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ABSTRACT
Objectives: The study aims to investigate whether there is any difference between human papillomavirus
(HPV) types, smear results, and colposcopic biopsy results in terms of iliac, uterine, and cervical artery
pulsatility and resistive index values in high-risk HPV positive patients.
Methods: Iliac, uterine, and cervical artery pulsatility and resistive index values were determined by pelvic
Doppler ultrasonography in patients who applied for high-risk HPV positivity and underwent colposcopy-
guided cervical biopsy.
Results: There was no difference between HPV types and Pap-smear results and the pulsatility and resistive
indices of the iliac artery, uterine artery, and cervical artery. It was observed that the mean cervical artery
pulsatility index of the patients whose colposcopic cervical biopsy result was cervical intraepithelial neoplasia
(CIN) 1 was 1.61 ± 0.43 and the cervical artery pulsatility index of the patients with CIN 2-3 was 1.15 ± 0.28,
and a statistically significant difference was found between them (p = 0.038). There was no difference between
other Doppler indices and colposcopic cervical biopsy results.
Conclusions: Doppler indices such as cervical artery pulsatility index may be helpful in the evaluation of
cervical cancer precursor lesions.
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Cervical cancer is the 4th most common cancer
among women worldwide [1]. Almost all cervi-

cal cancers are associated with human papillomavirus
(HPV). HPV 16 50%, HPV 18 20% and other high-
risk types such as HPV 31, 33, 45, 52 and 58 are also
responsible for 19% [2, 3]. The HPV test, cervical cy-
tology (PAP-test), or a combination of the two tests
can be used in cervical cancer screening. The colpo-
scopic examination is the most valuable method in
managing HPV positivity and/or abnormal pap-smear

test results. 
      Angiogenesis is the production of new vessels in
a specific area and is required for tumor growth and
progression [4]. It has been shown that the progression
of the lesion from cervical intraepithelial neoplasia
(CIN) to cervical cancer is accompanied by angiogen-
esis [5, 6]. It has been reported that angiogenesis in
cervical cancer is an independent prognostic factor and
can predict recurrence [7-9]. 
      Color Doppler ultrasonography (US) is a sonogra-
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phy technique used to evaluate blood flow in the area
of interest semi-quantitatively. Pulsatility Index (PI)
and Resistive Index (RI) are flow parameters used in
doppler ultrasound, mainly used to assess resistive in
the vascular system. It is an inexpensive, easily avail-
able, and non-invasive examination. Doppler US is an
effective method to evaluate cervical carcinoma vas-
cularization, and is associated with specific tumor
characteristics and is effective in predicting therapeu-
tic response to treatment [10]. 
      In our study, we aimed to determine whether there
is any difference between HPV types, smear results,
and colposcopic biopsy results in terms of iliac, uter-
ine, and cervical artery PI and RI values detected by
Doppler US in high-risk HPV positive patients.

METHODS

Patients aged between 30-65 years, who applied to the
gynecological oncology outpatient clinic due to high-
risk HPV positivity and underwent colposcopy-guided
cervical biopsy between June 2020 and August 2020
at Zonguldak Maternity and Child Health Hospital,
were included in this prospective study. The smear and
HPV information of the patients were obtained from
the results of the national cervical cancer screening
program that the patients had at the time of applica-
tion. According to the American Society for Col-
poscopy and Cervical Pathology (ASCCP) guideline,
a colposcopy and accompanied cervical biopsy were
performed by a gynecologist oncologist (A.T.Ç.). Pa-
tients who underwent hysterectomy for any reason, pa-
tients with a history of using birth control pills or
vaginal drugs, patients with a history of cervical pre-
cancerous lesions or cervical cancer, patients who un-
derwent uterine artery embolization, or who received
chemoradiotherapy were excluded from the study. 
      Before colposcopy, all of the patients underwent
sonography. Pelvic ultrasound was routinely per-
formed using an Acuson S3000 Ultrasound System
(Siemens Healthineers, Erlangen, Germany) equipped
with an 8C3 HD convex transducer probe (Siemens
Healthineers, Erlangen, Germany), which has color
and pulsed Doppler capabilities in the supine position.
The procedure was performed after ideal bladder fill-
ing. The same radiologist (6 years of experience in
genitourinary sonography) evaluated all scans and

