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Purpose:  To develop and evaluate an artificial intelligence~based model for real-time nuchal translucency (NT) plane identification and measurement in
prenatal US assessments.

Materials and Methods:  In this retrospective multicenter study conducted from January 2022 to October 2023, the Automated Identification and Measure-
ment of NT (AIM-NT) model was developed and evaluated using internal and external datasets. NT plane assessment, including identification of the NT
plane and measurement of NT thickness, was independently conducted by AIM-NT and experienced radiologists, with the results subsequently audited by
radiology specialists and accuracy compared between groups. To assess alignment of artificial intelligence with radiologist workflow, discrepancies between
the AIM-NT model and radiologists in NT plane identification time and thickness measurements were evaluated.

Results:  The internal dataset included a total of 3959 NT images from 3153 fetuses, and the external dataset included 267 US videos from 267 fetuses.
On the internal testing dataset, AIM-NT achieved an area under the receiver operating characteristic curve of 0.92 for NT plane identification. On the
external testing dataset, there was no evidence of differences between AIM-NT and radiologists in NT plane identification accuracy (88.8% vs 87.6%, P =
.69) or NT thickness measurements on standard and nonstandard NT planes (P = .29 and .59). AIM-NT demonstrated high consistency with radiologists
in NT plane identification time, with 1-minute discrepancies observed in 77.9% of cases, and NT thickness measurements, with a mean difference of 0.03
mm and mean absolute error of 0.22 mm (95% CI: 0.19, 0.25).

Conclusion:  AIM-NT demonstrated high accuracy in identifying the NT plane and measuring NT thickness on prenatal US images, showing minimal

discrepancies with radiologist workflow.

® /.

7 5.4
ipp material is

jlable for this artice.

©RSNA, 2025

S imaging is performed during the first trimester of preg-
Unancy to detect and measure the thickness of fetal nu-
chal translucency (NT) (1-4). Increased NT thickness can
indicate up to 80% of trisomy 21 (5-7) cases, cardiac de-
fects (8-10), and genetic syndromes (11,12). NT thickness
typically ranges from 0 to 3 mm, and slight deviations can
substantially affect diagnosis (13-15).

Identifying the standard N'T plane reliably is challenging
due to substantial variation in NT plane assessment, requir-
ing highly skilled observers, extensive training, and rigorous
quality control (11,16-20). Although traditional NT assess-
ment protocols have been established to ensure accurate and
standardized techniques for the NT plane (11), they are lim-
ited by subjective, labor-intensive, and non—real-time anal-
ysis (21-23), which can adversely affect diagnostic accuracy.

Fetal NT thickness is closely associated with the risk of
chromosomal defects and other abnormalities, necessitating
adherence to a standardized measurement technique to en-
sure uniformity across operators (24). Previous studies have
explored both intra- and interoperator variability, demon-
strating that quality control measures can effectively reduce
measurement discrepancies (25). However, proper training
remains critical for sonographers to accurately obtain the

correct midsagittal section, adjust the calipers, and measure
the maximum NT—tasks that are time-consuming and re-
quire experienced radiologists.

Artificial intelligence (Al), particularly deep learning, has
demonstrated remarkable accuracy in medical tasks (26—
28). When standardized criteria for US image quality are
applied using established protocols, it becomes feasible for
deep learning to outperform human analysis in certain cases.
The integration of deep learning into routine NT US ex-
aminations could substantially enhance prenatal screening,
particularly for NT plane identification and thickness mea-
surement. However, the lack of detailed evaluations of Al
performance and repeatability, especially in alignment with
senior radiologists, has reduced clinicians’ confidence, thus
limiting broader clinical adoption of Al (29).

