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Abstract 

Putpose 

To evaluate the role of endovaginal sonography (EVS) and Doppler ultrasound 

in detecting endometrial carcinoma in women presenting with postrnenopausal 

bleeding. 

Materials & Methods 

We prospedively evaluated 421 women with EVS over a 5-year period. Of these 

31 (7.4%) were diagnosed with endometrial carcinoma at histopathology. For 

each patient, biometric and morphologic parameters, as well as Doppler indices 

of the endometriun were obtained. 

Results 

Applying a combination of biometric and morphologic criteria, EVS diagnosed 

malignancy with a sensitivity of 77% (95% CI: 59% - 90%) and a specificity of 84Y0 

(80% - 87%). Using only biometric criteria (endometrial thickness z 2mm 

indicating malignancy), EVS achieved a sensitivity of 100Y0 (91% - 100%) and a 

specificity of 24% (20% - 29%), whereas the corresponding sensitivity and 

specificity for endometrial thickness > 5mm was 74Y0 (55% - 88%) and 59% (54% - 
a%), respectively. The most predictive Doppler index was peak venous velocity 

(95% CI for odds ratio: 1.08 - 1.40). 
Conclusion 

Using a combination of biometric and morphologic sonographic criteria adueves 

the best accuracy in diagnosing patients with endometrial carcinoma, however at 

the cost of a decreased sensitivity. 



Résumé 

But 

Évaluer le rôle de l'échographie endovaginale (EEV) et du doppler afin de 

détecter la présence d'adénocarcinome de l'endomètre dans un contexte dinique 

de saignement postménauposé. 

Matériel et méthode 

Nous avons suivi de façon prospective 421 femmes par EEV et ce sur une période 

de 5 ans. De ces patientes, 31(74%) avaient un diagnostic de carcinome 

endométrial à l'histopathologie. Des mesures biometnques, morphologiques 

ainsi qu'une étude doppler ont été obtenues pour chacune de ces patientes. 

Résultats 

En appliquant les critères biométriques et morphologiques, YEEV a démontré 

une sensibilité de 77% (95% IC: 59% - 90%) et une spécificité de 84% (80% - 87%) 

pour diagnostiquer la néoplasie. En utilisant seulement les critères biométriques 

(épaisseur de l'endomètre > 2 mm indiquant une néoplasie), I'EEV atteint une 

sensibilité de 100Y0 (91% - 1000/o) une spécificité de 24% (20 - 29%)' alors que la 

sensibilité et spécificité d'un critère d'épaisseur de l'endomètre >5 mm 

deviennentt respectivement 74%(55% - 88%) et 59%(54% - 64Y0). La vélocité 

veineuse maximale s'est avérée être le critère doppler le plus prédictif (95% IC 
odds ratio 1 . O 8 1  .+IO). 

Conclusion 

L'utisation d'une combinaison de critères biométriques et morphologiques en 

échographie permet d'obtenir des résultats op timaw pour diagnostiquer les 

patientes ayant un carcinome de l'endomètre, cependant en acceptant une perte 

au niveau de la sensibilité. 
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1 - INTRODUCTION 

Abnormal vaginal bleeding is a common problem accounting for up to 

20% of office visits to a general gynecologist (1). Although no significant 

endometrial pathology will be found in the majority of patients, approximately 

10Y0 of patients presenting with poshmopausal bleeding will be diagnosed with 

endometrial carcinoma (2). Carcinoma of the endometrium is the most common 

invasive malignancy of the female genital tract, readiing a peak incidence 

between 55 and 65 years of age. Intermenstrual and postmenopausal bleeding is 

the initial symptom in 75-90% of patients (3-5). Early diagnosis and treatment is 

important since the depth of myometrial invasion is considered the factor most 

responsible for the extreme variation in the 5-year survival of patients with Stage 

1 disease: from 40 to 60 % in the most invasive cases to 90 - 100% in cases with 

Little or no myometrial involvement (6-9). Traditionally, postmenopausal women 

with abnormal vaginal bleeding were referred for a diagnostic curettage (D & C) 

under general anaesthesia if a definite cause was not evident using clinical 

evaluation. However, this procedure is invasive and indudes complications such 

as infection, bleeding and uterine perforation (10). D & Cs can be inaccurate in 

patients with distortion of the endometrial canal due to leiomyomata, uterine 

anomalies and cervical stenosis (10). In 60% of patients, less than half of the 

endometrial cavity surface is actuaily sampled (11). More recently, office-based 

endometrial samphg procedures have gained widespread acceptance. The 

convenience to the patient and physician, as well as the cost containment of these 

procedures has been M y  established in the literature (12). However, 

outpatient endometrial sampling techniques are somewhat less accurate than the 

D & C performed under general anaesthesia (13-16). Furthennore, the role of 

endometrial sarnpüng in screening for endometrial carcinoma, has not been 

M y  established. A less invasive technique that provides an accurate diagnosis 

of endometrial carcinoma in women presenting with postmenopausal bleeding 

would certainly be of clinical value. Furthennore, if this method proved to be 

efficacious in detecting the disease at an early stage, a weening program could 

be implemented for asymptomatic postmenopausal women. Sonography has 

recently been advocated as a noninvasive test for evaluating postmenopausal 

women presenting with abnormal vaginal bleeding (17,18). Whether the role of 



sonography lies in identifying patients that would benefit most from undergoing 

endometrial sampling, or is reserved for patients who have undergone 

uwuccessful sampling procedures, remains controversial(19-23). 

The use of transabdominal sonography in the detection of endometrial 

carcinoma has been well documented (24-27). Chambers (26) and Nsari (27) 

reported sensitivities of 67% and 91% respectively using transabdominal 

sonography to detect endometrial carcinoma. Partidar emphasis has been 

placed on the alteration of the normal endometrial stripe as an indicator of 

endomehial pathology (24#2527-29). However, obesity, retroflexion and multiple 

leiomyomas of the utem can make assessrnent of the endometrial shipe using 

transabdominal sonography technically difficult. With the advent of endovaginal 

sonography (EVS) these technical limitations have largely been overcome. 

Furthermore, the greater resolution afforded with the higher frequency 

endovaginal probe can irnprove the detection of endometrial carcinoma (30-32). 

A prospective comparison of endovaginal and transabdominal sonography by 

Coleman et al. (33) reported that endovaginal scans yielded new information in 

60% of cases and aiiowed better visualization of pelvic structures in 22% of cases. 

The clinical diagnosis was altered on the basis of endovaginal sonographic 

findings in 24% of patients and confirmed with certainty in 72% of patients. 

Therefore, we feel that any study reporting on the accuracy of early endometrial 

carcinoma detection using sonography, should indude an endovaginal 

examination (319). Although EVS has been demonstrated to have a high 

sensitivity for detecting early endometrial carcinoma when certain morphological 

cnteria are applied, no features unique to malignant disease have been identified 

(32,3536). In particular, most studies evaluating the role of EVS in patients 

presenüng with postmenopausal bleeding have emphasized the thickness of the 

endometrial lining as a study endpoint (5,374). However, morphological 

aiteria at real-time ultrasound, such as heterogeneous endometrial echotexture, 

increased endometrial echogenicity, and poor definition of the endo-myometrial 

junction, can improve the specificity of diagnosing endometrial carcinoma (41- 

43). Furthennore, the advent of Doppler ultrasound offers the potential 

advantage of characterizing tissue using functional, in addition to structural 

criteria. Since approximately 80-90% of all curettage procedures performed for 



postmenopausal bleeding result in benign diagnoses (2,10,24,39,44), unnecessary 

endometrial sampling may be avoided if the real-time findings of EVS combined 

with Doppler ultrasound can be used to idenbfy endometria with a high 

likelihood of disease. 

A low impedance signal pattern on Doppler ultrasound, is postulateci to 

originate when high velocity flow enters a vesse1 with little or no vascular 

resistance. This was demomtrated by Taylor et al. who obtained histologic 

correlation in eight neoplasmç with low impedance flow (45). Microscopie 

examination in all these cases demomtrated the presence of large, thui-walled, 

sinusoidal spaces that lacked muscular support and therefore corresponded well 

to the theoretical vascular spaces. Changes in impedance to blood flow in an 

organ may therefore be an early obligatory event in the evolution of a malignant 

lesion. It is in this regard that the addition of Doppler ultrasound offers the 

greatest potential for detection and characterization of endometrial carcinoma. 

Recent advances in Doppler tediniques have allowed detailed documentation of 

normal flow velocity wavefom in the uterine and ovarian arteries (46-51). 

Whereas extensive work on tumour vascularity of breast carcinomas, liver 

neoplasms and gestational trophoblastic diçease has been undertaken (4522-55), 

studies reporting on the role of Doppler ultrasound in the diagnosis of 

endometrial carcinoma have reported conflicting results (56-61). 

In order to evaluate the role of EVS and Doppler ultrasound in detecting 

endometrial carcinoma, we prospectively exarnined 557 women presenting with 

postmenopausal bleeding over a five-year period. Of these, 421 met our final 

inclusion criteria. Patients were induded irrespective of whether they were 

receiving hormonal replacement therapy. Sonographic assessment of the utems 

induded measurements of endometrial thickness, a detailed description of 

endometrial morphology, as well as colour and pulsed Doppler analysis. In 

addition, for each patient, the sonologist was asked to dassify the appearance of 

the endometrium as benign, malignant or indeterminate. Findings at sonography 

were correlated with histological examination of the endometrium where 

available. Specifically our objectives were as follows: 



To estirnate the sensitivity and specificity of EVS, using real-time parameters 

of endometrial thickness and morphology, to diagnose endometrial 

carcinoma. 

To estimate the predictive value of Doppler ultrasound in diagnosing 

endometrial carcinoma over that adiieved by using real-time sonographic 

features alone. 

To determine optimal threshold values for endometrial thickness, and 

Doppler ultrasound parameters where appropriate, to distinguish benign 

from malignant endometrial pathology. 

To estimate the sensitivity and specifiaty of using endometrial thidcness, 

versus a combination of real-the sonographic features, in diagnosing 

endometrial carcinoma. 

The ensuing chapters of this thesis are subdivided into the following 

sections. Chapter 2 contains a literature review of 1) the accumcy of various 

endometrial sampling techniques in detecting endometrial carcinoma and other 

endometrial pathology, and 2) the role of EVS and Doppler ultrasound in 

differentiating benign from malignant endometria. Chapter 3 describes the study 

methodology. Chapter 4 presents the results of the study and indudes details of 

the statistical analysis. Chapter 5 presents a discussion of the study results, 

including discrepancies with the literature, potential dinical applications and 

study limitations. 

2 - LITERATURE REVIEW 

2.1 Endornetrial histology 
Although dilatation and curettage (D & C) is generally considered the 

"standard of reference" for obtaining the necessary diagnostic intrauterine 

pathology, support for this assertion in the literature is lacking. The sensitivity 

and specificity of D & C are difficult to assess because few large series confirrn 

the histology with a subsequent hysterectomy specimen. In a series of 512 

patients in whom the uteri were removed immediately after the D & C, 

endometrial lesions were missed in up to 10% of cases including: 38 endometrial 

polyps, 4 submucosal fibroids, 2 endocervical polyps, 2 placental polyps and 1 

undisturbed pregnancy (10). For diagnosing endometrial hyperplasia or 



carcinoma, false negative rates ranging from 2% to 6% have been reported 

(10,11,62,63). In a study of 50 consecutive patients who underwent D & C 

immediately prior to hysterectomy, Stock and Kanbour found that in 60% of 

patients less than 1/2 of the endometrial surface was sampled and in 16% less 

than 1/4 of the surface was actually sampled (11). In addition, as emphasized by 

Word et al. (10) in a review of over 6,000 D & Cs, this procedure is invasive and 

may be associated with complications such as infection, bleeding and uterine 

perforation. In this series, the overall rkk of uterine perforation was determined 

to be 1 in 99, and increased to 1 in 38 for postmenopausal women. 

In 1982, a aitical review of the role of diagnostic D & Cs was published 

after an analysis of 33 reports consisting of 13,598 D & Cs and 5,851 endomehial 

sampling procedures (62). The nurnber of procedures yielding specimens 

adequate for histologie interpretation varied from 77 - 94% for D & Cs, and 85 - 
99% for endometrial sampling techniques. In assessing safety, the D & C was 

associated with a higher complication rate than the endometrial sampling 

technique. Furtherrnore, the D & C had a low mortality rate, whidi was not 

reported with endometrial sampling. Office-based endomehial sampling 

procedures, such as Pipelle and Vabra sampling have gained widespread 

acceptance, since the convenience to the patient, lower complication rate, and 

cost conCainment of these procedures have been firmly established in the 

literature (12). However, outpatient endometrial sampling techniques are 

somewhat less accurate than the D & C performed under general anaesthesia, 

particularly in the setting of endomehial polyps, submucous myomas and thin 

endometria (1 3-1 6,62065). 

Table I below summarizes the sensitivity of various endometrial sampling 
procedures, in the detection of endometrial carcinoma and/or endometrial 

hyperplasia, published during the last few decades. When attempting to assesç 

the diagnostic accuracy of endometrial sampling a nurnber of difficulties arise, 

since few large series confirm the histology with a subsequent hysterectomy 

specimen. First, the true incidence of lesions in the uterus cannot be determined 

when D & C is used as the standard of reference, since the diagnostic accuracy of 

D & C is not precisely known. Second, the more complete the first procedure is 

for obtaining samples of the endometrium, the less likely a second procedure 



will provide tissue leading to the same diagnosis (66). Thus, the first procedure 

artifactually deaeases the diagnostic accuracy of the second. The studies listed in 

Table 1 vary considerably in their methodology making meaningful cornparisons 

diffidt.  For example, some studies evaluated a general gynecologic patient 

population presenting with a variety of symptoms suggestive of endometrial 

pathology, while others restricted their sample to a subpopulation at risk for 

endometrial carcinoma, or to patients already proven to have endomehial 

carcinoma. The standard(s) of reference used are also variable. Nevertheless, a 

number of useful generalizations can be drawn from these studies. In 12 of the 15 

studies listed, the sensitivity of endometriai sampling for detecting carcinoma is 

85% or greater, with the two largest senes reporting sensitivities of 94% and 96% 

respectively. The sensitivity for diagnosing endometrial hyperplasia is more 

modest ranging from 58 - 86%. None of the series on endometrial sampling 

reported a false positive diagnosis for endometrial carcinoma. 



Table 1. Sensitivity of Endometrial Biopsy in Diagnosing Uterine Cancer I 

Hyperplasia 

Author Year No. Patients Positive Br. (%) Positive Bx. (%) Gold STD 

Carcinoma HHyperplasinyperpllasia 

Palmer O 1950 301 86/95 (91%) - D & C, biopsy 

Jordan' 1956 128 23/25 (92%) - 
McGuire* 1962 136 61 / 72 (85%) - 
Slaughter* 1962 406 52/68 (76%) - 

Hyster. 

D&C, Hyster. 

D&C, Hyster. 
l-yr. F/U for neg. 
biopsies 

Hofmeister' 1974 20,677 176/ 187 (94"/0) - D&C, Hyster. 

Vuopala' 1977 722 56/65 (86%) 27/60 (45%) DK, Hyster. 

Lutz" 1977 103 25/27 (93%) - D&C, Hyster. 

17/21 (81%) 17/25 (68%) Hyster. 

7/7 (100%) 19/22 (86%) D&C, Hyster. 

Grimes' 1982 1,123 42/44 (96%) - D&C, Hyster. 

Stovall + 1989 240 5/7 (71%) 15 /26 (58%) Hyster. 

Stovall '" 1991 40 

Goidchmit' 1993 176 

39/40 (97.5) - Hyster. 

3/3 (100%) 11 /18 (61%) D&C 

Zorlu" 1994 26 24 / 26 (95%) - Hyster. 

Van Bosch" 1995 126 6/6 (100%) N /A (64Oh) Hyster. 
Hysteroscopic 
biopsy 

+ General gynecologïc patient population 
++ Subpopulation at risk for endometrial carcinoma 
+++ Patients with proven endometrial carcinoma 
O Study population not describeci 
N/A = Not available 

Advantages of office-based endometrial sampling procedures in 

cornparison to D & Cs indude convenience to the patient, a low complication 

rate, and a relatively low cost. However, outpatient endometrial sampling 
techniques may result in specimens inadequate for histologic interpretation in up 



to 15% of cases (62). In addition, office biopsies may be technicaily impossible in 

10% of patients due to cervical stenosis (67). Although the accuracy of 

endometrial sampling procedures appears to be comparable to D & C for 

diagnosing endometrial carcinoma, a lower accuracy is achieved in the setting of 

endometrial hypefplasia, polyps or submucosal leiomyomas (13-16,62-65). This is 

dinicdy relevant, because endometrial polyps or submucosal myomas have 

been reported in up to 90% of patients with recurrent postmenopausal bleeding 

(68). The detection of pedundated benign conditions in the uterine cavity is a 

limitation of ail blind sampling procedures, including D & C. Hysteroscopy, 

which allows direct visualization of the endometrial cavity, is superior to D & C 

in making an accurate diagnosis of endometrial polyps and submucosal myomas 

(69,70). Hysteroscopy is, however, an invasive method that carries a s m d  but 

real risk of perioperative complications. Furthermore, the technique cannot be 

applied in al l  women with postmenopausal bleeding. Alternative methods of 

screening and/or assessing endometrial pathology in postmenopausal women 

would certainly be of clinical value. Several authors have recornmended 

combining endometrial sampling and endovaginal sonography (EVS) in the 

diagnosis of endometrial disease in postmenopausal women (14,20,21,71). 

