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study question: In the use of ‘tenderness-guided’ transvaginal ultrasound, is the diagnostic accuracy of three-dimensional (3D) ultrason-
ography better than two-dimensional (2D) ultrasonography in the identification of deep endometriosis?

summaryanswer: Three-dimensional ultrasonography has a significantly higher diagnostic accuracy in the diagnosis of posterior locations
of deep endometriosis without intestinal involvement, such as the uterosacral ligaments, vaginal and rectovaginal endometriosis.

what is known already: The only previous study of the diagnosis of posterior compartment endometriosis reported an poor sen-
sitivity of 3D ultrasonography for uterosacral and sigmoid colon involvement.

study design, size, duration: This diagnostic test study included 202 patients scheduled for surgery because of clinical suspicion of
deep pelvic endometriosis and was carried out between January 2009 and September 2012.

participants/materials, setting, methods: Modified transvaginal ultrasonography was performed on all of the women
by a single examiner. Two locations of deep endometriosis were considered: intestinal involvement and other posterior lesions (including
vaginal location, rectovaginal septum and uterosacral ligaments). Once the 2D ultrasonography had been performed, the 3D acquisition was
performed and the obtained volume was stored. To avoid the risk of recall bias, the same operator evaluated the 3D volumes 6 months after
the last examination using virtual navigation to provide a presumptive diagnosis of the presence and localization of deep endometriosis. In
addition, to evaluate the reproducibility of 3D, two operators with different levels of expertise performed a retrospective review of 3D
volumes from a random sample of 35 patients, twice, 1 week apart to also assess intraobserver agreement. The diagnostic performance
of both tests was expressed as area under the receiver-operating characteristics curve (AUC), sensitivity, specificity, positive and negative
predictive values, positive (LR+) and negative (LR2) likelihood ratios, with their respective 95% confidence interval (CI). Reproducibility was
evaluated using kappa statistics.

main results and the role of chance: Surgery revealed deep endometriosis in 129 patients. The AUCs for endometriosis
of intestinal location were similar for both ultrasound techniques. The AUCs for endometriosis of other posterior locations were significantly
different (0.891, 95% CI 0.839–0.943 for 3D versus 0.789, 95% CI 0.720–0.858 for 2D; P ¼ 0.0193). For the intestinal involvement, the
specificity, sensitivity, positive and negative predictive value, and LR+ and LR2 were 93% (89295%), 95% (88–98%), 89% (83–92%), 97%
(93–99%), 13, and 0.06, respectively, for 2D ultrasound and 97% (93–99%), 91% (84–94%), 95% (88–98%), 95% (91–96%), 25, and 0.09,
respectively, for 3D ultrasound. For other posterior locations, the specificity, sensitivity, positive and negative predictive value, and LR+
and LR2 were 88% (82–93%), 71% (64–77%), 83% (75–90%), 79% (74–83%), 6.10, 0.32, respectively, for 2D ultrasound and 94%
(89–97%), 87% (81–91%), 92% (86–96%), 90% (85–93%), 14.0, 0.14, respectively, for 3D ultrasound. Intraobserver agreement was
substantial for both examiners (kappa 0.8754, for operator A and 0.7087, for operator B, respectively). Interobserver agreement was
also substantial.

limitations, reasons for caution: The disadvantages of 3D ultrasound to be considered are the necessity of newer ultra-
sonographic equipment and that fewer sonographers completely know the 3D technique. There are also some limitations within this study.
First, an expert examiner performed the real-time ultrasound and 3D volume acquisitions. Second, the same operator also performed the
3D evaluations but at least 6 months after the last acquisition to avoid a possible recall bias.
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wider implications of the findings: The diagnostic performance obtained in the present study is superior to the accuracy
reported in other studies of 3D ultrasonography, but not superior to all other published articles of 2D ultrasonography. The reported high
diagnostic accuracy of 3D ultrasound could be widely generalizable because good reproducibility was demonstrated even with an operator
with less expertise.

study funding/competing interest(s): This study was supported in part by the Regione Autonoma della Sardegna
(project code CPR-24750).
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Introduction
Endometriosis is a pathology that usually affects women of childbearing
age and has an incidence rate estimated to be up to 10%. In particular,
deep infiltrating endometriosis (DIE) may represent a serious condition
because it can cause several symptoms such as dysmenorrhea, chronic
pelvic pain, dyspareunia and dysuria (de Ziegler et al., 2010), severely
reducing the quality of life of the affected women.