To address these challenges, we developed an Al-based
model called the Automated Identification and Measure-
ment of NT (AIM-NT). This model was designed to provide
standardized NT images that adhere to standards and offer
real-time prenatal evaluation. The primary objective of this
study was to evaluate the AIM-NT model in real-time pre-
natal NT assessments, focusing on accuracy and alignment
with radiologists” workflow patterns.
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Abbreviations

Al = artificial intelligence, AIM-NT = Automated Identification
and Measurement of N'T, FMF = Fetal Medicine Foundation, NT =
nuchal translucency

Summary

The Automated Identification and Measurement of Nuchal Translu-
cency model for nuchal translucency assessment demonstrated high
diagnostic accuracy and closely matched radiologist workflow patterns
in real-time US diagnostics.

Key Points

= The Automated Identification and Measurement of Nuchal
Translucency (AIM-NT) model is an artificial intelligence—based
tool developed using the You Only Look Once version 7 frame-
work to automatically identify the nuchal translucency (NT) plane
and measure NT thickness in prenatal US imaging.

s The AIM-NT model demonstrated high accuracy comparable with
that of experienced radiologists in NT plane identification (88.8%
vs 87.6%; P = .69), and its NT plane identification time closely
matched radiologists’ timelines.

s The AIM-NT model showed minimal discrepancies compared with
radiologists for measurements of NT thickness, with a mean differ-
ence of 0.03 mm and mean absolute error of 0.22 mm (95% CI:
0.19, 0.25) for a standard NT plane.
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Materials and Methods

Study Design and Data Source

Study design.

This study was conducted under the approval of the Medical
Research Ethics Committee (project K-2023-067-HO1 and no.
2021-006). Due to its retrospective nature, the requirement for
written informed consent was waived by the ethics committee.
Data management and analysis were independently conducted
by one author (Y.Z.) to ensure objectivity and eliminate any
potential conflicts of interest.

In this multicenter, retrospective study, data were collected from
3153 fetuses with 3959 US images and 267 fetuses with 267 videos
during NT screenings conducted between 11 and 13 weeks and 6
days of gestation. The study was carried out at the Affiliated Suzhou
Hospital of Nanjing Medical University and First People’s Hospital
of Foshan from January 2022 to October 2023. The inclusion cri-
teria for the dataset were healthy singleton fetuses without chromo-
somal abnormalities, as determined by noninvasive prenatal testing
or follow-up results, and a crown-rump length between 45 and 84
mm. The study design is shown in Figure 1A.

US imaging.

US imaging was performed (GE Voluson E8/E10, GE HealthCare;
Philips EPIQ7/Afhiniti 70, Philips Healthcare; Samsung UGEO
WS80A, Samsung Medison), and data such as maternal age, body
mass index, gestational age, and machine type were recorded. The
US images and videos contained NT planes, with measurements
that adhered to the standards set by the International Society of
Ultrasound in Obstetrics and Gynecology and the Fetal Medicine
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Foundation (FMF). The standard NT plane followed six criteria:
magnification, standard midsagittal plane, neutral fetal position,
calipers “on-to-on,” maximum lucency, and thin nuchal mem-
brane. Magnification was required only when the fetal head and
thorax occupied the entire screen. Standard midsagittal plane re-
quires the presence of the tip of the nose and the rectangular shape
of the palate anteriorly, translucent diencephalon and nuchal mem-
brane posteriorly, and no visibility of the frontal process of the max-
illa. The neutral fetal position requires the head aligned with the
spine without hyperextension or flexion. The maximum lucency
is required to measure the widest part of the translucency. Calipers
on-to-on requires placing the calipers correctly on the border of the
translucency. A thin nuchal membrane requires a sharp edge of the
line to place the caliper for nuchal measurement.

US examinations were performed by experienced radiologists
(C.Z.), each with 15-20 years of expertise, and all radiologists
had completed a comprehensive training program established
by the FME A total of 3959 images comprised the internal
dataset for the development phase, which includes training and
testing of the AIM-NT model, and 267 videos constituted the
external testing dataset to assess the model’s performance. Qual-
ity control for all data was rigorously conducted by radiology
specialists (X.D., LY., W.H.) with over 30 years of experience
in fetal examination to ensure the presence of a standard NT
plane in each fetal video met the FMF guideline.

