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ABSTRACT 

PURPOSE 

 To evaluate the appropriateness of combining colour Doppler with gray scale ultrasonography in suspicious adnexal 

masses. To evaluate the efficacy of this combination in differentiation of benign and malignant masses compared to 2D Gray Scale 

Ultrasonography alone. 

 

METHODS 

Forty six patients with suspicious adnexal masses were evaluated. Morphological characterisation of the masses was done by 

Sassone Scoring. Colour Doppler parameters were noted and Caruso scoring done. The results were compared to surgical and 

histopathological findings. 

 

RESULTS 

Using Sassone Scoring, overall reliability of differentiating adnexal masses had sensitivity of 85% and specificity of 76%. By 

using Caruso scoring a sensitivity of 85%, specificity of 90% was obtained. By combining sonomorphological score with Doppler 

indices, specificity increased to 80.9%, PPV increased from 63% to 70.3%. 

 

CONCLUSION 

In evaluation of adnexal masses combining Doppler indices with morphological scores gave higher specificity and positive 

predictive value. 
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INTRODUCTION 

Adnexal masses are a common clinical problem. The 

discrimination between benign and malignant adnexal 

masses is central to decisions regarding clinical management 

and surgical planning in such patients.1 

A standardized method for preoperative identification 

of malignant masses would allow management of ovarian 

cancer in ideal circumstances with appropriate preoperative 

counselling to patient and attendants. Examination of the 

patient clinically has poor sensitivity (15-51%) in detection 

of ovarian cancer.(2) To improve the survival rate in ovarian 

cancer, it is necessary to manage such cases in a speciality 

service of Gynaecological Oncology.(3)  

Benign masses although found to be complex by 

ultasonography mostly remain unchanged during long-term 

followup. Therefore, it is possible to manage these lesions 

safely by ultrasound followup rather than surgical 
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intervention in asymptomatic women and the options can be 

explained to the patient.1 

Morphological analysis of adnexal masses with grey 

scale imaging can help narrow the differential diagnosis 

between benign and malignant masses. “Pattern recognition 

of certain ultrasound findings has high sensitivity and 

specificity in diagnosing ovarian malignancies.”(4,5) This can 

reduce unnecessary laparotomies.(6) 

Recent studies have shown that grey scale USG when 

combined with colour Doppler discriminates benign from 

malignant masses with higher sensitivity and specificity. 

Hence, in the present study, we attempted to analyse the 

results of the study correlating them with both surgical and 

histopathology reports to prove their efficacy in 

differentiating malignant from benign masses. 

Malignant neoplasms have active blood vessel creation 

(Angiogenesis) compared to normal or benign neoplasms in 

part due to their increased metabolic activity. Overall, 

malignancies display an increased vascularity with decreased 

peripheral blood flow resistance and increased blood flow 

velocity. Doppler analysis can separate high resistance and 

low resistance vessels and has been investigated as an 

imaging modality in evaluation of adnexal masses. 

Distribution and pattern of the vessels as detected by colour 

Doppler has been given importance in most studies.(7) 
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MATERIAL AND METHODS 

The study was done in CKM Hospital, a Tertiary Teaching 

Hospital in Warangal. Patients with significant adnexal 

masses in reproductive, perimenopausal and post-

menopausal age groups were recruited from Outpatient 

Department and referred cases from periphery were also 

included. Some of the patients presented with clinical 

symptoms like pain abdomen or mass abdomen and some 

were incidentally diagnosed during ultrasonography. 

 

Inclusion Criteria 

 Patients in reproductive, perimenopausal and post-

menopausal age groups. 

 Complex adnexal masses of 5cm or more. 

 

Patients excluded from the study were those with: 

 Ectopic pregnancy. 

 Surgical causes of pelvic masses. 

 Obvious malignant masses with metastases. 

 

Written and informed consent were taken from the 

patient. Initially patients were subjected to gray scale 

ultrasound examination and then subjected to Doppler 

studies. 

In a study period of one and a half years from 1st 

September 2013 to 28th February 2015, we evaluated 46 

patients with 62 masses (Some patients had bilateral 

masses). They were prospectively evaluated by B-mode 

ultrasonography, Colour and Spectral Doppler study using a 

transvaginal sonography using 6-9Mhz. We performed 

transabdominal sonography using a 3-5Mhz sector 

transducer where necessary depending on the size and 

situation of the masses. The colour Doppler scoring and 

spectral indices (RI, PI) were noted and characterisation of 

the masses done by Sassone Score (Table 1) and Caruso Score 

(Table 2) and results correlated with surgical and 

histopathology findings. 