The identification of endometriosis is important in order to select the
correct therapeutic approach (Bulun, 2009; Giudice, 2010) and imaging
techniques may help in the correct diagnosis. Identification of the endo-
metriotic nodules and their correct localization may not only decrease
the waiting time for a laparoscopy, but also, in some cases, avoid lapar-
oscopy if it is too risky, as in the case of rectosigmoid involvement, and
hence permit effective medical therapy based on the administration of
low-cost drugs such as oral contraceptives (Bernardi and Pavone, 2013).

Currently, the two most frequently used techniques in the study of
endometriosis are ultrasonography (US) (Bazot et al., 2004a,b; Abrao
et al., 2007; Guerriero et al., 2007, 2008; Piketty et al., 2009; Hudelist
et al., 2011a,b) and magnetic resonance imaging (MRI) (Kinkel et al.,
1999; Bazot et al., 2004b; Kataoka et al., 2005; Saba et al., 2011,
2012). US is considered the ‘first-line’ approach (Piketty et al., 2009)
whereas MRI may have a complementary role in the identification of
recto-sigmoid endometriosis, depending on the site affected and
whether the lesions are in the proximal sigmoid location or whether
there are large pelvic masses (cysts or fibroids) (Saba et al., 2012).

In the last 10 years, the ultrasonographic technique (Guerriero et al.,
2013a) has been dramatically improved with the introduction of modified
approaches such as bowel preparation and/or rectal water contrast trans-
vaginal ultrasonography, vaginosonography, the ‘tenderness-guided’
approach and, recently, the introduction of the three-dimensional (3D)
probes that enable the acquisition of ultrasonographic volumetric data
that can be assessed off-line (Guerriero et al., 2009). Only a few recent
studies have evaluated the potential role of 3D ultrasonography in the
preoperative work-up of endometriosis (Guerriero et al., 2009; Grasso
et al., 2010; Pascual et al., 2010, 2013). The first was a study performed
in only 33 patients by Grasso et al. (2010). These authors found an inex-
plicably poor sensitivity for uterosacral involvement (50%) and sigmoid
colon endometriosis (33.3%). Otherauthors investigating the role of intro-
ital 3D ultrasonography only in the diagnosis of endometriosis of the rec-
tovaginal septum found that the specificity and sensitivity were 94.7 and
89.5%, respectively (Pascual et al., 2010, 2013).

To our knowledge, no previous study has compared two-dimensional
(2D) ultrasonography with 3D ultrasonography. The aims of this study
were to compare the diagnostic performance of 2D and 3D in detecting

DIE in women with aclinical suspicion, and to assess the reproducibility of
3D ultrasonography.

Materials and Methods

Study population
This study was performed according to the STARD initiative (Rennie, 2003).
The power of the study was calculated and to obtain an estimated
sensitivity and a specificity of 90%, we found that at least 80 patients
should be recruited, with a prevalence of endometriosis of�40%. All preme-
nopausal patients who were scheduled for surgery in our department (De-
partment of Gynecology, Ospedale San Giovanni di Dio, University of
Cagliari) from January 2009 to September 2012 and who had a clinical
suspicion of deep endometriosis were prospectively included. The principal
symptoms related by patients were dysmenorrhea, deep dyspareunia, acyclic
pelvic pain, infertility and cyclic bowel and/or urinary symptoms. The physical
examination was carried out by a different examiner (G.B.M.). The patients
were consecutive. Patients may have previously undergone surgery but the
operator did not know the results of the medical records.