2.2 Real-time endovaginal sonography 
2.2.1 Measu rements of endometrial thhickness 

The advent of high resolution transvaginal probes has revolutionized the 

ability to visualize the endometriun sonographically and to detect endometrial 

pathology (30-33). The use of endovaginal sonographic measurements of 

endometrial thickness, as a predictor of h a s e  in postmenopausal women with 

bleeding, has recently been weli established in the literahue (39). Over the past 

10 years, numerous articles have been published with d i f f e ~ g  

recommendations regarding the optimal cut-off values for endometrial thickness, 

above which disease is more likely. Many of these studies, however, have 

investigated small patient populations with a low prevalence of disease 

(1838.72-79). In these series, fewer than 10 patients harbouring endometrial 

malignancy were shidied, making it difficult to draw meitningful conclusions 

regarding optimal cut-off values. 



More recently, larger trials have been conducted to define an endometrial 

thickness below which no pathology is found, in the hopes of using this 

measurement as a screening tool in postmenopausal women with abnormal 

uterine bleeding (5,17,19,~,40,80,81). Cut-off values ranging from 4 - 10 mm 

(double layer endometrial thickness) have been proposed. In a l l  studies, the 

mean endometrial thickness for patients with hyperplasia or carcinoma was 

greater than for those without pathology. 

In the study by Granberg et al. (5) of 1991, it was found that in 205 

postmenopausal women with bleeding, an endomehial thickness of < 9mm 

indicated absence of endomehial carcinoma at D & C. AU 18 patients with 

proven endometrial carcinoma at histology had an endometrial thickness of 

18.2mrn I 6.2mm (mean I SD), while patients with a diagnosis of endometrial 

atrophy (n = 157) or hyperplasia (n = 13) had measurements of 3.4mm I 1.2mm 

and 9.7mm I 2.5mm, respectively. Endometrial thidcness measurements used in 

this study included the contents of a distended uterine cavity, in addition to the 

antenor and posterior endometrial layers. This technique overestimates the 

endometrial thickness in benign conditions with fluid retention due to c e ~ c a l  

stenosis. Furthermore, no distinction is possible between conditions that result in 

locaüzed or diffuse endometrial thickening, such as endometrial hyperplasia and 

carcinoma, versus endometriai polyps. Nevertheless, the purpose of this study 

was primarily to differentiate a benign from a pathological endometrial process 

without attempting to diagnose specific histological subtypes. In this study, an 

endometrial thickness of 2 5rnm resulted in a positive predictive value of 87% for 

detecting the presence of endometrial pathology. Using this cut-off value, 70% of 

the curettage procedures could have been avoided without misdassifymg a 

single case of endomehial carcinoma. Similarly Guner et al. (19) studied 289 

postmenopausal women of whom 192 presented with abnormal vaginal 

bleeding, and conduded that curettage is not necessary to exclude carcinoma if 

the endometrial thickness measures less than 5mm as assessed by EVS. Using 

this cut-off value, EVS was able to diagnose the presence of endometrial 

carcinoma with a sensitivity of 100%, a specificity of 499'0, a positive predictive 

value of 13%, and a negative predictive value of 100%. Corresponding values for 

deteding al l  endometrial pathology were as follows: sensitivity 100%, specificity 



77%, positive predidive value 75%, and negative predictive value of 1009/0. In the 

group of patients that presented with poshnenopausal bleeding, there was a 

significant h e a r  correlation between the probability of finding endometrial 

pathology and increasing endometrial thickness (linear regression R = 0.91, p < 

0.03). 

Haller et al. (80) in 19%, compared the accuracy of detecting endometrial 

pathology using endometrial thickness measurements with EVS versus 

hysteroscopic findings in women with postmenopausal bleeding. A total of 81 

women not receiving hormonal replacement therapy were entered into the study 

protocol. The final diagnosis from histological speâmen ai D & C included: 

endometriai atrophy (n = 12), irregular proliferative changes (n = 21), polyps (n = 

16), hyperplasia (n = 16), and endometrial carcinoma (n = 16). Using an 

endometrial thickness of 2 5mm to indicate a positive test, EVS diagnosed the 

presence of endometriai carcinoma with a sensitivity of 100%, specificity of 26%, 

PPV of 2574, and NPV of 100%. AU patients with a diagnosis of endometrial 

carcinoma at D & C had an endometrial thickness of > 8mm. Using the same 

criteria to detect all endometrial pathology, EVS achieved a sensitivity of 96% 

spedfiaty of 46%, PPV of 72% and NPV of 88%. In the same patient population, 

hysteroscopy detected endometrial carcinoma with a sensitivity of 50% and a 

specificity of 100%; and detected al l  endometrial pathology with a sensitivity of 

96% and a specificity of 94%. Karlsson et al. (17) measured the endomehial 

thickness using sonography in 105 women presenüng with postmenopausal 

bleeding, one day pnor to the scheduled D & C. These authors induded in their 

endometrial measurements, fluid or polyps that distend the uterine cavity. An 

endometrial thickness of 6 5mm as measured by endovaginal scanning was 

considered benign, and > 5mm as pathological. At histopathology, 58 (55%) 

endometria were considered benign and 47 (45%) pathological, including 16 

carcinomas. EVS detected the presence of endometrial pathology with a 

sensitivity of 97943, specificity of 8l0/0, PPV of 72%, and NPV of 98%. 

Corresponding values for endometrial carcinoma using the same sonographic 

criteria were sensitivity 94%, specificity 64%, PPV 320/0, and NPV 98%, 

respectively. These authors conduded that EVS is a valuable diagnostic 



instrument for detecting pathological conditions of the uterine mucosa with a 

sençitivity comparable to endometriai sampling or D & C. 

From January 1988 to December 1992, Kurjak et al. (82) screened 5,013 

asymptomatic women with EVS, who were 40 years of age or older. Patients on 

hormonal replacement therapy were not entered into the study protocol. A 

positive test for malignancy on real-time EVS, induded an endometrial thickness 

of lOmm or more. Thirty-four (0.68%) cases of endometrial abnormalities were 

detected with EVS and were operated on. Of these, six (0.12%) were endometrial 

carcinoma, 18 (0.36%) were endomehial hyperplasia, and 10 (0.12%) were benign 

endometrial polyps. EVS correctly dassified ail 6 malignant and all28 benign 

conditions. 

Malinova et ai. (81) evaiuated the usefulness of sonographic 

measurements of endomehial thickness combined with a progesterone challenge 

test, to detect endometrial pathology in postmenopausal women. Only women 

who had been postmenopausal for at least 2 years prior to sonography, and were 

not receiving hormone replacement therapy, were induded in the study 

protocol. Of the 2û4 patients that met the inclusion criteria 130 women were 

asyrnptomatic, while 154 presented with postmenopauçal bleeding. Both groups 

were further subdivided into patients with normal findings at EVS (endometrial 

thickness s 5mm), and those with abnormal findings (thickness 2 6mm). In the 

group of asymptomatic women, there was a negative correlation between 

endometrial thickness and number of years since menopause (r = -0.39). In the 42 

women who presented with postmenopausal bleeding and normal sonographic 

findings, the final diagnosis at D & C induded endometrial atrophy in 41 

patients and endometrial polyp in one patient. In the 112 symptomatic women 

with abnormal findings at EVS, the final diagnosis was as follows: atrophy (n = 

5), polyp (n = 27), hyperplasia (n = Il), and carcinoma (n = 69). Therefore, in 

patients presenting with postmenopausal bleeding, EVS diagnosed the presence 

of endometrial carcinoma with a sensitivity of 100%, a specificity of 49%, a PPV 

of 62%, and a NPV of 10OoA. The lowest measurement for endometrial thickness 

in patients with proven endometrial carcinoma was 7mm. This hi& prevalence 

(69 / 1% or 45%) of endometrial carcinoma among women presenting with 

postmenopausal bleeding likely indicates a selection bias, and increases the PPV 



of the test. When using the sarne cut-off value as a screening test for endometrial 

pathology, the calculated sensitivity and spediaty were 99% and 89% 

respec tively . 
Pertl et. al in 1996 (22), studied 169 postmenopausal wornen with EVS 

prior to a diagnostic curettage or hysterectorny. Indications for curettage 

induded poshnenopausal bleecüng (n = lSO), or an endometrial thickness 2 6mm 

(n = 19). Thirty-five patients were on hormonal replacement therapy. Of the 169 

patients entered into the shidy protocol, 91 had normal findings at 

histopathology, 40 patients had endometrial hyperplasia, 17 had polyps, and in 

21 cases endometrial carchorna was found. Applying a threshold of 2 6mm to 

indicate a positive test, EVS diagnosed endometriai pathology with a sensitivity 

of 90%, a specifiaty of 31%, a PPV of 53% and a NPV of 78%. Corresponding 

values for diagnosing endometrial carcinoma using the çame sonographic 

criteria were sensitivity 969'0, specificity 249'0, PPV 17% and NPV 97%. There was 

one false negative diagnosis of endomehial carcinoma in a patient with an 

endometriai thickness of 5mm. By using the same threshold value as a criterion 

for enhy into the study, and as a determinant for outcome, the authors are 

introducing an important selection bias. However, only 19/169 or 11% of 

patients enrolled into the study were induded on the basis of endometrial 

thickness. Nevertheless, clinical follow-up on the group of patients not 

presenting with post-menopausal bleeding and whose endometrium measured < 

6mm with EVS would have been important to obtain. 

The largest study published to date on the evaluation of endometrial 

thidmess in women presenting with postmenopausal bleeding is a multicenter 

study known as the "Nordic Trial" where 1,168 women were prospectively 

evaluated with EVS (40). Of the 1,168 women entered into the study protocol, 351 

(30%) were receiving hormonal replacement therapy. In this study, an 

endometrial abnormality was defined as the presence of endometrial polyps (n = 

140), hyperplasia (n = 112), or carcinoma (n = 114). The sensitivity and specificity 

for endometrial disease was deterrnined using receiver operating characteristic 

(ROC) cuve analysis, for cut-off levels of endometrial thickness ranging from 1 - 
72 mm. The sensitivity and specificity for identifying endometrial pathology 

varied greatly depending on the cut-off value used. In the Nordic trial, EVS 



achieved a sensitivity and specifiaty of 1000/0 and 5196 (95% CI: 489'0-54Y0) 

respectively, for diagnosîng endometrial carcinoma when a cut-off value of 2 

5mm was applied. If a cut-off value of r 6 mm had been used, the specificity 

would have improved to 59% (95% CI: 56%62%) at the expense of missing two 

carchornas. When evaluating for a l l  endometrial pathology, a cut-off value of r 5 

mm resulted in a sensitivity of 96%, a speuficity of 68%, a PPV of 61%, and a 

NPV of 97%. The corresponding figures at a cut-off limit of 2 6mm were 94%, 

78%, 69%, and 96% respectively. These authors concluded that the risk of 

finding pathological aiterations of the endometrium at D & C when the 

endometrium measured 1 4 mm on EVS was 3.6%, with a 95% confidence limit of 

5.5%. Therefore, in women with postmenopausal bleeding and an endometrial 

thickness of d 4mm, routine histological sarnpling does not appear justified. 

The role of EVS in detecting endometrial cancer and other endometrial 

abnormalities in postmenopausal women with vaginal bleeding is well 

summarized in the following meta-analysis of English-language and non- 

English-language articles published between 1966 and 1996 (83). The meta- 

analysis comprised 35 studies and includes 5,892 women. Using a threshold 

value of > 5 mm to define abnormal endometrial thickening, 96% (95% CI: 94%- 

98%) of women with cancer had an abnormal EVS, whereas 92% (95% CI: 90%- 

93%) of women with endometrial pathology had an abnormal test result. 

Corresponding specificities were 61% (95% CI: 59%-63%) and 81% (95% CI: 79%- 

83%), respectively. The false-negative rate of 8% for EVS compares favourably 

with those achieved using office-based endometrial biopsy devices. EVS was 

equally accurate at identifymg women with endometrial disease, regardless of 

whether or not they were receiving hormonal replacement therapy. For a 

postmenopausal woman with vaginal bleeding and a 10% pretest probabiüty of 

endometrial cancer, the posttest probability decreases to 1%, given a negative 

EVS. niese authors concluded that EVS is highly sensitive for detecüng 

endometrial carcinoma, and cm idenûfy patients at low risk for endometrial 

disease obviating the need for endometrial sampling in this subgroup of patients. 

However, women on hormonal replacement therapy had a significantly higher 

false positive rate (specifiaty 77%, 95% CI: 75%-79Y0), compared to patients not 

taking hormones (specificity 92%, 95% CE 90%-94%). These results are not 



surprising, since endometriai thickness is hown to increase after the initiation of 

hormone replacement therapy. The degree of inaease in endometrial thickness, 

however, will vary depending on the type of hormonal regimen used; and is 

most marked with the ingestion of sequential estrogen/progesterone, followed 

by unopposecl estrogen and is least affected by continuous combined 

estrogen/progesterone regimens (72). For this reason, many authors have 

exduded patients on hormonal replacement therapy, in studies evaluating 

endometrial thickness in women with postmenopausal bleeding. Others have 

advocated a higher threshold value for endometrial thickness in postmenopausal 

women on hormonal replacement therapy compared to controls (8 mm versus 5 

mm) (79,841. 

2.2.2 Morphological assessrnent of the endometrium 

Although the cut-off values desaibed in the literature vary considerably, 

endometrial thickness is often used as the sole aitenon in the sonographic 

assessrnent of the endomehium in postmenopausal women. As evidenced from 

the preceding studies, proposed cut-off values for detecting endometriai 

carcinoma result in a high sensitivity but a relatively low specificity. Most 

authors recommend using a low cut-off value such as 4 or 5 mm, which 
maintains the sensitivity but sacrifices specificity. This results in many 

unnecessary curettage procedures being performed in order not to miss a 

carchorna. By increasing the threshold value, the specificity WU improve, 

however at the cost of increasing the number of false negative examinations To 

address this issue, a number of investigators have recently studied 

morphological features of the endometrium, in addition to measuring 

endometrial thickness with EVS. 

The use of morphological criteria for evaluating the endometrium is often 

rejected on the prernise that the method is too subjective, and depends to a 

greater extent on the examiner's experience. However, morphological analysis 

and pattern recognition forms the basis of most radiological image interpretation. 

Designing studies where multiple reviewers with varying degrees of expertise 

perform the sonographic examinations will improve the generaiizability of these 

results. In addition, although measurements of endometrial thickness are 



generdy considered an objective criterion, this is unclear in practice since the 

recommended cut-off values in the literature vary from 4mm to 10mm. This is 

not surprising when one considers that the unit of measurement is in the 

millimeter range, where even small deviatiom in the measured thickness will 

sigxuficantly affect the test performance. Furthemore, Duda et al. (85) have 

shown that differences in measurements of endometrial thickness on EVS 

between observers approach statistical significance, and that the variability 

between obse~e r s  depends largely on the years of experience. Despite these 

limitations, endometrial biometry has been established as a useful parameter in 

the sonographic evaluation of the postmenopausal endometrium. The use of 

morphological, in addition to biometric criteria, adds Little tirne to the 

sonographic examination, and offers the potential to irnprove the predictive 

value of this test. 

Weigel et al. (41) in 1995 emphasized this point by publishing an article 

entitled: "Measuring the thickness - is that all we have to do for sonographic 

assessment of endometrium in postmenopausal women?" This group of 

investigators prospectively examined 200 patients in order to ascertain the value 

of using morphological features on gray-sale ultrasound irnaging in patients 

with an endomehial thickness in the indeterminate range for pathology (3mm to 

10 mm). Several morphologic cnteria of the endomehium relative to the 

myometrium were identiîïed: 1) homogenous low edio, 2)  homogeneous high 

echo, 3) heterogeneous low echo, and 4) heterogeneous high echo. In addition, 

the presence or absence of a central echo between the two endometrial surfaces 

was documented. Homogeneity, low-level echogenicity, and a sonographicaiiy 

depictable central echo between symmetrical endometrial layers indicated the 

absence of disease; whereas, heterogeneity and increased echogenicity were 

hallmarks of pathologic changes. This group conduded that combining metric 

and morphologic parameters improved not only the predictability of pathologic 

findings, but also the overall accuracy of the sonographic evaluation of the 

endometrium in postmenopausal women. 

Brandner et al: (86) evaluated 221 postmenopausal women with EVS, 

induding 139 (63%) who presented with abnormal vaginal bleeding. This group 

of investigators used various morphological criteria, as well as endometrial 



thickness, to dassify patients as having endometrial atrophy, proliferative 

endometria, endometrial hyperplasia / polyps or endometrial carcinoma. At 

histopathology, 32 patients with endometrial carcinoma were diagnosed. EVS 
correctly diagnosed the presence of disease in 30 patients; there were 8 false 

positive and 2 false negative diagnoses. Therefore, EVS detected the presence of 

endometrial carcinoma with a sensitivity of 93%, a specificity of 96%, a positive 

predictive value of 79%, and an overall accuracy of 96%. These authors 

conduded that EVS using morphological criteria represents a valid, non-invasive 

method for diagnosing endometrial pathology. 

