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Abstract

Background: We speculated that stimulating the uterine cervix of patients may increase blood flow resistance of the uterine artery more
significantly in women with endometriosis than those without. Accordingly, the resistance index (RI) of the uterine artery following
stimulation of the cervix may offer a novel and promising non-invasive method for diagnosing endometriosis. In this prospective study,
the aim was to determine the performance of the uterine artery resistance index (RI) following stimulation of the cervix in the diagnosis
of endometriosis. Methods: This prospective cohort study included 270 patients with non-uterine diseases who were scheduled for
laparoscopic surgery. Each patient underwent Doppler sonography for peak systolic velocity (PSV), end diastolic velocity (EDV), and
RI before and after stimulation of the cervix, in addition to conventional ultrasound examination one day prior to laparoscopic surgery.
The cervix was stimulated using a double convex array electronic vaginal probe for real-time tissue elastography. Results: Laparoscopic
surgical evaluation revealed endometriosis in 91 (33.7%) patients. Following stimulation of the cervix, the RI of the uterine artery was
significantly increased in the endometriosis group (p = 0.00), but no significant increase in the RI was observed in the control group (p
= 0.45). The sensitivity and specificity of the post-stimulation RI for diagnosing endometriosis (using a cut off of 0.83) were 85.71%
(95% confidence interval (CI): 76.45–91.88) and 88.83% (95% CI: 83.05–92.87), respectively. For peritoneal endometriosis (PEM),
sensitivity and specificity were 86.96% (95% CI: 65.33–96.57) and 88.83% (95% CI: 83.05–92.87), respectively. The sensitivity and
specificity of transvaginal ultrasonography (TVU) for diagnosing endometriosis were 63.74% (95% CI: 52.93–73.37) and 94.41% (95%
CI: 89.68–97.14), respectively. The positive rate for TVU in diagnosing all endometrioses was 63.7%, and this was lower than that
for the post-stimulation RI(84.6%, p = 0.001). Conclusions: Stimulation of the cervix leads to a significant decrease in uterine blood
perfusion in women with endometriosis. TVU is a sensitive and specific method for the diagnosis of endometrioma, while the RI is a
more sensitive parameter for diagnosing PEM than TVU. For the diagnosis of endometriosis, especially for PEM, the post-stimulation
RImay prove to be a promising non-invasive diagnostic technique.
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1. Introduction

Edometriosis is a disease characterized by the pres-
ence of endometrium-like epithelium and/or stroma outside
the endometrium and myometrium, usually with an associ-
ated inflammatory process [1], and is classified according
to the implant site: peritoneal endometriosis (PEM), ovar-
ian endometriosis (OEM), deep infiltrating endometriosis
(DIE), and other endometriosis types. The main symptoms
of endometriosis, such as dysmenorrhea, infertility, dys-
pareunia, and chronic pelvic pain, are not specific [1]. As a
result, it may take between 8 and 12 years before a patient
receives a definitive diagnosis and starts treatment [2].

Transvaginal ultrasonography (TVU) is considered to
be the most effective non-invasive method for the diagnosis

of endometriosis [3,4]. It is highly sensitive and specific for
diagnosing OEM but has limited diagnostic value in PEM
and DIE [5]. Given that PEM does not have any typical ul-
trasound imaging features, these patients are usually diag-
nosed by visual inspection of the pelvis at laparoscopy [6].
However, laparoscopy cannot be used as a routine screen-
ing method for endometriosis as it is expensive and inva-
sive [7]. Consequently, an accurate non-invasive diagnos-
tic method for PEM is urgently needed.