Exclusion criteria were: (i) presence of an abdominal (uterine or ovarian)
mass larger than 10 cm with subsequent distortion of the pelvic organs; (ii)
emergency laparoscopy due to acute pain; (iii) either 2DUS or 3DUS not
having been performed; (iv) insufficient description at surgery (v) pregnancy
at the time of diagnosis; and (vi) surgery .30 days after the ultrasound
evaluation.

Two-dimensional ultrasound technique
All patients underwent detailed ultrasonographic assessment within 1 month
of surgery. Ultrasonography was performed by a single operator (with .20
years of experience in gynecological ultrasound) with the use of high-
performance ultrasound equipment (Voluson I, General Electric, Milwaukee,
WI, USA) with a 5–9 MHz frequency transvaginal probe.

The ultrasound techniques have been described in detail elsewhere
(Guerriero et al., 2007, 2008). Briefly, we performed transvaginal ultrasonog-
raphy using an acoustic window between the transvaginal probe and the sur-
rounding vaginal structures by increasing the amount of ultrasound gel inside
the probe cover, coupled with an ‘active’ role of the patient, who indicated
the site of any tenderness experienced during examination.

The diagnosis of deep pelvic endometriosis using 2DUS was based on
criteria which varied in relation to the anatomical locations; these included
abnormal thickening hypoechoic linear and nodules, with or without
regular contours (Guerriero et al., 2007, 2008; Bazot et al., 2004a,b;
Abrao et al., 2007; Hudelist et al., 2011a). The rectosigmoid colon was
involved when it revealed an irregular hypoechoic nodule with or without
hypo- or, rarely, hyperechoic foci (Fig. 1A). In this case, the normal
appearance of the muscularis propria of the rectum sigma was replaced by
a nodule of abnormal tissue with visible retraction and adhesions in some
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cases (Guerriero et al., 2008). The involvement of the vagina was suspected
when the posterior vaginal fornix was thickened, with or without cystic an-
echoic areas around it (Fig. 2A) (Guerriero et al., 1998, 2007, 2008; Bazot
et al., 2004a,b; Abrao et al., 2007; Hudelist et al., 2011b). The involvement
of the rectovaginal septum was suspected when the presence of a nodule
below a horizontal plane passing along the lower margin of the posterior
lip of the cervix under the peritoneum was observed (Bazot et al.,
2004a,b). The utero-sacral ligament was considered to be involved when a
nodule was visible, with regular or irregular margins, and often, hyperechoic
points in injury, or when a linear hypoechoic thickening with regular or irregu-
lar margins was detected (Fig. 3A). When the utero-sacral ligament was
visible and was clearly delineated from adjacent structures, its thickening
could be measured at the proximal insertion near the cervix. The typical
images involving the bladder were characterized by the presence, in the
context of its rear wall, and more frequently in the midline, of irregular,

solid or mixed elongated or spherical lesions at the level of the dome or
the base of bladder.

Three-dimensional ultrasound technique and
analysis
After the 2DUS, patients underwent 3DUS acquisition. All acquisitions of 3D
ultrasound images were performed in the sagittal plane using the same equip-
ment as the 2DUS (Voluson I, General Electric). The obtained volume was
stored on a hard disk and displayed later using dedicated software (4D
Vieww, GE Healthcare Austria GmbH & Co OG). In order to eliminate the
memory effect (recall bias), the volumes were analyzed off-line in a blinded
fashion by means of the software 4D View by the same experienced operator
6 months after the last acquisition. Using a previously standardized approach
to evaluate the presence of vaginal and rectovaginal endometriosis, we

Figure 2 Vaginal forniceal lesion as visualized using 2D (A) and 3D (B) ultrasound in the same patient with extension toward the anterior rectal
muscularis.

