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Abstract
Objectives Staging of upper extremity lymphedema is needed to guide surgical management, but is not standardized due to lack
of accessible, quantitative, or precise measures. Here, we established anMRI-based staging system for lymphedema and validate
it against existing clinical measures.
Methods Bilateral upper extremity MRI and lymphoscintigraphy were performed on 45 patients with unilateral secondary lymph-
edema, due to surgical intervention, whowere referred to our multidisciplinary lymphedema clinic betweenMarch 2017 and October
2018.MRI short-tau inversion recovery (STIR) images were retrospectively reviewed. A grading systemwas established based on the
cross-sectional circumferential extent of subcutaneous fluid infiltration at three locations, labeled MRI stage 0–3, and was compared
to L-Dex®, ICG lymphography, volume, lymphedema quality of life (LYMQOL), International Society of Lymphology (ISL) stage,
and lymphoscintigraphy. Linear weighted Cohen’s kappa was calculated to compare MRI staging by two readers.
Results STIR images on MRI revealed a predictable pattern of fluid infiltration centered on the elbow and extending along the
posterior aspect of the upper arm and the ulnar side of the forearm. Patients with higher MRI stage were more likely to be in ISL
stage 2 (p = 0.002) or to demonstrate dermal backflow on lymphoscintigraphy (p = 0.0002). No correlation was found between
MRI stages and LYMQOL. HigherMRI stage correlated with abnormal ICG lymphography pattern (rs = 0.63, p < 0.0001), larger
% difference in limb volume (rs = 0.68, p < 0.0001), and higher L-Dex® ratio (rs = 0.84, p < 0.0001). Cohen’s kappa was 0.92
(95% CI, 0.85–1.00).
Conclusion An MRI staging system for upper extremity lymphedema offers an improved non-invasive precision marker for
lymphedema for therapeutic planning.
Key Points
• Diagnosis and staging of patients with secondary upper extremity lymphedema may be performed with non-contrast MRI,
which is non-invasive and more readily accessible compared to lymphoscintigraphy and evaluation by lymphedema specialists.

•MRI-based staging of secondary upper extremity lymphedema is highly reproducible and could be used for long-term follow-up
of patients.

• In patients with borderline clinical measurements, MRI can be used to identify patients with early-stage lymphedema.
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Introduction

Upper extremity lymphedema is a chronic disease affecting 3–
30% of patients receiving breast cancer therapy depending on
the treatment received [1, 2]. There is increasing interest in
more accurate and timely diagnoses of secondary lymphede-
ma as well as better characterization of the spatial distribution
of fluid infiltration, due to improving microsurgical tech-
niques such as lymphovenous bypass and lymph node trans-
plants that can be tailored for each patient. To date, the diag-
nosis of lymphedema relies mostly on history and physical
examination findings, with limb volume discrepancy as the
most quantitative marker [3]. The most widely used staging
system by the International Society of Lymphology (ISL) only
uses clinical physical exam findings to categorize disease se-
verity [4, 5]. These methods, however, rely on global mea-
sures that are imprecise and do not reveal the spatial distribu-
tion of fluid infiltration, which the description is required for
emerging surgical techniques. Other grading systems, such as
lymphedema-specific quality of life questionnaires
(LYMQOL) and bioimpedance spectroscopy, lack sensitivity
[6–9].

Imaging of lymphedema focuses on the evaluation of lym-
phatic function, with either radionuclide, MR lym-
phoscintigraphy, or ICG lymphography, with the diagnosis
of lymphedema supported by indicators of lymphatic disrup-
tion such as dermal backflow (DB) [10–12]. However, these
methods are used in a binary fashion only to diagnose or
exclude lymphedema, and prior attempts at staging the sever-
ity of disease with lymphoscintigraphy have demonstrated
variable results [13–17]. To date, no imaging technique has
been widely adopted for the staging of lymphedema.

