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To determine whether magnetic resonance (MR) imaging
evaluation of key morphologic tumor characteristics can
improve patient selection for radical trachelectomy.

The institutional review board approved and waived in-
formed consent for this study of 62 patients (mean age,
32 years; age range, 23-42 years) with International Fed-
eration of Gynecology and Obstetrics stage IB1 cervical
carcinoma who underwent attempted radical trachelec-
tomy between November 2001 and January 2011 and had
preoperative MR imaging. Retrospectively, two radiolo-
gists reviewed MR images for tumor presence and size,
distance between tumor and internal os, and presence of
deep cervical stromal invasion. Associations between MR
imaging findings and surgery type were tested.

Sensitivity and specificity of tumor detection were, re-
spectively, 87% and 100% (reader 1) and 76% and 95%
(reader 2). Six of six patients with negative cone biopsy
margins and no tumor at postconization MR imaging were
without tumor at trachelectomy pathologic analysis. Mean
differences between MR imaging and histologic tumor siz-
es were 0.7 mm (range, —135 to 11 mm) for reader 1 and
2.2 mm (range, —9 to 15 mm) for reader 2. Sensitivities
for deep cervical stromal invasion were 75% (reader 1)
and 50% (reader 2). For each reader, nine of nine (100%)
patients with tumor 5 mm or less from the internal os and
three of five (60%) patients with tumor 6-9 mm from the
internal os at MR imaging needed radical hysterectomy.
For both readers, tumor size of 2 cm or larger (P < .001)
and deep cervical stromal invasion (P = .003) at MR im-
aging were associated with increased chance of radical
hysterectomy.

Pretrachelectomy MR imaging can help identify high-risk
patients likely to need radical hysterectomy or confirm
the absence of residual tumor in the cervix after a cone
biopsy with negative margins.

©RSNA, 2013
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ervical cancer screening pro-
grams have improved detection
of early invasive cervical carci-
nomas in women of childbearing age
(1,2). Traditionally, treatment for In-
ternational Federation of Gynecology
and Obstetrics (FIGO) stage IB disease
has been radical hysterectomy and

Advances in Knowledge

B A distance of 5 mm or less
between the tumor and the inter-
nal os at pretrachelectomy MR
imaging identifies high-risk
patients likely to require radical
hysterectomy; for each reader,
radical trachelectomy was
aborted in favor of radical hyster-
ectomy in nine of nine patients
with this imaging feature.

B [nterobserver agreement for
measurement of the distance
between the tumor and the inter-
nal os at MR imaging was almost
perfect (weighted k value for
both readers, 0.91; 95% confi-
dence interval: 0.84, 0.98).

B Patients with tumors that were 2
cm or larger at MR imaging were
more likely to require radical
hysterectomy compared with
patients with smaller or no re-
sidual tumors (both readers, P <
.001), and patients with deep
cervical stromal invasion at MR
imaging were also more likely to
undergo radical hysterectomy (P
= .03 for both readers).

B Tumor size measurements at MR
imaging and pathologic analysis
were very similar, with mean dif-
ferences of 0.7 mm (range, —135
to 11 mm) for reader 1 and 2.2
mm (range, —9 to 15 mm) for
reader 2.

® MR imaging after a conization
with negative margins may help
to confirm the absence of re-
sidual cervical carcinoma (six of
six patients with negative cone
biopsy margins and no tumor at
postconization MR imaging were
without tumors at trachelectomy
pathologic analysis).

pelvic lymphadenectomy with en bloc
removal of the uterus and parametria.
In the late 1980s, radical trachelectomy
with pelvic lymph node dissection was
introduced as an alternative for young
women with early stage cervical car-
cinoma who wanted to preserve their
fertility (3). This procedure involves
radical removal of the uterine cervix,
adjacent parametria, and a cuff of the
vagina. lIdeally, a 1-cm disease-free
margin is achieved and healthy upper
endocervical stroma of 1 cm or larger
is preserved to increase the chance of
the patient maintaining pregnancy (4).
Both transabdominal and transvaginal
forms of radical trachelectomy are ef-
fective for treatment of early stage cer-
vical cancers and result in acceptable
rates of successful pregnancies (3).
Candidates for fertility-preserving
surgery must be carefully selected.
When first introduced, radical trach-
electomy was only considered when the
tumor diameter was less than 2 cm, the
distance between the tumor and the
internal os was 1 cm or greater, and
cervical stromal invasion was less than
50%. However, some centers (including
our center) will perform radical trach-
electomy if the tumor size is 4 cm or
less (especially if the tumor is exophyt-
ic), the endocervical resection margin
is as little as 5 mm, and any degree

Implications for Clinical Care

B Evaluation of the distance
between the tumor and the inter-
nal os, tumor size, and cervical
stromal invasion at pretreatment
MR may substantially improve
patient counseling and treatment

selection in young women with
International Federation of Gyne-

cology and Obstetrics stage IB1
cervical cancer who want to pre-
serve their fertility.