Morphological scoring is done using Sassone Score 

[Table 1], where a score ≥9 is considered to be probably 

malignant. 

A Caruso score of ≥5 was considered indicative of 

malignancy. Doppler parameters are optimized for detection 

and calculation of impedance indices. Flow results were 

recorded as being absent or present and further 

characterized as normal or increased and central or 

peripheral. On spectral Doppler, the lowest RI, PI detected at 

any point in the mass was used for analysis. 

 

The cut-offs taken for spectral Doppler indices are as follows: 

 

RI =<0.4.(8) 

PI=<1.(9)  Indicative of Malignancy 

PSV=>15cm/sec.(10) 

 

The combination of grey scale ultrasonography and 

colour Doppler was evaluated and sensitivity, specificity, PPV, 

NPV and P-values are calculated. The study is compared with 

other standard studies and ROC graph plotted (Figure-9). 

 

RESULTS 

Out of 46 patients evaluated, 30 were pre-menopausal and 16 

were postmenopausal; 65% of adnexal masses were noted in 

pre-menopausal age group. Out of the 35% in 

postmenopausal women, 50% of the masses were found to be 

malignant (Figure 6a and 6b). 

When incidence of suspicious adnexal masses according 

to parity was noted, incidence was more among Para 2 and 

Para 3 (Table 3 and Figure 7), probably because the number 

of Para 2 and Para 3 women was more. Of the 62 masses 

noted in 46 patients, 20 were malignant and 42 were benign. 

The distribution of various masses according to 

histopathologyis shown in [Table 4] [Table 5]: By applying 

Sassone score, masses suspicious of malignancy ≥9 were 

(n=27), of which 17 were malignant. Sassone score had 

sensitivity of 85%, specificity of 76%, positive predictive 

value of 63% and negative predictive value 91%.(10),(11) 

Although the P values (Calculated using Chi square) were 

significant, specificity was lower and also high false positive 

rate was found with USG. 

Applying Caruso score, the sensitivity was 85%, 

specificity 90%, PPV 80.9%, NPV 92.6%. The combination 

using Sassone score >9, Caruso score >5 is found in 20 

masses, of which 16 were malignant (P=0.). Sensitivity of the 

combination was 95%, specificity was 80.9%, positive 

predictive value 70.3%, negative predictive value 97% 

(Figure 6). 

Presence of flow is noted in 18(95%) out of 20 

malignant masses. Presence of central vascularity in 

apparently solid regions and septal regions was seen in 16 

out of 20 malignant masses (P value <0.05) showing 

significance of central vascularity rather than simple 

presence of flow [Table 6] (Timmerman, et al. 2012). 

Using spectral indices, RI <0.4 is seen in 12 out of 20 

malignant masses (P value <0.0005). PI<1 seen in 11/20 

malignant masses and 18/42 benign masses (P value >0.05). 

 

DISCUSSION 

Currently ultrasound is the preliminary and most commonly 

used diagnostic tool in the clinical setting of evaluation of 

adnexal masses. Ultrasound imaging has higher sensitivity, 

but due to poor specificity cannot be used in differentiating 

benign and malignant masses and is not reliable to obviate 

more invasive procedures. Colour Doppler imaging and 

spectral Doppler imaging have been investigated as possible 

means of improving specificity of gray scale sonography in 

differentiating benign and malignant masses. 

Although only 20 were histopathologically proven to be 

malignant masses (Including 5 borderline masses), using 

Sassone score a total of 26 masses had a score of >9 of which 

18 were proved to be malignant. The high scoring lesions 

were endometriomas, dermoids (Figure 3a and b) and tubal 

masses (Mostly inflammatory).(12) 

Solid component within a cystic mass is the most 

important predictor of malignancy and conversely, 

malignancy is very unlikely in the absence of a solid 

component.[13] It also includes papillary projections, 

excrescences, vegetations, and nodules. Small solid areas that 

protrude more from the internal surface of the cyst wall are 

considered as papillary projections.[14] Papillary projections, 

for example a solid projection into a cyst cavity from the cyst 

wall of more than 3 mm in height.[15] are a strong sign of 

malignancy.[16-20] Papillary projections also occur in some 

serous (Figure 2a) and mucinous cystadenomas and 

cystadenofibromas. 
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Septa in a cystic ovarian mass are strong evidence of a 

neoplasm.(21) mostly when they are greater than 2–3 mm in 

thickness or have detectable flow on Doppler USG scans.(22) 

Figure (5) A cystic mass with multiple, smooth, thin septa and 

no nodularity is suggestive of a mucinous cystadenoma.[23] 

Some of the features which helped in ultrasonography 

in determining malignancy are shown in Figure (2) i.e., 

presence of thick septa, papillary projections, heterogenous 

echotexture.(24) Benign tumours were characterised by 

unilocularity, thin septae, isoechogenicity and thin walled 

capsule. 

