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SUMMARY – We aimed to evaluate the depth of myometrial invasion preoperatively with trans-
vaginal ultrasound, magnetic resonance imaging, and frozen section examination techniques in pa-
tients diagnosed with endometrial cancer. Our study included 65 patients. Transvaginal ultrasound 
and magnetic resonance imaging were performed in study patients in the preoperative period. Frozen 
section examination was performed in all hysterectomy samples obtained from all study patients. Data 
were analyzed with SPSS Statistics 22.0 program. The sensitivity of transvaginal ultrasound in deter-
mining the depth of myometrial invasion was 88.64%, specificity 90.48%, positive predictive value 
95.12%, and negative predictive value 79.17%. For magnetic resonance imaging, the sensitivity was 
63.64%, specificity 95.24%, positive predictive value 96.55%, and negative predictive value 55.56%. In 
addition to the frozen section examination, which is the gold standard in determining the myome-
trial invasion depth, transvaginal ultrasound and magnetic resonance imaging have become com-
monly used methods for this purpose in recent years. Ultrasound examination performed by an expe-
rienced specialist is superior to magnetic resonance imaging as it is fast, inexpensive, and associated 
with higher sensitivity.
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Introduction

Endometrial cancer is the most frequent malig-
nancy of all cancers of the female genital system, rank-
ing fourth among cancer types of all organ systems in 
females. Since the disease is symptomatic at the early 
stage, a significant proportion of patients are diag-
nosed relatively early1.

The main treatment approach is surgery and intra-
operative frozen section examination of hysterectomy 
material provides important information to decide on 

the mode of surgery. Frozen section examination offers 
information on the condition of the cervix, tumor size 
and diameter, and bilateral adnexa, as well as inform-
ing physicians on the depth of myometrial invasion2. 
Invasion of cancer cells into more than 1/2 of the myo-
metrial depth leads to the diagnosis of stage Ib endo-
metrial carcinoma according to the International Fed-
eration of Gynecology and Obstetrics (FIGO) 2018 
staging system, resulting in the inclusion of lymphad-
enectomy and omentectomy in addition to hysterec-
tomy in the surgical procedure3. Determining the 
depth of myometrial invasion in the preoperative pe-
riod allows for scheduling the precise mode of surgery 
for the treatment of these patients.

The method that evaluates myometrial invasion 
most precisely is intraoperative frozen section exami-
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nation; however, involving some of the current imag-
ing methods preoperatively also helps physicians in 
determining the depth of myometrial invasion. Trans-
vaginal ultrasound (TVUS) and magnetic resonance 
imaging (MRI) are the leading techniques preferred to 
be used in the preoperative period in order to deter-
mine the depth of invasion of cancer cells into the 
myometrium4.

In this study, we selected and scheduled the most 
appropriate surgical approach in the preoperative pe-
riod by evaluating the depth of myometrial invasion 
with TVUS and MRI in patients diagnosed with en-
dometrial cancer and we compared the efficacy of both 
of these imaging methods to the findings obtained by 
frozen section examination.

Patients and Methods

Patient selection

Our study included a total of 65 patients diagnosed 
with endometrial carcinoma. Patients with a family 
history of cancer, those diagnosed with any other type 
of tumor in body organs or systems, and patients with 
a history of chemotherapy or radiotherapy were ex-
cluded from the study. Based on the results of endo-
metrial biopsy examination, only patients with a diag-
nosis of endometrioid adenocarcinoma were included 
in the study, whereas patients with other histopatho-
logic diagnoses were excluded. TVUS, computed to-
mography (CT), and MRI were performed to deter-
mine invasion in the preoperative period. Intraopera-
tive and postoperative hysterectomy materials were 
examined to determine the depth of myometrial inva-
sion by an expert pathologist.

