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Magnetic Resonance Imaging of Pelvis: A One-stop Shop
Modality for the Staging of Carcinoma of Cervix
Ajit D Karambelkar1, Rishabh D Bora2

A b s t r ac t
Aim and objective: Magnetic resonance imaging (MRI) of pelvis as a one-stop shop modality for locoregional staging of carcinoma of the cervix.
Compare the MRI staging with the clinical staging of the carcinoma of the cervix.
Materials and methods: We conducted pelvic MRI examinations on histological proved 83 cases of cervical carcinoma on MRI 1.5 T scanner.
Results: Magnetic resonance imaging demonstrated cervical mass in 79 out of 83 (95%) patients. No mass lesion was demonstrated in 4 out of
83 patients, who were clinically diagnosed as stage I. X2 test demonstrated X2 value of 43.6 and p value < 0.01 indicating a significant difference
between staging by staging by MRI and that by clinical staging. Z score test also showed a significant difference in staging by MRI and that by
clinical staging for stages IB, IIB, IIIB, and IVA with a p value < 0.05. The Z score (RD) was maximum for stage IIIB and minimum 0.034 for stage IIIA,
suggesting that the greatest difference was observed in stage IIIB. We could not find any significant difference for stage IIIA, IA and stage IIA.
Conclusion: Magnetic resonance imaging is superior to clinical staging of the carcinoma of the uterine cervix in stage IB, IIB and IVA. Magnetic
resonance imaging has an excellent ability to demonstrate the locoregional extent of the tumor. Hence, it should be used as a one-stop shop
modality for the staging of cervical carcinoma.
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I n t r o d u c t i o n
Invasive cervical cancer is the most common genital female
malignancy worldwide. 78% of invasive cervical cancer typically
affects younger females of developing countries.1,2
The invasive cervical cancer is diagnosed at an advanced stage
and a major cause of death in Indian women. 3
There is forty percent expected rise in the number of patients
of carcinoma of the cervix from the year 2005 to 2010 in developing
nations like India.4 Annual crude incidence rate of carcinoma cervix
in India is 26.2 and annual crude mortality rate is 14.7 per 100,000
female in India.5 Cervical cancer causes the highest individual loss
of life years due to cancer.6 In India, more than 200 women die every
day because of cancer of the cervix.7,8
Cervical carcinoma in situ (CIN) is generally detected in women
aged 25–34 years. Invasive cervical carcinoma is the most often
diagnosed in women older than 50 years.9
Cancer of the cervix is staged in accordance with the modified
classification of the International Federation of Gynecology and
Obstetrics (FIGO).10,11
Federation of Gynecology and Obstetrics classification consists
of clinical examination which includes a cystoscopy, proctoscopy,
barium enema, intravenous urography, chest-X-ray and examination
under anesthesia. Clinical staging is limited by intrinsic deficiencies
in the detection of the invasion of the parametrium and pelvic
side walls, and the accurate size of the tumors. It also ignores the
lymph node status, which is the most important prognostic factor
in all stages.12
Clinical staging also shows error rates of 17 to 32% with stage IB
disease and up to 67% with stages II to IV disease when compared
with intraoperative and pathological findings. Pelvic or para-aortic
lymph node metastases are in most patients by clinical staging. The
extension to the urinary bladder or adjacent bowel is also difficult
to determine clinically.12–18
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These shortcomings coupled with the emergence of newer
treatment options have encouraged the incorporation of computed
tomography (CT) and MRI in the staging of the cervical cancer
patients.19
Computed tomography with intravenous contrast has limited
ability to accurately detect local tumor extent and stromal
invasion.20,21
Ultrasonography is valuable for assessment of the urinary
obstruction in advanced disease. Ultrasound examination has
several limitations including the patient’s habitus, operator
dependence, and low signal-to-noise ratio, and low contrast
resolution. The transvaginal and transrectal ultrasonography is of
limited utility in the staging of cervical cancer.10,22
Recently MRI is has become the mainstay of the radiologic
evaluation of the pelvis. Although sonography and CT are less
susceptible to image degradation by motion than is MRI, the limited
effect of cardiac and respiratory motion on the pelvis minimizes
this disadvantage of MRI, also the versatility of MRI scanning planes
is a significant advantage over CT. It is the capability of MRI to
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distinguish normal from abnormal tissue is more important than
image degradation and scanning planes.23,24
Clinical staging remains the standard of reference for treatment
protocol selection even though in large measure because of the
avoidance of sophisticated diagnostic tool clinical staging poorly
correlates with surgical and pathologic staging.
The MRI can identify between the early disease (I and IIA) that
can be treated by surgery and stages beyond IIA by radiation or
combined chemoradiation.
The MR Imaging has the potential for improving work up and
prognosis at all stages. So in the present study, we will be studying
the role of MRI in cervical malignancy as MRI has the ability to
stage the cervical malignancy and has potential to change the
therapeutic approach, the overall cost to patient and medical
system. 25–27

M at e r ia l s

and

M e t h o d s

Inclusion Criteria
Every patient referred for MRI for staging Ca cervix.