Figure 1 Rectosigmoid lesion as visualized using 2D (A) and 3D (B) ultrasound in the same patient. The 3D coronal rendering of rectosigmoid lesions
showed typically spiculated lesions with retracting lines all around the nodule.
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performed a virtual navigation and a 3D evaluation using the plane B with the
ROI line on the left side of the 3D box and the green line curved into the
center of lesion (using a sagittal plane). Typically these lesions appear as
small irregular nodules (Figs 2B and 4). On the contrary, to evaluate rectosig-
moid lesions and utero-sacral ligaments, we evaluated plane A with the ROI
line in the upper side of the 3D box and the green line curved into the lesion
(coronal plane) (Guerriero et al., 2010). On the 3D rendering, rectosigmoid
lesions typically appear as spiculated lesions (Fig. 1B) with retracting lines all
around the nodule, whereas the utero-sacral lesions showed a nodular or
plaque shape laterally to the uterine torus (Figs 3B and 5).

Ultrasound (2D and 3D) analysis
For the purpose of this study, the lesions were grouped into two distinct loca-
tions: (i) intestinal, including lesions of the rectosigmoid region; and (ii) other
posterior, including lesions at the level of the utero-sacral ligament, vaginal
forniceal location and recto-vaginal septum. The diagnostic confidence for
the presence or absence of endometriosis for each localization was graded
using a 5-level classification: (i) surely present; (ii) probably present; (iii)

uncertain; (iv) probably absent; and (v) definitely absent. Uncertainties in
the dichotomous classification used to perform diagnostic accuracy were
classified as absent disease.

To assess the reproducibility of 3DUS, the datasets of volumes from a
random sample of 35 patients submitted to surgery, were reviewed a
second time (2 weeks after the first evaluation) by the same operator who
performed the scans in 2D and 3D (the operator with experience of 20
years in 2D and 10 years in 3D ultrasound) and by a second less experienced
operator with a good knowledge of basic 2D and 3D imaging (with experi-
ence of 5 years in 2D and 2 years in 3D ultrasound). Both observers were
blinded to the clinical data and the previous results.

Surgical evaluation
Surgical analysis was performed by the same group of surgeons of the same
department, with at least 10 years of experience, and DIE was diagnosed
according to Bazot et al. (2004a,b), by the presence of the following
characteristics: (i) presence of endometrial tissue (stroma and endometrial
glandular tissue) histologically or resection of a sub-peritoneal lesion; (ii)

Figure 3 Utero-sacral lesions as visualized using 2D (A) and 3D (B) ultrasound in the same patient.

Figure 4 Vaginal forniceal lesion as visualized using 2D (A) and 3D (B) ultrasound in the same patient without involvement of recto-sigmoid tract.

1192 Guerriero et al.

 at U
niversidad de N

avarra. Servicio de B
ibliotecas on A

ugust 26, 2014
http://hum

rep.oxfordjournals.org/
D

ow
nloaded from

 

http://humrep.oxfordjournals.org/


direct visualization of the lesion attributable to deep endometriosis; or (iii)
complete pouch of Douglas obliteration secondary to endometriosis with
another localization of deep endometriosis (in this case, the tissue that
caused the obliteration was unresectable because the surgeons considered
it too risky or because the patient refused to undergo surgical removal of
deep endometriosis). In these cases the nodules were investigated by
rectal palpation during surgery.

Statistical analysis
Receiver-operating characteristics (ROC) curve analysis was performed and
the area under the ROC (AUC) curves with their corresponding 95% confi-
dence intervals (95% CI) was calculated. The sensitivity, specificity, positive
(PPV) and negative (NPV) predictive values, positive (LR+) and negative
(LR–) likelihood ratios with their corresponding 95% confidence intervals
were calculated. In addition, the McNemar Chi square test was used to
check equality of sensitivity and specificity of the two tests. The reproducibil-
ity of intra-operator and inter-operator was calculated using the weighted
kappa index (weighted kappa) and a value between 0 and 0.2 was considered
a poor agreement, 0.21 and 0.4 as fair agreement, 0.41 and 0.6 as moderate
agreement, 0.61 and 0.8 as substantial agreement and 0.81 and 1 as almost
perfect agreement (Brennan and Silman, 1992). A P-value of ,0.05 was
regarded to indicate statistical significance association and all values were cal-
culated using a two-tailed significance level. Statistical analysis was performed
with the SPSS 13.0 statistical package (SPSS, Inc., Chicago, IL, USA). Graphics
were plotted with the MedCalc 8.0 software (MedCalc, Mariakerke,
Belgium).