B MR after a conization with nega-
tive margins may help to confirm
the absence of residual tumor in
the cervix and identify low-risk
patients who may benefit from
fertility-sparing surgery that is
less extensive than radical
trachelectomy.

of cervical stromal invasion is present
(4,6-8). Therefore, patient selection
criteria for radical trachelectomy re-
main under ongoing investigation.

Preoperative magnetic resonance
(MR) imaging allows for noninvasive
evaluation of the tumor size, cranial
extent, and parametrial involvement
(4,9). Although many practitioners
consider pretrachelectomy MR imaging
mandatory, few studies have evaluated
the diagnostic value of MR imaging and
its ability to help predict what surgical
procedure will ultimately be performed
(10-12).

The purpose of our study was to
determine whether MR imaging evalu-
ation of key morphologic tumor charac-
teristics can improve patient selection
for radical trachelectomy.

Eligibility

This retrospective single-institution stu-
dy complied with the Health Insurance
Portability and Accountability Act and
was approved by our institutional re-
view board, with a waiver of informed
consent.

The study population was selected
from a prospectively maintained data-
base of 105 patients scheduled to under-
go radical trachelectomy between
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November 2001 and January 2011. The
inclusion criteria were as follows: age
18 years or older (it was believed the
tumor-to-internal os distance in pediat-
ric patients might be smaller and skew
the results), FIGO stage IB1 cervical
carcinoma, preoperative MR imaging,
and surgery with the intent to perform
radical trachelectomy. Preoperative MR
imaging was used by the surgeons to
exclude tumor size greater than 4 cm,
to rule out parametrial invasion, and
to exclude obvious nodal metastases.
The surgical approach was guided en-
tirely by intraoperative frozen slices
(eg, presence of adequate endocervi-
cal margin [at least 5 mm] and lack of
nodal metastases).

Patients were excluded from the
study because they were younger than
18 years of age (n = 4), because they
had FIGO stage IA2 disease or less (n
= 17), because they did not have preop-
erative MR imaging available for review
(n = 11), and because their MR exami-
nations did not satisfy minimal techni-
cal standards described below (n = 11).
Thus, our study included 62 patients.
Clinical records were retrospectively
reviewed for demographic informa-
tion, details of surgery, and pathologic
findings. Patients with adenosquamous
carcinoma and adenocarcinoma were
grouped together.

Patients from our study were also
included in previously published stud-
ies that did not assess MR imaging: 22
patients in Abu-Rustum et al (13), 27
patients in Sonoda et al (14), 30 pa-
tients in Diaz et al (13), 31 patients in
Einstein et al (16), 538 patients in Abu-
Rustum et al (6), and 62 patients in
Kim et al (17).

MR Imaging Technique
Preoperative MR examinations were
performed at our institution (33 of 62
MR examinations) or elsewhere and
digitized into a picture archiving and
communication system (Centricity; GE
Medical Systems, Milwaukee, Wis). In-
travenous contrast material was used in
42 of 62 MR examinations.

At our institution, MR examina-
tions were performed with systems
that were 1.5 T or greater (Signa; GE

Medical Systems). A body coil was used
for excitation, and a pelvic phased-ar-
ray coil was used for signal reception.
All studies included a combination of
axial, axial oblique, sagittal, and coro-
nal T2-weighted fast spin-echo images
(repetition time msec/echo time msec,
4000-6500/100; bandwidth, 16 kHz;
section thickness, 5 mm; intersection
gap, 1 mm; field of view, 16-20 cm;
=256 X 192 matrix) and axial T1-
weighted spin-echo images (typical pa-
rameters: 500/10; bandwidth, 15 kHz;
section thickness, 5 mm; intersection
gap, 1 mm; field of view, 28-36 cm).
All in-house MR examinations per-
formed after 2006 also included three-
dimensional spoiled gradient-recalled
images (typical parameters: flip angle,
12°; bandwidth, 62.5 kHz; section
thickness, 3 mm with no intersection
gap; field of view, 32-36 cm) obtained
before and 1, 2, and 3 minutes after
administration of intravenous gadopen-
tetate dimeglumine (Magnevist; Ber-
lex Laboratories, Montville, NJ). The
contrast material was administered at
a dose of 0.1 mmol/kg of body weight
with a bolus injection rate of 2 mL/sec
by using an automatic injector (Me-
drad, Warrendale, Pa), which was fol-
lowed by a 20-mL saline bolus injection.

