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MRI for Pretreatment Lymph Node
Staging in Uterine Cervical Cancer
OBJECTIVE. The purpose of this article is to assess the accuracy of MRI in detecting pelvic
and paraaortic lymph node metastasis from uterine cervical cancer using various imaging criteria.
CONCLUSION. Although MRI analysis resulted in relatively low sensitivity, size and
margin (spiculated or lobulated) were useful criteria for predicting lymph node metastasis from
cervical cancer.
ervical cancer is the second most
frequently diagnosed malignancy
in women worldwide, and it is the
only major gynecologic malignancy clinically staged according to International Federation of Obstetrics and Gynecology (FIGO) recommendations [1]. Clinical
staging of cervical cancers is accurate in only
approximately 60% of cases, which is far less
than surgical staging accuracy [2, 3]. Lymph
node metastasis is not a factor for FIGO staging; however, nodal metastases in gynecologic malignancies have an adverse impact on
survival, especially in cases of paraaortic
node involvement in cervical cancer [4, 5].
Although nodal resection before radiation
therapy results in a higher survival rate in patients with grossly enlarged pelvic and
paraaortic lymph nodes [6, 7], routine pretreatment surgical staging is not recommended. For this reason, inaccurate pretreatment assessment of lymph node involvement
can lead to suboptimal treatment [8, 9].
CT and MRI have been used to assess
paraaortic and pelvic lymph nodes in patients
with cervical cancer. A meta-analysis of such
studies concluded that these methods have
only moderate sensitivity and specificity for
detecting metastases [10]. These studies relied on the size and shape of lymph nodes, and
the analyses were based on region-specific
comparisons. It was reported that margin and
appearance are valid criteria for assessing
lymph node metastasis from rectal cancer
[11]. However, to our knowledge, no reports
define the validity of criteria other than size
and shape, and no reports have described
node-by-node comparisons in the detection of
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metastatic pelvic lymph nodes in patients
with uterine cervical carcinoma.
The purpose of this study was to assess the
accuracy of MRI in detecting metastatic lymph
nodes in cervical cancer patients using various
imaging criteria.
Materials and Methods
Patients and Staging Workup
Patients included in this retrospective study
were those with histopathologically confirmed
FIGO stages IB–IVA invasive cervical cancer,
which was determined by a conventional workup
that included MRI. Patients were recruited between
October 2001 and October 2004, ranged in age
from 18 to 65 years (mean age, 48 years), had no
contraindications to the surgical procedure, had no
evidence of distant metastases, and had an Eastern
Cooperative Oncology Group performance status
of 0–1. Patients with small cell carcinoma (n = 2)
and patients who were not to undergo laparoscopic
lymph node dissection (n = 63) were excluded.
After histologic confirmation of invasive cervical carcinoma, the FIGO stage was determined using bimanual pelvic examination, excretory urography, sigmoidoscopy, cystoscopy, colposcopy, and
radiographic examination of the lungs.
Fifty-five patients were classified into two
groups according to FIGO staging. The first group
consisted of patients with stages IB1 (tumor size
≤ 4 cm) and IIA disease, and they underwent a conventional lymphadenectomy combined with a radical hysterectomy via laparotomy (n = 23). The second group consisted of patients classified with
stages IB2 (tumor size > 4 cm) and IIB and greater
disease, and they received chemoradiation preceded by a laparoscopic paraaortic and pelvic lymphadenectomy (n = 32).
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Fig. 1—37-year-old woman with true-positive left internal iliac lymph node metastasis in stage IIB uterine cervical cancer.
A, MR axial T2-weighted fast spin-echo image (TR/TE, 5,000/68; echo-train length, 21) shows an ovoid lymph node (arrow, 11-mm short-axis diameter) with spiculated border
in left internal iliac area.
B, Gadolinium-enhanced axial T1-weighted turbo spin-echo sequence image (175/4.2; echo-train length, 3) shows heterogeneous enhancement of left internal node (arrow).
Histopathology showed one positive node in left internal iliac and obturator area of six lymph nodes sampled.
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Fig. 2—50-year-old woman with true-positive pelvic lymph node metastases in stage IIIA uterine cervical cancer.
A, MR axial T2-weighted fast spin-echo image (TR/TE, 5,000/68; echo-train length, 21) shows elongated lymph node (arrow, 5-mm short-axis diameter) with lobulated margin
in left internal iliac area.
B, Gadolinium-enhanced axial T1-weighted turbo spin-echo sequence image (175/4.2; echo-train length, 3) shows heterogeneous enhancement of left internal iliac lymph
node (arrow). Histopathology showed one positive node in left internal iliac and obturator area of four nodes sampled.

