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Computed tomography scanning in the diagnosis of lower

extremity phlebolymphedema

David Thaggard, BS, Thomas Powell, MS, and Arjun Jayaraj, MD, Jackson, MS
ABSTRACT
Objectives: Phlebolymphedema, the most common cause of secondary lymphedema in Western societies, seldom gets
the attention it deserves. Diagnosis is often missed and when evaluated is through lymphoscintigraphy (LSG) which is
cumbersome. This study aims to assess the role of computed tomography (CT) scanning in the diagnosis of phlebo-
lymphedema of the lower extremities by comparing CT characteristics with the International Society of Lymphology (ISL)
grading system and LSG.

Methods: Patients presenting with chronic venous disease who underwent a CT scan and LSG of the lower extremities
(diagnostic testing) formed the study cohort. Three assessors blinded to the patients’ ISL stage and LSG results evaluated
the CT for skin thickening (present/absent), subcutaneous interstitial edema (honeycombing; graded 0-2), and muscle
compartment (MC) edema (graded 0-2), in the thigh (20 cm above apex of patella), leg (10 cm below apex of patella), and
ankle (5 cm above lateral malleolus). Agreement from two of the three raters determined the value used for analysis.
Additionally, the final score used for each variable for each limb was determined by taking the most severe value of the
three levels. The three CT variables were then compared independently and together with ISL stage and LSG to deter-
mine their diagnostic potential for phlebolymphedema. Also assessed was the severity of each CT variable across each
limb in addition to the evaluation of the extent of their inter-rater agreement.

Results: Of the 35 patients (50 limbs), 28 were female, with left laterality noted in 22 limbs. Clinical, Etiological,
Anatomical, and Pathophysiological clinical class for the cohort included C0 to 2, 4 limbs (8%); C3, 13 limbs (26%); C4, 17
limbs (34%); C5, 9 limbs (18%); and C6, 7 limbs (14%). Thirty-one limbs underwent stenting for chronic iliofemoral venous
obstruction after having failed conservative therapy. Of the 50 limbs, 8 (16%) were ISL stage 0, 10 (20%) ISL stage 1, 2 (4%)
ISL stage 2, and 30 (60%) ISL stage 3. With LSG, 6 (12%) had a normal study, 21 (42%) mild disease, 0 (0%) moderate
disease, and 23 (46%) severe disease. Correlation between LSG and ISL stage was poor (r ¼ 0.18; P ¼ .20). With ISL stage as
a reference, the sensitivity, specificity, and accuracy of CT in diagnosing phlebolymphedema were as follows: skin
thickening (95%/75%/92%), honeycombing (100%/0%/84%), MC edema (100%/0%/84%), any one CT variable (100%/0%/
84%), any two CT variables (100%/0%/84%), and all three CT variables (93%/63%/88%). With LSG as a reference, the
sensitivity, specificity, and accuracy of CT in diagnosing phlebolymphedema were as follows: skin thickening (82%/0%/
72%), honeycombing (100%/0%/88%), MC edema (100%/0%/88%), any one CT variable (100%/0%/88%), any two CT
variables (100%/0%/88%), and all three CT variables (82%/0%/72%). For CT variables, there was no significant difference
between skin thickening in the thigh vs calf vs ankle (P ¼ .5). MC edema, however, worsened from thigh to calf (P < .0001)
without a difference between the calf and the ankle (P ¼ .3). The severity of honeycombing was worst in the ankle and
least in the thigh, with a significant difference between all 3 sites (P ¼ .008). The inter-rater agreement (kappa statistic)
varied from 0.2 for skin thickening to 0.7 for honeycombing.

Conclusions: CT scanning can be used as a screening tool for phlebolymphedema in the lower extremities. However,
such a diagnosis depends on the reference standard used, ISL stage vs lymphoscintigram. Although skin thickness
offered the greatest sensitivity, specificity, and accuracy when the ISL stage was used, honeycombing or MC edema had
high sensitivity and accuracy but low specificity when LSG was used as the reference. Factoring in inter-rater agreement
as well, honeycombing was noted to be the best CT variable to diagnose phlebolymphedema. (J Vasc Surg Venous
Lymphat Disord 2025;13:102166.)

