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ABSTRACT

Objective To determine if the prediction of the malig-
nancy of an adnexal mass using pattern recognition, i.e.
subjective evaluation of gray-scale and Doppler ultra-
sound findings, is as accurate when based on static images
as it is when based on a real-time ultrasound examination.

Methods The static images of 166 non-consecutive
patients with ‘difficult’ adnexal masses, who all underwent
surgery and for whom a histopathological diagnosis was
available, were evaluated by three experts in gynecological
ultrasound (‘image experts’). All ultrasound examinations
had been performed and the static images saved by a
fourth expert sonologist (‘real-time’ sonologist). All four
sonologists classified the adnexal masses as benign or
malignant based on their subjective impression and stated
with what degree of confidence their diagnosis was made.
The diagnostic performance of the real-time sonologist
was compared with that of each of the three image experts
and with that of the ‘consensus opinion’ of the image
experts (i.e. the diagnosis suggested by at least two of the
latter).

Results The real-time sonologist correctly predicted the
diagnosis with an accuracy of 89% (148/166) vs.
85% (141/166) for the consensus opinion of static
images (P = 0.0707). Equivalent values for sensitivity
and specificity were 80% (56/70) vs. 83% (58/70)
(P = 0.4142) and 96% (92/96) vs. 86% (83/96)
(P = 0.0027), respectively.

Conclusions The preoperative diagnosis of an adnexal
mass made on the basis of a real-time ultrasound
examination is more precise than a diagnosis made on
the basis of saved static ultrasound images. Evaluation

of static images is associated with lower diagnostic
specificity. Copyright  2008 ISUOG. Published by John
Wiley & Sons, Ltd.

INTRODUCTION

Trying to make an accurate prediction of the benign
or malignant nature of an adnexal mass during a
preoperative ultrasound examination is an important
task because the preoperative diagnosis influences the
treatment strategy and, as a consequence, the prognosis of
the patient1–5. Several reports have shown that subjective
evaluation of ultrasound findings (pattern recognition)
by an expert sonologist is one of the best methods for
discriminating between benign and malignant adnexal
masses before surgery6–9. If the evaluation is performed by
a less experienced sonologist, the diagnostic performance
is less good6. In training hospitals, a patient with an
adnexal mass is often first scanned by a junior or senior
registrar. Subsequently, the images are discussed with a
supervising sonologist, who will often rescan the patient
because he or she believes that this will help in gaining
the information required to make a correct diagnosis.
However, to the best of our knowledge, it has never been
confirmed in a scientific study that real-time scanning is
superior to evaluating saved static images of an adnexal
mass.

The aim of this study was to determine if the prediction
of the malignancy of an adnexal mass using pattern
recognition, i.e. subjective evaluation of gray-scale and
Doppler ultrasound findings, is as accurate when based on
static images as it is when based on a real-time ultrasound
examination.
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METHODS

For this prospective observational study, a dataset of non-
consecutive patients with an adnexal mass was created
in the Early Pregnancy and Gynaecology unit of King’s
College Hospital, London, UK. Patients were included
if they had complex or difficult-to-classify masses when
using pattern recognition. A large number of patients
were referred to this tertiary referral center after they had
undergone an ultrasound examination in their referring
hospital. In this way we collected a dataset of 171 selected
patients with adnexal masses. The study was approved by
the local ethics committee.

