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images to multiparametric MRI in the early
diagnosis of uterine cervix cancers and
nodal assessment
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Abstract

Background: Cervical cancer still one of the most common causes of tumor-related death in developing countries
presented in younger women. In this study, we aimed to evaluate the value of diffusion-weighted MRI in early
diagnosis of malignant cervical lesions, to assess metastatic adenopathy, peritoneal dissemination, and possible
tumor recurrence, and determine treatment response. This study included 60 patients with abnormal vaginal
bleeding and suspected cervical lesion by US. A histopathological biopsy was done. Pelvic MR with DWI and
dynamic contrast-enhanced MRI were done for all patients.

Results: According to the histopathological findings, we divided our studied 60 patents into two groups: group I,
malignant lesions (46 lesions; 76.7%), and group II, benign lesions (14 lesions; 23.3%). Multiparametric MRI could
detect all cervical lesions but with poor pathologic characterization, achieving 72.37% sensitivity, 37.50% specificity,
63.33% accuracy, 76.19% PPV, and 33.33% NPV. When compared with DWI with ADC value measurements at high b
value (b = 800) to MRI exam, it showed a higher diagnostic accuracy with good lesion pathological characterization
that achieved 95.65% sensitivity, 71.43% specificity, 90% accuracy, 91.67 PPV, and 83.33% NPV. The mean ADC value
for malignant lesions was 0.86–1.1, mean = 0.92 ± 0.71 × 10−3 mm2/s, while the mean ADC value in the benign
lesion group was 1.18 ± 0.1 × 10–3 mm2/s.

Conclusion: Comparing DWI with ADC values measurements at high b value to the multiparametric MRI
examination of the female pelvis increases the sensitivity, specificity, and diagnostic accuracy of characterization
and early diagnosis of cervical malignant focal lesions and reduces the need for intravenous contrast administration.
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Background
Cervical carcinoma is a common gynecological tumor
still representing important cause of tumor-related death
in younger females in developing countries [1]. The inci-
dence rate of cervical cancer in Egypt is 6.6 cases/100,
000 populations, while prevalence of pre-invasive high-
grade lesions represents 0.3%among the Egyptian

females [2]. MRI could identify the anatomic origin,
shape, and composition of uterine cervical masses, so a
definitive diagnosis can be reached [3–5]. DW-MR im-
aging is a functional imaging technique whose contrast
derives from the random motion of water molecules
within tissues that allow its use in abdominal and pelvic
applications [6]. DWI when combined with multipara-
metric MRI becomes a complementary diagnostic tool
for the diagnosis of uterine lesions giving more informa-
tion for the differentiation and extension of benign and
malignant lesions [7, 8]. DWI is not only helpful in
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differentiating benign from malignant lesions but also it
can be used to assess metastatic adenopathy, peritoneal
dissemination, and possible tumor recurrence and deter-
mine treatment response [9].
This study aimed to evaluate the value of diffusion-

weighted MRI in early diagnosis of malignant cervical
lesions.

Methods
This study included 60 patients with history of vaginal
bleedings and suspicious cervical focal lesions by ultra-
sound examination. The patient’s age ranged from 37 to
63 years with mean age ± 44.6 years. Ethics committee
approvals in addition to informed written consent were
obtained from all included patients.

Study population
Inclusion criteria
Patients with clinical history of abnormal vaginal bleed-
ings with suspicious transvaginal ultrasound findings of
uterine cervix focal lesion were included. The patient
did not receive any treatment prior to the examination.

Exclusion criteria
Patients unfit for MRI examination (e.g., who had car-
diac pacemakers/prosthetic heart valves, cochlear im-
plants, or other metallic implants) or having a history of
claustrophobia or those who could not tolerate MRI
exam were excluded.