Informed consent was obtained from all patients
before the laparoscopic paraaortic and pelvic lymphadenectomy was performed via laparotomy or
laparoscopy. The institutional review board approved this trial.
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MRI Protocol
MRI was performed on the Signa 1.5-T system
(GE Healthcare) using a pelvic array coil for the pelvic scan and a torso phased-array coil for the
paraaortic scan. Scans were obtained using the fol-

lowing parameters for the pelvic region: axial T1weighted fast spin-echo sequence (TR/TE, 600/10;
slice thickness, 5 mm; interslice gap, 2 mm; field of
view, 24 × 24 cm; matrix, 256 × 192; echo-train
length, 4; signals acquired, 3; no fat saturation; band-
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Fig. 3—48-year-old woman with true-positive left internal iliac lymph node metastasis in stage IIB uterine cervical cancer.
A, MR axial T2-weighted fast spin-echo image (TR/TE, 5,000/68; echo-train length, 21) shows ovoid lymph node (arrow, 10-mm short-axis diameter) with smooth margin in left
internal iliac area.
B, Gadolinium-enhanced axial T1-weighted turbo spin-echo sequence image (175/4.2; echo-train length, 3) shows homogeneous enhancement of left internal iliac lymph node
(arrow). Histopathology showed one positive node in left internal iliac and obturator area of four nodes sampled.

width, 31.25 kHz), axial T2-weighted fast spin-echo
sequence (5,000/68; slice thickness, 3 mm; interslice
gap, 1 mm; field of view, 24 × 24 cm; matrix, 25 ×
192; echo-train length, 21; signals acquired, 4; no fat
saturation; bandwidth, 31.25 kHz), sagittal T2weighted fast spin-echo sequence (5,000/68; slice
thickness, 3 mm; interslice gap, 3 mm; field of view,
24 × 24 cm; matrix, 256 × 192; echo-train length,
26; signals acquired, 4; no fat saturation; bandwidth,
31.25 kHz), coronal T2-weighted fast spin-echo sequence (5,000/68; slice thickness, 3 mm; interslice
gap, 3 mm; field of view, 24 × 24 cm; matrix,
256 × 192; echo-train length, 26; signals acquired, 4;
no fat saturation; bandwidth, 31.25 kHz), gadolinium-enhanced axial and sagittal T1-weighted turbo
spin-echo sequence (175/4.2; slice thickness, 5 mm;
interslice gap, 2 mm; field of view for axial plane,
24 × 24 cm; field of view for sagittal plane, 24 × 24
cm; matrix, 256 × 192; echo-train length, 3; signals
acquired, 2; fat saturation; bandwidth, 31.25 kHz).
For the paraaortic region, an axial fast spin-echo T2weighted sequence with 16 seconds of breath-holding (2,000/68; slice thickness, 8 mm; interslice gap,
2 mm; field of view, 32 × 24 cm; matrix, 256 × 160;
echo-train length, 20; signals acquired, 1; no fat saturation; bandwidth, 31 kHz) was performed. Ten patients did not undergo gadolinium injection because
they were recruited between March 2004 and October 2004, during which time we did not perform gadolinium-enhanced T1-weighted MRI.
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Surgical Technique
All patients underwent preoperative bowel preparations for 2 days, were given prophylactic antibiotics, and were operated on using identical instruments
and techniques. Two expert laparoscopic surgeons
performed all operations and were aware of the MRI
findings before lymph node dissection. After a thorough exploration of the pelvic and abdominal cavities, paraaortic lymph node dissection and pelvic
lymph node dissection were performed via laparotomy or laparoscopic surgery. The upper limit of the
paraaortic lymph node dissection was the duodenum, and the margin of node dissection was demarcated using endoclips; these margins were confirmed
using abdominal radiographs after surgery.

Classification of Lymph Node Regions
Lymph nodes were grouped into seven regions
according to anatomic landmarks: right paraaortic
(including right and left paraaortic lymph nodes),
both common iliac, both external iliac, and both internal iliac and obturator areas.