All outside MR imaging exami-
nations met or exceeded standards
agreed to by the investigators. These
standards required a 1.5-T or greater
field strength, phased-array surface
coils, acquisition of axial and sagittal
T2-weighted images, and spin-echo or
gradient-echo axial T1-weighted im-
ages. For all sequences, the parameters
were the following: field of view, 20-28
cm; section thickness, 5 mm or less;
256 X 192 or greater matrix; and signal
average, two or more.

Image Interpretation

All MR examinations were indepen-
dently and retrospectively interpret-
ed by two radiologists with 4 years
(Y.L.) and 7 years (O.A.) of experi-
ence in gynecologic cancer imaging.
The readers knew that all patients had
biopsy-proved cervical carcinoma, but
they were blinded to all other clinical
information.

For each MR examination, all pulse
sequences were reviewed together and
evaluated for (a) tumor presence and
size, (b) distance between the proximal
aspect of the tumor and the internal os
(tumor-to-internal os distance), and (c)
maximal depth of tumor invasion into
the cervical stroma.

Cervical carcinoma was diagnosed
if we found a lesion that had higher
T2 signal intensity (SI) than the adja-
cent cervical stroma (Figs 1-5). The
presence of tumor was scored as fol-
lows: 1, definitely absent; 2, probably
absent; 3, indeterminate (ie, impossi-
ble to distinguish residual tumor from
postprocedural inflammation); 4, prob-
ably present; and 5, definitely present.
Tumor, if present, was measured in
three orthogonal planes by analyzing
T2-weighted and, if available, contrast
agent material-enhanced images. The
largest tumor dimension was recorded.

The internal os (inner aspect of the
cervix) was defined as the entrance of
the uterine vessels (assessed on ax-
ial and, if available, axial oblique and
coronal oblique T2-weighted images)
and the narrowing of the uterine con-
tour where the low-SI cervical stroma
changes to the intermediate-SI uterine
myometrium (assessed on sagittal and,
if available, coronal oblique T2-weight-
ed images) (Figs 1, 2) (10-12,18). Tu-
mor extension into the lower uterus
was diagnosed if tumor extended across
the internal os into the uterine myome-
trium and disrupted its normal SI. The
tumor-to-internal os distance was re-
corded in millimeters (Fig 2).

Cervical stroma was considered
normal if it demonstrated homoge-
neous low SI on T2-weighted images
(Fig 1). Cervical stromal invasion was
diagnosed if tumor disrupted the nor-
mal low-SI stroma (18) (Figs 2-5).
The maximal thickness of the cervical
stroma at or adjacent to the tumor and
the maximal depth of tumor invasion
into the stroma were measured in mil-
limeters (19). The radiologist who in-
terpreted the images chose the imaging
plane used for these measurements.
Deep cervical stromal invasion was di-
agnosed if the tumor involved the outer
third of the cervical stroma (Fig 3).
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Figure 1

c. d.

Figure 1: Detection of the tumor in the cervix and the location of the interval os. (a) Sagittal, (b) axial
oblique at the internal os, (c) axial oblique at the external os, and (d) coronal oblique T2-weighted fast
spin-echo images in a 28-year-old woman with stage IB1 endocervical adenosquamous carcinoma
demonstrate predominantly exophytic intermediate T2-weighted SI tumor (7) adjacent to the low-SI
cervical stroma (dashed arrow). The location of the internal cervical os (thick arrows) is defined as the
entrance of the uterine vessels (thin arrows; best seen on axial oblique T2-weighted image) and nar-
rowing of the uterine contour (best visualized on sagittal and coronal oblique T2-weighted images).

Figure 2

a. b.