Excessive uterine activity has been reported in women
with endometriosis [8,9] expressed as more intensive my-
ometrium contractions and higher intrauterine pressure
when the uterus was stimulated by external factors than
occurs in women without endometriosis [10,11]. Inten-
sive contractions of the myometrium decrease uterine blood
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Fig. 1. Cervical elastic ultrasound.

perfusion [12]. In our clinical practice with laparoscopic
surgery, we have found that the uterus of a patient with
endometriosis becomes pale and inflexible immediately af-
ter the uterine manipulator is set in place. Thus, we spec-
ulated that stimulating the uterine cervix of patients may
increase blood flow resistance of the uterine artery more
significantly in women with endometriosis than those with-
out. Accordingly, the resistance index (RI) of the uter-
ine artery following stimulation of the cervix may offer a
novel and promising non-invasive method for diagnosing
endometriosis. Combined with TVU, the post-stimulation
RI may therefore prove to be a sensitive tool in endometrio-
sis diagnosis.

In this prospective study, the aim was to delineate
the hemodynamic changes of uterine artery blood flow on
stimulation of the cervix and to determine the performance
of the post-stimulation RIin diagnosing endometriosis in
women who were scheduled for laparoscopic surgery.

2. Patients and Methods
2.1 The Study Population

This prospective study enrolled patients who were
scheduled for laparoscopic surgery between August 1, 2015
and December 31, 2017 at the Department of Gynecol-
ogy of the Second Affiliated Hospital of Soochow Uni-
versity. Major inclusion criteria were: women aged be-
tween 20 and 50 years with a sexual history, regular men-
strual cycles (21–35 days), and non-uterine gynecological
diseases requiring laparoscopic surgery. Major exclusion

criteria were: the presence of uterine diseases (myoma or
adenomyosis), use of an intrauterine device (IUD), an ir-
regular menstrual cycle (<21 or >35 days), menopause,
pregnancy, endocrine disorders (diabetes mellitus, hyper-
thyroidism, hypothyroidism, or adrenal cortex diseases),
and hormone therapy within the three months prior to la-
paroscopic surgery. Surgical indications in patients with
suspected endometriosis were: patients with negative imag-
ing results, or empirical treatment failure or inappropri-
ate; in order to reduce the endometriosis related pain;
DIE; endometriosis related infertility; recurrent pain symp-
toms in women with endometriosis; potential malignant
endometriosis related mass. A detailed medical history
was taken and all patients were tested for the blood tumor
marker CA125.

The study protocol was approved by the Ethics Com-
mittees of the Second Affiliated Hospital of Soochow Uni-
versity. All patients provided written informed consent.
The study was registered at the Chinese Clinical Trial Reg-
istry (ChiCTR-DCD-15006719).

2.2 Laparoscopic Surgery

Laparoscopic surgery was conducted by two experi-
enced surgeons between days five and seven of the men-
strual cycle. During surgery, the abdominal and pelvic
cavity were thoroughly examined in the following order:
the left pelvic cavity, the anterior pelvic cavity, the right
pelvic cavity, the right abdominal cavity, the diaphragmatic
surface, the left abdominal cavity, the rectouterine fossa,
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Fig. 2. The study flowchart.

the mesentery, the intestinal surface, the uterine surface,
the ovaries, and finally the fallopian tubes. All clinical
pathological types were carefully recorded including PEM,
OEM, DIE, and other endometriosis types. The discov-
ery of ectopic lesions during gynecological laparoscopic
surgery confirmed the diagnosis of endometriosis with or
without histological confirmation. All endometriotic foci
were surgically removed.

2.3 Doppler Sonography

On the day before laparoscopic surgery, Color
Doppler sonography was performed using a Hitachi EUB-
7500 Ultrasound machine (Hitachi, Tokyo, Japan) with a
conventional transabdominal probe and a double convex ar-
ray electronic biplane rectal/vaginal probe. All measure-
ments were taken by the same sonographer between 14:00
and 17:00 and between days five and seven of the menstrual
cycle. Patients, sonographers and gynecologists were all
blinded to the patient data. The sonographer started with

color Doppler flow imaging (CDFI) and measured the pa-
rameters of the uterine artery using transabdominal sonog-
raphy prior to stimulation of the cervix. A 3.5–5MHz trans-
ducer was used with a wall filter less than 100 Hz to reduce
low frequency noise signals. Pulse repetition was at 7000
Hz and the sampling volume was 3 mm: equal to the inter-
nal diameter of the uterine arteries. The uterine artery was
identified as it passed lateral to the uterus at the level of the
internal os and then the probe angle was adjusted to detect
the maximum color intensity and amplitude. The angle be-
tween the acoustic beam and the direction of flow was close
to 0◦. After a stable frequency spectrogram was acquired
continuously for 3–5 cardiac cycles, the Doppler parame-
ters of the uterine artery including PSV, EDV, pulsation in-
dex (PI), and RI (RI = (PSV – EDV)/PSV) were calculated.

