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Objective: To assess the diagnostic accuracy of diffusion weighted imaging (DWI-MRI) being a non-
contrast based MR sequence versus dynamic contrast enhanced MRI (DCE-MRI) in the preoperative
loco-regional staging of the cervical carcinoma.
Methodology: Fifty cases of proved cancer cervix prior staging subjected to dynamic post contrast tech-
nique: one pre-and six post contrast phases (40 s each). DWI was scanned using different b values and
ADC values were measured.
Results: DWI was the most accurate in staging operable cases (93.3%).Parametrial infiltration was over-
estimated in 3 cases versus 4 cases in DCE-MR. DWI showed 100% sensitivity, positive predictive value
and accuracy in the assessment of locally advanced carcinomas. In metastatic lymph nodes, DCE-MR
showed the least accuracy of 86%.
Conclusion: DWI is helpful in discriminating local from locally advanced cervical carcinomas. DCE-MR
can delineate cervical carcinomas confined to the uterus and exclude bladder/rectal invasion.
� 2017 The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
1. Introduction

Cancer cervix is prevalent in the developing countries this may
be attributed to the lack of screening measures e.g. Papanicolaou
smear [1].

MRI has a valuable role in the staging of cervical carcinoma,
planning of the radiotherapy protocols and following up the
response to therapy. Also, MRI can help in selecting cases candi-
date for fertility-sparing surgery in young women with cervical
cancer [2]. MR imaging can provide specific findings of advanced
disease that can alter the management planning from potentially
curative to palliative treatment [3].

Dynamic post contrast MR imaging (DCE-MRI) is needed in
staging of cancer cervix as upon contrast administration it is acces-
sible to distinguish the zonal anatomy of the cervix: strong
enhancement is elicited by the mucosa in the endocervical canal
and thus it is clearly distinct from the fibrous cervical stroma
which is a less enhancing layer [4].
Diffusion weighted MR imaging (DW-MRI) is a non-invasive
technique that provides important information with no need of a
contrast medium injection. This MR sequence is helpful in differen-
tiating benign frommalignant lesions and could be used as an indi-
cator of therapy response [5].

The purpose of this work was to assess the diagnostic accuracy
of diffusion weighted imaging (DWI-MRI) being a non-contrast
based MR sequence versus dynamic contrast enhanced MRI
(DCE-MRI) in the loco-regional staging of cervical carcinoma and
accordingly stratification of the best treatment options.
2. Patients and methods

2.1. Patients

The current work is a prospective analysis approved by the
Ethics Committee of the Faculty of Medicine-Cairo University and
cases had been supplied by Kasr Al Ainy Hospital. Included patients
gave informed consent. The patients were referred from the gyne-
cology department with the diagnosis of cervical carcinoma after
initial biopsy confirmation for pre-management staging to the
radiology department in the period fromMarch 2015 to September
2016.
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DWI in addition to the routine pelvic MRI protocol was done in
50 female patients with pathologically proved cervical carcinoma.
They presented with pre-menopausal abnormal vaginal bleeding,
postmenopausal bleeding and/or vaginal discharge.

Metastatic work up (Bone scan, CT brain, chest X-ray and
abdominal ultrasound) of the included cases showed negative
results for extra-pelvic metastases.

Operable cases (n = 30) performed transabdominal panhys-
terectomy and bilateral salphingoophrectomy.

2.2. Methods

All cases had undergone MR imaging on a 1.5-Tesla MR scanner
(Gyroscan Entra, and Achieva) Philips medical systems.

All the patients were imaged in the supine position using pelvic
phased-array coil. Scanning was done from the level of the kidneys
till the level of the vulva.

2.2.1. Protocol of MR imaging
The used protocol for optimum evaluation of cervical cancer

included:

(a) Pre-contrast imaging
d Sagittal, coronal and axial oblique (with respect to the uterine

axis) T2 weighted sequences fast spin echo (SE) [repetition time
(TR)/echo time (TE) 55,000/100 ms],

d Axial T1 weighted SE (TR/TE5460/10 ms) and axial T1 weighted
inversion recovery (TR/TE5532/8ms).

