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Background: Recently, transvaginal color Doppler ultrasound (TVCDU) has been widely used in the
diagnosis of pelvic tumors. This study aimed to assess the reliability of the application of TVCDU in the
identification of pelvic tumors in women of childbearing age.

Methods: The clinical data of 209 patients with pelvic tumors at childbearing age admitted to our hospital
from January 2016 to December 2019 were retrospectively analyzed. The ultrasound signs, color Doppler
ultrasound score (CDUS), and resistance index (RI) of benign and malignant pelvic tumors diagnosed by
TVCDU were analyzed. The value of transabdominal color Doppler ultrasound (TACDU) and TVCDU in
the diagnosis of benign and malignant pelvic tumors was calculated.

Results: There were 150 cases with benign pelvic tumors and 59 cases with malignant tumors. Most benign
tumors had an intact capsule and regular shape, were mainly cystic, and were rarely accompanied by ascites;
meanwhile, malignant tumors were mostly non-capsular and irregular in shape, mainly solid or cystic, and
were often accompanied by ascites. There were significant differences in the above-mentioned ultrasound
signs between benign and malignant tumors (P<0.05). The CDUS score of benign pelvic tumors was
significantly lower than that of malignant tumors, and the RI value was significantly higher than that of the
malignant tumors (P<0.05). The sensitivity, specificity, and accuracy of TACDU in the diagnosis of benign
pelvic and malignant tumors were 83.33%, 84.75%, and 83.73 %, respectively; and the sensitivity, specificity,
and the accuracy of TVCDU in the diagnosis of benign pelvic and malignant tumors were 95.33%, 88.14%,
and 93.30%, respectively; thus TVCDU had a superior performance compared to TACDU, especially in
sensitivity and accuracy (P<0.05).

Conclusions: The sensitivity and accuracy of TVCDU in the differential diagnosis of benign pelvic and
malignant tumors in women at childbearing age were significantly higher than those of TACDU. The

combined application of CDUS and RI can further improve the accuracy in the diagnosis of pelvic tumors.
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Introduction

The majority of pelvic tumors originate from the female
reproductive system, which are common lesions in women
of childbearing age, and generally have no obvious clinical
symptoms (1). If the diameter of the pelvic tumor is less
than 10 cm and does not exceed the range of the pelvis, the
patient can hardly feel it, nor can a doctor easily detect it
when performing an abdominal palpation. Indeed, this type
of tumor can only be diagnosed by pelvic examination (2,3).
B-ultrasound is the first choice for gynecological diseases
because it is easy to operate, quick, and can accurately
display the location, size, texture, and the relationship
of any pelvic tumors with the surrounding tissues (4).
Transabdominal color Doppler ultrasound (TACDU) has
traditionally been one of the most commonly used clinical
diagnostic methods. However, abdominal ultrasound
scanning is often hampered by interference from intestinal
gas and bladder filling, while the resolution of the distant
field of ultrasonic probe lacks quality, which limits the
utility of the imaging of the internal fine anatomical
structure (5). With the continuous advancement and
development of imaging technology, transvaginal color
Doppler ultrasound (TVCDU) has seen an increased and
more widespread use in the diagnosis of pelvic tumors.
Compared with transabdominal ultrasound, the probe
resolution of TVCDU is higher, and the diagnosis of the
lesions and blood flow of the internal organs of the pelvis
is easier, as well as no need to hold the urine (6). In this
study, the reliability of TVCDU for identifying benign and
malignant pelvic tumors in women of childbearing age was
evaluated. We present the following article in accordance
with the STARD reporting checklist (available at http://
dx.doi.org/10.21037/atm-20-7406).

Methods
General information

The clinical data of pelvic tumor patients at childbearing age
admitted to our hospital from January 2016 to December
2019 were retrospectively analyzed. The inclusion criteria
were the following: (I) patients who had passed the
ultrasound examination, and were then confirmed to be
with pelvic tumor by surgery, laparoscopy, gastrointestinal
endoscopy, or histopathological examination; (II) patients
with complete clinical data, without loss or defect; (III)
female (IV) patients with malignant tumors who did not
receive chemotherapy or radiotherapy before surgery.
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(V) patients at childbearing age of 15-50 years old. The
exclusion criteria were the following: (I) patients with
other malignant diseases; (II) patients in a pregnancy or
lactation period; (III) patients with ultrasound examination
contraindications; (IV) patients with congenital diseases or
immune dysfunction; (V) patients were contraindicated for
a second surgery. This study was approved by the Beijing
Hospital (No. 2019BJYYEC-167-01). All procedures
performed in this study involving human participants were
in accordance with the Declaration of Helsinki (as revised
in 2013). Individual consent for this retrospective analysis
was waived.