MRI examination
MR imaging was performed on a 1.5-T scanner
(Achieva, Philips Medical System) using pelvic phased-
array Torso coil with the patient in the supine position.
Intravenous administration of an antispasmodic drug
(10 mg of [Visceralgine; Organon, Livron, France]) was
given immediately before MR imaging to reduce bowel
peristalsis. All cases were asked to check their renal
function (creatinine level) before the examination.

MR imaging protocol inclusion
The MR imaging protocol included the following:

– Non contrast MRI images, axial T1-weighted (TR/
TE, 500/10 ms), axial T2-weighted (TR/TE, 3300/
100 ms), slice thickness 6 mm, gap 1 mm, and FOV
32–42 cm. Matrix 256 × 256. Coronal and sagittal
T2-weighted, slice thickness 8–10 mm, gap 1 mm,
and FOV 40–50 cm. Matrix 256 × 256.

– Gadopentetate dimeglumine contrast (Magnevist;
Schering, Berlin, and Germany) was administered
intravenously at weight-based dosing of 0.1 ml/kg
body weight with a bolus injection rate of 2 ml/s by
an automatic injector, followed by a 20 mL normal

saline flushing the tube. Post-contrast T1 fat sat
THRIVE (high-resolution isotropic volume examin-
ation) images were acquired instantly after adminis-
tration of gadolinium. Images were acquired serially
at 0, 30, 60, 90, and 120 s.

– DW-MRI: using a spin echo single-shot sequence
with free-breathing, with TR 2.8 s, TE 72, matrix
512 × 512, slice-thickness 3 mm with an inter-slice
gap of 1 mm, and FOV of 350 mm, and b-factor of
0, 300, and 800 s/mm2 on an axial plane for each pa-
tient prior to contrast administration. The ADC
maps were automatically generated for all DW im-
ages, and ADC values were measured at b value
1000 s/mm2. The mean ADC value was measured by
placing ROI of average 1–2 cm in the solid part of
the lesion and expressed in 10−3 mm2/s.

Histopathological correlation
The histopathological results were used as a gold stander
reference for all lesions and correlated to the imaging
findings.

Statistical analysis
All statistical calculations were done using the SPSS test
for calculation of mean, standard deviation, frequencies,
and percentages. Sensitivity, specificity, accuracy, posi-
tive predictive value, and negative predictive value for
MRI and DWI were calculated separately for each
parameter.

Results
Two radiologists with 10 and 5 years’ experience in
gynecological MR imaging independently assessed cer-
vical lesions of pelvic MRI examination with no available
histopathological data. MRI imaging was evaluated for
the following: the site, size, and extension of the cervical
focal lesion, pattern of enhancement, infiltration of the
related structures, and presence or absence of pelvic
lymph nodes.
In the studied 60 suspicious uterine cervix focal le-

sions, the majority (21 patients) were complaining of ab-
normal vaginal bleeding, usually post-coital. Malodorous
discharge and vaginal discomfort were reported in the
remaining 9 patients. The patient’s age ranged from 39
to 63 years with a mean age ± 44.6 years.

Histopathological results of studied 60 patients
According to the histopathological findings, we divided
our studied 60 patients into two groups: group I, malig-
nant lesions group (46 cases; 76.7%), and group II, be-
nign lesions (14 cases; 23.3%) (Table 1).
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Multiparametric MRI results in all studied uterine cervix
focal lesions (number = 60 cases)
Fifty-four lesions out of the studied 60 focal lesions of
the uterine cervix found showed iso- to hypointense
signals on T1WI and exhibited moderate hyper-intense
signal on T2WI regardless of benign or malignant
etiology. In the remaining 6 lesions, 4 of them were di-
agnosed as chronic cervicitis with nabothian cyst that
showed iso- to low signal on T1WI and mixed
intermediate-high signals in T2WI, and the remaining 2
cervical lesions were diagnosed to be degenerated leio-
myoma which exhibits low signals on T1WI and mixed
signals on T2WI (Table 2).

