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ABSTRACT

Non-contrast magnetic resonance lymphog-
raphy (NMRL) has been reported to be effi-
cient for the evaluation of lymphedema. How-
ever, its characteristic findings and grading
system are yet fully clarified. We retrospectively
examined 48 patients with secondary lower
extremity lymphedema (LEL) who underwent
NMRL and indocyanine green lymphography
(ICG-L). The lower extremity was divided into
5 areas for NMRL evaluation, and the preva-
lence of characteristic NMRL findings (Mist,
Spray, and Inky) and the 3D NMRL stage that
we proposed were compared according to the
ICG-L stage. All characteristic NMRL findings
increased in prevalence with the progression of
the ICG-L stage (Mist, Spray, and Inky: P <
0.001, < 0.001, and < 0.001, respectively) Pre-
dominant findings in each segment changed
significantly from Mist in the ICG-L stage 0-11,
to the Spray in ICG-L stage III-1V, to the Inky
in ICG-L stage V (P < 0.001). 3D NMRL stage
significantly advanced with the progression of
the ICG-L stage (rs= 0.72; P < 0.001). We
believe this severity grading system is useful for
efficient evaluation of fluid accumulation in
LEL patients.
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Lower extremity lymphedema (LEL) is a
chronic and progressive condition that occurs
as a result of congenital or acquired impair-
ments in the lymphatic circulation (1). Con-
servative treatment, including compression
garments, elastic bandages, skin care, and
manual lymph drainage, is the mainstay of
LEL treatment (2,3). Recently, there has been
an increasing trend in lymphaticovenular
anastomosis (LVA) and vascularized lymph
node transfer (VLNT) for lymphatic recon-
struction (4). As a preoperative imaging mo-
dality for these surgeries, indocyanine green
lymphography (ICG-L) has been widely recog-
nized for its ability to visualize dermal back-
flow patterns in early stage of lymphedema,
with several studies highlighting its effective-
ness (5,6). However, unlike image modality for
lymphatic circulation, there is currently no
consensus on the optimal imaging method for
the evaluation of fluid accumulation in
lymphedematous limbs.

Several imaging modalities such as mag-
netic resonance lymphography, bioimpedance
spectroscopy, ultrasonography, and computed
tomography have been reported as excellent
tools for investigating the detection of fluid
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accumulation in lymphedematous limbs (7).
Although bioimpedance has been recognized
as highly valuable in evaluating fluid infiltra-
tion, its practical implementation in routine
outpatient care can be challenging for many
healthcare facilities (8,9). Ultrasonography
has shown promise in assessing fluid infiltra-
tion, but its images can be influenced and lim-
ited by factors such as probe angles, ultraso-
nography frequency, and the expertise of the
operator (10). Although computed tomogra-
phy could also detect fluid accumulation, its
contrast of water-rich structures is relatively
weak as preoperative image inspections, and
its sensitivity and specificity were still not ful-
ly investigated (11,12). In recent decades, sev-
eral retrospective studies have highlighted the
utility of non-contrast magnetic resonance lym-
phography (NMRL) for accurate and objective
evaluation of fluid infiltration (13,14). Unlike
contrast agent-based imaging techniques,
NMRL can be employed for a wide range of
patients, including those with asthma and
renal dysfunction, without the risk of allergies.

Several characteristic MRL findings and
grading systems of LEL in the coronal or hori-
zontal sequence were reported by retrospective
studies (15-17). However, the distinct findings
and staging system of 3D sequences have not
yet been clarified. As indocyanine green lym-
phography (ICG-L) has been widely used as
an effective preoperative imaging modality,
we employed ICG-L as an indicator of lym-
phatic circulation impairment to evaluate the
characteristic NMRL findings associated with
lymphedema (18). The purpose of this study is
to assess the severity of 3D NMRL findings by
comparing them with the ICG-L stage and to
clarify the relationship between the 3D NMRL
staging system and relevant parameters in-
cluding the ICG-L stage and clinical param-
eters.

MATERIALS AND METHODS

This retrospective observational study
was conducted at a single center and carried
out under the approved protocol of the insti-
tutional review board (IRB) with the assigned
approval number NCGM-S-004458-00. Writ-
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ten informed consent was waived as the study
utilized only anonymous data. We analyzed
data from 48 patients diagnosed with secon-
dary LEL patients who had undertaken both
NMRL and ICG-L between July 2017 and
November 2021. Patients with other edema-
tous diseases or a history of lower extremity
surgery were excluded. A comprehensive set of
examinations, including physical examination,
blood and urine tests, chest X-ray, ultrasonog-
raphy, and contrast-enhanced computed to-
mography, were conducted to rule out other
edematous diseases such as heart failure, ne-
phrosis, liver cirrhosis, and endocrine diseases.
Patient characteristics, clinical findings, ICG-
L findings, and NMRL findings were collected
through a review of the patient’s medical
records.