Slice thickness was 4–5 mm with 0.5- to 1.0-mm gap, matrix
525 � 192 pixels, flip angle 590� and field of view (FOV) 340–
370 mm for all these sequences.

(b) Diffusion study
d Axial oblique (with respect to the uterine axis) DWI was per-

formed: TR; 5000 ms., TE; 77 ms., FOV; 240 � 240, matrix; 12
4 � 100 and slice thickness/gap; 5/1mm.
Fig. 1. Axial fusion image obtained by merging axial oblique T2WIs with axial oblique D
information combined with anatomic details.
d Data acquisition was obtained by applying three different b fac-
tors of 0, 500, 1000 and 1500 s/mm2.

d DW images with a b-value of 0 and 500 s/mm2 were utilized only
for calculation of the ADC values, but not evaluated because of
less diffusion effect and larger T2 shine-through effect.

d ADC measurements were automatically calculated by drawing
the largest possible region of interest (ROI) with a focus on
the solid component of the uterine carcinomas. ADC value
was expressed in (�10�3) square millimeters per second.

d Fusion images were generated by merging axial oblique T2WIs
with axial oblique DWIs using a commercially windows work-
station (PHILIPS). Accordingly unique functional information
of DW-MRI could be combined with the anatomical details pro-
vided by the morphologic T2-weighted sequences (Fig. 1).
(a) Dynamic study

d Dynamic study was performed after bolus injection of 0.1
mmol/kg body weight of Gd-DTPA, flushed with 20 ml of sterile
saline solution from the antecubital vein. The injection of con-
trast media and saline solution was performed manually.

d Dynamic imaging using T1 THRIVE (High Resolution Isotropic
Volume Examination) technique (Fig. 2) pentaphasic technique,
which enables the acquisition of images at five phases (precon-
trast, and four sequential post contrast phases at 40 s, 80 s, 120
s and 240 s.
2.3. Image analysis

MR image interpretation was performed by two consultants of
radiology (M.S. 20 years experience and F.S. of 15 years experience
in pelvic MR imaging), and quantitative analysis was done by M.S.
Authors were blinded about each other imaging findings and they
were not aware about the tumor staging on pelvic US data at the
time of initial evaluation. They were also blinded to the surgical stag-
ing in operable cases or the initial pre-therapy staging by examina-
tion under anesthesia (EUA) in case of locally advanced carcinomas.
WIs using a commercially windows workstation (PHILIPS). This provides functional
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Each reader evaluated the standard anatomic sequences (T1-
and T2-weighted imaging), DW MR Images and DCE-MR images
for the following findings:

(a) Tumor signal intensity on T1-, T2-weighted images and DW
MR Images (whether restricted or not on b-value of 1000 s/
mm2) compared with that of adjacent myometrium.

(b) Tumor size on T2-weighted images in correlation with DCE-
MR and DW MR images. . .

(c) ADC measurement of the tumor and the suspected enlarged
lymph nodes on ADC map.

(d) Presence of cervical stromal invasion (detected by disrup-
tion of the hyointense cervical stroma): assessed on T2-
weigthed, sagittal plane for tumor extension to the lower
uterine segment, vagina, bladder, and rectum and the axial
oblique plane (perpendicular to the cervical canal) to assess
parametrial and adnexal invasion. The extension was also
correlated with the DCE-MR and DW MR images.

(e) Presence of enlarged pelvic and/or lumboaortic lymph
nodes: (1) cut off max. transverse length of�10 mm, (2) per-
sistent bright signal of restricted diffusion and low ADC
equal or less than the primary tumor in DW MR images.

(f) Metastatic disease: detect any abnormal area of restricted
diffusion in the vulva, pelvic bones and peritoneal reflections
of the lower abdomen and pelvis that showed intermediate
to low signal on T2 and T2 STIR WI.
Fig. 2. Dynamic contrast enhanced MR imaging of the pelvis. (A, B) Sagittal T2WIs showin
the mass is seen distending the upper vagina as well yet with no MR sign of mural infiltrat
early heterogenous enhancement of the cervical mass compared to the less enhancing c
2.4. Statistical analysis

� Computer software package SPSS (version 12 windows) was
used in the analysis.