Keywords: Lymphedema; Chronic venous disease; Venous insufficiency; Phlebolymphedema; Chronic iliofemoral venous
obstruction
he RANE Center for Venous & Lymphatic Diseases, St. Dominic Hospital.

ted at the 37th annual American Venous Forum meeting, Atlanta, Geor-

ebruary 16-19, 2025.

ondence: Arjun Jayaraj, MD, The RANE Center, 971 Lakeland Dr, Ste

Jackson, MS 39216 (e-mail: jayaraj.arjun2015@gmail.com).

tors and reviewers of this article have no relevant financial relationships to

se per the Journal policy that requires reviewers to decline review of any

script for which they may have a conflict of interest.

2213-333X

� 2025 THE AUTHOR(S). Published by ELSEVIER INC. on behalf of the Society

for Vascular Surgery. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

https://doi.org/10.1016/j.jvsv.2024.102166

1

Delta:1_given name
Delta:1_surname
Delta:1_given name
mailto:jayaraj.arjun2015@gmail.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jvsv.2024.102166
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jvsv.2024.102166&domain=pdf


ARTICLE HIGHLIGHTS
d Type of Research: Single-center retrospective
analysis

d Key Findings: Diagnosis of lower extremity phlebo-
lymphedema on computed tomography (CT) scan
depends on the reference standard used, the Inter-
national Society of Lymphology (ISL) stage vs lym-
phoscintigraphy. With the ISL stage as reference,
skin thickness offers the greatest sensitivity, speci-
ficity, and accuracy. With LSG, the use of subcutane-
ous interstitial edema (honeycombing) or muscle
compartment edema, offers high sensitivity and ac-
curacy, but low specificity. Factoring in inter-rater
agreement as well, honeycombing was found to be
the best CT scan variable to diagnose
phlebolymphedema.

d Take Home Message: A CT scan can be used as a
screening tool for phlebolymphedema in the lower
extremity through the use of tissue characteristics,
including skin thickening, subcutaneous interstitial
edema, and/or muscle compartment edema. The
diagnostic capacity of each variable either alone or
in combination is a function of the reference stan-
dard, ISL stage vs lymphoscintigram, and inter-rater
agreement.
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Chronic venous insufficiency has been noted to be the
most common cause of lymphedema in the lower ex-
tremity in Western societies, accounting for 41.8% of
limbs with lymphedema.1 Phlebolymphedema, the
term applied to such lymphedema has been noted to
be present in about 20-30% of patients with chronic ilio-
femoral venous obstruction (CIVO).2 The diagnosis of
lymphedema has been a challenging issue. Clinical diag-
nosis is fraught with problems with Stemmer’s sign be-
ing the only reliable criteria.3 Lymphoscintigram (LSG),
although being quite sensitive and specific,4-6 is not
easily obtainable regularly and comes with additional ra-
diation and radioisotope exposure. Indocyanine green
(ICG) lymphography faces similar problems relating to
use of dye and technical expertise to perform the study.
Although bioimpedance spectroscopy is useful for
assessing early stages of lymphedema, it is expensive
and labor intensive.7 Limb volumetry enables the assess-
ment of limb edema and changes with therapy, but does
not help determine the cause of the edema. Cross-
sectional imaging, either computed tomography (CT)
scan or magnetic resonance imaging is easy to perform
and readily available. This study evaluates the role of
the CT scan in the diagnosis of phlebolymphedema.

METHODS
Study design. This study is a single-center retrospective

analysis of prospectively collected data from 2015 to
2018. Informed consent was obtained from participants
for all tests and procedures. Franciscan Missionaries of
Our Lady University institutional review board approval
was obtained for dissemination of deidentified patient
information.

Setting. The study center is a tertiary center for the
management of venous and lymphatic disorders.

Participants. Patients with chronic venous disease who
underwent a CT scan and LSG of the lower extremities as
part of diagnostic workup formed the study cohort. Pa-
tients with phlebolymphedema from acute deep venous
thrombosis of the lower extremity and those with pri-
mary lymphedema or secondary lymphedema from
non-venous causes were excluded. Also excluded were
patients with other medical causes of leg edema
(congestive heart failure, renal insufficiency, and hepatic
insufficiency, among others).