Frozen section and final pathological examination 
procedures

Total abdominal hysterectomy and bilateral salpin-
go-oophorectomy (TAH + BSO) materials were sub-
mitted to the pathology laboratory for intraoperative 
examination. The size of the uterus, uterine tubes, and 
ovaries were measured and the endometrial and myo-
metrial depth were determined intraoperatively. After 
evaluating tumor localization and its size, the depth of 
myometrial invasion and total thickness of the myo-
metrial wall were measured in the deepest area of inva-
sion in the myometrium by taking slices at 4-5 mm 

intervals from the anterior and posterior aspects of the 
uterus. The condition of the adnexa and the presence 
of an extension to the cervix were determined macro-
scopically. Depending on the macroscopic appearance 
and distribution of the tumor, 1 to 3 slices were taken 
from the deepest areas of myometrial invasion, extend-
ing from the endometrium to serosa, and these sam-
ples were examined intraoperatively. Samples were also 
taken from the respective areas and they were exam-
ined in patients with suspected ovarian and cervical 
involvement macroscopically. The findings of the in-
traoperative examination were reported to the clini-
cian, including the diameter, type, and grade of the 
tumor, the depth of myometrial invasion, and the pres-
ence of cervical and/or adnexal involvement. The ter-
minology to define surgical staging is based on the 
morphology criteria as grade 1-2 endometrioid tumor 
with the depth of invasion involving more than upper 
half of the myometrium, grade 3 endometrioid tumor, 
cervical extension of the tumor, and non-endometrioid 
tumor. The intraoperatively evaluated parameters in-
cluding histologic type, grade, and size of the tumor, 
any presence of lymphovascular invasion, and the 
depth of myometrial invasion were examined once 
more in the permanent paraffin sections taken from 
the macroscopically collected samples. The histopath-
ologic differences among the findings of intraoperative 
consultation, the findings of final pathologic examina-
tion, and the results of the US and MRI were exam-
ined in terms of their consistency.

Transvaginal ultrasound examination

After the bladder was emptied, the patient lay on 
the gynecologic examination table in the lithotomy 
position. The same clinician conducted the ultrasound 
examination for every study patient using the IC5-
9-D 7 MHz transducer of the Voluson E6 (GE 
Healthcare, Milwaukee, WI, USA) ultrasound device. 
Endometrial thickness was measured from the point 
where the thickness was maximum in the sagittal sec-
tions of the uterus, including both endometrial layers. 
Based on the examination findings, the patients were 
classified according to the degree of myometrial inva-
sion as follows: (a) in the presence of a continuous halo 
surrounding the endometrial echoes or in the absence 
of any endometrial echo extending to the myometri-
um, it was accepted that there was no invasion. When 
endometrial echoes extended only to the first half of 
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the myometrial depth, it was accepted that the inva-
sion was <50%; and (b) when endometrial echoes ex-
tended beyond the first half of the myometrium, it was 
accepted that the invasion was ≥50% (Fig. 1).

Magnetic resonance imaging protocol

Magnetic resonance imaging was performed using 
a 3 Tesla MR (Siemens, Erlangen, Germany) and 
32-channel body coil. The imaging was performed in 
the one-hour period before the examination when the 
rectum was empty and the bladder was moderately 
filled. Turbo spin echo (TSE) images were obtained in 

the axial, sagittal, and coronal planes. Myometrial in-
vasion depth of the tumor was measured in the axial 
plane in the contrast-enhanced T1-weighted series. 
The thickness of the whole myometrium was mea-
sured in the T2-weighted sagittal images. The diame-
ter of the tumor was measured three-dimensionally in 
the axial and sagittal T2-weighted series. Imaging pa-
rameters were obtained from the fast spin echo se-
quences and imaging in T2-weighted sequences (rep-
etition time [TR] ms/echo time [TE] ms, 1600/89; 
average, 3; matrix, 256×320; field of view (FOV), 20 
cm). DW MR imaging was performed using a single-
shot echo-planar technique (TR/TE, 5500/56; aver-
age, 1; section thickness, 3 mm; range, 1 mm; matrix, 
128×128; FOV, 20 cm). Apparent diffusion coefficient 
(ADC) maps were created using 0, 400, and 800 s/
mm2 b values and isotropic DW images (Syngo, Sie-
mens, Erlangen, Germany). Dynamic contrast-en-
hanced (DCE) MRI was performed on the axial plane 
at 0, 30, 60, 90, and 120 seconds (3.3/1.3; NEX 1; ma-
trix, 256×320; FOV, 20 cm) and on the sagittal plane 
in the 180th second after the intravenous bolus injec-
tion of the contrast medium (gadopentetate dimeglu-
mine, Magnevist, Schering, Berlin, Germany) at a dose 
of 0.1 mmol/kg (Fig. 2).