Development of AIM-NT Model Using the Internal Dataset

Data annotation.

The development of AIM-NT model is shown in Figure 1B. To
effectively use image information, three annotation strategies
were implemented, and a US expert performed strict quality
control for all three categories.

1. Standardization classification for overall plane quali-
ty: Experienced radiologists (with 10-20 years of expe-
rience in fetal examination) conducted subjective evalu-
ations of image quality independently. Each image was
assigned a binary qualification score (1 for standard and
0 for nonstandard). These labels trained the AIM-NT
model to recognize standard NT planes globally.

2. Key structural boxes: Experienced radiologists an-
notated key anatomic structures using bounding box-
es that highlighted critical areas like the head, nasal
tip, palate anteriorly, diencephalon, nuchal membrane
posteriorly, and thorax. This enhanced the AIM-NT
model’s understanding of local anatomic details.

3. NT thickness calipers: Experienced radiologists
who had annotated key structural boxes also marked
NT thickness calipers, teaching the AIM-NT model
the spatial coordinates of the measurement line end to
aid in NT value prediction.

Data distribution and preprocessing.

A total of 3959 cases were collected, with each case contribut-
ing a single N'T image to the internal dataset for model train-
ing and testing. The dataset was divided into internal training
and validation datasets in a 7:3 ratio. The images underwent
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Figure 1:
of the AIM-NT model. (€) Processes for model evaluation on the internal and external testing dataset. Al =
franslucency, ROl =

preprocessing that included augmentation techniques such as
scaling, cropping, rotation, and noise addition before being
resized to 512 x 512 pixels for network training.

region of inferest.

The framework of AIM-NT.

The AIM-NT model integrates three specialized modules, each
meticulously designed to address key challenges in NT plane
analysis. The selection of residual neural network (ResNet) (30)

Overview of the Automated Identification and Measurement of Nuchal Translucency (AIM-NT) study. (A) Data collection and processing. (B) Development
artificial intelligence, IQA= image quality assessment, NT = nuchal

and You Only Look Once version 7 (31) was guided by their
proven effectiveness in handling the distinct requirements of
feature extraction, detection, and measurement tasks.

1. Plane-scoring module: This module leverages the
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ResNet architecture to evaluate NT plane quality by
learning the relationship between plane features and
labeled scores. It outputs a standardized score between
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Predictions generated by the Automated Identification and Measurement of Nuchal Translucency (AIM-NT) model on the external testing dataset. (A, B) Re-

sults for the standard nuchal translucency (NT) plane. (€) Results for a nonstandard NT plane predicted by the AIM-NT model.

0 to 1, classifying a plane scoring above the 0.5 thresh-
old as qualified. ResNet’s deep residual learning en-
sures robust feature representation and reliable plane
quality assessment across diverse input conditions.

2. Anatomic structure detection module: Powered by
You Only Look Once version 7, this module efficient-
ly identifies anatomic structures within N'T planes,
outputting their positions, categories, and confidence
scores. You Only Look Once version 7’s advanced an-
chor-free design and enhanced feature fusion make it
particularly adept at detecting small, intricate struc-
tures characteristic of NT regions. Postprocessing
corrections, aligned with FMF regulations, further
enhance accuracy and consistency.

3. NT measurement module: Using ResNet, this
module refines the detection network’s output by iso-
lating the NT box and focusing on relevant regions
for precise measurement. It calculated end point co-
ordinates and pixel distances, which are subsequently
converted to physical measurements using a calibrated
pixel-per-centimeter ratio. ResNet’s robust multiscale
feature extraction supports high precision and reliabil-
ity in measurement tasks. Figure 2 provides a visual
representation of the predictions generated by the
AIM-NT model, highlighting the seamless integra-
tion and performance of its modules.