Huki  et al. (42) retrospectively reviewed the sonograms of 73 women 

aged 45 years or older, who had abnormal endometria from January 1992 

through to January 1993 as per a search of the departmental computer data base. 

Histological correlation was available in 68 patients, who constituted the final 

study group. This group of investigators found that the mean endometrial 

thickness in the eight patients with carcinoma (mean 29.7 mm, range 18.5 - 63.0 
mm), was greater than in patients with other histologie diagnoses, aside from 

one patient with a secretory endometrium (39 mm). However, patients with 

endometrial carcinoma in this study demonstrated a wide range of thickness that 

overlapped with those of benign conditions. Therefore, these authors conduded 

that analyzing the sonographic appearance of the endometrium remains 

necessary for differential diagnosis. They found that most endometrial 

carcinomas had a heterogeneous appearance, while benign endometria tended to 

be uniformly echogenic, with cystic spaces commonly encountered in polyps. 

Emanuel et al. (87) examined 260 patients referred for evaluation of 

abnormal uterine bleeding, of whom 47 were postmenopausal. Using a 

combination of morphologie and biometric criteria, all7 cases of endometrial 

carcinoma were correctly diagnosed with EVS. For detecting all  intrauterine 

abnormalities in patients with abnormal vaginal bleeding EVS demonstrated a 

sensitivity of 96% and a specificity of 89%. With a pretest probability 

(prevalence) of 42%, this resulted in posttest probabilities of 3Yo in the case of a 

normal sonogram and 87% for an abnormal sonogram. The corresponding 

likelihood ratios were 0.04 and 9.09, respectively. These authors conduded that 

EVS appears to be an effective procedure to exclude endometrial and inhauterine 



abnormalities. N S  could be implemented as a routine first-step in patients with 

abnomial uterine bleeding, and identify those requiring fwther evaluation in 

case of an abnormal or incondusive sonogram. 

Other investigators, however, remah skeptical as to the role of EVS in the 

evaluation of patients presenting with abnormal vaginal bleeding. Hkggi et al. 

(23) shidied 203 consecutive women with EVS prior to a scheduled diagnostic D 

& C or hysterectomy, of whom 91 presented with symptoms of postmenopausal 

bleeding. The prevalence of endometrial carcinoma was 26% (n = 24) in this 
subgroup of patients. Cnteria for malignancy on EVS induded an endometrial 

thickness of greater than 5 mm, areas of deaeased echogenicity or heterogeneity, 

and poor definition of the endo-myometrial junction. Applying these 

sonographic criteria, endometrial carcinoma was diagnosed with a sensitivity of 

85%, specificity of 78%. PPV of 52%, and NW of 95%. Of the patients with 

proven endometrial carchorna at curettage, 3/24 (13%) had an endometrial 

thickness of less than 5mm on EVS. These authors concluded that dilatation and 

curettage is necessary in the evaluation of women presenting with 

postmenopausal bleeding. 

2.2.3 Colour and pulsed Doppler sonography 

In addition to using endometrial thickness and morphology, more 

recently a number of investigators have used colour and pulsed Doppler indices, 

in an attempt to better characterize endometrial pathology (88). The Doppler 

examination is based on the Doppler effect first described by Christian Johann 

Doppler in 1842 (89). Although Doppler enunciated his principle in 1942, he 

conhwd its interpretatiort and used it incorrectly to explain the colour of binary 

stars (90). The acoustical Doppler effect was first demonstrated in 1û45 by Buys 

Bdot using a tnimpeter riding on a steam locomotive (90). As the train moved 

towards a group of observers on the platfonn the sound of the trumpet increased 

in pitch, while the reverse occurred when the train moved away from the 

platform. This difference between the received and transmitted frequencies when 

sarnpling a moving target forms the basis of the Doppler effect, referred to as the 

Doppler frequency shift. 



Colour and pulse gated (duplex) Doppler sonography involves the 

detection of phase, amplitude, and frequency shift of blood flow within vessels. 

With duplex sonography, a graphic representation of Doppler information 

(spectral display) from a single point on a real-time seaion is provided. With 

colour Doppler irnaging, flow information from an entire sonographic section is 

encoded in colour and superimposed on the gray sa le  image. An actual real- 

time image of the flow is obtained, and direction, mean velocity, as well as areas 

of turbulence c m  be identified and quantified using colour encoded velocity 

maps. Colour Doppler is capable of routinely demonstrating very small 

inhaparenchpal vessels in the uterus and ovaries, in addition to major pelvic 

artenes and veins. These smail intraparenchymal vessels are diffidt to sample 

comistently with pulsed Doppler, because they are not directly visualized on 

gray scale irnaging alone. Although colour Doppler greatly facilitates the 

depiction of vascular structures in the pelvis, pulsed Doppler rem- essential, 

as it defines changes in vaxular impedance and provides information about flow 

characteristics within different organs. A low impedance signal pattern on 

Doppler ultrasound occurs, when high veloaty flow enters a vesse1 with little or 

no vascular resistance (45). Sinusoidal spaces that la& muscular support and 

therefore form a low-resistance bed, can be seen on miaoscopic examination of 

rnalignant tumour growth (45). Changes in impedance to blood flow in an organ 

may therefore be an early event in the development of a malignant lesion. It is in 

this regard that the addition of Doppler ultrasound may facilitate the detection 

and characterization of endometrial carcinoma. 

Several methods have been proposed to quanbfy the characteristics of 

pelvic blood flow (88). Velocity measurements alone (peak systolic velocity, end 

diastolic velocity) have been used primarily for quantifymg vascular stenoses, 

and have not been applied extensively for tissue characterization of endometrial 

pathology. Ratios between systolic and diastoüc flow are ideally suited for tissue 

characterization, since they provide an estimate of vascular impedance, are 

angle-independent, and wiitless. Commonly used ratios are the pulsatility index 

(PI), resistive index (RI), and the S/D ratio. The PI is defined as the peak systolic 

velocity (PSV) minus the end diastolic velocity (EDV) divided by the mean 

velocity (91). The RI is calculated as the Pm minus the EDV divided by the PSV 



(92). Low values for PI and RI inàicate increased diastolic flow and decreased 

vascuiar impedance. Other investigators have relied on the S/D ratio, a simple 

measurement of PSV divided by EDV (93). There are theoretical advantages to 

using PI to measure vascular impedance, since it takes into account the entire 

frequency spectnim of the cardiac cycle; nevertheless, the superiority of one ratio 

over another has not been dearly establiçhed. 

Several investigators have measured Doppler indices in an attempt to 

differentiate benign from malignant endometria, in patients presenting with 

post-menopausal bleeding. However, opinions differ as to the role of Doppler 

ultrasound in this dinical setting. Bourne et al. (56) studied uterine artery blood 

flow in 54 postmenopausal women, 17 of whom were found to have endometrial 

carcinoma at dilatation and curettage. The mean PI of patients with endometrial 

carcinoma was 0.89 while the PI of patients without endometrial carcinoma was 

4.25. Retrospectively applying a cutoff PI value of 2.00, would result in a tme 

positive rate of 99.0% and a false positive rate of 2.6%. In contrast, measurements 

of endometriai thickness in the same group of patients (using a threshold value 

of 5 mm) yielded a tme positive rate of 99%, and a false positive rate of 41%. 

These authors conduded that tramvaginal pulsed Doppler ultrasound, 

partidarly with colour fiow irnaging had great potentid in detecting 

endometriai carcinoma in postmenopausal women. Two potential biases of this 

study design merit further discussion. First, it is important to note tha t 8 of 17 

patients with endometrial carcinoma in this study presented with advanced 

disease. It has been shown that abnormai Doppler findings are more likely to be 

encountered in advanced carcinomas with larger tumour volumes (57). In 

addition, the authors were not blinded to the presence of endometrial carcinoma 

at the tirne of the ultrasound evaluation. 

This same group of investigators also examined uterine arterial flow in 

138 postmenopausal women (17 of whom had endomehial carcinoma), ushg 

pulsed and colour Doppler imaging (57). These authors concluded that the PI 

was more accurate than endometrial thickness in differentiatïng benign from 

malignant endometria. Using an arbitrary threshold value of 10 mm for 

endometrial thickness, the rate of cancer detection was 14/17 (82%, 95% CI: 54%- 

96%). The faise-positive rate for asymptomatic women not receiving exogenous 



hormones was 4/84 (5%, CI: 1%-12%), while for women on hormonal 

replacement therapy it was 6/35 (17%, CI: 7%-34%). Corresponding rates for PI 

using an arbitrary threshold value of 1.50 were as follows: detection rate for 

endometrial cancer 17/17 (10%, CI: 81%-lûû%), false positive rate for women 

not receiving hormonal replacement therapy 1/85 (lx), false positive rate for 

women on a hormonal regimen 4/35 (11%). 

The increase in the false positive fraction for women receiving exogenous 

hormones is not unexpected, given the lower impedance to pelvic blood flow, in 

this group of patients (û4,9496). Additional factors resulting in reduced values of 

uterine artery RI and PI, indude increased heart rate, antihypertensive 

medication, residual ovarian func tion and uterine leiomyomas (58,97,98). 

Conversely, values of RI and PI tend to increase with the number of years after 

menopause (97). A study by Hata et al. (58) using Doppler ultrasound to assess 

tumour vascularity in gynecologic disorders, demonstrated abnormal flow in 7 

of 7 endometrial carcinomas. Abnormal flow was arbitrarily defined as a RI less 

than 0.7. Similar low impedance flow was demonstrated in 8 of 31 patients 

(25.8%) with uterine leiomyomas. However, these were reliably differentiated 

from endometrial carcinomas using morphologic criteria alone. Leiomyomas 

coexisüng with endometrial carcinoma can be seen in up to 29% of cases (3,99). 

A potentiai pitfd may arise in cases of early endometrial carcinoma 

where rnorphologic change is not yet evident. Low impedance flow in this 

instance could falsely be attributed to the presence of a coexisting uterine 

leiomyoma. Doppler interrogation of endometrial or intratumoural blood flow 

rather than uterine arterial flow may Mt false positive results from concomitant 

pelvic pathology. In addition, it has been shown that indices of intratumoural 

blood flow are more sensitive markers of endometrial cancer, than indices 

obtained from uterine arterial blood flow (56,57,100,101). 

Kujak et al. (59), examined 750 postmenopausal women with 

tramvaginal colour Doppler sonography one day prior to a scheduled 

hysterectomy for a variety of pelvic pathology. 32 of 35 patients (91%) with 

proven endometrial carcinoma demonstrated intratwnoural or peritumoural 

blood flow. Endometrial arterial blood flow was absent in normal, atrophic and 

92Y0 of hyperplastic endometria. The mean RI obtained from patients with 



endometrid carcinoma was 0.42, while for patients with endometrial hyperplasia 

the mean RI was 0.65 (p < 0.05). The same group of investigators examined 5013 

asymptomatic women over a 5-year period from January 1988 until December 

1992 (82). Entry criteria for the study induded 1) women aged 40 years or older, 

2) women not receiving hormonal replacement therapy, and 3) no complaints of 

pelvic symptomatology. A positive finding for malignancy at EVS was regarded 

as an endometrial thickness of 10 mm or greater, and/or abnormal blood flow 

with a low resistive index (1 0.42). m - f o u r  (0.68%) cases of endometrial 

abnormalities were detected and operated on. Of these, there were six patients 

with endometriai carcinoma, 18 patients with endometrial hyperplasia, and 20 

patients with benign endometrial polyps. EVS successfully differentiated 

malignant from benign endometria in all cases, on the bas& of the pulsed 

Doppler indices. 

Aleem et al. (102), studied 42 postmenopausal women prior to dilatation 

and curettage with endovapinal colour and pulsed Doppler. These investigators 

found an overlap in measurements of endometrial thickness in patients with 

endometrid carcinoma and in patients with hyperplasia. Using a cut-off value of 

1 8 mm, endometrial carcinoma was differentiated from al l  benign uterine 

conditions with a sensitivity of 100%, and a specificity of 60%. Using Doppler 

ultrasound, vascular visualization rates for endometrial carcinoma were 43% for 

endometrial vessels and 92% for myometrial vessels, whereas the corresponding 

rates for endomehial hyperplasia were 12% and 43%, respectively. These authors 

conduded that the presence of endometrial and myometrial feeder vessels, with 

low vascular impedance to blood flow and dense vascular arrangement, is 

suggestive of malignant endometrial conditions. Similar condusions were dawn 

by Merce et al (101), who studied 45 patients with metrorrhagia, of whom 21 had 

abnormal findings at histopathology. They found that measurements of 

intramyomehial RI were highly accurate in predicting endometrial pathology. 

Using the mean intramyometrial RI of the control group (0.79 I 0.16 SD) as a 

Uwshold value, the presence of endometrial pathology was predicted with a 

sensitivity of û4%, a specifiaty of 86%, a PPV of 84% and a NPV of 86%. The RI of 

uterine arterial flow was less accurate, with a sensitivity of BI%, and a signihcant 

decrease in specificity of 50%. 



Other investigators, however, found endometrial thickness to be a better 

predictor of endometrial pathology than any of the Doppler indices evaluated to 

date. Sladkeviaus et al. @O), exarnined 138 consecutive women scheduled for 

curettage becaw of postmenopausal bleeding with EVS induding colour and 

pulsed Doppler techniques. Receiver-operator characteristic curves showed 

endometrial thickness to be a better discriminator between benign and malignant 

endometria than any Doppler variable; 14 mm was the optimal threshold value, 

the sensitivity being 88% (95% CI: 66OJ-9796) and the specificity 81% (95% CI: 

75%-89%). The best Doppler variable for Merentiating between benign and 

malignant endometria was the presmce of colour flow within the endometrium, 

the sensitivity being 87% (95% CI: 67%-97%), and the spedicity 66% (95% CI: 

57O/0-75%). The PI of subendometrial and intraendomeaial flow showed 

considerable overlap between benign and maiignant endometria. Differences in 

sensitivity of Doppler systems to blood flow, as well as in the type of patient 

population studied may in part account for the discrepancy among published 

results. Conoscenti et al. (61), studied 149 women with postmenopausal bleeding 

using EVS and Doppler ultrasound to evaluate the accuracy of one or more 

sonographic parameters in predicting endometrial pathology. Pathological 

sonographic critena induded endometrial thickness 2 8 mm, abnormd 

endometnd echotexture, and RI of endometrial blood flow 10.4. Using these 

criteria to distinguish pathological from normal endometrium, EVS showed a 

sensitivity of 69% (95% CI: 58%-80%). a specificity of 83% (95% CI: 75%-91%), a 

PPV of 74% (95% CI: 63%-85%), and a NPV of 72% (95% CI: 63%-81%). 

Considering endometrial thickness as a single parameter, the most sensitive cut- 

off value for defining normality was < 4mm. This resulted in a sensitivity of 95% 

(95% CI: 90%-100%). a specificity of 49% (95% CI: 39%-59%), a PPV of 57Y0 (95% 

CI: 47Y0-67~). and a NPV of 94% (95O/0 CI: 87Y0-100%). These authors conduded 

that measurements of endometrial thidcness are preferable to using a 

combination of sonographic criteria in the evaluation of women with 

postmenopausal bleeding. Other investigators have also emphasized the lïmited 

value of Doppler ultrasound in differentiating benign from rnalignant 

endometria (lO3,lO4). 



2.2.4. Summmy of role of EVS in detecting endmetrinl pathology 
The available body of literature suggests that EVS, using measurements of 

endometrial thickness, has a high sensitivity for detecüng endometrial 

carcinoma. Most authors recommend using a low cut-off value such as 4 or 5 

mm, which maintains a high sensitivity but sacrifices speafiuty. This resultç in 

many unnecessary curettage procedures being performed in order not to miss a 

carcinoma. In addition, the nurnber of false positive diagnoses increases with the 

use of hormonal replacement therapy. Most shidies reporthg on the role of EVS 

in detecting endometrial pathology have excluded patients on a hormonal 

regimen. To better reflect the population at large, we have elected to study all 

women presenting with postmenopausal bleeding, irrespective of exogenous 

hormone intake. In addition, although a number of investigators have recentiy 

suggested that a combination of biometric and morphologie criteria improves the 

specifiaty of EVS in diagnosing endometrial carcinoma, to our knowledge, no 

large scale study has addressed this issue (23,40,41,83,86,87). 

Findy, the role of Doppler ultraçound remains controversial. Earlier 

studies reported high accuracy rates using Doppler indices of uterine arterial 

blood flow to differentiate malignant from benign endometria. These results 

have not been corroborated by other groups of investigators. Differences in 

patient selection, study design, and Doppler equipment used, may account in 

part, for the reported discrepancies. We have attempted to study a large 

consecutive population of postmenopausal women presenthg with abnormal 

vaginal bleeding using standard, commercially available Doppler ultrasound 

machines. 

3 - STUDY DESIGN 

This chapter begins with a description of the patient population, induding 

a discussion of the selection criteria, as well as sample size calculations. 

Following this, the equipment and examination technique used is described. 