All the patients included in this study were preoper-
atively scanned by one of the expert sonologists at the
tertiary referral center, the ‘real-time’ sonologist (D. J.).
The ultrasound examination was performed transvagi-
nally and transabdominally using the gray-scale and
color/power Doppler modes of an Aloka SSD-5000 ultra-
sound machine (Aloka Co., Tokyo, Japan), and the images
were saved electronically. The anonymized electronic
images of all 171 adnexal masses were later independently
evaluated by three expert sonologists, the ‘image experts’
(D.T., A.C.T. and L.V.). Patients were excluded if one of
the image experts found the quality of the images insuf-
ficient to make a reliable diagnosis. The image experts
received relevant clinical information and information on
the color score if the color content of the tumor scan was
not clearly demonstrated in the static ultrasound images.
The color score is a subjective score ranging from 1 to
4 indicating the degree of vascularization of the exam-
ined mass as determined by color Doppler examination
(a color score of 1 means no vascularization and a color
score of 4 means that the mass is highly vascularized)10.
Both the real-time sonologist and the image experts clas-
sified each mass as benign or malignant using pattern
recognition. Borderline tumors were regarded as malig-
nant. They also stated with what degree of confidence they
made their diagnosis (certainly benign or malignant, prob-
ably benign or malignant, uncertain). All four ultrasound
experts involved in this study had more than 10 years of
experience in gynecological ultrasound at the start of the
study, and they are all senior clinicians in tertiary referral
centers.

The primary outcome was the histopathological
classification of the adnexal mass following the WHO
guidelines11. In case of malignancy, patients were staged
according to the International Federation of Gynecology
and Obstetrics (FIGO) criteria12.

The accuracy, sensitivity and specificity of the pre-
diction of malignancy were calculated for the real-time
sonologist and for each of the image experts. The per-
formance of the real-time expert was compared with the
performance of each image expert and also with the
‘consensus opinion’ of the three image experts. The con-
sensus opinion was defined as the diagnosis predicted
by at least two of the three image experts. McNemar’s
test was used to determine the statistical significance
of a difference in nominal variables between matched

samples. Statistical analyses were performed using SAS
Version 9.1.3 for Windows (SAS Institute Inc., Cary, NC,
USA).

RESULTS

Five of the 171 masses were excluded because of poor
image quality, leaving 166 adnexal masses for evaluation.
Seventy masses (42%) were malignant, of which 34 (49%)
were borderline tumors. Ninety-six masses (58%) were
benign. Table 1 shows the histopathological diagnoses.

Table 2 shows the performance of the real-time
sonologist, that of each image expert and that of the
consensus opinion of the image experts. The accuracy
and specificity of the real-time sonologist were superior
to those of two of the image experts and also to the
‘consensus opinion’ of the three image experts, although
the latter was only significant with respect to specificity.
The consensus opinion had nine more false positive cases
in comparison with the real-time sonologist, reducing the
specificity significantly. These false positive cases were
one dermoid, two fibromas and six cystadenomas. The
fibromas were presumed to be rare malignant tumors by
the image experts and the cystadenomas and dermoid
were presumed to be borderline tumors. In only one
of these nine cases, two of the three image experts
were very confident about their diagnosis of malignancy;
and in three cases one image expert was certain. In the
remaining five false positive cases the image experts were
either completely unsure or not really confident (probably
benign or probably malignant). The real-time expert
stated that he was very confident of his benign diagnosis
in four of the nine cases and stated that the diagnosis
was probably benign in the remaining five. The four cases
that were misclassified by both the consensus opinion and
the real-time expert included three cystadenofibromas
(one with Brenner tumor component), all of which were
misclassified as borderline tumors, and one thecoma that
was misclassified as a rare malignant tumor by all the
experts.

Table 1 Histopathological diagnoses of the adnexal masses
included in the study

Histopathological diagnosis n (%)

Benign 96 (57.8)
Dermoid cyst 35 (21.1)
Cystadenoma/fibroma 35 (21.1)
Endometrioma 16 (9.6)
Fibroma 6 (3.6)
Simple cyst/functional cyst 2 (1.2)
Abscess 1 (0.6)
Rare benign tumor 1 (0.6)

Malignant 70 (42.2)
Mucinous borderline tumor 16 (9.6)
Serous borderline tumor 18 (10.8)
Primary invasive carcinoma 25 (15.1)
Rare malignant tumor 11 (6.6)
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Table 2 Accuracy, sensitivity and specificity with regard to malignancy of subjective evaluation of gray-scale and Doppler ultrasound
findings in an adnexal mass during scanning (‘real-time’ sonologist) and by three ‘image experts’ (A, B and C) who evaluated the static
images saved by the real-time sonologist, and of the consensus opinion of the three image experts (i.e. the diagnosis suggested by at least two
of the three experts)