Assessment of AIM-NT Model Performance on Internal and
External Testing Datasets

The process for evaluation of model performance is shown in
Figure 1C and described below.

Plane assessment of AIM-NT.

To evaluate NT plane assessment in the internal testing dataset,
the AIM-NT model underwent validation across three modules
on the internal testing dataset: plane-scoring, anatomic struc-
ture detection, and NT measurement, comparing results with
reference standard data labeled by experienced radiologists.

Accuracy of AIM-NT and radiologists.

To assess the accuracy of the AIM-NT model, eight experi-
enced radiologists (C.Z., with 15-20 years of experience in
fetal examination), who were not involved in the annotation,
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conducted an independent assessment to identify the standard
NT plane and measure NT thickness on the external testing
dataset. Using the Pair version 3.0 (RayShape) (32) annota-
tion software in compliance with standards, the radiologists
independently selected and measured the optimal NT plane.
Simultaneously, the AIM-NT model automatically processed
videos to identify and measure the best NT plane. In addi-
tion, three specialists (X.D., L.Y., and W.H., with 30 years of
experience in fetal examination) audited the results from both
AIM-NT and the radiologist groups to ensure impartial and
objective assessments. They evaluated the images using a pro-
tocol that mirrors the FMF’s review process, classifying each
as pass (standard NT plane) or fail (nonstandard NT plane)
based on six defined criteria and documenting reasons for any
fail ratings. Only NT planes rated as standard by two or more
radiology specialists would be considered pass; otherwise,
they would be rated fail. The assessment was double-blind to
guarantee impartiality, preventing identification of the groups
from the images alone.

Workflow patterns of AIM-NT and radiologists.

To ensure alignment in workflow patterns between the AIM-NT
model and the same eight experienced radiologists on the exter-
nal testing dataset, comparisons were made regarding the time-
line of NT plane identification and the measurement discrep-
ancies in N'T thickness. To assess the relationship between NT
measurement discrepancies and gestational age, we employed a
linear mixed-effects model.

Statistical Analysis

To evaluate the AIM-NT model’s performance, metrics such as
the area under the receiver operating characteristic curve, ac-
curacy, 95% CI, sensitivity, specificity, mean average precision,
mean absolute error, SD, and Pearson correlation coefficient
were used on the internal testing dataset. To compare the accu-
racy and workflow patterns of the AIM-NT model with those
of eight experienced radiologists in the external test dataset,
analyses included NT plane identification metrics like pass and
failure rates, N'T measurement metrics such as means and SDs,
t tests, the consistency of workflow patterns including timelines
of NT identification, Bland-Altman plots, and measurement er-
rors of NT thickness. All analyses were conducted using Python
version 3.11 (Python Software Foundation), with a P value less
than .05 deemed statistically significant.
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Table 1: Demographic and Clinical Characteristics of Training, Internal Testing, and External Testing
Datasets Used to Develop and Evaluate AIM-NT Model
External Testing Dataset
Internal Training Dataset Internal Testing Dataset (Fetuses = 267, Videos =
Characteristics (Fetuses = 2207, Images = 2765) (Fetuses = 946, Images = 1194) 267)
Mean MA (y) 32+3 33+2 31+4
BMI 23+ 0.1 23 +£5.2 24 +3.2
Mean GA (weeks + days) 125 12+3 12+5
Mean CRL (mm) 63 +6.18 60 +5.01 64 + 6.84
Duration of the video NA NA 15
(min)
Machine type (images)
GE E8 630 279 45
GEEI0 989 424 175
Philips EPIQ7 523 224 17
Philips Affiniti 70 491 210 30
Samsung UGEO 83 36 0
WS80A
Samsung Medison 49 21 0
Note.—Data are presented as means + SDs or frequency. AIM-NT = Automated Identification and Measurement of
Nuchal Translucency, BMI = body mass index (measured by dividing the weight in kilograms by the height in centime-
ters squared), CRL = crown-rump length, GA = gestational age, MA = maternal age, NA = not applicable.