The end-fire ultrasound probe was used to stimulate
the uterine cervix in the real-time tissue elastography mode.
The probe was gently set perpendicular to the surface of the
cervix and then pressure, set at stage 4 (3.7 N), was applied
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Fig. 3. Hemodynamic parameters of the uterine artery in patients with or without endometriosis before and after stimulating
the cervix. (A) In patients with no endometriosis: before stimulating the cervix, the hemodynamic parameters were PSV 59.6 cm/s,
EDV 17.2 cm/s, RI 0.71 (A-1); after stimulating the cervix, the hemodynamic parameters were PSV 44.9 cm/s, EDV 13.9 cm/s, RI 0.69.
There was no significant difference of EDV, PSV and PI between before and after stimulating the cervix (A-2). (B) A representative case
of PEM: before stimulating the cervix (B-1), the hemodynamic parameters were PSV 96.0 cm/s, EDV 20.9 cm/s, RI 0.78, respectively;
after stimulating the cervix, the uterine artery perfusion resistance significantly increased, PSV 58.2 cm/s, EDV 6.7 cm/s, RI 0.89 (B-2).

(see Fig. 1). Compression and decompression were then re-
peated 240 times/minute for 30 seconds in order to gain a
stable frequency spectrogram. Once this had been acquired
continuously for 3–5 cardiac cycles, the Doppler parame-
ters of the uterine artery were measured within 10 minutes
of stimulation of the cervix. The mean value of each param-
eter for three cardiac cycles was reported. In addition, only
data from the right uterine artery was reported given that
there was no statistical difference in Doppler parameters be-
tween the left and right uterine artery (data not shown).

2.4 Transvaginal Ultrasonography

Immediately following the hemodynamic study of the
uterine artery, the uterus, the adnexa, the vagina, the recto-
vaginal space, the uterosacral ligaments, the recto-sigmoid,
and the urinary bladder were examined using dimensional
TVU during a standard ultrasound examination. The pres-
ence of a unilocular cyst with homogeneous low-level
echogenicity (ground-glass echogenicity) or deep nodules
provided a sonographic diagnosis of endometriosis [13].

2.5 Statistical Analysis
The SPSS 19.0 software package (SPSS Inc., Chicago,

IL, USA) was used for data analysis. The Kolmogorov–
Smirnov test was used for testing normality. For normally
distributed data, an independent samples t-test was used for
analyzing the differences between the endometriosis group
and the control group. The Mann–Whitney U test was used
in cases of non-normally distributed data. Receiver oper-
ating characteristic (ROC) curves of the RI were obtained
along with areas under the curve (AUC) and the 95% CI,
and these were analyzed using the Hanley–McNeil non-
parametric method. The ROC cutoff value was chosen by
maximizing the sum of the sensitivity and specificity. Sen-
sitivity, specificity, the positive and negative predictive val-
ues (calculated based on the prior probability of 0.30), the
positive and negative likelihood ratios (conventional), and
the 95% CI were calculated using Clinical Calculator 1 [14]
after choosing the optimal cutoff. The Kappa test was used
as a consistency test, and the McNemar test was used as a
test of significance. A value of p < 0.05 was considered to
be statistically significant.
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Table 1. Primary diseases in the study population (n = 270).