Figure 2: Tumor-to-internal os distance and presence of deep cervical stromal invasion. (a) Sagittal
and (b) axial oblique T2-weighted fast spin-echo images in a 23-year-old woman with stage IB1 invasive
adenocarcinoma of the uterine cervix demonstrate intermediate T2-weighted SI tumor (7) within 3 mm of
the internal os. The internal os is seen as the narrowing of the uterine contour, where the low-SI fibrous
cervical stroma changes to the intermediate-SI uterine myometrium (thick arrows; best seen on the sag-
ittal T2-weighted image) and the entrance of the uterine vessels (thin arrows; best seen on axial oblique
T2-weighed image). The tumor disrupts low-T2-SI inner cervical stroma (white dashed arrow) and extends
up to the outer cervical stroma.

Standard of Reference

All gynecologic specimens were re-
viewed by specially trained gynecologic
pathologists as a part of patient care.
The specimens were analyzed for tu-
mor presence, tumor size, length of en-
docervical margin (trachelectomy spec-
imens), tumor-to-internal os distance
(hysterectomy specimens), depth of
cervical stromal invasion, and presence
of nodal metastases.

Statistical Analysis

Interobserver agreement for a reading
with two categories was analyzed with
the Cohen «k statistic, while that for a
reading with more than two categories
was analyzed with weighted k statistics
by using quadratic weights (20). The
agreement for continuous variables was
assessed by using the intraclass cor-
relation coefficient (ICC) (21). The
statistic was interpreted as follows: k
less than 0, no agreement; k = 0-0.20,
slight agreement; k = 0.21-0.40, fair
agreement; k = 0.41-0.60, moderate
agreement; k = 0.61-0.80, substantial
agreement; and k = 0.81-1.0, almost
perfect agreement (22). We estimated
95% confidence intervals (Cls) for
statistics and ICCs.

Measurements of accuracy were
performed by using final surgical path-
ologic examinations as the reference
standard. For each reader, the imag-
ing impression regarding the presence
of tumor was indexed as a three-level
result. The levels were (a) tumor ab-
sent (combination of scores, 1-2); (b)
tumor present (combination of scores,
4-35); or (c) indeterminate (score of 3).
Because of the presence of indetermi-
nate results, the sensitivity and speci-
ficity of MR imaging were calculated by
using definitions based on conditional
probability, and conventional diagnos-
tic likelihood ratios were estimated for
each reader (23,24). The sensitivity,
specificity, positive predictive value,
and negative predictive value of MR
imaging for detection of deep cervical
stromal invasion were calculated for
each reader.

MR imaging and histologic-derived
tumor sizes were compared by using

152 radiology.rsna.org = Radiology: \'olume 269: Number 1—October 2013
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Figure 3

Figure 3:  Invasive adenosquamous carcinoma

of the cervix in a 30-year-old woman. Axial oblique
T2-weighted fast spin-echo image shows superficial
cervical stromal invasion by tumor (7) with subtle
disruption of the inner cervical stroma (arrow). At
final trachelectomy pathologic analysis, the depth of
cervical stromal was 4 mm, while the total cervical
stromal thickness was 18 mm.

separate scatter plots for each reader.
The associations between MR imaging
findings of tumor-to-internal os distance
(0-5 mm, 6-9 mm, or =10 mm), tumor
size (<2 cm or =2 cm), presence of
deep cervical invasion, and the surgical
procedure ultimately performed were
tested by using the Fisher exact test.
A test with the P value of less than .05
indicated statistical significance.

All statistical analyses were per-
formed by using statistical software
packages (SAS 9.2, SAS Institute, Cary,
NC; R version 2.13, R Foundation for
Statistical Computing, Vienna, Austria).

Patients

Table 1 summarizes patients’ character-
istics and surgical outcomes.

Tumor Detection at MR Imaging

At final surgical pathologic analysis,
23 of 62 (37%) patients had no tu-
mors (all tumors had been removed
during initial biopsy and/or coniza-
tion). Of the 39 with tumors at path-
ologic examination, 15 (38%) had tu-
mors less than 10 mm.

The interreader agreement was
almost perfect for tumor detection (k
= 0.84; 95% CI: 0.74, 0.94). Overall
sensitivity, specificity, and diagnostic

Figure 4

Figure 4:  Invasive squamous cell carcinoma of
the cervix in a 25-year-old woman. Axial oblique
T2-weighted fast spin-echo image shows invasion
of the middle third of the cervical stroma by tumor
(7). Inner cervical stroma is interrupted (arrow), while
the outer cervical stroma is preserved (arrowhead).
At final trachelectomy pathologic analysis, the depth
of cervical stromal invasion was 8 mm, while the
total cervical stromal thickness was 18 mm.