Details on data coliection, induding patient demographics, real-the EVS and 

Doppler examination are then provided. The standard of reference used to 

differentiate benign from malignant endometria, and normal from pathological 



endometria is defined. Finally, details on the statistical methods used to analyze 

this dataset are provided. 

3.1 Patient Population 
3.1.1 Inclusion criteria 

The patient population consisted of postmenopausal women referred to 

EVS for evaluation of abnormal vaginal bleeding from September 1992 until May 

1997. The catdunent area consisted of clinics and private offices of gynecologists 

affiliated with the McGiU University Health Center. Only patients who were 

being evaluated for the first tirne with this cornplaint were entered into our study 

protocol. Women were considered postmenopausal if they had not 

spontaneously menstruated for at least one year. Hormonal assays were not 

routinely perfonned to document the onset of menopause. We have chosen to 

study these particular women because they represent a well-defined group with 

a relatively high incidence of endomehial carcinoma (105). Although we are 

aware of the inherent potential for bias in this selection, we felt the additional 

cost of studying a broader group of patients could not be justified. In addition, 

since up to 90% of patients with endomehial carcinoma present with abnormal 

vaginal bleeding, efforts at detectïng endomehial carcinoma in a clinical setting, 

are by and large directed at symptomatic patients (3,4,!5). Nevertheless, the 

results of this study may not be applicable to an asymptomatic population with a 

lower prevalence of disease. In particular, the positive predictive value of any 

test wodd be considerably deaeased. 

Patients who met our entry criteria were included in the final analysis of 

resuits under the following circumstances: 1) the EVS was judged adequate for 

evaluating the endometrium, 2) a u t e ~ e  malignancy other than endometrial 

carcinoma was not present at histopathology, 3) an adequate sample of 

endometrial tissue was obtained for histological analysis or appropriate ciinical 

follow-up was available (see section 3.3.4 on standard of referotce). 

3.1.2 Sample size calculafion 

Sample size calculations were based on the estimated difference between 

two binornials of the variables endometrial thickness and endometrial resistive 



index (RI), assuming a desired confidence interval width of 0.2. Given a 

predicted probability of disease of 0.2 in a group of patients with endometrial 

thickness i 5 mm, and a predicted probability of 0.7 in a group of patients with 

endometrial thidcness > 5 mm, the required sample size would be 142 patients 

per group. On the other hand, given a predicted probability of disease of 0.6 in a 

group of patients with an endometrial RI 5 0.5, and a predicted probability of 0.4 

in a group of patients with an endometrial RI > 0.5, results in a required sample 

size of 184 patients per group. Therefore, assuming an approximately 30% 

exclusion rate (1û4 x 2 = 368 - 550 x 0.70), we aimed to enroll 550 patients into 

our study protocol. 

There are no specific guidelines as to the number of observations 

recommended per predictor in logistic regression modeling. However, a 

frequently quoted guideline in linear regression is that there must be at least 10 

observations for a given predictor in the model with the largest number of 

covariates (107). Given the potential of 25 to 30 covariates in our data set, a study 

population of at least 300 wouid be needed to meet the above guideline. 

However, each subject in a logistic regression model provides only a binary 

outcorne, and thereby conhibutes less information (on average) compared to that 

provided by each subject in a hear  regression on a continuous variable. 

Therefore, higher ratios of subjects to number of predictor variables might be 

advisable for logistic regression modeling. 

3.1.3 Ethical considerations 

This study was approved by the Montreal General Hospital Research and 

Ethics Comfnittee, and all participating patients gave inforrned consent. 

3.2 Equipment and Examination Technique 
Two experienced sonographers performed the endovaginal sonographic 

examinations. AU sonographic examinations were verified and interpreted 

prospectively during the course of the real-time examination by three 

radiologists experienced in body irnaging (CR, MA, AA). The sonographers and 

radiologists were aware of the patients' age, menstmal and obstetric history, use 



of hormones, generai medical and surgical history, other forms of medication, 

family history and presenting symptoms. The radiologists, however, were 

blinded to the results of other imaging tests and previous endometrial histology 

where applicable. 

Endovaginal sonographic examinations were performed in the standard 

fashion using cornmercially available sonographic equipment (Acuson 128; 

Acuson, Mountainview, California) (106). The endovaginal sonographic probe 

produced a 5.0 MHz beam for imaging and a 3.5 MHz pulsed colour Doppler 

system for blood flow analysis. Prior to use, the end of the probe was covered 

with a coupling gel, then inserted into a condom and finally recoated with sterile 

gel before insertion into the vagina. 

Trammitter power, image processing and pulse length was held constant- 

Gain was adjusted for each individual so as to produce consistent and optimal 

depiction of the uterine zones. Images were obtained at 0.5 an. intervals in the 

sagittal and transverse planes relative to the uterus, with special attention given 

in all cases to the appearance of the endometrium. Systematic examination of the 

cervix and adnexa was also undertaken. 

Colour Doppler was used to provide an overview of the vascularity, 

obviating in part, a tirne consuming search of a large area with a gated, pulsed 

Doppler device. The intensity of the colour produced is proportional to the 

Doppler frequency shift By convention, blood flowing towards the trançducer 

was portrayed in red, while flow away from the transducer was modulated in 

blue. The spatial peak temporal average intensity of the probe was maintained at 

a minimum of 94mW/cm2 and the wall filter at 100MHz. Colour flow images of 

the uterine artenes were sampled lateral to the intemal cewical os in the 

longitudinal plane to ensure a consistent anatomic location. In each instance, the 

angle of insonation was adjusted to obtain maximum colour intensity. A range 

gate was then placed across the vesse1 and the cursor of the pulsed Doppler 

manipulated to obtain maximum waveform amplitude and darity. Angle 

correction was used for the pulsed Doppler in ail cases of uterine artery 

samphg. 
Endometrial or tumour blood flow was also initially localized using 

colour flow imaging. Areas demonstraüng colour flow were sampled with 



pulsed Doppler. The Doppler angle was assumed to be O degrees in all cases 

using duplex Doppler imaging and also in cases where accurate correction was 

not possible with color flow. In instances where colour Doppler was 

unsuccessful, the region of interest was interrogated using pulsed Doppler with a 

wide gate (5-8mm) and maximal gain. When a signal was detected, the sampie 

volume was reduced in the range of 1.5 - 3 mm and the angle of the transducer 

manually adjusted until the maximum amplitude and frequency shift were 

obtained. Theoretically, the increased sensitivity of pulsed Doppler may allow 

detection of tumour vascularity where none is seen using colour flow imaging. 

Colour and pulsed Doppler interrogation was limited to 10 mim. to 

ensure the feasibility of applying this technique in daily clinical practice. D e t a  

of real-tirne sonographic and Doppler findings were recorded on video-tapes, 

with select images recorded on hard-copy film or digital format. 

3.3 Data Collection 
3.3.1 Patient demographics 

Immediately pnor to the sonographic examination each patient was 

interviewed and the following demographic data were recorded: 1) patient age, 

2) menstnial history (age of menarche, age of menopause), 3) use of hormones 

(duration and type of agent), 4) general medical and surgical history, 5) other 

forms of medication, 6) family history of malignancy, and 7) pertinent presenting 

symptoms. 

3.3.2 Real time examination 

The thickness of the endometrium was measured on the scanner display 

using digital calipers. For each patient, the double-layer endometrial thickness 

was recorded by measuring the distance between the ventral and dorsal endo- 

myometrial interface. Any intraluminal fluid or mass distending the endometrial 

cavity was subtracted from measurements of endometrial thickness. In addition 

to endometrial biometxy, data on endometrial morphology was obtained as 

follows: 1) presence or absence of an endometrial mass, 2) endomehial borders: 

well-defined, focally or diffusely poorly defined (if the poor definition was felt to 

be secondary to CO-existing adenomyosis this was duly noted), 3) endometrial 



echogenicity: echogenic, hypoechoic, heterogeneous, 4) cysts or calcification 

within the endomehial complex/mass, 5) presence of adenopathy or ascites, 6) 

real-tirne EVS diagnosis: benign, malignant, indeterminate, 7) real-tune EVS 

diaposis: nonpathological vs. pa thological. 

A diagnosis of endometrial malignancy was made with EVS when one or 

more of the following circumstances were present: 1) locaily invasive mass, 2) 

endometrial (mass) borders focdy or diffwely ill-defined, 3) abnormal 

endometrial (mass) echotexture defined as increased echogenicity, decreased 

echogenicity and/or heterogeneity. The presence of an endometrial mass or 

endometrial thickening alone, without any of the additional criteria for 

malignancy was insuffiCient to make a diagnosis of endometrial carcinoma. 

Conversely, a patient with a normal endometrial thickness (see definition below) 

but morphological features suggestive of malignancy would be diagnosed as 

having endometrial carcinoma. A diagnosis of benign endometrium was made 

when none of the above critena were present. In patients for whom the 

sonologist was unable to differentiate a benign from a malignant proceçs, the 

endometrium was classified as indeterminate. 

A diagnosis of endometrial pathology was made on EVS when 1) any of the 

previously descnbed criteria for malignancy were present, 2) an endometrial 

mass was diagnosed, or 3) the endometrium measured > 5 mm in women not on 

honnone replacement therapy and > 7 mm in women on a hormonal regimen. In 

the absence of any of these criteria, the endometriurn was classified as 

non pathological. 

The presence of any pathology of the cervix, myomehium or adnexa was 

also noted and documented. 

3.3.3 Doppler examination 
Doppler indices of the left and right uterine artery, the endometrium or 

endometrial-based mass, as well as the myometrium were obtained. The 

myometrium was sampled to potentially serve as a correction factor for Doppler 

indices obtained from the endometrial complex, since a number of systemic 

factors may influence the observed Doppler values (58,97,98). Care was taken to 

only sample areas of the myomehium that appeared normal on EVS. Maximal 



systolic (PsV) and end-diastolic (EDV) velocities were averaged over three 

separate cardiac cycles. For each waveform, the resktive index (RI = PSV - 
EDV/PSV) and the pulsaoüty index (PI = PSV -EDV/mean) were calculated 

using standard software available on our sonographic equipment. The PÇV, PI 

and RI were caldated for all anatomic regions sampled, except for the 

myometrium where only the RI was obtauied. In addition to arterial waveforms, 

the maximal venous flow velocity was obtained from the endometrial complex in 

ail patients. In the absence of arterial or venous flow, a value of O was assigned to 

the PSV or venous velocity, respectively. 

The degree of vaçcularïty of the endometrial cornplex using colour 

Doppler was graded from O to 3 as follows: Grade O: absence of colour flow; 

Grade 1: minimal vascularity defined as the presence of one or two s m d  flecks 

of colour flow; Grade 2: moderate vascularity defined as the presence of several 

areas showing colour flow; Grade 3: marked vascularity defined as areas of 

colour flow present throughout the endometrial complex. In the setting of an 

endometrial mas, the presence of a single or dominant feeding vesse1 (stallc 

flow) was documeented. 

3.3.4 Standard of refeence 

For the differentiation of benign versus malignant endometria, the 

standard of reference used was endometrial histology (biopsy, D &C, or 

hysterectomy) or dinical follow-up. Only histological examinations adequate for 

diagnosing endometrial pathology were used as the standard of reference. In 

patients without adequate endometrial histology, or in patients who had not 

undergone endometrial sampling, a presumptive diagnosis of benign 

endometrium was made if the patients remained asymptomatic with cessation of 

vaginal bleeding for at least one year after the EVS. Although a number of 

patients with malignant endometria may have been misclassified as benign in the 

clinical follow-up group, the probability of that occurring would be on the order 

of 0.1%. This estimate iç drawn from the observation that the incidence of 

endometrial carchorna in asymptomatic women is approximately 1 %, and that 

the likelihood of disease decreases to 0.1% after a negative sonographic 

examination (101). 



For the differentiation of nonpathologic versus pathologie endometria, 

only the subgroup of patients with adequate endometrial histology was 

analyzed, since patients with benign endometrial pathology may become 

asymp toma tic. 

AU data analysis was perfomed with the assumption that the chosen 

standard of reference was 100% accurate. 

3.4 Statistical Analysis 

3.4.1 Accuracy of real-time EVS in dUlgnosing endometrial carcinoma 

Descriptive statistics are provided where deemed appropriate. The 

sensitivity, specificity, positive predictive value (PPV), negative predictive value 

(NPV), and accuracy of EVS (using real-the parameters of endometrial 

thickness and morphology to diagnose endometnai carcinoma) were calculated. 

Accuracy is defined as the number of true positive and true negative diagnoses 

over the total patient population studied. Sensitivity calculations were 

performed for the total patient population, and were then stratified according to 

hormone use. In addition, al l  sensitivity calculations were perfonned three-ways 

as follows: 1) indeterminate category (real-thne EVS diagnosis) treated as 

malignan t, 2) indetermina te ca tegory trea ted as benign, and 3) inde terminate 

category exduded. For each test characteristic, a 95% confidence intewal (CI) 

around each point estirnate of test performance was obtained by using the 

standard normal approximation of the binomial distribution. 

3.4.2 Logis tic regression analysis 

To estimate the predictive value of various morphological features and 

Doppler ultrasound in diagnosing endometrial carcinoma, logistic regression 

analysis was perfonned. 

To compare cases (malignant endometria) and controls (benign 

endometria) on al1 basehe variables. univariate analysis was used (SES 6.0 

software). For continuous variables, results are presented as mean f standard 

deviation (SD) and as median with interquartile range for variables with heavily 

skewed distributions. Dichotomous and categorical variables are presented as 

proportion (%) affected in each outcome group. Means were compared using 



Student's t-test. Medians (where appropriate) were compared using the Mann- 

Whitney test, a nonparametric two sample median test. Proportions were 

compared using chisquare test, or Fisher exact test for cells with expected cell 

frequency less than 5. Differences in means and proportions and the a s d a t e d  

95% confidence intemals are presented. 

To determine the presence of highly correlated variables that may be 

collinear or confounders in the association between a given variable and case 

stahis, Spearman's rank correlations were calculated. To investigate the role of 

covariates as potential confounders and/or effect modifiers based on substantive 

evidence and preliminary results, stratified analysis of the predictor / disease 

relationship controlling for the various covariates was performed. The odds 

ratios obtained from the stratified analysis were then compared to the aude 

odds ratio. When the strength of the association between a given predictor 

variable and disease statw was different across strata, effect modification by the 

stratified variable on the predidor variable was further investigated in the 

multivariate anal y sis. 
Logistic regression analysis was performed using the bic.logit procedure 

(Splus software), which is based on a Bayesian method of model selection (108). 

Standard frequentist model selection methods typicaiiy rely on P-value based 

significance tests. A Limitation of the frequentist approach is that P values for 

individual variables change, depending on the number of variables entered into 

a model, and the selection methods used. Therefore, using a P value cut-off as a 

basis for variable indusion or exclusion, can be extremely misleading. A second 

limitation is that although several models may appear quite appropriate, each 

can lead to an entirely different conclusion about the question being studied. 

Therefore, selecting a single model in this context, ignores issues of model 

uncertainty and the resulting uncertainty of inferences. 

The Bayesian approach to hypothesis tesüng and model selection 

overcomes these difficulties to a large extent. Uncertainty about the unknown 

parameters of the model is expressed in terms of probability of the parameter 

given the data, using Bayes' Theorem. The bic.logit procedure provides esümates 

of the beta coefficients for each predictor variable using the mean of individual 

rnodel eshates, weighted by the posterior probabilities of each paameter. For 



model selection, the Bayesian Information Criterion (BIC) or Schwartz Criterion 

(SC) provides an accurate approximation to Bayes' factor, which is the ratio of 

the integrated likelihoods of the models being compared. For example, if we 

compare two models, M, vs. Ml and this ratio > 1, the data favour M,over Ml. 

The magnitude of the Bayes' factor in comparing the two models can be used to 

assess the strength of this evidence, where the BIC is a function of the likelihood 

ratio statistic or model deviance: 

BICK = L; - df, log n 

Where L2is  the deviance for model MK, n is the sample size, and df, is the 

corresponding number of degrees of freedom. Models can be compared by 

taking the difference of their BIC values. Models with smaller values for B K  (i.e. 

more negative), will have a better model fit In addition, the magnitude of the 

difference in BICs can be used to assess the strength of one model against 

another. Finally, model uncertainty is expressed as the posterior probability that 

each model is true, given that one of the models must be true. This probability is 

derived from the B K  value (108). Use of these methods and their interpretation 

WU be presented in Section 4.4.8 on Multivariate analysis. 

Variables judged to be important predidors of malignant endometria on 

clhical grounds, univariate or bivariate analysis, and interaction terms that were 

judged potentially si@cant based on the results of the stratified analysis, were 

entered into the logistic regression program. Final model selection was based on 

the BIC value. 

Since no model can be expected to preasely predict case status, some 

deviation from predicted outcome is to be expected. The width of the 95% CI 

surrounding the parameter was used as an estimate of the degree of accuracy 

with which the parameter was known. 

3.4.3 Receiver operating characteristics c u m  analysis 

Receiver operating characteristics (ROC) curves were generated to 

determine the optimal threshold value of endometrial thickness and the various 



Doppler indices in distinguishing benign from malignant endometrial pathology. 