CT scan. The 128-slice Siemens scanner (Siemens
Healthineers, Erlangen, Germany) was used to perform
CT scans. Because the CT scans were performed for the
diagnosis of suspected femoroiliocaval obstruction,
contrast enhancement was typically used to opacify
the veins. When contrast was unable to be used owing
to patient-related factors, a CT scan was done without
contrast using a similar imaging protocol. With regard to
the assessment of phlebolymphedema on CT scans,
characteristics used included skin thickening, muscle
compartment (MC) edema, and subcutaneous interstitial
edema (honeycombing). The use of contrast did not
make a difference; that is, there was no difference be-
tween contrast-enhanced and noncontrast-enhanced
CT scans.

Lymphoscintigraphy. Lymphoscintigraphy (LSG) was
performed via injection of approximtely 600 mCi of
technetium-99m-labeled sulfur colloid radiotracer
(filtered) into the intradermal space between the first
and second toes using a 27G needle and tuberculin sy-
ringe. Patients were then asked to ambulate for 15 mi-
nutes. The feet were massaged for 15 minutes if the
patient was unable to ambulate. LSG was then per-
formed using a gamma camera with a large field of view,
high resolution, and the collimator set on low energy. If a
delay occurred in radiotracer uptake, reuptake images
were obtained at 40 and 60 minutes. Images were saved
on dual intensity whole-body display with masking and
unmasking of injection sites. The LSG findings were
scored using semiquantitative analysis and visual inter-
pretation. This scoring represents an adaptation of the
Mayo Clinic transport index derived from Kleinhans et al’s
scoring system.4,8,9 Each limb was scored to have mild,
moderate, or severe lymphedema.9 Both the LSG tech-
nique and scoring system used have been described in
prior publications.3,9



Fig 1. A) Normal skin without any thickening noted. (B and C) Skin thickening with (C) having greater skin
thickening than (B). (C) Also has extensive subcutaneous interstitial edema/honeycombing.
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Stenting and follow-up. Patients presenting with
quality-of-life-impairing symptoms owing to CIVO (Clin-
ical, Etiological, Anatomical, and Pathophysiological
[CEAP] class 4-6 or CEAP class 3 with no improvement
from conservative therapy) underwent intravascular ul-
trasound (IVUS) interrogation for confirmation of the
diagnosis and subsequent stenting. Clinical manifesta-
tions of CIVO include pain, tightness, swelling, heaviness,
venous claudication, leg cramps, hyperpigmentation,
lipodermatosclerosis, and/or venous stasis ulcers. Proce-
dural access was obtained through the femoral or
popliteal vein (dictated by best inflow). Flow character-
istics were evaluated using venography, followed by IVUS
investigation. Normal luminal areas in the common
femoral, external iliac and common iliac veins of
125 mm2, 150 mm2, and 200 mm2, respectively, were
used as cutoffs for confirming the diagnosis of obstruc-
tion.10 Luminal areas less than these values justified
predilation, stenting, and postdilation.11 Stent diameters
were determined using the inflow channel luminal
area.12 The stent length extended from an area of good
inflow to good outflow. Both IVUS interrogation and
venography were performed after stenting to ensure the
adequacy of angioplasty/stenting and determine final
flow dynamics. Technique of stenting, perioperative and
postoperative care, and follow-up have been outlined
previously.12,13

Reintervention. In patients with recurrent quality-of-
life-impairing symptoms, repeat IVUS interrogation was
performed to correct the etiology of stent malfunction.
Such malfunctions included in-stent restenosis, stent
compression, a combination of both in-stent restenosis
and stent compression, or stent occlusion. Diagnosis and
technique of correction of stent malfunction have been
previously described.14,15

Measurements. Three raters blinded to the patients’ ISL
stage and LSG results collected data from the CT images
in the thigh (20 cm above the apex of the patella), leg
(10 cm below the apex of the patella), and ankle (5 cm
above the lateral malleolus). Values taken at each level
included the skin thickening (present/absent), subcutane-
ous interstitial edema (also termed ‘honeycombing’:
grades 0 to 2) and MC edema (grades 0 to 2). The severity
of honeycombing and MC edema were subjectively
assessed. Honeycombing was categorized as 0e no
honeycomb pattern; 1e focal areas of honeycombing;
and 2e circumferential/near circumferential areas of