Figure 5

Figure 5:  Invasive endocervical adenocarcinoma
in a 34-year-old woman. Axial oblique T2-weighted
fast spin-echo image illustrates intermediate-T2-Sl
tumor (7) disrupting inner (white arrow) and thinning
outer cervical stroma (black arrow). At final patho-
logic analysis, the depth of cervical stromal invasion
by tumor was 15 mm, while the total cervical
stromal thickness was 18 mm.

Patient Characteristics and Surgical Outcomes

Parameter Datum
Median age (y) 32 (23-43)*
Adenocarcinoma 37 (60)
Squamous cell carcinoma 25 (40)
Median no. of days between preoperative MR imaging and surgery 18.5 (2-83)*
Cone biopsy or LEEP before preoperative MR imaging 59 (95)
Type of surgery

Vaginal radical trachelectomy 21 (34)
Abdominal radical trachelectomy 26 (4)
Conversion to radical hysterectomy 15 (24)
Reason for radical hysterectomy
Inadequate surgical margin from invasive carcinoma 6/15
Inadequate surgical margin from carcinoma in situ 115
Inadequate surgical margin from high-grade dysplastic glands 115
Inadequate surgical margin from invasive carcinoma and microscopic nodal metastases ~ 5/15
Microscopic nodal metastases 2/15
Residual carcinoma in the final surgical specimen 39 (63)

Note.—Unless otherwise indicated, data are the number of patients and data in parentheses are percentages. LEEP = loop

electrosurgical excision procedure.
* Data in parentheses are the range.

likelihood ratios for tumor detection
on MR images are reported in Table 2.
Reader 1 assigned a score of 3 (inde-
terminate) to 11 of 62 (18%) patients;
at surgical pathologic examination,
two of these patients had inflammation

without tumor and nine patients had
tumors that were smaller than 10 mm.

Reader 2 assigned a score of 3 (inde-
terminate) to 13 of 62 (21%) patients; at
surgical pathologic examination, three of
these patients had inflammation without

Radiology: \olume 269: Number 1—October 2013 = radiology.rsna.org
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Figure 6:  Scatter plots show differences in tumor sizes derived from MR imaging and pathologic analysis for (a) reader 1 and (b) reader 2.

Table 2

Accuracy of Preoperative MR Imaging

in Tumor Detection

For each reader, six of six patients
with negative cone biopsy margins and
no tumor at postconization MR imaging
had no residual carcinoma on trache-

NoTumorat  Tumor at lectomy pathologic examination.
Pathologic ~ Pathologic
Analysis Analysis Tumor Size at MR Imaging
Parameter (=23 (=39 Tumors were found in 39 of 62 (63%)
Reader 1 patients at surgery. Largest tumor di-
NotumoratMR 21 4 ameter at pathologic examination
imaging* ranged from 0.1 to 3.5 cm (mean, 1.47
Intermediate S~ 2 9 cm = 0.96 [standard deviation]).
Tumor at MR 0 26 Interreader agreement for the larg-
imaging* est tumor diameter at MR imaging was
Reader 2 good (ICC = 0.87; 95% CI: 0.81, 0.93).
No tumoratMR 19 7 The ICC between pathologic and MR
imaging’ imaging tumor sizes was 0.84 (95% CI:
Intermediate SIT 3 10 0.72, 0.91) for reader 1 and 0.86 (95%
Tumor at MR 1 22 CI: 0.70, 0.93) for reader 2. Mean dif-
imaging" ferences between tumor sizes derived

Note.—Data are the number of patients

* Sensitivity, 0.87 (95% CI: 0.69, 0.96); specificity, 1.00
(95% Cl: 0.84, 1.00); positive diagnostic likelihood ratio,
oo; negative diagnostic likelihood ratio, 0.11 (95% CI:
0.106, 0.12).