Detection method

The E10 color Doppler ultrasound scanner (GE
Healthcare Systems, USA) was used for examination,
with the abdominal ultrasound examination using a 3.5
mHZ abdominal probe. Before the examination, patients
were instructed to drink a copious amount of water to
fill their bladder. Two-dimensional ultrasound was used
to observe and record the size, location, nature, internal
echo, and the presence or absence of capsules of the mass
through horizontal, vertical, and oblique multidirectional
observation. After the abdominal ultrasound was completed,
patients were asked to empty their bladder and to assume
the lithotomy position for transvaginal ultrasound diagnosis
with a 7.5 MHz vaginal probe. A disposable condom was
used to cover the vaginal probe, and the inside and outside
of the cover was coated with a disinfectant coupling agent.
Multisection scans were then performed to carefully observe
the patient’s pelvic cavity, and color Doppler ultrasound was
used to detect the blood flow of the lesion.

Observation indicators

The ultrasound signs were collected using TVCDU
and CDUS, and the resistance index (RI) of benign and
malignant pelvic tumors were analyzed. With the “gold
standard” of pathological diagnosis, the value of TACDU
and TVCDU in the diagnosis of pelvic benign and malignant
tumors was compared. The color Doppler scoring criteria
for pelvic tumors are shown in Tuble 1.

Statistical methods

The data in this study were statistically analyzed by SPSS
22.0 software (IBM, NY, USA). The measurement data are
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Score Tumor Tumor thickness Tumo.r Tumor echo Blood ﬂ.o W Blood flow distribution
surface (mm) separation characteristics

1 Smooth <3 None No reflected echo None None

2 Irregular 4-5 A few (<3) No reflective or liquid Stellate Peripheral

turbidity area punctiform

3 Papillary >6 Many (>3) A little strong echo Short-linear Peripheral + separation

4 Disorder Strong echo Strip Center

5 Mixed echo accompanied Reticulate Peripheral + center

by posterior attenuation

A score >4.0 was diagnosed as a pelvic tumor, which included malignant tumors.

Table 2 Pathological types of tumors

Pathological types Case (n) Percentage (%)
Benign (n=150)
Benign ovarian Brenner tumor 12 8.00
Chocolate cyst 21 14.00
Ovarian serous cyst 49 32.67
Endometrial implantation cyst 38 25.33
Mucinous cystadenoma 30 20.00
Malignant (n=59)
Ovarian serous adenocarcinoma 23 38.98
Mucinous ovarian adenocarcinoma 16 2712
Cervical cancer 20 33.90

described by the mean * standard deviation (¥ + s), and were
analyzed by ¢ test. The count data are expressed as pass rates
or composition ratios, and were analyzed by chi-squared
(") test. Results with P value <0.05 were considered to be
statistically significant.

Results

The specific pathological types of tumors of the involved
patients

After selection based on the inclusion and exclusion
criteria, a total of 209 patients were enrolled, all of whom
were female, aged 24 to 52 years old, with an average age
of 30.66+7.86 years old. The main clinical symptoms of
the enrolled patients included menorrhagia, prepubertal
or postmenopausal lump with uterine bleeding, acute
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abdominal pain in the lower abdomen, periodic abdominal
pain, fever, and abdominal distension. Among these
patients, there were 150 cases of benign pelvic tumors and
59 cases of malignant tumors. The specific pathological
types of tumors are shown in Tuble 2.

Ultrasound signs of pelvic benign and malignant tumors

Most benign tumors had a complete capsule and regular
morphology, were mainly cystic, and were rarely
accompanied by ascites; meanwhile, malignant tumors were
mostly non-encapsulated with irregular morphology, mainly
solid or cystic, and were often accompanied by ascites.
The differences of the above-mentioned ultrasound signs
between benign and malignant tumors were significant

(P<0.05, Tible 3).

Comparison of CDUS score and RI value of benign and
pelvic malignant tumors

The CDUS score of benign pelvic tumors was significantly
lower than that of malignant tumors, and the RI value of
benign pelvic tumors was significantly higher than that of
malignant tumors (P<0.05, Table 4).