Non-contrastMRI lymphangiography is being increasingly
used in the presurgical evaluation of secondary lymphedema
due to its non-invasiveness and its ability to show the distri-
bution of fluid infiltration and fat throughout affected extrem-
ities. These capabilities, coupled with the capability to detect
small amounts of fluid that are below the sensitivity of
existing techniques, make MRI an ideal modality to grade
lymphedema severity. Already, MR lymphangiography has
demonstrated to be a reliable tool in detecting and grading
lymphedema severity in the lower extremity as well as evalu-
ating residual post-surgical follow-up after lymph node trans-
fer in the upper extremity [12, 18, 19]. In this study, we de-
veloped a simple, checklist-type MRI-based staging system
based on the degree of circumferential subcutaneous fluid
infiltration seen on a fluid-sensitive sequence.We have chosen
to use the term “fluid infiltration” rather than “edema,” which
is often used interchangeably. However, “edema” technically
refers to swelling secondary to the presence of excess fluid
within the tissues, while we are referring specifically to the
presence and distribution of abnormal fluid. We hypothesize
that this MRI staging system could be used to supplement or

replace ISL staging and other existing clinical measures of
lymphedema. The purpose of this study was to test the repro-
ducibility of this MRI staging system and validate its perfor-
mance against established clinical measures in a cohort of
patients with secondary upper extremity lymphedema.

Methods

Patient selection

This HIPAA-compliant retrospective study was approved by
the institutional review board, which waived requirement for
informed consent for review of medical records and images.
Patients were first evaluated at our multidisciplinary clinic
specializing in lymphatic medicine and surgery. Those who
were subsequently clinically diagnosed with secondary upper
extremity lymphedema and who were potential candidates for
surgical lymphatic repair were referred for imaging.

MRI was performed on consecutive 51 patients (49 women
and 2 men) with unilateral upper extremity lymphedema be-
tween March 2017 and September 2018. Patients who had
both lymphoscintigraphy and MRI within 1 month were in-
cluded. No new intervention, either surgical or any change to
existing conservative treatments, was introduced during the
period between MRI and lymphoscintigraphy or other clinical
measurements. Five patients did not meet the 30-day imaging
window and were excluded. The remaining 45 patients (43
women and 2 men) were included in the final analysis (Fig. 1).

Clinical measures

Clinical history and physical evaluations were performed by a
lymphatic surgeon and a lymphatic medicine internist.
Evaluation by a lymphedema certified physical therapist in-
cluded quantitative measurements (limb volume and L-
Dex®), and Lymphedema Quality of Life score (LYMQOL),
a validated tool consisting of 28 questions evaluating overall
quality of life (QoL) and four domains: function, appearance,
symptoms, and mood [20]. At the conclusion of the clinical
evaluation, International Society of Lymphology (ISL) stag-
ing was provided on 36 of 45 patients. Limb volume, L-Dex®
ratio (L-Dex®), and lymphography techniques are detailed in
Supplement Materials.

MRI

All MRI was performed on a single 1.5-T scanner (Siemens
Magnetom Aera) using two 13-channel body array coils.
Patients were instructed to remove compression garments for
at least 48 h prior to theMRI. Patients were placed supine with
arms at the sides, palms facing medially. The target limb was
positioned as close to the magnet isocenter as possible and a
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1.5-cm-thick cushion placed between the arm and torso to
provide a small gap to reduce the potential for wrap artifacts
from the lower abdominal side wall or lateral breast tissue
overlapping with the extremity. The unaffected limb was im-
aged first to serve as a control, then the patient was
repositioned to place the second limb at the isocenter. Two
imaging stations were acquired for each limb. The first station
spanned the upper arm, from shoulder to elbow, and included
the ipsilateral upper chest wall and breast. The second station
covered the forearm, from the elbow to the dorsum of the
hand. Axial short-tau inversion recovery (STIR) sequence im-
ages were acquired, with the following base parameters: for
the upper station, TR = 7080 ms, TE 53 ms, echo train length
16, field of view 400 × 200 mm, 52 slices, slice thickness
6 mm, matrix size 384 × 192. For the lower station, TR
7150 ms, TE 53 ms, echo train length 16, field of view
160 × 145 mm, 52 slices, slice thickness 6 mm, matrix size
192 × 174. Phase encoding was performed in the anterior-
posterior direction for both stations.