Exclusion Criteria
Implanted elec trical devices, pacemaker, def ibrillator,
neurostimulator, and cochlear implants.

Extreme Claustrophobia
Each of 83 patients with no contraindication to MRI and
histopathologically proven cervical carcinoma referred from
the Department of Obstetrics and Gynecology underwent MRI
examination from Dec 2008 to Nov 2010 in the Department of
Radiodiagnosis.
The MRI examination was carried out after written and informed
valid consent from the patient and her relatives on a 1.5 tesla
scanner. XL TORSO 8 channel coil was used. The images were read
by two radiologists and when there was disagreement, the opinion
of more experienced radiologist was considered.
Clinical findings were not provided to the radiologists before
the MRI staging of cervical malignancy was done.

Magnetic Resonance Imaging Protocol
Patients were directed not to have food for 4–6 hours before the
MRI examination to limit artifacts from bowel movements. Overdistended urinary bladder causes ghosting and motion artifacts on
T2-weighted images. Hence, patients emptied the urinary bladder
before the examinations.
Patients were scanned in the supine position. A pelvic surface
array multichannel coil was used. 5 mm thickness non-fat-saturated
high-resolution T1, T2 weighted and fat saturated T2 weighted
sequences in axial, coronal and sagittal plane were obtained from
the lower pole of the kidneys to the vulva.
Noncontrast MR urography sequences were obtained when
ureteric involvement was seen on other sequences.

M ag n e t i c R e s o n a n c e I mag i n g C r i t e r ia f o r
S tag i n g o f C e r v i c a l C a r c i n o ma T u m o r
In general, cervical carcinoma is better defined at T2-weighted
imaging. Normal fibrous stroma of the cervix has low signal on T2
weighted imaging.
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On T2-weighted imaging the cervical carcinoma has
intermediate signal intensity. The tumor can be exophytic,
infiltrating, or endocervical with a barrel shape. Magnetic resonance
imaging shows disruption of the low signal fibrous stroma by
intermediate to high signal cervical mass on T2 weighted imaging.
After gadolinium-based intravenous contrast administration tumor
shows enhancement.
In older individuals, the tumor is endophytic. The tumor
tends to be exophytic in younger patients. Cervical cancer is
centered in the level of the cervix. Then, it invades the adjacent
structures or protrudes into the vagina. An endometrial polyp
or adenocarcinoma is centered in the endometrial cavity and
protrudes into the endocervical canal. Prolapsed submucous
fibroids are distinctly more hypointense at T2-weighted imaging
than cervical carcinomas.15,28
It is important to accurately determine the size of the
tumor. Surgery is preferred if the size is less than 4 cm. The MRI
measurements are valid in most cases with the macroscopic size of
the tumor.29 However; the size of the tumor can be overestimated
due to inflammation or edema.30 The morphology and extent of
spread are important for mapping the brachytherapy.31

Vagina
Hyperintense mass causing interruption of the hypointense vaginal
stroma on T2-weighted imaging is compatible with vaginal invasion.
Invasion of the lower one-third of the vagina increases the stage
and signifies the modification of the strategy for radiation therapy.

Parametria
Intact hypointense fibrous stroma at T2-weighted imaging
essentially excludes parametrial invasion. Parametrial invasion
is suspected if the normal cervical stroma is infiltrated and
hyperintense T2 signal surrounds the tumor. Peritumoral
inflammatory tissue can have a similar appearance and can be
confused with the parametrial invasion. The contrast-enhanced
study can be helpful in such cases. Tumor enhances immediately
after contrast administration while edema and inflammatory
tissue show delayed enhancement. The signal abnormality in
parametrium similar and contiguous with the cervical tumor is
compatible with parametrial invasion. Surgery is contraindicated
if there is a parametrial invasion.14,15,32,33

Pelvic Wall
Pelvic sidewall invasion is considered when the tumor involves the
pelvic musculature, with or without a hydroureter.

Bladder and Rectum
Bladder or rectal invasion is present when disruption of their
normal hypointense walls is seen at T2-weighted imaging, with or
without a mass protruding into the lumen.7,8 Dynamic gadoliniumenhanced T1-weighted sequences are helpful for confirming
invasion and identifying fistulous tracts. Hyperintense thickening
of the bladder mucosa at T2-weighted imaging indicates edema
and is not a direct sign of invasion. However, this “bullous edema
sign” of the posterior wall mucosa should be analyzed carefully for
any associated nodulation suggestive of tumor.14,15,34,35

Lymph Nodes
MRI demonstrates lymph nodes as intermediate signal intensity
structures. These can be easily identified on MRI. The typical shape
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and signal easily distinguish them from muscles and vascular
structure. 10 mm size cut off in the short axis is considered as nodal
involvement. Lymph node measuring less than 10 mm in transverse
dimension is also considered involved if it has irregular shape and/
or central necrosis.34,36,37
Falsely positive nodal involvement can be seen with reactive
inflammatory nodal enlargement.

