
INTRODUCTION

Myometrial infiltration is one of the most important pro gno­
stic factors in endometrial cancer [1]. The risk of lymph node 

metastases increases significantly, when endometrial cancer 
infiltrates deeper than half the myometrium [2]. On the con­
trary, when the tumor infiltrates less than half myometrium 
the benefit of routine lymphadenectomy in well­differentiated 
(G1) or moderately­differentiated (G2) endometrioid type 
cancer is unclear [3]. 

Current practice in most institutions includes intraoperative 
assessment of the myometrial infiltration after uterus removal 
to determine whether lymphadenectomy may be avoided 
[4,5]. However, intraoperative assessment is not available in all 
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centers and may increase the cost and length of surgery. For 
this reason, preoperative assessment of myometrial infiltration 
by imaging techniques would be advisable.

Transvaginal ultrasound has been used for many years for 
assessing myometrial infiltration in endometrial cancer. Since 
the pioneer paper from Cacciatore et al. [6] many studies have 
been reported using examiner’s impression [7­11] or more 
objective measurements [12­14]. More recently, mathematical 
models [15,16] and three­dimensional (3D) ultrasound haven 
been also proposed [17,18].

The aim of this study is to compare the diagnostic perfor­
mance of six different approaches for assessing myometrial 
infiltration using transvaginal/transrectal ultrasound in women 
with G1 or G2 endometrioid type carcinoma of the corpus uteri.

MATERIALS AND METHODS

The study comprises a series of 169 consecutive women dia­
gnosed as having a G1 or G2 endometrioid type endometrial 
carcinoma by preoperative biopsy managed at our institution 
between January 1995 and October 2014. Institutional Review 
Board approval was obtained and all patients gave oral in­
formed consent. This series also constitutes the basis of another 
report [19].

1. Ultrasound assessment
Scanning protocol was the same throughout the entire study 

period. After inserting the endovaginal probe into the vagina 
or the rectum, the uterus was firstly scanned thoroughly in 
the longitudinal plane from side to side. Then, vaginal probe 
was tilted 90o and the uterus was scanned in the transverse 
plane from cervix to fundus. Then the uterus was measured in 
the three orthogonal planes, as well as the endometrial thick­
ness at the level of its maximum thickness in the longitudinal 
plane. Color Doppler mapping was also performed, but this 
information was not taken into consideration for assessing 
myometrial infiltration. In case of transrectal ultrasound previ­
ous cleansing of the rectum was done by simple rectal enema. 

By January 2003, 3D ultrasound became available at our 
institution. Since then, all women included in the study also 
underwent 3D ultrasound according to a defined scanning 
protocol elsewhere described [17]. At least one 3D volume of 
the uterus was stored in all cases and subsequently analyzed 
in a personal computer using 4D view software (GE Medical 
Systems, Little Chalfont, UK). 

Several ultrasound machines available were used through 
study period, all of them equipped with endovaginal probes 
with frequencies ranging from 5 to 10 MHz. The sonographer 

was aware of endometrial biopsy result. 

2. Approaches for assessing myometrial infiltration
1) Impression of examiner 
Myometrial infiltration depth was subjectively estimated 

by looking at the point in which myometrial­endometrial 
interface was not clearly identified and then by looking at the 
supposedly tumor­free myometrial wall at this point. By using 
the opposite myometrial wall as a comparison, if a marked 
asymmetry was found, deep (≥50%) infiltration was stated; if 
myometrial thickness was similar in both myometrial walls, 
superficial (<50%) infiltration was stated. All ultrasound exami­
nations were performed or supervised by one examiner (JLA). 
This data was collected prospectively and was available for all 
169 women.

2) Karlsson’s criteria
Objective measurement criteria for assessing myometrial in­

filtration, Karlsson’s criteria, were defined as the ratio between 
maximal anteroposterior diameter of the endometrial lesion 
and the uterine anterior­posterior diameter, measured both in 
the sagittal plane [8]. A ratio ≥50% indicates a myometrial infil­
tration ≥50% (Fig. 1) and a ratio <50% indicates a myometrial 
infiltration <50% (Fig. 2). This data was collected prospectively 
and was available for 166 women. Endometrium was not 
measurable in three cases.

3) Endometrial thickness
This data was collected prospectively and was available for 

166 women. Diagnostic performance was analyzed retro­
spectively. We used a cut­off of ≥18 mm for predicting ≥50% 
myometrial infiltration as suggested by Mascilini et al. [18]. 

