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Abstract
Objective To compare sensitivity and specificity of
endovaginal versus external-array coil T2-W and T2-W+
DWI for detecting and staging small cervical tumours.
Methods Optimised endovaginal and external array coil MRI
at 3.0-T was done prospectively in 48 consecutive patients
with stage Ia/Ib1 cervical cancer. Sensitivity/specificity for
detecting tumour and parametrial extension against histopa-
thology for a reading radiologist were determined on coronal
T2-W and T2W+DW images. An independent radiologist al-
so scored T2-W images without and with addition of DWI for
the external-array and endovaginal coils on separate occasions
>2 weeks apart. Cohen’s kappa assessed inter- and intra-
observer agreement.
Results Median tumour volume in 19/38 cases positive on
subsequent histology was 1.75 cm3. Sensitivity, specificity,
PPV, NPV were: reading radiologist 91.3 %, 89.5 %,
91.3 %, 89.5 %, respectively; independent radiologist T2-W
82.6 %, 73.7 %, 79.1 %, 77.8 % for endovaginal, 73.9 %,
89.5 %, 89.5 %, 73.9 % for external-array coil. Adding DWI

improved sensitivity and specificity of endovaginal imaging
(78.2 %, 89.5 %); adding DWI to external-array imaging im-
proved specificity (94.7 %) but reduced sensitivity (66.7 %).
Inter- and intra-observer agreement on T2-W+DWI was good
(kappa=0.67 and 0.62, respectively).
Conclusion Endovaginal coil T2-W MRI is more sensitive
than external-array coil for detecting tumours <2 cm3; adding
DWI improves specificity of endovaginal imaging but reduces
sensitivity of external-array imaging.
Key Points
• Endovaginal more accurate than external-array T2-W MRI
for detecting small cervical cancers.

• Addition of DWI improves sensitivity and specificity of
endovaginal T2-W imaging.

• Addition of DWI substantially reduces sensitivity of external-
array T2-W imaging.
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ADC Apparent diffusion coefficient
DWI Diffusion-weighted imaging
EPI Echo-planar imaging
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FSE Fast spin-echo
LLETZ Large loop excision of the transformation zone
MRI Magnetic resonance imaging
SENSE Sensory encoding
SNR Signal-to-noise ratio
TSE Turbo spin-echo
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ZOOM Zonal oblique multislice
PPV Positive predictive value
NPV Negative predictive value
RVT Radical vaginal trachelectomy

Introduction

Increasingly, because of effective cytological screening
programmes, uterine cervical cancer presents at an early stage
with small-volume disease. A ‘see-and-treat’ policy at most
centres results in referrals for imaging following a diagnostic
cone biopsy or large loop excision of the transformation zone
(LLETZ) procedure, at which a significant proportion of the
disease may be excised. The presence of residual disease is
critical to inform further surgical management especially if
considering preservation of fertility, so that its identification
has become a key requirement from imaging. Cervical ampu-
tation (trachelectomy) is an option in these cases, where fer-
tility is not compromised for other reasons [1] but requires at
least a 1-cm length of normal cervical canal between the su-
perior tumour margin and the internal os [2, 3]. Therefore,
knowledge of residual tumour margins in relation to the nor-
mal cervical anatomy [4, 5] is paramount when considering
patients for trachelectomy. The superior soft-tissue contrast
provided by magnetic resonance imaging (MRI) makes it the
imaging technique of choice for demonstrating cervical tu-
mour in relation to normal cervical anatomy [6] in preopera-
tive imaging [7]; standard image acquisition using external
phased array receiver coils at field strengths of 1.5-T or 3.0-
T results in an in-plane resolution of >1 mmwith a 3- to 4-mm
slice thickness. At this resolution, tumours of >1 cm have a
sensitivity and sensitivity of detection around 60 %, although
specificity is high [8, 9], but smaller tumours can be missed
because spatial resolution is limited by the signal-to-noise
ratio (SNR) available.

The spatial resolution of MR images may be improved by
the use of receiver coils close to the region of interest because
they provide significant increases in SNR [10–12]. The use of
an endovaginal receiver coil has previously been shown to
improve the detection of tumours of <1.0 cm3 on T2-W im-
aging [13] and also allows detailed visualisation of the
parametrium up to 6 cm from the surface of the internal coil
[14].When combined with diffusion-weighted (DW) contrast,
the endovaginal technique further improves sensitivity and
specificity of local staging to 92 % and 82 %, respectively
[15, 16] because the apparent diffusion coefficient (ADC) of
tumour is significantly lower than normal tissue [17]. Howev-
er, a formal comparison of an optimised T2+DW protocol for
tumour detection using an endovaginal versus an external
array-only technique has hitherto not been undertaken because
of the time and resource implications of doing both fully
optimised protocols in the same patients prior to surgery.