O b s e r vat i o n
We conducted a study of 95 patients with 1.5 T MRI. Eighty-three
subjects were diagnosed with cervical carcinoma pathologically.
Rest 12 patients were previously treated.
The MRI demonstrated hyperintense area in 79 out of 83 (95%)
patients corresponding to the cervical mass lesion which was seen
as a hyperintense mass lesion on T2W images and hypointense on
T1W images.
There was no demonstrable mass lesion seen on MRI or any
hyperintense area in the uterine cervical region in 4 out of 83
patients who were clinically diagnosed as stage I.
There was hypointense signal intensity seen in 10 of 12 patients
who had taken radiotherapy 1 year back and referred to rule out any
recurrence. We found that in only two cases there was no obvious
hypointense signal noted.
There were only 2 cases in the second decade with a steep rise
to 18 cases in the 3rd decade. Then there was a steady increase
from 24 cases in the 4th decade to reach a maximum of 30 cases
in the 6th decade and a sharp fall in the 7th decade with only
2 cases. Here we observed a typical demographic presentation of
the carcinoma of cervix and peak of the disease observed in 5th
and 6th decade of life (Table 1).

Maximum no of patients of cervical carcinoma harbored stage II
disease and it constituted almost 46% of total patients. The stage IV
disease was seen in 20 patients with 25% of cases. Out of the total 79
cases diagnosed on MRI, stage I and stage III disease represented 32
cases i.e., 29% of total cases. MRI has diagnosed 36 cases of stage II
that is almost three times the no of cases it was diagnosed as stage
I or stage III disease (Table 2 and Fig. 1).
Highest 10 cases were observed in the age group 30–39 and
50–59. These patients had stage II and stage IV disease respectively.
Stage II disease occurs more frequently in 30–39 year age group.
Stage IV disease occurred in 50–59 year age group (Table 3 and
Fig. 2).
Stage IB is defined as a clinically visible disease which is again
divided into stage IB1 is a demonstrable mass of 4.0 cm or less in
greatest dimension. Stage IB2 A is mass more than 4.0 cm in greatest
dimension (Figs 3A to C).
Nine cases had stage IB2 disease. Three cases had stage IB1
disease. MRI diagnosed stage IB2 cases three times more than stage
IB1 (Figs 3D, 4 and 5A).
Table 2: Stagewise distribution
Stage
I
II
III
IV
Total

No. of points
12
36
11
20
79

Table 3: Stage- and agewise distribution

Table 1: Agewise distribution of cases
Age group
20–29
30–39
40–49
50–59
60–69
70–80
Total

Stage
No. of patient
2
15
16
21
27
2
83

Fig. 1: Graphical representation of stagewise distribution

Age group
20–29
30–39
40–49
50–59
60–69
70–80
Total

I

II

2
1
5
1
3
0
12

0
10
8
8
9
1
36

III
1
1
2
4
3
0
11

IV
1
1
3
10
4
1
20

Fig. 2: Graphical representation of stage- and agewise distribution
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Figs 3A to D: (A) T2W sagittal vesicovaginal fistula; (B) T2W axial vesicovaginal fistula; (C) T2W sagittal rectovaginal and vesicovaginal fistula; (D)
T2W sagittal rectovaginal fistula

Figs 4A and B: (A) T2W sagittal lower vaginal invasion; (B) T2W axial rectal invasion

An MRI has more diagnostic performance in a staging of stage
IB2 disease than stage IB1 (Table 4, Fig. 6).
In stage IIA, the tumor does not invade lower one–a third of
the vagina. There can be a uterine invasion. There is no parametrial
invasion. In stage, IIB tumor invades parametrium but does not
reach the pelvic side wall.
We used the same criteria and observed focal invasion of the
cervical stromal ring in 31 (81%) of total 38 stage II patients with
parametrial invasion and hence staged as stage IIB. Upper vaginal
invasion is seen in 9 (23%) of 38 patients so they were staged as

10

stage IIA. The stage IIB patients were considerably larger in number
as opposed to stage IIA (Figs 5B to D for IIA and Figs 7 and 8A for IIB).
The tumor extends to the pelvic side wall in stage IIIB. Tumor
causing hydronephrosis or a nonfunctioning kidney on the same
side of the parametrial invasion is also considered stage IIIB (Figs 8B
to D, 9A and B).
Ten of 79 patients staged as IIIB on findings based on MRI, 7
(70%) patients had bilateral or unilateral hydronephrosis and only 3
patients had (30%) lateral pelvic wall invasion. So our study shows
that there are significantly more cases diagnosed as stage IIIB
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Figs 5A to D: (A) T2W axial bilateral iliac lymph nodes; (B) T2W axial left periaortic lymph nodes; (C) T2W axial left internal iliac lymph nodes; (D)
T2W axial left common iliac lymph node
Table 4: Stage IB
Stage
IB1
IB2
Total

No. of patients
3
9
12

Figs 7A to D: (A) T2W sagittal fat saturation; (B) T2W axial; (C and D) T2W
axial intact cervical hypointense stromal ring