The LABROC1 program for continuous variables (IBM version 1.2, University of 

Chicago) was used for generating ROC curves. Oniy variables judged to be 

important predictors of endometrial carcinoma on dinical grounds, or by the 

univariate and bivariate analysis, were used in generating the ROC curves. The 

95% CI for the difference in the areas (Ad under the ROC cuve in patients with 

and without hormone use were caldated using the formula: 

(Az, - A d  t 1.96  SE: + SK2). For comparing the areas under two ROC curves 

derived form the same sample of patients, the method described by Hanley and 

McNeil was used (109). In addition, a sensitivity analysis was performed for the 

different cut-off points for each variable. 

4 - RESULTS 

This chapter begins with a description of the study population, as well as 

the group of patients excluded from the study. Following this the accuracy of 

real-the EVS in differentiating benign from malignant endometria, and normal 

from pathological endometria are presented. Finally, details of the logistic 

regression analysis and ROC curve analysis are provided. 

4.1 Description of study population 

Five hundred and fifty-seven patients met our inclusion criteria and were 

entered into our study protocol. Of these, 136 patients were excluded for the 

foilowing reasow: 1) no endomehial histology or clinicai foliow-up [n = 58],2) 

no endometrial histology, and clinical follow-up performed less than 1 year after 

the EVS [n = 6-41, 3) no endometrial histology, and patients remained 

symptomatic at 1 year foliow-up [n = 7],4) uterine malignancy other than 

endometrial carcinoma [n = 3],4) non-diagnostic EVS [n = 31, and 5) partial 

hysterectomy prior to the EVS [n = 11. Therefore, 421 patients comprised our final 

study population. The mean age was 60 years (range 38 - 88 years). Of the 421 

patients, 170 (40.4%) were not on a hormonal regimen, while 251 (59.6%) were on 

hormonal replacement therapy as foilows: estrogen [n = 841, progesterone [n = 

201, or a combination regimen [n = 1471. 



Table II compares age, hormonal statw, mean endometrial thickness at 

EVS, and overall diagnosis at EVS (benign, malignant, indeterminate) in the 

study population and in the group of patients exduded from our study protocol. 

Table II .  Demographic and Endovaginal Sonographic Diagnosis on Study 
Population and Patients Excludedfrom Study Protocol. 

Studv ~opulation Excluded vatien@ 
Mean Age (* SD) 60.0 I 9.2 years 60.4 19.2 years 

Hormones n ('5%) 251 /421(59.6%) 72/136 (52.9%) 
(95% CI: 55%aQ0h) (95% CI: 45%-62%) 

Mean endo thidct (+ SD) 6.83 (I 6.77) 4.16 (A 5.25) 
(95% CI: 6.18-7.46) (95% CI: 3.26-5.06) 

EVS diagnosis 

Benign 

Maiignant 

Indeterminate 

TOTAL 

334 (79%) 125 (92%) 
(95% CI: 75%-83%) (95% CI: 86%-96%) 

43 (109'0) O 
(95% CI: 8"h-14"/0) (95% CL 0%-2Yo) 

44 (11%) 11 (8%) 
(95% CI: 8%-14%) (95% CI: 4%-140h) 

421 (100%) 136 (100%) 

Mean endometrial thickness at EVS (mm) 

n i e  differences in the two populations as outlined in Table II, reflects the 

trend in current clhical practice, where patients with a thin endometriurn and 

benign morphologic feahues on EVS, may not undergo further investigation. 

Although the proportion of patients on hormonal replacement therapy in the 

exduded group is slightly lower than in the study population, the 95% CIs 

overlap cowiderably. This trend is not unexpected given the more benign 

appearance of endometria on EVS in patients not on hormonal replacement. In 

addition, there may have been less concern on the part of the physician and 

patient regarding underlying endometrial pathology in patients not taking 

exogenous hormones. 

Of the 421 patients in our final study group, 337 or 72.9% underwent 

endomehial sampling or surgery as follows: endometrial biopsy [n = 104, 

33.97'01, D & C [n = 178,58.0%], or hysterectomy [n = 25,8.1%]. Seven of 104 



(6.7%) endometrial biopsies were interpreted as inadequate for diagnosis, while 

l4/ 178 (7.9%) D & Cs were judged inadequate. Therefore, endometrial histology 

was used as the standard of reference in 286 patients or 67.9%. The time delay 

between N S  and histology was 75.3 days (range 1 - 768 days). AU endometrial 

carcinomas except two were diagnosed at histology within 127 days of the EVS. 

In two patients, the diagnosis of endometrial carcinoma was made after a time 

delay of 302 and 336 days, respectively. As both of these patients continued to be 

symptomatic, and the neoplasms were well to moderately differentiated, these 

tumours were iikely present at the time of the EVS, and therefore were induded 

for analysis. 

Ln the remaining 135 patients or 32.1% without endometrial histology, a 

presumptive diagnosis of benign endometriun was made, since all patients 

remained asymptomatic with cessation of vaginal bleeding after a mean follow- 

up of 3 years (range 1 - 5 years). 

4.2 Accuracy of real-time EVS in differentiating benign )rom malignant 

endometria 
Of the 421 patients in our study population, 390 patients or 92.6% had 

benign endometria, while 31 or 7.4% had malignant endometria. Real-time EVS 

using a combination of biometric and morphologic criteria characterized the 

endometria as follows: benign [n = 3331, malignant [n = 451, or indeterminate [n 

= 431. 

Although EVS was considered diagnostic in all patients induded for final 

analysis (see inclusion criteria detailed in section 3.1), in 20 patients or 4.80h, the 

visualization of the endometrium was considered suboptimal. 

Table III Lists the distribution of patients according to hormone use, 

diagnosis at real-the EVS, and presence of malignancy at final diagnosis using 

the previously defined standard of reference. 



Table m. Distri i t ion of patients according to results of EVS versuofinal 

diagnosis in the diflerentiation of benignfnmr malignant endometria. 

EVS diagnosis + Hormone use * Final diamosis + Total (n = 421 
- - - n = 127 
- + - n = 199 
- - + n = 2 
- + + n = 5  
+ - + n=12 
+ + + n = 9  
+ - - n = 9  
+ + - n=15 
* - - n=18 
f + - n = 22 
f - + n = 2  
f + + n = l  

+ + positive for maiipancy, - negative for malignancy, f diagnmis indetenninate 
t+ + patients receiving homones, - patients not ieceiving hormones 

Table IV lists the sensitivity, specificity, PPV, NPV and accuracy of real- 

time EVS using a combination of biometric and morphologic criteria to 

differentia te benign from malignant endometria. In addition to presenting the 

results for the total patient population, the results are stratified according to 

hormone use. The patients with an indeterminate diagnosis at real-üme EVS 

were analyzed separately in Tables IV-A,B,C as follows: 1) indeterminate EVS 

diagnoses counted as malignant, 2) patients with indeterminate EVS diagnoses 

excluded, and 3) indeterminate EVS diagnoses counted as benign. 



Table N-A. Accuraq of EVS in diffientiating benignfrom malignant 

endometria (indetenninate EVS diagnoses counted as malignant) 
Al1 ati ts 1 s  

TOTAL 421 1 70 252 

PPV tt 27% 
(95%CI) (18% - 38%) 

Accuracy 83% 
(9S0/oCI) (79% - 87%) 

t Sensitivity: 95% CI for differmce in patients with and without hormones = - 0.08,O.Sû 
tt PPV: 95% CI for difference in patients with and without hormones = - 0.06,0.32 

Table IV*. Accuracy of EVS in d i f fmt ia t ing  benignfrom malignant 
endometria (patients with indetenninate EVS diagnoses excluded) 

Al1 vatients Patients wifhout hormones Patients on honnones 

TOTAL 378 150 228 

Accuracy 92% 
(9S0hCI) (89% - 94%) 

t Çensitivity: 95% CI for difference in patients with and without hormones = - 0.10,0.52 
i+ PPV: 95% CI for difference in patients with and without hormones = - 0.09,0.48 



Table IV-C. Accirracy of EVS in ditfetentiating benignfrom malignunt 
endometria (indeterminate EVS diagnoses counted as beni') 

Al1 vatients Patienfs without hormones Patients on hormones 

TOTAL 421 1 70 251 

Accuracy 92O% 
(95%CI) (89% - 94'Xo) 

t 95% CI for difference in sensitivity in patients with and without hormones : - 0.18,0.48 

tt 95% CI for difference in PPV in patients with and without hormones : - 0.09,0.48 

As Uustrated in the preceding tables, our data do not present evidence for a 

difference in the sensitivity, specificity, PPV, NPV and accuracy of diagnosing 

endometrial carcinoma in patients with and without hormone use. The 95% 

confidence intervals for differences in proportions all indude the n d  value (see 

tables footnotes). Nevertheless, there appears to be a trend towards a lower 

sensitivity and PPV in patients receiving hormonal replacement therapy that can be 

interpreted in one of two ways. First, the obsewed differences may simply represent 

random variation. Altematively, given the wide 95% confidence intervals around 

the estirnated parameters, the number of observations may have been too small to 

demonstrate a true difference. Exogenous hormones are known to resdt in 

morphological alterations of the endometnum on EVS that may deaease the 

accuracy in diagnosing endometrial carcinoma in this group of patients. However, 

the decreased accuracy in patients on hormones is usually attributable to a lower 

speczficity when biometnc criteria are used to differentiate malignant from benign 

endometria. The trend towards a decrease in sensitivity that we observed using real- 

time sonographic findings most probably reflets the sonologists application of more 



stringent criteria, given the expected proliferative changes of the endometrium in 

patients receiving hormone replacement therapy. 

The indeterminate category on EVS was treated in three different ways in 

the calculation of accuracy to account for both extremes in diagnostic 

probabilities. Nevertheless, this group of patients would be managed clinically as 

potentially malignant, and therefore require f urther investigation. 

4.3 Accuracy of real-the EVS in differentiating normal from pathological 
endometria 

In order to investigate the accuracy of EVS in differentiating normal from 

pathological endometria, a separate analysis of patients that had undergone 

histopathological correlation [n= 286 1 was undertaken. This group of patients 

was further subdivided into normal endometria or endometria demonstrating 

physiological change [n = 129, or 450h], and pathological endometria [n= 157, or 

559'01. The final histological diagnoses of pathological endometria were as 

follows: simple hyperplasia [n = 281, complex hyperplasia [n = 71, proliferative 

and simple hyperplasia [n = 51, atypical hyperplasia [n = 121, polyps [n = 711, 

polyps and atypical hyperplasia [n = 31, and carcinoma [n = 31 1. 
Table V iists the distribution of patients according to hormone use, 

diagnosis at real-tirne EVS, and presence or absence of endometrial pathology in 

the subgroup of patients for whom histopathological correlation was available. 

Table V. Distribution of patients according to results of EVS versusfinal 

diagnosis in the diflerentiation of nonnnlfrom pathological endometria. 

E VS dikgnosis + Homone use * Final diaaosis + Total (n = 286) 

* + positive for endornetrial pathology, - negative for endometrial pathology 
* + patients receiving hormones , - patients not receiving hormones 



Table V I  lists the sensitivity, specifiaty, PPV, NPV and acmracy of real- 

tirne EVS using a combination of biometric and morphologic critena to 

differentiate normal from pathologic endometria. In addition to presenüng the 

results for all patients with histopathological correlation, the resuls are stratified 

according to hormone W. 

Table VI .  Accuracy of EVS in difl~eentiating pathologic endometria from 

normal endometria 
Al1 patients Patients without hormones Patients on hormones 

TOTAL 286 112 1 74 

PPV 
(95%CI) 

Accuracy 76% 76% 
(95%CI) (71% - 81%) (67% - 83%) 

Again, we did not find evidence of differences in the sensitivity, 

specificity, PPV, NPV and acmacy of diagnosing endometrial pathology in 

patients with and without hormone use, although some confidence intervals are 

wide. When comparing the results of real-thne EVS in diagnosing pathological 

endometria (Table VI) versus endometrial malignancy (Table IV-A) we found a 

number of important differences. The accuracy for detecting a l l  endomehial 

pathology was significantly lower than the accuracy for detecting malignancy 

alone (95% CI for the difference: 0.01,0.13). This was prirnarily due to a decrease 

in the specificity (95Y0 CI: 0.14,0.32) and NPV (95% CI: 0.08,0.24). Although the 

sençitivity irnproved from ï7% to £4976, the confidence interval was wide and 

induded O (95% CI: -0.27,O.M). There was evidence of an increase in the PPV 
from 27% to 73% (95% CI: -0.57,-0.35). However, this increase can be explaineci, 



in part, by the high prevalence of endometrial pathology relative to endomehial 

malignancy, 55% venus 7.4% respectively. 

4.4 Logistic regression analysis 
We begin this sedion by defining al l  variables considered in the regression 

analysis. Following this, a descriptive analysis is presented for aU continuous and 

dichotomous/categoncal variables. Histograms for the continuous variables 

deemed to be of interest for further modeling are then provided. Linearity 

verification for ail continuous variables is performed, and selected plots 

illustrated. The treatment of missing values is discussed. Finally, the results of 

the univariate, bivariate and multivariate analyses are presented. 

4.4.1 Dflnition of Variables 

Dependent / outcome variable 

H I S T D ~ R :  Dichotomous variable. 

The outcome variable is the presence (code = 1) or absence (code = O) of 

endometrial carcinoma using our previously defined standard of reference. 

Covaria tes 

AGE: Continuous variable measured in years (see Section 4.4.4, Linearity 

Verifica tion). 

The incidence of endometrial carcinoma is known to have a bimodal shape with 

two peaks. However, the greatest increase in endometrial carcinoma occurs after 

menopause, and since only post-menopausal women were included in our 

study, the influence of age on outcome will be Iess marked. 

MEDICLR: Dichotomous variable. 

The presence (code = 1) or absence (code = O) of hormonal replacement therapy. 

Since the ingestion of estrogen-like substances increases the thiduiess and 

vascularity of the endornetrium, hormone use is a potential confounder and 

effect modifier. 

THICKLRUTHICKLR2: Continuous variable. 



Two subvectors (THICKLR1 /THICKLRZ) were aeated for this continuous 

variable (ENDO-THICK) (see Section 4.4.4, Linearity Verification). The variable 

ENDONDOTHICK refers to endometrial thickness (measured in mm) at EVS. 

Extensive literature exists on the use of endometrial thickness as a predictor of 

endometrial carcinoma, with a thickness of 1 5mm indicating a low probability 

of disease (THICKLFU), and a thickness of > 5mm indicating a higher probability 

of disease (THICKLRI). In addition, irrespective of the association with 

endometrial carcinoma, a thicker endometrium, due to increased tissue volume, 

may be associated with positive Doppler findings. Therefore, this variable 

should be examined for effect modification and confounding. 

USM-NOMA: Dichotomous variable. 

Presence (code = 1) or absence (code = O) of an endometrial mass at EVS. 
Endometrial carcinomas may preçent as an endometriai mass or as diffuse 

thickening of the endometrial complex. Conversely, an endometrial mass even in 

a postmenopausal woman frequently represents a benign endometrial polyp. 

US-MASS: Continuous variable. 

This variable refers to the mean size (measured in cm) of an endometrial mass 

when present. Since it only applies to patients with a measurable endometrial 

mass at EVS, it wiU only be used in a subset analysis of this group of patients. 

NS-CYST: Dichotomous variable. 

Presence (code = 1) or absence (code = O) of cysts within the endometrial 

complex or an endometrial-based mass. The presence of cysts tends to favour a 

benign process, although cysts may also be encountered in the setting of 

malignant endometria. 

EVS-CAL: Dichotomous variable. 

Presence (code = 1) or absence (code = O) of calcification within the endometrial 

complex or an endometrial-based mass. Although calcification tends to favour a 

slow growing process, little is known regarding the predictive value of this 

variable . 



EVS-DEFLR: Dichotomous variable. 

This variable refers to the endometrial borders as being poorly defined (code = 1) 

or well defined (code = O). Poorly defined endometrial borders may be seen in 
association with malignant endometria. Patients with poorly defined 

endornetrial borders attributable to the presence of adenomyosis (a benign 

uterine condition) were coded as O, since the small number of observations in 

this category preduded separate analysis, resulting in the generation of unstable 

parameter esthnates. 

NS-ECHO: Categorical variable. 

Defines the dogeniCity of the endometrium as hyperedioic (code = l), 

hypoechoic (code = 2), or heterogeneous (code = 3). Although the echotexture of 

endomehial carcinoma is variable, one would expect a higher proportion of 

malignancies in categories 2 and 3. 

VENOUS: Continuous variable (see Section 4.4.4, Linearity ifenfia tion) . 
Measures the peak venous velocity (=/sec) of the endometrial complex or an 

endometrial-based mass. Little is known regarding the predictive value of this 

variable in differentiating benign from malignant endometria. However, studies 

of other malignancies have demonstrated increased venous flow. This variable 

should be examined for confounding, since increased venous velocities may be 

associated with increased tissue volumes (thick endometria, large mass size) 

independent of any association with endometrial carcinoma. 

LUA-PSV 1 RUA-PSV : Continuous variables. 

Left and right uterine artery peak systolic velocity (PçV, an/sec). Increased PSV 

of the uterine arteries has been associated with endometrial carcinoma. 

However, it is generally felt to be a less sensitive indicator than endometrial PÇV. 



