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Objective: To evaluate the performance of transvaginal ultrasonography (TVS) in

diagnosis of deep infiltrating endometriosis (DIE).

Methods: We retrospectively analyzed 198 patients with pathological diagnosis of DIE

in our hospital from January 2017 to December 2019 and assessed the performances

of pre-operative TVS diagnosis of DIE with regarding to sensitivity (SE), specificity (SP),

positive predictive value (PPV), and negative predictive value (NPV), using the pathological

diagnosis as the ground truth. We also characterized the ultrasonographic features of the

DIE lesions.

Results: Among all the 198 cases, 170 cases were uterosacral ligament (USL)

involvement, SE: 96.47% and SP: 85.71%; 79 cases were intestinal involvement, SE:

94.94% and SP: 94.96%; 57 cases were vaginal rectal septum (VRS) involvement, SE:

73.68% and SP: 94.33%; 20 cases were vaginal involvement, SE: 50% and SP: 97.21%;

three cases were bladder involvement, SE: 66.7% and SP: 100%; nine cases were ureter

involvement, SE: 55.56% and SP: 100%; and 10 cases were broad ligament involvement,

SE: 10% and SP: 100%.

Conclusion: TVS showed high accuracy in diagnosing DIE.

Keywords: transvaginal ultrasonography, deep infiltrating endometriosis (DIE), uterosacral ligament, intestinal,

diagnosis

INTRODUCTION

Deep infiltrating endometriosis (DIE) is defined as subperitoneal invasion by endometriotic lesions
that exceeds 5mm in depth. DIE accounts for∼4–37% of all patients with endometriosis (1). DIE is
strongly associated with high levels of pelvic pain, infertility, dysuria, dysmenorrhea, dyspareunia,
and gastrointestinal distress, which may seriously affect the quality of life. However, because of
insufficient understanding of the disease and lack of simple diagnostic tests, a timely diagnosis of
DIE is often not available. It has been reported (2–5) that the average delay of DIE diagnosis (the
time from the onset of the first symptom to the clinical diagnosis of endometriosis) was 10 years
in Germany, 7 years in Brazil, 11.7 years in the US, and 8 years in the UK. It has been challenging
to detect DIE by ultrasound for many years (6, 7). The purpose of this study was to explore the
performance of transvaginal ultrasonography (TVS) in DIE diagnosis.
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MATERIALS AND METHODS

Ethics Statement
The Medical Science Ethics Committee of Shenzhen People’s
Hospital approved this study (No. 2018100). Each patient or an
appropriate family member provided informed written consent
for the collection of clinical materials.

Patients
This was a retrospective study. From January 2017 to December
2019, a total of 198 patients suspected of DIE were included
in the study, and all of them underwent laparoscopic surgery
and histological examinations. All patients were enrolled from
Shenzhen People’s Hospital. The indications for TVS were
chronic pelvic pain, infertility, dysmenorrhea, dyspareunia,
and dyschezia.

Inclusion and Exclusion Criteria
Inclusion criteria: (1) patients with clinically suspected DIE based
on medical history and findings; and (2) patients who agreed to
accept surgical treatment for DIE.

Exclusion criteria: (1) women who left this study cohort for
personal reasons; (2) women who got pregnant during waiting
for surgery; (3) patients with severe intestinal gas interference,
which could affect the results; and (4) patients who cancelled
their surgery.

Procedure
All TVS scans were performed by one examiner who had
received professional training. The examiner was blinded to
the physical examination and previous imaging examination
results but was aware that the women were being evaluated for
chronic pelvic pain and that endometriosis was suspected. All
TVS examinations were performed within 2 weeks of surgery.
All women were examined in the lithotomy position with either
a GE E8 (GE Healthcare Ultrasound, USA) or Philips IU22
(Philips IU22, USA) scanner equipped with a 5–9-MHz or C10-3
transducer for transvaginal visualization.