Results

Study Sample Characteristics

The study flowchart is shown in Figure 1, and clinical char-
acteristics of the internal and external testing datasets used in
this study are detailed in Table 1. The internal training dataset
included 2207 fetuses with 2765 US images, with a mean + SD
maternal age of 32 years + 3, and a mean gestational age of 12
weeks + 5. The internal testing dataset included 946 fetuses with
1194 US images, with a mean maternal age of 33 years + 2 and
a mean gestational age of 12 weeks + 3. The external test dataset
included 267 US videos of fetuses, with a mean maternal age of
31 years + 4 and a mean gestational age of 12 weeks + 5.

Performance of AIM-NT Model on the Internal Testing
Dataset

The plane scoring module of the AIM-NT model achieved an area
under the receiver operating characteristic curve of 0.92 (95% CI:
0.88, 0.95) on the internal testing dataset, with both sensitivity and
specificity at 90.4% (95% CI: 88.2, 93.1). The anatomic structure
detection module had a mean average precision of 0.80. The NT
measurement module displayed a mean absolute error of 0.02 mm
+0.02 and a Pearson correlation coeflicient of 0.91, demonstrating
the model’s precision and reliability in N'T assessment.

Accuracy of AIM-NT Model on External Testing Dataset

For NT plane identification, the comparative results from the
specialists’ evaluations of the AIM-NT model and radiologists
are outlined in Table 2. The table categorizes results as pass for
standard images and fail for nonstandard images. The AIM-NT
group achieved an accuracy of 88.8% with 237 planes, and ra-
diologists achieved an accuracy of 87.6% with 234 planes, with
no evidence of a difference between groups (¥* = 0.16; P = .69).
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The primary reason for image failure in the AIM-NT group was
the neutral fetal position, whereas image failure in the radiolo-
gist group was most commonly due to midsagittal plane issues.
Figure 3 displays example diagrams illustrating the reasons for
an image to pass and fail based on the specialists’ audits.

For NT thickness measurement, there was no evidence of dif-
ferences between the two groups in terms of accuracy on standard
NT planes (analysis of variance, P = .29) and nonstandard planes
(analysis of variance, P = .59). The means and SDs of the NT
thickness conducted from the AIM-NT and radiologist groups
were 1.49 mm + 0.42 and 1.53 mm + 0.42, respectively, as de-
tailed in Table S1.

The Alignment of Workflow Behavior of AIM-NT Model on
the External Testing Dataset

In the analysis of workflow patterns related to the timeline of NT
plane identification, the AIM-NT model and radiologists demon-
strated high consistency. Time discrepancies between the two
groups were most commonly within 1 minute (207 0f267,77.9%),
indicating that both typically acquire images simultaneously. Spe-
cifically, 67.9% (146 of 215) of planes that achieved a pass result
and 65.4% (34 of 52) of planes in the fail category showed no
time discrepancies (Table 3). Figure 4 illustrates these findings, pre-
senting paired images of N'T planes from the same video, thereby
emphasizing the consistency between the two methods.

In analyzing the measurement discrepancies of NT thickness,
both the AIM-NT model and radiologists showed high consis-
tency when evaluating standard N'T images that achieved a pass
result. The Bland-Altman plot showed a minimal mean differ-
ence of 0.03 mm in NT thickness measurement between the two
groups (Fig 5). Additionally, across the paired NT images, the
measurement discrepancies between the AIM-NT model and ra-
diologists showed a total mean absolute error of 0.22 mm (95%
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Table 2: Accuracy of NT Plane Identifications by the
AIM-NT Model and Radiologists on the External Testing