Postoperative Diagnosis
Preoperative diagnosis by TVS Endometriosis Non-endometriosis

Total
PEM OEM DIE CEM Benign ovarian tumor Borderline or malignant ovarian tumor Hydrosalpinx Infertility Inflammatory mass

Endometriosis

PEM 0 0 0 0 0 0 0 0 0 0
OEM 0 45 0 10※ 6 0 0 0 2 63
DIE 0 0 0 0 0 0 0 0 0 0
CEM 0 0 0 5⊕ 0 0 0 0 0 5

Non-endometriosis
Pelvic cyst 17# 6& 0 0 148 5 0 0 0 176
Infertility 6€ 0 0 2$ 0 0 0 8 0 16
Other 0 0 0 0 0 0 10 0 0 10

Total 23 51 0 17 154 5 10 8 2 270
Note: 91 patients (the endometriosis group) were confirmed to have endometriosis during gynecological laparoscopic surgeries and 179 patients (the control group) were confirmed to have no endometriosis.
※The 10 patients were admitted for OEM and all the cysts were suspected of having OEM by transvaginal ultrasonography before surgeries. During laparoscopic surgeries, CEM was confirmed (7 cases of
PEM + OEM, and 3 cases of OEM + DIE).
⊕The 5 patients were admitted for CEM (OEM + DIE). During laparoscopic surgeries, CEM (PEM + OEM + DIE) was confirmed.
#The primary diseases for the 17 PEM patients included teratoma (n = 10), serous cystadenoma (n = 6) and mucinous cystadenoma (n = 1).
€The 6 patients were not included due to seminal factors of spouses and ovulatory factors before surgeries. During laparoscopic surgeries, PEM was confirmed in all cases; 4 had severe pelvic adhesions and
2 had closure of the parachute end of the oviduct.
&The 6 patients were admitted for pelvic cysts and all the cysts were suspected as simple cysts by transvaginal ultrasonography before surgeries. During laparoscopic surgeries, OEM was confirmed.
$The 2 patients were admitted for infertility. During laparoscopic surgeries, CEM (DIE + PEM) was confirmed.

Table 2. Demographic and baseline characteristics of the study population.
Variables Control Endometriosis p value

No. 179 91
Mean age, years (SD) 37.35 (6.80) 36.27 (5.56) 0.19
Mean BMI, kg/m2 (SD) 22.95 (2.12) 23.33 (2.25) 0.40
Median number of pregnancies (IQR) 1 (2) 2 (2) 0.15
Median number of term pregnancies (IQR) 1 (1) 1 (2) 0.32
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3. Results

3.1 Demographic and Baseline Characteristics of the
Study Population

The study flowchart is shown in Fig. 2. A total of 297
patients were screened for eligibility. No patient reported
pain or any other discomfort during the ultrasound exam-
ination. Twenty-seven patients were excluded due to the
following reasons: 16 had myoma, 4 used an IUD, and 7
were sexually abstinent. A total of 270 patients were en-
rolled. Ninety-one (33.7%) patients were diagnosed with
endometriosis during gynecological laparoscopic surgery.
They included 23 (25.3%) cases of PEM, 51 (56.0%) cases
of OEM, and in 17 (18.7%) cases a compound type of en-
dometriosis was present: PEM + OEM in 7 cases, PEM +
DIE in 2 cases, OEM + DIE in 3 cases, and PEM + OEM +
DIE in 5 cases (Table 1).

One hundred seventy-nine (66.3%) patients did not
have endometriosis. They included 54 cases of teratoma,
48 cases of serous cyst endometrioma, and in 77 cases other
diseases were present.

The demographics and baseline characteristics of the
study population are shown in Table 2. Demographic and
baseline variables were comparable between the two groups
(p > 0.05 for all).

3.2 Hemodynamic Changes of Uterine Artery Blood Flow
after Stimulation of the Cervix

There was no statistical difference in PSV between the
control group and the endometriosis group prior to stimu-
lation of the cervix (p = 0.73, see Table 3). The PSV in
the endometriosis group was significantly lower following
stimulation of the cervix as compared with before stimula-
tion and was comparable with the PSV in the control group
after stimulation (p = 0.00 for both).

