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Value of pelvic ultrasound combined
with pituitary MRI in diagnosis
of central precocious puberty in girls
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Abstract. — OBJECTIVE: This study aimed to
investigate the value of pelvic ultrasound com-
bined with pituitary magnetic resonance imag-
ing (MRI) based on an artificial intelligence algo-
rithm in the diagnosis of girls with central preco-
cious puberty (CPP), providing reference for the
prevention and control of CPP in girls.
PATIENTS AND METHODS: 75 girls with CPP
and 75 normal girls in Nantong First People’s
Hospital were studied. Pelvic ultrasound param-
eters were compared between the two groups
based on an artificial intelligence algorithm. Pi-
tuitary MRI parameters were analyzed, and pitu-
itary function parameters were explored.
RESULTS: The results showed that the diag-
nostic sensitivity, specificity, and accuracy of
the convolutional neural network (CNN) algo-
rithm were 72.3%, 74.6%, and 78.3%, respec-
tively. The sensitivity, specificity, and accura-
cy of CNN algorithm were significantly high-
er (p<0.05). The long diameter, anteroposterior
diameter, and transverse diameter of the uter-
us in the precocious puberty (PP) group were
significantly larger than those in the normal
group (NG). The ovarian long diameter, ovari-
an anteroposterior diameter, and ovarian trans-
verse diameter in PP group were significant-
ly larger than those in NG. Uterine volume and
ovarian volume in PP group were clearly high-
er than those in NG. The largest follicle diameter
was clearly larger in PP patients than in NG pa-
tients. The coronal height, coronal width, sagit-
tal height, and sagittal anteroposterior diameter
of PP group were clearly higher than those of NG
(p<0.05). The sagittal cross-sectional area of pi-
tuitary MRI morphology in PP group was signifi-
cantly greater than that in NG. The pituitary MRI
morphology pituitary volume was 272.68 mm in
PP group and 191.37 mm in NG, and the pituitary
volume was clearly larger in PP group than in
NG. The pituitary function parameters estradiol
(E,), luteinizing hormone (LH) peak, follicle-stim-
ulating hormone (FSH) peak, and LH peak/FSH
peak were greater in PP group than in NG.
CONCLUSIONS: In summary, the uterine size
and ovarian size of girls and the pituitary func-
tion index in PP group were larger. Pelvic ultra-
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sound and pituitary MRI indexes can better di-
agnose CPP and can be widely used in clinical
practice with positive diagnostic value.
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Introduction