Total abdominal hysterectomy and bilateral  
salpingo-oophorectomy

The patient was prepared for the surgery under 
general anesthesia. The abdomen was entered through 

Fig. 2. Myometrial invasion extending to serosa in the T2-weighted and T1  
post-contrast sagittal sections of magnetic resonance image; red arrows indicate  
the depth of myometrial invasion.

Fig. 1. Evaluation of myometrial invasion by 
transvaginal ultrasound: (a) myometrial invasion <1/2; 
(b) myometrial invasion >1/2; (c) schematic presentation 
of the evaluation of myometrial invasion: (A) maximum 
distance of tumor depth; (B) total myometrial thickness; 
(A/B) invasion rate; *schematic figure is taken from 
reference number 15; red arrows indicate the depth of 
myometrial invasion.
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a median or Pfannenstiel incision below the umbilicus. 
Bilateral round ligaments, infundibulopelvic liga-
ments, and uterine arteries were clamped, cut, and li-
gated. The bladder and the rectum were released from 
the anterior and posterior aspects, respectively. The 
sacrouterine and cardinal ligaments were clamped, cut, 
and ligated. The vaginal cuff was sutured shut with in-
dividual stitches.

Pelvic and para-aortic lymph node dissection

Pelvic lymphatic tissue dissection started from the 
external iliac artery region. The dissections extended to 
the level of aortic bifurcation superiorly and to the 
level of the inguinal ligament and deep circumflex iliac 
vein inferiorly. Bilateral external iliac, internal iliac, 
and obturator lymph node dissections were performed. 
Para-aortic lymph node dissections were performed 
after incising the peritoneum on the lower aorta and 
right common iliac vessels. The surgical site was care-
fully examined by inspection and palpation. Para-aor-
tic lymph node dissection started immediately below 
the level of the bifurcation of the aorta and extended 
superiorly to the level of the renal vein. After the infe-
rior mesenteric artery, the anterior wall of the inferior 
vena cava, and the lymph nodes on the right side of the 
aorta were elevated and resected by sharp dissections. 
Lymph node dissection was performed using a 17-cm 
harmonic ligature at 55.5 kHz frequency (Harmonic 
Focus, New Jersey, USA).

Omentectomy

After the omentum was released and clamped su-
periorly, a dissection line was formed in the serosa of 
the transverse colon. Then, omentectomy was per-
formed starting from the right transverse colon at the 
infracolic region. Omentectomy was performed using 
an Ethicon Endo-Surgery Tissue Sealer G2 22 cm 
and a Super Jaw Enseal.

Statistical analysis

Data were expressed as mean (standard deviation) 
and numbers (percentage). Shapiro-Wilk test was used 
to determine data conformity to normal distribution. 
For statistical data analysis, Mann-Whitney U test, 
Yates’ correction for the χ2-test, Pearson correlation co-
efficient, and diagnostic tests (receiver operating char-
acteristic [ROC] curve analysis, sensitivity, specificity, 

etc.) were used where appropriate. The level of statisti-
cal significance was set at p<0.05 for all kinds of tests. 
IBM SPSS Statistics 22.0 program was used to per-
form statistical analyses.

Results

A total of 65 patients with endometrial cancer, 
mean age 60.75±12.28, were included in our study. 