� Results are expressed as mean (as a measure of central ten
dency) ± standard deviation (as measures of variability) or
number (%).

� Comparison between categorical data was performed using Chi
square test.

� Standard diagnostic indices including sensitivity, specificity,
positive predictive value (PPV), negative predictive value
(NPV) and diagnostic efficacy were calculated.

� Comparison between mean values of ADC in the studied groups
was performed using unpaired t test.

� P value � .05 was considered significant and <.01 was consid-
ered highly significant.

3. Results

Fifty patients with pathologically proven cervical carcinoma
with their age ranged between 30 and 80 years (mean 49 years)
were included in our study. The variable pathology of the included
cases was squamous cell carcinoma in 72%, adenocarcinoma in
12%, sarcomatoid cervical carcinoma in 4%, spindle cell tumor in
4%, basaloid carcinoma in 4% and undifferentiated carcinoma in 4%.
g a large cervical mass obstructing the uterine cavity with retained blood products;
ion. (C, D and E): Sagittal DCE-MRI study at 40 s, 1 and 4 min. respectively shows the
ervical stroma.



Table 1
Staging accuracy in 30 operable cases of cervical carcinoma.

Sequence Underestimation Overestimation Correct
staging

Accuracy
(%)

T2WIs 3 6 21 70
DW-MRI 0 2 28 93.3
DCE-MRI 3 2 25 83.3
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The stages of the included cases were: stage IB (n = 22, 44%),
stage IIA (n = 8, 16%), stage IIB (n = 8, 16%), stage IIIB (n = 10,
20%), stage IVA (n = 1, 2%) and stage IVB (n = 1, 2%)

The staging accuracy in 30 operable cases (stages IB-IIA) of cer-
vical carcinoma is shown in Table 1. DWI showed the most accu-
rate assessment with an estimated value of 93.3%.
Table 2
Diagnostic indices (sensitivity, specificity, PPV, NPV and efficacy) of the ability to assess p
group.

MR sequence Sensitivity Specificity PPV

Parametrial infiltration
T2WIs 11/12 (91.7%) 37/38 (97.3%) 11/12
DWI 12/12 (100%) 38/38 (100%) 12/12
DCE-MRI 9/12 (75%) 38/38 (100%) 9/9 (1

Locally advanced and advanced carcinomas
T2WIs 11/12 (91.7%) 37/38 (97.3%) 11/12
DWI 12/12 (100%) 38/38 (100%) 12/12
DCE-MRI 9/12 (75%) 38/38 (100%) 9/9 (1

Fig. 3. Assessment of parametrial invasion by T2WI, DWI and DCE-MRI. (A&B) Axial obl
cervical stroma with suspected parametrial invasion on the right side (Stage IIB). (C&D): D
with intact enhancing surrounding cervical stroma (Stage IB2). (E&F): Axial oblique DWI a
restricted diffusion. The fused images confirmed the absence of parametrial invasion (S
Parametrial infiltrationwas noted in 13 cases (26%); extension of
the tumor tissue beyond the cervical serosa was suggested by
T2WIs in 18 cases (36%) with overestimation of 5 cases, in 17 cases
(35.4%) by DCE-MR and finally in 16 cases (32%) by DWI with over-
estimation of only 3 cases.

Upon correlating the detection of parametrial invasion by
T2WIs, DW-MRI and DCE-MRI with the final surgical pathology if
available or examination under anesthesia, DWI was the most
specific (n = 34/37, 92%) and accurate sequence (n = 47/50, 94%)
as shown in Table 2 and Fig. 3.

Proper detection of locally advanced and advanced stage is crucial
for optimum adjuvant treatment planning in cervical carcinoma.