Results

Participants
The study included 202 patients (mean age+ SD: 34 years + 6; age
range 18–52 years) who showed the following symptoms: (i) chronic
pelvic pain, 101 patients (49%); (ii) dyspareunia, 51 patients (25%); and
(iii) dysmenorrhea, 132 patients (65%). There were 38 patients who
were not included in the study; 3 were excluded for the presence of an
ovarian mass ≥10 cm; 3 had undergone emergency laparoscopy; 24
patients underwent only 2D evaluation; in 7 patients, the description
of surgery was insufficient; and one patient was submitted to surgery
30 days after the ultrasound evaluation. Of the participants, 20 patients
had undergone surgery previously. At the time of ultrasound examin-
ation, 37 patients were being treated with estrogen-progestin, while
only 6 patients were using GnRH analogs. In 194 patients, a laparoscopic
approach was performed; in 7 patients the laparotomy was performed
and only one patient was submitted for mini-laparotomy. In 122 patients
(60% of total), surgery showed severe adhesions.

The presence of deep endometriosis in various locations was
reported by surgery in 129 patients (64% of the total). A single nodule
of endometriosis was found in 75 patients (37% of the total patients oper-
ated) while 54 patients had endometriosis in more than one location
(27% of the total of all patients operated). Only 17 women had a
nodule localized in the anterior compartment (a prevalence of 8%) but
in 10 of these women, there was an association with the presence of

Figure5 Coronal rendering of utero-sacral lesions by 3D ultrasound (missed using 2D ultrasound) showing a nodular shape laterally to the uterine torus.
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deep endometriosis elsewhere. Surgical analysis showed that in 122
women, endometriosis was present in at least one posterior location.
In 46 cases, there was an association between rectosigmoid endometri-
osis and another localization.

In 51 cases, surgery found pouch of Douglas obliteration. In 44 of
these 51 cases, a complete exploration of the pouch of Douglas was
still performed. In the other 7 patients, the presence of nodules was con-
firmed by palpation of the nodule in the rectal wall during surgery.

Test results
The presence of deep endometriosis in the recto-sigmoid colon was cor-
rectly suspected in 73 out of 77 patients by 2DUS, and in 70 out of 77
patients by 3DUS. On the contrary, the presence of deep endometriosis
in other posterior locations was detected in 65 out of 91 patients with
2DUS and in 79 out of 91 patients with 3DUS. The ultrasonographic
average diameters of the nodules in the different locations are summar-
ized in Table I.

The diagnostic accuracy of the 2D and 3D ultrasound for the recto-
sigmoid location is reported in Table II. There were no statistical
differences in terms of sensitivity and specificity between the two

approaches with overlap of 95% CI (P ¼ 0.375 and 0.180, respectively).
The diagnostic accuracy of 2D and 3D ultrasound for other posterior
locations is reported in Table III. For these, there were statistical
differences in terms of sensitivity, with absence of overlap of 95% CI
(P ¼ 0.001), but not in terms of specificity (P ¼ 0.146). A detailed de-
scription of the false-positive and false-negative cases are reported in
Table IV. For non-intestinal locations, the use of 3DUS reduced false
negatives by 53% allowing the correct identification of 14 of the 26 false-
negative lesions from 2DUS: at the level of the utero-sacral ligaments,
false-negative cases decreased from 19 cases with 2DUS to 10 cases
with 3DUS (47% reduction of false negatives with the use of 3D), at
the level of the recto-vaginal septum, false negatives decreased from 4
cases with 2DUS to 1 case with 3DUS (75% reduction of false negatives
using of 3D); at the level of the vaginal fornix, false negatives were

........................................................................................