The purpose of this work therefore was to undertake such a
prospective study and compare the sensitivity and specificity
of T2-Wand T2-W+DWI obtained using an endovaginal coil
with that using an external array coil for detecting small-
volume cervical tumours and identifying early parametrial
extension.

Methods

Endovaginal coil

A 37-mm ring-design solenoidal receiver coil similar to one
previously described for use at 1.5-T [18] was used as part of a
coil array with an externally placed flex-L coil (Philips Med-
ical Systems, Best, The Netherlands). The endovaginal coil
was designed and built in-house. It was covered in a dispos-
able sheath and required simple manual insertion, without
visual or imaging guidance, and manipulated so that the ring
encompassed the cervix. The coil was immobilised in an ex-
ternal clamp as previously described. Vaginal air introduced
during insertion was aspirated using a Ryles tube to minimise
image distortion.

External array

A receive-only SENSE XL Torso coil 16-element phased ar-
ray was used (Philips Medical Systems). This is a flexible
volume coil consisting of anterior and posterior sections, each
of eight elements – four upper and four lower. Coil dimen-
sions were 74 mm×558 mm×600 mm for each half (upper
and lower). Each element had a Z coverage of 22.5 cm.

Sequence optimisation

We initially established the most appropriate imaging proto-
cols for both the endovaginal technique and the external array
technique. As high a resolution as possible with the T2-W
sequences without compromising image quality was deemed
to be a minimum requirement. We matched the voxel size of
the external array imaging to the endovaginal DW imaging
(Table 1). From our experience in reporting these images,
planes sagittal and coronal to the cervix were selected. The
endovaginal images had a spatial resolution of 0.35 mm3

(0.42×0.42×2 mm), while the torso array had a spatial reso-
lution of 3 mm3 acquired (1×1×3 mm). In order to minimise
acquisition time, DWI for comparison was done in the coronal
plane only as parametrial extension is best demonstrated in
this plane. For the endovaginal technique we used the ZOOM
sequence [19] which substantially reduces image distortions
that arise due to susceptibility artefacts from the endovaginal
coil. This allows a spatial resolution on the DW images of
3.1 mm3 (1.25×1.25×2 mm). Because of the lower image

942 Eur Radiol (2016) 26:941–950



SNRwithout the internal coil, it was not possible to derive any
meaningful data with the ZOOM-DWI. A conventional echo-
planar imaging (EPI) sequence with a pixel resolution equiv-
alent to that of the ZOOM-DWI image was therefore selected
(1.25×1.25 mm) but a slice thickness of 3 mmwas selected to
match the slice thickness of the T2-W images and retain SNR,
giving a voxel size of 4.7 mm3. Details of the endovaginal coil
and external array coil protocols are given in Table 1. SNR
measurements were made in a test-object with each coil com-
bination using the optimised sequences and corresponding
reconstruction filters, multichannel reconstruction and parallel
imaging. A 2.5-cm diameter gel test object (Eurospin, T1=
500 ms, T2=50 ms) surrounded by mineral oil test objects to
mimic a body load was imaged with the endovaginal-flex-L
coil combination followed by the external array coil, repeating
each sequence three times. Mean signal intensity measured
from a 200 mm2 region of interest on the central slice within
the gel test object from the three repetitions was divided by the
mean of the standard deviation of background noise. There
was near equivalence of the SNR on T2-W images with each
coil combination. There was a 62 % reduction in SNR on the
b=800 s/mm2 ZOOM-DWI images from the endovaginal coil
compared to the corresponding T2-W images, but a seven
times reduction in SNR on the b=800 s/mm2 DWI from the

external array coil compared to the endovaginal DWI images
(Table 1).