Fig. 6: Graphical representation of stage IB

due to the involvement of ureters than lateral pelvic wall invasion
(Table 5 and Fig. 10).
According to the FIGO classification stage, IVA disease is
defined as tumor invasion of bladder or rectal mucosa, which

can be detected by cystoscopy and sigmoidoscopy with the aid
of biopsy.
We found 3 (15%) cases of bladder invasion 4 cases of rectal
invasion and (20%) 13 cases in which both bladder and rectal
invasion was present (Table 6 and Figs 9C, 11 and 12).
The most important prognostic indicator is lymph node
involvement. The lymph node with size ≥10 mm is positive for
metastatic involvement.
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Figs 8A to D: (A) T2W sagittal; (B) T2W sagittal; (C) T2W sagittal fat saturation; (D) T2W axial

Figs 9A to C: (A) T2W sagittal; (B) T2W coronal fat saturation; (C) T2W axial

We were able to demonstrate significant no of patients having
abdominal and periaortic lymphadenopathy. There is a gradual
increase in the no cases showing lymphadenopathy from stage I
to stage IV disease. The highest no of cases was seen in stage IV
disease with a maximum of 20 cases (Table 7 and Fig. 13).
We had 33 patients of lymphadenopathy and maximum no
of cases was seen in stage IVA disease. In most of the cases, the
lymph nodes involved were the iliac nodes seen in 28 patients and
19 of 28 patients had unilateral involvement of iliac lymph nodes.
In 9 cases there was bilateral iliac nodal enlargement (Table 8
and Fig. 14). There were 5 cases in which periaortic lymph node
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enlargement was seen, including 2 cases of stage II, 1 case of stage
III and 2 cases of stage IV. There was a single case in which we also
found enlargement of perirectal lymph nodes (Table 9 and Figs
15, 16A and 17).
Significant no of cases of cervical carcinoma invading the
uterine body is seen, with a total of 26 (30%) from 83 patients. A
single case of uterine body invasion was seen in stage IIA disease
whereas stage IB and IIB showed 3 cases each. There is a rise in cases
in stage IIIB to 5 with no single case seen in stage IIIA. However, there
is a sudden increase in the no of cases of uterine invasion in stage
IV with maximum 14 cases (Table 10 and Figs 16B to D, 18A and 19).
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Table 5: Stage IIIB
Involvement
Ureter involvement
Lateral pelvic wall involvement
Total

No. of patients
7
3
10

Table 6: Stage IVA
Involvement
Urinary bladder
Rectum
Both urinary bladder and rectum involvement

No. of patients
3
4
13

Fig. 10: Graphical representation of stage IIIB

Figs 11A to D: (A) T2W axial; (B) T2W axial; (C) T2W coronal; (D) T2W coronal

MRI has a distinc t advantage in showing f istulous
communication due to its inherent high contrast resolution. The
fistulous communications were seen as a hyperintense tract on T2W
images and were clearly demonstrated without the use of contrast
material. We observed 7 cases of fistula out of total 95 cases. All
cases of fistula had stage IV disease. Out of a total of seven cases,
four had a recto-vaginal fistula, two had a vesicovaginal fistula and
one case had both vesicovaginal and rectovaginal fistula. (Table 11
and Figs 18B and C, 20 and 21)

D ata A n a lys i s
Clinicians perform clinical staging for cervical carcinoma and
treatment is based upon clinical staging. Clinical staging of all the
patients was considered in our study after we performed the MRI
staging to avoid the biased results.
MRI diagnosed 12, 36, 11, 20 cases of I, II, III and IV stages,
respectively. Clinical assessment diagnosed 8, 12, 53 and
10 of I, II, III and IV stages, respectively (Tables 12 to 14 and
Figs 22 to 24).
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Figs 12A to C: (A) T2W axial; (B and C) T2W coronal
Table 7: Stagewise distribution of lymphadenopathy
Stage
IA
IB
IIA
IIB
IIIA
IIIB
IVA
Total

Fig. 13: Graphical representation of stagewise distribution of
lymphadenopathy

As we need to compare both studies and to see for any
difference if any exists we applied the X2 test to the MRI staging
and clinical staging.
We found significant difference in clinical and MRI staging with
Chi square value of 43.6 and p value < 0.01 (Table 15).

14

No. of patients
0
2
3
3
0
5
20
33

Z score demonstrates significant difference in MRI and clinical
staging at every T stage (Table 16).
These findings suggest a significant difference in MRI and
clinical staging in stages IB, IIB, IIIB, and IVA as a p value < 0.05,
where n is the patient population in each group. The n for MRI was
79, and n for clinical staging was 83. There were four patients less
in the total patient population of MRI because MRI did not show
any mass lesion in these patients who had a clinical diagnosis of
stage IA disease.
The Z score (RD) was the highest for stage IIIB and minimum
0.034 for stage IIIA, suggesting that the greatest difference was
observed in stage IIIB and no significant difference was seen in
stage IIIA, IA and stage IIA.
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Table 8: Unilateral/bilateral iliac lymphadenopathy
Laterality
Unilateral
Bilateral
Total

