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Abstract

Objective: To establish the diagnostic accuracy of transvaginal Doppler ultrasound in distinguishing
malignant and benign ovarian masses, taking histopathology as gold standard.

Methods: This cross-sectional study was conducted in the Department of Radiology at the Pakistan Institute
of Medical Sciences, Islamabad. Total 100 patients of 25-55 years with a presence of ovarian mass on
transabdominal ultrasonography were included. Patients with previous biopsy reports, chronic renal failure
or a history of operations for ovarian mass were excluded. All patients under went transvaginal
ultrasonography, and ovarian lesions were assessed for their site, dimensions, margins, echogenicity, soft
tissue component, septations, and nodularity on grey scale. Power Doppler examinations followed, after
which patients were sent to the Department of Gynecology for surgery, and specimens were sent for
histopathological analysis. All the specimens were reviewed by experienced histopathologists and were
labelled as benign or malignant. TVS Doppler findings were compared with the histopathology reports.
Sensitivity, specificity, positive predictive value, negative predictive value and accuracy of transvaginal
Doppler ultrasound were calculated.

Results: Mean age of study patients was 43.16 + 8.20 years. TVS Doppler ultrasound supported the diagnosis
of malignant ovarian masses in 54 (54.0%) patients. Histopathology findings confirmed malignant ovarian
tumor in 53 (53.0%) cases. Out of 54 TVS Doppler ultrasound positive patients, 50 patients were true positive
and 04 were false positive. Out of 46, TVS Doppler ultrasound negative patients, 03 were false negative
whereas 43 were true negative (p=0.0001).Overall sensitivity, specificity, positive predictive value(PPV),
negative predictive value (NPV) and diagnostic accuracy of TVS Doppler ultrasound in differentiating
malignant and benign ovarian tumors was 94.34%, 91.49%, 92.59%, 93.48% and 93.0% respectively.
Conclusion: It is concluded that Transvaginal Doppler Ultrasonography is a non-invasive imaging modality
of choice with high diagnostic accuracy in differentiating between benign and malignant ovarian tumors.
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Introduction between benign and malignant lesions prior to

surgery and histopathology. Therefore, the assess-
ment and pre-operative diagnosis in the evaluation of
ovarian lesions is of primary importance.' However,
without a histopathological tissue diagnosis, a defini-

varian lesions are particularly important in
medical practice due to the risk of malignancy
and the limited ability to differentiate accurately
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tive diagnosis cannot be made. Clinicians must there-
fore evaluate the likelihood of malignancy on the
basis of clinical and radiological data to justify the
risk of surgery.” In a study, Ahmad A et al. has shown
the prevalence of malignant ovarian mass to be 46%.’
Since patients with ovarian masses usually remain
asymptomatic, extensive research has been done to
evaluate and develop effective screening tools for the
early and accurate detection of ovarian malignancy.
Serum measurement of tumor marker, CA-125 is
currently most widely employed for screening
purpose.*’

The purpose of imaging is to not only the detection
but also the characterization of ovarian masses as
benign or malignant, including the identification of
atypical imaging findings that may point towards
malignant pathology. Ultrasound is the initial ima-
ging modality most commonly employed for evalua-
ting women with suspected ovarian lesions, since it is
readily available, cost effective and highly sensitive
in the detection of ovarian masses. Previous studies
employing transabdominal ultrasound for evaluation
of pelvic pathology could not provide good results
due to acoustic impedance by the pelvic soft tissue
structures, poor resolution, poor transmission of
ultrasound pulses in obese patients and ovaries lying
outside the focal region of the transducer.’ Transva-
ginal ultrasonography employs transducer with high
frequency, thus providing superior resolution and a
more detailed evaluation of the female pelvis, espe-
cially the ovaries. Transvaginal doppler ultrasono-
graphy has therefore allowed detailed evaluation of
ovarian tumors. The presence or absence of flow on
color and power Doppler and the detection of flow
velocity waveforms on spectral Doppler can be used
as categorical end points.” Morphological features
associated with increased risk of malignancy include
multilocularity, presence of papillary projections,
thick septations, solid component and increased
vascularity on Doppler ultrasound(USG)." Transva-
ginal Doppler ultrasonography has thus emerged as
an effective tool for evaluation and categorization of
ovarian masses”™"’. Studies have shown that the
unilocular ovarian cystic lesions are associated with a
low risk of malignancy."

The available data on the diagnostic accuracy of
transvaginal Doppler ultrasound in differentiating
benign versus malignant ovarian masses is very

scarce, and we consequently designed this study to
determine the diagnostic accuracy of transvaginal
Doppler ultrasound in differentiating between
malignant and benign ovarian masses. It is a simple
and affordable test as well as non-invasive, requiring
no hospitalization. Furthermore, it is a readily avail-
able and reliable diagnostic tool with a sensitivity of
92% and specificity 0f92%."