Analysis of Clinical Data

The collected data included clinical pa-
rameters such as age, sex, body mass index
(BMI), etiology of lymphedema, treatments
for cancer, history of cellulitis, treatments for
lymphedema, LEL index, the lymphedema
quality of life assessment (LeQOLiS), ICG-L
findings, NMRL findings, and the Interna-
tional Society of Lymphology (ISL) stage. The
LeQOLIiS questionnaire comprised of 10 items
that assessed subjective lymphedematous
symptoms (19). The scores obtained from
these questions were summed up, ranging
from 0 (the least severe symptoms) to 100 (the
most severe symptoms), providing a quanti-
tative measure of subjective symptoms asso-
ciated with lymphedema. The LEL index was
used as an indicator of lymphedematous swell-
ing, as it allowed for a more accurate evalua-
tion of limb volume considering individual
body types, as compared to traditional volu-
metry methods (20).

NMRL Protocol

A 1.5-T Scanner (MAGNETOM Avanto,
Siemens AG, Erlangen, Germany) was em-
ployed to acquire 3D SPACE T2 weighted
image (T2WI) sequences. Patients were posi-
tioned supine with their feet first, and three

Reproduction not permitted without permission of Journal LYMPHOLOGY.



61

Table1

Staging based on dermal backflow using
I1CG lymphography.

Dermal Backflow ICG lymphography

Stage findings
Stage 0 Linear pattern only*
Stage I Linear pattern + Splash
pattern
Linear pattern + Stardust
Stage Il pattern (1 region) **
Linear pattern + Stardust
Stage Il pattern (2 regions) **
Linear pattern + Stardust
Stage IV pattern (3 regions) **
Stage V Stardust pattern and/or

Diffuse pattern®#**

* Dermal backflow pattern is not seen. ** Divided
into 3 regions; the foot, lower leg, and thigh.

*¥% Linear pattern is not seen. (Abbreviations: ICG
= indocyanine green).

successive acquisitions were performed on the
foot (first station), lower leg (second station),
and thigh and pelvic areas (third station) using
six-element phased-array coils. The matrix
was 290x320 (phase resolution x base resolu-
tion) with a field of view of 480 x 480. Each
acquisition consisted of thirty slices with a 2
mm section thickness. The scan time ranged
from 3 to 5 minutes depending on the number

of native slices. Evaluation of fluid distribu-
tion was conducted using 3D-SPACE images
with a TR/TE of 2050/403 ms (effective TE:
115 ms).

ICG Lymphography Protocol

The ICG-L protocol involved the subcu-
taneous injection of 0.2 mL of ICG (Diagno-
green 2.5mg/mL; Daiichi Pharmaceutical,
Tokyo, Japan) at the first web space of the
foot and the lateral and medial border of the
Achilles tendon. A 5% glucose water solution
was used as solvent to minimize injection pain.
Fluorescent images were captured immedi-
ately after injection and at 4 hours using an
infrared camera system (PDE; Hamamatsu
Photonics). We determined the ICG-L stage
based on the dermal backflow stage classi-
fication, as summarized in Table 1 (21).

Evaluation of Characteristic 3D NRML
Findings

The evaluation of characteristic 3D
NMRL findings involved assessing fluid accu-
mulation, focusing on three distinct patterns:
Mist, Spray, and Inky (Fig. I). The definition
of each pattern is listed in Table 2. The lower
limb was divided into three segments for im-
age analysis: the foot, lower leg, and thigh seg-
ments. Subsequently, the lower leg and thigh
were further subdivided into medial and later-
al areas, resulting in a total of five areas for

Characteristic 3D NMRL pattern

Early pattern

Mist pattern

Spray pattern

Advanced pattern

Inky pattern

Fig. 1. Characteristic findings of 3D NMRL include the early Mist pattern (left) and the advanced Spray (middle)

and Inky (right) patterns.
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TABLE 2

Definitions of Characteristic 3D NMRL
Findings for Mist, Spray, and Inky Patterns

NMRL

Findi Definition

indings

Mist Scattered high intensity dots
against a low-intensity
background (similar to Mist in the
air).

