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ificity, PPV, NPV, accuracy of 2D sonohysterography and 3D sonohysterography were calculated
and compared to the gold standard of hysteroscopy laparoscopy.

Results: All 77 patients were studied using all four techniques. Both techniques of 2D and 3D sono-
hysterography were effective in reaching correct diagnosis. The overall sensitivity, specificity, PPV,
NPV and accuracy of 2D sonohysterography was; 87.2, 100, 100, 84.2, 92.4, and 89.3 and that of
3D sonohysterography was; 100, 100, 86.4, and 93.6. The highest accuracy was obtained in diagno-
sis of endometrial polyps (98.7 and 100) and Mullerian anomalies (98.7 and 100) and the least with
intrauterine synechiae (93.4 and 94.7).
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Conclusion: 2D and 3D sonohysterography perform similarly in the diagnosis of uterine abnormal-
ities as compared to hysteroscopy laparoscopy. If 3D technology is not available, 2D sonohysterog-

raphy performs just as well.

© 2011 Middle East Fertility Society. Production and hosting by Elsevier B.V. All rights reserved.

1. Introduction

Abnormalities of the uterine cavity do affect fertility and preg-
nancy outcome. It is known that the incidence of abnormalities
including myomas, polyps, Mullerian anomalies and intrauter-
ine synechiae are more frequent in infertile patients and those
with reproductive failure (1). Transvaginal ultrasound (TV) is
the standard diagnostic technique used for detection of uterine
abnormalities in infertile patients (2). Three dimensional ultra-
sound techniques need availability of the technology and expe-
rience in handling of the 3D volumes obtained. In addition it is
more expensive.

The technique of sonohysterography is easy, simple and
cheap. It has improved sensitivity, specificity, PPV, and NPV
in diagnosing uterine abnormalities (3,4). An added advantage
of 3D ultrasound is the ability to examine the coronal plane of
the uterus (5), and this is improved and becomes clearer with
injection of saline. In addition, an examination takes a shorter
duration of time as the 3D volumes can be stored for later
study and this leads to less discomfort of the patient (6). Sim-
ilar results of sonohysterography and hysteroscopy have been
documented in diagnosis of fibroids and polyps and Mullerian
anomalies (7,8). However, few studies have compared 2D
sonohysterography with 3D sonohysterography (3).

The easiest diagnostic technique with the highest sensitivity
and specificity should be used to diagnose uterine cavity
abnormalities before embarking on fertility treatment.

The aim of our study was to compare the accuracy of 2D
sonohysterography to 3D sonohysterography in the diagnosis
of uterine cavity abnormalities in infertile females, in compar-
ison to the gold standard of hysteroscopy/laparoscopy.

2. Methods

Infertile patients with the assumption of harboring a uterine
abnormality were included in this prospective comparative
study. In the period from January 2009 to August 2009. This
was suspected after completing investigations that included;
hysterosalpingography HSG and 2D ultrasound. Failure to
visualize a uniform endometrial lining in sagittal and trans-
verse planes was the reason for this assumption. Patients were
recruited from the Gynecology outpatient clinic at Cairo Uni-
versity Hospital. Ethics committee approval was obtained as
well as informed consent from each patient after explaining
the investigative procedures that were part of her infertility
work up.

A full history, general and pelvic examination were per-
formed for all patients. All cases were subjected to the follow-
ing investigations; 2D Transvaginal ultrasound (TV US), 3D
TV US, 2D Sonohysterography, 3D sonohysterography and
hysteroscopy. Patients with Mullerian anomalies had a lapa-
roscopy as well. All procedures were performed in the early
follicular phase. Hysteroscopy was considered the gold stan-
dard for diagnosis of intracavitary lesions.

Trans-vaginal ultrasound examination was done using one
of two ultrasound machines available; Accuvix, Sonoace 9900,
(Medisson Korea) using an endovaginal probe 5/8 MH Z or
Voluson 730 (GE USA) machine with a vaginal probe using
5.5 MHz transducer.