Patients

The study was approved by the local Institutional Review
Board. All patients gave informed, written consent. Over a
15-month period (May 2013–Aug 2014), a further follow-
on cohort from our previous study [15, 20] of 51 patients
were referred for MRI following an abnormal smear test
and subsequent histological evidence of invasive cervical
cancer. Twenty-two complained of at least one episode of
abnormal bleeding unrelated to any preceding surgical pro-
cedure. All were successfully prospectively recruited for
assessment with endovaginal T2-W MRI followed by
high-resolution external phased array MRI at 3.0-T. Three
patients were staged as Federation Internationale Gynecol-
ogy and Obstetrics FIGO 2B at examination under anaes-
thesia, so that 48 consecutive patients with Stage 1 cervi-
cal cancer aged 24–53 years (mean 34.4±8.2 years) were
included in this study (Fig. 1). Forty-two patients had a
cone or LLETZ biopsy at a median of 4.0 weeks (range
2–12 weeks) prior to MRI in which some or the entire
tumour may have been excised; at histology, 26 were

Table 1 Sequence parameters used for imaging

Parameter T2-weighted coronal, sagittal DWI coronal T2-weighted DWI

Coil selection Dual: Endovaginal+FLEX-L 2 element
phased array body

Single: Endovaginal SENSE-XL torso SENSE-XL torso

Sequence Turbo Spin Echo-Multi Shot
(TSE factor 10)

Spin-Echo Echo Planar
Imaging-Single Shot

TSE (TSE Factor 13) EPI

TR (ms) 2750 (coronal)
2500 (sagittal)

6500 2100 3230

TE (ms) 80 54 90 53

Flip angle 90° 90° 90° 90°

Bandwidth (Hz/Px) 217.7 9.6 217.3 9.6

FOV (mm) 100×100 100×100 120×200 110×100

Acq pixel size (mm) 0.42×0.42 1.25×1.25 1.0×1.0 1.25×1.25

Acq matrix 238 80 120 88

Recon matrix 288 224 400 224

Acq voxel size (mm3) 0.35 [0.42×0.42×2] 3.125 [1.25×1.25×2] 3.00 [1×1×3] 4.69 [1.25×1.25×3]

Slice thickness (mm) 2 (0.1 separation) 2 (0.1 separation) 3 3

Recon voxel size (mm3) 0.24 [0.35×0.35×2] 0.40 [0.45×0.45×2] 0.75 [0.5×0.5×3] 0.72 [0.49×0.49×3]

Number of slices 24 (coronal)
22 (sagittal)

24 16 16

NSA 2 1 4 2

Included b-values s/mm2

isotropic
n/a 0, 100, 300, 500, 800 n/a 0, 100, 300, 500, 800

Acquisition time 4 min 18 s (coronal)
4 min 0 s (sagittal)

4 min 33 s 3 min 58 s 3 min 50 s

Signal in gel (T1=500 ms,
T2=50 ms) to background noise

Flex-L elements 15 cm apart, gel sited
centrally within endovaginal coil ring

135

Gel sited centrally within
endovaginal coil ring

51

Coil elements 15 cm apart,
gel sited centrally

130

Coil elements 15 cm apart,
gel sited centrally

7

DWI diffusion-weighted imaging, NSA number of signal averages
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squamous cell carcinoma and 16 adenocarcinoma. The
other five had punch biopsies only (three squamous cell
carcinoma, two adenocarcinomas); of these three had un-
dergone cone or LLETZ biopsies more than 9 months
previously.

Imaging methods

Images were obtained at 3.0-T (Philips Achieva). Hyoscine
butyl bromide (Buscopan) 20 mg intramuscularly (IM) was
administered to reduce artefact from bowel peristalsis.

Endovaginal imaging was performed first. T2-W images
were acquired in three orthogonal planes to the cervix and
covered it entirely. DWI slice-matched images were acquired
in free-breathing coronal to the cervix as parametrial extension
is best assessed in this plane. Sequence parameters and acqui-
sition time are given in Table 1. Isotropic apparent diffusion
coefficient (ADC) maps based on the monoexponential rate of
signal decay with increasing diffusion weighting were gener-
atedwith the system software (PhilipsMedical Systems) using
all b-values.

Following the endovaginal imaging, the coil was removed
and, following a 5-minute off-bed break, external array coil
imaging was done. T2-W images were acquired in planes
sagittal and coronal to the cervix. DW-slice-matched images
were obtained coronal to the cervix. As with the
endovaginally acquired data, isotropic ADC maps based on
the monoexponential rate of signal decay with increasing dif-
fusion weighting were generated with the system software
(Philips Medical Systems) using all b-values.