Comparison of TACDU and TVCDU in the pathological
diagnosis of benign and malignant pelvic tumors

Among the 209 patients, a total of 175 cases were detected
by TACDU, with a total diagnosis rate of 83.73%, and a
total of 195 cases were detected by TVCDU, with a total
diagnosis rate of 93.30%, which was significantly higher
than that of TACDU (x’=9.414, P= 0.002, Tuble 5).
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Table 3 Ultrasound signs of benign and malignant pelvic tumors [n (%)]
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Group Encapsulated Regular morphology ~ Cystic Solid Cyst-solid Ascites
Benign (n=150) 140 (93.33) 124 (82.67) 106 (70.67) 17 (11.33) 26 (17.33) 4 (2.67)
Malignant (n=59) 21 (35.59) 13 (22.03) 16 (27.12) 23 (38.98) 22 (37.29) 32 (54.24)
' 79.795 68.937 33.048 20.918 9.531 78.985

P 0.001 0.001 0.001 0.001 0.002 0.001

Table 4 Comparison of CDUS scores and RI values between
benign and malignant pelvic tumors (x * s)

Group CDUS score RI
Benign (n=150) 2.78+1.11 0.52+0.07
Malignant (n=59) 6.14+2.23 0.36+0.03
t 14.479 16.936
P 0.001 0.001

CDUS, color Doppler ultrasound score; R, resistance index.

Table 5 Comparison of TACDU and TVCDU in pathological
diagnosis [n (%)]

Pathologic diagnosis

Detection method Total
Benign Malignant
TACDU
Benign 125 (83.33) 9 (15.25) 134 (64.11)
Malignant 25 (16.67) 50 (84.75) 75 (35.89)
TVCDU
Benign 143 (95.33) 7 (11.86) 150 (71.77)
Malignant 7 (4.67) 52 (88.14) 59 (28.23)

TACDU, transabdominal color Doppler ultrasound; TVCDU,
transvaginal color Doppler ultrasound.

Table 6 Comparison of sensitivity and specificity between TACDU
and TVCDU in the diagnosis of benign and malignant pelvic
tumors (%)

Detection

method Sensitivity Specificity Accuracy
TACDU 83.33 (125/150)  84.75 (50/59) 83.73 (175/209)
TVCDU 95.33 (143/150)  88.14 (52/59) 93.30 (195/209)
4 11.334 0.289 9.414

P 0.001 0.591 0.002

TACDU, transabdominal color Doppler ultrasound; TVCDU,
transvaginal color Doppler ultrasound.
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Comparison of sensitivity and specificity of TACDU and
TVCDU in the diagnosis of pelvic benign and malignant

tumors

The sensitivity, specificity, and accuracy of TACDU in
diagnosing benign and malignant pelvic tumors were
83.33%, 84.75%, and 83.73%, respectively. The sensitivity,
specificity, and accuracy of TVCDU in diagnosing benign
and malignant pelvic tumors were 95.33%, 88.14%, and
93.30% respectively, which were all significantly higher
than those of TACDU (P<0.05, Tible 6).

Analysis of two cases

Physical examination of a 45-year-old female patient
revealed a left accessory mass that had persisted for
over 1 month, who was shown to be with ovarian serous
adenocarcinoma, moderately differentiated (Figure 1). And
another patient was a 44-year-old woman who complained
of dull pain in her lower abdomen for 20 years, accompanied
by menstrual changes and frequent urination for 2 months,
who was shown to be with pelvic encapsulation effusion,
bilateral hydrosalpinx (Figure 2).

Discussion

There are various types of pelvic tumors with different
morphologies which derive from different locations and
growth patterns. These differences in morphological and
structural characteristics can be used as the basis for tumor
diagnosis (7). The diagnosis of pelvic tumors is mainly based
on imaging technologies, including ultrasound, computed
tomography (CT), and magnetic resonance imaging (MRI).
However, MRI is rarely used clinically due to its high
cost and long examination time, while CT examination
is also limited by its relatively high expense. Therefore,
ultrasonography is a common method for clinical
examination of female pelvic gynecological malignancies (8).
In vaginal ultrasound in particular, the probe can almost

Ann Transl Med 2020;8(24):1662 | http://dx.doi.org/10.21037/atm-20-7406



Annals of Translational Medicine, Vol 8, No 24 December 2020 Page 5 of 7

Rt Ov-ED 5.59cm/s|
Rt Ov-S/D 1.76]
Rt Ov-RI 0.43

1D6.72cm
2D4.73cm

Figures 1 Images of ovarian serous adenocarcinoma, moderately differentiated. Physical examination of a 45-year-old female patient
revealed a left accessory mass that had persisted for over 1 month. Ultrasound results showed that the solid echo range of the multilocular
septum was about 6.7x6.4x4.7 cm’ in the left accessory area, with a clear boundary and irregular morphology. The maximum cyst area was
5.2x3.4x2.5 cm’ with poor sound transmission. Color Doppler flow imaging (CDFI) revealed visible blood flow signal in the physical area;
RI=0.43.