The uterus was examined first by 2D ultrasound document-
ing any suspected lesion, such as myomas, polyps, adenomyo-
sis, site and size of each lesion and relation to the endometrium
was recorded.

Three dimensional U/S examinations were then performed
by applying the 3D volume acquisition box to the region of
interest to include the whole endometrium. Acquisition of
the 3D volume was done and the three sectional planes
of the multiplaner view were displayed on the same screen.
The volume obtained was stored for later analysis. Analysis
and examinations were performed by one examiner, the first
author (MMA).

This was followed by the procedure of sonohysterography.
A speculum was placed to view the cervix, it was painted with
an antiseptic solution (Povidone iodine), then a non-balloon
embryo transfer catheter (Labotect Cook) was introduced
through the external os into uterine cavity just passing the
internal os. The speculum was then carefully removed so as
not to dislodge catheter and the TV probe was reinserted into
vagina. A 10 cc syringe with Saline was attached to the cathe-
ter. Saline was injected into the uterine cavity under ultrasound
vision. Usually no more than 10 cc were needed to adequately
distend the cavity and antibiotic administration was not re-
quired. This was followed by acquisition of a 3D volume as
previously described. The study was considered normal when
serial views of the distending media failed to reveal any endo-
metrial distortion, cavity defects or undistended regions. Fail-
ure of distension of the cavity during saline instillation or
echogenic bridging bands of tissues distorting the uterine
cavity suggested intrauterine adhesions. Spherical lesions with

Figure 1

Endometrial polyp by 2D sonohysterography.
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Figure 2

Endometrial polyp 3D sonohysterography.

heterogeneous echogenic appearance either distorting or dis-
rupting the myometrial-endometrial interphase were consid-
ered submucous myomas. Hyperechoic intraluminal lesions
not distorting endometrial myometrial interphase were consid-
ered polyps. On coronal view of fundus, a V shaped echogenic
midline extension into the endometrial cavity dividing it into
two cavities and smooth fundal uterine contour suggested a
septum, whereas evidence of two endometrial cavities sepa-
rated by a fundal defect of myometrium suggested a bicornu-
ate uterus. No sedation or analgesia was required during the
procedure.

All patients underwent hysteroscopy in the operating the-
ater of Obstetrics and Gynecology department at Cairo Uni-
versity hospital under general anesthesia. The hysteroscopy
used was a rigid continuous flow diagnostic hysteroscopy
(Tuttligen, Karl Storz, and Germany). It has a 30° panoramic
optic which is 4 mm in diameter and the diagnostic continuous
flow outer sheath is 6.5 mm in diameter. Examination was con-
sidered normal if the endometrial cavity was easily distended
by the medium with complete separation of its walls and vision
of both tubal ostia. Agglutination of the uterine walls or the
presence of thick bands extending across the cavity or occlu-
sion of ostial area or upper cavity indicated intrauterine adhe-
sions (IUAs). A longitudinal filling defect extending from the
fundus downwards to a variable level indicated a uterine sep-
tum. Any other pathological lesions such as polyps, submu-
cous myomas were described according to their site, size and
vascularity. Any abnormality was dealt with during the same
setting. Patients with diagnosed Mullerian anomalies had lap-
aroscopy performed at the same setting.

3. Statistical analysis

Data were statistically described in terms of frequencies (num-
ber of cases) and percentages. Accuracy was represented using
the terms Sensitivity, Specificity, Positive predictive value,
Negative predictive value, and overall Accuracy. All statistical
calculations were done using computer programs Microsoft
Excel 2003 (Microsoft Corporation, NY, USA) and SPSS (Sta-
tistical Package for the Social Science; SPSS Inc., Chicago, IL,
USA) version 15 for Microsoft Windows.

4. Results

Seventy seven infertile patients were recruited for the study on
the assumption of harboring a uterine abnormality. This was
based on HSG and 2D ultrasound examination. The mean
age of the Patients was 30.8 + 6 and mean duration of infertil-
ity was 6.1 £ 3.9, 58.4% (45) had primary infertility and
41.5% (32) had secondary infertility.

Only four of the secondary infertility cases had recurrent
pregnancy losses.