Table 1. Demographic, surgical, and histopathologic 
features of study patients

Mean ± SD, n (%)
Age (yrs) 60.75±12.28
Complaint:

menometrorrhagia
PMH

14 (22%)
51 (77%)

Surgical procedure:
TAH + BSO
TAH + BSO + PLND
TAH + BSO + PPLND

34 (52%)
15 (23%)
16 (25%)

Number of lymph nodes:
pelvic
para-aortic

25.52±10.68
14.88±4.01

Stage:
Ia
Ib
II
IIIa
IIIb
IIIc1
IIIc2

42(64.6%)
8 (12.3%)
4 (6.2%)
7 (10.8%)
1 (1.5%)
1 (1.5%)
2 (3.1%)

Tumor size (mm) 43.2±21.5
Grade:

1
2
3

29 (44%)
18 (18%)
18 (18%)

LVI:
positive
negative

26 (40%)
39 (60%)

Radiotherapy:
brachytherapy
external

13 (20%)
17 (26%)

Chemotherapy:
yes
no

15 (23%)
50 (77%)

SD = standard deviation; n = number of patients; PMH = post-
menopausal hemorrhage; TAH + BSO = total abdominal hysterec-
tomy and bilateral salpingo-oophorectomy; PLND = pelvic lymph 
node dissection; PPLND = para-aortic lymph node dissection; LVI 
= lymphovascular area invasion
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When the presenting complaints of the patients were 
examined in general, it was found that 51 (78%) pa-
tients were admitted to the hospital with postmeno-
pausal vaginal bleeding and 14 (22%) patients with 
menometrorrhagia. TAH + BSO was performed in 34 
patients, TAH + BSO + pelvic lymph node dissection 
(PLND) in 15 patients, and TAH + BSO + omentec-
tomy and pelvic para-aortic lymph node dissection 
(PPLND) in 16 patients. The mean number of dis-
sected pelvic lymph nodes was 25.52±10.68 and the 
number of dissected para-aortic lymph nodes was 
14.88±4.01. Based on the FIGO staging system, 42 
patients were in stage Ia, 8 patients in stage Ib, 4 pa-
tients in stage II, 7 patients in stage IIIa, 1 patient was 
in stage IIIb, 1 patient was in stage IIIc1, and 2 pa-
tients were in stage IIIc2. The mean tumor size was 
43.2±21.5 mm. Histopathologic examination of the 
specimens revealed the diagnoses of grade 1 tumors in 
29 (44%), grade 2 tumors in 18 (18%), and grade 3 
(18%) tumors in the remaining 18 patients. The lym-
phovascular area invasion (LVI) was considered posi-
tive in a total of 26 patients, while it was reported to be 
negative in 39 patients. In the postoperative period, 30 
patients received adjuvant radiotherapy, of which 13 
(20%) received brachytherapy and 17 (26%) received 
external irradiation. A total of 15 (23%) patients re-
ceived adjuvant chemotherapy treatment (Table 1).

In all patients, TVUS and MRI were performed in 
order to determine the depth of myometrial invasion 
preoperatively. The hysterectomy materials of all study 
patients were submitted to a frozen section examina-
tion and the depth of myometrial invasion was deter-
mined clearly. The sensitivity of TVUS was 88.64%, its 
specificity was 90.48%, its positive predictive value 
(PPV) was 95.12%, and its negative predictive value 
(NPV) was 79.17% in determining the depth of myo-
metrial invasion. For MRI, the sensitivity was 63.64%, 

specificity was 95.24%, PPV was 96.55%, and NPV 
was 55.56% (Table 2, Fig. 3).

Discussion

The most common type of tumor of the female 
genital tract is endometrial cancer and the standard 
treatment is TAH + BSO. There is a strong correlation 
between the incidence of lymphatic metastasis and the 
depth of myometrial invasion in this type of tumors. 
As myometrial invasion extends deeper (especially if it 
extends beyond half of the myometrial thickness), the 
disease is considered stage Ib according to the FIGO 
staging system. At this stage of the disease, the likeli-
hood of pelvic and/or para-aortic lymph node metas-
tases increases, requiring lymphadenectomy to be per-

Fig. 3. Sensitivity and specificity of transvaginal 
ultrasound, MRI, and frozen section examination in 
determining the depth of myometrial invasion.
MRI = magnetic resonance imaging

Table 2. Sensitivity, specificity, PPV, and NPV (in percentages) of TVUS, MRI, and frozen section examination  
in determining myometrial invasion

TVUS (%) MRI (%) Frozen section examination (%)
Sensitivity 88.64 63.64 100
Specificity 90.48 95.24 85.71
PPV 95.12 96.55 93.62
NPV 79.17 55.56 100

TVUS = transvaginal ultrasound; MRI = magnetic resonance imaging; PPV = positive predictive value; NPV = negative predictive value
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formed along with the standard surgical procedures. 
Several publications have reported that the presence of 
deep myometrial invasion is associated with an in-
creased rate of lymph node metastases6,7.