Diagnostic capability of T2WIs, DWI as well as DCE-MR images
in the detection of locally advanced and advanced malignancy
were studied and positive features were detected in 12 cases
(Figs. 4 and 5).
arametrial infiltration and locally advanced and advanced carcinomas in the studied

NPV Accuracy P value

(91.7%) 37/38 (97.3%) 48/50 (96%) .001
(100%) 38/38 (100%) 50/50 (100%) .001
00%) 38/41 (92.7%) 47/50 (94%) .001

(91.7%) 37/38 (97.3%) 48/50 (96%) .001
(100%) 38/38 (100%) 50/50 (100%) .001
00%) 38/41 (92.7%) 47/50 (94%) .001

ique T2WIs show a sizable cervical mass distending the cervical canal, invading the
CE-MRI in axial oblique planes at 4 min showing the poorly enhancing cervical mass
t b value 1000 and T2/DW fused images respectively showed the cervical mass with
tage IB2).
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Upon correlating the detection of locally advanced and advanced
stages by T2WIs, DW-MRI and DCE-MRI with examination under
anesthesia, resultant statistical indices were as shown in Table 2.

Detection of metastatic lymph nodes is an important prognostic
factor, though not included in the FIGO clinical staging. The lymph
node status was studied in the fifty patients to emphasize the role
of T2WIs, DWIs and DCE-MR images in their characterization (Fig. 6).

MR findings of likely metastatic nodes were detected in 22
cases by T2WI, in 15 cases by DWI and 10 cases by DCE-MR and
these suggestions were compared with the final surgical patholog-
ical results that revealed positive findings in 17 cases.

We measured ADC values for enlarged nodes. Values ranged
between 0.85 � 10�3 mm2/s and 0.65 � 10�3 mm2/s for reac-
tionary nodes and 0.74 � 10�3 mm2/s and 0.5 � 10�3 mm2/s for
malignant nodes.

Correlating T2WIs, DW-MRI and DCE-MRI findings of metastatic
lymph nodes revealed statistical analysis shown in Table 3. DCE-
MR showed the least accuracy with shown value of 86%.

The overall accuracy of T2WIs, DW-MRI and DCE-MRI in staging
the50 studied cases regarding the surgical staging/examination
under anesthesia is stated in Table 4.

4. Discussion

The role of MR imaging in cervical cancer is to distinguish early
stage disease, which is treated surgically, from late stage bulky dis-
ease and locally advanced disease, which require chemoradiother-
Fig. 4. Locally advanced and advanced carcinoma. (A &B): Sagittal and axial oblique T2W
(pink arrow). The mass is seen encroaching upon the cul de sac and closely adherent to
planes at 2, 3 and 4 min respectively. The enhancing posterior wall cervical mass is seen i
and T2/DW fused images (G) show restricted diffusion of the cervical mass and its inva
apy and also to assess the important prognostic factors such as
tumor size, parametrial and pelvic side wall invasion, adjacent
organ invasion and the evaluation of lymph node metastases [6–8].

Functional MR Imaging (fMRI) is becoming an important part of
the standard imaging protocols for staging of uterine malignancies.
This includes DCE-MRI and DW-MRI which are becoming part of
the standard imaging protocols for staging [9].

The aim of our study is to depict the role of DW-MRI in preop-
erative staging of cervical carcinoma in comparison with DCE-MRI
as a preoperative tool for staging of cervical carcinoma especially if
contrast injection is contraindicated or not affordable.

The gold standard were the surgical staging in the operable
cases (stage I-IIa) and EUA in inoperable cases (stage IIb-IVa) of
cervical carcinomas

In our study, we had performed an individual assessment for
T2WI sequence (a pre-contrast sequence), the DW-MRI (fused with
T2WIs) and DCE-MRI and we had evaluated the diagnostic perfor-
mance of each of them with an achieved accuracy of 74% for con-
ventional imaging, 88% for DW-MRI and 84% for DCE-MRI.

No papers in the literature had discussed the usefulness of DWI
compared with DCE-MRI in the overall staging and detection of
parametrial infiltration in cervical cancer. We tried in this study
to emphasize the role of conventional T2WIs, DW-MRI and DCE-
MRI in early detection of early cervical cancer and proper pre-
treatment evaluation.