Spray Thick high intensity areas of dense

concentration distributed
extensively throughout the
subcutaneous adipose layer.

Inky Wider stripe-shaped high intensity
area with clear boundaries in the
extensive layer of subcutaneous fat
(appears to be stripes painted with
a paintbrush).

(Abbreviations: 3D = three-dimensional; NMRL = non-
contrast magnetic resonance lymphography).

evaluating edema. The boundary between the
thigh and lower leg was defined as the supe-
rior edge of the eminent intercondylar, while
the boundary between the lower leg and foot
was defined as the distal edge of the medial
malleolus. Each pattern was considered pres-
ent if its longitudinal length was more than
one-fourth of the corresponding area in the
lower extremities. In cases where multiple
instances of the same type of edema were

TABLE 3
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observed, the edema with the longest longitu-
dinal length was adopted. In addition, we in-
vestigated the predominant pattern on the 3D
NMRL sequence according to the ICG-L stage.
The pattern with the longest length along the
axis of the lower extremity was selected in
each segment.

Severity Grading of 3D NMRL Stage

We proposed the 3D NMRL stage based
on characteristic NMRL findings (Table 3).
Limbs were divided into three segments of the
thigh, lower leg, and foot. The definitions of
severity stages were summarized and present-
ed in Fig. 2. Based on our daily clinical experi-
ence, Mist pattern was considered an Early
finding while Spray and Inky patterns were
considered Advanced findings for a grading
system. The foot was evaluated separately
without considering the specific patterns of
NMRL findings because distinguishing three
NMRL patterns in the foot was difficult due to
its small interstitial space and mixed high-
intensity signals of blood vessels and joint
effusion. The total numbers of the thigh and
lower leg stages and the foot stages were
defined as the 3D NMRL stage. Then, the 3D
NMRL stage was compared with the ICG-L
stage, BMI, LEL index, the ISL stage, scores of
LeQOLiS, and duration of lymphedema.

The 3D NMRL Stage Is Determined as the Sum of the Lower
Leg, Thigh, and Foot Patterns

Stage Stage of Lower leg and thigh Stage of Foot

Stage 0 No fluid accumulation* No fluid accumulation*

Stage I Early or Advanced patterns in one segment** Early or Advanced patterns**
Stage I Early patterns in two segments**

Stage '™ Advanced patterns in one segment

and Early patterns in two segments**

Stage IV Advanced patterns in two segments**

* Fluid infiltration was not observed. ** The lower extremities were divided into 3 segments — the foot, lower leg,
and thigh. Early patterns were Mist, while Advanced patterns were Spray and Inky. TFrom 3D NMRL stage II,
the existence of Advanced patterns is considered positive if the length of the pattern is more than 1/4 of each
area. (Abbreviations: 3D = three-dimensional; NMRL = non-contrast magnetic resonance lymphography).

Permission granted for single print for individual use.
Reproduction not permitted without permission of Journal LYMPHOLOGY.



63

Stage of Lower leg & Thigh

Stage I  Stage I Stage I
Ad%i?:::dr 2 Early 1 Advanced segment 2 Advanced
segment segments + 2 Early segments segments

Stage V

+ StageofFoot = 3D NMRL
Stage
Stage 0
Total number of
no edema
Lower leg &
Thigh stage
and Foot stage
Thigh
Segment
Stage I D
Early or Advanced Early
pattern pattern
Lower leg
Segment .
Advanced
Foot pattern
Segment

Fig. 2. Schematic diagrams of the 3D NMRL image patterns based on characteristic 3D NMRL findings. The 3D
NMRL stage of thigh and lower leg was determined based on the number of segments with Advanced patterns and
Early patterns. The 3D NMRL stage was determined using the total numbers of the thigh and lower leg stages and

the foot stages.

Interobserver Agreement of 3D NMRL Stage

NMRL images were reviewed by two in-
vestigators consisting of a 4"-year plastic sur-
geon and a 2"-year orthopedic surgeon. Two
readers performed image evaluation indepen-
dently with each reader blinded to all the clin-
ical history and data. Weighted kappa with 95
percent CI and percentage agreement were
used to assess the interobserver agreement on
severity grading of the 3D NMRL stage among
two readers. Any disagreement was resolved
by the third reviewer who is a 4"-year plastic
surgeon.