No. of patients
19
9
28

D i s c u s s i o n
We studied 95 patients with MRI. Eight three subjects were
diagnosed with biopsy-proven cervical carcinoma. Twelve patients
had suspected recurrence clinically.
We had only 2 cases in the second decade with a steep rise to
18 cases in the 3rd decade. Then there was a steady increase from
24 cases in the 4th decade to reach a maximum of 30 cases in the
6th decade and a sharp fall in the 7th decade with only 2 cases.
These our findings demonstrate the typical demographic
presentation of cervical carcinoma in India, where cervical
carcinoma is seen in every age beginning from the reproductive
age group.
Maximum no cases were seen in 5th and 6th decade which
together consisted of more than 50%38 cases of cervical carcinoma.
As the maximum, no of cases were seen in 5th and 6th age
group which is also consistent with the natural history of cervical
Table 9: Lymph node region

Fig. 14: Laterality of lymphadenopathy

Lymph node
region
Iliac
Perirectal
Periaortic

28
1
5

No. of patients
19
0
0

9
0
0

Figs 15A to C: (A) T2W sagittal fat saturation; (B) T2W coronal fat saturation; (C) Coronal static MR urography left-sided hydronephrosis and
hydroureter
Journal of South Asian Federation of Menopause Societies, Volume 8 Issue 1 (January–June 2020)

15

Magnetic Resonance Imaging of Pelvis: A One-stop Shop Modality for the Staging of Carcinoma of Cervix

Figs 16A to D: (A) T2W sagittal fat saturation; (B) T2W sagittal; (C) T2W sagittal; (D) T2W axial
Table 10: Stagewise uterine body invasion
Stage
IA
IB
IIA
IIB
IIIA
IIIB
IVA
Total

No. of patients
0
3
1
3
0
5
14
26

carcinoma with carcinoma in situ being common in the 3rd decade
of age and invasive cervical carcinoma is common in the 5th decade.
There were maximum no of the patients of cervical carcinoma
from stage II disease and it constituted almost 46% of total patients.
The stage IV disease was seen in 20 patients with 25% of cases. Out
of the total 79 cases diagnosed with MRI, stage I and stage III disease
represented 32 cases i.e., 29% of total cases. MRI has diagnosed 36
cases that is almost three times the no of cases it was diagnosed
as stage I or stage III disease.
Seki et al. and Yamashita et al.28,39 showed that 95% invasive
cervical tumors as the hyperintense area on T2W sequence invading
low-intensity cervical stroma. We observed similar findings where
MRI demonstrated hyperintense area (HIA) on T2W sequences at

16

Fig. 17: Distribution of lymphadenopathy

uterine cervix in 79 out of 83 (95%) patients corresponding to the
cervical mass lesion.
The hyperintense area is seen on T2W images corresponded to
the hyperintense area seen on T2W fat saturation images. There was
no difference seen between the mass lesion seen on T2W images
and T2W fat saturation images with respect to size and the signal
characteristics. Also, the T2W fat saturation images did not add any
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Figs 18A to C: (A) T2W sagittal fat saturation; (B) T2W sagittal; (C) T2W axial

Fig. 19: Stagewise uterine body invasion distribution

significant additional information to the findings obtained from
the T2W images.
Soyer36 retrospective study proved that T2W images are 90%
and specificity 100% to detect and delineate the tumor. We could
demonstrate the mass lesion in 79 of 83 patients (95%) on T2W
images.
Matsubara et al.40 which showed that in a study of 62 patients
no hyperintense area was seen in any patient of stage 0 or IA and
all patients with tumor size of 10 mm showed hyperintense zone.
So on routine T2W MRI images, the diagnosis of the stage IA disease
can be made with the use of clinical information.
There was no demonstrable mass lesion seen on MRI or
any hyperintense area in the uterine cervical region in 4 out of
83 patients who were clinically diagnosed as stage I carcinoma
of the cervix. As there was no visible mass lesion on MRI so these
cases were clinically labeled as stage IA disease. Our study findings
are similar to Matsubara et al.40 study. So 12 stage I patients
were labeled as stage IB and no patient was staged as IA with a
demonstrable mass on MRI.
Since FIGO in 1994 has delineated the importance of accurate
tumor size. Tumor diameter of more than 4 cm separates the
IB1 from IB2. There is a greater degree of awareness towards
distinguishing the bulky from non-bulky stage IB tumors. Also, Hope
et al.41,42 showed that non-bulky stage I tumors can be treated only

