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Abstract
Objectives In patients with rectal cancer, the size and location of lateral lymph nodes (LLNs) are correlated to increased lateral
local recurrence rates. Sufficient knowledge and accuracy when measuring these features are therefore essential. The objective of
this study was to evaluate the variation in measurements and anatomical classifications of LLNs before and after training.
Methods Fifty-three Dutch radiologists examined three rectalMRI scans and completed a questionnaire. Presence, location, size,
and suspiciousness of LLNs were reported. This assessment was repeated after a 2-hour online training by the same radiologists
with the same three cases plus three additional cases. Three expert radiologists independently evaluated these 6 cases and served
as the standard of reference.
Results Correct identification of the anatomical location improved in case 1 (62 to 77% (p = .077)) and in case 2 (46 to 72% (p =
.007)) but decreased in case 3 (92 to 74%, p = .453). Compared to the first three cases, cases 4, 5, and 6 all had a higher initial
consensus of 73%, 79%, and 85%, respectively. The mean absolute deviation of the short-axis measurements in cases 1–3 were
closer—though not significantly—to the expert reference value after training with reduced ranges and standard deviations.
Subjective determination of malignancy had a high consensus rate between participants and experts.
Conclusion Though finding a high consensus rate for determining malignancy of LLNs, variation in short-axis measurements
and anatomical location classifications were present and improved after training. Adequate training would support the challenges
involved in evaluating LLNs appropriately.
Key Points
• Variation was present in the assessment of the anatomical location and short-axis size of lateral lymph nodes.
• In certain cases, the accuracy of short-axis measurements and anatomical location, when compared to an expert reference
value, improved after a training session.

• Consensus before and after training on whether an LLN was subjectively considered to be suspicious for malignancy was high.
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Abbreviations
ERV Expert reference value
LLND Lateral lymph node dissection
LLNs Lateral lymph nodes
LLR Lateral local recurrence
LR Local recurrence
MAD Mean absolute deviation
MRI Magnetic resonance imaging
TME Total mesorectal excision

Introduction

Low, locally advanced rectal carcinomas (LARCs) have
an increased chance of spreading towards lateral lymph
nodes (LLNs), located in the lateral compartments [1].
These lateral compartments encompass the lymphatic tis-
sue situated laterally of the mesorectal fascia and are not
removed during standard total mesorectal excision (TME)
surgery [2, 3]. While overall LR rates have decreased
since the introduction of standardized neoadjuvant treat-
ment and TME surgery, the proportion of lateral local
recurrences (LLR) is increasing and currently accounts
for approximately 50% of LRs [4]. This increase is most
likely due to the still insufficient treatment of malignant
LLNs.

Almost all nodal imaging studies have focused on
mesorectal lymph nodes. Considering only the size of
mesorectal nodes results in a low sensitivity and specificity
for predictingmalignancy (55–75%), but this can be improved
to 85–100% when also considering morphological criteria
(border contour, shape, signal heterogeneity) [5–8].
Contrastingly, recent literature regarding LLNs indicates that
size and anatomical location, but not morphological criteria,
are essential criteria to assess malignancy [9, 10]. Several
studies have shown that the presence of enlarged LLNs on
primary imaging increases the LLR rate to around 40% after
5 years [11–15]. A recent international, retrospective study
including the re-review ofMR-images for 1216 patients found
significantly higher LLR rates for LLNs with a primary short-
axis diameter of ≥ 7 mm; 19.5% after 5 years compared to
4.9% for patients without enlarged LLNs [10]. Furthermore,
size and anatomical location were vital when also considering
the restaging MRI. LLNs which remained > 4 mm and were
located in the internal iliac compartment had a 5-year LLR
rate of 52.3%. Obturator LLNs which remained > 6 mm had a
5-year LLR rate of 17.8% [9]. Morphological features were
not found to have any significant influence on the prediction
of malignancy.