4) Tumor/uterine volume ratio 
We retrospectively calculated tumor/uterine volume ratio 

Fig. 1. Transvaginal ultrasound showing measurement of tumor/
anteroposterior uterine diameter ratio as proposed by Karlsson. In 
this case the ratio is ≥50% indicating myometrial infiltration of ≥50%.
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from stored 3D volumes using the same methodology de­
scribed by Mascilini et al. [18] (Fig. 3). This data was available 
in 74 women who underwent 3D ultrasound. We used a cut­
off of ≤0.099 for predicting >50% myometrial infiltration as 

suggested by Mascilini et al. [18].

5) Shortest tumor distance to serosa
We retrospectively calculated tumor distance to serosa 

(TDS) from stored 3D volumes using the same methodology 
described by our group (Fig. 4) [17]. We used a cut­off of <9 
mm for predicting ≥50% myo metrial infiltration as suggested 
in the previous paper [17].

6) Van Hoslbeke’s subjective model
We retrospectively assessed with this model using the 

formula as proposed: z=–2.6276+1.1458×(preoperative grad­
ing)+2.2514×(subjective impression). We used an estimated 
probability of ≥0.50 for predicting ≥50% myometrial infiltration 
as suggested [16]. This data was available in 155 women. The 
model could not be applied in 12 cases because the tumor 
grade was not defined in preoperative biopsy.

One of the authors (RO) who was unaware of clinical data of 
the subjects, two­dimensional (2D) ultrasound assessments 
and pathological results performed all 3D assessments. 

All subjects underwent surgical staging within 1 week after 
ultrasound evaluation. Definitive histopathological data re­
garding myometrial infiltration was used as gold standard. The 

Fig. 2. Transvaginal ultrasound showing measurement of tumor/
anteroposterior uterine diameter ratio as proposed by Karlsson. In 
this case the ratio is <50% indicating myometrial infiltration of <50%.

Fig. 3. Three-dimensional ultrasound esti-
mation of tumor (A) and uterine volumes 
(B). In this case the ratio is 0.118, indicating 
myometrial infiltration of <50%.

A

B
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pathologists were unaware of ultrasound examination. Tumor 
stage was stated according to the International Federation of 
Gynecology and Obstetrics classification [20].

Sensitivity, specificity, positive likelihood ratio, negative likeli­
hood ratio, and accuracy were calculated for all approaches. 
Sensitivity and specificity were compared using McNemar 
test. A p<0.05 was considered as statistically significant. SPSS 
ver. 20.0 (IBM Co., Armonk, NY, USA) was used. We did not 
assess intra­ and interobserver reproducibility of any of these 
methods.

RESULTS

Mean age was 60.7 years (standard deviation 10.3), ranging 
from 32 to 91 years. One hundred and thirty­eight women 
(81.7%) were postmenopausal and 31 women (18.3%) were 
premenopausal. 

Preoperative tumor grade was G1 in 120 cases (71.0%) and 
G2 in 37 cases (21.9%). In 12 cases (7.1%) tumor grade was 
not defined in preoperative biopsy, but we decided not to 
exclude them from the study.

Definitive histologic diagnosis revealed myometrial infiltra­
tion of ≥50% in 44 cases (26.0%) and <50% in 125 cases 
(74.0%). In three cases no tumor was found at definitive 
histologic analysis; these cases were considered as having no 
infiltration and were not excluded. In three cases definitive 
histologic type was carcinosarcoma. We did not exclude these 
cases from this study. Definitive histologic grades were as 
follows: G1 (n=100), G2 (n=51), and G3 (n=15). Tumor stages 
were as follows: stage IA (n=116), stage IB (n=23), stage II 
(n=1), stage IIIA (n=9), stage IIIB (n=2), stage IIIC1 (n=9), stage 

Table 1. Correlation for myometrial infiltration between histology and 
ultrasound

Variable
Histology

<50% ≥50% Total

Impression of examiner (%)

    <50 112 9 121

    ≥50 13 35 48

    Total 125 44 169

Karlsson’s criteria (%)

    <50 115 30 145

    ≥50 7 14 21

    Total 122 44 166

Endometrial thickness (%)

    <50 99 23 122

    ≥50 23 21 44

    Total 122 44 166

Tumor/uterine 3D volume ratio (%)

    <50 15 2 17

    ≥50 38 19 57

    Total    53 21 74

Tumor distance to serosa (%)

    <50 22 3 25

    ≥50 31 18 49

    Total 53 21 74

Van Holsbeke’s subjective model (%)

    <50 103 8 111

    ≥50 11 33 44

    Total 114 41 155

3D, three-dimensional.