TVS Technology
TVS examinations were performed with ultrasound transmission
gel in the probe cover to create a stand-off to visualize the
near-field area. First, the examiner observed whether the uterine
muscle layer and both ovaries were associated with adenomyosis
or chocolate cysts, which are frequently associated with DIE.
Then, the probe was positioned on the perineum and slowly
inserted into the vagina for observation of the vaginal wall
and vaginal fornix, vaginal rectal septum (VRS), uterosacral
ligament (USL), broad ligament, and intestinal canal. Moreover,
according to the consensus of the International Organization
for the Analysis of Deep Endometriosis (6), a scan of the
urinary system (bladder, kidney, and ureter) was routinely

Abbreviations: DIE, deep infiltrating endometriosis; LR+, positive likelihood

ratio; LR–, negative likelihood ratio; NPV, negative predictive value; PPV, positive

predictive value; SE, sensitivity; SP, specificity; TVS, transvaginal ultrasonography;

USL, uterosacral ligament; VRS, vaginal rectal septum.

performed. During the examination, the examiner paid great
attention to sites with tenderness and observed whether the
sliding sign of the uterus was impaired. It is an important
step to evaluate the mobility between the posterior bladder
dome and anterior uterine serosa via a bimanual examination
combining gentle pushing of the probe and abdominal pressure
with the free hand. The sliding sign was considered positive when
free movement was observed between the bladder and uterus.
Bimanual examination was also performed to assess ovarian
mobility. By applying pressure, the ovaries could slide freely
against the pelvic sidewalls. The sliding sign could also be used
to assess the free mobility between the posterior uterus wall and
the anterior rectal wall.

All of the involved targets, especially painful sites, were
evaluated in multiple scanning planes by rotating the transducer.
The lesion size was measured in three orthogonal planes.

Golden Criteria of DIE
In accordance with Bazot et al.’s criteria (8), deep pelvic
endometriosis was diagnosed in one of the following isolated or
combined circumstances:

(1) Endometrial tissue (endometrial glands and stroma) was
found in at least one resected lesion (9);

(2) Direct visualization of a deep pelvic endometriotic lesion
showed only fibrosis at biopsy; if the lesion was not biopsied,
at least one other site of endometriotic involvement was
proven histologically;

(3) There was complete cul-de-sac obliteration secondary to
unresectable endometriosis (because of an absence of
perioperative consent for extensive surgery). We considered
that in such cases, deep retrocervical endometriosis was
present beneath the peritoneum (10).

Statistical Analysis
All statistical analyses were performed with the Statistical
Package for Social Science version 25.0 (SPSS Inc, Chicago, IL).
The results were expressed as the mean ± standard deviation
or proportions. The definitive diagnosis of DIE was defined
based on the surgical findings and histopathologic results. With
the surgical and pathological results as the gold standard, we
calculated the sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV) of TVS in the
diagnosis of DIE in different sites. The positive and negative
likelihood ratios (LR+ and LR–), as well as the accuracy,
were also calculated. A consistency check was used to calculate
the overall levels of agreement between TVS and surgical
findings for DIE. The strength of concordance reflected by
the kappa coefficient is as follows: 0.00, “poor”; 0.00–0.20,
“slight”; 0.21–0.40, “fair”; 0.41–0.60, “moderate”; 0.61–0.80,
“substantial”; and 0.81–1.00, “almost perfect.” A two-sided P-
value of <0.05 was considered statistically significant. In patients
with bilateral USL involvement identified at surgery, we classified
the findings as false negatives if only one side of the USL was
diagnosed correctly.
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TABLE 1 | Performance of TVS for the pre-operative diagnosis of endometriosis in 198 patients with surgical results as the gold standard.

Location Sensitivity Specificity PPV NPV LR+ LR– Accuracy

Uterosacral ligament

(n = 170)

96.47%

(164/170)

85.71%

(24/28)

97.62%

(164/168)

80.00%

(24/30)

6.75 0.04 94.95%

Intestinal

(n = 79)

94.94%

(75/79)

94.96%

(113/119)

92.59%

(75/81)

96.58%

(113/117)

18.84 0.05 94.95%

Vaginal rectal septum

(n = 57)

73.68%

(42/57)

94.33%

(133/141)

84%

(42/50)

89.86%

(133/142)

12.97 0.28 88.38%

Vagina

(n = 20)

50%

(10/20)

97.21%

(174/179)

66.67%

(10/15)

94.57%

(174/184)

17.92 0.51 92.93%

Bladder

(n = 3)

66.67%

(2/3)

100%

(195/195)

100%

(2/2)

99.49%

(195/196)

# 0.33 99.49%

Ureter

(n = 9)

55.56%

(5/9)

100%

(189/189)

100%

(5/5)

97.93%

(189/193)

# 0.44 99.49%

Broad ligament

(n = 10)

10%

(1/10)

100%

(188/188)

100%

(1/1)

95.43%

(188/197)

# 0.90 95.45%

PPV, positive predictive value; NPV, negative predictive value; LR+, positive likelihood ratio; LR–, negative likelihood ratio; #, not available.