DW-MRI with ADC value measurement results of group I:
malignant uterine cervix focal lesions (number = 46)
All studied malignant uterine cervix focal lesions (46 le-
sions) showed restricted diffusion on DW-MRI (diffu-
sion positive) being of hyper-intense signals at DWI with
persistent high signals at high b value (b = 800) and cor-
responding low signal intensity at ADC map images.
The ADC value of studied malignant endometrial lesions
showed relatively low value averages of 0.86–1.15 × 10-3

mm2/s with mean ADC value of about 0.92 ± 0.71 ×
10−3 mm2/s (Table 3) (Figs. 1 and 2).

DW-MRI with ADC value measurement results in group II:
benign uterine cervix focal lesions (number = 14)
Out of the studied 14 benign uterine lesions, 8 lesions
which proved to be cervical polyps were diffusion

negative in the form of low signals in DWI with high
signals in low b value that fade out in high b value(b =
800) with relatively high ADC value that ranged from
1.37 to 1.64 × 10−3 mm2/s with a mean ADC value of
about 1.4 ± 0.31 × 10−3 mm2/s, while the 4 chronic
cervicitis lesions with nabothian cyst showed mixed dif-
fusion changes in the form of mild diffusion restriction
with facilitated cystic areas, with ADC value ranging
from 1.2 to 1.8 × 10−3 mm2/s and with mean ADC value
of about 1.5 ± 0.31 × 10-3 mm2/s and 2 uterine cervices
degenerated fibroid that showed mixed diffusion changes
evidenced as low signal with hyperintense foci in DWI
and mixed low and high signals at ADC map, with ADC
values 0.86 × 10−3 mm2/s. The ADC value of 5/7 benign
focal lesions showed relatively high values that ranged
from 1.57 to 2.4 × 10−3 mm2/s with a mean ADC value
of about 1.7 ± 0.31 × 10−3 mm2/s with exception of 4
cervicitis with nabothian cyst and 2 degenerated fibroid
that showed low ADC values which ranged from 0.86 to
1.2 × 10−3 mm2/s with a mean ADC value of about 0.1 ±
0.19 (Table 4) (Fig. 3).

The utility of DW-MRI versus multiparametric MRI in the
characterization of the studied 60 uterine cervix focal
lesions
The current study revealed that multiparametric MRI
could detect all cervical focal lesions but with poor
pathological characterization as most lesions (44/60) ex-
hibit iso- to low signals at T1WI with intermediate-high
signals at T2WI, and the remaining 16 lesions exhibit
heterogeneous signals at both T1 and T2WI and post-
contrast variable degree of enhancement achieving
72.37% sensitivity, 37.50% specificity, 63.33% accuracy,
76.19% PPV, and 33.33% NPV. When adding DWI with
ADC value to MRI at high b value (b = 800), it showed a
higher diagnostic accuracy with good lesion pathological
characterization that achieved 95.65% sensitivity, 71.43%
specificity, 90% accuracy, 91.67 PPV, and 83.33% NPV
(Table 5).
The presence of lymph node metastasis in the pelvic

cavity was evaluated. Metastatic lymphadenopathy was
defined as any enlarged lymph nodes larger than 10mm
in the short-axis diameter on T1-weighted images [10]
(Fig. 4).

Table 1 Histopathological results of the studied 60 lesions

Lesions No. Percent %

Group I: malignant lesions 46 76.7

Squamous cell carcinoma 34 56.7

Adenocarcinoma 8 13.3

Undifferentiated carcinoma 4 6.7

Group II: benign lesions 14 23.3

Cervical polyp (epithelial and endocervical) 8 13.3

Chronic cervicitis with nabothian cyst 4 6.7

Cervical leiomyomas 2 3.3

Total 60 100

Table 2 Multiparametric MRI findings in the all studied uterine cervix focal lesions (number = 60)