Lymphoscintigraphy

Patients were instructed to remove compression garments for
at least 48 h prior to lymphoscintigraphy. Please refer to the
Supplement Materials for technical details. First, the flow of
radiotracer was assessed with images acquired at 30 s/frame
for 20 min. The initial static images were acquired at 1 h and
the delayed at 2 h or 6 h for 5 min each with transmission
images to assess for the presence of dermal backflow [21] and
lymphatic flow.

Imaging analysis

A 4th year resident and a board-certified radiologist with
5 years of experience analyzed MRI images using
McKesson PACS. A nuclear medicine board-certified expert
with 32 years of experience analyzed the lymphoscintigraphy
using MIM Software. Imaging analysis was performed

independently with each reader blinded to patients’ clinical
history and all other clinical and imaging data.

MRI staging

The MRI staging system, based on STIR images, is summa-
rized in Table 1 and Figs. 2, 3, and 4. The staging is based on
the degree of circumferential subcutaneous fluid infiltration
seen along the epifascial regions or infiltrating the subcutane-
ous fat, evaluated across the axial plane at three points: the
elbow, 5–8 cm proximal to the radial head (upper arm), and 5–
8 cm distal to the olecranon (forearm).MRI stage 0 is assigned
when no fluid infiltration of the subcutaneous tissue is detect-
ed, andMRI stage 1–3 reflect increasing severity of disease. In
MRI stage 1, which represents the mildest manifestation, there
is fluid infiltration of the subcutaneous tissue that does not
exceed 50% of the circumference of the upper extremity at
any level (Fig. 2). At this stage, fluid is usually first seen along
the posterior aspect of the elbow, then along the ulnar aspect of
the forearm, and often absent or minimal at the upper arm.
MRI stage 2 is defined by the presence of circumferential fluid
infiltration exceeding 50% at any level, with the forearm usu-
ally worse and occasionally demonstrating complete circum-
ferential involvement, but without all three levels simulta-
neously exceeding 75% (Fig. 3). Stage 3, the most severe, is
assigned when all three regions demonstrate complete or near-
complete (> 75%) circumferential fluid infiltration (Fig. 4).
Near-complete circumferential fluid infiltration of the upper
arm is typically a defining feature of stage 3. The recommend-
ed approach is to determine if the patient is MRI stage 0, 1, or
3, with MRI stage 2 not meeting the criteria for the other
stages (Table 1).

Statistical analysis

Linear weighted Cohen’s kappa was calculated to assess in-
terobserver agreement. In 4 cases where staging classification
differed between the two readers by 1 level, consensus

 

Pa�ents with suspected 
UE lymphedema referred 

for imaging (n=51) 

Pa�ents who had both 
MRI and NM 

lymphoscin�graphy 
within 30 days (n=45) 

Pa�ents who had MRI or NM 
lymphoscin�graphy performed 
more than 30 days apart (n=6) 

Fig. 1 Flowchart of participants.
Upper extremity (UE) MRI was
performed on 51 patients who
were referred from the
lymphedema multidisciplinary
group. Six patients were excluded
from analysis due to having MRI
and lymphoscintigraphy
performed more than 30 days
apart. The remaining 45 patients
were included in this retrospective
study
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decision for staging was arrived and used for the remainder of
the statistical analyses.