In Doppler scores it is the presence of central 

vascularity (p<0.05), which is important than just noting 

down the presence of flow in masses. 

Using RI alone is not sufficient as there is considerable 

overlap between benign and malignant masses. The RI cut-off 

value used has a significant p-value (<0.0005). 

Pulsatility index <1.0 had a lower sensitivity and 

specificity and there is a significant overlap between 

malignant and benign masses. 

In the present study, B mode ultrasonography along 

with Doppler predicts benignity of tumour reliably as well as 

only 6(14.2%) masses were misdiagnosed. Thus, 

multiparameter analysis utilizing B mode gray scale USG with 

colour and spectral Doppler offers good sensitivity, specificity 

and positive predictive value (Figure-8). It should always be 

the diagnostic modality of choice in patients with adnexal 

masses as it is easy to use, easily available, cheap and results 

are reproducible. 

When compared with other studies as shown in Figure 

9, our study had a false positive rate of 19%, which is nearer 

to Alcazar et al., Valentin et al. This high false positive rate 

may be because of the interobserver variability. 

IOTA study started in 1999 is still ongoing. This study 

used multiple parameters useful in determining the nature of 

ovarian masses. They developed logistic regression models 

LR1 and LR2 where many variables are studied to 

differentiate benign and malignant masses, based on 

demographic and USG and Doppler findings. They also 

developed simple rules to assess these masses 

ultrasonographically and help in differentiating benign from 

malignant. 

Parameters used in the main IOTA regression model are 

shown in (Table 7). There is scope in this study for ongoing 

research to develop a universal scoring system. This could 

help in more reliable diagnosis and treatment. 

MRI is a valuable problem-solving tool when USG is 

inconclusive. Recent evidence supports the implementation 

of diffusion- or perfusion-weighted imaging in addition to 

conventional MR pulse sequences. 

Another recent study showed that 3D power Doppler 

assessment of solid tumour areas or papillary projections 

reduced the false positive rate of complex cystic benign 

adnexal masses and increased sensitivity rate to 99%. 

Contrast enhanced, 3D power Doppler sonography allows 

better visualization of tumor vascularity in suspicious 

adnexal lesions than that obtained with non-contrast 

enhanced 3D power Doppler sonography.(25) 

 
RESEARCH AND FUTURE POSSIBILITIES 

Development of technology in future and introduction of “3D 

quantification of blood flow” called “the 3D colour 

histogram,” may improve differentiation between benign and 

malignant ovarian tumors.(26-28) Microbubble enhanced 

transvaginal sonography is also being tried to improve the 

diagnosis of malignant masses by early detection of tumour 

microvascularity. Using microbubbles that are small enough 

to pass through capillaries, the kinetics of the blood flow can 

be analysed to detect abnormal flow found in areas of 

neovascularisation.[29] 

This has the potential for the detection and 

quantification of tumour angiogenesis at the molecular level. 

In a recent study, ultrasonographic microbubbles targeted 

with one of several antibodies (Anti-vascular endothelial 

growth factor receptor 2 and others) were injected into mice 

with implanted ovarian tumours. As the tumours grew, 

changes in the relative uptake of each targeted microbubble 

were observed, opening up the possibility of non-invasive in 

vivo molecular profiling of tumour angiogenesis as a 

diagnostic tool.[30] 

 
 

CONCLUSION 

Relying on the accuracy of gray scale morphologic 

assessment alone without colour Doppler imaging is less 

reliable. Both modalities lack sufficient specificity and 

predictive values if used alone to detect malignancy.  

Thus a multi parameter analysis which incorporates 

morphologic scoring, vessel location, and arrangement and 

pulsed doppler waveform characteristics would be a better 

tool in differentiating malignant from benign lesions. This will 

guide us in determining patients in whom early intervention 

is necessary versus those in whom an expectant management 

may be undertaken. 
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Tables 1: Sassone Score 
 
 
 

Criteria  Score 

Vessels 
Absent 
Present 

0 
1 

Vessels location 
Peripheral 

Septal 
Central 

0 
1 
2 

Arrangement of  
vessels 

Regular 
Random 

0 
2 

Waveform pattern 

Sharp with  
diastolic notch 

Smooth without 
notch 

0 
2 

Lowest RI 
>0.43 
<0.43 

0 
2 

Tables 2: Caruso Score 
 
 

http://radiology.rsna.org/content/254/2/342.full#ref-17


Jemds.com Original Article 

 
Journal of Evolution of Medical and Dental Sciences/ eISSN- 2278-4802, pISSN- 2278-4748/ Vol. 4/ Issue 97/ Dec. 03, 2015   Page 16269 
 