Fig. 4. Three-dimensional ultrasound 
esti mation of shortest tumor distance 
to serosa (TDS). In this case TDS is 10.5 
mm, indicating myometrial infiltration of 
<50%.
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IIIC2 (n=3), and stage IV (n=3). 
Table 1 shows the myometrial infiltration according to 

the im pression of examiner, Karlsson's criteria, endometrial 
thick ness criteria, tumor/uterine 3D volume ratio, TDS, and 
sub jective model, respectively.

Diagnostic performances for all six methods are shown in 
Table 2. We observed that the impression of examiner and 
subjective model perform similarly with no difference in terms 
of sensitivity and specificity. Both methods had significantly 
better sensitivity than Karlsson's criteria and endometrial 
thickness, and better specificity than tumor/uterine volume 
ratio and TDS.

In order to assess all six methods in the same set of patients 
we performed a subanalysis in the 74 patients in whom all 
approaches could be used. The results were statistically similar 
except for endometrial thickness (Table 3).

DISCUSSION

In this study we have compared up to six different appro­
aches for assessing myometrial infiltration using transvaginal 
or transrectal ultrasound. Our original aim was to compare 

the impression of examiner with the objective approach 
proposed by Karlsson [8]. However, after learning the papers 
from Mascilini et al. [18] and van Holsbeke et al. [16], we de­
cided to compare four more approaches. In this context, it is 
plausible that we have prospectively compared two different 
approaches, namely the impression and Karlsson’s criteria, and 
that we have performed a retrospective external validation 
with all other approaches. 

Our results are in agreement with two other studies [16,18] 
so far reported comparing different approaches for assessing 
myometrial infiltration in endometrial cancer by transvaginal 
ultrasound: the impression performs as good or even better 
than objective measurement techniques. We found that sen­
sitivity and specificity for the impression was 80% and 90%, 
respectively. Other authors have reported similar figures, with 
sensitivity ranging from 71% to 84% and specificity ranging 
from 72% to 89% [9­11,16,18].

The impression of examiner is inherently subjective and; 
therefore, reproducibility is a crucial issue. A significant limi ta­
tion of our study is that we did not assess intra­ and inter ob­
server reproducibility and this might affect the generali zation 
of these results. However, a recent paper form Eriksson et al. 
[21] has shown that the reproducibility of the impression for 

Table 2. Diagnostic performance of all six approaches for assessing myometrial infiltration

Variable Sensitivity (%) Specificity (%) Positive LR  Negative LR

Impression of examiner 79.5 (65.5–88.8) 89.6 (83.0–93.8) 7.65 (4.47–13.07) 0.23 (0.13–0.41)

Karlsson’s criteria 31.8 (20.0–46.6)* 94.3 (88.6–97.2) 5.54 (2.39–12.84) 0.72 (0.59–0.89)

Endometrial thickness 47.7 (33.7–62.1)* 81.1 (73.3–87.1) 2.53 (1.56–4.09) 0.64 (0.48–0.86)

Tumor/uterine 3D ratio 90.5 (71.1–97.3) 28.3 (17.9–41.6)† 1.26 (1.01–1.57) 0.34 (0.08–1.35)

Tumor distance to serosa 81.7 (65.4–95.0) 41.5 (29.3–54.9)† 1.46 (1.10–1.95) 0.34 (0.11–1.03)

Van Holsbeke’s subjective model 80.5 (66.0–88.8) 90.3 (83.5–94.5) 8.34 (4.66–14.92) 0.22 (0.12–0.40)

Values are presented as number (95% confidence interval).
3D, three-dimensional; LR, likelihood ratio.
*p<0.05 when compared with other methods. †p<0.05 when compared with other methods.

