medicine 2023; 42: 1527–
1535. doi:10.1002/jum.16170

[12] Huang X, Qiu Y, Bao F et al. Artificial intelligence breast ultrasound and
handheld ultrasound in the BI-RADS categorization of breast lesions: A
pilot head to head comparison study in screening program. Front Public
Health 2023; 10: 1098639. doi:10.3389/fpubh.2022.1098639

[13] O’Connell AM, Bartolotta TV, Orlando A et al. Diagnostic Performance of
an Artificial Intelligence System in Breast Ultrasound. J of Ultrasound
Medicine 2022; 41: 97–105. doi:10.1002/jum.15684

[14] Cao C-L, Li Q-L, Tong J et al. Artificial intelligence in thyroid ultrasound.
Front Oncol 2023; 13: 1060702. doi:10.3389/fonc.2023.1060702

[15] Huang P, Zheng B, Li M et al. The Diagnostic Value of Artificial Intelli-
gence Ultrasound S-Detect Technology for Thyroid Nodules. Computa-
tional Intelligence and Neuroscience 2022; 2022: 1–7. doi:10.1155/
2022/3656572

[16] Jung EM, Stroszczynski C, Jung F. Advanced multimodal imaging of solid
thyroid lesions with artificial intelligence-optimized B-mode, elastogra-
phy, and contrast-enhanced ultrasonography parametric and with per-
fusion imaging: Initial results. Clin Hemorheol Microcirc 2023; 84: 227–
236. doi:10.3233/CH-239102

[17] Li Y, Liu Y, Xiao J et al. Clinical value of artificial intelligence in thyroid
ultrasound: a prospective study from the real world. Eur Radiol 2023; 33:
4513–4523. doi:10.1007/s00330-022-09378-y

[18] Zhou J, Du M, Chang S et al. Artificial intelligence in echocardiography:
detection, functional evaluation, and disease diagnosis. Cardiovasc Ul-
trasound 2021; 19: 29. doi:10.1186/s12947-021-00261-2

[19] Dicle O. Artificial intelligence in diagnostic ultrasonography. Diagnostic
and Interventional Radiology 2023. doi:10.4274/dir.2022.211260

[20] Tahmasebi A, Qu E, Sevrukov A et al. Assessment of Axillary Lymph
Nodes for Metastasis on Ultrasound Using Artificial Intelligence. Ultrason
Imaging 2021; 43: 329–336. doi:10.1177/01617346211035315

[21] Zhu Y, Meng Z, Fan X et al. Deep learning radiomics of dual-modality ul-
trasound images for hierarchical diagnosis of unexplained cervical lym-
phadenopathy. BMC Med 2022; 20: 269. doi:10.1186/s12916-022-
02469-z

[22] Tiyarattanachai T, Apiparakoon T, Chaichuen O et al. Artificial intelli-
gence assists operators in real-time detection of focal liver lesions during
ultrasound: A randomized controlled study. European Journal of Radiol-
ogy 2023; 165: 110932. doi:10.1016/j.ejrad.2023.110932

[23] Guiban O, Rubini A, Vallone G et al. Can New Ultrasound Imaging Tech-
niques Improve Breast Lesion Characterization? Prospective Comparison
between Ultrasound BI-RADS and Semi-Automatic Software “Smart-
Breast”, Strain Elastography, and Shear Wave Elastography. Applied Sci-
ences 2023; 13: 6764. doi:10.3390/app13116764

[24] Feuerecker B, Heimer MM, Geyer T et al. Artificial Intelligence in Onco-
logical Hybrid Imaging. Fortschr Röntgenstr 2023; 195: 105–114.
doi:10.1055/a-1909-7013

[25] Weigel S, Brehl A-K, Heindel W et al. Artificial Intelligence for Indication
of Invasive Assessment of Calcifications in Mammography Screening.
Fortschr Röntgenstr 2023; 195: 38–46. doi:10.1055/a-1967-1443

Rink M et al. Smart scanning: automatic… Fortschr Röntgenstr | © 2024. Thieme. All rights reserved.

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.