* Sensitivity, 0.76 (95% Cl: 0.56, 0.90); specificity, 0.95
(95% Cl: 0.75, 0.99); positive diagnostic likelihood ratio,
13.0 (95% Cl: 9.9, 17.0); negative diagnostic likelihood
ratio, 0.22 (95% Cl: 0.20, 0.23).

tumor, seven patients had tumors small-
er than 10 mm, and three patients had
tumors 10 mm or larger.

from pathologic examination and MR
imaging were 0.7 mm (range, —15 to 11
mm) for reader 1 and 2.2 mm (range,
—9 to 15 mm) for reader 2 (Fig 6) For
both readers, 50% of tumor sizes at
MR imaging were within 4.5 mm of tu-
mor sizes at pathologic examination.
For tumors smaller than 20 mm
at pathologic examination, mean dif-
ferences between tumor sizes derived
from pathologic examination and MR
imaging were 0.1 mm (range, —15 to 8

mm) for reader 1 and 1.7 mm (range,
=7 to 7 mm) for reader 2. For tumors
20 mm or larger at pathologic exami-
nation, the mean differences between
tumor sizes derived from pathologic
examination and MR imaging were 2.0
mm (range, —9 to 11 mm) for reader 1
and 3.5 mm (range, —9 to 15 mm) for
reader 2.

For both readers, based on uni-
variate analyses, patients with tumors
20 mm or larger at MR imaging were
more likely to require radical hyster-
ectomy compared with patients who
had smaller or no residual tumors (P <
.001, Table 3).

Tumor-to-Internal Os Distance at MR
Imaging
For each reader, the visualization of
the internal os was adequate for inter-
pretation in all cases. The interreader
agreement was almost perfect for tu-
mor-to-internal os distance (k = 0.91;
95% CI: 0.84, 0.98). On the basis of
univariate analyses, the tumor-to-in-
ternal os distance at MR imaging was
significantly associated with the sur-
gery type for each reader (P < .001,
Table 3).

Each reader identified nine patients
with a tumor-to-internal os distance of
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Table 3

Associations between MR Imaging Features and Surgery Type

Surgical Procedure

Parameter Hysterectomy (n=15)* Trachelectomy (n = 47) PValue
Reader 1, distance between the tumor and
internal os at MR imaging (mm)
0-5 9(100) 0 <.001
6-9 3(60) 2 (40)
=10 3(6) 45 (94)
Reader 2, distance between the tumor and
internal os at MR imaging (mm)
0-5 9(100) 0 <.001
6-9 3(60) 2 (40)
=10 3(6) 45 (94)
Reader 1, tumor size on MR image <20 mm 7 (14) 44 (86) <.001
Reader 1, tumor size on MR image =20 mm 8 (73) 3(27)
Reader 2, tumor size on MR image <20 mm 7 (13) 45 (87) <.001
Reader 2, tumor size on MR image =20 mm 8 (80) 2 (20)
Reader 1, no deep cervical stromal Invasion 7(15) 41 (85) .003
at MR imaging
Reader 1,deep cervical stromal Invasion at 8 (57) 6 (43)
MR imaging
Reader 2, no deep cervical stromal Invasion 7(13 46 (87) <.001
at MR imaging
Reader 2, deep cervical stromal Invasion at 8(89) 1(11)
MR imaging

Note.—Data are the number of patients and data in parentheses are percentages.

Table 4

Accuracy of Preoperative MR Imaging for Detection of Deep Cervical Stromal Invasion

Parameter Reader 1 Reader 2
Sensitivity 0.75 (9/12; 0.43, 0.95) 0.50 (6/12; 0.21, 0.79)
Specificity 0.90 (45/50; 0.78, 0.97) 0.94 (47/50; 0.83, 0.99)
Positive predictive value 0.64 (9/14; 0.35, 0.87) 0.67 (6/9; 0.30, 0.93)
Negative predictive value 0.94 (45/48; 0.83, 0.99) 0.89 (47/53; 0.77, 0.96)

Note.—Data in parentheses are numerator/denominator and 95% Cl range.

5 mm or less at MR imaging. Seven of
nine patients were the same for both
readers. For each reader, radical hys-
terectomy was required for nine of nine
(100%; 95% CI: 66%, 100%) patients
with a tumor-to-internal os distance
of 5 mm or less. Among the nine pa-
tients identified by reader 1, the intra-
operative reason or reasons for radical
hysterectomy were inadequate endo-
cervical margins in six patients and in-
adequate margins and microscopic pel-
vic nodal metastases in three patients.

Among the nine patients identified by
reader 2, the reasons were inadequate
margins five patients and inadequate
margins and microscopic pelvic nodal
metastases in four patients.