Methods

This cross-sectional validation study is conducted in
the Radiology Department of Pakistan Institute of
Medical Sciences, Islamabad. The duration of the
study was six months, from 31" December 2015 to
30" June 2016.The sample size was calculated as 100
cases taking 95% confidence level with expected
prevalence of malignant ovarian mass as 46%,
sensitivity 92% with 8% margin of error and speci-
ficity 92.0% with 8% margin of error of transvaginal
Doppler sonography in differentiating benign and
malignant ovarian masses.” The patients, with an
age range of 25-55, showing a presence of ovarian
mass on transabdominal ultrasonography (showing
any of the following features; multiple loculations,
papillary projections, internal solid component, thick
septac measuring >3mm, free peritoneal fluid and
metastasis) of any size and >3 months duration
participated. Patients with history of previous surgery
for ovarian mass, having biopsy proven report, with
chronic liver disease (evaluated with clinical profile
and previous investigations), not fit for anesthesia,
not willing for surgery or those who were unmarried
were excluded from the study. Firstly ethical review
board consent was taken, then patients were selected
who were fulfilling the study inclusion and exclusion
criteria. Informed consent was obtained from all
study patients following which transvaginal Doppler
sonography with high frequency 7 MHz probe of
Toshiba Xario equipped to perform color, power as
well as pulsed Doppler analysis was conducted, utili-
zing standard technique in the presence of female
staff. Ovarian lesions were assessed for their site,
dimensions, margins, echogenicity, soft tissue com-
ponent, septations, and nodularity on grey scale. A
power Doppler examination followed. Necessary
adjustments were made for an accurate assessment of
the lesions including color scale. The color box was
adjusted such that it included the whole lesion.
During examination, care was taken to apply as little
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pressure as possible to avoid vessel compression and
allow visualization of small vessels. The power
Doppler analysis was taken as positive, if at least a
single vessel was detected within the lesion showing
arterial waveform on pulsed Doppler. Spectral wave-
form was obtained for at least three different vessels.
The resistive index was calculated automatically by
built-in software of the ultrasound machine using the
formula:

RI=(PSV-MDV)/PSV

The highest of these values was taken into account.
Each ultrasound examination was conducted by the
radiologist (having five years of experience) and was
examined for benign or malignant ovarian mass as per
operational definition. All study patients underwent
surgery, and the specimens was sent for histopatho-
logical examination in the department of Pathology,
where the histopathology report was prepared by the
consultant pathologist (with at least five years of
experience). TVS Doppler findings were compared
with the histopathology report. Sensitivity, specifi-
city, positive predictive value(PPV), negative predic-
tive value(NPV) and diagnostic accuracy of trans-
vaginal Doppler sonography in evaluating ovarian
masses, taking histopathology as the gold standard
were calculated usinga 2 x 2 table.

Results

Mean age of study patients was 43.16 + 8.20 years
with a range of 25-55 years. Majority of the patients
44 (44.0%) were between 46 to 55 years of age, as
shown in TableI.

Mean duration of disease was 7.43 + 4.12 months
(Table IT). Mean size of lesion was 28.71 £ 12.42 mm,
as shown in Table III. Percentage of patients accor-
ding to menopausal history is shown in Table IV.

All the patients were subjected to transvaginal
Doppler sonography. TVS Doppler ultrasound
supported the diagnosis of malignant ovarian masses
in 54 (54.0%) patients. Histopathology findings
confirmed malignant ovarian tumors in 53 (53.0%)
cases. Out of 54 positive patients on TVS Doppler
ultrasound, 50 patients were True positive while 04
patients turned to be False positive. Out of 46 nega-
tive patients on TVS Doppler ultrasound, 03 patients
turned out to be False negative whereas 43 patients

were True negative (shown in Table 5). p value was
found to be 0.0001 by chi square test.

Table 1: %Age of Patients According to Age Distribution

Age (years) No. of Patients %
25-35 19 19.0
36-45 37 37.0
46-55 44 44.0
Total 100 100.0

Mean + SD =43.16 + 8.20 years

Table2: %Age of Patients According to Duration of
Disease

Duration of lesion (months) No. of Patients %

3-12 months 62 62.0
>12 months 38 38.0
Total 100 100.0

Mean + SD = 7.43 + 4.12 months.

Table 3: %Age of Patients According to Size of Lesion

Size of lesion (mm) No. of Patients %

<30 mm 51 51.0
>30 mm 49 49.0
Total 100 100.0

Mean + SD =28.71 + 12.42 mm.

Table4: %Age of Patients According to Menopause
History

Menopause history No. of Patients %
Pre-menopause 60 60.0
Post -menopause 40 40.0
Total 100 100.0

Table5: Summary of Results.