LUA-PI 1 RUA,PI: Continuous variables. 

Left and right uterine artery pulsatility index (PI). Decreased PI of the uterine 

arteries has been associated with endometrial carcinoma. However, it is 

generaiiy felt to be a l e s  sensitive indicator than endometrial PI. 

LUAJU / RUA-RI: Continuous variables. 

Left and right uterine artery resistive index (RI). Decreased RI of the uterine 

arteries has been associated with endometrial carcinoma. However, it is 

generally felt to be a less sensitive indicator than endometrial RI. 

END -DOPP: Dichotomous variable. 

Presence (code = 1) or absence (code = O) of pulsed Doppler arterial flow from 

the endometrial complex or an endometrial-based mass. The presence of 

endometrial flow is more likely to be associated with malignant endometria. This 

variable was created to faditate modeling the variables RI and PI, since no 

meaningful values of PI and RI exist in the absence of arterial Doppler fiow (PSV 

= O). A correlation is expected between END-DOPP and the covariates VAÇCUL, PSV 

since both are measures of arterial flow. Therefore, particular attention should be 

paid to confounding by this variable. 

PSV: Continuous variable (see Section 4.4.4, Linearity Venfcation). 

PSV (an/sec) of arterial flow obtained from the endometrial complex or an 

endometrial-based mass. Malignant endometria demonstrate higher mean peak 
velocities relative to benign endomehia. 

PI: Continuous variable (see Section 4.4.4, Linearity Venfication). 

PI of arterial flow obtained from the endometrial complex or an endometrial- 

based mass. Malignant endometria demonstrate lower mean values for PI 

relative to benign endometria. 

PISQ: Continuous variable (see Section 4.4.4, Linearity Verijkation). 

The square term of the variable PI. 



RI: Continuous variable (see Section 4.4.4, Linearity Vmfiation). 
RI of arterial flow obtained from the endometrial complex or an endometrial- 

based mass. Malignant endometria demonstrate lower mean values for RI 

relative to benign endometria. 

MY-PSV: Continuous variable. 

PSV (cm/sec) of arterial flow obtained from areas of normal myornetrium. nie 

myometrium was sampled to potentially serve as a correction factor for values of 

PSV obtained frorn the endometrial complex, since a number of systemic factors 

may influence the observed Doppler values. 

MY-RI: Continuous variable. 

RI of arterial flow obtained from areas of normal myometrium. The myometrium 

was sampled to potentially serve as a correction factor for the RI obtained from 

the endometrial complex, since a number of systemic factors may influence the 

obsewed Doppler values. 

MY-EN-PS: Continuous variable. 

This variable was generated by formïng a simple ratio of myometrial PSV to 

endomehial PSV. The decision to fonn a simple ratio as a potential correction 

factor is somewhat arbitrary, given the absence of available data on relative 

changes in endometrial and myometrial PSV under vaned systemic conditiom. 

MY-EN-RI: Continuous variable. 

This variable was generated by forming a simple ratio of myometrial RI to 

endometrial RI. The decision to form a simple ratio as a potential correction 

factor is somewhat arbitrary, given the absence of available data on relative 

dianges in endometrial and myometrial RI under varied systemic conditions. 

VASCUL: Ordinal variable (see Section 4.4.4, Linearity Vmifiation). 

Refers to the vascularity of the endometrium using color Doppler and is graded 

from O to 3. A correlation is expected between VASCUL and the covariate END 

-DOPP since both measure blood flow albeit in different ways and with different 



sensitivities. Therefore, partidar attention should be paid to confounding by 

this variable. 

STALK: Dichotomous variable. 

Presence (code = 1) or absence (code = O) of stallc flow due to a single dominant 

feeding vesse1 wîthin an endometrial-based mass. S W  flow is frequently 

associated with benign endometrial polyps. 

EVS-DX: Categorical variable. 

This refers to the diagnosis made with real-time EVS, using morphological 

features, but none of the Doppler indices. The categories used induded benign 

endometrium (code = l), malignant endometrium (code = 2), or indeterminate 

(code = 3). Aithough one may have treated this as an ordinal variable, we elected 

not to do so, since the category "indeterminate" has special implications cljnically 

and cannot just be considered half-way between benign and malignant. nie 

relationship between the covariates END -DOW, VAÇCUL and our dependent 

variable may change depending on the partidar category of EVS-DXLR, 

therefore this variable has potential for effect modification. 

4.4.2 Descriptive Analysis 

Table VII-A presents means and standard deviations (SD), as well as 

quartiles, for each continuous variable for the total patient population. Table VU- 

B presents frequencies (percentages) of events for dichotomous / categorical 

variables for the total patient population. 



Table VLT-A. Continuous variables 
Variable Mean (SD) 25 % Median (Min - Max) 75% 
AGE 60.0 (9.2) 53 58 (38 - 88) 66 

THICKLRl 5.1 (7.6) O 0.0 (0.0 - 44.0) 8.1 

THICKLR2 1.7 (1.7 O 1.6 (0 - 5.3) 3.0 

USUÇ_MASSMASS 1.7 (1.1) 0.9 1.5 (0.2 - 4.6) 2.3 

VENOUS 2.7 (4.1) O 2 (0 - 54) 4 

LUA-PSV 29 (19) 17 24 (3 - 163) 37 

LUA-PI 2.48 (1.01) 1.80 2.40 (0.50 - 8.87) 3.04 

LUA -RI 0.87 (0.11) 0.81 0.89 (0.38 - 1.00) 0.94 

RUA -l'SV 26 (19) 17 26 (4 - 150) 37 

RUA -PI 2.50 (0.99) 1.80 2.37 (0.58 - 7.87) 3.01 

RUA -RI 0.87 (0.10) 0.82 0.89 (0.43 - 1.00) 0.94 

PSV 5 (8) O 2 (O - 53) 7 

PI 1.M (0.41) 0.78 1.01 (0.37 - 3.62) 1.25 

RI 0.61 (0.13) 0.52 0.61 (0.3 - 1.0) 0.7 

MY-KV 10 (8) 5 8 (O - 65) 13 

0.77 (0.13) 0.67 0.78 (0.26 - 1-00) 0.86 

VASCUL 0.9 (0.8) O l(0-3) I 



Table W B .  Categorical variables OU = 421) 

Variable 

MEDICLR 

EVS -DEFLR 

EVS -ECHO 

END -DOPP 

STALK 

As can be seen from Table VU-B, the frequency of positive outcornes 

(HISTDXLR = 1) is 31 or 7.4% (95% CI: 5 - 10%). Although thiç result is in keeping 

with the range of 8 - 10% reported in the literature, the trend towards a slightly 

lower prevalence of disease in our patient population is likely due to the large 

number of women on hormonal replacement therapy. Of patients not taking 

exogenous hormones, 16/170 or 9.4% (95% CI: 5 - 15%) were diagnosed with 

endometrial carcinoma; while 15/251 or 6.0% (95% CI: 3 - 10%) carcinomas were 

encountered in patients on hormonal replacement therapy. Women receiving 

hormones present more frequently with abnonnal vaginal bleeding, due to the 

occurrence of a variety of benign endometrial conditions associated with 

hormone use. 



4.4.3 Distribution of data and outliers 

The examination of boxplots and histograms revealed several univariate 

outliers for many of the continuous variables, both extreme (3 x IQR) and others 

(1.5 x IQR). Verification of the raw data revealed that these were not data entry 

errors, but represented tnie values that were biologically plausible. Therefore, 

the univariate analysis was run with and without the outliers. Although the ORS 
changed minimally for several of the variables, the overall inferences did not 

change. Therefore, these observations were induded in all further analysis. 

Histograms for the continuous variables deemed to be of interest for 

further modeling after the univariate analysis (see Section 4.4.6, Univariate 

Analysis), are included below. 

Figure 1. Histograrn for variable AGE 

Figure 2. Histograrn for variable E N D O  -THICK 



Figure 3. Histograrn for variable PSV 

Figure 4. Histogram for variable RI 

Figure 5. Histogram for variable PI 



Figure 6. Histogrnm for variable VENOUS 

Figwe 7. Histogram fm variable VASCUL 

4.4.4 Linea rity Verijkation 

There are 15 continuous variables w i t h  this data set. To vedy the 

assumption of linearity in the logit, the observations for each variable were 

separated into quartiles, and then the median of each quartile was plotted 

against the logit [ln (cases/controls)] for each quartile. Care was taken to use the 

same scale for the logit (y-axis) for all  variables during the initial evaluation. 

Plots for the variables LUA-PSV, LUA-PI, LUA-RI, RUA-PSV, RUA-PI, RUA-RI, 

MY-ffiv, MY-N did not appear to violate the assumption of linearity. Since these 



variables were removed from further modeling after the univariate analysis (see 

Section 4.4.6, Univariate Amlysis), these plots are not provided here. 

Plots of linearïty for the remaining variables are illustrated in the ensuing 

pages. Except for the variables mrWTHICK and PI, no assumptions of linearity 

are clearly violated. Note that the logit range for the variable FNDO-THKK is 

considerably wider than for the other variables, suggesting that ENDO-THICK is 

more predictive of diçease outcome. For purposes of illustration, a narrow logit 

range was used for all variables except ENDO-THKK to avoid excessive 

compression in the y-axis. 

Figure 8. Linearity v e r i ' t i o n  for E N D O - ~ C K  

The plot for E-THICK does not appear to be linear. Based on the above one 

can consider a number of options. Although our data suggests that ENDO-THICK 

may be dichotomized at 3mm, this goes against a large body of substantiative 

knowledge indicating that the risk of cancer beginç to increase with ENW-THICK 

> 5mm. Given the appearance of the plot, it appears most reasonable to mode1 

the 2 slopes by parameterizing each indicator. Therefore we generated two 

subvectors as follows: 1) THiCKLRl= ENDO-THICK, if ENDOCTHICK > 5nun; and 0 

othervvise 2) THICKLR2 = ENDO-THICK, if ENDO-TKïCK I Smm, and 0 otherwise. 



Figure 9. Linearity venification for AGE 

Ouivliles 1st 2nd 3rd 4th 

Logit 

As iiiustrated, the plot for AGE appears to be essentially linear. Based on the 

above we will maintain AGE as a continuous variable in the regression analysis. 

Figure 10. Linearity vdfication for PSV 

Ouartiles 1st 2nd 3rd 4th 

Median of quartiles O O 4 13 

Logit -3.54 -3.23 -2.50 -1 .n 

The plot for P ~ V  does appear to be relatively linear. Based on the above we will 
continue to use PSV as a continuous variable. 



Figrrre 11. Linean'ty verif3cation for RI 

Puutiles 1st 2nd 3rd 4th 

Median of quartiles 0.47 0.57 0.67 0.75 

Logit -1.15 -3.24 -2.26 -2.51 

The plot for RI does appear to be relatively linear. Based on the above we will 

continue to use Ri as a continuous variable. 

Figure 12. Linearîty ven'ficu tion for PI 

Ouartiles 1st 2nd 3rd 4th 

Logit -0.97 -2.77 -3.20 -2.4 

The plot for pi suggests a slight parabolic shape. Although disease status has 

been shown to correlate with low values of PI, a potential correlation at high 
levels of PI has some theoretical bask. Therefore, a square term of PI (PI=) will be 
inves tigated in the univariate analysis. 



Figure 13. Linearity venfcation for ~ENOUS 

Ouartiles 1st 2nd 3rd 4th 

Median of quartiies O O 3 6 

Logit -3.95 -3.53 -2.64 -1.51 

The plot for mous does appear to be relatively linear. Based on the above we 

wiU continue to use VENOUS as a continuous variable. 

Figure 14. Linearity verification for VASCUL (Vascdarity) 

Logit -5.12 -2.71 -1.55 -0.36 

The plot for VASC~~AR does appear to be relatively linear. Based on the above 

we WU continue to use VASCULAR as a continuous variable. 



4.4.5 Missing d u e s  

No missing values were encountered for any of the clichotornous/ 

categorical variables. The maximum number of missing values for the 

continuous variables were as fouows: VASCUL [n = 141, VENOUS [n = 21, RI [n = 

2081, PI [n = 21 81. Since the variables RI and PI are highiy correlated (r = .a), and 

therefore provide similar information, only RI was entered into the multivariate 

analysis (see Section 4.4.7, Bivariate annlysis). Given the large number of missing 

values for the predictor Ri, the multivariate analysis was run with and without 

this variable. Since the most predictive models retumed by the bic.logit 

procedure were similar for both runs, and the best models exduded RI, the 

variable Ri  was omitted for the final analysis (see Section 4.4.8, Multivariate 

analysis). Therefore, we did not loose much precision in estimation due to 

missing data since overd less than 5% of cases had any missuig values. 

4.4.6 Univaria te analysis 

Means and standard deviations (SD), as well as quartiles, are presented 

for each continuous variable in Table VIII-A according to disease status. The k t  

row of each variable represents patients with benign endometria (HISTDXLR = 0)  

while the second row represents patients with malignant endometria (HISTDXLR 

= 1). A 95% CI for the difference in the mean between the two groups for each 

variable is given. 

As is presented in Table VIII-A, the difference in the means according to 

disease status for the variables AGE, endometrial thickness (THICKLRl/THICKLR2), 

and Doppler indices of the endometriun (VENOUS, Bv, RI, PI, VASCUL), results in 

95% CIs that exdude the n d  value. Nevertheless, only the parameter estimate 

and corresponding 95% CI for the variables endometrial thidaiess and ~ENOUS, 

have any potential clinical sigruhcance. In addition, none of the Doppler indices 

of the uterine arteries or myometrium, demonstrate a clinically important 

difference between the two groups when considering the point estimates and 

95% CI. 



Table VlIl-A. Continuous variables 
Vatiable HISTDXLR + Mean (SD) 25 % Median (Range) 75% 95% Clfor 

AGE 

THICKLRl 

THICKLR2 

us_MASS 

VENOUS 

LUA-PSV 

LUA-PI 

LUA -RI 

RUA -PSV 

RUA -PI 

RUA -RI 

Psv 

PI 

RI 

MY-Psv 

VASCUL 

+ HiSTDXLR = O refers to benign endometria. HISCDXLR = 1 refers to rnalignant endornetria * 95% CI does not include the nul1 value 



Table VIII-B presents frequenaes (percentages) of events for dichotomous 

/ categorical variables according to disease status. A 95% CI for the difference in 

the proportion between the two groups for each variable is given. 
Note that for d variables except MEDICLR, EVS-CYST, EVS CAL, the 95% CI 

does not indude the n d  value. In particular, the observed differences in 
proportions and corresponding 95% CI for the variables USM-NOMA, EVS-DEFLR, 

and EVS-DX demonstrate a clinicdy important difference between the two 

groups. 

Table WU-B. Categorical variables 
Variable Coding Scheme HISTDXLR = O HISTDXLR = 1 95% U f o r  

(n = 390) (n = 31) A in v& 

MEDICLR 

USM-NOMA 

EVS-CYST 

N S  -CAL 

EVS -DEFLR 

EVS -ECHO 

END -DOPP 

STALK 

EVS-DX 

+ HISTDXLR = O refers to benign endometria, HISTDXLR = 1 refers to maügnant endometria * 95% Cl does not include the nul1 value 



A univariate analysis was run for each predidor tabulated above with the 

dependent variable being HISTDXLR For dichotomous predictors, dummy 

variables were aeated with the groups assigned code " 0  representing the 
reference category to facilitate interpretation. For categorical predictors the 

indicator contrast was used and dummy variables created such that the first 

category repreçents the reference category. 

Table IX. Results: Univoriate adys is  

Variable B S.E. d f e a ( 0 ~ 1  95% Cl (cal 

AGE 
Constant 

MEDICLR 
Constant 

THICKLRl 
THICKLRZ 
Constant 

USM-NOMA 
Constant 

US-MASS 
Constant 

EVS-CY ST 
Constant 

Evs-CAL 
Constant 

NS-DEFLR 
Constant 

EVS-ECHO 
EVS-ECHO(2) 
EVS-ECHO(3) 

Constant 

VENOUS 
Constant 

LUA-PSV 
Constant 

LUA-PI 
Constant 

LUA-Ri 
Constant 



ToMe I X  Resuk: Univariate adysis  (continued) 

Variable B S.E. df ee(O~)  95% CI (ee) 

RUA-PSV 
Constant 

RUA-PI 
Constant 

RUA-RI 
Constant 

END-DOPP 
Constant 

PSV 
Constant 

PSV 
MY-PSV 
Constant 

PSV 
MY-EN-PS 
Constant 

PI 
Constant 

PISQ 
Constant 

PI 
PISQ 
Constant 

RI 
Constant 

RI 

Cons tant 

RI 
MY-EN-RI 
Constant 

VASCUL 
Constant 

STALK 
Constant 

Evs-DX 
EVS-DX(2) 
NS-DX(3) 

Constant 



The decision as to whether to consider a given covariate for multivariate 

analysis was based on a combination of apriori knowledge on the importance of 

the predictor, and the strength of the association as indicated by the crude odds 

ratio (OR, expressed as eein Table IX) and associated 95% CI. 