With the change of people’s diet and living hab-
its, many children have poor eating habits and less
exercise time, resulting in an increasing number of
children with precocious puberty (PP). In recent
years, the age range of onset of PP has also been
expanding, and many young children have also
developed PP, seriously affecting normal life'. PP
can affect children’s normal life and change their
living habits?. PP is influenced by age, sex, race,
lifestyle, living environment, etc. The common
clinical manifestations of PP patients are early pu-
berty and early secondary sexual characteristics;
PP causes early cessation of the development of the
relevant tissues and organs of children, which will
significantly affect the growth and development of
children, thus affecting the physical health of chil-
dren’®”. As a special group, children with PP have
abnormal physical development, great impact on
psychological status, and have greater psycholog-
ical pressure and anxiety, which is not conducive
to the stability of physical status and the smooth
progress of treatment®’. Children with PP are vul-
nerable to rejection by other children of the same
age, affecting normal socialization and life, there-
by increasing the degree of depression in children
and being not conducive to the normal physical
development of patients. Therefore, children with
PP require early diagnosis, prompting patients to
receive targeted treatment, controlling PP, and pro-
moting the normal development of the body®.
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Abnormal sex hormone levels are the intrin-
sic cause of PP, and both peripheral and central
factors can cause increased sex hormone levels,
and early detection and treatment are of great
significance for children with PP. Early interven-
tion and treatment of the disease should be per-
formed to prevent the severity of PP and cause
negative effects on the physiological function of
patients”'. Hypothalamic-pituitary-gonadal axis
dysfunction is the pathogenesis of central pre-
cocious puberty (CPP); therefore, the detection
of pituitary function and structure is an import-
ant method for the diagnosis of PP". The most
common current examination methods include
ultrasonography, magnetic resonance imaging
(MRI), and pituitary function index examina-
tion'?. Safe medical imaging is essential in chil-
dren and can prevent instrumental examination
from affecting children’s growth and develop-
ment"”. Ultrasonography has the advantages of
high safety, simplicity and convenience, high
patient acceptance, non-invasive convenience,
and clear results, and is widely used in clinical
practice. Ultrasonography can rapidly and effec-
tively diagnose the patient’s uterine and ovarian
conditions and has a positive guiding value''.
Pituitary MRI is a common clinical examination
method of pituitary gland structure and function,
which can prevent the examination from causing
radiation to children. It is a standard imaging
technique for the diagnosis of PP. It can observe
the pituitary gland structure and function in real
time, which is easy to apply, non-invasive, and
easy to repeat. It has become an important ex-
amination tool for early identification of PP in
children and has positive value in the diagnosis
and disease evaluation of PP'®!". In recent years,
artificial intelligence has been widely used in
clinical medicine, providing convenience for
clinical diagnosis and treatment'®"”. Deep learn-
ing algorithms have achieved great success in
computer vision fields such as image classifica-
tion and target detection?’. Convolutional neural
network (CNN) algorithm has unique advantag-
es in image recognition, image transformation of
ultrasound and MRI, can achieve the prediction
of PP, and provide artificial intelligence support
for PP diagnosis?"*.

The value of pelvic ultrasound combined with
pituitary MRI in the diagnosis of girls with CPP
based on computational intelligence system and
safe medical imaging was explored. The pelvic
ultrasound parameters of girls with PP were com-
pared with normal girls. The differences in pitu-
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itary MRI measurements between the two groups
were analyzed. The pituitary function parame-
ters of the two groups were compared, providing
guidance and reference for the prevention and
treatment of girls with PP.

Patients and Methods

Study Subjects

75 girls with CPP and 75 normal girls admitted
to Nantong First People’s Hospital from January
2020 to December 2020 were selected as the study
subjects to analyze the value of pelvic ultrasound
combined with pituitary MRI in the diagnosis of
girls with CPP.

Method

According to the general data of the two
groups, the mean age of girls in PP group was
7.45+2.28 years, the mean age of girls in nor-
mal group (NG) was 7.29+2.86 years; the BMI of
girls in PP group was 17.47+2.16 kg/m?, and that
in NG group was 17.19+£2.26 kg/m?. There was
no statistical difference in the mean age, BMI
between girls in PP group and NG (p>0.05),
with comparability. This study was approved by
the Medical Ethics Committee of Nantong First
People’s Hospital.

Inclusion criteria: (1) complete medical re-
cords; (2) patients older than 5 years old; (3) pa-
tients with no contraindications to ultrasound and
MRI examination; (4) patients with a high degree
of cooperation; (5) patients and their families
signed informed consent.

Exclusion criteria: (1) patients with other vital
organ diseases; (2) patients with malignant tu-
mors; (3) patients with genetic diseases; (4) pa-
tients with communication disorders; (5) patients
with contraindications to ultrasound and MRI ex-
amination; (6) patients who are unwilling to par-
ticipate in this trial.

Pelvic ultrasonography and pituitary MRI
were performed in 150 girls. Color Doppler ul-
trasonography was used and a convex array probe
and a linear array probe with frequencies of 2-7
MHz were configured. Girls were placed in the
supine position with fully filled bladder, and their
long diameter, anteroposterior diameter, and
transverse diameter were measured in the sagittal
and coronal sections of the ovaries and uterus; if
multiple follicles were found, the diameter of the
largest follicle among them was measured; based
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on support vector machine (SVM) algorithm and
CNN algorithm for ultrasonic image processing
and analysis.