Figures 2 Images of pelvic encapsulation effusion, bilateral hydrosalpinx. The patient was a 44-year-old woman who complained of dull pain

in her lower abdomen for 20 years, accompanied by menstrual changes and frequent urination for 2 months. Ultrasound images showed that

there was no echo in the left accessory area, with a size of 10.4x10.6x7.9 cm, and local sound transmission difference. Color Doppler flow

imaging (CDFI) revealed a blood flow signal on the septum, indicating the venous spectrum.

directly touch the organ that needs to be scanned, therefore
shortening the distance between the probe and the organ
to be examined. Due to the relatively loose structure of
the vagina, the operating physician can also improve the
image resolution. In cases where the patient has excessive
intestinal gas or is obese, vaginal ultrasound detection can
avoid the interference of intestinal gas or the signaling
attenuation of the abdominal wall fat layer, and then clearly
show the tumor size, shape, and physical properties of the
tumor (9,10). The borders of benign pelvic tumors are often
clear and have a complete capsule, while malignant tumors
usually have an irregular shape and lack a complete capsule.
Furthermore, benign tumors are more common in cystic
lumps while malignant tumors are more common in solid
or cyst-solid lumps. The results of this study are consistent
with those already reported in the above-mentioned
literature.

© Annals of Translational Medicine. All rights reserved.

Studies by Hyde (11) and others have pointed out that
malignant pelvic tumors are often accompanied by ascites.
It is generally believed that ascites is secreted by tumor
cells planted on the surface of the tumor or transferred
to the peritoneum, and the decomposition products of
the peritoneum when it is stimulated. And the amount
of ascites is reported to be positively correlated with the
degree of tumor malignancy (12). In this study, more than
half of the malignant tumors were accompanied by ascites,
while only about 2% of the patients with benign tumors
were accompanied by ascites, indicating that if there is
ascites of the pelvic tumor detected through ultrasound,
the possibility of the tumors being malignant should be
considered. However, even if no evidence of ascites is
found, the possibility of malignancy cannot be ruled out,
and further investigation is still required.

TVCDU detection is an imaging technology that
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combines two-dimensional ultrasound and color Doppler
ultrasound, and shows certain advantages in observing
tumor blood flow distribution and morphology (13). Benign
tumors have small atypia, few new blood vessels, a high
RI, and most of them grow slowly. In contrast, malignant
tumors grow rapidly and have many new blood vessels. The
appearance of a large number of arteriovenous anastomoses
and the lack of muscle tissue components in the vessel wall
lead to a reduction of vascular resistance. The distribution
of malignant tumors is characterized by multivessel diffuse
distribution inside the septum or solid components, while
the number of blood vessels in benign tumors is lower than
that of malignant tumor, with the blood vessels of benign
tumors being mainly located around the lesion. Benign
tumors may also be characterized by a lack of blood flow
(14,15). Celiesiute et 4l. (16) and other researchers have
found that benign and malignant pelvic tumors have their
own characteristics in terms of blood vessel formation
and blood supply. In addition, because the distribution of
blood flow resistance shows a certain pattern, observing the
changes in blood flow resistance can reflect the malignant
characteristic of tumors.

In addition to TVCDU detection, TACDU detection
has commonly been used in clinic, but TACDU detection
requires the patient to hold their urine and fill their
bladder, which may be difficult for the patient and is not
conducive to procedures in the emergency department (17).
Furthermore, the resolution of TACDU detection is low,
and it is difficult to clearly show the more subtle lesions.
Moreover, the accuracy of transabdominal diagnosis could
be affected by intestinal gas, the intestinal tract, and scar
tissue (18,19). Transvaginal ultrasonography with high
diagnostic accuracy, is a valuable method in compensating
for the shortfalls of abdominal ultrasound. According to the
results of this study, TVCDU detection is more effective
in the diagnosis of benign and malignant pelvic tumors,
and has the advantages of simple operation, reproducibility,
and low cost, especially in the diagnosis of obese patients
or those with subtle lesions, which is consistent with the
findings reported by Leonardi ez a/. (20).

In summary, the sensitivity and accuracy of the
differential diagnosis of benign and malignant pelvic tumors
in women at childbearing age by TVCDU detection is
significantly higher than those of TACDU. The combined
application of CDUS and RI can further improve the
diagnostic accuracy of pelvic tumors.
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