Parameter
Real-time
sonologist

Image
expert A

Image
expert B

Image
expert C

Consensus
opinion of

experts A, B and C

Accuracy (% (n)) 89 (148/166) 89 (147/166) 82 (136/166) 83 (138/166) 85 (141/166)
P = 0.8084 P = 0.0186 P = 0.0184 P = 0.0707

Sensitivity (% (n)) 80 (56/70) 86 (60/70) 86 (60/70) 80 (56/70) 83 (58/70)
P = 0.1573 P = 0.2059 P = 1.0000 P = 0.4142

Specificity (% (n)) 96 (92/96) 91 (87/96) 79 (76/96) 85 (82/96) 86 (83/96)
P = 0.0956 P < 0.0001 P = 0.0016 P = 0.0027

The P-values show the statistical significance of the difference between the real-time sonologist and the others.

DISCUSSION

Our results indicate that predicting the character of an
adnexal mass by evaluating static ultrasound images is less
accurate than by evaluating ultrasound findings during a
real-time scan. The difference in accuracy is explained by
a difference in specificity, and it seems that ultrasound
examiners tend to be more confident in excluding
malignancy during a real-time scan than when looking
at saved static ultrasound images of an adnexal mass.
Because a second opinion is more frequently requested
in difficult cases than in obviously benign or malignant
cases, it was deliberate that our study population
comprised mainly ‘difficult’ and complex masses, i.e. an
unrealistically high number of borderline tumors, which
are known to be difficult to classify as benign or malignant
using pattern recognition13. Masses that can be obviously
identified as being either benign or malignant on real-
time ultrasound examination can probably also be more
easily and accurately classified (in comparison to difficult
cases) by the assessment of static ultrasound images, and
in such cases the difference in accuracy between real-
time and static image assessment that was found in this
study may not exist. It is likely that the performance of
the image experts in this study would have been poorer
if the real-time examination had been performed, and
the static ultrasound images saved, by a less experienced
sonologist. An expert sonologist is more likely to be able
to create representative ultrasound images of an adnexal
mass demonstrating relevant ultrasound features. On the
other hand, it is possible that the performance of the
image experts would have been better if they had had
the opportunity to evaluate a volume of static images
collected by three-dimensional ultrasound instead of only
a few selected two-dimensional (2D) ultrasound images.
By analyzing volumes, it is possible to scroll through
the volume and look for important ultrasound features
that might not have been demonstrated in the selected
electronic 2D images. However, when looking at static
images, the dynamic aspect of the real-time ultrasound
examination is lost. On static images a liquefying blood
clot in a hemorrhagic cyst or recent bleeding into an
endometrioma may be misinterpreted as an irregular

papillary projection of solid tissue, but during a real-
time ultrasound examination clots may be seen sliding
against the cyst wall when the cyst is pushed using the
ultrasound probe. Blood clots mimicking a multilocular
cyst on a static image may demonstrate the typical ‘jelly’
movement when pushed during a real-time scan. On a
static image adhesions may give the impression of thick
septa in a cystic tumor, while gently pushing on them with
the probe will show the ‘flapping sail’ sign14. Thus, the
performance of the image experts might have been better
if they had been provided with representative video clips
or with the use of four-dimensional cine loops of volumes
instead of with static images.

In conclusion, a preoperative diagnosis of an adnexal
mass made on the basis of a real-time ultrasound
examination is more accurate than a diagnosis made
on the basis of saved static ultrasound images. Evaluation
of static images is associated with lower specificity. The
dynamic aspect of the real-time scan gives the examiner
supplementary information and makes it possible to
scrutinize every part of the mass.
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