Pituitary MRI was performed on all girls using
a superconducting magnetic resonance apparatus
(SuperMark 1.5T, Shanghai Huantong Science and
Education Equipment Co., Ltd., Shanghai, China)
with an 8-channel phase-controlled cranial coil
and a fast spin echo (FSE) sequence. Its parameters
were set as follows: the repetition time was 2,400
ms, the matrix was 320 to 160, and the slice thick-
ness was 3 mm. Coronal and sagittal T1-weighted
(TTWI) images of the skull were measured.

The levels of estradiol (E,), luteinizing hor-
mone (LH), and follicle stimulating hormone
(FSH) were measured by immunochemical che-
miluminescence.

The method flow is shown in Figure 1.

Outcome Measures

(1) Statistical analysis of general information of
PP group and NG, mainly including gender,
mean age, and BMI, BMI calculation method
is given in Equation (1).

Weight
BIM = _g
Height?

(2) The diagnostic effect of PP girls under differ-
ent algorithms was compared, the main indi-
cators are Accuracy, Precision, and Recall,
and the calculation method is shown in Equa-
tions (2)-(4). TP represents the number of PP
girls correctly predicted by the algorithm; TN
indicates the number of non-PP girls correctly
predicted by the algorithm; FP indicates the
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Figure 1. Flow diagram of method.

number of non-PP girls predicted as PP girls
by the algorithm; FN represents the number of
PP girls predicted as non-PP girls.

TP+TN

Accuracy = ——
y TP+TN+FP+FN

TP
TP+FP

Precision =

TP
TP+FN

Recall =

(3) Uterine and ovarian conditions of PP group
and NG, mainly including the long diameter,
anteroposterior diameter, and transverse di-
ameter of uterus and ovary.

(4) The morphological parameters of pituitary MRI
in two groups mainly including coronal height
diameter, coronal width diameter, sagittal height
diameter, sagittal anteroposterior diameter, sag-
ittal cross-sectional area, and pituitary volume.

(5) Pituitary function indexes, mainly E,, LH
peak, FSH peak, and LH peak/FSH peak, were
observed.

Statistical Analysis

SPSS 20.0 (IBM Corp., Armonk, NY, USA) was
adopted for data statistics and analysis. Mean+stan-
dard deviations (£s) represented measurement data
and #-test was adopted. Count data were presented
as percentages (%), and * test was used. A p-value
<0.05 was considered statistical significance.

Results

Processing Analysis of Pelvic Ultrasound
Images and Pituitary MRI Images
in Patients with CPP

Figure 2 shows the processing analysis of pel-
vic ultrasound images and pituitary MRI images
of CPP patients, A and D are the original images,
B and E are the images processed by the support
vector machine (SVM) algorithm, and C and F are
the images processed by the CNN algorithm. Both
SVM and CNN algorithms can improve the defi-
nition of the image and make the structure clearer.

A Comparative Analysis of Diagnostic
Effect of Two Artificial Intelligence
Algorithms

Figure 3 shows the comparative analysis of
the diagnostic sensitivity under the two algo-
rithms. The diagnostic sensitivity under SVM
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Figure 2. Processing anal-
ysis of pelvic ultrasound and
pituitary MRI images. (A) and
(D), are original images, (B)
and (E) processed by SVM al-
gorithm, and (C) and (F) pro-
cessed by CNN algorithm).
+ (Patient, Female, CPP).

Figure 3. Comparative analysis of diag-

nostic sensitivity under two algorithms.
(*p<0.05 compared with SVM algorithm).
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algorithm was 72.3%, and the diagnostic sen-
sitivity under CNN algorithm was 88.2%. The
diagnostic sensitivity of CNN algorithm was
higher (p<0.05).