Based on this premise, the covariates LUA-PSV, LUA-RI, LUA-PI, RUA-PSV, 

RUA-RI, RUA-PI, were excluded from M e r  analysis. For d of these predictors 

the 95% CI around the odds ratio includes the n d  value. In addition, it is 

generally believed that Doppler indices of the endometrial complex are better 

predictors of disease status than Doppler indices of the u t e ~ e  arteries. The 

covariates EVS-CAL and NS-CYST, were also excluded from M e r  andysis due 

to la& of evidence of any important asda t ion  with dwase status. The 

covariates MY-PSV, MY-EN-PÇ, MY-ïU, and MY-EN-N, did not add to the predictive 

power of PSV or RI, respectively, and therefore were removed from further 

modeling. Similarly, the strength of association of PI did not improve with the 

addition of the square term PI% indicating that the linearity assumption is not 

dearly viola ted. 

The most important risk factors judging from the crude odds ratio appear 

to be the covariates USM-NOMA, EVç_DEFLR, VAÇCUL, and EVS-DX where the odds 

of disease in patients with real-thne sonographic findings suggestive of 

malignancy relative to those with a benign endometrium is substantially 

increased. Other covariates that appear to be risk factors for the outcome indude 

AGE, THICKLRl /THICKLR2, US-MASS, EVS-ECHO, VENOUS, END-DOPP, PSV, STALK, RI 

and PI. Note that high values of RI and PI appear to have a protective effect, in 

keeping with what is known about these Doppler indices. Although the 

covariate MEDICLR does not appear to be an important predictor of outcome as 

indicated by the aude odds ratio, due to its potential role as a confounder and 

effect-modifier, it will be entered into the multivariate analysis. 

4.4.7 Bivariate analysis 

To determine the presence of highly correlated variables, which may be 

collinear, or confounders in the association between a given variable and case 



stahis, Spearman's rank correlations were m. Table X details the covariates with 

high correlation coeffiaents 1 r 1 r -4. 

Table X.  SPCMMII 'S ~ n k  cometation wiîh variObles wi îh 1 r 1 2 A 

As is illustrated in Table X, the covariates RI and PI are highly correlated 

and therefore, only one of these predictors will be run in the multivariate 

analysis. Since both RI and pi are measures of impedance to fiow, and there is no 

strong evidence as to which variable is a more sensitive indicator, Ri will be 

maintained in the regression analysis since it has less missing data. 

The covariates END-WPP, PSV and VAScuL are also highly correlated 

indicating that ali three variables provide similar information. This will make it 

extremely ciifficuit to separate out what effects are attributable to one or more of 

these variables. Furthemore, any effects due to one variable may be split among 

the others, making it appear that none of these variables are important 

predictors. Since END-DOPP was created largely to faditate modeling the 

variables Ri and PI (no meaningful values of PI and RI exist when PSV = O), it 

would appear reasonable to omit END-DOPP from the regression analysis. 

Instead, the complete model c m  be run first with RI induded, and then r e m  

with RI omitted. The covariates ~ s v  and VASCUL will be investigated separately 

by adding them into the most predictive models retumed by the Bayesian 

Information Criterion (BIC), and determining whether this improves the fit of the 

model. 



The other variables demonçtrating high correlation coefficients will be 

further investigated in the stratified analysis discussed below to evaluate for any 

important confounding effects. 

To investigate the role of covariates as potential confounders, stratified 

analysis of the predictor / disease relationship controlling for the various 

covariates was performed, and these odds ratios were compared to the crude 

odds ratios presented in Table K. The decision to investigate a pair of covariates 

using stratified analysis was both hypothesis-driven, based on previously known 

confounding effects between variables, and data-&en. Important confounding 

was felt to be supported by the data when the parameter estimate and associated 

95% CI for the total population fell outside of the range of parameter esümates 

presented b y the different strata. 

The following pairs of variables were examined for confounding based on 

the high correlation coefficients presented in Table X: EVS-DX and EVS-DEFLR, 

EVS-DX and EVS-ECHO, VASCUL and US-MAS, VASCUL and USM-NOMA, PSV and 

US-MAS, PSV and USM-NOMA, STALK and US-MAS, STALK and USM-NOMA, STALK 

and PSV, VENOUS and VASCUL. There was no evidence for confounding effects 

arnong any of these variable pairs (stratified analysis not shown). 

Stratified analysis was also used to explore the role of covariates as 

potential effect-modifies. Effect modification was suspected if there was a 

difference in the strength of association between disease status and a predictor 

variable for the different levels of the stratification variable. For effect 

modification, only a priori, substantive effects were considered. Thus, only 

variables with evidence of an association with disease status in one level of the 

strahim and a non-signhcant association in the other level of the strahun (as 

determined by the 95% CI around the parameter estimate) were considered for 

entry into the multivarïate model. 

The following variables were investigated for confounding and effect- 

modification based on aprion theory: EVS-DX and VASCUL, EVS-DX and PSV, 

THICKLRl/LR2 and VASCUL, THICKLRl/LR2 and PSV. VENOUS and US-MASS. h 

addition the following variables were stratified according to hormone use 



(MED1CL.R): EVS-DX, THICKLRI / LW, VAÇCUL, VENOUS. Only selected variables 

demonstrating positive effects are presented in the following tables. 

Table XI. Stratification of EVS-DX according to hormone use (MEDICLR) 

MEDICLR = O MEDICLR = 1 MEDICLR = ALL 

NS-DX(2) + 84.6659 (16.38 - 434.55) 23.8705 (7.10-80.24) 40.7105 (15.74-105.29) 
m D X ( 3 )  * 7.0555 (0.94 - 53.24) 1.8ûS4 (0.20-16.18) 3.4895 (0.87-14.03) 

+ Maiigrtant, * indeterminate 

The odds ratios (ee ) of EVS-DX(2) / EVS-DX(3) for the total patient population 

(MEDICLR = ALL) are contained within the range obtained across the different 

strata, indicating no strong evidence for confounding effects, even though the 

small sample size for EVS-DX(2) leads to large CIs. In addition, since the 

association with disease status does not change aaoss the dilferent strata, there 

is unlikely to be substantial effed modification. It is of interest to note that most 

of the effect of EVS-DX(3) appears to be in the MEDICLR = O group. To o u  

knowledge there is no strong apriori theory for this observation. 

Table XII.  Stratification of VASCUL according Evs-Dx 

EVS-DX = lt EVS-DX = 2+t WS-DX = 3* EVS-DX = ALL 

eg (95% CI) e~ (95% CI ) a (95% CI ep (95% CI 1 

VASCUL 12.2755 (3.30-45.73) 1.2075 (0.62-2.34) 1.0683 (0.28-4.07) 3.8664 (2.44-6.13) 

Benign, * Malignant, indeterminate 

Stratifying the variable V A s m  (endometrial vascularity) according to -DX 

results in substantial differences in the association with disease status across the 

strata. An interaction terrn will be added to the model. 

4.4.8 Multivaria te analysis 

A matrix of thirteen predictor variables was entered into the bic.logit 

program of S-plus. As discussed in Section 3.4 Statistical Analysis, this logistic 



regression program uses the Bayesian Information Criterion (BK) to select the 

set of best models, from among the set of all possible models (for our purposes, 

2" possible combinations). Variables entered into the regression analysis were 

those associated with case statw in the univariate analysis, and those associated 

with potential confounding or interaction effects in the bivaria te analysis. The 

dependant variable was case status (HISTDXLR), where cases had malignant 

endometria and controls had benign endometria. For model selection we 

exduded models that were 20 or more times less iikely than the best model to 

predict case status, according to the BIC. 

Table XII1 displays the characteristics of the four most likely models 

including the variable RI, while Table X W  displays the characteristics of the four 

most likely models excluding the variable RI. Although RI was not in any of the 

top models in either case, results are different because missing RI data caused 

deletion of some cases. 

Table ml. Logistic regression analysis, variable RI included 

Mode1 order Variables in Mode1 P(Mode1 1 data) B K  + A B K  

1st AGE, EVS-DX, VENOUS -25 

2nd AGE, EVS-DX -23 

3rd EVS-DX, VENOUS -12 

4th AGE, USM-NOMA, EVS-DX -06 

Bayesian information C" terion 

Table W. Logis tic regression analysis, variable RI excluded 

Mode1 order Variables in Mode1 P(Mode1 1 data) B K  + A B K  

1st EVS-DX, VENOUS .59 -2375.539 - 
2nd AGE, EVS-DX, VENOUS .14 -2372.754 2.8 

3rd USM-NOMA, EVS-DX, VENOUS -12 -2372.531 3.0 

4th EVS-DX, VENOUS, S A L K  .O5 -2370.660 4.9 

+ Bayesian Information Cri terion 

The most probable model generated by the bic.logit program (excluding the 

variable RI, Table IV), contained the variables EvS-DX (overd diagnosis with 



EVS: 1 = benign, 2 = rnalignant, 3 = indeterminate) and mous (peak venous 

velocity of endometrial cornplex. The posterior probabilities, or p (model 1 data), 

are interpreted as follows: considering all possible models, these are the relative 

probabilities of each model assuming that one of h e m  m u t  be correct. Therefore 

the postenor probability that the 1st model in Table XIV is the correct model is 

.59. For the 2nd and 3" most likely models in Table XTV, the posterior probabilities 

are -14 and .12 respectiveiy. The 4"' model has a probability of -05, and therefore 

is approximately 12 times less likely to be the true model than the 1" model. The 

A BIC between the 1" and the 2nd or 3" model indicates positive evidence that the 

1" model is more likely, given the data. The 2nd and 3d models are probably 

equally lücely. Table XV adapted from Raftery (108) offers a number of guidelines 

for model selection. 

Table XV. Guidelines for model selection 

A B K  P(Mode1 I data) E vidence 

0-2 50 - 75 weak 

2-6 75 - 95 positive 

6-10 95 - 99 s trong 
> 10 > 99 very strong 

When evaluating the four most Iikely models generated by the bic.logit 

program with the variable RI induded (Table XIII), a number of obsewations cm 

be drawn. First, none of the four most likely models actually contain the variable 

RI, indicating that this variable is not a strong predictor of case status. Second, 

the lSt model generated by the data showed only weak-to-positive evidence of 

being more likely than the 4* model. Therefore, the first three models are 

approximately equally likely, and were only slightly more predictive than the 4* 

model. Note that the combination of variables NS-DX, VENOUS appears as the 1" 

most likely model with the variable RI excluded (Table XN), and the 3rd most 

likely model with RI induded (Table XIII). Given the increased precision obtained 

by running the logistic regression without the variable RI, and the concordance 

of most likely models behveen the two runs, we have selected the lSt model from 

the run exduding the variable RI for M e r  consideration. This model will be 

referred to as Mode1 A in the ensuing discussion. 



The selected model (Model A) was logit(p) = -4.7262 + 3.6621 NS-DX(2) + 
1.3323 EVLDX(3) + 0.2021 VENOUS. The characteristics of Model A are detailed 

in Table X V I .  

Table XVI. Model A, logistic repession analysis 

Variable Parameter estima te S.E. + OR * 95%CI for OR 
NS-DX(2) 3.6621 0.5346 38.94 (13.66,lll.CM) 

EVS-DX(3) 1.3323 0.7408 3.79 (0.89,16.19) 

VENOUS 0.2021 0.0569 1.22 (1.09,1.37) 

Intercep t -4.7262 0.5204 - - 
* Standard error, * Odds ratio 

Therefore in Model A, the adjusted odds ratio for EVS-DX(2) (malignant 

diagnosis with EVS) as a predictor for an actual malignant outcome was 38.94, 

for EVS-DX(3) (indetennlliate diagnosis with EVS) the adjusted odds ratio was 

3.79, and for VENOUS it was 1.22. 

Since VASCUL was not induded in the model, and the bivariate analysis 

suggested an interaction effect between EVS-DX and VASCUL, Model A was r e m  

with the addition of the variable VASCUL (Model B). Model B was logit(p) = - 
4.8852 + 3.3083 NS-DX(2) + 1.1579 EVS-DX(3 + 0.1808 VENOUS + 0.3352 VASCUL. 

The characteristics of Model B are detailed in Table XVII. Note that the 95% CI for 

the odds ratio of VASCUL includes the null value. 

Table Xvn. Model B, logis tic regession analysis 

Variable Parameter estimate S.E. + OR * 95%CI for OR 

EVS-DX(2) 3.3083 0.5834 27.34 (8.71,85.78) 

EVS-DX(3) 1.1579 0.7509 3.18 (0.73,13.87) 

VENOUS 0.1808 0.0426 1.20 (1.06,1.35) 

VASCUL 0.3352 0.3040 1.40 (0.77,2.54) 

htercept -4.7262 0.5204 - - 
* Standard error, + * Odds ratio 

Model C includes the interaction term and was logit(p) = -8.1702 + 7.4572 
EVS-DX(2) + 5.1236 EVS-DX(3) + 0.2039 VENOUS + 2.3393 VASCUL - 2.5934 



EVS-DX(2) * VASCUL - 2.6624 EVS-DX(3) * VASCUL. The characteristics of Model 

C are detailed in Table XVIII. 

Table Xlrlll. Model C, logistic regression annlysis 

Variable Parameter estimate S.E. + OR* 95%CI for OR 
NS-DX(2) 7.4572 1.7468 1732.22 (56,53,152) 

EVS-DX(3) 5.1236 1.8159 167.93 (4.79,5900) 

VENOUS 0.2039 0.0661 1.22 (1.08,1.40) 

VASCUL, 2.3393 0.7588 

EVS-DX(2)VASCUL -2.5434 0.8603 

EVS-DX(3)VASCUL -2.6624 1 .O378 

htercept -8.1702 1.6257 - - 
+ Standard error, + + Odds ratio 

Since this was a prospective cohort study, we can compute the probability 

of a malignant outcome in an individual with different underlying risk factors. 

We can thereby investigate the interaction effect by entering the following 

covariate patterns, namely a low and high value for VASCUL for the benign and 

then the malignant EVS category respectively. A value of "2" will be entered for 

the variable VENOUS since this represents the median. 

EVS category benign, with VAÇCUL O, VENOUS 2: 0,0,2,0,0,0 

Logit (p) = -7.7624, ~(malignant) = 0.0004 

EVS category benign, with VASCUL 2, VENOUS 2: 0,0,2,2,0,0 

Logit (p) = - 3.0838, ~(malignant) = 0.04 

EVS category malignant, with VASCUL O, VENOUS 2: 1,0,2,0,0,0 

Logit (p) = -0.3052, p(ma1ignant) = 0.42 

EVS category malignant, with VAÇCUL 2, VENOUS 2: 1,0,2,2,2,0 

Logit (p) = -0.7134, ~(malignant) = 0.33 

One c m  see from the above probabilities for disease outcome that the 

interaction effect is most marked for the benign category of EVS diagnosis 



(EVS-DX). Therefore, the interaction term will be maintained in our final model 

(Mode1 C). 

4.4.9 Goodness offit 
To assess the interna1 validity of the models, the probability of 

endometrial carcinoma predicted by Models A and C for each covariate pattern, 

compared to that obsewed in the data was evaluated (see Table XIX). In this way 

the fit of the two models could be directly compared. 

For covariate patterns with smail or zero cell size, the fit cannot be 

detemined because the probability of observed malignancies becomes very 

unreliable. In general, Model C was slightly more accurate in predicting case 

status than Model A. Overall considering Model C, the observed and predicted 

probabilities were within 0.08 of each other, and often much doser, indicating 

adequate fit between the model and data. 

Table XM-A. Cornparison of obsewed os. predicted p(ma1ignant) - Model A 

Covariate No. of patients p ( m 1  ignant) p(malignant) 
Pattern with covariate ~attern Observed Predicted 

o,o,o 140 0.007 0.009 

0,0,2, 35 O 0.01 

0,03 16 O 0.02 

1,0,0 9 0.33 0.26 

Lot2 5 0.40 0.34 



Table XIX-B. Cornparison of obsewed vs. pndicted p(ma1ignant) - Mode1 C 

Cwariate No. of patients p(ma1igrrant) p(mn1igmnt) 
Pattern with cuvariate pattern Observed Predic fed 

~ 0 ~ 0 ° 8 0 0 0 0 0  111 0 o.ûûû3 

08082,080,0 35 O 0.0004 

o ~ ~ ~ , ~ ~ o ~ o  16 O 0.0008 

0805020080 9 0 0.08 

100,0,0808~ 9 0.33 0.33 

1 ,o,2,00080 5 0.40 0.42 

1 8°8528200 2 0.50 0.47 

4.5 Receiver operaüng characteristic (ROC) curve analysis 
Several of the more plausible continuous variables were M e r  examined 

by receiver operating characteristic (ROC) curve analysis. The decision to 

investigate these variables was based on the results of the multivariate analysis, 

as well as substantive theory from the literahw. For selected pairs of variables 

the areas under the ROC w e s  were compared. In addition, a sensitivity 

analysis was performed in an attempt to define an optimal threshold value for 

ciifferentiating malignant from benign endometia. 

4.5.1 .Areas under the ROC cunie for differen t variables 
For all variables, ROC curve analysis was performed for the total patient 

population and then stratified according to hormone use. Table XX details the 

areas under the ROC curve (Ad for the different variables investigated. 