The necessity of lymphadenectomy in the surgical 
treatment of endometrial cancer has been a matter of 
debate in recent years. The overall survival (OS) and 
disease-free survival (DFS) data after this mode of 
surgery are far from meeting the expectations. As it 
has been well established, systematic lymphadenecto-
my in FIGO stage Ib and beyond and in grade 3 tu-
mors affects the OS and DFS significantly while it is 
still a subject of debate to perform systematic lymph-
adenectomy in early stage endometrial cancers8. Mari-
ani et al. demonstrated that lymphadenectomy had no 
favorable effects on the early stage and grade 1-2 tu-
mors and in patients with a myometrial invasion depth 
<1/2. Another study by Panici et al. included patients 
with similar characteristics to that of Mariani et al. 
study and concluded that systemic lymphadenectomy 
did not significantly contribute to DFS and OS9,10. 
This has led physicians to perform some preoperative 
investigations to determine the need for lymphade-
nectomy in patients diagnosed with endometrial can-
cer and the most reasonable approach has been deter-
mination of the depth of myometrial invasion. Some 
techniques used for evaluating the depth of invasion 
provide physicians with the insight into which type of 
surgery should be scheduled.

The basic and most reliable technique for the eval-
uation of myometrial invasion is frozen section exami-
nation of the hysterectomy material intraoperatively. 
Studies have shown that the sensitivity of the frozen 
section examination varies from 80% to 96.5%11. Aidos 
et al. performed a study on 286 patients and demon-
strated that the sensitivity of the frozen section exami-
nation was 96.25% in diagnosing endometrial cancer 
and in determining the depth of myometrial inva-
sion12. A meta-analysis reports that the frozen section 
examination was the gold standard in endometrial 
cancer, especially in determining the depth of myome-
trial invasion13.

Preoperative imaging methods can also provide in-
formation on the depth of invasion. Within this scope, 
the easiest and cheapest technique is TVUS. In a study 
on cancer patients, the sensitivity and specificity of 
TVUS in determining the depth of myometrial inva-

sion have been reported to be 81.6% and 89.5%, re-
spectively. In the same study, the sensitivity of per-
forming only macroscopic examination was found to 
be 78.9% in determining the depth of invasion14. In a 
meta-analysis examining the findings of a total of 184 
publications, it is reported that the sensitivity of TVUS 
was 82% in determining the depth of myometrial in-
vasion, concluding that ultrasound imaging was found 
to be reliable for this purpose15.

Magnetic resonance imaging is another imaging 
modality used to determine the depth of invasion. 
Compared to ultrasound, it has a significant disadvan-
tage as it is a more expensive method, however, the 
sensitivity of MRI in determining the depth of myo-
metrial invasion was found to be 84.2% in 167 patients 
diagnosed with endometrial cancer16. In a meta-analy-
sis evaluating the results of 50 studies including a total 
of 3720 patients, the sensitivity of MRI in determin-
ing the depth of myometrial invasion is reported to be 
80.7%17.