quantitative measurements and was blinded to the pa-
tient's clinical information. Additionally, Doppler pa-
rameters are standardized. Morphological evaluation
of both ovaries and uterus was performed in system-
atic gray-scale 3D US examination; to rule out fi-
broids, endometriosis, adenomyosis, or tumors that
may affect vascularization. Color flow Doppler was
activated in all cases after morphological evaluation.
First, the iliac, uterine, and cervical arteries were iden-
tified by color Doppler US, then spectral Doppler pa-
rameters were calculated automatically as resistive
index (RI) and pulsatility index (PI), and the lowest
parameters were used for analysis. 
      The study protocol was approved by the Ethics
Committee of Zonguldak Bülent Ecevit  University
(Number: 2020/12, Date: 10/06/2020). Written in-
formed consents were obtained from all patients. The
study was conducted in accordance with the principles
of the Declaration of Helsinki. 

Statistical Analysis 
      Statistical analysis was performed using the SPSS
for Windows version 20 software ( IBM Corp., Ar-
monk, NY, USA). Descriptive statistics for continuous
variables were expressed as mean ± standard deviation
or median (minimum-maximum), whereas nominal
variables were expressed as number and percentage
(%). The variables were investigated using visual (his-
tograms and probability plots) and analytical methods
(Kolmogorov-Smirnov/Shapiro-Wilk's tests) to deter-
mine whether or not they are normally distributed.
ANOVA test was used for variables with normal dis-
tribution, and Kruskal-Wallis test was used for those
that did not show normal distribution. Tukey's test per-
formed pairwise post-hoc tests when an overall signif-
icance was observed. A p value of < 0.05 was
considered statistically significant.

RESULTS

A total of 45 patients aged 30-65 years who applied
for high-risk HPV positivity and underwent col-
poscopy and cervical biopsy were included in the
study. The mean age of the patients was 42.58 ± 7.31.
Twenty-three (51%) patients were HPV 16+, 3 (7%)
patients were HPV 18+, 19 (42%) patients were high-
risk (other than HPV 16/18) HPV+. Smear results of
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29 (64%) of the patients were normal, 8 (18%) were
inflammation, four (9%) were low-grade squamous in-
traepithelial lesions (LGSIL), three (7%) were atypical
squamous cells of undetermined significance
(ASCUS), and one (2%) was insufficient. According
to the results of cervical biopsy performed with col-
poscopy, it was chronic cervicitis in 29 (64%) cases,
CIN-1 in 7 (16%) cases, and CIN 2-3 in 9 (20%) cases. 
      There was no difference between HPV types in
terms of the iliac artery, uterine artery and cervical ar-
tery pulsatility and resistive indices (Table 1). No dif-
ference was found between Pap-smear results in terms
of the iliac artery, uterine artery, and cervical artery
pulsatility and resistive indices (Table 2). 
      When colposcopic cervical biopsy results and iliac
artery, uterine artery, and cervical artery pulsatility and
resistive indices were examined; the mean cervical ar-
tery pulsatility index of the patients with CIN-1 was

1.61 ± 0.43, and patients with CIN 2-3 was 1.15 ±
0.28, and a significant difference was found between
them (p = 0.038). There was no difference between
other Doppler indices and colposcopic cervical biopsy
results (Table 3). 