Each reader found five patients with
a tumor-to-internal os distance of 6-9
mm. Three of five patients were the
same for both readers. For each reader,
three of five patients (60%; 95% CI:
15%, 95%) with a tumor-to-internal
os distance of 6-9 mm at MR imag-
ing required radical hysterectomy, one

patient because of an insufficient sur-
gical margin and two patients because
of microscopic pelvic nodal metastases.

Both readers identified the same
48 patients with a tumor-to-internal os
distance of 10 mm or greater at MR ex-
amination. Three of 48 patients (6%;
95% CI: 1%, 17%) underwent radical
hysterectomy, one patient because of
highly dysplastic cervical glands ex-
tending to the internal os, one patient
because of carcinoma in situ within 1
mm of the internal os, and one patient
because of microscopic pelvic nodal
metastases.

Deep Cervical Stromal Invasion at MR
Imaging

Interreader agreement on the presence
of deep cervical stromal invasion was
substantial (x = 0.63; 95% CI: 0.39,
0.88). Table 4 lists sensitivity, specific-
ity, positive predictive value, and neg-
ative predictive value for detection of
deep cervical stromal invasion (present
in 12 of 62 [19%] patients at surgical
pathologic examination). At univariate
analysis, for both readers, patients with
deep cervical stromal invasion at MR
imaging were more likely to undergo
radical hysterectomy (reader 1, P =
.003; reader 2, P < .001; Table 3).

Despite careful preoperative patient
evaluation, 10%-12% of patients are
found to have more extensive than ex-
pected endocervical disease or positive
lymph nodes during attempted fertility-
sparing surgery, which results in the
abandonment of radical trachelectomy
in favor of radical hysterectomy or ad-
juvant radiation therapy (9,25-28). We
aimed to determine whether patient se-
lection for radical trachelectomy could
be improved by using MR imaging to
evaluate tumor presence and size, the
distance between the tumor and the
internal os, and the presence of deep
cervical stromal invasion.

Few studies have specifically in-
vestigated preoperative MR imaging
evaluation of the tumor-to-internal os
distance. One retrospective study (11)
of 150 patients with early stage cervical
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carcinoma found that for detection of
internal os involvement, MR imaging
had sensitivity of 90%, specificity of
98%, positive predictive value of 86%,
and negative predictive value of 98%. In
another retrospective study (12) of 27
patients who underwent hysterectomy
for FIGO stage IB1 cervical carcinoma
and had tumors of less than 20 mm,
the ICC for MR imaging and pathologic
measurements of the tumor-to-internal
os distance was 0.792. A prospective
study of 30 patients with early stage
cervical cancer who underwent radical
hysterectomy (n = 27) or radical trach-
electomy (n = three) found that for de-
tecting extension beyond the internal
os, preoperative MR imaging had sen-
sitivity of 100%, specificity of 96%, and
positive predictive value of 83% (10).

To our knowledge, no prior study
has examined the association between
tumor-to-internal os distance at MR
imaging and the surgery type. Our re-
sults suggest that tumor distance of
S5 mm or less from the internal os at
MR imaging is a statistically significant
adverse imaging feature that identifies
patients who are likely to require rad-
ical hysterectomy. Thus, measurement
of the tumor-to-internal os distance at
preoperative MR imaging may improve
pretreatment counseling and ensure
that patients have realistic expectations
of probable surgical outcomes should
radical trachelectomy be attempted.
Knowledge of this measurement may
encourage a surgeon to pursue alter-
native treatment options, such as neo-
adjuvant chemotherapy, in the hopes of
shrinking the tumor and making fertili-
ty-sparing surgery possible (29-33).

A growing body of evidence sug-
gests that patients with early invasive
cervical carcinoma (FIGO stages IA2
through early IB1) are perhaps over-
treated by radical trachelectomy be-
cause the chance of tumor spreading
to the parametria is exceedingly low
(29); 62%-67% of patients who have
had a diagnostic cone biopsy have no
residual carcinoma in the final trach-
electomy specimen (25,26,28). The
chances of finding residual cancer are
further reduced when cone biopsy mar-
gins are negative. We found that six of

six patients with negative cone biopsy
margins and no tumor at postconiza-
tion MR imaging had no tumor at final
trachelectomy pathologic examination.
Further studies are needed to deter-
mine whether a less radical procedure
(eg, a simple trachelectomy or a large
cold knife cone combined with sentinel
lymph node sampling) may effectively
treat the cancer and spare fertility in
this group of low-risk patients.