One-way analysis of variance (ANOVA) with post hoc
Tukey HSD test was used to analyze the differences in age,
symptom duration, and body mass index (BMI) between the
MRI stages. Fisher’s exact test was used to analyze the rela-
tionship between the ISL stage, LYMQOL, DB, and MRI

stage. Mann-Whitney U test was used to compare the distri-
bution ofMRI stage in the conservative and surgical treatment
groups. Spearman rank-order correlation and one-way
ANOVAwith post hoc Tukey HSD tests were used to analyze
relationship between MRI stage and L-Dex®, ICG lymphog-
raphy, and limb volume. The statistical analysis was per-
formed using a software (SAS version 9.4 of the SAS
System for Windows; SAS Institute), and free online statisti-
cal calculators MedCalc, available at https://www.medcalc.
org/calc/, and VassarStats, available at http://vassarstats.net/.

Results

Forty-five patients were included in the analysis (Fig. 1).
Patient demographics are summarized in Table 2. Forty-one
of 45 (91.1%) patients had a history of breast cancer. Of these,
73% (30/41) had a unilateral or bilateral mastectomy and 27%
(11/41) had a lumpectomy (Table 1). Twenty-seven mastecto-
my patients also underwent axillary lymph node dissection
(ALND) on the side that developed lymphedema. The

Fig. 2 Axial non-contrast STIR images of the forearm (a), elbow (b), and
upper arm (c) of a 40-year-old woman with history of left breast cancer
treatment, presenting with MRI stage 1 in the left arm. a There is mild
fluid infiltration is noted in the dorsal and ulnar aspect of the forearm in
this patient (yellow arrows and yellow shading). b At the elbow, the fluid
infiltration (yellow arrows and yellow shading) is mostly localized to the
posterior aspect. c No subcutaneous fluid infiltration is seen at the upper
arm

Fig. 3 Axial non-contrast STIR images of the forearm (a), elbow (b), and
upper arm (c) of a 69-year-old woman with history of left breast cancer
treatment, presenting with MRI stage 2. a Fluid infiltration in the forearm
extends more than 50% and less than 75%, sparing the radial aspect
(yellow arrow and shading). b At the elbow, there is approximately
50% circumferential fluid infiltration. c Within the upper arm, there is
subcutaneous fluid infiltration affecting approximately 75% of the
circumference

Table 1 Summary of MRI staging. Determination of the degree of
circumferential fluid infiltration is determined by a single axial STIR
image at the forearm (5–8 cm distal to the olecranon), the elbow, and
the upper arm (5–8 cm proximal to the olecranon)

MRI stage Definition

0 No detectable fluid infiltration at any level (forearm,
elbow, or upper arm)

1 Circumferential fluid infiltration does not exceed
50% at forearm, elbow, or upper arm

2 Circumferential fluid infiltration may exceed 50%
at any level, but does not meet stage 3 criteria

3 Circumferential fluid infiltration exceeds 75% at
all three levels
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remainder (3/41) underwent sentinel node biopsies (SLNB).
Eight of the 11 lumpectomy patients had ipsilateral axillary
node dissection, 2 had sentinel node biopsies, and 1 did not
undergo axillary surgery.

Four patients (4/45, 8.9%) reported non-oncologic surger-
ies and interventions, such as bilateral breast reduction and
unilateral brachioplasty and radiation for lymphoma.

There were 8 patients with no discernable fluid infiltration
(MRI stage 0), 9 patients withMRI stage 1, 17 withMRI stage
2, and 11 withMRI stage 3. There was no statistical difference
between theMRI stages and patient age, symptom duration, or
BMI (p > 0.2), except in BMIwhere patients withMRI stage 3
had significantly lower BMI than MRI stage 2 (p = 0.03).
More patients with higher MRI stages were recommended
for surgical treatment compared to conservative treatment
(U = 135, Z-score = 2.27, p = 0.012).