by surgery and needs no additional therapy. However, treatment
for bulky stage I (stage IB2) patients is controversial.
MRI is more accurate in a bulky tumors group than non-bulky
tumor group. Similarly, we also observed 9 cases of stage IB2 which
are three times more in comparison to the 3 cases diagnosed as
stage IB1 out of total 12 stage IB patients.41
Matsubara40 proved that axial and coronal planes are best for
identifying parametrial invasion. Parametrial invasion is present if
the tumor invades the low intensity cervical stromal ring on T2W
images. We used the same criteria and observed focal invasion of
cervical stromal ring in 31 of 38 (81%) patients with parametrial
invasion and hence staged as stage IIB. Vaginal invasion is seen in
9 of 38 patients (23%) so they were staged as stage IIA.
Parametrial invasion decides the stage and management. MR
imaging has an accuracy of 95% for invasive disease IB or higher.
Accuracy is 89% for parametrial invasion on MRI. Presence of intact
hypointense cervical stromal ring on T2 weighted images excludes
parametrial invasion.9,43–46
Subak et al.10 in 79 patients showed accuracy 90% in staging,
94% in the parametrial invasion.
MRI is shown to have 94% accuracy in parametrial and vaginal
invasion and differentiating between stage I and IIA from stage IIB
is 94%.19,47 In our study out of 11 stages III patients, 10 patients had
stage IIIB and only I patient had stage IIIA involving the lower vagina.
Matsubara et al.40 inferred that coronal planes are useful in
detecting parametrial invasion. The axial T2 weighted imaging
identifies the parametrial, bladder and rectal invasion. The sagittal
planes are the most important in diagnosing the invasion of urinary
bladder, vagina, and rectum.
19 of 79 patients had stage IV disease with involvement of
urinary bladder and rectum.
Popovich et al.48 studied 23 patients with MRI to identify the
invasion of the rectal, urinary bladder, pelvic sidewall, and to
detect the enlarged lymph nodes with 100% NPP. MRI can show
contiguous tumor invasion where the cystoscopic study may show
no abnormality and concluded that MRI provides an accurate means
of selecting patients for pelvic exenteration.
Hricak et al.16,49 demonstrated that use of MRI as a pretreatment
workup reduces the number of procedure and invasive studies such
as barium enema, proctoscopy, resulting in substantial cost savings.
According to the FIGO classification stage, IVA disease is defined
as tumor invasion of bladder or rectal mucosa, which can be
detected by cystoscopy and sigmoidoscopy with the aid of biopsy. If
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Figs 20A to D: (A) T2W coronal; (B) T2W coronal; (C) T2W axial; (D) T2W sagittal
Table 11: Fistula
Fistula
Rectovaginal
Vesicovaginal
Rectovaginal and vesicovaginal
Total

Fig. 21: Types of fistula

18

No. of patients
4
2
1
7

the serosa or muscular layer is invaded and mucosa is intact, radical
hysterectomy is avoided because the bladder or rectum cannot be
separated from the cervical mass during surgery.
There are 20 patients who had stage IV disease with involvement
of urinary bladder, uterosacral ligament and/or rectum.
Kim et al.35 showed that MRI has 83% sensitivity, 100% specificity
and 99% accuracy in the vesical invasion. Bladder wall nodularity,
irregularity at the posterior bladder wall are suggestive of bladder
wall invasion. We used these criteria in 79 out of 83 patients, we
observed vesical invasion in 16 of 20 cases of stage IVA.
Many study separately showed high NPP in evaluating invasion
of bladder, rectum, pelvic side wall so it is reliable to exclude the
patients for cystoscopy, proctoscopy or more invasive investigations
and also to exclude the patients considered for pelvic exenteration
and laparotomy. Likewise in our study, we excluded 67 of 83 patients
who did not require cystoscopy and 66 of 83 patients who did not
require the rectosigmoidoscopy and selecting 10 more patients
who were not suspected to have bladder and rectal invasion on
clinically by a physician required cystoscopy or sigmoidoscopy
for same.
So MRI can be used to detect pelvic organ invasion in a
noninvasive manner and to select or exclude the patients for
cystoscopy or sigmoidoscopy.41
The presence of juxta – regional and para-aortic lymph
nodes, patient age, tumor size, MRI stage are the most important
prognostic factors.50 Yang et al.51 studied 949 lymph nodes with CT
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Table 12: Clinical staging
Clinical stage
I
II
III
IV

Table 13: Comparison between MRI and clinical staging
No. of patients
8
12
53
10

Fig. 22: Clinical stagewise distribution

MRI
0
12
5
31
1
10
20
79

MRI
12
36
11
20
79

Clinical
8
12
53
10
83

Fig. 23: Comparison between MRI and clinical staging (Graphical
representation)

Table 14: Comparison between MRI and clinical staging
Stage
IA
IB
IIA
IIB
IIIA
IIIB
IVA
Total

Stage
I
II
III
IV
Total

Clinical
4
4
1
11
1
52
10
83

Table 15: Chi-square test
Stage
I
II
III
IV
N

RD
1.18
4.33
6.5
2.17
79

p value
>0.05
<0.05
<0.05
<0.05
83

Stage
I
II
III
IV
Total

MRI
12
36
11
20
79

Clinical
8
12
53
10
83

X2 value = 43.6
p value = <0.01

Fig. 24: Comparison of MRI and clinical staging (Graphical representation)

and MRI and compared with surgical findings and histopathological
findings with 1 cm on CT or MRI as size criterion and showed
similar specificity, sensitivity, PPV and NPV. In our study, we used
similar criteria and we found 33 of 79 patients having pelvic or
periaortic lymphadenopathy of which 20 patients 60% of patients
with lymphadenopathy had stage IV. So there is an increase in the
lymphadenopathy with the increase in the stage. 38,41
Out of total 34 patients (55%), 19 patients had unilateral iliac
lymphadenopathy (26%) had bilateral lymphadenopathy and only
1 (2%) patient had perirectal lymphadenopathy, 5 patients (14%)
had periaortic lymphadenopathy.
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Table 16: Z-score test
Stage
IA
IB
IIA
IIB
IIIA
IIIB
IVA
Total