Several prior studies found correla-
tions between tumor volumes and sizes
derived from MR imaging and patho-
logic examination (11,34-36). In the
largest study, preoperative MR exami-
nations of patients with early stage cer-
vical carcinoma who underwent radical
hysterectomy (n = 94) or radical trach-
electomy (n = 56) were retrospectively
reviewed; at MR imaging, 95% of tu-
mors larger than 10 mm were within
8 mm of pathologic size (11). We sim-
ilarly found close correlation between
tumor sizes derived from MR imaging
and pathologic analysis. At univariate
analysis, we found a significant associ-
ation between tumor size and surgical
procedure: patients with tumors 2 cm
or larger were more likely to require
radical hysterectomy compared with
patients with smaller lesions or no re-
sidual tumors (both readers, P < .001).

Only three studies, published in the
1990s, have examined the value of MR
imaging for assessment of deep cervical
stromal invasion, a known independent
risk factor for recurrence and mortality
(37). These studies (34,38,39) assessed
the detection of full-thickness cervical
stromal invasion. Sensitivities were
56%-94%, specificities were 62%-91%,
and negative predictive values were
greater than 90%. Our results suggest
that, despite technological advances,
detection of deep cervical stromal inva-
sion by MR imaging remains a challenge.
We speculate that the performance of
MR imaging is limited primarily by the
difficulty of distinguishing tumor from
postprocedural inflammation, and that
accuracy for detection of deep cervical
stromal invasion might improve if MR
imaging were performed before coniza-
tion. At univariate analysis, we found
a statistically significant association

between the presence of deep cervical
stromal invasion at MR imaging and the
surgery type: Patients with deep cervi-
cal stromal invasion were more likely to
require radical hysterectomy (reader 1,
P =.003; reader 2, P < .001).

Our study had several limitations.
To begin with, it was a retrospective
analysis of a small population accumu-
lated over 10 years. Additionally, there
was a relatively long time period be-
tween preoperative MR imaging and
surgery for some patients. Only patients
scheduled to undergo radical trachelec-
tomy were included, and this may have
introduced a selection bias. Another
limitation was that preoperative MR
imaging was performed over a 10-year
period by using various MR techniques,
hardware, and software. The potential
effects of these changes in clinical prac-
tice on performance of the readers are
unknown. Furthermore, by only includ-
ing patients with technically adequate
MR examinations we may have selected
a group of patients who differed in a
meaningful way from patients whose
MR examinations did not meet the
technical standards that were agreed to
by study investigators.

The radiologists in our study had ex-
pertise in gynecologic cancer imaging,
and thus our results may not be broadly
generalizable. However, the selection of
two experienced radiologists was justi-
fied by the paucity of published infor-
mation on the topic and uncertainty
regarding the value of MR imaging in
the setting assessed. If interpretations
of inexperienced radiologists had been
compared, we would not have known
whether the differences were because
of variable experience levels or inher-
ent limitations of MR imaging. Further
studies will be required to determine
the influence of reader experience on
the reproducibility of the results.

Another limitation of our study
was that, in keeping with current clin-
ical practice, most patients who were
included underwent conization before
MR imaging, which complicated image
interpretation, particularly the pro-
cesses of distinguishing tumor from
postprocedural inflammation and de-
tecting deep cervical stromal invasion.
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Additionally, we were not able to assess
the effect of other confounding factors
(eg, cervicitis, deep nabothian cysts,
tunnel clusters, and endocervical glan-
dular hyperplasia) on the accuracy of
MR imaging interpretations.

Finally, we were unable to perform
a multivariate logistic regression be-
cause no patients with tumor-to-inter-
nal os distance of 5 mm or less were
able to undergo radical trachelectomy.
Therefore, it is uncertain if all variables
predictive of surgery type at univariate
analysis would remain predictive of sur-
gical procedure at multivariate analysis.

In summary, our study indicated
that a distance of 5 mm or less between
the tumor and the internal os at pre-
trachelectomy MR imaging identifies
patients who are likely to need radical
hysterectomy. Tumor size of 2 cm or
larger and presence of deep cervical
stromal invasion at MR imaging also
lessen the chance of successful radical
trachelectomy. Furthermore, MR im-
aging after a conization with negative
margins is useful for confirmation of the
absence of tumor in the remaining cer-
vix. This information may profoundly
affect patient counseling and selection
for fertility-sparing treatments. Pro-
spective studies are needed to further
assess the value of MR imaging to
improve patient selection for fertility-
sparing surgery.
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