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Introduction

The staging procedure of cervical cancer is based on the
FIGO staging system, which does not routinely include
magnetic resonance imaging (MRI), or computer tomogra-
phy (CT) scan [1]. Accordingly, although used more and
more frequently, not all clinics with available MRI or CT
use these imaging modalities in the routine work-up of cer-
vical cancer patients. Tumour extension (i.e. tumour diam-
eter and infiltration of surrounding tissue like the parame-
tria, vagina, bladder, and rectum) is the most important fac-
tor in the FIGO staging system and is considered to be the
deciding factor for the choice of the primary treatment [2].

Due to poor prognostic properties, bulky cervical
tumours are assigned to a separate class in the FIGO sys-
tem (1B2 or above); morphology, however, is not account-
ed for [3, 4]. A prospective study of 400 surgically-treated
bulky (diameter > four cm) cervical cancer patients showed
that morphologic characteristics of the tumour are of prog-
nostic significance. Patients with a barrel-shaped tumour
had a significantly worse disease-free survival (DFS) and
overall survival (OS) after primary surgery compared to
patients with the same FIGO Stage but with an exophytic
growing tumour. The authors of that study concluded that
surgical treatment should be considered for patients with
bulky exophytic cervical cancer [5]. There is no general
agreement regarding the optimal treatment of bulky cervi-
cal tumours. Morphology could play a role in the selection
of a subgroup that is suitable for primary surgery. 

The purpose of this study was to determine whether
MRI could discriminate between patients with morpho-
logically favourable bulky cervical tumours and patients
with bulky cervical tumours with a worse prognosis. MRI
allows accurate visualization and assessment of extension
of the tumour in surrounding tissues, without the need for
intravenous contrast [6]. The authors performed a retro-
spective observational study in patients with surgically-
treated bulky cervical cancer of whom MRI of the pelvis
was performed prior to surgery. The ratio between tumour
width and length and the accumulation of fluid in the
uterine cavity were related to DFS and OS of the patients.

Materials and Methods

Patients

All data were obtained in accordance with the medical ethical
guidelines of this Hospital. One hundred and eight patients were
surgically treated for cervical cancer Stage 1B2 or above in this
centre between 1984 and 2000. Twenty-four of these patients
had a preoperative MRI scan and were included in the study. 

Clinical assessment

The included patients were evaluated preoperatively by the
standard staging procedure of this gynaecologic oncology
department, which included complete physical and gynaecolog-
ical examination under anaesthesia, routine blood and urine
analyses, chest radiography, and ultrasound to exclude ureteral
dilatation. Additionally, a MRI scan was performed. The indica-
tions for the MRI scan were high suspicion of tumour extension
into the parametria, bladder, or rectum, and lymph node metas-
tases, based on physical examination under anaesthesia. The
MRI scans were performed on a 1.5 T scanner, using a phased
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array torso coil. All patients were scanned in supine position.
The imaging protocol consisted of axial T1-weighted fast spin
echo images (TR/TE = 575/8 msec, 24 slices, four-mm thick-
ness, field of view 200 mm, matrix 320 x 256), and axial and
sagittal T2-weighted fast spin echo images (TR 4800 msec, TE
150 msec, 24 slices, four-mm thickness, field of view 200 mm,
320 x 256 matrix), through the pelvic region. The images were
analyzed on a dedicated workstation.

Treatment

In this centre, the standard treatment for cervical cancer Stage
1B and 2A is radical abdominal hysterectomy and pelvic lym-
phadenectomy [7]. For one patient with FIGO Stage 2B, the
treatment was individualized to chemotherapy followed by rad-
ical hysterectomy. Postoperative pathologic assessment includ-
ed histological type, infiltration depth, involvement of the para-
metria, resection margins, tumour diameter, and lymph node
metastases. Patients received adjuvant radiotherapy in case of
≥ one tumour positive lymph node, and if parametrial involve-
ment or non-radical surgical resection margins (< five mm free
of tumour) were found. An additional criterion for adjuvant
radiotherapy from 1997 onwards was the presence of at least
two of the following prognostic unfavourably factors: tumour
diameter > four cm, invasion depth > 15 mm, and vaso-invasion.
In individual cases of severe tumour extension, platinum-based
chemoradiation was offered. 

Measurements

The maximal cranio-caudal length of the cervical tumour
(increased signal on T2-weighted images compared to normal
cervical tissue) parallel to the cervical axis and the maximal
width perpendicular to the cervical axis were measured (Figure
1). Subsequently the ratio between tumour width and length was
calculated and expressed as the ‘barrel index’ (BI = ). A bar-
rel-shaped tumour was expected to cause fluid retention in the
uterine cavity by obstruction of the endocervical canal. The

width
length

Table 1. — Characteristics of 24 patients with bulky (> 40 mm)
cervical tumours.