Fig 2. Grades of subcutaneous interstitial edema/honeycombing. (A) Grade 0 (normal: no honeycombing),
(B) Grade 1 (focal areas of honeycombing). (C) Grade 2 (near circumferential or circumferential honeycombing).
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honeycombing. MC edemawas categorized as 0e absent;
1e partial blurring of muscular compartments; and 2e no
differentiation between muscular compartments/com-
plete blurring of muscle compartments. The grading of
each variable is considered in Figs 1-3. These CT variables
have been previously noted to be suggestive of a diag-
nosis of lymphedema.16-19 Agreement from two of three
raters determined values of skin thickening, honey-
combing, and MC edema used for analysis. In the case of
total disagreement, the three raters met, and regraded
the limb to come to single value which was then used for
the analysis. Skin thickening, honeycombing, and MC
edema scores for each limb were determined by taking
the most severe value of the three levels. Overall CT grade
for analysis was determined by the median value be-
tween skin thickening, honeycombing, and MC edema.
Clinical metrics evaluated included the CEAP clinical class
in addition to the International Society of Lymphedema
stage for each limb as well as grade of swelling (GOS). ISL
grade was categorized as 0e latent or subclinical condi-
tion with no swelling evident; 1e early accumulation of
fluid that subsides with elevation (pitting may occur); 2e
involves changes in solid structures where limb elevation
rarely reduces swelling and pitting is present; and 3e
lymphostatic elephantiasis and skin changes have devel-
oped. LSG was graded into normal, mild, moderate, or
severe disease for each limb based on five variables
(Table I). GOS was evaluated as 0e no swelling; 1e pitting
with nonobvious swelling; 2e visible ankle swelling; 3e
gross swelling involving the leg up to the knee; and 4e
gross swelling involving the entire leg including the thigh.

Statistical analysis. Statistical analysis was performed
using prism version 10.2 (GraphPad)/SPSS statistics
version 29 (IBM Corp) with each lower limb used as the
unit of analysis. Spearman correlations were performed
to investigate relationships between CT findings, ISL stag-
ing, GOS, and LSG severity. Analysis was also carried out
to determine sensitivity, specificity, positive predictive
value, negative predictive value, and accuracy of the CT
variables in making a diagnosis of phlebolymphedema
with ISL stage and LSG used independently as reference.
RESULTS
There was a total of 50 limbs (35 patients). The median

age for the entire cohort was 63 years, with a preponder-
ance of women (n ¼ 28) and right laterality (28 limbs).
The median body mass index was 38. Of the 35 patients
(50 limbs), 28 were female, with left laterality noted in 22
limbs. CEAP clinical class for the cohort included class C0
to 2, 4 limbs (8%); C3, 13 limbs (26%); C4, 17 limbs (34%);
C5, 9 limbs (18%); and C6, 7 limbs (14%). Thirty-one limbs



Fig 3. Grades of intramuscular edema. (A) Grade 0 (normal: no edema). (B) Grade 1 (partial blurring of muscle
compartments [MCs]). (C) Grade 2 (complete blurring/no differentiation of MCs).
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underwent stenting for CIVO after having failed conser-
vative therapy. Of the 50 limbs, 8 (16%) were ISL stage
0, 10 (20%) ISL stage 1, 2 (4%) ISL stage 2, and 30 (60%)
ISL stage 3. With LSG, 6 (12%) had a normal study, 21
(42%) mild disease, 0 (0%) moderate disease, and 23
(46%) severe disease. Thirty-six limbs (72%) had a diag-
nosis of phlebolymphedema on both ISL and LSG. Six
limbs (12%) had phlebolymphedema as assessed by ISL
stage but negative for phlebolymphedema as assessed
by LSG, and 8 limbs (16%) had phlebolymphedema on
Table I. Lymphoscintigraphic criteria for diagnosis of lymphed

Variable Normal

Lymph nodes (n) $5 #4

Collateral channels None Pre

Intensity of uptake Normal Red

Popliteal node(s) Absent Pre

Transit time delay <20 min 20-

Dermal backflow Abse
LSG, but no phlebolymphedema as assessed by ISL
stage. The correlation between ISL stage and LSG was
poor (r ¼ �0.16; P ¼ .26). The correlation between ISL
stage and GOS was good (r ¼ �0.63; P ¼ .001), whereas
the correlation between GOS and ISL stage was weak
(r ¼ 0.29; P ¼ .04).