There is, however, continued discussion as to the signifi-
cance of LLNs, especially inWestern cultures [2, 16]. Eastern
clinics have long considered LLNs to be clinically significant
and perform lateral lymph node dissections (LLND) for pa-
tients with LARC. This operation can lead to significant
peri- and postoperative morbidity due to the possible dam-
age of multiple blood vessels and/or nerves. While not per-
forming an LLND in ‘high-risk’ patients may cause high
LR rates, as found by Ogura et al [9, 10], an inadequate
patient selection caused by, for example, over-staging
LLNs on imaging, may mean that some patients unneces-
sarily undergo an LLND. An appropriate balance between
these two, led by a suitable indication of malignancy by
radiologists and active discussion by multidisciplinary
teams (MDT) may help select the appropriate ‘high-risk’
patients who can benefit from an LLND, while sparing
those for whom it is unnecessary. LLNs are still sparingly
investigated, resulting in limited knowledge and awareness
[2, 16, 17]. Accurate diagnosis of malignant LLNs remains
therefore a challenging subject, even though subsequent
treatment decisions for these patients are primarily based
on the assessment of preoperative imaging [9, 10, 16, 18,
19].

What the size and anatomical location is of an LLN and
whether it is considered malignant are vital pieces of informa-
tion that should be accurately investigated, mentioned in radi-
ology reports and discussed during MDT meetings [20, 21].
This study investigated if inter-physician variation was pres-
ent for the measurement of LLN short-axis size, anatomical
location, and for the judgement of whether an LLN is suspi-
cious. This study also considered whether dedicated training
resulted in significant improvements in these aspects.

Methods

Participants in this study included radiologists who were
either collaborators in the national ‘Snapshot rectal cancer
2016 study’ or interested colleagues. The Snapshot study is
a national cross-sectional retrospective study investigating
all patients who underwent an operation for rectal cancer in
2016 and includes re-assessment of all MR-imaging after a
dedicated online training. The methodology of a Snapshot
study is described in detail elsewhere [22].

A total of 90 Dutch abdominal radiologists from 62 hos-
pitals participated in the online training session; 69/90 ra-
diologists from 51/62 hospitals completed the necessary
assessments before the training and 53/69 radiologists from
51/62 hospitals also completed the repeat assessments after
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the training session (Fig. 1). This latter group fulfilled the
inclusion criteria for participation in the current study.

Pre-training assessment

Participants were asked to complete a short questionnaire
(Appendix 1) and then examine the primary MR-images of
three cases with visible LLNs. All series of MRIs were pro-
vided. Cases 1 and 2 had one significantly enlarged LLN
(internal iliac right and obturator left respectively), while case
3 had one LLN located in the external iliac compartment.
Radiologists were asked to indicate the presence and number
of LLNs, to measure the short-axis diameter of each LLN in
mm, and to classify the anatomical compartment (Fig. 2a–f).
Whether they deemed this LLN to be malignant was also
reported.

Training

Participants then partook in a 2-hour, interactive training led
by two expert radiologists (K.H., R.B.T.) with 17 and 24
years’ experience, respectively. During the training, relevant
background literature concerning LLNs was presented and 10
example MRI scans were shown, with particular emphasis on
explaining how to discern between the different lateral com-
partments. Definitions of the anatomical compartments were
described in accordance with previous literature [9, 18, 23].
An example is shown in Fig. 3.

Post-training assessment

After the training, 53 participants scored the first three
cases again, plus an additional three cases. Case 4 had
multiple small LLNs (obturator left), while cases 5 (in-
ternal iliac right) and 6 (obturator right) had one signifi-
cantly enlarged LLN (Fig. 2a–f). These three additional
cases were included to evaluate the assessment in ‘new’
cases and also because one of the three primary cases
(case 2) was shown and discussed during the training
session.

Standard of reference: expert evaluation

Three expert radiologists (R.B.T., D.L., K.H.) in the field of
rectal cancer imaging independently evaluated the same six
cases. The average of their measurements was used as the
‘expert reference value’ (ERV).