In a study performed by Li et al. in 2007; 72 patients with cer-
vical carcinoma were retrospectively analyzed. They reported that
Is show a posterior cervical wall ill-defined mass of intermediate signal intensity
the anterior rectal wall (suggesting Stage IVA). DCE-MRI (C, D & E): in axial oblique
nfiltrating the anterior rectal wall (Stage IVA). Axial oblique DWI at b value 1000 (F)
ding rectal component with more confirmation of the suggested stage (Stage IVA).



Fig. 5. Locally advanced and advanced carcinoma. (A&B): Sagittal and axial oblique T2WIs show an infiltrative cervical mass of intermediate signal intensity (asterisk).
Suspected right parametrial invasion is noted on the axial images (Stage IIB). Axial oblique DWI at b value 1000 (C&D) and T2/DW fused images (E&F) show the cervical mass
of restricted diffusion with no evidence of parametrial infiltration as detected by the fused images yet there was a pathologically enlarged left iliac node (D&F) this made the
radiologic stage to be upgraded to likely stage IIIb. Then, a bright focus of restricted diffusion was noted at the left iliac bone (yellow arrow) suggesting bone deposit.
Accordingly that case was staged IVB. By retrograde evaluation of the sagittal T1WIs (G) and sagittal DCE-MRI (H), we could detect the left iliac bone deposit (red arrow).
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conventional MRI had an accuracy of 86% in localization of the
tumor, but its accuracy in clinical staging was only 64% [10].

In our study, 30 cases were operable with the tumor confined to
the cervix and/or upper 2/3 of the vagina, DW-MRI performed bet-
ter than T2WIs and DCE-MRI. DWI was the most accurate (93.3%)
followed by DCE-MRI (83.3%)

Our results differ from what was reported by Sala et al. who
mentioned that contrast enhanced MR sequence is not needed
for the staging of cervical cancer. Although they stated that the
use of contrast medium may improve the confidence of the radiol-
ogist in the detection of tumor, and parametrial invasion yet it
didn’t improve the overall staging accuracy compared toT2WI
alone [11].
In our study, DCE-MRI helped much in achieving the proper stag-
ing: it excluded bowel infiltration, parametrial invasion and lower
third vaginal infiltration when the reverse was suggested by T2WIs.

For early tumor detection; once abnormal increase in the signal
intensity is observed on T2WI, then the tumor is at least a stage Ib.
Stromal invasion of more than 5 mm is almost always detected on
T2WI, and even more T1-dynamic imaging can detect stromal
invasion of 3 mm or more with a 93% sensitivity [12].

Charles-Edwards et al. reported that DWI with an endovaginal
interventional technique had potential value for improving tumor
detection in stage Ia and Ib1 disease, particularly in patients with
cone biopsy, where granulation tissue makes interpretation of
the T2-weighted images difficult [13].



Fig. 6. Lymph node detection (A) Axial oblique T2 weighted image shows a large cervical mass with no evidence of parametrial infiltration. A large rounded pelvic lymph
node is seen measuring about 3 cm along its transverse diameter. (B, C and D): Axial oblique DWI at b value 0 and 1000 and T2/DW fused images respectively showing
restricted diffusion of the large cervical mass and the enlarged pelvic lymph node.

Table 3
Diagnostic indices (sensitivity, specificity, PPV, NPV and efficacy) of the ability to assess metastatic lymph nodes in the studied group.

Sensitivity Specificity PPV NPV Accuracy

T2WIs 17/17 (100%) 28/33 (84.8%) 17/22 (77.2%) 28/28 (100%) 45/50 (90%)
DWI 15/17 (88.2%) 33/33 (100%) 15/15 (100%) 33/35 (94.2%) 48/50 (96%)
DCE-MRI 10/17 (58.8%) 33/33 (100%) 10/10 (100%) 33/40 (82.5%) 43/50 (86%)
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In our study, one case had undergone colposcopic biopsy from a
small cervical ulcer which was proved to be squamous cell carci-
noma. Further evaluation by MRI was requested to assess exten-
sion of the disease. The cervical tumor was properly localized
and detected on DW-MRI appearing as a small focus of restricted
diffusion with the estimated corresponding ADC measurement of
0.7 � 10�3 mm/s (Fig. 7). In T2WI, here was abnormal bright signal
intensity in the posterior wall though the actual tumor presence
was on the anterior wall (suggested to be post-biopsy changes).
Early tumor detection wasn’t possible by DCE-MRI.