Figure 4 shows the comparison of diagnostic
specificity between the two algorithms. The di-
agnostic specificity was 74.6% under SVM algo-
rithm and 86.7% under CNN algorithm. The di-
agnostic specificity of CNN algorithm was higher
(* indicates p<0.05).

Figure 5 indicates the comparison of diagnos-
tic accuracy under the two algorithms. The diag-
nostic accuracy was 78.3% under SVM algorithm
and 89.7% under CNN algorithm. It can be found
that the diagnostic accuracy of CNN algorithm
was higher (* indicates p<0.05).
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Uterine and Ovarian Status of Patients
in Two Groups

Figure 6 indicates the size of the uterus of pa-
tients in PP group and NG. The long diameter of the
uterus of patients was 2.38 cm, the anteroposterior
diameter of the uterus was 0.87 c¢m, the transverse
diameter of the uterus was 1.62 cm in PP group;
and those in NG was 1.97 cm, 0.79 ¢cm, and 1.28
cm. The long diameter of the uterus, the antero-
posterior diameter of the uterus, and the transverse
diameter of the uterus in PP group were clearly
greater than those in NG (* indicates p<0.05).

Figure 7 suggests the ovarian size of patients in PP
group and NG. The ovarian long diameter, anteropos-
terior diameter, and transverse diameter of PP group
were 2.32 cm, 1.08 cm, and 1.15 cm, respectively;



Value of pelvic ultrasound combined with pituitary MRI
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and those of NG patients were 1.93 cm, 1.02 cm, and
1.07 cm, respectively. The ovarian long diameter, an-
teroposterior diameter, and transverse diameter of PP
group were greater (* indicates p<0.05).

Figure 8 illustrates the uterine and ovarian
volumes of patients. The uterine volume was 1.92
cm’, the ovarian volume was 1.71 cm? in PP group;
and those in NG was 1.19 cm® and 1.08 cm?. The

uterine volume and ovarian volume of PP group
were greater (* indicates p<0.05).

Figure 9 illustrates the analysis of the maxi-
mum follicle diameter of the patients. The max-
imum follicle diameter of the PP group was 0.73
cm. The maximum follicle diameter of the NG
was 0.25 cm. The maximum follicle diameter of
the PP group was larger (* indicates p<0.05).
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Pituitary MRI Morphological Parameters
Figure 10 illustrates the morphological parame-
ters of pituitary MRI in patients. In PP group, the
coronal height diameter was 5.17 mm, the coronal
width diameter was 12.78 mm, the sagittal height
diameter was 5.19 mm, the sagittal anteroposterior
diameter was 7.44 mm; and those in NG was 4.59
mm, 11.37 mm, 4.68 mm, and 6.87 mm. The coro-
nal height diameter, coronal width diameter, sagittal
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height diameter, and sagittal anteroposterior diam-
eter in PP group were greater (* indicates p<0.05).

Figure 11 illustrates the sagittal cross-section-
al area of pituitary MRI morphology in patients.
The sagittal cross-sectional area of pituitary MRI
morphology was 36.72 mm in PP group and 33.45
mm in NG. Therefore, the sagittal cross-section-
al area of pituitary MRI morphology in PP group
was larger (* indicates p<0.05).
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Figure 10. Pituitary MRI morphologi-
cal parameters in patients. (*»<0.05).
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Figure 12. Pituitary MRI morphology
pituitary volume in patients. (¥*p<0.05).
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Figure 12 suggests the pituitary MRI mor-
phology pituitary volume of the patients. The
pituitary MRI morphology pituitary volume of
the PP group was 272.68 mm, and that of the
NG was 191.37 mm. Therefore, the pituitary
volume of the PP group was larger (* indicates
p<0.05).