MRI stage interobserver variability

There was high degree of agreement between two independent
readers on the MRI staging (Cohen’s kappa 0.92 ± 0.04, 95%
CI, 0.85–1.00). There was no disagreement in MRI stage 0
and 3. Disagreement was noted in 1 out of 9 (11.1%) patients
in MRI stage 1, and 3 out of 17 (17.6%) patients in MRI stage
2. All disagreements differed by a single stage.

MRI stage correlation with ISL stage and LYMQOL

There were 5 ISL stage 0 and 31 ISL stage 2 patients; none
were ISL stage 1 (Table 2). Patients with ISL stage 2 demon-
strated higher MRI stage than patients in ISL stage 0 (p =
0.002, Table 2). Two patients with ILS stage 0, which refers
to a subclinical stage where swelling is not yet evident, were
classified asMRI stage 1. Two ISL stage 2 patients showed no
detectable fluid infiltration on STIR images (MRI stage 0).

Baseline LYMQOLwas available on 38 of 45 patients. The
average Lymphedema Quality of Life (LYMQOL) score was
the highest in the MRI stage 0 (n = 5, 59.8 ± 13.3) and the
lowest in the MRI stage 3 (n = 9, 55.1 ± 9.2). However, there
was no significant correlation between the MRI stage and
LYMQOL (rs = − 0.19, p = 0.25). Furthermore, no significant

Table 2 Summary of patient characteristics

MRI stage Patient count Age Symptom duration BMI ISL stage 0* ISL stage 2* Conservative treatment Surgical
treatment

0 8 55.3 ± 8.8 2.4 ± 1.8 30.1 ± 3.8 3 2 6 2

1 9 52.8 ± 13.7 6.3 ± 5.8 30.2 ± 9.8 2 6 4 5

2 17 58.6 ± 9.9 5.1 ± 4.8 33.4 ± 5.8 0 14 5 12

3 11 64.5 ± 9.5 4.8 ± 2.8 26.6 ± 4.1 0 9 2 8

Total 45 58.1 ± 11.0 4.8 ± 4.3 30.5 ± 6.5 5 31 17 27

p > 0.2† p > 0.2† p > 0.2† p = 0.002′ U = 135, Z-score = 2.27,
p = 0.012‡

*ISL stage: International Society of Lymphology Stage. The ISL staging information was available only on 36 out of 45 patients
† p value was obtained from the comparison among the MRI stages
′ p value was obtained from the comparison between ISL and MRI stages
‡ p value was obtained from the comparison between theMRI stages and the treatment groups (conservative or surgical). No final treatment decision was
available on one patient in MRI stage 3

Fig. 4 a–cAxial non-contrast STIR images of the forearm (a), elbow (b),
and upper arm (c) of a 70-year-old woman with history of left breast
cancer treatment, presenting with MRI stage 3. Here, the fluid
infiltration (yellow shading) exceeds 75% of the circumference
throughout the three regions
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difference in the average LYMQOL was found between the
MRI stages (F(3,34) = 0.25, p = 0.85 between all levels).

MRI stage correlation with dermal backflow
on lymphoscintigraphy

Dermal backflow (DB) on lymphoscintigraphy was observed
in in the affected arm of 29 out of the 45 total patients (64.4%).
The presence of DB correlated with higher MRI stage
(p = 0.002, Table 3). One out of 8 MRI stage 0 (12.5%), 4/9
MRI stage 1 (44.4%), 13/17 MRI stage 2 (75.5%), and 11/11
MRI stage 3 (100%) patients demonstrated DB (Table 3). The
extent of DB, defined as whether the DB was seen up to the
level of the elbow or beyond the elbow, did not correlate with
MRI stage (p = 0.26 by Fisher exact text, Table 3). In 9 pa-
tients where fluid infiltration was present on MRI (5 MRI
stage 1 and 4 MRI stage 2), DB was not observed on
lymphoscintigraphy.