Accurate assessment of parametrial infiltration is essential for
the decision making in management of cervical cancer. Clinical
assessment of parametrial and pelvic side wall invasion has a
reported accuracy of only 29–53%. While an experienced clinician
can usually detect gross parametrial invasion, early invasion usu-
ally goes undetected [6].

In our study, there was an overestimation in the assessment of
the parametrial invasion by the used MR sequences: on T2WIs in
Table 4
Overall accuracy of T2WIs, DW-MRI and DCE-MRI in staging cervical carcinomas
regarding FIGO surgical/clinical staging.

Correct diagnosis

T2WIs DW-MRI DCE-MRI

Total 37/50 44/50 42/50
Accuracy 74% 88% 84%
10 cases, DCE-MRI in 8 cases and DWI-MRI in 6 cases. Parametrial
invasion could be definitely excluded on DW-MRI in 4 cases and on
DCE-MRI in 2 cases.

The accuracy of T2WIs, DW-MRI and DCE-MRI in the assess-
ment of parametrial infiltration was 90%, 94% and 92% respectively.
DW-MRI was more specific than T2WIs and DCE-MRI reaching up
to 92% with a PPV of 81.3%. The three sequences are highly sensi-
tive with a high negative predictive value reaching up to 100%.

To our knowledge; no pervious scientific work had discussed
the usefulness of DWI compared to DCE-MRI in the assessment
of locally advanced and advanced stages of cervical carcinoma.

In our study; 12 cases were truly locally advanced and
advanced stages (Figs. 4 and 5). We had spotted variant signs of
advanced malignancy which were: (1) pelvic side wall invasion,
(2) peritoneal thickening and deposits, (3) peritoneal deposits with
omental cake and enlarged paraaortic lymph nodes, (4) bowel infil-
tration, (5) bone deposits and (6) paraurethral metastatic deposits.
Each variant compromised two cases each.

The overall accuracy of locally advanced and advanced stage
assessment was 100% on DW-MRI versus 96% and 94% on T2WIs
and DCE-MRI respectively. Though DCE-MRI was the least sensitive
(75%) with the least negative predictive value (92.7%), yet it was
very valuable in exclusion of suspected bowel infiltration noted
on T2WIs in one case and in raising our confidence to exclude blad-
der infiltration in another case.

In our experience; DCE-MR-being a fast technique that includes
a lot of details in the scanned field of view-presented low capabil-
ity in the detection of peritoneal and bone deposits. We used to do



Fig. 7. Early detection of small sized tumors, A-32-year old female patient with an anterior wall small cervical ulcer as reported by colposcopy from which biopsy was taken
that revealed moderately differentiated squamous cell carcinoma. (A&B) Sagittal and axial oblique T2WIs showing posterior wall semilunar area of abnormal slightly bright
signal intensity of the cervical stroma, there was no actual tumor mass bulk and the overlying cervical serosa was intact. Because the actual tumor was at the anterior wall,
these changes were suggested to be due to post biopsy changes rather than malignancy. (C&D): Axial oblique DWI at b value 1000 and T2/DW fused images respectively show
an anterior wall focal area of restricted diffusion (pink arrow) with estimated ADC measurement of 0.7 � 10�3 mm2/s (not shown) suggesting malignant nature.
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a DWI-guided second look in the DCE-MR images to confirm/
exclude metastatic deposits. Regarding previous data, DWI may
alter the planning of management.