Statistics

Data was analyzed in SPSS Statistics (version 26.0).
Categorical data are described in n and percentages, continu-
ous data as means and standard deviation (SD) or medians and
inter-quartile range (IQR). The primary outcomes were the
agreement with the expert reference regarding the short-axis
diameter (in mm), location of LLNs, and suspiciousness. This
was examined with either the McNemar change test or a

90 Dutch abdominal radiologists

69 par�cipants in the pre-training 
assessments

21 radiologists only 
par�cipated in the training 

without comple�ng the pre- 
or post-assessments

53 par�cipants in both the pre- and post-
training assessments

16 radiologists only 
completed the pre-training 

assessment and not the 
post-training assessment

Fig. 1 Flowchart of participants
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single/paired t-test, depending on the type of data. Paired t-
tests considered the mean absolute deviation (MAD) of the
measurements from cases 1, 2, and 3, and these were com-
pared to the ERV. A p value of < 0.05 was considered statis-
tically significant.

Results

Baseline characteristics of the 53 abdominal radiologists who
participated in the study can be found in Table 1. Participants
had a mean experience of 9.6 years (SD 5.4).

Questionnaire

Participants first completed a questionnaire regarding
LLNs. Participants estimated that LLNs were present in
16% (range 5–70%, SD 9) of patients with low, cT3/4 rectal
cancer and various definitions were used to describe suspi-
cious LLNs. A total of 30% used ≥ 7 mm as proposed by the
Lateral Node Consortium Study [14, 15], 43% used the
same criteria as for mesorectal lymph nodes and 27% gave
different definitions such as 8mm, 10mm, or only based
solely on the anatomical compartments. Only 22% of radi-
ologists always mentioned LLNs in their reports. Finally,
when asked if suspicious LLNs were a sign of metastatic

A B

C D

E F

Fig. 2 A–F Six cases with
enlarged lateral lymph nodes used
for the training. A. Right internal
iliac compartment, expert
reference measurement: 12.1 mm
(11.6–12.5, SD 0.5 mm). B. Left
obturator compartment, expert
reference measurement: 12.1 mm
(11.3–12.5, SD 0.6 mm). C. Left
external iliac compartment, expert
reference measurement: 7.2 mm
(6.9–7.4, SD 0.2 mm). D. Left
obturator compartment, expert
reference measurement: 5.2 mm
(4.8–5.9, SD 0.6 mm). E. Right
internal iliac compartment, expert
reference measurement: 9.1 mm
(8.5–9.9, SD 0.7 mm). F. Right
obturator compartment, expert
reference measurement: 14.8 mm
(14.3–15.4, SD 0.6 mm)

European Radiology



disease, 54% replied no, 25% yes, and 21% remained neu-
tral. Further results from the questionnaire can be found in
Table 1.

Short-axis measurements

Short-axis measurements of LLNs by participants before and
after training compared to the expert reference value (ERV)
are provided in Table 2. For cases 1, 2, and 3, no significant
differences were observed in short-axis diameters or mean
absolute deviation (MAD) by the participants compared to
the expert reference before and after the training (p = 0.134–
0.925). Reductions in MAD from the ERV, ranges, and SD
were seen for all cases after training compared to before train-
ing (Fig. 4). Cases 4, 5, and 6 were only measured after the
training (Table 2). Single t-tests compared to the ERV re-
vealed significant differences for case 4 (ERV 5.2 (p =
.003)) and case 6 (ERV 14.8 (p < .001)) but not for case 5
(ERV 9.1 (p = .079)).

Variations and standard deviations in measurements
between participants decreased after training, and smaller
ranges and standard deviations were seen between the
three expert radiologists compared to the participants
(Appendix 1).

Fig. 3 Axial view of T2-MRI
depicting the lateral compart-
ments. Red—external iliac com-
partment, green - obturator com-
partment, blue—internal iliac
compartment. Brown spot: pri-
mary trunk of the internal iliac
artery. The internal iliac compart-
ment is defined as medial to the
lateral border of the primary trunk
of the internal iliac artery. The
obturator compartment is the tis-
sue located laterally of the prima-
ry trunk of the internal iliac artery
and all tissue still present after the
internal iliac artery exits the pelvis

Table 1 Baseline characteristics

N = 53
Years of experience, mean (SD) 9.6 (5.4)

Initial questionnaire:
Present during multidisciplinary meetings? 33% (10–80%, SD 20)
What is your definition of a suspicious LLN? 30% ≥ 7 mm

43% same as mesorectal
27% other

How often do you report LLNs in your reports? 4% never
25% not often
36% sometimes
13% often
22% always

Are LLNs a sign of systemic disease? 54% no
21% neutral
25% yes

In what percentage of cT3/4 rectal cancer
patients are LLNs present?