MRI stage correlation with L-Dex®, limb volume,
and ICG lymphography

The L-Dex® was within the normal range (between − 10 and
+ 10) in 2 out of 9 MRI stage 1 patients (22.2%). There was
high positive correlation between the MRI stage and the L-
Dex® (rs = 0.84, p < 0.0001) (Fig. 5). While the L-Dex® ra-
tios between the MRI stages were statistically significantly
different (F(3,41) = 29.05, p < 0.0001), the post hoc test re-
vealed no significant difference in L-Dex® ratio between
MRI stage 0 and 1 (p = 0.108, Table 4).

There was moderate positive correlation between the MRI
stage and the degree of abnormality on the ICG lymphography
(rs = 0.63, p < 0.0001, Table 5). However, while the degree of
ICG lymphography abnormality is statistically different be-
tween MRI stage 0 and 1, no difference was found between
MRI stage 1 versus 2 or 2 versus 3.

There was moderate, positive correlation between the MRI
stage and the percent volume difference between the affected
and the unaffected arms by perometer measurements

(rs = 0.68, p < 0.0001, Table 6 in Supplementary Material).
However, there were no significant volume differences be-
tween the MRI stages (p = 0.28, p = 0.22, p = 0.14, Table 6
in Supplementary Material). There were 5 patients in MRI
stage 1, 1 patient in MRI stage 2, and 1 patient in MRI stage
3 whose limb volume difference was less than the 10% thresh-
old diagnostic for lymphedema [22]. No patient in MRI stage
0 had a limb volume difference greater than 10%.

Discussion

In this study, we developed a highly reliable MRI staging
system for upper extremity lymphedema based on the degree
of axial circumferential subcutaneous fluid infiltration which
does not require any post imaging processing, and only requir-
ing estimates of the extent of fluid at three anatomic locations
to assign the staging. To our knowledge, this is the first staging
system based on spatial distribution of fluid infiltration of the
upper extremity with description of fluid infiltration that is
characteristic for the disease process. The staging was repro-
ducible with high degree of agreement. MRI stage correlates
with all established clinical parameters, including ICG lym-
phography, limb volume, and bioimpedance measurements

Table 3 Correlation between
MRI stage and dermal backflow
on lymphoscintigraphy

MRI Stage (n = 45) DB present (n = 29) DB absent (n = 16)

Up to elbow (n = 14) Beyond elbow (n = 15)

0 (n = 8) 1 (12.5%) 0 (0%) 7 (87.5%)

1 (n = 9) 3 (33.3%) 1 (11.1%) 5 (55.6%)

2 (n = 17) 4 (11.8%) 9 (52.9%) 4 (23.5%)

3 (n = 11) 6 (54.5%) 5 (45.5%) 0 (0%)

DB presence vs. MRI stage, p = 0.0002†

DB extent vs. MRI stage, p = 0.26†

†By two-sided Fisher exact test

DB: dermal backflow on lymphoscintigraphy

Fig. 5 Scatter plot of L-Dex® ratio against MRI stage demonstrating
positive correlation (gray line). Upper (yellow line) and lower (blue
line) normal L-Dex range is shown
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with L-Dex®, which are currently used to assess the severity
of lymphedema [4, 7, 9]. In addition, the presence of DB on
lymphoscintigraphy correlates with higher MRI stage.

In our study, we noted a pattern of fluid infiltration, which
typically begins at the elbow, then involves the forearm. The
degree of fluid infiltration in the forearm tends to become near
circumferential even in early stages and always present in
higher stages. Appearance of fluid infiltration in the upper arm
typically lags behind the forearm and is present in more mod-
erate disease. Fluid infiltration in the upper arm usually first
appears along the posterior aspect and spreads laterally and
anteriorly, mostly sparing the medial aspect of the upper arm.