Histopathologic evaluation
Histopathologic evaluation of the lymph nodes
was the diagnostic standard. Thin sections were
cut, stained with H and E, and examined microscopically by a pathologist. Each lymph node was
sliced at 2-mm intervals perpendicular to the longest diameter to maximize the likelihood of detect-

ing micrometastases. The total number of lymph
nodes harvested in each region was recorded.

Analysis
MR images were assessed by two radiologists
with 3 and 5 years of experience in gynecologic imaging, including MRI. They interpreted MR images
of pelvic lymph nodes and were unaware of the histologic results. The first step involved a thorough inspection of all visible lymph nodes. The characteristics of each lymph node detected on MR images
were recorded in terms of short-axis diameter, ratio
of long-to-short-axis diameter (round [ratio < 1.2],
oval [ratio 1.2–1.5], elongated [ratio > 1.5]), margin
(smooth, lobulated, spiculated), and enhancement
pattern (homogeneous, heterogeneous). Axial T2weighted fast spin-echo sequences were used to investigate the short-axis diameter, ratio of long-toshort-axis diameter, and margin. Gadolinium-enhanced axial and sagittal T1-weighted turbo spinecho sequences were used to investigate the enhancement pattern. Lymph node diameter measurements were made using electronic calipers with a
PACS monitor.
When a positive lymph node was detected in the
pelvic region during MRI and the pelvic region was
also positive for a metastatic node during the surgical–pathologic examination, the node detected on
MRI was regarded as a true-positive lymph node
(Figs. 1–3). In addition, when a pelvic region had
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Fig. 4—False-positive pelvic lymph node metastases in 44-year-old woman with
stage IIB uterine cervical cancer.
A and B, MR T2-weighted fast spin-echo axial (A) and coronal (B) images (TR/TE,
5,000/68; echo-train length, 21) show elongated lymph node (arrow, 8-mm short-axis
diameter) with spiculated margin in right internal iliac area. Histopathology showed
no positive nodes in right internal iliac and obturator area of four nodes sampled.

A

more than one positive node on MRI and when the
region was positive for metastatic nodes according to
surgical–pathologic examination, the positive nodes
seen on MR images were all regarded as true-positive nodes unless the number of nodes seen on MR
images exceeded the number of positive nodes determined by surgical–pathologic examinations. When
the number of positive lymph nodes seen on MR images exceeded the number of positive nodes determined by histopathologic examination, we regarded
the larger nodes seen on MRI as positive. Nodes seen
on MR images were regarded as false-positives
when a pelvic region was determined to have a positive lymph node on MRI, but the region was negative according to the surgical–pathologic examination (Fig. 4). Conversely, nodes seen on MR images
were regarded as false-negatives when a pelvic region was found to be negative for metastatic lymph
nodes on MR images, but was found to be positive
according to surgical–pathologic examination.