Fuji et al. performed a study in 2008 on 26 patients trying to
evaluate the utility of DW-MRI for the detection of peritoneal dis-
semination in gynecological malignancies, they showed that DWI
was highly sensitive (90%) and specific (95.5%) for the evaluation
of peritoneal dissemination [14].

A potential pitfall in interpretation of DW-MRI is water restric-
tion in non-malignant tissues and benign pathologies. That was
noted in two of our cases with ovarian hemorrhagic cysts that dis-
played restricted diffusion and the option of ovarian metastasis
was raised. Exclusion of adnexal metastatic deposits was stated
as regards: one of these cystic masses showed bright signal decay
on high b-value and the other one showed high ADC value (1.3 �
10�3 mm2/s: above the cut off value for malignancy). For this; DW
images should always be evaluated together with the parametric
ADC maps and other conventional non-contrast sequences (e.g.
T1W and T2W images) in order to overcome such potential pitfalls
in the interpretation of the MR images.

In case of cervical carcinoma, lymph node involvement is not
included in the FIGO clinical staging of cervical cancer, yet it is con-
sidered the most important prognostic factor. Identification of
nodal metastasis is crucial in proper selection of patients for pri-
mary radiation therapy [15]. Risk of nodal metastasis increases
with tumor size, depth of stromal invasion, lymphovascular inva-
sion and parametrial disease [16].

Kim et al. [17] found that malignant nodes showed significantly
less ADC values than those elicited by non-malignant nodes (0.76
51 � 10�3 mm2/s ± 0.1137 versus 1.0021 � 10�3 mm2/s ± 0.1859;
P < .001) in patients undergoing lymph node dissection for cervical
cancer. They used b = 0 and b = 1000 s/mm2. The sensitivity and
specificity of ADC for differentiating metastatic from non-
metastatic lymph nodes were 87% and 80%, respectively.

Nakai et al. evaluated nodal status at 1.5 T. In this study, the
number of detected nodes improved, but they were not able to dis-
tinguish benign from malignant nodes using ADC values [18].

In our study, positive lymph node for metastasis was suggested
by MR imaging in 22 cases by T2WI, in 15 cases by DWI and in 10
cases by DCE-MR. Following dissection metastatic nodes were
proved in 17 cases with an overestimation analysis elicited by
the pre-contrast images (T2WI) and underestimation by the func-
tional MR images as DWI-MR and DCE-MR more noted at the latter
sequence.

We measured ADC values for pathologically enlarged nodes.
Values ranged between 0.85 � 10�3 mm2/s and 0.65 � 10�3 mm2/
s for reactionary nodes and 0.74 � 10�3 mm2/s and 0.5 � 10�3

mm2/s for malignant nodes.
Our results were similar to Nakai et al. [18] concerning the

superior ability of DW-MRI in detection of lymph nodes but they
couldn’t distinguish reactive from malignant lymph nodes. The
ADC value of the false positive lymph nodes was ranging from
0.65 to 0.9 � 10�3 mm2/s while that of the true positive was
around 0.8–0.9 � 10�3 mm2/s.

By measuring primary tumor ADC, lymph node ADC and lymph
node long and short axis diameter, Lin et al. were able to increase
their sensitivity in the detection of metastatic lymph nodes from
25% to 83% [19].

In our study DCE-MR and DWI were more specific than the pre-
contrast T2WI in the assessment of lymph node metastasis (100%)
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with the best PVP and NPVs provided by DWI (88.2% and 94.2%,
respectively).

We observed that the background suppression on the DWI
enhanced the visualization of the diseased nodes. Also adding the
measured ADC values to the final radiologic diagnosis helped the
specification of lymph nodes into benign or malignant. In one of
our cases there was a large pelvic lymph node (1.8 cm in max.
length) and ADC value was able to exclude metastasis by the mea-
sured high value (1.2 � 10�3 mm2/s).

5. Conclusion

DWI is helpful in discriminating cervical carcinomas confined to
the uterus from inoperable cases with paramterial invasion and
locally advanced carcinomas. DCE-MRI is beneficial in operable
cases through exact delineation of tumors confined to the cervix
and exclusion of bladder/rectal invasion.
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