RESULTS

Patient Data
After applying the inclusion and exclusion criteria, a total of 198
women suffering from chronic pelvic pain were included in the
study. The enrolled women were 21–51 years of age (mean, 35.36
years; SD, 7.6 years).

Surgical and TVS Findings
A total of 198 cases of pelvic DIE were confirmed by surgery
and pathology, including 170 cases of USL involvement, of
which 164 cases were correctly diagnosed by TVS; 79 cases
of intestinal involvement, of which 75 cases were correctly
diagnosed by TVS; 57 cases of VRS involvement, of which 42
cases were correctly diagnosed by TVS; 20 cases of vaginal
involvement, of which 10 cases were correctly diagnosed by TVS;
3 cases of bladder involvement, of which 2 cases were correctly
diagnosed by TVS; 9 cases of ureter involvement, of which 5
cases were accurately diagnosed; and 10 cases of broad ligament
involvement, of which 1 case was diagnosed correctly before
surgery (Table 1).

Table 2 shows the levels of agreement between TVS
and surgical findings for deep endometriosis in different
sites. The agreement was almost perfect for intestinal
involvement. There was substantial agreement between
TVS and surgery in identifying USL involvement, VRS
endometriosis, bladder involvement, and endometriosis of
the ureter. The agreement was moderate for endometriosis
of the vagina. However, the agreement was slight for broad
ligament endometriosis.

The ultrasound characteristics of the DIE lesions in each
affected location are summarized as follows (Table 3). There
were multiple manifestations when the USL was affected; 50.61%
(83/164) showed local thickening of the ligament root, reduced
echo, and stiffening (Figure 1); 27.44% (45/164) demonstrated a
nodular lesion with a circular or star shape (Figure 2); 16.46%
(27/164) presented cable-shaped, low-echo lesions along the

TABLE 2 | Levels of agreement between TVS and surgical findings for deep

endometriosis in different sites.

Location Kappa p

Uterosacral ligament 0.8 0.000

Intestinal 0.895 0.000

Vaginal rectal septum 0.706 0.000

Vagina 0.531 0.000

Bladder 0.798 0.000

Ureter 0.705 0.000

Broad ligament 0.174 0.000

USL, with regular or irregular edges (Figure 3); and 5.49%
(9/164) showed that bilateral USL and the torus uterinus were
thickened (Figure 4). Sonograms of the affected intestines were
characteristic, with 32% (24/75) showing “Indian headdress”
signs (Figure 5), and 68% (51/75) showing segmental thickening
(Figure 6) with low echoes, which were characterized by
infiltration starting from the serosa layer, and multiple lesions
could be found. All (42/42) of the involved lesions of the
VRS presented nodular or long hypoechoic zones between the
posterior vagina and rectum, with visible microcystic structures.
The vaginal wall lesions were mostly nodular and hypoechoic
with or without small non-echoic areas (7/10). Blood flow in
the lesions at the vaginal fornix was more abundant than in
other sites (6/10) (Figure 7). The lesions of the bladder wall
were nodular or lumpy; the two cases were both located in
the posterior wall of the bladder, and the peripheral echoes
tended to be slightly enhanced, probably with small echoless areas
inside. Five cases of ureteral involvement were accompanied by
hydronephrosis of the kidney and the proximal ureter. Follow-up
scans of the dilated ureter revealed narrowing of the distal ureter
(Figure 8). Broad ligament involvement presented an irregularly
shaped hypoechoic zone on the right or left side of the uterus
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TABLE 3 | Ultrasonographic features of DIE lesions in different sites.

Site Ultrasonographic feature

Uterosacral ligament Local thickening of the ligament root, reduced echo, and stiffening (83/164); a nodular lesion with a circular or star shape (45/164);

cable-shaped, low-echo lesions along the USL, with regular or irregular edges (27/164); thickening of bilateral USL and the torus

uterinus (9/164).

Intestinal “Indian headdress” signs (24/75); segmental thickening with low echoes characterized by infiltration starting from the serosa layer (51/75).

Vaginal rectal septum Nodular or long hypoechoic zone between the posterior vagina and rectum with visible microcystic structure (42/42).

Vagina Nodular hypoechoic lesions with or without small non-echoic areas (7/10); abundant blood flow (6/10).