Since MRI is already playing an increasing role in the
evaluation of lymphedema [17–19, 23], our staging method
can be incorporated into existing examinations. A MR-based
lymphedema staging system was previously proposed in pa-
tients with lower extremity primary lymphedema [18]. Arrivé
et al described infiltration of fluid within the subcutaneous fat
and epifascial fluid collection, similar to what we have seen,
and use this as a basis for grading lymphedema severity.
However, that study utilized dermal and epifascial fluid col-
lection thickness as part of the criteria for advanced stages,
whereas our technique does not utilize thickness measure-
ments. While dermal thickening and epifascial fluid collection
were also observed in our study, we found that the degree of
circumferential fluid infiltration was easier and faster to assess
than other measures.

Franconeri et al recently described a method that also uti-
lizes the extent of fluid infiltration [17]. However, this requires
evaluation of six regions per limb, with assessment of the
fraction of fluid infiltration of four quadrants per section, or
24 assessments total. In contrast, only a total of three assess-
ments are needed to stage lymphedema severity with our tech-
nique. Both studies show excellent correlation with ILS stage;
however, our study also incorporated a more comprehensive
comparison against multiple clinical and functional measures,
including gold-standard lymphoscintigraphy, ICG lymphog-
raphy, perometry, and bioimpedance.

The two studies by Arrivé et al and Franconeri et al also
targeted nearly exclusively different populations, limiting fur-
ther direct comparison. Our study focused on secondary upper
extremity lymphedema primarily in breast cancer patients,
while the patient cohort in Francoerni et al were mostly com-
prised of lower extremity lymphedema cases and a mixture of
primary and secondary lymphedema, and specifically exclud-
ed breast cancer patients. Given major differences in the anat-
omy of upper versus lower extremities and the pathophysiol-
ogy of primary versus secondary lymphedema, it is reasonable
to expect that different MR staging techniques may be used
for these two different processes. Nevertheless, the studies by
Arrivé et al and Franconeri et al show excellent correlation
with ILS staging, synergistically supporting the diagnostic
utility of non-contrast MRI for lymphedema staging. Future
studies can focus on the application of these staging tech-
niques in lower extremity secondary lymphedema and prima-
ry lymphedema with comparison to functional studies.

In contrast to MR lymphangiography [24], ICG lymphog-
raphy [7, 25], and lymphoscintigraphy [10, 12, 26], our MRI
staging system does not require exogenous contrast agents and
can be performed using an MRI sequence that is widely avail-
able. Unlike the recently described non-contrast MR lymph-
angiography, our MRI staging can be performed as part of the
diagnostic interpretation without additional software or seg-
mentation [12].

While the STIR sequence used in this study is not a dynamic
study of the lymphatic function and has not been optimized to
visualize the lymphatic vessels as in MR lymphangiography,
the images provide amap of the culminating effect of a patient’s
abnormal lymphatics. The STIR sequence is highly sensitive to

Table 4 Correlation with post
hoc Tukey HSD test between
MRI stages and mean L-Dex®
ratio

MRI stage (n = 45) Mean L-Dex® ratio (± SD) L-Dex® ratio range (min–max) Post hoc Tukey p value

0 − 0.16 ± 5 − 7.0–9.4 0 vs. 1: p = 0.108

1 17.3 ± 16.6 − 4.5–55.7 1 vs. 2: p = 0.016

2 37.4 ± 14.5 12.0–64.4 2 vs. 3: p = 0.001

3 62.3 ± 20.2 24.7–102.0

ANOVA: F(3,41) = 29.05, p < 0.0001

Spearman: rs = 0.84, p < 0.0001, df = 43

SD: standard deviation

Table 5 Correlation between MRI stages and mean abnormality on the
ICG lymphography

MRI stage (n = 31) Mean ICG (± SD) Post hoc Tukey p value

0 0.54 ± 0.8 0 vs. 1: p = 0.03

1 1.75 ± 1.0 1 vs. 2: p = 0.48

2 2.23 ± 0.49 2 vs. 3: p = 0.87

3 2.49 ± 0.59

ANOVA: F(3,27) = 8.78, p = 0.0003
Spearman: rs = 0.63, p < 0.0001, df = 29

SD: standard deviation

ICG: indocyanine Green

ICG scores: 0—linear (normal); 1—splash; 2—stardust; 3—diffuse
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fluid and may detect preclinical lymphedema, as evidenced by
two patients who were ILS stage 0 and MRI stage 1.
Interestingly, even in patients with severe lymphedema, the
muscles and myofascia appear spared, a finding also observed
in lower extremity lymphedema [18, 26].