Statistics
The sensitivity, specificity, positive predictive
value, and accuracy of each criterion in the prediction of nodal positivity were calculated. Independent Student’s t tests were used to compare the size
of metastatic and nonmetastatic lymph nodes. The
Pearson’s chi-square test was used to compare the
margins and enhancement patterns. A p value of
less than 0.05 was considered to indicate a significant difference.
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Results
Histopathology
Histopathologic examination revealed metastatic lymph nodes in 17 (30.9%) of the 55 patients. These nodes appeared in 36 (9.4%) of
385 regions, and 62 (3.2%) metastatic nodes
were found out of 1,909 nodes examined.
During surgery, the number of lymph nodes
sampled in each patient ranged from 9 to 68
(mean, 34.7). Histopathologic examination
showed that metastatic lymph nodes were
found in one (5.3%) of 19 patients with stage
IB1 disease; two (66.7%) of three patients
with stage IB2 disease; two (33.3%) of six patients with stage IIA disease; 10 (43.5%) of
23 patients with stage IIB disease; and in two
(50%) of four patients with stage IIIA, IIIB,
or IVA disease.
Number, Size, and Shape of
Lymph Nodes on MRI
MRI showed 86 lymph nodes in total. Of
the lymph nodes visible on MRI, the mean
short-axis diameter of metastatic lymph nodes
(9.3 ± 3.0 mm, n = 27) was larger than that of
nonmetastatic lymph nodes (7.5 ± 4.2 mm,
n = 59) (p = 0.027). The prediction of nodal
status was most accurate when a size criterion
greater than 9 mm was applied to the shortaxis diameter of the lymph node. Table 1 provides the sensitivity, specificity, positive pre-
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dictive value, and accuracy for both node-bynode and region-specific comparisons. Only
one (14.3%) of seven metastatic paraaortic
lymph nodes was detected on MRI with a
short-axis diameter of 11.9 mm. The ratio of
long-to-short-axis diameter was similar for
both positive and negative lymph node groups
(p = 0.263) (Table 2).
Margin of Lymph Node
The presence of a lymph node with a lobulated (n = 20) or a spiculated (n = 8) border
among 86 detectable lymph nodes on MRI
showed sensitivity and positive predictive values of 21.0% and 46.4%, respectively, and they
were reliable indicators of lymph node metastasis (p = 0.044) (Table 2). Among them,
six lymph nodes that had a lobulated (n = 4) or
spiculated (n = 2) border were metastatic
lymph nodes measuring less than 9 mm in
short-axis diameter.
Enhancement Pattern
Gadolinium-enhanced T1-weighted MRI
scans was performed on 45 of 55 patients, and
69 metastatic pelvic lymph nodes were found
in this group. Although heterogeneous enhancement was more commonly seen in metastatic lymph nodes (17/24 [70.8%]) than in
nonmetastatic lymph nodes (21/45 [46.7%]),
this difference was not found to be statisti-
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TABLE 1: Accuracy Profiles of Size Criterion
Node-by-Node Comparison
Region-Specific Comparison
Short-Axis
Diameter of
Lymph Nodes
(mm)
Sensitivity Specificity PPV Accuracy Sensitivity Specificity PPV Accuracy
All visible
lymph nodes

43.5

96.8

31.4

95.1

58.3

88.3

33.9

85.5

4

41.9

97.1

32.5

95.3

52.8

88.5

32.2

85.2

5

40.3

97.7

36.8

95.8

50.0

88.8

31.6

85.2

6

37.1

98.1

39.7

96.1

44.4

92.6

38.1

88.1

7

33.9

98.5

43.8

96.4

44.4

93.4

41.0

88.8

8

29.0

99.0

50.0

96.8

38.9

95.7

48.3

90.4

9

24.2

99.1

57.7

97.0

33.3

97.4

57.1

91.4

10

16.1

99.6

58.8

96.9

19.4

98.0

50.0

90.6

Note—All data are percentages. PPV = positive predictive value.

TABLE 2: Lymph Node Characteristics on MRI
No. (%) of Lymph Nodes
MRI Findings

Total

Metastatic

Nonmetastatic

Shape
Round

p
0.263

18 (20.9)

6 (7.0)

12 (14.0)

Oval

25 (29.1)

11 (12.8)

14 (16.3)

Elongated

43 (50)

10 (11.6)

33 (38.4)

Smooth

58 (67.4)

14 (16.3)

44 (51.2)

Lobulated

20 (23.3)

9 (10.5)

11 (12.8)

Spiculated

8 (9.3)

4 (4.7)

4 (4.7)

Homogeneous

31 (44.9)

7 (10.1)

24 (34.8)

Heterogeneous

38 (55.1)

17 (24.6)

21 (30.4)

Margin

0.044

Enhancement patterna

0.076

a Gadolinium-enhanced T1-weighted MR

scans were obtained only for pelvic areas in 45 of 55 patients in this
study, and there were 69 metastatic pelvic lymph nodes in those patients.