Bladder Nodular or lumpy lesions located in the posterior wall of the bladder with peripheral echoes that might be slightly enhanced, probably with small

echoless areas inside (2/3).

Ureter Lesions accompanied by hydronephrosis of the kidney and the proximal ureter. Narrowing of the distal ureter (5/9).

Broad ligament Irregularly shaped hypoechoic zone on either side of the uterus without capsule likely accompanied by enhanced and thickened peripheral

peritoneal echoes (1/10).

FIGURE 1 | Red arrows, hypoechoic thickening of the right USL; white arrows, right ovary with chocolate cyst.

without a capsule and might be accompanied by echo-enhanced
and thickened peripheral peritoneum (Figure 9).

DISCUSSION

As the first-line diagnostic method in gynecology, ultrasound
examination has always been unsatisfactory in diagnosing DIE,
and literature on the application of ultrasound in the diagnosis
of DIE are rare in China. The reasons for the current poor

ultrasound diagnosis rate are as follows: (1). ultrasound doctors
do not know enough about DIE and lack diagnostic experience;

(2) involved DIE lesions are usually located in the posterior

cervical region with a narrow range, complex structures, and

blurred boundaries; (3) during the ultrasound examination,
affected areas are easily ignored or difficult to clearly show, such
as the USL, the VRS, and the vagina; and (4) these easily affected
areas are mostly near the intestine, and intestinal gas interference
affects ultrasound imaging. To address these disadvantageous
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FIGURE 2 | White mark, hypoechoic nodular lesions of the right USL; red arrows, uterus.

FIGURE 3 | Red arrow, cable-shaped hypoechoic lesion along the left USL; CV, cervix; UT, uterus.
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FIGURE 4 | Red arrows, thickening of both the USL and the torus uterinus.

FIGURE 5 | Red arrow, “Indian headdress” signs of intestinal lesions.
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FIGURE 6 | Red arrows, segmental thickening of multiple intestinal lesions.

FIGURE 7 | DIE lesion of the vaginal fornix, with slightly rich blood flow.
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FIGURE 8 | Involvement of the left ureter: (A) hydronephrosis of the left kidney; (B) dilated proximal ureter; (C) narrow involved lower part of the left ureter.

FIGURE 9 | Red arrow, DIE lesion of the right broad ligament, a hypoechoic zone with an irregular shape.

factors, we devised several strategies prior to the study: placing
some coupling agent in the condom to create an acoustic window;
obtaining a full understanding of the anatomy of the affected
areas; and developing inspection specifications. The results of
these preparative steps showed that ultrasound had great value in
diagnosing the affected areas of DIE, especially the USL, intestine,
and ureter. It also indicated that the mentioned methods could
improve the ultrasound diagnosis rate of DIE.

We have used a few strategies during the study in
order to reduce the likelihood that there is discrepancy of
DIE location diagnosed with ultrasound scan and the actual

findings during laparoscopy (and subsequent biopsy). First,
the ultrasound doctor has abundant diagnostic experience and
good understanding of the anatomy of the commonly affected
sites. Second, during the examination, we describe the specific
location of the DIE lesion, adjacent relationship between the
lesion and surrounding tissues, and whether the lesion adheres
to other parts. Third, during the surgery, attention was paid
to the structure adjacent to the lesions and then checked.
Finally, after we have surgically removed the lesion, we gave a
detailed label which included information of its exact location,
origin etc.

Frontiers in Medicine | www.frontiersin.org 8 November 2020 | Volume 7 | Article 567929

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Yin et al. Endometriosis of Different Sites

Uterosacral Ligament DIE
Many scholars (8, 11) consider visualization of the USL by
ultrasound to be impossible. As early as 1996, it was reported
(12) that transrectal ultrasonography could observe normal or
affected uterine ligaments. In our experience, TVS can show
USL in some healthy women, especially when the pelvic cavity
is accompanied by a small amount of fluid. The normal USL
appears as an arcuated and hyperechoic structure around the
rectum from the upper side of the back of the cervix to the
sides (Figure 10). Lesional involvement in the USL presented as
hypoechoic nodules, cable-like echoes, local thickening of the
root or thickening of bilateral USL and the arch. In this study, the
sensitivity of ultrasound diagnosis was 96.47%, higher than the
results of other reports (8, 13). At the same time, the specificity
of ultrasound-diagnosed USL lesions in this study was 85.71%,
lower than other statistical indicators. The main reason for this
was the fact that three cases diagnosed as unilateral involvement
were classified into the false negative group in the study, which
has not been encountered in other studies.