Mean Min - Max

Age (yrs) 50.8 31 - 75
n %

Place of residence
Netherlands 16 67
Surinam 8 33

FIGO Stage
1B2 16 67
2A 7 29
2B 1 4

Neo-adjuvant therapy
Chemotherapy 2 8

Disadvantageous pathological parameters
Positive lymph node 9 38
Resection margins five mm free of tumour 13 54
Parametria tumour positive 3 13
Invasion depth > 15 mm 19 79

Mean Min - Max

Tumour size (mm) 57.3 45 - 80
n %

Adjuvant therapy
Radiotherapy 19 79
Chemoradiation 2 8

Recurrence
Local 4 17
Regional 2 9
Distant 8 35

Decreased
Yes, by cervical cancer 14 58
Yes, by other cause 1 4

Mean Min - Max

DFS (mth) 31.2 0.8 - 110.1
OS (mth) 44.4 0.8 - 131.6

N = number; DFS = disease-free survival; OS = overall survival.

Table 2. — Cox regression analysis of the shape of the cervical
tumour (BI).

DFS HR 95% CI
Prognostic factors

Age 0.9 0.9 to 1.0
Positive lymph nodes 0.1 0.01 to 0.5
Invasion depth > 15 mm 3.7 0.6 to 22.7
Parametria tumour positive 47.0 3.9 to 562.6
Resection margins < 5 mm 1.1 0.3 to 4.2
Barrel Index > 1.40 18.9 2.8 to 125.6

OS HR 95% CI
Prognostic factors

Age 0.9 0.9 to 1.0
Positive lymph nodes 0.1 0.01 to 0.5
Invasion depth > 15 mm 3.6 0.6 to 21.3
Parametria tumour positive 51.4 4.3 to 610.6
Resection margins < 5 mm 0.9 0.2 to 3.7
Barrel Index > 1.40 16.4 2.9 to 93.9

Table 3. — Inter-observer concordances.

BI > / ≤ 1.40 Observer 1 Observer 2 Observer 3
Kappa

Observer 1 x 0.74 0.50
Observer 2 0.74 x 0.58
Observer 3 0.50 0.58 x

Intrauterine fluid retention Observer 1 Observer 2 Observer 3
Kappa

Observer 1 x 0.92 0.67
Observer 2 0.92 x 0.75
Observer 3 0.67 0.75 x

Table 4. — Cox regression analysis of intracavital uterine fluid
retention.

DFS HR 95% CI
Prognostic factors

Age 0.9 0.9 to 1.0
Positive lymph nodes 1.6 0.3 to 8.4
Invasion depth > 15 mm 0.2 0.01 to 2.2
Parametria tumour positive 24.2 1.9 to 304.4
Resection margins < 5 mm 1.0 0.2 to 5.6
With intracavital fluid retention 73.6 5.3 to 1016.4

OS HR 95% CI
Prognostic factors

Age 0.9 0.9 to 1.0
Positive lymph nodes 1.1 0.2 to 5.6
Invasion depth > 15 mm 0.3 0.03 to 3.2
Parametria tumour positive 15.9 1.3 to 192.8
Resection margins < 5 mm 0.6 0.1 to 2.9
With intracavital fluid retention 48.1 4.7 to 491.6
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authors therefore visually-assessed the presence of fluid in the
lumen of the uterus. Because differentiating between fluid and
endometrial glands and stroma can be difficult, they defined two
categories: ‘no fluid or just a stripe of fluid’, and ‘more than a
stripe of fluid’. Presence of intracavital fluid was recognized by
its biconcave shape. The two groups are further referred to as
‘without fluid retention’ and ‘with fluid retention’. Figure 2
shows an example of a uterine cavity with fluid retention (con-
trary to the example in Figure 1). All measurements were inde-
pendently performed by three different radiologists (AŠ, MW,
and IL) who were blinded for the follow-up status of the patient. 

Follow-up 

Follow-up data and patient characteristics were extracted
from the medical records. The follow-up period for this study
extended from the individual date of surgery to November 2007. 

Statistical analysis

Cox regression was used to analyze the effect of the BI and
fluid retention on DFS and OS. First the authors performed uni-
variate analysis for varying cut-off points of the BI to determine
the optimal cut-off point for the BI in the subsequent analyses.
The multivariate analysis included BI or fluid retention, and the
known disadvantageous prognostic factors age, positive lymph
nodes, invasion depth > 15 mm, tumour positive parametria, and
resection margins < five mm free of tumour. Student’s t-test was
used to compare the mean tumour width between the patients
with and without intracavital fluid retention. For the statistical
analysis with respect to prognosis, the measurements of one
investigator (AŠ) were used. Cohen’s kappa coefficient was cal-
culated to evaluate the interobserver concordance of the MRI
determinations (BI and presence of intracavital fluid). 