Data analysis

At the time of clinical image reading, the reporting radiologist
(20 years’ experience of pelvic MRI), with access to clinical
information and all imaging data sets noted the absence or
presence of tumour and the absence or presence of tumour
invasion into the right and left parametrium. Where tumour
was noted, a tumour volume was measured by drawing a
region-of-interest around the tumour on every slice on which
it appeared and multiplying the total measured tumour area by
the slice thickness plus interslice gap.

On completion of the patient accrual, an independent radi-
ologist (5 years’ experience of pelvic MRI) without access to
the clinical data separately scored first the anonymised coronal
and sagittal T2-W external array images as positive or nega-
tive for tumour within the cervix; the absence or presence of
parametrial extension was also noted as absent or present. This
was then repeated with inclusion of the corresponding coronal
ADC maps. At a subsequent occasion 2 weeks later to avoid
memorisation, the same observer scored the randomized,
anonymised coronal and sagittal T2-W endovaginal images
without and then with the addition of the corresponding cor-
onal ADC maps. The absence or presence of right and left
parametrial extension was also noted.

Histopathological analysis

Tissue was acquired at radical hysterectomy (n=10), radi-
cal vaginal trachelectomy (RVT) (n=13), cold knife cone
(n=11) or LLETZ procedure (n=4) in 38 patients. Of the

Patients with abnormal cervical 
smear test and histological 
evidence of invasive cancer 
referred for endovaginal MRI 

n=51 

Patients clinically staged as 
FIGO 2b N=3 

EXCLUDED FROM ANALYSIS

T2W + DW-MRI using 
endovaginal followed by external 

phased array technique

Patients clinically staged as 
FIGO 1 and included in analysis 

n=48 

Surgical excision of tumour 
Radical hysterectomy n=10 

Radical vaginal trachelectomy n=13 
Cold knife cone n=11 

LLETZ n=4 

Chemoradiotherapy n=4 MRI negative with pre-MRI 
LLETZ or cone with clear 

margins n=6 
EXCLUDED FROM ANALYSIS 

Histology positive for tumour 
n=19 

Histology negative for tumour 
n=19 

Histology positive for tumour 
n=4 

Fig. 1 Flow chart of patients
included in the study and their
clinical pathway. MRI magnetic
resonance imaging, DW-MRI
diffusion-weighted MRI, FIGO
Federation Internationale
Gynecology and Obstetrics,
LLETZ Large loop excision of the
transformation zone
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remainder, four went to chemoradiotherapy and were
known to have prior positive biopsies and six were
deemed to have negative MRI scans with clear margins
on the initial cone or LLETZ biopsy so no further inter-
vention at that point was deemed necessary. These latter
six cases were therefore excluded from the analysis be-
cause of a lack of post-MRI confirmation of the absence
of tumour. All specimens were fixed in formalin. For hys-
terectomy and RVT specimens, a shave of the proximal
endocervical resection margin (at or near the internal os)
was sliced longitudinally (sagittal plane centrally, coronal
plane laterally). The cervix together with the parametrium
was sliced into transverse sections up to approximately
1 cm from the ectocervix. The remaining 1 cm of distal
cervix together with vaginal cuff was sectioned longitudi-
nally (sagittal plane centrally, coronal plane laterally or
sagittally throughout). All slices (each 3–4 mm thick) were
processed and embedded in paraffin; 2–3 micron sections
were deparaffinised and stained with haematoxylin and
eosin. According to the thickness of the slice obtained at
macroscopy, each histology slide was separated from the
next by 3–4 mm.

Statistical analysis

Sensitivity, specificity, and positive and negative predic-
tive values for detecting the presence of tumour by the
reading radiologist were obtained. For the independent
radiologist blinded to the clinical information sensitivity,
specificity, and positive and negative predictive values
of T2-W without and with the addition of DWI were
established for detecting the presence of tumour. Data
were obtained for the endovaginal technique and sepa-
rately for the external array-only technique. Similar data
were derived for right and left parametrial extension. A
Cohen’s kappa to assess agreement between observers
for interpreting endovaginal T2-W+DW imaging togeth-
er was calculated between reading and independent ra-
diologists and between the internal and external coil
readings of the independent radiologist on T2-W and
separately T2-W+DW imaging.