cally significant (p = 0.076) (Table 2). The
sensitivity and positive predictive value of
this criterion were 24.6% and 44.7%, respectively. Six lymph nodes with heterogeneous
enhancement patterns were metastatic, measuring less than 9 mm in short-axis diameter.
Discussion
The presence of a metastatic lymph node
radically modifies the prognosis and treatment of cervical cancer patients [4, 5, 12, 13].
However, the presence of lymph node metastasis does not change the clinical FIGO
stage of cervical cancer [14].
The accuracy and sensitivity rates for MRI
are reported to be between 76% and 100%
and 36% and 89.5%, respectively [15–22]. In
the present study, which used the criterion for
metastasis as a lymph node with a short-axis
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diameter of 9 mm or larger, the accuracy and
sensitivity rates for region-specific comparisons were 91.4% and 33.3%, respectively.
This sensitivity rate of 33.3% is lower than
those reported by others. A reason for this
may be that the present study examined transverse slices made at 2-mm intervals, whereas
lymph nodes are conventionally examined in
only one or two longitudinal sections. Thus,
we may have detected metastases that might
have been missed using conventional techniques. In addition, the range and completeness of surgical staging were different from
other studies in that previous studies did not
perform systematic surgical staging, including paraaortic dissection for all cases [15–22].
The only generally accepted MRI criterion
in the diagnosis of a metastatic pelvic lymph
node is node size [15–22]. Diameter limits

ranging from 6 to 15 mm have been applied,
with 10 mm being the most common criterion
for the upper limit of a normal lymph node
[15–22]. In the current study, a short-axis diameter of 9 mm was the optimal value using
MRI, not only on a region-by-region basis but
also on a node-by-node basis.
The present study found that lobulated or
spiculated lymph node margins, according to
MR images, were strong predictors of lymph
node metastasis. These types of margins
could be caused by a desmoplastic reaction or
tumor infiltration into the perinodal fat. Interestingly, this margin criterion helped in the
identification of metastatic lymph nodes with
a short-axis diameter of less than 9 mm, with
six of 12 such nodes detected using this parameter. The sensitivity and positive predictive value on MRI to detect lymph node metastasis was 33.9% and 56.8%, respectively,
when both of these criteria were applied—
that is, a short-axis diameter of 9 mm for the
upper limit of a normal lymph node and a
spiculated or lobulated margin.
The usefulness of the long-to-short-axis ratio as a criterion is unclear in most other reports, and Yang et al. [22] reported an accuracy rate of 77.3% when using the long-toshort-axis diameter ratio on MR images. In
the present study, application of the long-toshort-axis ratio criterion resulted in low accuracy. This may be because the axial MR images are not likely to show the maximum
cross section of lymph nodes.
MRI of the neck has shown that heterogeneous signal intensity on contrast-enhanced
T1-weighted images is a good indicator of
metastatic nodes [23, 24]. Heterogeneous enhancement of lymph nodes could be the result
of tumor infiltration of the lymph nodes, necrosis, or a mucin pool, but in the present
study, application of the enhancement pattern
criterion did not distinguish metastatic from
nonmetastatic nodes. However, use of this criterion resulted in the detection of six additional (of 12) metastatic nodes with short-axis
diameters of less than 9 mm. We believe that
a difference in imaging might be associated
with a difference in histopathology. We suggest that despite the statistical insignificance
of the findings according to enhancement pattern in this study (which may have been because of the small number of patients who had
undergone contrast-enhanced T1-weighted
MRI), these findings may be helpful for a differential diagnosis.
In the present study, the criteria of central
necrosis and fat hilum were not applied be-
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cause gadolinium-enhanced images were acquired with fat saturation, and it was possible
that central necrosis and fat hilum could not
be distinguished.
A limitation of the current study was that
some assumptions were made in the node-bynode comparisons. With these assumptions, it
was possible that smaller or nondetectable
lymph nodes were metastatic and larger or detectable lymph nodes were nonmetastatic.
Obtaining the histology of individual nodes
identified on cross-sectional images is likely
to remain challenging. Another limitation
was that although size and margin were useful
criteria on MRI, metastatic and nonmetastatic
lymph nodes significantly overlapped in these
areas. A third notable limitation was that surgeons were aware of the MRI findings before
lymph node dissections, and this may have
added verification bias. Finally, the MRI parameters for the paraaortic region were different from those of the pelvic region, with both
slice thickness and interslice gap being larger
compared with those of T2-weighted images
for the pelvic region. This may partly account
for the lower sensitivity in detecting metastatic paraaortic lymph nodes compared with
metastatic pelvic lymph nodes.
In conclusion, we found that an increased
lymph node short-axis diameter correlated
with lymph node metastasis in uterine cervical cancer patients. Furthermore, the presence
of a spiculated or lobulated lymph node border was also predictive of metastasis. However, the sensitivity of MRI was relatively
low, not only in node-by-node comparisons
but also in region-specific comparisons.
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