Function index analysis of pituitary

Figure 13 illustrates the pituitary function in-
dex E, of the patients. The pituitary function in-
dex E, of the PP group was 8.12 mm; and that
of the NG was 5.56 mm. The pituitary function
index E, of the PP group was greater (* indicates
p<0.05).
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Figure 13. Analysis of pituitary func-

Normal group =
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Figure 14 suggests the analysis of LH and FSH
peaks in patients’ pituitary function indexes. In
PP group, LH peak was 12.78 mIU/L, FSH peak
was 13.78 mIU/L; and that in NG was 4.27 mIU/L
and 10.65 mIU/L. LH and FSH peaks in PP group
were greater (* indicates p<0.05).

Figure 15 shows the analysis of the results of
pituitary function index LH peak/FSH peak. It
was found that the pituitary function index LH
peak/FSH peak was 0.93 in PP group and 0.4 in
NG. The pituitary function index LH peak/FSH
peak was greater in PP group (* indicates p<0.05).

ONormal group

O Sexual precocity group

=i

FSH

,_|_.*

LH

,_|_¢*

0 3 6 9 12 15 Figure 14. Analysis of pituitary func-
mIU/L tion parameters LH and FSH peaks in
patients. (*p<0.05).
12
*
1,0
T
I
0,8
0,6
0,4 F
0,2
0,0 Figure 15. Analysis of pituitary func-
Sexual precocity group Normal group tion parameters LH peak/FSH peak in

patients. (*p<0.05).




Value of pelvic ultrasound combined with pituitary MRI

Discussion

PP is the phenomenon of early puberty due to
abnormal sex hormone levels in children leading
to abnormal growth and development of children.
At present, the prevention and control of PP in
children is a research hotspot in the field of med-
icine”. Children with PP will experience symp-
toms of rapid physical growth, early maturation
of reproductive organs, and early onset of sexual
characteristics. Adolescent characteristics can ac-
company children, affect the daily life of children,
bring many inconveniences to children, affect the
physical fitness of patients, and reduce the immuni-
ty of patients. Fail to timely and effectively control
the disease easily causes adverse phenomena such
as tissue and organ failure****. PP will not only af-
fect the physical health of children, but also affect
the psychological status and daily life of children,
the PP characteristics of children will be rejected
by peers, seriously affecting the normal life and
social activities of children®. Drug therapy is the
most important treatment for PP, different drugs
control and alleviate the disease through different
mechanisms of action, regulate hormone levels in
children, and early diagnosis and treatment have
positive clinical significance in preventing and
blocking PP?". Pelvic ultrasound is of high value in
the diagnosis and evaluation of PP in children, and
changes in ultrasound parameters and indicators
have guiding significance for the diagnosis of PP
in children®. CPP has been affected by pituitary
function, and the study of pituitary function struc-
ture is conducive to the prevention and diagnosis of
PP. Pituitary MRI, as a diagnostic method for PP,
has a good application value and can assess the pi-
tuitary status and function of children and provide
a reference for the diagnosis of PP**°. The treat-
ment of pelvic ultrasound and pituitary MRI based
on a deep learning model is beneficial to improve
the diagnostic efficiency and accuracy and provide
technical support for the prevention of diseases.

Pelvic ultrasound indicators, pituitary MRI
indicators, and pituitary function indicators will
have a certain impact on PP, which has guiding
significance for the evaluation of PP in children
and is widely used in clinical practice®. In the pi-
tuitary MRI images of girls with CPP, abnormal
pituitary signal is also one of the common man-
ifestations. Signal abnormalities may be related
to pathological changes of pituitary cells, such as
fatty degeneration and fibrosis. Different types of
signal abnormalities may be associated with dif-
ferent etiologies and clinical features. Increased