Results

Thirty-eight patients (ten Stage Ia, 28 Stage 1b)
underwent a surgical procedure a median of 27 days
(lower quartile 23 days, upper quartile 35 days) after
MRI; of these, 19 had residual tumour and 19 had no
residual tumour on histology. Four patients who re-
ceived chemoradiotherapy had tumour on biopsy at
staging examination under anaesthesia (Fig. 1). Median
tumour volume measured on endovaginal MRI of 23

true positive lesions (Fig. 2) was 1.75 cm3 (lower quar-
tile 0.77 cm3, upper quartile 5.5 cm3).

Sensitivity and specificity for detecting tumour by the
reporting radiologist were 91.3 % and 89.5 %, respec-
tively. There were two false positives (Fig. 3) with tu-
mour volumes estimated as 0.05 cm3 and 1.5 cm3, the
latter described as a flat ectocervical plaque. The two
false negative lesions (Fig. 4) were 6 mm in maximum
dimension on histology. Sensitivity and specificity for
detecting tumour by the independent radiologist blinded
to the clinical information on endovaginal T2-W alone
was 82.6 % and 73.7 %; inclusion of the DWI images
showed a small reduction in sensitivity to 78.2 % but
improved specificity to 89.5 %. In comparison, the ex-
ternal array T2-W images showed a lower sensitivity for
detecting tumour of 73.9 % but a high specificity of
89.5 %. Addition of the DWI images improved speci-
ficity further to 94.7 % but at the expense of a substan-
tial loss in sensitivity to 66.7 % (Table 2). The agree-
ment between observers for interpreting endovaginal T2-
W+DWI images together was good (Cohen’s kappa=
0.67). Agreement between the independent radiologist
assessment of the T2-W images on internal and external
techniques was moderate (kappa=0.49), while the as-
sessment of the T2-W+DW images on internal and ex-
ternal techniques was good (kappa=0.62).

In 26 cases who went for trachelectomy or radical
hysterectomy, one case was at a different institution
and information on the parametrial status was not avail-
able. Therefore, 50 parametrial regions were evaluated

Fig. 2 True positive T2-W and T2-W+diffusion-weighted imaging
(DWI) on endovaginal images missed on external array in a 25-year-old
female: Sagittal (a), axial (b), coronal (c) T2-W (FSE TR 2750 ms, TE
80 ms) and ADCmap (EPI, TR 6500 ms, TE 54 ms, b=0, 100, 300, 500,
800 mm2/s, d) with corresponding external array coil T2-W coronal (FSE
TR 2100 ms, TE 90 ms, e) and ADC map (EPI TR 3230 ms, TE 53 ms,
b=0, 100, 300, 500, 800 mm2/s, f). The intermediate signal intensity
tumour in a (arrow) shows restricted diffusion in d (arrow). The tumour
is too small for visualisation in e and f. A 17-mm tumour was confirmed
on right parasagittal histopathology (g, arrow)
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in 25 cases, assuming that right and left parametrial
extension are effectively independent. Tumour within
the cervix had been noted on MRI in 17 of these cases
by the reporting radiologist and in 17 by the indepen-
dent radiologist. Tumour within a normal-sized
parametrial node was present in one case only on his-
tology. This was missed by the reporting radiologist
who marked this parametrial region as negative. The
sensitivity, specificity, PPV and NPV for the indepen-
dent radiologist using the endovaginal compared to the
external array technique, and without and with the DWI,
are given in Table 3. However, as we had only one case
with parametrial extension in our cohort, no firm con-
clusions can be drawn about the differences in
parametrial assessment with and without an endovaginal
coil.

Discussion

These data clearly demonstrate a higher sensitivity of T2-W
endovaginal imaging for detecting small-volume tumours
compared to an external array technique, albeit with lower
specificity. Importantly, however, the addition of DWI to the
endovaginal imaging serves to improve specificity so that it is
equivalent to that of the external array T2-W assessment, but
the addition of DWI to the external array technique substan-
tially reduces sensitivity of detection of these small lesions
because the spatial resolution of DWI with external array im-
aging is limited by low SNR. The higher sensitivity of detec-
tion of small tumours on endovaginal T2-W imaging alone
compared to external array coil imaging is to be expected
because of the improved spatial resolution with the increased
SNR available with a small coil in situ, and the correlation of