MRI
0
12
5
31
1
10
20
79

Clinical
4
4
1
11
1
52
10
83

Stage
IA
IB
IIA
IIB
IIIA
IIIB
IVA
N

RD
1.97
2.18
1.72
3.77
0.034
5.75
2.13
79

p value
>0.05
<0.05
>0.05
<0.05
>0.05
<0.05
<0.05
83

MRI protocol
Sequence
T1 TSE
T2 TSE
T2 FAT SAT TSE
MR urography
static
Stage
0
La
IA1
IA2

IB
IB1
IB2
IIA
IIB
IIIA
IIIB
IVA
IVB

TR milliseconds
613
3500
2476
8000

TE milliseconds
14
90
70
80

FAT suppression
NO
NO
YES
NA

Definition
Carcinoma in situ
Microinvasive disease
Stromal invasion no greater than 3.0 mm in depth and
7.0 mm or less in horizontal spread
Stromal invasion more than 3.0 mm but not more than
5.0 mm in depth with a horizontal spread of 7.0 mm or
less
Clinically visible disease
A clinically visible lesion 4.0 cm or less in greatest
dimension
A clinically visible lesion more than 4.0 cm in greatest
dimension
The tumor invades beyond uterus, but not to the lower
one–third of the vagina, without parametrial invasion
The tumor invades beyond the uterus with parametrial
Vaginal involvement reaches the lower one-third of the
vaginal canal without extending to the pelvic side wall
The tumor extends to the pelvic wall or causes
hydronephrosis or a nonfunctioning kidney
The tumor invades the mucosa of the bladder or extends
beyond the true pelvis.
Distant metastasis.

Uterine body invasion provides important prognostic
information in patients undergoing radiotherapy.52
Uterine body is seen involved in 26 out of 79 patients which
were seen as cervical mass invading the uterine body and 23 of 33
(70%) patients showing lymphadenopathy also show uterine body
20