CT diagnosis of phlebolymphedema using ISL stage as
reference. When the ISL stage was used as a reference to
diagnose phlebolymphedema, it was found that skin
ema

Mild Moderate Severe

- abnormal

sent - abnormal

uced - abnormal

sent - abnormal

40 min 40-60 min >60 min

nt - normal Present



Table II. Diagnostic performance characteristics of computed tomography (CT) with International Society of Lymphedema
(ISL) stage as reference

Variable Sensitivity Specificity PPV NPV Accuracy

Skin thickening 95% 75% 95% 75% 92%

Honeycombing 100% 0% 84% e 84%

Intramuscular edema 100% 0% 84% e 84%

Any 1 variable 100% 0% 84% e 84%

Any 2 variables 100% 0% 84% e 84%

All 3 variables 93% 63% 93% 63% 88%

NPV, Negative predictive value; PPV, positive predictive value.
The NPV refers to inability to calculate on account of absence of true negatives.
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thickening had a sensitivity of 95%, a specificity of 75%,
and an accuracy of diagnosis of 92%. Honeycombing
on CT had a sensitivity of 100%, a specificity of 0%, and
an accuracy of diagnosis of 84%. When MC edema was
used, the sensitivity was 100%, specificity was 0%, and ac-
curacy of diagnosis was 84%. Use of any one or any two of
these three variables to make a diagnosis of phlebolym-
phedema resulted in a sensitivity of 100%, specificity of
0%, and an accuracy of diagnosis of 84%. When the pres-
ence of all three variables was required to make a diag-
nosis of phlebolymphedema, the sensitivity was 93%,
specificity was 63%, and accuracy of diagnosis was
88%. Details of performance characteristics are consid-
ered in Table II.

CT diagnosis of phlebolymphedema using lympho-
scintigram as reference. When the lymphoscintigram re-
sults were used as a reference to diagnose
phlebolymphedema, it was found that skin thickening
had a sensitivity of 82%, a specificity of 0%, and an accu-
racy of diagnosis of 72%. Honeycombing on CT had a
sensitivity of 100%, a specificity of 0%, and an accuracy
of diagnosis of 88%. When MC edema was used, the
sensitivity was 100%, specificity was 0%, and accuracy
of diagnosis was 88%. The use of any one or any two of
these three variables to make a diagnosis of lymphe-
dema resulted in a sensitivity of 100%, specificity of 0%,
and an accuracy of diagnosis of 88%. When the presence
of all three variables was required to make a diagnosis of
lymphedema, the sensitivity was 82%, specificity was 0%,
and accuracy of diagnosis was 72%. Details of perfor-
mance characteristics are considered in Table III.

Severity of CT characteristics based on limb location.
When the severity of each of the three CT variables for
each study limb was compared based on location (thigh
vs calf vs ankle), it was found that there was no significant
difference between skin thickening in the thigh vs calf vs
ankle (P ¼ .5). MC edema, however, worsened from thigh
to calf (P < .0001) without a difference between calf and
ankle (P ¼ .3). The severity of honeycombing was worst in
the ankle and least in the thigh with a significant differ-
ence between all three sites (P ¼ .008).

Inter-rater comparisons. Inter-rater comparisons were
made for each of the three CT variables. For skin thick-
ening, Cohen’s kappa was 0.2 (P ¼ .23) between raters 1
and 2, 0.2 (P ¼ .74) between raters 1 and 3, and 0.3 (P ¼
.004) between raters 2 and 3. For MC edema, Cohen’s
kappa was 0.3 (P ¼ .03) between raters 1 and 2, 0.5 (P <

.001) between raters 1 and 3, and 0.3 (P ¼ .01) between
raters 2 and 3. For honeycombing, Cohen’s kappa was
0.6 (P < .001) between raters 1 and 2, 0.6 (P < .001) be-
tween raters 1 and 3, and 0.7 (P < .001) between raters
2 and 3.

DISCUSSION
Lymphedema is a relatively common problem encoun-

tered in patients presenting to vascular clinics with leg
edema. However, the diagnosis, especially clinical, re-
mains a challenge, resulting in undiagnosed or misdiag-
nosed patients. A clinical diagnosis of lymphedema is
problematic with a study noting that in patients with
LSG-confirmed lymphedema, only 17% had positive clin-
ical signs. Of the clinical signs, the study indicated that
the Kaposi-Stemmer sign was the only significant predic-
tor of lymphedema (odds ratio, 7.9; P ¼ .02).3 Although
the International Society of Lymphology (ISL) staging of
lymphedema is accepted widely, findings in the early
stages (stage I and early stage II) could also be seen in
edema from other conditions. This finding underscores
the need for confirmation of lymphedema through
diagnostic testing. LSG is usually the test used for such
confirmation,20 although in years past pedal lymphangi-
ography and more recently ICG lymphography have
been used. Each of these has its drawbacks including
the need for isotope injection and radiation exposure
for LSG; identification of lymphatic vessel(s),
cutdown and exposure of the vessel, and ethiodized oil
injection to opacify the lymphatic vessels in pedal