EDV in the endometriosis group was significantly
lower than that of the control group prior to stimulation of
the cervix (p = 0.00). Following stimulation, there was a
significant reduction in the EDV in the endometriosis group
(p = 0.00 vs. before stimulation) while no such significant
decline was observed in the control group (p = 0.11). The
RI of the uterine artery in the endometriosis group was sig-
nificantly higher than that of the control group both before
and after stimulation of the cervix (p = 0.00 for both, see
Fig. 3). The RI of the uterine artery increased significantly
in the endometriosis group after stimulation of the cervix (p
= 0.00 vs. before stimulation), but no significant increase
in RI was observed in the control group after stimulation (p
= 0.45 vs. before stimulation). No significant differences
were observed in the PI between the endometriosis group
and the control group both before and after stimulation of
the cervix (p > 0.05 in all).

3.3 Performance of RI and TVU in the Diagnosis of
Endometriosis

The AUC for the RI following stimulation of the
cervixwas 0.93 (95% confidence interval (CI): 0.89–0.96)
and this was significantly higher than that for the RIprior
to stimulation (0.79; c: 0.73–0.84, p = 0.00). The diag-
nostic value of the post-stimulation RI was further ana-
lyzed and it was found that, with a cut off of 0.83, the
sensitivity and specificity for diagnosing all types of en-
dometriosis were 85.71% (95% CI: 76.45%–91.88%) and
88.83% (95% CI: 83.05%–92.87%), respectively. In ad-
dition, in the diagnosis of PEM, sensitivity and speci-
ficity of the post-stimulation RI were 86.96% (95% CI:
65.33%–96.57%) and 88.83% (95% CI: 83.05%–92.87%),
respectively. When the post-stimulation RIwas used for
the diagnosis of OEM, the sensitivity and specificity were
84.31% (95% CI: 70.86%–92.52%) and 88.83% (95% CI:
83.05%–92.87%), respectively. When the post-stimulation
RIwas used for the diagnosis of compound endometrio-
sis (CEM), the sensitivity and specificity were 88.24%
(95% CI: 62.25%–97.94%) and 88.83% (95% CI: 83.05%–
92.87%), respectively.

Endometriosis was diagnosed by TVU prior to surgery
in 58 (63.73%) of 91 patients with confirmed endometrio-
sis. The sensitivity and specificity of TVU in diagnos-
ing endometriosis were 63.74% (95%CI: 52.93%–73.37%)
and 94.41% (95% CI: 89.68%–97.14%), respectively. The
sensitivity and specificity of TVU for diagnosing PEM
were 0.00% (95% CI: 0.00%–17.81%) and 94.41% (95%
CI: 89.68%–97.14%), respectively. When TVU was used
for diagnosing OEM, the sensitivity and specificity were
88.24% (95% CI: 75.44%–95.13%) and 94.41% (95% CI:
89.68%–97.14%), respectively. When TVU was used
for diagnosing CEM, the sensitivity and specificity were
88.24% (95% CI: 62.25%–97.94%) and 94.41% (95% CI:
89.68%–97.14%), respectively (see Table 4).

The consistency and differences between the results of
the post-stimulation RI and TVU were further analyzed. In
the diagnosis of all endometriosis types, the positive rate
when using TVU and the post-stimulation RIwas 63.7%
and 84.6%, respectively (p = 0.001), and the Kappa value
was 0.159 (p = 0.077). For PEM alone, the positive rate
of using TVU and the post-stimulation RI was 0.000%
and 87.0%, respectively, and the Kappa value was 0 (p =
1.000). For OEM alone, the positive rate of using TVU and
the post-stimulation RIwas 88.2% and 84.3%, respectively
(p = 0.754), and the Kappa was 0.175 (p = 0.206). For
CEM alone, the positive rate of using TVU and the post-
stimulation RI was 88.2% in both cases (p = 1.0), and the
Kappa value was 0.133 (p = 0.582).