Fig. 3 False positive on
endovaginal T2-W with negative
diffusion-weighted imaging
(DWI) in a 41-year-old female:
Sagittal (a), axial (b), coronal (c)
T2-W (FSE TR 2750 ms, TE
80 ms) and ADC map (EPI, TR
6500 ms, TE 54 ms, b=0, 100,
300, 500, 800 mm2/s, d) with
corresponding external array coil
T2-W coronal (FSE TR 2100 ms,
TE 90 ms, e) and ADC map (EPI
TR 3230 ms, TE 53 ms, b=0,
100, 300, 500, 800 mm2/s, f). The
intermediate signal intensity nod-
ule in a, b and c (arrows) did not
show restricted diffusion in d (ar-
row). The tumour is too small for
visualisation in e and f. Tumour
was absent on histopathology
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tumour size with histology has been demonstrated [20]. This
has previously been shown not just in endovaginal imaging
[18, 21] but also in prostatic imaging [22] where an endorectal
technique is now standard in clinical practice.

The improved SNR afforded by an endovaginal technique
also means that sequences inherently low in SNR can be more
usefully deployed. In prostatic imaging the equivalent
endorectal imaging has led to the routine acquisition of

Fig. 4 False negative on
endovaginal T2-W with negative
diffusion-weighted imaging
(DWI) in a 27-year-old female:
Sagittal (a), axial (b), coronal (c)
T2-W (FSE TR 2750 ms, TE
80 ms) and ADC map (EPI, TR
6500 ms, TE 54 ms, b=0, 100,
300, 500, 800 mm2/s, d) with
corresponding external array coil
T2-W coronal (FSE TR 2100 ms,
TE 90 ms, e) and ADC map (EPI
TR 3230 ms, TE 53 ms, b=0,
100, 300, 500, 800 mm2/s, f).
There was no evidence of tumour
onMRI with either technique, but
a 6-mm microinvasive tumour
(Stage Ia) was noted on
histopathology (g, arrow)

Eur Radiol (2016) 26:941–950 947



multiparametric data sets which use a combination of
diffusion-weighted dynamic contrast-enhanced [23, 24] and,
where available, MR spectroscopic [25] techniques. Although
these techniques can be acquired without endorectal imaging,
this limits their sensitivity of detection to ‘clinically signifi-
cant’ prostate cancer. Lesions too small for detection by non-
endorectal multiparametric imaging are deemed ‘clinically in-
significant’. This is not the case with cervical cancer, where
even subcentimetre lesions are highly relevant and demand
clinical intervention. The use of DWI in combination with
endovaginal T2-W imaging therefore is of crucial importance
in management to improve the specificity of detection of these
lesions. With the external array coil alone, however, the SNR
of the DWI meant that its addition to the external array T2-W
imaging was detrimental in the detection of these small tu-
mours and even provided false reassurance that a tumour
was absent. Although improvements in external coil technol-
ogy may well improve coil performance in future and a pre-
vious retrospective analysis of trachelectomy patients indicat-
ed a high sensitivity and specificity for the pre-operative ex-
ternal coil MRI [26], these improvements are unlikely to
equate to the gains in SNR achievable with an internal receiver
coil. The higher sensitivity and specificity of the reporting
radiologist compared to the independent radiologist in our

study may in part be due to increased experience, but is also
likely to have been positively influenced by the availability of
clinical information at the time of reading, so that the avail-
ability of this information is recommended during reading.

A major consideration, however, is the image distortion
introduced by the placement of an endovaginal probe. This
is due to susceptibility in part from coil components and in
part from residual air within the coil ring particularly in the
region between the ring and the handle. In addition, residual
air in the vagina introduced during coil placement further ex-
acerbates the problem. The latter was minimised by sucking
out residual air using a Ryles tube prior to imaging. This
collapses the vaginal wall around the coil handle and mini-
mises residual vaginal air, although it is not fool-proof and
small pockets of air remain, particularly in the vaginal forni-
ces. The coil construction uses MR compatible components
with virtually no artefact on prior testing, so it is assumed that
their contribution to susceptibility-induced distortions is min-
imal. Improved coil design and construction to minimise air
around components should further reduce these problems.