posterior pituitary thickness is one of the com-
mon MRI features of CPP*. This may be related
to abnormal activation of the hypothalamic-pitu-
itary-adrenal axis and increased secretion of va-
sopressin. Changes in the thickness of the poste-
rior pituitary gland can be used as an auxiliary
indicator of CPP, which is helpful for enhanced
scanning and exclusion of pituitary tumors. For
girls with CPP with abnormal pituitary gland
shape, enhanced scan can be used to rule out pi-
tuitary tumors and other causes. Enhanced scans
can provide more detailed information on blood
supply and perfusion, helping to determine the
abnormal nature of pituitary structures. Pituitary
tumors are uncommon in CPP but still need to
be ruled out to ensure proper diagnosis and treat-
ment. Studies have shown that pituitary MRI can
also be used to predict the effect and prognosis of
CPP. Pituitary MRI indicators such as the thick-
ness of the posterior pituitary gland and abnormal
pituitary signal are related to treatment response
and prognosis. These indicators can help doctors
evaluate the patient’s condition and the choice of
treatment strategies, and guide subsequent fol-
low-up and management®. The diagnosis of CPP
requires a comprehensive consideration of clini-
cal manifestations, growth and development, hor-
mone levels, and imaging findings***°. Pituitary
MRI, hormone levels, and clinical manifestations
can diagnose CPP. Studies*® have shown that pi-
tuitary MRI is highly sensitive and specific in the
diagnosis of CPP in girls, and has higher accura-
cy than other examination methods. Other stud-
ies’’ have shown that pituitary MRI indicators,
such as posterior pituitary lobe thickness, and
pituitary signal abnormalities are related to treat-
ment effects and prognosis, and can serve as an
important reference for predicting patient prog-
nosis and guiding treatment strategies. Although
the likelihood of finding lesions requiring inter-
vention is low, systematic MRI is currently the
most effective diagnostic method for diagnosing
occult lesions in girls with CPP. As an auxiliary
examination method, pituitary MRI needs to be
combined with other examination results, such as
sex hormone levels and bone age assessment, to
improve the accuracy of diagnosis and the reli-
ability of comprehensive judgment®.

Based on artificial intelligence algorithm and
safety medical imaging, the application of pelvic
ultrasound combined with pituitary MRI in the di-
agnosis of girls with CPP was analyzed. The pelvic
ultrasound indexes and pituitary MRI indexes and
pituitary function indexes of girls with PP and girls
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with NG were compared. The results showed that
the CNN algorithm had higher diagnostic sensi-
tivity, accuracy, and specificity. The long diameter
of the uterus, anteroposterior diameter of uterus,
transverse diameter of uterus, ovary long diameter,
ovary anteroposterior diameter, and ovary trans-
verse diameter were larger in PP group. In the PP
group, uterine volume was 1.92 ¢cm?, ovarian vol-
ume was 1.71 cm’, and those in the NG was 1.19
cm?® and 1.08 cm® (p<0.05). The largest follicle di-
ameters were 0.73 cm and 0.25 cm in PP group and
NG (p<0.05). Coronal height, coronal width, sagit-
tal height, sagittal anteroposterior diameter, sagit-
tal cross-sectional area of pituitary, MRI morphol-
ogy, pituitary function parameters E,, LH peak and
FSH peak, and LH peak and/FSH peak were great-
er in the PP group. Pituitary MRI morphologic pi-
tuitary volumes in PP group and NG were 272.68
mm and 191.37 mm (p<0.05). Pelvic ultrasound
combined with pituitary MRI can better diagnose
PP in girls and has positive clinical value.

Conclusions

Based on the artificial intelligence algorithm,
the diagnostic value of pelvic ultrasound index
and pituitary MRI index for PP in girls was an-
alyzed. It was found that pelvic ultrasound index
and pituitary MRI index had positive diagnos-
tic value for CPP girls, and CNN algorithm had
better diagnostic effect and higher accuracy. Pi-
tuitary function indexes have positive reference
significance for the diagnosis of PP. The short-
comings are that only ultrasound parameters and
MRI parameters are explored for the diagnostic
value of CPP, and no comparison is made with
other examination methods. In the future, more
examination methods need to be selected for the
comparison of diagnostic effects, providing a ref-
erence for the prevention and control of CPP.
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