Intestinal DIE
Consistent with the results of numerous studies (3, 14),
ultrasound played an important role in the diagnosis of
intestinal DIE. In this study, the sensitivity was 94.94%, and the
specificity was 94.96%. This is mainly because the ultrasound
images of intestinal DIE lesions were very characteristic
and easy to identify, and all patients in this study made
bowel preparations, which was conducive to improving the
detection rate of intestinal lesions. Five false-positive cases were
actually adhesions between the posterior cervical lesion and
the rectum, without invading the intestinal wall. Another false-
positive case turned out to be ulcerative colitis after surgery.
Retrospective analysis of the ultrasound images revealed that
both the anterior and posterior walls of the affected colon
were thickened rather than the segmental thickening of the
anterior wall of intestine DIE, accompanied by proximal bowel
obstruction (Figure 11). Although the diagnostic performance
was good, we should also pay much attention to the differential
diagnosis of other intestinal diseases, as some scholars have
suggested (15).

In this study, we found a case of intestinal endometriosis
with malignant transformation pre-operatively. The patient had
undergone hysterectomy due to DIE 1 year prior and presented
with bloody stool 3months after surgery. TVS showed a low-echo
mass with a diameter of approximately 40mm on the right side
of the vaginal stump and the anterior wall of the rectum. The
boundary was not clear, and the shape was irregular. In addition,
abundant blood flow and a high-speed, low-resistance blood
flow spectrum can be seen in the mass (Figure 12). Ultrasound
examination can show the characteristics of malignant lesions
in the intestinal tract, but distinguishing it from primary or
metastatic cancer of the intestine is difficult. For patients with
a history of endometriosis, especially those using hormone
replacement therapy, the possibility of endometrial malignant
transformation should be considered. Endometriotic lesions of
the intestine mostly grow inward from the serosa layer, which
is helpful for differential diagnosis. Ultrasound has a high

diagnostic rate for intestinal DIE lesions; however, it cannot be
compared with rectal ultrasound endoscopy when evaluating the
depth of intestinal involvement and determining the distance
from the anus (8).

VRS and Vaginal DIE
Our study showed that the specificity of VRS and vaginal DIE
was good while the sensitivity was low at 73.68 and 50%,
respectively, when compared with that of other involved sites.
Themain reason for these results was that the ultrasound features
of the lesions were not very characteristic, and the ultrasound
diagnosis of small or single DIE lesions was limited. Ultrasound
easily missed nodules of the vaginal wall because of vaginal
wall collapse and interference with vaginal gas. The method
of placing some couplant in the probe condom could improve
imaging quality and be conductive to demonstrating vaginal
wall lesions.

A case of VRS endometriosis with malignant change was
detected before surgery. TVS showed a mass with a diameter of
approximately 60mm, a blurred border and an irregular shape.
The mass presented abundant blood flow (Figure 13), which can
be a crucial clue for differential diagnosis.

Bladder DIE
In the study, there were just three cases of bladder involvement.
Consistent with the results of other studies (8, 16), the results
of this study indicate that ultrasound is not very sensitive in
diagnosing bladder endometriosis. The main reason is that it is
difficult to characterize lesions of the bladder unless the patient
has typical clinical manifestations of periodic urinary frequency
and dysuria or evidence of endometriosis at other sites, such
as uterine scars. The two cases that were correctly diagnosed
in this study were detected due to a comprehensive analysis of
the patient’s medical history. One case located at the top of the
bladder was missed due to overfilling of the bladder and the
small size of the lesion. The ultrasound image characteristics of
the bladder DIE in the study were as follows: single lesions were
located in the posterior wall of the bladder, while when scars on
the anterior wall of the uterus invaded the bladder, it was at the
anterior wall. Abnormal hypoechoic nodules, round or clumped
and with clear borders, could be seen. Sometimes small anechoic
areas can be seen in typical lesions. Color Doppler imaging did
not show significant blood flow. These characteristics can be
used to distinguish between bladder tumors and cystitis. For
cases without specific clinical manifestations, it is difficult for
ultrasound doctors to make a differential diagnosis based on the
sonogram alone, requiring them to prompt further examination
to confirm the diagnosis.