Strong, positive correlation between L-Dex® and MRI
stage is expected since both measures are directly dependent
on the physiologic amount of fluid throughout the limb. There
were two patients with normal bioimpedance range that dem-
onstrated lymphedema on MRI, suggesting that the MRI is
more sensitive, likely due to its ability to show trace amounts
of fluid in regions that may have minimal effect on the overall
electrical impedance of the extremity. The patient with the
highest L-Dex® ratio of 55.7 in MRI stage 1 demonstrated
concentrated lymphedema in the forearm, which was nearly
circumferential, but only mild lymphedema about the elbow
and no discernable lymphedema in the upper arm. The lowest
L-Dex® ratio inMRI stage 2 was 12. This patient demonstrat-
ed DB to mid upper arm on the lymphoscintigraphy, where
lymphedema was observed on MRI.

Prior studies have noted low sensitivity of bioimpedance
spectroscopy in detecting early lymphedema, inability to de-
tect bilateral disease, and variable impedance ratio depending
on body fat composition, temperature, or activity [8, 23,
27–29]. MRI is not susceptible to these factors and thus can
be used for initial detection of lymphedema and potentially
used for follow-up or for primary evaluation.

There are several limitations to the study. Our patient pop-
ulation is a subset of patients who were deemed surgical can-
didates based on their fitness for surgery upon evaluation with
the lymphedema specialists. Therefore, the population studied
in our study do not include patients who would be offered
conservative treatment due to their inability to undergo a sur-
gical procedure. However, the reasons for referral ranged from
unclear clinical presentation needing additional imaging for
clarification to those with stigmata of lymphedema needing
imaging for surgical planning. This diversity in patient selec-
tion is reflected in our analysis showing a wide range of clin-
ical measurements and in imaging characteristics showing
large amount to no fluid infiltration. Therefore, we believe
that we have captured a large repertoire of disease presentation
despite the selected cohort, and our study could be extrapolat-
ed and applied to any patient with suspected or known
lymphedema.

A second limitation is that our staging study does not ad-
dress fat deposition or fibrosis, which are chronic changes
related to lymphedema [30, 31]. Clinically, these changes pose
a diagnostic challenge as there is theoretical possibility of
decreased L-Dex® due to decreased resistance with increased
fat component and limb volume may decrease over time due
to fibrosis. In our study, these changes may result in lower
MRI staging. However, our staging system notes even trace
amounts of fluid and focuses on the extent of fluid spread

rather than discrete volume. Nevertheless, the integration of
fat hypertrophy in overall staging of disease severity warrants
further investigation.

Lastly, this study focused on the use of the STIR sequence.
This sequence was chosen for our study because of its wide
availability and small variation between vendors. Other com-
mercially available pulse sequences for fat suppression or the
distinction of fat from fluid, for example Dixon-based tech-
niques or alternative long-TR/TE sequences used for MR
lymphangiography, may also be used to provide staging but
this was not studied here. Further investigation will be needed
to compare and validate these sequences.

In summary, we used a distinct pattern of soft tissue fluid
infiltration onMRI in patients with secondary upper extremity
lymphedema to form an MRI staging system, which showed
excellent interpretive reproducibility and correlation with
existing clinical measures and demonstrated greater sensitivity
for early-stage lymphedema. This staging system can be in-
corporated into existing MRI examinations as part of lymph-
edema evaluation in surgical candidates.
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