Results

General characteristics

General characteristics, pathology results, and results
with respect to survival after radical hysterectomy of the 24

patients are summarized in Table 1. The group consisted of
16 (67%) Dutch and eight (33%) Surinamese patients who
were referred to the Netherlands for cervical cancer treat-
ment. Two patients received neoadjuvant chemotherapy,
which was begun after the MRI scan. The follow-up peri-
od ranged from 0.8 to 131.6 months. Mean DFS was 31.2
months, and mean OS 44.4 months. One patient died in the
first month after treatment by another cause other than cer-
vical cancer and was excluded from the survival analyses.
Three other patients were lost to follow-up after follow-up
periods of 4.0, 4.6, and 21.3 months, respectively. Fourteen
patients (61%) had a recurrence. All patients with recurrent
disease died of cervical cancer.

Barrel index

Univariate Cox regression analysis with varying BIs
ranging from 1.10 to 1.90 showed that a cut-off point of
1.40 for the BI was the best prognostic factor with respect
to recurrence and death in this sample. Ten of 23 patients
(44%) had a BI > 1.40, the rest of the BIs were 1.40 or
smaller. The group of patients with a BI > 1.40 consisted
of seven patients (70%) with FIGO Stage 1B2, two (20%)
with 2A, and one (10%) with 2B. The group with BI ≤
1.40 consisted of nine patients (64%) with Stage 1B2, and
five (36%) with 2A. Eight patients with a BI > 1.40 (80%)
and six (46%) with a BI ≤ 1.40 had a recurrence. Table 2
shows the results of the multivariate survival analysis
based on this cut-off point. The hazard ratio (HR) of BI >
1.40 as compared to BI ≤ 1.40 was 18.9 (95% CI 2.8 to
125.6) for recurrent disease, and 16.4 (95% CI 2.9 to
93.9) for death by cervical cancer. Exclusion of the two
patients that received adjuvant chemoradiation from the
analysis increased the HR’s of BI > 1.40 to 32.2 (95% CI
3.3 to 312.9) for DFS and to 20.8 (95% CI 2.9 to 151.7)
for OS. The inter-observer concordance of the MRI meas-

Figure 1. — Sagittal T2-weighted MRI showing the cervical axis (dotted line) and the directions in which tumour length (arrow
parallel to cervical axis) and width (arrow perpendicular to cervical axis) were measured for the determination of the barrel index.
No intrauterine fluid retention.
Figure 2. — Sagittal T2-weighted MRI of cervical tumour patient with intrauterine fluid retention.

Fig. 1 Fig. 2
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urements of BI > / ≤ 1.40 by the three radiologists was
moderate to substantial (kappa = 0.50 to 0.74) (Table 3).

Intracavital fluid retention

In 14 of the 24 patients (58%), high intensity fluid was
present in the uterine cavity. There was a trend towards
lower stages in the fluid retention group (11 patients
(79%) with 1B2, and 3 (21%) with 2A) as compared to
the group without fluid retention (five patients (50%)
with 1B2, four (40%) 2A, and one (10%) 2B). In the 23
patients included for the survival analyses, 11 of 14
patients (79%) with fluid retention, and three of nine
patients without fluid retention (33%) had a recurrence.
The hazard ratio of fluid retention as compared to a stripe
or no fluid was 73.6 for recurrent disease (95% CI 5.3 to
1016.4) and 48.1 for death by cervical cancer (95% CI 4.7
to 491.6) (Table 4). Exclusion of the two patients that
received adjuvant chemoradiation from the analysis
decreased the HR for DFS of fluid retention to 43.8 (95%
CI 3.2 to 602.2) for DFS and increased the HR for OS of
fluid retention to 54.8 (95% CI 4.4 to 674.2). The inter-
observer concordance of the estimation of high intensity
retention material in the uterine cavity on MRI was sub-
stantial to almost perfect (kappa = 0.67 to 0.92) (Table 3).

BI and fluid retention with regard to tumour size

Six of the ten patients (60%) without fluid retention had
a BI ≤ 1.40 based on MRI measurements, and six of 14
patients (43%) with fluid retention had a BI > 1.40. 