Dataset
No. of Cases
Image Result AIM-NT Radiologists
Pass 237 (88.8%) 234 (87.6%)
Fail 30 (11.2%) 33 (12.4%)
Standard MSP 12 19
Neutral fetal position 11 7
Maximum lucency 4 1
Thin nuchal membrane 3 3
Calipers on-to-on 1 1
Magnification 4 3

Note.—Accuracy of US images was assessed by radiology spe-
cialists, who classified each image as pass for standard or fail for
nonstandard NT planes based on six criteria defined by the Fetal
Medicine Foundation. A pass image met all six criteria, whereas

a fail image was assigned specific reasons. Because specialists may
list multiple reasons for a single nonstandard image, the total
number of fail reasons exceeds the count of fail images. AIM-NT
= Automated Identification and Measurement of Nuchal Translu-
cency, MSP = midsagittal plane, NT = nuchal translucency.

Zhang et al

CI: 0.19, 0.25). The analysis indicated that gestational age did
not significantly affect NT measurement discrepancies, with a
gestational age coefficient of 0.007 (95% CI: -0.002, 0.016; P =
.14). More details regarding gestational age—level mean absolute
error, median error, and SD are presented in Figure 6 and Table 4.
The relationship between NT thickness and crown-rump length,
based on the guideline model curve by Wright et al (33) recom-
mended by the FME revealed that NT thickness measurements
from both the AIM-NT model and radiologists consistently fell
below the recommended values (Fig S1).

Discussion

The development of the AIM-NT model, leveraging the You Only
Look Once version 7 framework (31), represents a substantial
advance in integrating Al with prenatal NT screening protocols.
The model demonstrated high performance, with no evidence of
differences compared with experienced radiologists in NT plane
identification accuracy (88.8% vs 87.6%; P =.69) or NT thickness
measurements on both standard (2 = .29) and nonstandard planes
(P=.59). The model also showed minimal discrepancies compared
with radiologists in NT plane identification time and NT thickness
measurement errors. These findings underscore AIM-NT’s practi-
cal applicability and reliability in clinical settings.

Specialists Audit of radiologists

Figure 3: Example US images with pass and fail results for the nuchal translucency (NT) plane based on radiology specialist audits in both Automated Identification and
Measurement of Nuchal Translucency (AIM-NT) and radiologist groups. Reasons for each fail result are shown.

Radiology: Artificial Intelligence Volume 7: Number 4—2025 = radiology-ai.rsna.org
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Table 3: Time Discrepancies between AIM-NT and Radiologists in NT Plane Identification ac-
cording to Image Results of Pass or Fail on the External Testing Dataset
Time Discrepancies (min)
Cases 0 1 2 3 4 5 6 7 8 9 10 >10
No. of pass 148 20 15 7 7 4 0 1 1 0 3
No. of fail 33 7 4 2 1 2 1 0 0 0 0
Total 181 27 19 9 8 6 1 1 1 0 3
Note.—AIM-NT = Automated Identification and Measurement of Nuchal Translucency, NT = nuchal
translucency.
Histogram of Time Differences in NT Plane Acquisition: Pass vs. Fail ln = z:in - '!“"

‘ 0 min S min Gonin i

s Nuch Luc 1.48mm.

Figure 4:  Timelines of nuchal translucency (NT) plane identification on the external testing dataset. Different timelines of paired NT plane image acquisition from the
same video by the Automated Identification and Measurement of Nuchal Translucency (AIM-NT) model and radiologist. (A) Histogram of ime differences between the two
groups in NT plane (green: pass; orange: fail). (B=F) Identification time differences of between AIM-NT (blue) and radiologists (red): O minutes (B), 1 minute (€), 2 minutes

(D), 4 minutes (E), and 6 minutes (F).