4. Discussion
This study has shown that the post-stimulation RIof

women with endometriosis was significantly higher than
that of women without endometriosis (p = 0.00). The post-
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Table 3. Hemodynamic changes of uterine artery flow before and after cervix stimulation in the study population, median (IQR)
Parameters Control (n = 179) Endometriosis (n = 91) p value

PSV
Non-stimulated 49.30 (38.00) 59.00 (15.40) 0.73a

Stimulated 54.80 (32.00) 47.10 (15.00) 0.00a; 0.78b; 0.00c

EDV
Non-stimulated 13.00 (8.80) 7.30 (6.90) 0.00a

Stimulated 14.70 (12.80) 1.10 (6.00) 0.00a; 0.11b; 0.00c

RI
Non-stimulated 0.76 (0.17) 0.87 (0.12) 0.00a

Stimulated 0.75 (0.14) 0.97 (0.11) 0.00a; 0.45b; 0.00c

PI
Non-stimulated 1.65 (0.74) 1.64 (0.56) 0.98a

Stimulated 1.72 (0.76) 1.65 (0.71) 1.00a, 0.95b, 0.70c

Note: acontrols vs. endometriosis; bbefore vs. after stimulation of the cervix in
controls; cbefore vs. after stimulation of the cervix in the endometriosis group.

Table 4. Diagnostic performance of RIs and transvaginal ultrasonography for endometriosis.
1,Parameters Sensitivity % (95% CI) Specificity % (95% CI) PPV (95% CI) NPV (95% CI) PLR (95% CI) NLR (95% CI) Kappa (95% CI)

RI
ALL 85.71 (76.45–91.88) 88.83 (83.05–92.87) 0.36 (0.31–0.0.42) 0.64 (0.58–0.69) 7.67 (5.03–11.69) 0.16 (0.10–0.27) 0.73 (0.65–0.82)
PEM 86.96 (65.33–96.57) 88.83 (83.05–92.87) 0.20 (0.15–0.26) 0.80 (0.74–0.85) 7.78 (5.00–12.11) 0.15 (0.05–0.42) 0.57 (0.39–0.72)
OEM 84.31 (70.86–92.52) 88.83 (83.05–92.87) 0.27 (0.22–0.34) 0.73 (0.66–0.78) 7.55 (4.91–11.60) 0.18 (0.09–0.33) 0.68 (0.56–0.79)
CEM 88.24 (62.25–97.94) 88.83 (83.05–92.87) 0.18 (0.13–0.24) 0.82 (0.76–0.87) 7.90 (5.05–12.36) 0.13 (0.04–0.49) 0.52 (0.32–0.70)
TVS
ALL 63.74 (52.93–73.37) 94.41 (89.68–97.14) 0.25 (0.20–0.31) 0.75 (0.69–0.80) 11.41 (6.13–21.25) 0.38 (0.29–0.50) 0.62 (0.50–0.73)
PEM 0.00 (0.00–17.81) 94.41 (89.68–97.14) 0.05 (0.02–0.91) 0.95 (0.91–0.97) 0.00 (0.00–NaN) 1.06 (1.06–1.06) 0.07 (0.04–0.11)
OEM 88.24 (75.44–95.13) 94.41 (89.68–97.14) 0.24 (0.19–0.30) 0.76 (0.70–0.81) 15.79 (8.58–29.08) 0.12 (0.05–0.26) 0.80 (0.71–0.88)
CEM 88.24 (62.25–97.94) 94.41 (89.68–97.14) 0.13 (0.09–0.18) 0.87 (0.82–0.91) 15.79 (8.44–29.56) 0.12 (0.03–0.46) 0.68 (0.48–0.84)
Note: PEM 23, OEM 51, DIE 0, CEM 17 (PEM + OEM 7, PEM + DIE 2, OEM + DIE 3, OEM + DIE + DIE 5).
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stimulation RI was an effective index for diagnosing en-
dometriosis, especially for PEM, while TVU was an effec-
tive method for diagnosing OEM.