invasion suggesting lymph node metastasis is two times commoner
with uterine body invasion.
Pelvic lymph node metastasis is commoner with uterine body
invasion and predicts increased incidence of lymphadenopathy
and poor survival.30,53–58
The MRI directly showed ureteric involvement in 20 patients
of stage III and stage IV disease. Fifteen patient had direct ureteric
invasion. Five patients of stage IV were also showing enlarged iliac
lymph nodes involving the lower ureter.
We, after performing MRI staging for every patient, compared
the patients in each stage with the clinical staging mainly done by
clinical palpation in our institute.59
MRI diagnosed 12, 36, 11, 20 cases of stage I, II, III and IV
respectively. Clinical assessment detected 8, 12, 53 and 10 patients
of stage I, II, III and IV, respectively.
After applying the X2 test to the MRI staging and clinical staging
we got X2 value of 43.6 and p value < 0.01. This depicts a substantial
difference between the MRI and the clinical staging.
Then we compared the MRI staging with clinical staging
according to individual stages and found significant difference
between MRI staging and clinical staging with p value < 0.05 in
stage IB, IIB, IIIB, IVA suggesting that MRI has diagnosed significantly
more cases in stage IB, IIB and stage IVA while clinical staging has
diagnosed significantly more cases in stage IIIB.
But we could not determine whether MRI staging is better
than clinical staging as we could not have a surgical study as a gold
standard as done in some other studies.59,60
However, many studies in the literature describe the lacunae of
the clinical methods relative to the cross-sectional imaging.
Nagell et al.11 showed that clinical staging shows an error rate
of 17–32% in stage IB and up to 67% with stage III and IV disease
relative to intraoperative or pathological findings.
Many studies showed in two different studies showed MRI
has an accuracy of 77–83% better than clinical staging. The MRI is
more accurate in size and extension of the tumor relative to clinical
palpation in inoperable tumors.10,31,46,50,61–63
Hricak et al. 50 calculated the accuracy of MR images in the
location of a tumor 91% for vaginal extension 90% and parametrial
invasion 88%. Pelvic sidewall invasion, urinary bladder, and rectal
invasion were accurately excluded in all patients.
Clinical FIGO staging has inherent inaccuracies and low
prediction of prognostic factors. MRI offers direct tumor
visualization. It is also accurate in predicting the stromal
invasion.39,40,50,65–67
In our study, we found that there was a significant difference
in clinically diagnosed stage IIIB cases and MRI diagnosed stage
IIIB cases.
In our institute, the clinicians make a stage IIIB diagnosis when
there is thickening of the bilateral parametrial invasion to the lateral
pelvic wall on clinical palpation only. MRI findings did not show
lateral pelvic wall invasion in most cases. MRI showed direct rectal
or bladder wall invasion in other patients.
In patients where clinical findings showed stage IIIB disease,
the MRI staging showed 8 patients as stage IB, 4 as IIA, 20 as IIB,
and 10 as IVA.
In stage IA, IIA, IIIA, no significant difference was found between
the clinical staging and the MRI. This may be because of the inability
of conventional MRI to demonstrate the mass lesion in stage IA
disease, or a low number of cases in stage IIA, IIIA.
Also, only 3 out of the 10 patients diagnosed as stage IIIB on
MRI were having lateral pelvic wall invasion and rest 7 patients
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were having ureteric involvement rather than the lateral pelvic
wall invasion.
As described by the study done by Mitchell et al.57 showed that
MRI is superior in detecting the uterine body involvement relative
to clinical methods and CT. The invasion of the uterine body and
involvement of lymph nodes is not considered in clinical staging,
which is important prognostic factors and well demonstrated on
MRI. We found 20 patients of lymphadenopathy associated with
uterine invasion and the maximum number of patients of uterine
invasion and pelvic lymphadenopathy seen in stage IVA, suggesting
that there is increased occurrence of lymphadenopathy with uterine
invasion and it increases as the stage increases whereas clinical
staging did not consider these important prognostic factors at all.
We used the hypointense signal on all pulse sequences with no
demonstrable mall lesion in a patient taken treatment (chemo and
radiotherapy) at least 1 year back as a criteria for no recurrent lesion
and we studied 12 of 95 patients referred to rule out any recurrent
lesion in cervix, at least 1 year after completion of chemo and
radiotherapy and MRI demonstrated hypointense signal intensity
at cervical region on all the sequences and we ruled out recurrent
lesion in 10 patients. However, in rest of the two two patients, we
did not find a similar hypointense signal on all sequences but there
was no demonstrable mass lesion on MRI.
So hypointense signal on MRI on all sequences is consistent
with post-radiation fibrosis especially 1 year after completion of
treatment.
In our study, we demonstrated fistulous tracts between rectum
and cervix-vagina, vagina and urinary bladder and both of them
together.
The MRI clearly showed seven such fistulae. Four of them
were a rectovaginal fistula, two were vesicovaginal and one
was a rectovaginal–vesicovaginal fistula. MRI directly shows the
hyperintense tract on T2W images and also the correct anatomical
localization of tract.
As most of our patients were in stage IIB, III, IV where
radiotherapy remains modality of choice MRI staging could not be
compared with surgical staging.
Clinical staging is inaccurate, depends on subjective methods
(palpation) and also excludes the important prognostic factors.
MR imaging demonstrates staging of cervical malignancy
accurately. MRI depicts the involvement of important prognostic
factors such as lymphadenopathy and uterine body invasion.
There is a significant difference in the staging of cervical
carcinoma done by MRI and that of clinical staging with lower
accuracy of clinical staging.
MRI is a one-stop investigation to stage the cervical malignancy
and can select patients who need more invasive procedures like
barium enema, IVP. MRI has the potential to completely change
therapy and is an objective means of staging cervical malignancy.
MRI should be preferred to see the response to treatment and to
rule out recurrence.
So MRI should be considered to be a primary investigation in the
staging of cervical malignancy instead as a problem-solving tool.

S u mma ry

and

C o n c lu s i o n

MRI confirms the presence of cervical cancer of all stages except
stage IA.
It is effective in the localization of cervical mass lesion and its
staging.

It accurately measures size in any given plane and so
conventional MRI can distinguish between stage IB1 form stages
IB2 accurately.
It demonstrates objective evidence for the staging of cervical
cancer.
The significant difference (with X2 value 43.6 and p value < 0.01)
of exists between MRI staging of cervical carcinoma and clinical
staging of cervical carcinoma and this difference may be attributed
to inherent inaccuracies of clinical staging.
MRI is a one-stop tool to assess cervical carcinoma.
In India the patients of cervical carcinoma present in late stages
so there is the need for more number invasive procedures like
examination under anesthesia before final clinical staging is done,
MRI can obviate such procedures and can replace them as well.
It can triage patients for cystoscopy and sigmoidoscopy.
Prognostic factors such as lymphadenopathy, uterine body
invasion is better evaluated which are not considered in clinical
staging and important for patient survival.
MRI can avoid and completely replace the other radiological
modalities used in the FIGO system like Barium enema, IVP.
MRI delineates and correctly localizes the fistula and can serve
as road map for surgical treatment.
The MRI is not officially incorporated in the FIGO staging system.
However, it has been widely accepted for purpose of diagnosis,
staging, and follow-up of cervical carcinoma. MRI distinguishes
tumors invading the parametrium from that confined to cervix only
and also differentiating bulky from non-bulky tumors. Importantly
it can serve as a single best modality in staging cervical carcinoma.
Apart from accurate, objective staging, MR imaging is
invaluable in the evaluation of essential prognostic factors like the
size of the tumor, parametrial invasion, uterine body invasion and
lymphadenopathy, last two of which are not considered in FIGO
clinical staging.
MR imaging should be used as the preferred imaging modality
for staging cervical cancer.
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