Ureteral DIE
The early diagnosis of ureteral DIE is of great importance,
because timely intervention can prevent the loss of renal function
caused by ureteral obstruction. Usually, ureteral endometriosis
is associated with other DIE lesions. The incidence of ureteral
endometriosis is estimated to be 0.08–12% of all women with
DIE. However, for endometriosis involving the USL, there is
greater ureteral involvement, and the prevalence can reach 35%
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FIGURE 10 | Red arrow, normal left USL; white arrow, cervix.

FIGURE 11 | Misdiagnosed ulcerative colitis. Red arrows, thickening of both the anterior and posterior walls of the affected colon; blue arrows, proximal

bowel obstruction.

Frontiers in Medicine | www.frontiersin.org 10 November 2020 | Volume 7 | Article 567929

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Yin et al. Endometriosis of Different Sites

FIGURE 12 | Intestinal endometriosis with malignant transformation: (A) hypoechoic mass with blurred borders and an irregular shape; (B) abnormally abundant

blood flow; (C) high-speed low-resistance blood flow spectrum of the mass.

FIGURE 13 | Lesion of the vaginal rectal septum with malignant transformation: (A) an irregular mass with blurred borders located at the vaginal rectal septum; (B)

fairly abundant blood flow in the mass.

(17). Therefore, ureteral involvement should be kept in mind
when USLs are also clinically involved (17).

The consensus of the International Organization for the
Analysis of Deep Endometriosis (6) states that in view of the lack
of specific clinical manifestations of urinary DIE and to prevent
the loss of renal function, a complete and comprehensive scan
of the urinary system should be performed in all patients with
endometriosis. Histologically (18), according to the presence of
the endometrial glands and interstitium in the muscular layer
or even the submucosa of the ureteral wall, the endometriosis is
divided into two types, extrinsic and intrinsic, with an external
to internal incidence ratio of approximately 4:1. In our study,
pathological results showed that there were eight extrinsic and
two intrinsic cases, which coincided with the literature.

Five cases received the correct pre-operative diagnosis. After
finding hydronephrosis, we followed up and scanned the dilated
ureter up to the stenosis, where it was mostly compressed, with
a tortuous path, and hypoechoic lesions can be seen around it.

In the study, the five cases of ureteral involvement were single
lesions located in the middle and lower ureter after crossing the
iliac vessels. The four missed cases’ surgical findings showed that
the lesions were just invading the surface of the ureter, which
made them hard to detect by TVS.

In short, a comprehensive urinary scan of patients with
DIE can be helpful to detect ureteral lesions, as mentioned
in other published literature (19). However, for cases without
hydronephrosis of the kidney or lesions that are just invading the
surface of the ureter, such as the missed cases in this study, more
advanced skills are needed, and further studies are also required
to better demonstrate the diagnostic performance of TVS in the
detection of ureteral DIE, as mentioned in other reports (19, 20).

Broad Ligament DIE
The diagnostic performance of TVS for lesions involving the
broad ligament was not satisfactory in the study. Indeed, to
date it has been difficult to find reports on this type of lesion,
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which can explain the difficulty in diagnosing broad ligament
endometriosis to some extent. The main reason may be that
the broad ligament has a wide range and suffers from inevitable
intestinal disturbance, which makes it difficult to scan fully with
TVS. According to our experience, for patients with DIE, if there
is an irregular hypoechoic lesion near the uterus, thickened and
echo-enhanced surrounding peritoneum, the possibility of broad
ligament involvement should be considered.

LIMITATIONS AND FUTURE PLANNING

There are also limitations of our study. First, only patients with
severe pelvic endometriosis and surgical evidence of DIE were
included, which may have increased the diagnostic rate, and thus
we cannot comment on the accuracy of TVS for diagnosing DIE
in the general population. Second, there were only a few cases
of bladder involvement. Third, the study was carried out only
by an experienced doctor. We plan to train low-skilled doctors
and discuss the comparison of the accuracy of DIE diagnosis by
doctors with different working experience in follow-up research.
We also intend to compare the diagnostic performance between
MRI and TVS when carrying on the follow-up prospective
research. Last but not least, the diagnostic performance of TVS
for lesions with broad ligament involvement was not satisfactory,
and further study is needed to improve the diagnostic accuracy of
TVS for these lesions in the future.