Statistical Analysis

The Cochran-Armitage trend test was
employed to assess the prevalence of charac-
teristic NMRL findings with the progression of
the ICG-L stage. Fisher's exact test was em-
ployed to investigate the relationship between
the representative NMRL findings and the
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ICG-L stage. Spearman's rank correlation co-
efficient (rs) was utilized to examine the asso-
ciations between the 3D NMRL stage, ICG-L
stage, BMI, LEL index, ISL stage, LeQOLIS,
and duration of lymphedema. Plus-minus
values represented averages + standard de-
viations. P < 0.05 was set as statistical signi-
ficance. All statistical analysis was performed
using JMP software (JMP 17 for Mac, SAS
Institute, Cary, North Caronia).

RESULTS

A total of 48 patients were included.
43/48 patients (89.6%) were female, and 5/48
patients (10.4%) were male. Patients’ char-
acteristics are summarized in Table 4.

Characteristic 3D NMRL Findings in Each
Segment of Lower Extremities

Mist, Spray, and Inky patterns had a sig-
nificant difference in their prevalence between
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TABLE 4

Patient Demographics

Value

Age, yr
Sex (male: female)

Body mass index, kg/m?

History of radiation
treatment

History of chemotherapy
History of cellulitis (n)

Duration of lymphedema,
mo

Compression therapy
LEL index

Cause of Lymphedema
Uterine cervical cancer
Uterine corpus cancer
Ovarian cancer
Prostate cancer
Other cancers

ICG-L stage (n: limbs)
0
I
I
111
v
v

ISL stage (n)
0

I
II
I

61.0 (range 35-84)
5:43 (10.4%: 89.6%)

23.23 (range 17.60-
35.50)

20/48 (41.7%)

24/48 (50%)
18/48 (37.5%)
87.6 (range 1-480)

27148 (56.3%)
259.5 (range 164-424)

23/48 (47.9%)
17/48 (35.4%)
3/48 (6.3%)
2/48 (4.2%)
3/48 (6.3%)

20/96 (20.8%)
16/96 (16.7%)
20/96 (20.8%)
12/96 (12.5%)
21/96 (21.9%)
7196 (7.3%)

0/0 (0%)

19/48 (39.6%)
14/48 (29.2%)
15/48 (31.3%)

(Abbreviations: LEL = lower extremity lymph-
edema; ICG-L = indocyanine green lymphography;
ISL = International Society of Lymphology).

the thigh, lower leg, and foot segments (P <
0.001, < 0.001, and < 0.001, respectively).
There was a significant difference between the
prevalence of Mist, Spray, and Inky patterns
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in all of the 480 areas (P < 0.001) (Fig. 3A).
Mist pattern had the highest prevalence and
the second highest was Spray pattern and
Inky pattern had the lowest prevalence.

Characteristic 3D NMRL Patterns vs. ICG-L
Stage

The prevalence of Mist, Spray, and Inky
patterns increased with the progression of the
ICG-L stage (P < 0.001, < 0.001, and < 0.001,
respectively) (Fig. 3 B-D). In our study cohort,
fluid accumulation on NMRL was observed in
94 of 96 limbs (97.9%) whereas dermal back-
flow on ICG-L was observed in 80 of 96 limbs
(83.3%).

Prevalence of the predominant NMRL
pattern showed a statistically significant dif-
ference according to the ICG-L stage (P <
0.001) (Fig. 3E). The most prevalent represen-
tative pattern significantly shifted from Mist
pattern in ICG-L stage 0-11, to Spray pattern
in the ICG-L stage III-IV, to Inky pattern in
ICG-L stage V.

3D NMRL Stage vs. ICG-L Stage

There was a significant positive correla-
tion between the 3D NMRL stage and the
ICG-L stage (rs= 0.72; P < 0.001) (Fig. 3F).
The most prevalent 3D NMRL stage was stage
1 (7/20 patients, 35.0%) and stage II (7/20
patients, 35.0%) with the same high preva-
lence in ICG-L stage 0, stage 1 (7/16 patients,
43.8%) in ICG-L stage I, stage III (5/20 pa-
tients, 25.0%) in ICG-L stage 11, stage IV (7/12
patients, 58.3%) in ICG-L stage III, stage V
(17/21 patients, 81.0%) in ICG-L stage IV, and
stage V (6/7 patients, 85.7%) in ICG-L stage V.