Lesions No. % T1WI signals T2WI signals

Cervix Ca (23, 76.7%) 30
16

50
26.7

Iso-low
Heterogeneous

Moderate hyper-intense
Heterogeneous

Cerxix polyp (4) 8 13.3 Iso-low Moderate hyper-intense

Ch. cervicitis with Nab. cyst 4 6.5 Iso-low Mixed signals

Cervix fibroid 2 3.3% Low Mixed signals

Total No = 60 100%
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Discussion
The new 2018 FIGO system promotes the value of im-
aging modalities especially MRI imaging to increase the
accuracy of tumor staging and guide treatment/monitor-
ing. DWI increases the staging accuracy of MRI by per-
mitting better evaluation of tumor size, extra uterine
extension, and nodal infiltration, factors that affect treat-
ment selection and planning [11–13].
In this study, the age of the included patients with

suspected cervical cancers ranged from 39 to 63 years,
M = ± 44.6 years. The abnormal vaginal bleeding was
the main complaint in 42 patients while 18 patients
complained of malodorous discharge and vaginal dis-
comfort. This was in agreement with Sherif HA et al.,
who studied 20 female patients age 30–75 years with a
clinical picture of abnormal vaginal bleeding and vaginal
discharge [14], and also with Rezvani M et al. who stated
that cancer cervix typically presents in younger women
with an average age around 45 years, presented by ab-
normal vaginal bleeding, discomfort, and malodorous
discharge as the first complaints [6].
We classified the studies 60 cases according to the

histopathological results into 2 groups: 46 malignant le-
sions (group 1), 34 squamous cell carcinoma lesions, 8
adenocarcinomas, and 4 undifferentiated carcinoma and

14 benign lesions (group 2), 8 cervical polyps, 4 chronic
cervicitis with nabothian cysts, and 2 fibroid lesions.
Our findings were in coincidence with that of

Mahmoud SM et al., who found that the pathology of
the included cases was sq. cell carcinoma in 72%, adeno-
carcinoma in 12%, sarcomatoid cervical carcinoma in
4%, spindle cell tumor in 4%, basaloid carcinoma in 4%,
and undifferentiated carcinoma in 4 %[15], and with
Dashottar S et al., who reported that out of the studied
35 cases, 33 (94.3%) were sq. cell carcinoma, 1 (2.9%)
was papillary adenocarcinoma, and 1 (2.9%) was small
cell carcinoma [16]. However, Sherif HA et al. found
that the histopathological diagnosis revealed adenocar-
cinoma in 4 cases (20%), squamous cell carcinoma in 15
cases (75%), and chronic cervicitis in 1 case (5%) [14].
MR imaging represents the most valuable imaging

modality for the detection of the primary tumor, nodal
involvement, and local spread. It is also the best modal-
ity for showing recurrent disease and monitoring thera-
peutic response [17].
In the present work, the imaging findings revealed

poor MRI signal characterization of pathologically
proved different lesions as 27/30 cervical lesions showed
iso- to hypointense signals on T1WI and moderate
hyper-intense signals on T2WI with variable contrast

Table 3 DW-MRI and ADC values results of the 46 malignant lesions (group I)

Lesion No. DWI (b = 800) ADC map ADC value

Cerv. SC Ca 34 Intermediate-high Low SI 0.89.7–1.21
Mean = 0.1 ± 0.09

Cerv. End. Ca 8 High SI Low SI 0.9–1.17
Mean = 1 ± 0.18

Cerv. Adeno. Ca 4 High SI Low SI 1–1.2
Mean = 1 ± 0.18

Total malig. lesions 46 Intermediate-high Low SI 0.86–1.1
Mean = 0.92 ± 0.71

Fig. 1 A 42-year-old female patient presented with vaginal bleeding. MRI was done. a Sagittal T2WI revealed a relatively hyperintense signal focal
lesion compared with the surrounding cervical stroma seen extending along the endocervix and endocervical canal. b Late post-contrast sagittal
T1WI, the lesion showed non-homogenous enhancement at the late post-contrast study. c DWI, the lesion showed restricted diffusion with high
b value (800) and corresponding low signal at ADC map. Diagnosis: cervical carcinoma
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enhancement regardless of benign or malignant etiology;
however, 6 lesions (4 chronic cervicitis with nabothian
cyst and 2 degenerated leiomyoma) showed iso- to low
signal on T1WI and mixed/intermediate-high signals in
T2WI.
Our findings were in concordance with Yoshikazu O