Another approach to improving geometric distortions on
the DW images [27] is to replace the echo-planar based se-
quences with a turbo spin-echo (TSE). Previous attempts at
such an approach have resulted in successful implementation
of turbo spin-echo DWI for head and neck [28] and endome-
trial [29] cancers. The resulting images are more robust and
suffer less from distortion, but incur a time penalty. Typically
an increase of around 50% in imaging time is expected. There
is also an increased tendency to motion artefact and as these
images are not single-shot like their echo-planar based coun-
terpart, there is increased image blurring [30]. Optimisation of
the DW technique for endovaginal MRI is therefore warrant-
ed; evaluation of the advantages and limitations of an EPI
versus TSE-based sequences is required but was beyond the
scope of the study, not least because of the length of a detailed
endovaginal examination followed by a detailed external array
examination. The number of b-values to use is also debated
[31], but the choice of five b-values in this instance was based

Table 2 Sensitivity, specificity, and positive (PPV) and negative (NPV)
predictive values for detecting tumour by a reporting radiologist and an
independent radiologist. The comparison of endovaginal vs. external

array techniques without and with the addition of diffusion-weighted
(DWI) magnetic resonance imaging to the T2-W sequences for the
independent radiologist is shown

N=42 Sensitivity
%

Specificity
%

PPV
%

NPV
%

Reporting rad. T2W+DWI 91.3 89.5 91.3 89.5

T2-W Independent rad. endovaginal 82.6 73.7 79.1 77.8

Independent rad. external array 73.9 89.5 89.5 73.9

T2-W+DWI Independent rad. endovaginal 78.2 89.5 89.5 73.9

Independent rad. external array 66.7 94.7 94.1 69.2

Rad. radiologist

Table 3 Sensitivity, specificity, and positive (PPV) and negative (NPV)
predictive values for detecting parametrial extension by an independent
radiologist. The comparison of endovaginal vs. external array techniques
without and with the addition of diffusion-weighted magnetic resonance
imaging (DW-MRI) to the T2-W sequences is shown

N=50 regions
(25 patients)

Sens
%

Spec
%

PPV
%

NPV
%

T2-W Independent rad. endovaginal 100 100 100 100

Independent rad. external array 100 95 33.3 100

T2-W+
DWI

Independent rad. endovaginal 100 100 100 100

Independent rad. external array 100 97.9 50 100
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on the ability to calculate ADC more accurately, even though
quantitative assessments did not form part of the current work.

The scan schedule in this small group of patients was in-
tensive and took ~60 min but fortunately would not be re-
quired in standard clinical care. It is our normal practise to
do a detailed evaluation of the cervix using the endovaginal
coil over 25 min and to then remove it and assess the pelvic
and abdominal lymph node chains with an external array,
which takes another 20 min. Although longer than a standard
external array pelvic MRI of 30 min, this has the added value
of detailed data prior to planning a fertility-sparing surgical
procedure such as a trachelectomy in these young women.

Appropriate referral for an endovaginal MRI is largely
based on an approximate clinical or histological assess-
ment of tumour volume. Larger tumours, particularly stage
2b and above, are adequately imaged using an external
array coil technique [32, 33]. Tumours benefiting from this
procedure are predominantly those clinically staged as Ia2
or Ib1, where the tumour may or may not be just palpable
or the diagnostic or therapeutic cone biopsy or LLETZ
indicates that there is incomplete excision of tumour or
tumour extending to margins of the specimen. In these
cases, endovaginal MRI is invaluable in depicting the
presence of residual tumour and defining its extent in
relation to the endocervical canal pre-operatively. As refer-
rals to our study were largely based on these criteria, the
tumour median volume in our cohort was 1.75 cm3. The
increased detectability of these small tumours with
endovaginal MRI is directly related to the improved spa-
tial resolution possible because of the substantial improve-
ment in SNR afforded by the internal coil. Although the
numbers of patients are small, the sensitivity and specific-
ity of our endovaginal reads by the reading radiologist are
identical to those of previous cohorts studied with this
technique [20].

Conclusion

Sensitivity for detecting tumour within the cervix was higher
with an endovaginal coil technique than with a conventional
external array coil, although specificity was lower. The addi-
tion of DWI to the endovaginal T2-W imaging gave a small
reduction in sensitivity, but with a substantial improvement in
specificity, making this the preferred diagnostic option. Al-
though less sensitive, specificity for tumour detection was
high with the external array coil using T2-W imaging; the
addition of DWI in this case did not improve specificity, but
markedly reduced sensitivity. Therefore DWI is only useful in
early stage cervical cancer as an adjunct to T2-W imaging if an
endovaginal technique is used. Endovaginal coil MRI would
be recommended for assessment of clinical stage 1a and 1b1
cervical cancer.
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