Previous research on NT plane analysis has primarily fo-
cused on enhancing accuracy and implementing stringent qual-
ity control measures (21-23,29), such as the NT assessment
criteria provided by the FMF (1), but has lacked real-time feed-
back during fetal screenings. Therefore, providing a real-time
Al-based model that adheres to quality control standards could
substantially enhance the accuracy of NT plane identification.
Additionally, because US is a real-time method for NT plane
identification, its crucial to consider radiologists’ workflow pat-
terns (34), which is often overlooked in research. This consid-
eration highlights a preference among radiologists for manual
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results over Al-assisted outcomes, primarily due to asynchro-
nous workflow patterns.

Our study concentrated on real-time US scanning for NT
planes, demonstrating high performance, compared with tradi-
tional assessments by radiologists. Regarding the alignment of
workflow patterns in the NT identification timeline, our study
demonstrates that the AIM-NT model’s ability to synchronize
with radiologists’ identification timelines facilitates its seamless
integration into existing clinical operations without disrupting
the pace of workflows. However, two notable scenarios emerged
concerning the identification of standard NT planes. First,
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AIM-NT sometimes identified a standard N'T image faster than
radiologists, especially when fetal movements disrupted man-
ual scanning, by analyzing each frame. In the second scenario,
our study observed that despite minor differences in identifi-
cation rates and measurements, radiologists often selected NT
images that did not align with AIM-NT standards due to mul-
tiple scans during fetal screening. This highlighted differing
approaches to image selection: the AIM-NT model focuses on
anatomic details, showing greater accuracy in midsagittal plane
identification, whereas radiologists prioritize overall image rec-
ognition, excelling more in identifying neutral fetal positions.
This distinction underlines the complementary strengths of Al
and human expertise in prenatal imaging. In summary, AIM-
NT’s ability to accurately capture NT results and align closely
with radiologist-like workflow patterns support its potential for
real-time N'T screening.

Another challenge in past research is minimizing measurement
errors in NT assessments and establishing an acceptable range of
error, due to the close association of NT thickness with anomalies
and chromosomal disorders (10,11). Because NT is measured in
millimeters, even slight deviations can lead to different diagnoses,
potentially resulting in misdiagnoses (22,35,36). According to
a study by Pandya et al (24), the intraobserver difference in NT
measurement was 0.54 mm, whereas the interob-

Zhang et al

Bland-Altman (NT Measurement)

1.00
e Pass
. i
Fail
0.75 = .
. +1.965D
0.50 e o e
¢ o ©® o e o e o
T 025 ® e e o 0 .‘0 °% o0
€ ° *gscccgae s o .
z s e soes e o0 “ee o
2 0.00 ® l_o.o o 0 0 0 ° ° Meane
[ o060 00 o eo® o000 o000 0
gOZS LI NC IR A o0
o oo o ®e 000 () .
® ® o @ . L
-0.50 ® e e e o
o © o e 0 -1.965D
°
-0.75
e o e
[ ]
-1.00
1.0 15 2.0 2.5
Mean(mm)
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In our study, we focused on the consistency ® ‘3 o s A A A

of NT measurements and their error margins. GA (weeks + days)

We achieved hlgh measurement consistency  Figure 6: Box and whiskers plofs of measurement discrepancies between the Automated Idenfification

with minimal discrepancies compared with
physicians. Notably, although the precision
of a caliper’s adjustment is typically 0.1 mm,
we managed to control our mean difference
to within an impressive 0.03 mm using the
Bland-Altman plot. Additionally, our research established that
the acceptable measurement discrepancies for a standard NT
plane should have a total mean absolute error of 0.22 mm (95%
CI: 0.19, 0.25). Furthermore, we found that the distribution
of NT measurement discrepancies did not show a clear rela-
tionship with gestational age. Although our findings regarding
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and Measurement of Nuchal Translucency (AIM-NT) model and radiologists in nuchal translucency (NT()
thickness at different gestational ages (GAs) on the external festing dataset. Blue boxes represent SD, the
boxes represents mean absolute error, and the lines represent median error.