3D NMRL Stage vs. Clinical Demographics

The 3D NMRL stage didn’t have a signif-
icant association with BMI and the ISL stage.
However, LEL index, total scores, and scores
of the distension, heaviness, pain, appearance,
motor function, and social life on LeQOLiS
became higher with progression of the 3D
NMRL stage. The duration of lymphedema
also was significantly longer as the 3D NMRL
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Fig. 3. The prevalence of fluid infiltration on NMRL. The total prevalence of each pattern in all areas (P < 0.001)
(A). The prevalence of Mist (B), Spray (C), and Inky (D) patterns according to the ICG-L stage (P < 0.001). The
association between the prevalence of predominant NMRL findings and the ICG-L stage (P < 0.001) (E) and
between the prevalence of the NMRL stage and the ICG-L stage (P < 0.001) (F).

TABLE 5

Summary of the Statistical Analysis Compared the Severity Types of Fluid
Distribution on NMRL with Clinical Parameters

rs P
LEL 0.22 0.033*
index 0.18 0.078
BMI ISL 0.057 0.58
LeQOLiS
Total scores of LeQOLiS 0.37 < 0.0071%*
Distention 0.40 < 0.001%*
Heaviness 0.34 < 0.0071%*
Pain 0.21 0.041%*
Dysesthesia 0.16 0.12
Appearance distortion 0.41 < 0.001%*
Motor dysfunction 0.24 <0.019*
Limitation in daily activity 0.18 0.0721
Influence on social activity 0.34 < 0.001%*
Distress caused by compression therapy 0.16 0.1092
Overall dissatisfaction caused by lymphedema 0.18 0.081
0.43 < 0.001**

Duration of lymphedema

* p value < 0.05; ** p value < 0.001. (Abbreviations: rs = Spearman rank correlation coefficient; UEL index
= Upper extremity lymphedema index; BMI = body mass index; ISL = International Society of
Lymphology).
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stage progressed. Statistical analysis com-
paring 3D NMRL stage and clinical param-
eters is summarized in Table 5.

Interobserver Agreement

Agreement for the severity grading of the
3D NMRL stage was 96.9 % (Weighted k =
0.981; 95% CI, 0.96 to 1.00). The interobserver
agreement for this grading system and charac-

teristic 3D NMRL findings was almost perfect.

DISCUSSION

In this study, we demonstrated a statis-
tically significant correlation between fluid
accumulation on NMRL and impairment of
lymphatic circulation on ICG-L. The 3D
NMRL stage we proposed progressed with the
advancement of the ICG-L stage and had
positive significant correlations with the LEL
index, LeQOLIS, and duration of lymphede-
ma. Our results also showed that the predomi-
nant NMRL pattern in each segment signifi-
cantly shifted from the Mist pattern in ICG-L
stage 0-11, to the Spray pattern in ICG-L stage
MI-1V, and finally to the Inky pattern in ICG-
L stage V, while the prevalence of each pat-
tern in all areas decreased in the order of Mist,
Spray, and Inky patterns. These results sug-
gest that the Mist pattern is considered mild,
the Spray pattern moderate, and the Inky
pattern severe. The prevalence of all charac-
teristic NMRL patterns increased with the
progression of the ICG-L stage and the fre-
quency of fluid infiltration in NMRL was
higher than the frequency of dermal backflow
on ICG-L. We believe that information re-
garding the severity grading of fluid distribu-
tion on 3D NMRL based on the pathophysio-
logic lymph circulation is valuable for lym-
phatic physicians.

The pioneering study by Gregl in 1985
first reported characteristic MRL findings
related to LEL (22). Subsequent several
studies reported distinct NMRL findings in
coronal sequences such as Reticular and
Honeycomb (23-25). In addition, the grading
system of NMRL proposed by previous studies
had a significant association with lymphatic
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circulation on ICG-L (13,14). However, these
studies did not statistically investigate the
severity of several characteristic NMRL find-
ings in the 3D sequence and in addition, over-
looked the edema on the foot area, despite its
significant symptomatic relevance. This
study's strength lies in elucidating the differ-
ences in severity among three characteristic
3D NMRL findings based on the ICG-L stage
and proposing a practical 3D NMRL staging
system for daily clinical use. The staging
system distinguishes Early patterns (Mist)
from Advanced patterns (Spray and Inky)
thereby offering valuable insights for the
management of lymphedema.