Table 3. Diagnostic performance of all six approaches for assessing myometrial infiltration in those 74 cases with all information available

Variable Sensitivity (%) Specificity (%)  Positive LR  Negative LR

Impression of examiner 90.5 (71.1–97.3) 84.3 (71.9–91.8) 5.77 (3.01–11.06) 0.11 (0.03–0.42)

Karlsson’s criteria 53.4 (32.4–71.6)* 94.1 (84.1–97.8) 8.90 (2.71–28.72) 0.51 (0.32–0.80)

Endometrial thickness 61.9 (40.9–79.2)† 82.3 (69.7–90.4) 3.51 (1.77–6.93) 0.46 (0.26–0.81)

Tumor/uterine 3D ratio 90.5 (71.1–97.3) 25.1 (15.5–38.9)‡ 1.21 (0.98–1.50) 0.37 (0.09–1.51)

Tumor distance to serosa 85.7 (65.4–95.0) 43.1 (30.5–56.7)‡ 1.51 (1.12–2.03) 0.33 (0.11–0.99)

Van Holsbeke’s subjective model 90.5 (71.1–97.3) 86.3 (74.3–93.2) 6.59 (3.59–13.30) 0.11 (0.03–0.41)

Values are presented as number (95% confidence interval).
3D, three-dimensional; LR, likelihood ratio.
*p<0.05 when compared with other methods. †No statistically significant as compared with examiner’s impression and subjective model, 
p=0.301. ‡p<0.05 when compared with other methods. 
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assessing myometrial infiltration in 53 cases of endo metrial 
cancer using offline video­clips analyzed by 18 different 
examiners was good in most of pair comparisons.

Regarding objective measurement techniques, we found 
that Karlsson’s criteria performed significantly poorer than 
subjective impression in terms of sensitivity (32% vs. 80%). 
This was also observed by van Holsbeke et al. (47% vs. 73%) 
[16]. However, previous studies from different authors 
reported better results for Karlsson’s criteria, with sensitivity 
ranging from 89% to 93% [22­25]. These discordant results 
could be explained with difference in patient selection. In 
van Holsbeke’s study and ours, only low­risk women with 
G1 or G2 endometrioid type cancer were included, whereas 
in the other studies both low­risk and high­risk cases were 
included. Diagnostic performance of Karlsson’s criteria might 
be overestimated in those studies including high­risk cases. 
In fact, a study reported by Akbayir et al. [26] found that 
sensitivity of Karlsson’s criteria in G1 or G2 endometrioid 
carcinomas is (62%) as compared with that in G3 carcinomas 
(83%). Furthermore, the sample size in those studies reporting 
high sensitivity was small (67 to 96 cases), which also might 
contribute to overestimation. Actually, other studies with 
significantly larger sample size and including high­risk cases, 
reported poor sensitivity [26]. 

We observed that the impression of examiner performed 
better than Karlsson’s criteria. A plausible explanation for this is 
a selection bias, since we only included G1 or G2 tumors. These 
tumors trend to be small tumors with rather thin endo metrium. 
The result would be a ratio between maximal antero posterior 
diameter of the endometrial lesion and the uterine anterior­
posterior diameter less than 50%. However, they may invade 
the myometrium deeply, producing false negative results. 

Our results for endometrial thickness are also poor in terms 
of sensitivity. Mascilini et al. [18] reported a sensitivity of 75%. 
De Smet et al. [15], using a cut­off of endometrial thickness 
≥14 mm reported a sensitivity of 81%. Probably, this contro­
versial result might be explained by different selection criteria 
of patient.

Regarding 3D objective measurements, tumor/uterine 
3D volume ratio had a good sensitivity (91%) but very low 
specificity (28%) in our series. This is in agreement with data 
reported by Mascilini et al. [18], who reported sensitivity of 
75% and specificity of 49%. However, De Smet et al. [15] 
reported better specificity (80%) but poorer sensitivity (69%). 
On the other hand, TDS performed poorer than our previous 
report [17]. Again, in our opinion, these controversial results 
could be explained by different selection criteria. However, 
these parameters did not improve the diagnostic performance 
of subjective impression. Therefore, the role of 3D ultrasound 

seems to be limited in this setting.
We found that subjective impression performed similarly to 

subjective model developed by van Holsbeke et al. [16]. The 
similarity between the two approaches can be explained by 
the fact that the performance of this subjective model may 
be heavily affected by the variable subjective assessment. In 
fact, looking at the formula for this model, the odds ratio for 
subjective impression (2.3) is about double the odds ratio for 
preoperative grading (1.1) [16]. Therefore, adding preopera­
tive grade might not significantly increase the model’s ability 
for predicting deep myometrial infiltration as compared with 
subjective impression only.

In conclusion, the subjective impression of examiner seems 
to be the best approach for assessing myometrial infiltration in 
G1 or G2 endometrioid type endometrial cancer by transvagi­
nal or transrectal ultrasound. The use of mathematical models 
and other objective 2D and 3D measurement techniques do 
not improve diagnostic performance.
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