the mean difference were similar to those of previous studies
(25), this study was the first to compare manual and automated
methods rather than focusing on observer comparisons. This in-
sight has the potential to serve as a criterion for evaluating NT
measurements in Al-based measurement systems, providing a
standardized benchmark for future developments.
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Table 4: Measurement Discrepancies of NT Thickness of the Standard NT Plane Ac-

quired by AIM-NT and the Radiologists at Different Gestational Ages on the External

Testing Dataset

GA (Weeks + Days) No. of Fetuses NT MAE (mm) NT Median Error (mm)  SD (mm)
11+2 1 0.10 0.10 0.00
11+3 1 0.10 0.10 0.00
11+5 1 0.20 0.20 0.00
11+6 1 0.50 0.50 0.00
12+0 3 0.23 0.20 0.15
12 +1 15 0.22 0.21 0.15
12+2 19 0.14 0.13 0.10
12+3 24 0.19 0.14 0.19
12 +4 25 0.24 0.21 0.20
12 +5 23 0.23 0.16 0.24
12+6 34 0.25 0.19 0.23
13+0 19 0.29 0.23 0.21
13+1 10 0.14 0.10 0.13
13 +2 16 0.22 0.17 0.20
13+3 11 0.15 0.13 0.14
13 +4 7 0.41 0.20 0.55
13+5 3 0.17 0.17 0.12
13 +6 1 0.30 0.30 0.00
Total 214 0.22 0.20 0.21

Note.—AIM-NT = Automated Identification and Measurement of Nuchal Translucency, GA =

gestational ages, MAE = mean absolute error, NT = nuchal translucency.

With its high performance and alignment with the workflow
of senior radiologists, the AIM-NT model has the potential to be
an essential assistive tool in real-world clinical scenarios. It can be
employed for real-time NT scan screening, automatically identi-
fying standard NT planes and measuring NT thickness, thereby
enhancing consistency and efficiency in line with the practices of
senior radiologists. Furthermore, it may serve as a training tool
for junior radiologists by replicating senior radiologist workflows
to select optimal planes and ensure accurate measurements. It can
also serve as an educational tool for medical students, providing
detailed structural visualization in accordance with the strict cri-
teria of International Society of Ultrasound in Obstetrics and
Gynecology and FME

Although this study presents important advances, it is im-
portant to acknowledge its limitations. First, the lack of pos-
itive cases to validate the AIM-NT model’s performance and
its alignment with senior radiologists in diagnosing abnormal
NT ranges is a substantial limitation for detecting chromosomal
abnormalities in clinical practice (37). Second, it is necessary
to establish a clinical experimental environment to validate the
effectiveness of AIM-NT in real time. Third, because Al models
are intended to serve as assistive tools, the responsibility for the
final diagnosis ultimately lies with radiologists. Therefore, the
acceptance of Al’s diagnostic and measurement results by ra-
diologists, and the extent to which these results need adjustment
to align with radiologists” expectations, were not fully explored
in this study. To address these limitations, a validation process
involving positive cases, including those with NT greater than
3.5 mm and noninvasive prenatal testing—positive cases, will be
added to enhance the robustness of the AIM-NT model. The
model will be validated on both normal and abnormal NT data
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to assess its performance, alignment with the workflow of senior
radiologists—including plane identification, measurement, and
final diagnosis—and effectiveness as an assistive tool for junior
radiologists. Additionally, we plan to implement the model in
a hospital setting and conduct a prospective trial to evaluate
its real-time performance during NT scans in alignment with
radiologists, thereby improving its applicability in real-world
clinical scenarios. This validation process aims to improve the
model’s reliability and applicability.

In conclusion, our Al-based model, AIM-NT, meets the re-
quirements for NT assessment by offering high accuracy in NT
plane identification and thickness measurement and aligning
with radiologist workflow. It may serve as an effective assistive
tool to radiologists during real-time NT assessments. Future
studies should focus on validating AIM-NT in clinical settings,
expanding sample sizes, and further enhancing its diagnostic ac-
curacy to improve prenatal US screening,.
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