A review of the studies examining the superiority 
of each of the three methods has revealed that TVUS 
is more advantageous compared to MRI, providing 
higher accuracy rates. In a study of 177 patients who 
were evaluated with TVUS and MRI preoperatively, 
the rate of detecting the depth of invasion was found 
to be 66.9% for TVUS and 64% for MRI18. In another 
study evaluating the efficacy of frozen section exami-
nation and TVUS on 77 patients diagnosed with en-
dometrial cancer, the sensitivity in detecting myome-
trial invasion depth was 87.8% for TVUS and 85.7% 
for frozen section examination. The authors report that 
ultrasound could be used reliably by experienced phy-
sicians in the preoperative period as its accuracy rate 
was as high as that of frozen section examination19. In 
another study of 51 patients diagnosed with endome-
trial cancer, the MRI findings were compared with the 
findings of the intraoperatively performed frozen sec-
tion examination in regards to determining the depth 
of myometrial invasion. It was found that both meth-
ods yielded similar results (the sensitivity of both MRI 
and frozen section examination was 90.2%)20. In our 
study, we obtained the highest accuracy rates with fro-
zen section examination, consistent with the literature. 
TVUS demonstrated a higher sensitivity compared to 
MRI (88.64% vs. 63.64%), although it did not reveal 
findings as accurate as frozen section examination.
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Conclusions

Lymphadenectomy does not contribute to OS and 
DFS in the surgical treatment of early-stage endome-
trial cancer (FIGO stage Ia, grade 1-2 tumors), as the 
current literature indicates. Systematic lymphadenec-
tomy is a recommended approach in FIGO stage Ib 
cases, which are characterized by invasion of >1/2 of 
the myometrial depth. Especially in cases where frozen 
section examinations are not possible, determining the 
depth of invasion in the preoperative period provides 
very useful information for the patients and physicians 
and enables the surgeon to schedule surgical approach 
before the operation in advance. TVUS and MRI are 
the leading imaging modalities commonly used for 
this purpose. Besides the frozen pathology examina-
tion, which is used as the gold standard for determin-
ing the depth of myometrial invasion, these imaging 
modalities have also become common. As MRI is an 
expensive and time-consuming method, it has been 
found that it is not more advantageous than TVUS 
based on the results of our study and the reports in the 
literature. Being inexpensive and easy to perform, 
TVUS has been found to be more advantageous in de-
termining the depth of myometrial invasion when it is 
performed by experienced specialists.
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Sažetak

USPOREDBA TRANSVAGINALNOG ULTRAZVUKA, MAGNETSKE REZONANCIJE  
I METODE SMRZNUTIH REZOVA U PRIJEOPERACIJSKOM OTKRIVANJU ZAHVAĆENOSTI  

MIOMETRIJA U BOLESNICA S KARCINOMOM ENDOMETRIJA

H. Kural, E. Yilmaz, R. Melekoglu, A. Akatli i L. Karaca

Cilje je bio prijeoperacijski procijeniti dubinu zahvaćenosti miometrija pomoću transvaginalnog ultrazvuka, magnetske 
rezonancije i metode smrznutih rezova u bolesnica s dijagnozom karcinoma endometrija. Istraživanje je obuhvatilo 65 bole-
snica. Transvaginalni ultrazvuk i magnetska rezonancija provedeni su kod ovih bolesnica u prijeoperacijskom razdoblju. Ispi-
tivanje smrznutih rezova provedeno je na uzorcima prikupljenim tijekom histerektomije kod svih bolesnica uključenih u 
istraživanje. Dobiveni podatci analizirani su programom SPSS Statistics 22.0. Osjetljivost transvaginalnog ultrazvuka u 
određivanju dubine zahvaćenosti miometrija bila je 88,64%, specifičnost 90,48%, pozitivna prediktivna vrijednost 95,12% i 
negativna prediktivna vrijednost 79,17%. Za magnetsku rezonanciju osjetljivost je bila 63,64%, specifičnost 95,24%, pozitiv-
na prediktivna vrijednost 96,55% i negativna prediktivna vrijednost 55,56%. Uz metodu smrznutih rezova, koja je zlatni 
standard u određivanju dubine invazije miometrija, posljednjih godina se transvaginalni ultrazvuk i magnetska rezonancija 
često primjenjuju za ovu namjenu. Ultrazvučna pretraga koju provodi iskusni specijalist bolja je od magnetske rezonancije, 
jer je brza, osjetljivija i nije skupa.

Ključne riječi: Karcinom endometrija; Invazija miometrija; Transvaginalni ultrazvuk; Magnetska rezonancija; Smrznuti 
rezovi
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