Table II Comparison of diagnostic performance of 2D
and 3D ultrasound for endometriosis in the
recto-sigmoid location.

2D 3D

Specificity, % (n), 95% CI, % 93%
(116/125)
(89–95%)

97%
(121/125)
(93–99%)

Sensitivity, % (n), 95% CI, % 95%
(73/77)
(88–98%)

91%
(70/77)
(84–94%)

Positive predictive value % (n), 95% CI, % 89%
(73/82)
(83–92%)

95%
(70/74)
(88–98%)

Negative predictive value % (n), 95% CI, % 97%
(116/120)
(93–99%)

95%
(121/128)
(91–96%)

LR+ 95% CI 13
(7; 25)

25
(11; 75)

LR2 95% CI 0.06
(0.02, 0.15)

0.09
(0.05, 0.19)

........................................................................................

Table I The ultrasonographic average diameter of the
nodules in the different locations.

Localization Mean diameter+++++
standard deviation (mm)

Range
(mm)

Rectum-sigmoid 17+9 4–51

Vaginal 15+7 3–37

Utero-sacral ligament 12+5 5–23

Recto-vaginal Septum 13+6 7–25

........................................................................................

Table III Comparison of diagnostic performance of 2D
and 3D ultrasound for endometriosis in other posterior
locations.

2D 3D

Specificity, % (n), 95% CI, % 88%
(98/111)
(82–93%)

94%
(104/111)
(89–97%)

Sensitivity, % (n), 95% CI, % 71%
(65/91)
(64–77%)

87%
(79/91)
(81–91%)

Positive predictive value % (n), 95% CI, % 83%
(65/78)
(75–90%)

92%
(79/86)
(86–96%)

Negative predictive value % (n), 95% CI, % 79%
(98/124)
(74–83%)

90%
(104/116)
(85–93%)

LR+ 95% CI 6.10
(3.60, 10)

14
(6.69, 28)

LR2 95% CI 0.32
(0.23, 0.45)

0.14
(0.08, 0.24)

............................. ...............................

........................................................................................

Table IV The false-positive and false-negative cases of
both techniques in relationship with the presence of
associated pelvic adhesions and other sites of
endometriotic nodules as possible cause of misdiagnosis.

Recto-sigmoid Other posterior
locations

2D-US 3D-US 2D-US 3D-US

False positive 9 (4, 44%)
[9, 100%]

4 (0, 0%)
[4, 100%]

13 (5, 38%)
[7, 54%]

7 (4, 57%)
[6, 85%]

False negative 4 (3, 75%)
[3, 75%]

7 (5, 71%)
[6, 86%]

26 (6, 23%)
[10, 38%]

12 (1, 8%)
[3, 25%]

Between round parentheses () are indicated the cases and the percentage where
endometriosis was found in other locations.
Between brackets [] are indicated the cases and the percentage where severe
adhesions were present.
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reduced from 2 cases with 2DUS to 1 case with 3DUS (50% reduction of
false negatives with the use of 3D).

The pre-test probability of rectosigmoid involvement was 38%, and
this probability was increased up to 95% using 3D ultrasound when the
test was positive and reduced to 5% when the test was negative (see
Table II).

The pre-test probability of the involvement of other posterior loca-
tions was 45%, and this probability was increased up to 92% using 3D
ultrasound when the test was positive and decreased to 10% when the
test was negative (see Table III).