Positive result Negative
on TVS result on TVS p-value
Doppler Doppler
Positive on 50 (TP)* 03 (FN)***
Histopathology 0.0001
Negative on 04 (FP)** 43 (TN)****

Histopathology

*-TP=True positive **-FP=False positive ***-FN=False negative
*#*k*_TN=True negative

Thus sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV) and diagnos-
tic accuracy of TVS Doppler ultrasound in differen-
tiating malignant and benign ovarian tumors was
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94.34 %, 91.49%, 92.59%, 93.48% and 93.0%
respectively (Figure 1)
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Figure-1: Diagnostic Accuracy of TVS Doppler in
differentiating between Malignant and Benign
Ovarian Masses.

Discussion

Pelvic examination has considerable limitations in
the identification of adnexal lesions, even in the
presence of general anesthesia.” In contrast, diagnos-
tic ultrasound carries a high sensitivity for the
detection of ovarian masses. However, its sensitivity
in detection of stage I ovarian tumors is only 50%, and
it has low specificity for categorization of ovarian
mass as benign or malignant. Ultrasound screening of
asymptomatic women for detection of ovarian malig-
nancy can lead to false-positive results and unnece-
ssary surgeries for benign lesions."” This study aims to
determine the accuracy of transvaginal Doppler
ultrasound in differentiating between benign and
malignant ovarian lesions, taking histopathology as
the gold standard, and its validity as an effective and
non-invasive diagnostic tool for the pre-operative
evaluation and categorization of ovarian masses, so
as to obviate unwarranted surgeries.

Age range of study patients was 25-55 years with
mean age 0of 43.16 + 8.20 years. All the patients were
subjected to transvaginal Doppler sonography. TVS
Doppler ultrasound supported the diagnosis of
malignant ovarian masses in 54 (54.0%) patients.
Histopathology findings confirmed malignant
ovarian tumors in 53 (53.0%) cases. Out of 54
positive patients on TVS Doppler, true positive
patients were 50while 04 turned to be false positive.
Out of 46 negative patients on TVS Doppler
ultrasound, 03 patients turned out to be false negative
whereas 43 patients were true negative (p=0.0001).
Sensitivity, specificity, PPV, NPV and diagnostic
accuracy of TVS Doppler ultrasound in malignant

and benign ovarian tumors was 94.34%, 91.49%,
92.59%, 93.48% and 93.0% respectively. These
results are comparable to previously conducted
similar studies in diagnosing malignant ovarian
tumors.

Majeed H conducted a study on 37 patients with
ovarian masses. Out of these, 19 had benign morpho-
logical features on ultrasonography, and 18 were
malignant. All the 19 benign lesions on ultrasound
were confirmed on histopathology. Three out of these
19 cases had a resistive index (RI) of less than 0.4.
Out of 18 malignant-looking lesions on ultrasono-
graphy, seven turned out to be benign, two non-neo-
plastic, and nine malignant on histopathology. Eight
of these cases had RI greater than 0.4, and only 2 had
R1I less than 0.4. It was thus found that sensitivity and
specificity of RI in diagnosing ovarian malignancy
was 18.18% and 84.61% respectively. Positive
predictive value (PPV) of RI to categorize ovarian
masses was only 33.33%, whereas NPV was 70.96%
and accuracy 64.86%."

Radhamani and coworkers studied 100 women with
clinical suspicion of ovarian mass. 87 patients were
benign on sonography and 11 were malignant. On
Doppler USG, the malignant ovarian masses showed
increased vascularity. Sensitivity, specificity of clini-
cal findings, sonography, Doppler, CA 125 and risk of
malignancy index were also calculated.”

Detailed imaging evaluation of pelvic organs has
significantly improved, since the introduction of trans
abdominal ultrasound for the assessment of pelvic
pathology. Pelvic ultrasonography is a non-invasive,
readily available and cost effective imaging modality
and whenever possible, transvaginal ultrasound should
be preferred to transabdominal ultrasound because it
possesses a higher sensitivity and specificity, in
contrast to transabdominal ultrasound.”™

In another study by Gupta et al, TVS Doppler USG
sensitivity found was 98% and specificity was 94%.
In addition to visualization of color flow, they also
considered localization of vessel within the ovarian
tumor. They also considered pelvic masses other than
ovarian masses including uterine fibroids and endo-
metrial carcinomas. '

Sehgal N selected 60 patients who underwent USG
and Doppler evaluation. 33 patients were diagnosed
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to have benign disease (55%) and 27 were found to be
malignant. On USG 62.96% of malignant masses
were solid with ill-defined margins. Combined grey
scale and Doppler examination showed sensitivity of
81.4% and specificity 0f93.9%."

It is thus concluded that trans-vaginal Doppler ultra-
sonography is a non-invasive modality of choice with
high diagnostic accuracy in differentiating between
benign and malignant ovarian masses pre-opera-
tively, helping surgeons in decision making by
obviating unwarranted surgeries.
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