The largest tumour width measured on MRI in the
group without fluid retention was 59 mm, whereas 57%
of patients with fluid retention had a tumour width > 59
mm, with a maximum of 87 mm. The difference between
the mean tumour width of the group with fluid retention
(63 mm) and without fluid retention (50 mm), was signif-
icant (mean difference = 12.5 mm, 95% CI = 2.7 to 22.2).

Inclusion of the maximal tumour width in the multivari-
ate survival analysis for BI > / ≤ 1.40 resulted in a
decrease of the HR from 18.9 to 11.3 (95% CI = 1.4 to
92.6) for DFS and from 16.4 to 12.2 (95% CI = 1.8 to
85.2) for OS. In both survival analyses, however, the BI
remained an independent prognostic factor. A similar
decrease of the HR for fluid retention was observed when
the maximal tumour width was included in that multivari-
ate analysis: decrease of the HR from 73.6 to 26.4 (95%
CI = 2.2. to 315.5) for DFS and from 48.1 to 24.8 (95%
CI = 2.5 to 241.4) for OS. Fluid retention also remained
an independent prognostic factor.

Discussion

The results of this observational study on growth pat-
tern of cervical tumours in relation to recurrence and sur-
vival suggest that the morphologic characteristic BI and
presence or absence of intracavital fluid, as determined
by MRI, may have prognostic value. 

A division in groups based on the ratio between tumour
length and width (BI) was an independent prognostic fac-
tor for recurrence and OS in this study. The relation to

survival was independent from the known tumour diame-
ter prognostic factor. In previous studies, a barrel-shaped
growth pattern and tumour size were also found to be
independent disadvantageous prognostic factors [5, 8].
The results of these studies support the present findings.
To the best of the authors’ knowledge, this is the first
study in which the BI of cervical tumours, determined by
MRI, was found to be a prognostic factor for survival. 

The results of this study suggest that presence or
absence of fluid in the uterine cavity is a strong prognos-
tic factor for recurrence and OS. The HR for recurrence
and OS were even higher than for BI. Intrauterine reten-
tion material could not conclusively be related to mor-
phology based on MRI assessment, but it had a clear rela-
tion with tumour width as measured on MRI. Although
intrauterine fluid accumulation is a quite common finding
in transvaginal sonography among asymptomatic post-
menopausal women, accumulation of fluid in the uterine
cavity on MRI and transvaginal sonography imaging has
been related to gynaecologic cancer [9-12]. As far as the
authors know, this is the first study in which this finding
has been correlated to growth pattern and to prognosis.
Given the substantial to almost perfect inter-observer con-
cordance of this parameter on MRI, and the strong rela-
tion the authors found in this study to prognosis, retention
material in the uterine cavity is a promising prognostic
parameter. Further larger studies are needed to confirm
these findings. 

In this study, the authors found that tumour diameter is
also a prognostic factor for recurrence and OS after surgi-
cal treatment of cervical cancer. Previous reports confirm
this finding [8]. Multivariate survival analysis including
tumour diameter, BI, and fluid retention, however,
showed that only BI and fluid retention remained inde-
pendent risk factors. These findings suggest that tumour
diameter, BI, and fluid retention are correlated but that BI
and fluid retention are stronger independent prognostic
factors.

This study has several limitations. One limitation is that
in daily practice in this centre, MRI imaging is not rou-
tine in the staging procedure for cervical cancer. In this
study group, an MRI scan was performed based on clini-
cal grounds. The studied population might therefore not
be a representative sample of the average population of
patients with bulky cervical cancer. This probably
explains the very high HRs found for BI and fluid reten-
tion for recurrence and OS and the unusual finding that
lymph nodes appear to be protective in some of the analy-
ses. Furthermore, follow-up was not fully documented in
three of the 23 patients (13%) that were included in the
survival analyses. When these individuals were complete-
ly removed from the analyses, the results did not change
substantially (data not shown). The authors therefore do
not think that the results of this study are much influenced
by the individuals that were lost to follow-up during the
study. Another limitation is the small study size. Despite
the small study size, these results were highly-significant,
suggesting that the BI and presence or absence of intra-
cavital fluid are strong prognostic factors. Furthermore it
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has already shown that BI is a prognostic factor. The addi-
tional value of this study is that these results show that the
prognostic factor BI can be determined with MRI prior to
therapy. Larger and prospective studies are needed to con-
firm these results. 

In conclusion, the results of this study support the
reported finding that morphology of bulky cervical
tumours is predictive for prognosis. The morphologic
characteristic BI and intracavital fluid as assessed by MRI
might be helpful in identifying a subgroup of individuals
with bulky cervical cancer with a better prognosis and
who are therefore eligible for primary surgical therapy. 
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