For the intestinal location, ROC curve analysis (Fig. 6) showed optimal
results for both methods (2D and 3D ultrasound) (AUC ¼ 0. 943, 95%
CI 0.907–0.979 and AUC ¼ 0.942, 95% CI 0.902–0.981, respectively;
P value ¼ 0.9704) and no statistically significant difference was found
between the two methods. For the other posterior locations, the
ROC curve analysis (Fig. 7) showed that the 3DUS had better perform-
ance compared with the 2DUS (AUC ¼ 0.891, 95% CI 0.839–0.943
and 0.789, 95% CI 0.720–0.858; P-value ¼ 0.0193).

The intra-observer agreement for the expert reader was 0.8754 (95%
CI 0.7013–1), whereas for the less experienced reader it was 0.7087
(95% CI 0.5002–0.9172). Kappa analysis showed that the inter-observer
agreement was substantial with a value of 0.7094 (95% CI 0.5007–
0.9181).

Discussion
Although some studies on the role of 3D ultrasound have been published
in recent years (Guerriero et al., 2009; Grasso et al., 2010; Pascual et al.,

2010, 2013), to the best of our knowledge we are presenting the first
prospective data on the comparison between 2D and 3D ultrasonog-
raphy in all of the locations of the posterior compartment. Our study
demonstrates that the 3D technique has a significantly higher diagnostic
accuracy in the diagnosis of deep endometriosis in posterior locations
other than the rectosigmoid colon, such as the uterosacral ligaments
and vaginal endometriosis. The best AUC was obtained using the
3DUS with a value of 0.891, whereas using the 2DUS the AUC was
0.789, with a P-value ¼ 0.0193 (Fig. 7).

Our data show better results in comparison with the study by Grasso
et al. (2010) that reports poor accuracy of ultrasound for several loca-
tions such as utero-sacral ligament and recto-vaginal endometriosis.
The reason for these differences is difficult to understand but in our
study the imaging methodology is described in detail and the 2D and
3D ultrasounds are considered separately and not in conjunction as
reported by Grasso et al. (2010). In comparison with the study of
Abrao et al. (2007), performed using bowel preparations, our 3D ultra-
sound results showed a lower specificity and sensitivity for both loca-
tions. Otherwise several authors have failed to demonstrate a high
sensitivity and specificity in other posterior locations such as the utero-
sacral ligament vaginal location and rectovaginal septum (Hudelist
et al., 2011a; Saccardi et al., 2012; Fratelli et al., 2013; León et al.,
2014). Because the results are dependent on the examiner, it is difficult
to make comparisons.

In clinical practice, the use of 3D ultrasound determines at least three
possible advantages in comparison of 2D ultrasound (Downey et al.,
2000; Guerriero et al., 2009). First, due to the good reproducibility
demonstrated in the present study, with high values of kappa (ranging
from 0.875 to 0.709), and the related reconstruction after a single

Figure 6 ROC curve analysis for endometriosis in the intestinal
location.

Figure 7 ROC curve analysis for endometriosis in other posterior
locations.
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sweep of the ultrasound beam across the target, we can correctly locate
lesions in the pelvis evaluating the spatial relationship with other organs.
Second, due to unrestricted access to an infinite number of viewing
planes, we can evaluate the images even after the first acquisition to
further study involvement of the ureter or bowel. In the case of rectosig-
moid involvement (Fig. 8), we can also further study the relationship with
the intestinal mucosa obtaining sharper contrast between different
layers, as suggested by Egekvist et al. (2011). Third, because stored 3D
volumes can be reassessed and compared by the same or different exam-
iners over time, the effect of medical therapies can be evaluated more
easily by looking at the same location.

Along with the demonstrated high diagnostic accuracy, it should be
useful to store 3D datasets for a further evaluation of the same scan
with slide byslide assessment of images, similar to the other imaging tech-
niques such as the MR and CT. Also, the use of the coronal plane, which
can be performed only using 3D, is a useful tool particularly for rectosig-
moid and utero-sacral lesions.