Serum CA125 has been the most valuable index used
in the diagnosis of endometriosis. However, it still cannot
serve as a routine screening index as only a small propor-
tion of patients with advanced endometriosis have an ele-
vated CA125 [15,16]. TVU is currently the most effective
method for the diagnosis of endometriosis, especially for
OEM [3]. It is the preferred imaging modality for evalu-
ation of adnexal masses as it correctly characterizes most
adnexal masses solely based on gray scale and power or
color Doppler features [17]. However, it still has limited
diagnostic sensitivity for PEM and in endometriosis where
cysts are less than 2 cm [18]. In this study, 58 of the 91
patients (63.73%) were diagnosed with endometriosis by
TVU prior to surgery, including 2 patients with endometri-
oma 2 cm in size, and the proportion of patients diagnosed
by TVU prior to surgery is similar to other reports in the
literature [19–21]. Although the specificity for TVU in di-
agnosing endometriosis is as high as 94.4%, the sensitivity
is still somewhat limited at 63.7%.

Transabdominal and transvaginal CDFI are important
methods for evaluating uterine blood perfusion [22,23].
The uterine artery blood flow parameters are affected by
many factors including benign and malignant uterine tu-
mors [24], intrauterine adhesions [25], IUDs [26], the men-
strual cycle [27], sex hormones [28], cerebrovascular dis-
ease [29], vasoactive drugs [30], and other factors [31].
This study included women of childbearing age with no
uterine diseases in order to ensure reproducibility and sta-
bility of the results. All ultrasound examinations were per-
formed between days five and seven of the menstrual cy-
cle. In addition, all the uterine artery hemodynamic param-
eters were transabdominally determined in order to avoid
stimulation of the cervix, thus allowing these parameters
to be ascertained under quiescent conditions. It was found
that the RIof the endometriosis group prior to stimulation
of the cervix was significantly higher than that of the con-
trol group. This indicated that blood flow resistance in pa-
tients with endometriosis was higher than that of controls,
and this is consistent with previous reports [8,10]. This
may be due to the fact that under quiescent conditions, the
frequency and intensity of uterine contractions in women
with endometriosis is higher than in normal women, and
uterine artery blood perfusion is lower [27,31]. More im-
portantly, stimulation of the cervix significantly reduced
the uterine artery diastolic blood flow of women with en-
dometriosis and even caused the disappearance of EDV.
Following stimulation of the cervix, the RI increased both
in the endometriosis group and the control group, but the
increase seen in the endometriosis group was significantly
higher than in the control group. This demonstrates that
uterine activity is greater in women with endometriosis as
compared with women without the disease [8,9].

In this study, the post-stimulation RI demonstrated
its value in the diagnosis of endometriosis (AUC = 0.93)
with a sensitivity and specificity of 85.71% and 88.83%,
respectively. Most importantly, the sensitivity of the post-
stimulation RI for the diagnosis of PEM was 86.96%, and
this was significantly higher than that for TVU (0.00%). In
OEMandCEM, the diagnostic value of the post-stimulation
RIand TVU was similar. This result shows that the post-
stimulation RI is a more sensitive parameter than TVU in
the diagnosis of PEM.

This study did not include patients with uterine le-
sions. The diagnostic value of post-stimulation RI in
women with endometriosis and uterine lesions needs fur-
ther study. In addition, in order to accurately compare the
effect of stimulation of the cervix on uterine blood flow,
TVU was used to detect uterine artery blood flow, while
it is simpler and more convenient to use TVU to measure
uterine artery blood flow in the future.

This study shows that following stimulation of the
cervix, the decrease in uterine blood perfusion in patients
with endometriosis is significantly greater than that in the
control group, although the cause is still unknown.

5. Conclusions
In conclusion, stimulation of the cervix leads to a sig-

nificant decrease in uterine blood perfusion in women with
endometriosis. TVU is a sensitive and specific method for
the diagnosis of endometrioma, while post-stimulation RI is
a more sensitive parameter than TVU for the diagnosis of
PEM. Post-stimulation RImay be a promising non-invasive
diagnostic technique for the diagnosis of endometriosis, es-
pecially for PEM.
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