CONCLUSIONS

The results of this study indicate that TVS has great diagnostic
value for the diagnosis of pelvic DIE, especially lesions

with USL, intestine, and VRS involvement. Understanding
the anatomical structure of the involved sites and the
characteristics of DIE lesions, the application of the
examination ultrasound window and the tenderness
guidance method, and the establishment of examination
and operation specifications can help improve the rate of
ultrasound diagnosis.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Ethics committee of Shenzhen People’s Hospital.
The patients/participants provided their written informed
consent to participate in this study.

AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct and intellectual
contribution to the work, and approved it for publication.

FUNDING

This study was funded by the Guangdong Medical Science
and Technology Research Fund Project (No. A2016545) and
the Clinical Research Project of Shenzhen Health and Family
Planning Commission in China (No. SZLY2018007).

REFERENCES

1. Koninckx PR, Ussia A, Adamyan L, Wattiez A, Donnez J. Deep

endometriosis: definition, diagnosis, and treatment. Fertil Steril. (2012)

98:564–71. doi: 10.1016/j.fertnstert.2012.07.1061

2. Chapron C, Fauconnier A, Vieira M, Barakat H, Dousset B, Pansini V,

et al. Anatomical distribution of deeply infiltrating endometriosis: surgical

implications and proposition for a classification.Hum Reprod. (2003) 18:157–

61. doi: 10.1093/humrep/deg009

3. Bazot M, Malzy P, Cortez A, Roseau G, Amouyal P, Darai E. Accuracy of

transvaginal sonography and rectal endoscopic sonography in the diagnosis

of deep infiltrating endometriosis. Ultrasound Obstet Gynecol. (2007) 30:994–

1001. doi: 10.1002/uog.4070

4. Nnoaham KE, Hummelshoj L, Webster P, d’Hooghe T, de Cicco Nardone F,

de Cicco Nardone C, et al. Impact of endometriosis on quality of life and work

productivity: a multicenter study across ten countries. Fertil Steril. (2011)

96:366–73. doi: 10.1016/j.fertnstert.2011.05.090

5. Ghai V, Jan H, Shakir F, Haines P, Kent A. Diagnostic delay for superficial

and deep endometriosis in the United Kingdom. J Obstet Gynaecol. (2020)

40:83–9. doi: 10.1080/01443615.2019.1603217

6. Guerriero S, Condous G, van den Bosch T, Valentin L, Van Schoubroeck

D, Installe A, et al. Systematic approach to sonographic evaluation of the

pelvis in women with suspected endometriosis, including terms, definitions

and measurements: a consensus opinion from the International Deep

Endometriosis Analysis (IDEA) group. Ultrasound Obstet Gynecol. (2016)

48:318–32. doi: 10.1002/uog.15955

7. Van den Bosch T, Van Schoubroeck D. Ultrasound diagnosis of endometriosis

and adenomyosis: state of the art. Best Pract Res Clin Obstet Gynaecol. (2018)

51:16–24. doi: 10.1016/j.bpobgyn.2018.01.013

8. Bazot M, Thomassin I, Hourani R, Cortez A, Darai E. Diagnostic accuracy

of transvaginal sonography for deep pelvic endometriosis. Ultrasound Obstet

Gynecol. (2004) 24:180–5. doi: 10.1002/uog.1108

9. Adamson GD, Nelson HP. Surgical treatment of endometriosis. Obstet

Gynecol Clin North Am. (1997) 24:375. doi: 10.1016/S0889-8545(05)

70310-7

10. Reich H, McGlynn F, Salvat J. Laparoscopic treatment of cul-de-sac

obliteration secondary to retrocervical deep fifibrotic endometriosis. J Reprod

Med. (1991) 36:516.

11. Exacoustos C, Zupi E, Piccione E. Ultrasound imaging for ovarian

and deep infiltrating endometriosis. Semin Reprod Med. (2017) 35:5–24.

doi: 10.1055/s-0036-1597127

12. Ohba T, Mizutani H, Maeda T, Matsuura K, Okamura H. Evaluation of

endometriosis in uterosacral ligaments by transrectal ultrasonography.