who stated that some tumors or tumor-like lesions can
show similar MR imaging findings, such as adenocarcin-
oma, adenoma malignum, and florid endocervical hyper-
plasia [18]. However, Mahmoud SA found that
hypointense T1 signal was seen in 34/70 (48.5%) cases,
isointense signal in 28/70 (40%) cases, hyperintense T1
signal in 6/70 (8.5%) cases, and heterogeneous signal in-
tensity in 2/70 (2.8%). T2WIs showed a hyperintense sig-
nal in 62/70 (88%) cases and intermediate signal in 2/70

(2.8%) cases and heterogeneous signal intensity in 6/70
(8.5%) [19]. Tamai KT et al. found that degenerated leio-
myomas (7 lesions) showed low SI on T1-weighted im-
ages with areas of high SI on T2-weighted images [20].
Patel et al. reported that cervical tumors tend to give
iso- to high signal compared to cervical stroma on
T2WI [21].
The diffusion-weighted image (DWI) visualizes the

local microstructural characteristics of water diffusion.
High intensity on DWI with low apparent diffusion coef-
ficients (ADC) is suggestive for malignant polyp with
hypercellular nature, whereas benign polyps tend to
show higher ADC value [22]. Our results revealed that
all studied malignant cervical focal lesions (n = 46)
showed positive diffusion restriction at high b value (b =

Fig. 2 A 49-year-old female patient presented with vaginal bleeding. MRI pelvis was done. a, b Axial T1WI and sagittal T2WI revealed irregular
polypoidal intermediate signal intensity lesion seen mainly harboring the cervical canal extending downward to the upper portion of the vagina
and upward to the endometrial cavity with a subsequent irregular widening of the cervical canal and uterine cavity. c, d Axial and sagittal late
post-contrast, the lesion showed non-homogenous irregular enhancement at the late post contrast sequence with invasion of the parametrium.
e, f DWI, the lesion showed signal restriction with high b value (800) with corresponding low signal at ADC map. Diagnosis: cervical carcinoma

Table 4 DWI and ADC map findings in 14 benign uterine cervix focal lesions (group II)

Lesion No. DWI (b800) ADC map ADC value

Cerv. polyp 8 Low signals High SI at low b value that fade out at high value 1.37–1.64, M = 1.4 ± 0.31

Ch, cervicitis with Nab. cyst 4 Mixed signals Mixed signals 1.2–1.8, M = 1.5 ± 0.31

Deg, fibroid 2 Mixed signals Mixed signals 0.86

Total benign lesions 14 Low-mixed signals Mixed-high signals 0.98–1.23, mean = 1.18 ± 0.1
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800) with relatively low ADC values that ranged from
0.86 to 1.15 × 10−3 mm2/s, M = 0.92 ± 0.71 × 10−3 mm2/
s, while 8/14 benign cervical lesions were diffusion nega-
tive in high b value (b = 800) and 3 lesions (4 ch. cervi-
citis with nabothian cyst and 2 degenerated fibroid)
showed mixed diffusion changes. The ADC value of 10/
14 benign focal lesions were relatively high that ranged
from 1.57 to 2.4 × 10−3 mm2/s (M = 1.7 ± 0.31 × 10−3