Sonohysterography was successful in all patients, except for
four patients, in whom the cavity failed to distend, due to se-
vere retroversion of uterus and intrauterine synechiae. None
of the patients found the examination intolerable and none
needed tenaculum manipulation of the cervix.

As for the hysteroscopy procedure 17 cases needed cervical
dilatation prior to undergoing operative procedures such as
polypectomy or myomectomy. Hysteroscopy was reliable in
the diagnosis of all cases except in the cases with intramural
fibroids that were confirmed by ultrasound as the fibroids were
not distorting the cavity.

Fifty abnormalities were confirmed by hysteroscopy. Four-
teen cases had fibroids (18.1%), only three were diagnosed by
hysteroscopy as they were submucous projecting into the uter-
ine cavity, the rest were confirmed intramural and subserous
by ultrasound. Fifteen cases had endometrial polyps (19.4%)
(Figs. 1 and 2), 14 had intrauterine synechiae (18.1%) (Figs. 3
and 4) and 18 had Mullerian anomalies (23.3%); 2 arcuate
uteri, one unicornuate, one bicornuate and 14 subseptate uteri;
these were confirmed by performing laparoscopy as well in
addition to hysteroscopy.

Twenty seven patients (35%) had a completely normal
cavity by hysteroscopy however 11 of them had intramural
fibroids not diagnosed by hysteroscopy but by the 2D ultra-
sound (Table 1).

The overall sensitivity, specificity, PPV, NPV and Accuracy
of all diagnostic techniques in the detection of all abnormali-
ties are shown in Table 2. The sensitivity, specificity, PPV,
NPV, and accuracy of the diagnostic techniques in diagnosing
the individual abnormality are shown in Tables 3-5.

The accuracy was not calculated for fibroids as hysteros-
copy is not considered the gold standard for diagnosis of

Figure 3

Intrauterine synechiae 2D sonohysterography.
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Figure 4 Intrauterine synechiae 3D sonohysterography.

intramural fibroids. The accuracy was similar in both 2D sono-
hysterography and 3D sonohysterography and was very high
with 3D sonohysterography in the diagnosis of polyps (98.7
versus 100) and Mullerian anomalies (98.7 versus 100) and
least for both techniques in diagnosing of intrauterine synech-
iae (93.4 and 94.7).

5. Discussion

The purpose of our study was to compare 2D and 3D sonohys-
terography in the diagnosis of uterine abnormalities in infertile
patients. Both techniques gave similar accuracy (92.4% and
93.6%) and therefore showed no added advantage of 3D sono-
hysterography. The highest sensitivity and specificity of these
two techniques were in the diagnosis of Mullerian anomalies
and least with intrauterine synechiae.

Our results were compared to the gold standard hysteros-
copy and laparoscopy and this explains why intramural fib-
roids were not included in the overall accuracy of our
diagnostic techniques. This elicits the importance of TV ultra-

Table 2 Sensitivity, specificity, PPV, NPV, and accuracy of all
four techniques.

Sensitivity ~ Specificity PPV~ NPV  Accuracy
2D 61.7 100 100 64 71.2
3D 74.4 100 100 72.7 84.8
2D SHG 872 100 100 84.2 92.4
3D SHG 893 100 100 86.4 93.6

Table 3 Sensitivity, specificity, PPV, NPV, and accuracy of all
four techniques in diagnosis of endometrial polyps.

Sensitivity ~ Specificity PPV NPV Accuracy
2D 46.67 100.00 100.00  88.57  89.61
2DSHG  93.33 100.00 100.00  98.41 98.70
3D 60.00 100.00 100.00  91.18 92.21
3DSHG 100.00 100.00 100.00  100.00  100.00

Table 4 Sensitivity, specificity, PPV, NPV, and accuracy of all
four techniques in diagnosis of intrauterine synechiae.

Sensitivity  Specificity PPV NPV  Accuracy
2D 50.00 100.00 100.00  89.86  90.79
2DSHG 7143 100.00 100.00 93.94 94.74
3D 57.14 100.00 100.00 91.18 92.11
3DSHG 64.29 100.00 100.00 92.54 93.42

Table 5 Sensitivity, specificity, PPV, NPV, and accuracy of all
four techniques in diagnosis of Mullerian anomalies.