Hum Reprod. (1996) 11:2014–7. doi: 10.1093/oxfordjournals.humrep.

a019535

13. Guerriero S, Ajossa S, Minguez JA, Jurado M, Mais V, Melis GB, et al.

Accuracy of transvaginal ultrasound for diagnosis of deep endometriosis in

uterosacral ligaments, rectovaginal septum, vagina and bladder: systematic

review and meta-analysis. Ultrasound Obstet Gynecol. (2015) 46:534–45.

doi: 10.1002/uog.15667

14. Hudelist G, English J, Thomas AE, Tinelli A, Singer CF, Keckstein J.

Diagnostic accuracy of transvaginal ultrasound for non-invasive diagnosis of

Frontiers in Medicine | www.frontiersin.org 12 November 2020 | Volume 7 | Article 567929

https://doi.org/10.1016/j.fertnstert.2012.07.1061
https://doi.org/10.1093/humrep/deg009
https://doi.org/10.1002/uog.4070
https://doi.org/10.1016/j.fertnstert.2011.05.090
https://doi.org/10.1080/01443615.2019.1603217
https://doi.org/10.1002/uog.15955
https://doi.org/10.1016/j.bpobgyn.2018.01.013
https://doi.org/10.1002/uog.1108
https://doi.org/10.1016/S0889-8545(05)70310-7
https://doi.org/10.1055/s-0036-1597127
https://doi.org/10.1093/oxfordjournals.humrep.a019535
https://doi.org/10.1002/uog.15667
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Yin et al. Endometriosis of Different Sites

bowel endometriosis: systematic review and meta-analysis. Ultrasound Obstet

Gynecol. (2011) 37:257–63. doi: 10.1002/uog.8858

15. Scioscia M, Orlandi S, Trivella G, Portuese A, Bettocchi S, Pontrelli G,

et al. Sonographic differential diagnosis in deep infiltrating endometriosis:

the bowel. BioMed Res Int. (2019) 2019:5958402. doi: 10.1155/2019/

5958402

16. Savelli L, Manuzzi L, Pollastri P, Mabrouk M, Seracchioli R, Venturoli S.

Diagnostic accuracy and potential limitations of transvaginal sonography

for bladder endometriosis. Ultrasound Obstet Gynecol. (2009) 34:595–600.

doi: 10.1002/uog.7356

17. Lima R, Abdalla-Ribeiro H, Nicola AL, Eras A, Lobao A, Ribeiro

PA. Endometriosis on the uterosacral ligament: a marker of ureteral

involvement. Fertil Steril. (2017) 107:1348–54. doi: 10.1016/j.fertnstert.2017.

04.013

18. Seracchioli R, Raimondo D, Di Donato N, Leonardi D, Spagnolo

E, Paradisi R, et al. Histological evaluation of ureteral involvement

in women with deep infiltrating endometriosis: analysis of a

large series. Hum Reprod. (2015) 30:833–9. doi: 10.1093/humrep/

deu360

19. Carfagna P, De Cicco Nardone C, De Cicco Nardone A, Testa AC, Scambia

G, Marana R, et al. Role of transvaginal ultrasound in evaluation of ureteral

involvement in deep infiltrating endometriosis. Ultrasound Obstet Gynecol.

(2018) 51:550–5. doi: 10.1002/uog.17524

20. Piessens S, Edwards A. Sonographic evaluation for endometriosis in

routine pelvic ultrasound. J Minim Invasive Gynecol. (2019) 27:265–6.

doi: 10.1016/j.jmig.2019.08.027

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2020 Yin, Lin, Xu, Xu and Zhang. This is an open-access article

distributed under the terms of the Creative Commons Attribution License (CC BY).

The use, distribution or reproduction in other forums is permitted, provided the

original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Medicine | www.frontiersin.org 13 November 2020 | Volume 7 | Article 567929

https://doi.org/10.1002/uog.8858
https://doi.org/10.1155/2019/5958402
https://doi.org/10.1002/uog.7356
https://doi.org/10.1016/j.fertnstert.2017.04.013
https://doi.org/10.1093/humrep/deu360
https://doi.org/10.1002/uog.17524
https://doi.org/10.1016/j.jmig.2019.08.027
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

	Diagnosis of Deep Infiltrating Endometriosis Using Transvaginal Ultrasonography
	Introduction
	Materials and Methods
	Ethics Statement
	Patients
	Inclusion and Exclusion Criteria
	Procedure
	TVS Technology
	Golden Criteria of DIE
	Statistical Analysis

	Results
	Patient Data
	Surgical and TVS Findings

	Discussion
	Uterosacral Ligament DIE
	Intestinal DIE
	VRS and Vaginal DIE
	Bladder DIE
	Ureteral DIE
	Broad Ligament DIE

	Limitations and Future Planning
	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References