mm2/s); however, atypical lesions (chronic cervicitis with
nabothian cyst and degenerated fibroid) showed low
ADC values that ranged from 0.86 to 1.2 × 10−3 mm2/s
(M = 0.1 ± 0.19). This is may be attributed to the pres-
ence of necrosis and focal signal intensity changes as
well as susceptibility artifacts. These result findings

matched with many other studies which concluded the
reported mean ADC values for both squamous cell
carcinoma and adenocarcinoma cases to be less than 1
× 10−3 mm2/s, averaging 0.88–0.91 × 10−3 mm2/s, 0.8827
× 10−3 mm2/s, and 0.72 ± 0.168 × 10−3 mm2/s, respect-
ively [23–25]. Also, Mahmoud SA concluded that in the
present study, the mean ADC value for malignant le-
sions was 0.82 × 10−3 ± 0.1 SD mm2/s [18], and Sherif
HA et al. stated that the mean ADC value of cervical
carcinoma in our study was 0.82 × 10−3 mm2/s [14].
According to these study results, multiparametric MRI

could detect all cervical focal lesions but with poor
pathological characterization, achieving 72.37% sensitiv-
ity, 37.50% specificity, 63.33% accuracy, 76.19% PPV, and

Fig. 3 A 42-year-old female patient presented with vaginal bleeding. MRI pelvis was done. a, b Sagittal and axial T2WI revealed a homogenously
isointense abnormal signal intensity focal lesion with a well-circumscribed margin seen involving the posterior wall of the uterine cervix mildly
encroaching upon the endocervical canal. c Axial T1WI, the lesion showed no areas of hemorrhage or degeneration. d Late post-contrast T1WI,
the lesion showed homogenous contrast enhancement. Diagnosis: benign cervical lesion mostly cervical fibroid (myoma)

Table 5 Validity of multiparametric MRI/DW-MRI in diagnosis of all studied endometrial lesions (no = 60)

Sensitivity (%) Specificity (%) Accuracy (%) PPV (%) PPV (%)

Multip. MRI 72.37 37.5 63.33 76.19 33.33

MRI + DWI 95.65 71.43 90 91.67 83.33
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33.33% NPV. When adding DWI with ADC value mea-
surements at high b value (b = 800) to MRI exam, it
showed a higher diagnostic accuracy with good lesion
pathological characterization that achieved 95.65% sensi-
tivity, 71.43% specificity, 90% accuracy, 91.67 PPV, and
83.33% NPV. Our results matched with Mahmoud SA
et al. results which revealed that DWI-MRI showed sen-
sitivity 100%, specificity 50%, accuracy 97%, PPV 97%,
and NPV 100%, and the low percentage of the specificity
in this study was due to the low number of true negative
patients [19], and Chen et al. found that the sensitivity
and specificity of DW-MRI for tumor detection were
100% and 84.8%, respectively. DWI showed 100% sensi-
tivity, a positive predictive value [26]. Mahmoud SM re-
ported that DW-MRI revealed sensitivity, specificity,
PPV, and accuracy of 100%, 50%, 97%, and 97% respect-
ively [18]. Also, Exner M. et al. concluded that the use of
DWI led to an increase in sensitivity of infiltrated adja-
cent tissue (from 86 to 90%) and detection of lymph
node metastases (from 47 to 67%) [27].

Limitations
The main limitation of this study was the limited sample
size. Further studies using a cohort study of patients
with long-term follow-up are needed to establish the ac-
curacy of this method for early detection of cervical
uterine cancer.

Conclusion
Adding DWI with ADC values measurements at high b
value to the multiparametric MRI examination of the
female pelvis increases the sensitivity, specificity, and
diagnostic accuracy for characterization and early diag-
nosis of cervical malignant focal lesions and appropriate
planning management options.
DWI may replace the contrast study especially for pa-

tients not candidates for contrast injection. It can be
used in conjunction with ADC values as a standard
routine protocol after application in a large number of
patients aiming to decrease the diagnostic pitfalls and
get higher diagnostic performance including distant
metastatic infiltration.
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