 
 

Parity Number of pts. Incidence(Approx.) 
Nullipara 6 14% 

P 1 4 9% 
P2 11 26% 
P3 15 35% 
P4 7 16% 
P5 2 5% 
P6 1 2% 

Table 3 
 
 

Type of Masses Number 
% of the Total  
Benign Masses 

(approx.) 
Serous 

cystadenoma 
Mucinous 

cystadenoma 
Dermoid cysts 
Endometriosis 
Haemorrhagic 

cysts 
Tubal cysts 

Serous cysts 
Fibroma 

Epidermoid cysts 

17 
6 
4 
6 
3 
3 
2 
1 
1 

40% 
14.2% 

9% 
14.2% 
7.1% 
7% 
4% 
2% 
2% 

Table 4: Benign Masses  
(Histopathology) 

 

 

Type of Masses Number 

% of the Total 
Malignant 

 Masses 
(approx.) 

Serous cystadenocarcinoma 
Mucinous cystadenoma 

Borderline serous 
Borderline mucinous 

Endometroidadenocarcima 
Granulosa cell tumour 

Borderline endometroid 

6 
7 
2 
2 
1 
1 
1 

30% 
35% 
10% 
10% 
5% 
5% 
5% 

Table 5: Malignant Masses  
( Histopathology) 

 
 

Criterion Sonomorphology 
Colour  

Doppler 

Combined 
Sonomorpho-

logy 
 and Colour 

Doppler 

Sensitivity 85% 85% 95% 
Specificity 76% 90.4% 80.9% 

PPV 63% 80.9% 70.3% 
NPV 91% 92.6% 97% 

P value <0.05 <0.0001 0.0001 
Table 6 

 
P value calculated using x2 and exact test. 
 

 Age 
 Personal h/o ovarian cancer 
 Largest diameter of the lesion 
 Presence of ascites 
 Presence of flow in papillary projection 
 Irregular internal cyst walls 
 Presence of a purely solid tumour 
 Colour score 
 Presence of acoustic shadows 
 Current hormonal therapy 
 Pain during examination 

Table 7: Variables used in IOTA Study 
 
 

 
 

Fig. 1: A Patient with Serous Cystadenoma shows a Cystic 
Mass with Thin Septa. Only Peripheral Flow Identified in 

the Mass (Sassone Score <9; Caruso Score <5) 
 
 

 
 

Fig. 2: A Patient with Solid and Cystic Mass with Thick 
Septa and Multiple Projections Suggestive of Malignancy. 
HPE Report was Endometroid Adenocarcinoma of Ovary 
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Fig. 3(a): USG of Dermoid showing Tip of Ice Berg Sign; 
(Hyperechoic Area - the Base of Which Cannot be 

Visualised, this is the Result of Mass Made Up of Matted 
Hair and Sebum Casting an Echogenic Shadow) 

 
 

 
 

Fig. 3(b): Dermoid Cyst showing  
Absence of Flow on Doppler 

 
 

 
 
Fig. 4: A Case of Serous Cystadenocarcinoma with Doppler 

showing Increased Flow Within Tumour with Low 
Resistant Index Characteristic of Malignancy 

 
 

 
 

Fig. 5: A Case of Mucinous Cystadenocarcinoma with 
Increased Flow in Septal and Central Regions with 

Increased Diastolic Flow 
 
 
 

 
 

 

Fig. 6(a) 

 

 

 
 

Fig. 6(b) 
 

Fig. 6(a & b): Pie-Chart showing the Incidence of 
Malignancy in Pre and Post Menopausal Age Group 

respectively.  Inference(s): 50% of the Tumors in Post 
Menopausal Age Group are Malignant 
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Fig. 7: Showing Incidence of Parity Both Malignant and 
Benign Masses are noted in Higher Numbers in p2 & p3 

Women. 
 
 

 
 
Fig. 8: Bar-Chart showing Predictive Value of Combination 

of Grayscale and Doppler Compared to Histopathology 
 
 

Performance of ultrasound and Doppler in various studies. 
 

 
 

Fig. 9: 1=alcazar et al. (2003); 2=kurjak and kupesic (1999); 3=kurjak et al. (2000);  
4=alcazar&Castillo (2005); 5=veunto et al.; 6= our study (2013-15). 
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