An additional advantage is the possibilityof introducing 3D off-line eva-
luations in teaching and training programs and in the learning curve of less
expert operators in this field. In fact, some studies have demonstrated
that this approach, in the differential diagnosis of adnexal lesions, is
useful and would reduce the learning time by two-thirds (Alcázar et al.,
2012; Guerriero et al., 2013b). Unfortunately, no studies about the
use of stored 3D volumes for teaching purposes in the diagnosis of endo-
metriosis are present in the literature and further studies should be

performed in the future. A further advantage, recently published by
our group, is the tissue characterization using mean gray value analysis
(MGV) (Guerriero et al., 2013c). The MGV was significantly higher in rec-
tosigmoid nodules than in nodules with a rectovaginal location (23.863
versus 17.705; P , 0.001). Its clinical value in the diagnosis and assess-
ment of distribution of deep endometriosis should be assessed in
future studies.

Regarding other published studies of 2D ultrasound, we obtained
comparable results in the detection of rectosigmoid endometriosis, for
example, the meta-analysis recently published by Hudelist et al.
(2011b). Apart from the work of Abrao et al. (2007), other published
studies of 2D ultrasound in non-intestinal locations have reported
similar results to ours in terms of sensitivity (Bazot et al., 2004a,b; Guer-
riero et al., 2008), although the specificity reported in the present study is
lower.

To better explain the improvement of diagnostic accuracy reported by
the use of 3D ultrasound, the false-positive and false-negative cases were
analyzed in detail. In fact, this new tool showed a 50% reduction in false
negatives (see Table IV), mostly due to a better diagnosis in USL lesions
using the coronal plane. This is important because false negatives are fre-
quently associated with severe adhesions.

Despite the advantages, there are a couple current disadvantages of
3D ultrasound to be considered. First, there is the necessity of newer
ultrasonographic equipment and secondly, few sonographers so far are
completely familiar with the 3D technique.

Figure 8 Lateral rendering of a rectosigmoid nodule by 3D ultrasound, where the image gives the impression of depth because more slides are repre-
sented than in 2D ultrasound.
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In our study there were also some weaknesses. First, an expert exam-
iner performed real-time 2D ultrasound and then 3D volume acquisi-
tions. This could affect the quality of the 3D volumes as the off-line
assessment may have been easier. However several published studies
have been performed using a similar protocol (Alcázar et al., 2012; Guer-
riero et al., 2013b). Second, the same operator also performed the 3D
evaluations. To avoid a possible recall bias, the operator performed
the evaluation at least 6 months after the last acquisition. In our
opinion, this methodology further reduces the risk of bias. Third, this
study illustrated the diagnostic accuracy of only one operator. The pos-
sible lack of generalization of data from a single individual could be a limi-
tation of this study. However, we believe that this diagnostic accuracy
could be widely generalizable because it showed good reproducibility
with a less expert operator. Otherwise, in a multidisciplinary team
involved in the management of deep endometriosis, the presence of
an expert in ultrasonographic imaging is mandatory, as previously
reported for MRI. It was demonstrated that a radiologist who is an
expert in endometriosis improves the diagnostic accuracy in the pre-
operative assessment in comparison with a general radiologist (Saba
et al., 2011). Another bias in this study may have been the inability to
perform a complete surgical exploration in case of some pouch of
Douglas occlusions. In the present study, the number of women who
did not undergo a complete exploration was very low and in all cases,
we confirmed the presence of rectal nodules using rectal palpation
during general anesthesia. The present study wasperformed in a high-risk
population due to the presence of typical symptoms, and the prevalence
of deep endometriosis was 64% (129 of 202), with 37% of the patients
having only one localization involved, whereas 27% had two or more
localizations involved. This prevalence was lower compared with that
of Bazot et al. (2004a,b), but similar to that of Hudelist et al. (2011b)
who demonstrated a prevalence of 63%.

In conclusion, although other studies are necessary to validate the
advantages of 3D ultrasound, this study shows that 3D ultrasound is a
useful new technique not only for the preoperative evaluation of deep in-
filtrating endometriosis, but also for the follow-up of expectant manage-
ment or medical treatment.
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