Our findings revealed a distinctive tran-
sition in predominant NMRL patterns from
Mist to Spray to Inky which corresponded to
the severity of the ICG-L stages (Fig. 4). The
observed mechanism may be speculated as
follows: in patients with mild ICG-L stages,
valves between the lymphatic collector and
precollector are reported to be damaged, lead-
ing to reverse flow from the collector to the
precollector (26). This lymph flow dysfunction
leads to small fluid accumulation in the inter-
stitial space around fat lobules, and superficial
and deep fascia, resulting in Mist pattern (Fig.
4B) (26). In moderate ICG-L stages, fluid accu-
mulation extends and connects each other
across superficial and deep fat layers, creating
the Spray pattern (Fig. 4C). Severe ICG-L
stages exhibit high-density fluid accumulation
without non-edematous areas, manifesting as
Inky pattern (Fig. 4D). Mist pattern generally
covers the affected area with scattered regions
lacking densely located fluid accumulation. In
con-trast, Inky pattern exhibits comprehensive
edema coverage with diffuse, high-intensity
fluid accumulation throughout the area. This
severity classification of NMRL findings based
on anatomical structures can be highly valu-
able in the interpretation of 3D NMRL images.

Our results demonstrated that there was
a strong correlation between the 3D NMRL
stage and the ICG-L stage. Similar results
were reported by retrospective MRL studies
about LEL and upper extremity lymphedema
(16,27-30). This phenomenon was expected
presumably because the higher ICG-L stage
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Non-edema

Subcutaneous fat

Superficial fascia
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Fig. 4. Diagrammatic and imaging correlation for characteristic NMRL Mist, Spray, and Inky patterns based on
the anatomical structures of fat lobules, superficial and deep fascia, and dermis (A). Mist pattern included various
small high intensity shapes scattered over a low-intensity background (B). Spray pattern consists of thick and
cloudy lesions with high intensity, although it still contains some low-intensity areas (C). The Inky pattern presents
as a wide stripe-shaped region with diffuse high intensity and almost no low-intensity areas (D).

Permission granted for single print for individual use.

Reproduction not permitted without permission of Journal LYMPHOLOGY.



correlated with the inability to transfer lymph
fluid in the proximal direction against gravity
(31). This grading system also had a signifi-
cant association with the total scores of
LeQOLis and the duration of lymphedema. In
contrast, the LEL index did not have a signifi-
cant association with the ICG-L stage. The
lack of significance in the LEL index may be
due to the influence of measurement variabil-
ity among different assessors on circumfer-
ential measurements. The 3D NMRL stage
with almost perfect interobserver agreement
may potentially allow for a visual and efficient
assessment of edema localization through
three-dimensional imaging.

Although various diagnostic tools and
imaging modalities are used in the evaluation
of fluid accumulation in lymphedematous
limbs, NMRL can provide precise soft tissue
contrast, especially for water, through non-
invasive imaging (7). Its high-resolution
images offer distinct anatomical information
and can identify small fluid infiltration areas
without contrast materials by suppressing fat.
By comparing mild and severe NMRL find-
ings, we can assess which areas should be pri-
oritized for focused treatment. Furthermore,
evaluating the efficacy of treatment interven-
tions such as LVA and manual lymphatic
drainage can be accomplished by comparing
pre- and post-operative NMRL images of the
treated areas. Moreover, the application of 3D
NMRL staging has the potential to be valuable
in determining the overall therapeutic effects
on the lower limbs and prognostic predictions
of each treatment by observing the temporal
progression over time. Further research in this
field is warranted to explore these aspects
more comprehensively.

Limitations of this study include that the
study was a monocentric retrospective obser-
vational study not externally validated by oth-
er centers’ experiences. Another limitation is
that this study only focused on fluid distribu-
tion and did not evaluate fat accumulation. As
a result, it was technically difficult to investi-
gate fat accumulation just due to lymphedema
not other factors including obesity and lipede-
ma. Lastly, this study focused on the use of the
3D-SPACE sequence and some institutions
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may not possess this sequence although sever-
al studies showed the 3D NMRL images in
their reports. Further research with a large
number of LEL patients is required to verify
our results.

CONCLUSIONS

Three characteristic NMRL findings on
3D sequence revealed a significantly increas-
ing severity from Mist to Spray and further to
Inky. The 3D NMRL staging, which reflects
the severity of these NMRL findings, showed
significant correlations with the ICG-L stage
and other clinical parameters including the
circumferential limb swelling, and QOL
scores. We believe that a detailed assessment
of fluid accumulation in the lymphedematous
limbs using 3D NMRL images is highly
valuable for evaluating the effectiveness of
lymphatic reconstruction procedures and
various therapies.
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