Sensitivity ~ Specificity PPV NPV Accuracy
2D 83.33 100.00 100.00  95.16  96.10
2DSHG  94.44 100.00 100.00  98.33 98.70
3D 100.00 100.00 100.00  100.00  100.00
3DSHG 100.00 100.00 100.00  100.00  100.00

sound as the primary diagnostic technique for uterine abnor-
malities such as myomas and adenomyosis.

The added benefit of saline injection sonohysterography in
the diagnosis of uterine abnormalities has been well docu-
mented in our results showing a much higher accuracy of 2D
sonohysterography as compared to 2D; 92.4 versus 77.2 and
similarly 3D sonohysterography compared to 3D; 93.6 versus
84.8. Sonohysterography has been previously reported to have
high sensitivity, specificity, NPV, and PPV of 91.4%, 92.6%,
89.3% and 94.1% (9). Better agreement has been documented

Table 1 Abnormalities detected by all diagnostic techniques.

Variable 2D 2D sonohysterography 3D 3D sonohysterography Hysteroscopy/laparoscopy
SM fibroids 2/3 2/3 2/3 2/3 3/3

Polyps 7 14/15 9 15/15 15/15

Synechiea 7 10/14 8 9/14 14/14

Mullerian anomalies 15 17/18 18 18/18 18/18

Total abnormalities 31 43 37 44 50
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between 2D sonohysterography and hysteroscopy than with
2D alone in the diagnosis of fibroids and polyps (7). Similar
sensitivity was reported for both techniques of 2D sonohyste-
rography and hysteroscopy in the diagnosis of uterine abnor-
malities (10,11). In a systematic review, sonohysterography
and hysteroscopy performed better than transvaginal ultra-
sound in detecting submucous fibroids (12). In addition sono-
hysterography allows for better estimation of degree of
projection of a submucous fibroid into the cavity (13).

The number of studies comparing 2D sonohysterography
and 3D sonohysterography are few. Sylvestre (3) compared
2D sonohysterography and 3D sonohysterography in infertile
women with uterine abnormalities, and both techniques had
high sensitivity of 98% and 100%, respectively, which is higher
than our study. The specificity of 2D sonohysterography and
3D sonohysterography in our study was 100%, denoting no
false positive results and the overall NPV was; 84.2% and
86.4% for 2D and 3D sonohysterography. This was not calcu-
lated in the Sylvsetre study as hysteroscopy was not performed
for the normal cases in contrast to our study, in which all pa-
tients underwent hysteroscopy.

The introduction of the 3D ultrasound has added advanta-
ges to ultrasound examination of the uterus, the most impor-
tant of which is the ability to obtain the three orthogonal
planes of the uterine volume. High sensitivity, specificity,
NPV, PPV have been reported with 3D sonohysterography
in the detection of uterine abnormalities causing bleeding
(14). The only added advantage of 3D is the examination of
the coronal view of the uterus that allows confirming the uni-
formity of the fundal contour and accurate diagnosis of Mul-
lerian uterine anomalies (15). A recent study showed no added
advantage of 3D sonohysterography over 2D sonohysterogra-
phy in the diagnosis of endometrial abnormalities, the main
value was in evaluation of the fundal contour (16).

Two-dimensional sonohysterography is an easy cheap and
simple technique (17). From our study results, 3D sonohyste-
rography has no added advantage over 2D sonohysterogra-
phy. Since 3D ultrasound involves an expensive machine and
expertise in acquiring and analyzing obtained volumes, 2D
sonohysterography could do just as well. It uses available
ultrasound machines without the need for the expensive 3D
technology.

In conclusion 3D sonohysterography has no added advan-
tage over 2D Sonohysterography in the detection of uterine
abnormalities and therefore if the technology is not available
and intra-cavitary abnormality is suspected 2D sonohysterog-
raphy should be the first line of investigation.
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