Table XX. Areas under ROC cume (Ad for difièrent variables 
A, t SE 

Variable Al1 patients Without hormones Wifh hormones 95% CIfor 

ENDO-THICK 0.75 I 0.04 0.78 2 0.06 

PSV 0.71 I 0.06 0.73 0.08 

PI 0.71 I 0.06 0.67 r 0.09 

RI 0.67 I 0.06 0.68 I 0.09 

VASCUL 0.84 0.03 0.82 I 0.06 

VENOUS 0.75 0.05 0.75 i 0.07 

* Li patients with and without hormones 

As illustrateci in the preceding table, our data do not present evidence for 

a difference in the areas under the ROC cuve for patients with and without 

exogenous hormone use, as indicated by the 95% CI interval for the dioerence in 

A, between the two patient populations. 

For comparing areas under the ROC curve for selected pairs of variables 

in the total patient population (see Figure 15), we used the method by Hanley and 

McNeil(109) for correlated areas. We limited our cornparisons to variable pairs 

with a potentially signitïcant &cal impact. We found that the following pairs 

of variables were equally accurate in assigning case status : VAÇCUL/VEN~U~ 

(95% CI: -0.01,0.19), VA~C~L/ENDO-THICK (95% CI: 0.00,0.18), PI /H (95% CI: - 
0.04,0.12), and ENDO-THICK/PSV (95% CI: -0.09,O. 17). Of the commonly used 

Doppler indices, endometrial vaçcularity was slightly more accurate in assigning 

case status than PSV [VASCUL/PSV (95% CI: 0.03,0.23)] or [ VASCUL/RT (95Y0 

Cr: 0.06,0.28)]. 



Figirre 15. ROC cume for selected variables in the total patient population 

Conventional binormal ROC cuwes 

O 0.2 0.4 0.6 0 -8 

FPF 

4.5.2 Sensitivity analysis for selected variables 

In order to determine whether an optimal cut-off level exists to 

differentiate malignant from benign endometria for one or more of the above 

variables, a sensitivity analysis was performed. See Tables XXI - XXIII  for 

sensitivity analysis of selected variables. Sensitivity analysis of the variables SV, 

RI, and Pi (not shown), revealed no clinically usefd cut-off values for predicting 
malignancy . 



Table XXI. Sensitivity analysis for endometrial thickness ( E N D o - m C K )  
Total number of patients = 421 

THKK+ TP FP EN TN SENS SPEC PPV NPV ACC 

+ A cutoff value of 2 indicates: patients with thickness > 2 mm = maiignant, aii eke benign; 
a cut-off value of 3 indica tes: patients wi th thickness > 3 mm = malignant, al1 else benign etc. 

As is demonstrated in Table XXl,  changing the threshold of endometriai 

thickness used to define endometrial malignancy resulted in the expected trade- 

off between sensitivity and specificity. Applying a cut-off value of 2 mm for 

endometrial thickness, resulted in a 100% sensitivity but only a 24% (95% CE 20% 

- 29%) specificity for detecting endometrial carcinoma in our patient population. 

Using the more widely accepted cut-off value of 5 mm (83), increased the 

specifiuty to 59% (54% - 64%), however at the cost of a decrease in sensitivity 

from 100°/o to 74% (55% - 88%). Using a combination of biometric and 

morphologic cnteria, EVS diagnosed malignancy with a sensitivity of 77% (59% - 
90%) and a specificity of 84% (80% - 87%). Therefore the specificity of diagnosing 



endometrial carcinoma was substantially higher when a combination of 

biometric and morphologie criteria were used, without a concomitant decrease in 

sensitivity. 

Of the 31 patients with proven endometrial carhoma, eight cases or 26% 

had an endometna1 thickness of 5 5 mm. In five of these cases, the endometrial 

thickness measured only 3 mm. In seven of the eight false negative cases, a mass 

distending the endometrial cavity was present. As detailed in Section 3.3.2, the 

endometrial thickness in our studv did not include measurements of an 

endometrial mass, in patients where the endometrium could be identified clearly 

as a separate structure. Had measurements of endometrial thickness induded the 

mass, al l  eight cases would have been correctly dassified as malignant using a 

threshold value of 5 mm. Real-time EVS diagnosed the eight cases as follows: 

malignant [n = 41, benign [n = 31, and indeterminate [n = 11. 

Table XXII. Sensitivity analysis for endometna1 vascularity (VASCUL) 
Total number of patients = 407 

VASCUL + TP FP FN TN SEN SPEC PPV NPV ACÇ 

O 30 222 1 154 97% 41% 12% 99% 45% 
(95%CI) (83%-100%) (36%-46%) (8O/'17%) (96%-100%) (40%-50%) 

A cut-off value of O mm incikates: patients with colour vascularity coded > O = rnaligrtant, aii else benign, 
etc. 



Table XXIII. Sensitivity analysis for endometrial venous oelocity ( m u s )  
Total number of patients = 419 

VENOUS + TP FP FN TN SENS SPEC PPV NPV ACC 

A cut-off value of 1 indicates: patients with venous velocity z 1 cm/sec = malignant, al1 eise benign, etc. 

As is demowtrated in Tables XXll - XXlll ,  changing the threshold of 

endometrial vascularity (VASCUL) or venous flow (TENOUS) used to define 

endometrial malignancy resulted in the expected trade-off between sensitivity 

and specificity. Nevertheless, when comparing these results with those of 

endometrial thickness, one notes a substantially higher sensitivity for a given 

value of specificity and vice versa. 



5 - DISCUSSION 
We have prospectively studied a large consecutive population of 

postmenopausal women presenting with abnormal vaguial bleeding using EVS and 

Doppler dtrasound. The available body of literature suggests that EVS, using 

measurements of endometrial thickness, has a hi& sensitivity for detecting 

endometrial carcinoma. Most authors recomrnend using a low cut-off value such as 

4 or 5 mm, which maintains a high sensitivity but sacrifices specifiaty. A meta- 

analysis of articles published between 1966 and 1996 (83) found that 96% (95O/0 CI: 

94%-98%) of women with cancer had an abnormal EVS, when a threshold value of > 
5 mm was used to define abnormal endometrial thickening. The corresponding 

specifiaty for diagnosing endometrial carcinoma was 61% (95% CI: 59%3%). The 

false-negative rate of 4% for EVS compares favourably with those achieved using 

office-based endometrial biopsy devices. These authors concluded that an 

endometrial thickness of 5 5 mm on EVS, excludes endometrial disease in the 

majority of postmenopauçal women with vaginal bleeding. 

In the above meta-analysis (83), endometrial thickness was defined as the 

width of the combined thickness of the anterior and postenor sides of the 

endometrium. The authors of this article, however, did not address whether 

polypoid masses distending the endomehial cavity were included in measurements 

of endometrial thickness. Measurements of endometrial thickness in our study 

population excluded the contents of a distended uterine cavity. We felt that induding 

fluid or polypoid masses that distend the uterine cavity overestimates the thickness 

of the endometrium. Furthermore, no distinction is possible between conditions that 

result in locaiized or diffuse endomehial thickening such as endometrial 

hyperplasia and carcinoma, versus endometrial polyps. In our patient population, 

using a threshold value of > 5 mm to define abnormal endometrial thickening, 

endomehial carcinoma was diagnosed with a sensitivity of 7490 (95940 CI: 55% - 88%) 

and a specificity of 59% (95% CI: 54% - 6490). If we include polypoid masses in 

measurements of endomehial thickness, endometrial carcinoma is diagnosed with a 

sensitivity of 97% (95% CI: 83% - 100%) and a specificity of 47% (95% CI: 42% - 52%). 

Of the 31 patients with proven endometrial carcinoma in o u  study population, 

eight cases or 26% had an endometrial thickness of 1 5 mm. In seven of the eight 

false negative cases, a mass distending the endometrial cavity was present at EVS. 



At histopathology three of the seven masses were benign endometrial polyps. These 

findings underline the limitation of EVS in differentiating benign from malignant 

endometrial pathology. In our study, N S  differentiated pathologie from normal 

endometria with a sensitivity of 89% (95% CI: 83% - 94%) and a specifiaty of 60% 

(95% CI: 52% - 69%). 

As is evident from our results, induding polypoid masses in measurements 

of endometrial thidcness substantially increases the sensitivity of EVS for detecting 

endometrial carcinoma from 74% (95% CI: 55% - 88%) to 97% (95% CI: 83Y0 - 100Y0). 

These results are not unexpected, given the known association between benign 

polyps and endometrial carcinoma. In addition, although endometrial carcinoma 

typically presents as an infiltrative mass replacing the endometrium, endometrial 

carchorna may present as a polypoid mass on EVS. When polypoid masses are 

induded in measurements of endometrial thickness, the specificity decreases from 

59% (95% CI: 54% - WO) to 47% (95% CI: 42Yo - 52%) at the 5 mm cut-off level. 

However, the highest specificity is achieved with EVS when a combination of 

biometric and morphologie criteria are used to diagnose malignancy: sensitivity 

77% (95% CI: 59% - 90%) and specifiaty 84% (95% CI: 80% - 87%). The decision to 

emphasize sensitivity versus specifiaty when evaluating the test performance of 

EVS, wiU depend largely on the clinical indication for performing the test. Since the 

role of EVS in evaluating patients with postmenopausal bleeding is prirnarily to 

identify patients who require further evaluation, an abnormal test result must have a 

high sensitivity for diagnosuig endometrial carcinoma. Therefore, patients with 

findings on EVS indicating a low probability of endometrial disease will not be 

required to undergo routine endometrial sampling. 

In our study population, EVS achieved only a modest sensitivity of 74% when 

an endometrial thickness of > 5 mm was used to indicate a positive test result. 

Similarly, using a combination of biometric and morphological sonographic critena 

did not improve the sensitivity of diagnosing endometrial carcinoma, although the 

overall accuracy was substantially increased. niese resuits are in keeping with the 

sensitivity of 85% and specifiaty of 78% reported by Hanggi et al. (23), when the 

following criteria for malignancy were appüed: an endometrial thickness of greater 

than 5 mm, areas of decreased echogenicity or heterogeneity, and poor definition of 

the endo-myometnal junction. These authors concluded that dilatation and 



curettage is necessary in the evaluation of women presenting with postmenopausal 

bleeding. Although a number of studies have published modest results in 

diagnosing endometrial carcinoma with EVS (57,83), most have found EVS to be 

highly sensitive (l7,l9,22,4O,8O,8l,83,86,87). The reported sensitivity and specificity 

in these studies range from 94% - 100°/o and 24% - 68%, respectively. Although most 

authors agree on the role of EVS in the evaluation of patients with postmenopausal 

bleeding, they differ in their recommendations regarding optimal cut-off values for 

endometrial thickness. Nevertheless, there is a dear trend towards recommending 

cut-off values that yield a high sensitivity at the cost of specificity. Applying a 

threshold value of > 2 mm to define malignancy in our study population, resulted 

in a 100% sensitivity and a 24% (95% CI: 20% - 29%) specifiaty for detecüng 

endometrial carcinoma. A threshold value of > 5 mm resulted in a sensitivity of 74% 

(95% CI: 55% - 88%) and a specificity of 59% (95% CI: 54% - 64%). The discrepancy 

between our results and those published in the literahire at the 5 mm threshold 

level, may be explained, in part, by the different criteria used for measuring 

endometrial thickness. Although some authors dearly state that the contents of a 

distended uterine cavity were induded in measurements of endometrial thickness, 

others are less precise regarding the method used to obtain endometrial thickness 

(S,l7,19,80,83). 

Our data do not present evidence for a difference in the area under the ROC 

curve for patients on hormonal replacement therapy. In addition, the 95% 

confidence intervals surrounding the sensitivity, specificity, PPV, NPV and accuracy 

of diagnosing endometrial carcinoma in patients with and without hormone use, 

demonstrate considerable overlap. Nevertheless, there appears to be a trend towards 

a lower sensitivity and PPV in patients receiving hormonal replacement therapy. 

Although the obsewed differences may sirnply represent random variation, the 

number of observations rnay have been too smail to demonstrate a true difference. 

Endometrial thickness is known to increase after the initiation of hormone 

replacement therapy. The degree of inctease in endometrial thickness, however, will 
vary depending on the type of hormonal regimen used (72). Using biometric criteria 

alone, EVS is unable to discriminate between proliferative endometrium, benign 
endometrial disease and carcinoma. Because honnone replacement therapy in 

postmenopausal women may result in proliferative changes of the endometrium, 



EVS typically is less specific in this subgroup of patients. In particular, when 

endometriai thickening is the only criteria used to diagnose malignancy. In the 

meta-analysis of articles published between 1966 and 1996 (83), EVS was equdy 

accurate at idenûfying women with endometrial disease, regardless of whether or 

not they were receiving hormonal replacement therapy. However, women on 

hormonal replacement therapy had a substantialiy higher false positive rate 

(specifiaty 77%,95% CI: 75%-79%), compared to patients not taking hormones 

(specificity 92% 95% CI: 90%-944%). For this reason, some authors have advocated a 

higher threshold value for endometrial thickness in postmenopausal women on 

hormonal replacement therapy compared to controk (8 mm versus 5 mm) (79,M). 

The trend towards a decrease in sensitivity that we observed using red-time 

sonographic findings most probably reflects the sonologists application of more 

stringent criteria, given the expected proMerative changes of the endometrium in 

patients receiving hormone replacement therapy. 

Using logistic regression analysis we found that none of the individual 

morphological parameters such as endometrial thickness, echogenicity, 

heterogeneity, presence of a mas, or definition of borders was a better predictor of 

endometrial carcinoma than the subjective impression of malignancy using a 

combination of sonographic criteria. Of the Doppler parameters examined, maximal 

venous velocity proved to be the most important predictor of case status. 

Our results are in agreement with previous studies that reported Doppler 

indices of endometrial flow to be better predictors of malignant endometria than 

Doppler indices of uterine arterial flow (101,102). Although earlier studies reported 

high accuracy rates using RI or PI to differentiate malignant from benign endometna 

(56,57,101), these results have not been corroborated by our findings or those of 

other investigators (60,61,103,1@). Of the endometrial Doppler indices investigated, 

the presence of vascularity using colour Doppler and the venous velocity had the 

W e s t  accuracy for predicting case status. These findings are in keeping with the 

results of Sladkevicius et al. (60), who found that the best Doppler variable for 

differentiathg between benign and malignant endometria was the presence of 

colour flow within the endometrium (sensitivity 88% [95% CI: 66-97%], specificity 

81% I95% CI: 75-89% 1). 



Several limitations were encountered in our study. First, since only patients 

presenting with postmenopausal bleeding were induded in our protocol, the results 

of this study may not be applicable to an asymptomatic population with a lower 

prevalence of disease. However, since up to 90% of patients with endometrial 

carcinoma present with abnomial vaginal bleeding, clinical efforts at detecting 

endometrial carcinoma are largely directed at symptomatic patients. Second, all EVS 

were performed by experienced radiologists speciaiized in this technique. The 

accutacy of EVS is highly operatordependent, and the results of this study may not 

be reproducible in general clinical practice. A third limitation iç that we used an 

imperfect standard of reference to assign case status. Although methods have been 
devised to take into account an imperfed standard of reference (llO,lll), we 

performed all  data analysis with the assumption that the chosen standard of 

reference was 100% accurate. Of the 421 patients in our final study group, 261 or 

62% were dassified on the basis of endometrial sampling: D & C [n = 164,39°/~], 

and endometrial biopsy [n = 97,23%]. As discussed in Section 2.1, office-based 

endometrial biopsy devices are reported to have a false-negative rate ranging from 

5% - 15% while D L C has a false-negative rate ranging from 2% - 6%. Indeed, two 

patients with a final histological diagnosis of endometrial carcinoma had initial 

endometrial biopsies that were negative or incondusive for malignancy. Although a 

negative endometrial biopsy was considered a study endpoint, several mechanisms 

were in place to minimize the possibility of false negative diagnoses. First, most 

patients with an underlying endometrial carcinoma continue to be symptomatic, 

and therefore undergo repeat EVS and/or more invasive sampling procedures. 

Second, the referring gynecologiçts were aware of the study protocol and would 

routinely contacts us about discrepanaes between imaging findings and the clinical 

evaluation. Findy, although for study purposes the sonologists were asked to 

classq ail endometria as benign or malignant, practically, al l  patients with 

endometrial thickening and/or an endometrial based m a s  were referred for 

histological sampling which resulted in a low false negative rate for EVS. Similar 

arguments cm be made for the 135 patients (without endometrial histology) in 

whom a presumptive diagnosis of benign endometriun was made, since all patients 

remained asymptomatic with cessation of vaginal bleeding after a minimum follow- 

up of one year (mean 3 years). 



In summary, this study supports the growing trend in practice to use N S  as 

an alternative to endometrial biopsy in evaluating patients with postmenopausal 

vaginal bleeding. We found that a thin measurement of endometrial thickness on 

EVS can exdude endometrial carcinoma in the majority of postmenopausal women 

with vaginal bleeding, regardless of hormonal replacement therapy. The 

recomended threshold value for endometrial thidcness in our study is dependent 

on the method with which the endometriai stripe is measured. Using a combination 
of biometric and morphologic sonographic aiteria adueved the best accuracy in 

diagnosing patients with endometrial carcinoma, however, at the cost of sensitivity. 

The presence of arterial or venous flow using Doppler can be used as an ancillary 

finding for predicting case status. 
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