DISCUSSION

Cervical cancer continues to be a significant cause of
cancer morbidity and mortality in countries without
screening programs. HPV is the primary etiological
agent of cervical intraepithelial lesion and cervical
cancer, and it can be detected in 99.7 percent of cervi-
cal cancers [1-3]. Cytology and HPV or both (co-test)
are used in cervical cancer screening. A direct biopsy
performed under colposcopy is accepted as the gold
standard method in the diagnosis of cervical intraep-
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ithelial lesions. However, misdiagnosis and over-treat-
ment may also be mentioned. 
      Angiogenesis is a rate-limiting step for various
pathological conditions, including cancer growth. As
the tumor grows and the cells in the center of the
tumor become hypoxic, the tumor begins to supply its
blood requirement by shifting the angiogenesis stim-
ulator-inhibitor balance in favor of stimulation [11].
Neovascularization is a priority and necessary for
tumor progression and metastasis [12]. Angiogenesis
is a complex process controlled both negatively and
positively by growth factors. The dominant growth
factor that regulates angiogenesis is the vascular en-
dothelial growth factor (VEGF) [13]. 
      Transvaginal Doppler ultrasound evaluates the
vascularization of the tumor non-invasively. Studies
have shown that women with cervical cancer have a
lower average PI in the uterine and cervical arteries
than healthy women [14, 15]. Hsieh et al. [16] re-
ported that intratumoral blood flow evaluated by trans-
vaginal color Doppler ultrasonography correlated with
higher proliferation index, higher HPV infection inci-
dence, and pelvic lymph node metastasis in cervical
cancer. 
Wu et al. [17] compared the intratumoral blood flow
in the cervical cancer group with the cervical blood
flow in the control group. They found that PI and RI
values were significantly lower in the cervical cancer
group. The authors stated that the evaluation of the in-
tratumoral blood flow of the cervix could be helpful
in the early diagnosis and treatment of cervical cancer
[17]. 
      Liang et al. [18] investigated the role of transvagi-

nal 3D Doppler ultrasonography in the diagnosis of
cervical intraepithelial neoplasia. Vascularization
index (VI), flow index (FI) and vascularization flow
index (VFI) were found to be significantly higher in
the early cervical cancer (stage 1a-2a) group than in
the control group and high grade CIN group. (CIN 2-
3) (p < 0.01). Again, when compared with the control
group, the VI, FI, and VFI parameters of the high-
grade CIN group were found to be significantly higher
(p < 0.01) [18]. 
      Ping et al. [19] investigated the relationship be-
tween VI and VEGF expression in three-dimensional
color angiography in chronic cervicitis, CIN, and cer-
vical carcinoma. It was observed that VEGF expres-
sion gradually increased in chronic cervicitis, CIN,
and cervical carcinoma, also VI was correlated with
VEGF expression level [19]. 
      In the study conducted by Doğan et al. [20], HPV
positive patients had higher uterine and cervical artery
RI values than the control group. Additionally, they
investigated the diagnostic effectiveness of uterine and
cervical artery vascularity alone or combined with
HPV DNA test and smear. As a result, they observed
that combining cervical artery RI with high-risk HPV
or smear reduced sensitivity but increased specificity.
They also found that combining uterine artery PI with
high-risk HPV slightly increased the positive predic-
tivity compared to the high-risk HPV test alone [20]. 
      Although colposcopy-guided cervical biopsy is
important for early diagnosis of high-grade CIN and
cervical cancer, it scares the patients and is not always
accepted because it is an invasive procedure. There is
a search for non-invasive examinations to reduce the
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colposcopy process. In our study, we examined the dif-
ference between HPV types, smear results, and colpo-
scopic biopsy results in terms of the iliac, uterine, and
cervical artery PI and RI values detected by pelvic
Doppler US, which is a non-invasive and easily toler-
ated examination by patients. Consistent with the lit-
erature, we found a significant difference in cervical
artery pulsatility index between patients with cervical
biopsy results CIN-1 and CIN 2-3. 

Limitations 
      Our study had some limitations. The main limita-
tion of this study was the smaller sample size (45
cases). Only one radiologist evaluated all scans; inter-
observer or intraobserver reproducibility could not be
evaluated. Sonography was not reproducible since it
was an operator-dependent and real-time examination.
The data were collected from a single center. In our
study, we could not distinguish between pre-
menopausal and postmenopausal, which can affect
blood circulation. Our data needs to be supported by
prospective, multicenter studies with a large patient
population.

CONCLUSION

If our results support multicenter studies, pelvic
doppler US can be considered an important step in se-
lecting patients to be referred for colposcopy after cer-
vical cancer screening.
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