16% (5–70%, SD 9)
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Location of LLNs according to anatomical
compartments

The three experts reached full agreement on the anatomical
locations of the LLNs in all six cases (Table 2 and Appendix
1). Consensus regarding the location of the largest LLN in
case 1 was initially 62% (right internal iliac) and increased
to 78% after training (p = .077). Consensus for the location
of the largest LLN in case 2 was initially 46% (left obturator)
and increased to 72% after training (p = .007). The external

iliac LLN in case 3 had an initial consensus of 92%, but this
decreased to 74% after training (p = .453). Consensus for the
anatomical locations of cases 4, 5, and 6 was 74, 79%, and
85%, respectively (similar to the post-training results of cases
1–3) and all were in line with the expert reference.

Malignant LLNs

There was a high consensus between the participating
radiologists and experts regarding whether an LLN was

Table 2 Cases 1–3 before and after training versus expert reference value

Before training After training Expert reference

Case 1
Short-axis measurements 11.9 mm (7.0–14.0, SD 1.1) 12.1 mm (10.0–14.0, SD 0.7) 12.1 mm (11.6–12.5, SD 0.4)
Compartment classification 62% right internal iliac vs. 38%

right obturator
77% right internal iliac vs. 23% right obturator Internal iliac (right)

Suspicious for malignancy 100% deemed LLN as
suspicious on primary and
restaging images

100% deemed LLN as suspicious on primary
and restaging images

Deemed as suspicious by all three experts

Case 2: largest LLN
Short-axis measurements 11.4 mm (5.0–14.0, SD 1.5) 11.7 mm (9.0–14.0, SD 1.0) 12.1 mm (11.3–12.5, SD 0.6)
Compartment classification 46% left obturator vs. 54% left

internal iliac
72% left obturator vs. 28% left internal iliac Obturator (left)

Suspicious for malignancy 100% deemed LLN as
suspicious on primary and
restaging images

98.1% deemed LLN as suspicious on primary
and restaging images

Deemed as suspicious by all three experts

Case 3
Short-axis measurements 6.9 mm (4.0–11.0, SD 1.7) 6.9 mm (5.0–10.0, SD 1.6) 7.2 mm (6.9–7.4, SD 0.2)
Compartment classification 92% left external iliac, 2.7% left

internal iliac, 5.3% left
obturator

74% left external iliac, 17.2% left obturator,
8.8% left internal iliac

External iliac (left)

Suspicious for malignancy 21% deemed LLN as suspicious
on primary images

15% deemed LLN as suspicious on primary
images

Not deemed as suspicious by all three
experts

Case 4
Short-axis measurements Not applicable 5.7 mm (2.0–7.0, SD 1.0) 5.3 mm (4.8–5.9, SD 0.5)
Compartment classification Not applicable 79% left obturator vs. 21% left internal iliac Obturator (left)
Suspicious for malignancy Not applicable 23.7% deemed LLN as suspicious on primary

images
Not deemed as suspicious by all three

experts

Case 5
Short-axis measurements Not applicable 9.3 mm (8.0–11.0, SD 0.7) 9.1 mm (8.6–9.9, SD 0.7)
Compartment classification Not applicable 76% right internal iliac vs. 24% right obturator Internal iliac (right)
Suspicious for malignancy Not applicable 100% deemed LLN suspicious on primary

images and 23.1% still suspicious on
restaging images

Deemed as suspicious by all three experts,
but responded well to neoadjuvant
treatment

Case 6
Short-axis measurements Not applicable 16.0 mm (14.0–20.0, SD 1.4) 14.8 mm (14.3–15.4, SD 0.5)
Compartment classification Not applicable 85% right obturator vs. 15% right internal iliac Obturator (right)
Suspicious for malignancy Not applicable 100% deemed LLN suspicious on primary

images and 98.1% still suspicious on
restaging images

Deemed as suspicious by all three experts
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considered suspicious. The three experts stated indepen-
dently from each other that cases 1, 2, and 6 were suspi-
cious on both the primary and restaging images. Case 5
was suspicious primarily, but responded well to neoadju-
vant treatment, while cases 3 and 4 were not deemed as
suspicious for malignancy. For cases 1, 2, and 6, the con-
sensus between participants was 98.1–100% that the
LLNs here were suspicious, while 15–23.7% also consid-
ered LLNs in cases 3 and 4 to be suspicious. All partici-
pants regarded the LLN in case 5 as initially suspicious
(100%), and 23.1% also stated its suspiciousness when
considering restaging images (Table 2).

Discussion

This study, including 53 Dutch abdominal radiologists
from 51 hospitals, demonstrates that inter-physician vari-
ation is present for the short-axis measurements of LLNs
and for classifying the appropriate lateral compartment.
This variation decreased when repeating the assessment
after completing a 2-hour training provided by expert ra-
diologists. Contrastingly, the overall consensus between
participants and compared to the experts was very high
for the subjective determination of whether an LLN was
suspicious of malignancy.

Means (horizontal line) with ranges for cases 1–3 before and after training.

Means (horizontal line) with ranges for cases 4-6 after training. 

0
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6

8

10
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14

16

Case 1 before Case 1 a�er Case 2 before Case 2 a�er Case 3 before Case 3 a�er

Short-axis measurements with ranges for cases 1–3 before and a�er training
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0
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15

20

25

Case 4 Case 5 Case 6

Short-axis measurements with ranges for cases 4-6 a�er training

B

Fig. 4 A, B Short-axis measure-
ments for the 6 cases before and
after training of the 53 partici-
pants. Means (horizontal line)
with ranges for cases 1–3 before
and after training (A). Means
(horizontal line) with ranges for
cases 4–6 after training (B)
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Participants indicated prior to the training that they used
different definitions to diagnose suspicious LLNs in their clin-
ical practice (Table 1) and there was a wide range in whether
the participants routinely reported the presence or absence of
LLNs in their reports; 3% said never and 22% always. It is
possible that radiologists only mention their presence if
deemed suspicious, even though heterogeneity existed within
the group regarding their definitions for ‘suspiciousness’. This
reflects variation between participating hospitals and exposes
a lack of knowledge and awareness for LLNs by a proportion
of participants. Another difference was the interpretation of
whether LLNs are indicative of metastatic or locoregional
disease; 23% believed them to represent metastatic disease,
56% locoregional and 21% indicated that they did not know
how to answer this question. Recent literature has suggested
that LLNs represent locoregional disease, considering that
distant metastasis rates appear not to be influenced by the
presence of enlarged LLNs [2, 9, 10].

Since research has found that size, and not morphological
features, is primarily relevant to LLNs [9, 10]; it is vital that
size measurements are reported accurately. Based on the most
recent retrospective research, 7 mm (short-axis) has been sug-
gested as the threshold for malignancy [9, 10]. One issue with
selecting a specific size threshold is the inter-physician varia-
tion in measurements found in this study. While a small range
of variation is to be expected when comparing measurements
of multiple specialists, the ranges found here were larger than

expected. For example, in case 2, while the mean measure-
ment was 11.4 mm, and thus close to the ERV of 12.1 mm,
measured values between participants ranged from 5 to
14 mm (SD 1.5). This range significantly decreased after the
training to 9–14 mm (SD 1.0). This broad variation may be
explained by a significant outer ‘shell’ illustrated in Fig. 5. In
fact, for all cases, the ranges and standard deviations in mea-
surements decreased after the training. This is most likely a
direct result of the training, during which dedicated time was
spent explaining short-axis measurements with MRI
examples.

An important consideration should be the variation in mea-
surements for the LLNs which straddle the 7 mm size. For
these LLNs, the chances of discrepant measurements and
opinions on suspiciousness increased, compared to larger
LLNs for which consensus in this study was almost 100% that
it was suspicious. This variation was also visible in the range
of measurements between the three experts for LLNs around
7 mm in size (Appendix 1). For both the participants and
experts, it is possible that the measurements from one individ-
ual vary just below or just above the 7 mm threshold com-
pared to a colleague; insinuating that such a strict guideline
may be subject to inter-physician variation. In such cases, peer
review by a colleague could be desirable and included in pro-
tocols [24, 25].

This study also found that initial consensus regarding the
anatomical location of LLNs in the lateral compartments was

12.5mm

8.6mm

Fig. 5 Variation between two
potential measurements of the
largest LLN from case 2. Axial
T2-MRI with a zoomed-in image
of the largest LLN from case 2.
Two measurements display the
variation possible for this LLN
due to the presence on a thick
outer shell
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low; suggesting that various borders are currently used to de-
fine the compartments. During the training session, the an-
atomical definitions were described according to Ogura
et al [9] and Gollub et al [23] and were explained with
the help of multiple visual examples. For the cases com-
pleted after the training, a noticeable improvement was
seen in the consensus regarding anatomical location. This
implies that these borders are understandable and translat-
able into routine daily practice. However, correct identifi-
cation of the compartments was still not consistently
> 80% after the training, with the highest consensus of
86% for case 6. Considering the oncological implications
for LLNs in different locations [18, 26], it is important that
LLNs are classified correctly. Possibilities could include
color atlases with detailed explanations combined with in-
teractive training sessions, as this does appear to be advan-
tageous. On the other hand, while cases 1 and 2 improved
after training, case 3 consensus worsened. This is due to
the fact that during the training session, experts explained
that elongated LLNs located close to the external iliac
artery were rarely found to be malignant. Consequently,
less radiologists mentioned the presence of the node in
case 3 because they did not consider it to be a lateral
lymph node anymore.

Interestingly, high consensus was seen between participants
when asked whether an LLN was considered malignant, dem-
onstrating a good ability to judge this phenomenon.
Mentioning this in reports is also essential so to influence po-
tential treatment decisions by radiation oncologists and sur-
geons. Results from the questionnaire found that only 22%
always reported LLNs, a rate that must be improved.
Methods to facilitate this could be structured reporting, focused
training, or computer-aided detection to ensure that suspicious
LLNs are properly identified as signaled to the multidisciplin-
ary team [27]. A clear international guideline and/or universal
definition for when an LLN is consideredmalignant is currently
missing. Considering the multidisciplinary treatment implica-
tions of LLNs discussed here, concise guidelines should be
created and implemented.

This study has a number of limitations. Firstly, not all par-
ticipants who completed the pre-training assessment also par-
ticipated in the post-training assessment, reflecting a selection
bias for the 53 participants, possibly representing the more
enthusiastic participants. The fact that the total case number
before training was only three is a limiting factor, restricting
our ability to properly evaluate their ability and knowledge.
Additionally, while the addition of three new cases afterwards
was carefully considered to allow an analysis of the ‘new’
consensus after training, this method creates heterogeneity
within the small sample of cases. Furthermore, the ERV is
based on the measurements of three experts for which varia-
tion is also possible. Lastly, many of the hospitals had one

representative radiologist, while intra-institution variation
would also be very interesting to investigate.

Conclusion

This study found that while radiologists have a high consensus
rate for the subjective determination of malignancy of lateral
lymph nodes (LLNs), variation was present in the classifica-
tion of LLNs into lateral compartments and their short-axis
measurements. These aspects improved after participating in
an online training session led by expert radiologists.
Considering the oncological implications that LLNs hold; es-
pecially with regard to the differences found between lateral
compartments and for varying short-axis sizes, care should be
taken to ensure a minimal amount of variation between spe-
cialists. Increased knowledge and awareness through training,
instruction documents, and visual guides may help improve
this further.
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