Table III. Diagnostic performance characteristics of computed tomgoraphy (CT) with lymphoscintigram as reference

Variable Sensitivity Specificity PPV NPV Accuracy

Skin thickening 82% 0% 86% 0% 72%

Honeycombing 100% 0% 88% e 88%

Intramuscular edema 100% 0% 88% e 88%

Any 1 variable 100% 0% 88% e 88%

Any 2 variables 100% 0% 88% e 88%

All 3 variables 82% 0% 86% 0% 72%

NPV, Negative predictive value; PPV, positive predictive value.
The NPV refers to inability to calculate on account of absence of true negatives.
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lymphangiogram; and the difficulty in visualizing the
deep lymphatic channels besides the challenge of
capturing the entire limb during ICG lymphography. CT
scans, in contrast, are widely available and represent a
quick and easily performed study. These advantages
persist when compared with magnetic resonance imag-
ing as well. However, there is the issue of radiation expo-
sure with CT scans. On balance, however, a CT scan
represents an easier test to confirm the diagnosis of lym-
phedema when compared with other tests, particularly
when trying to make the diagnosis without a referral to
a higher acuity facility.

ISL and LSG in the diagnosis of lymphedema.
Although the ISL staging of lymphedema is a commonly
used tool and LSG is often considered the gold standard
for diagnosing lymphedema,21-23 the correlation be-
tween the two has not been studied thoroughly. In fact, a
couple of studies24,25 that evaluated LSG against ICG
lymphography used the ISL stage as the reference. Using
this factor, they noted that ICG is perhaps a better test;
however, this result ignores the basic concept that
characteristics of ISL staging stage I and II include pitting
edema and amelioration of edema with leg elevation
can be noted in other forms of edema as well. So, the use
of ISL stage to help validate a confirmatory diagnostic
test is problematic. Patients in our study had other cau-
ses of edema, including primary and secondary lym-
phedema (besides venous lymphedema) ruled out.
When focused on lymphedema owing to venous etiol-
ogy (phlebolymphedema) alone, the correlation be-
tween ISL stage and LSG was poor (r ¼ �0.16; P ¼ .26),
even though 72% of limbs had a diagnosis of phlebo-
lymphedema on both ISL and LSG. This finding un-
derscores the need for a better clinical staging system for
lymphedema.

The role of CT in the diagnosis of lymphedema. Over
the years, multiple studies have evaluated the CT charac-
teristics of lymphedema. Hadjis et al16 in their evaluation
of 12 patients with primary lymphedema of the lower
limb noted that a characteristic honeycomb pattern of
the subcutaneous compartment could be seen in 10 of
these patients. CT scans in nine other patients with a
swollen leg secondary to chronic venous disease or
lipedema did not show this characteristic pattern.16

Several years later, Marotel et al17 in their review of 11
patients with unilateral lower limb lymphedema
confirmed on LSG, observed the findings of soft tissue
stranding, skin thickening, fat deposition in the epifascial
compartment, and perimuscular fascial thickening/
edema and related it to lymph stasis. Monnin-Delhom
et al18 in their study of 76 swollen limbs in 55 patients
noted a sensitivity and specificity of CT scan for the
diagnosis of lymphedema as being 93 and 100%,
respectively; for lipedema, it was 95 and 100%, respec-
tively; and for deep vein thrombosis (DVT) it was 91 and
99%, respectively. Skin thickening was found in 42 of 44
limbs with lymphedema (95%), in 9 of 12 limbs with DVT
(75%), and in 2 of 20 limbs with lipedema (10%).18 Sub-
cutaneous edema accumulation was demonstrated in
42 legs (95%) with lymphedema and in 5 (42%) with DVT,
but in none with lipedema. A honeycombed pattern was
present only in lymphedema, whereas muscle enlarge-
ment was present in all patients with DVT, 9% of limbs
with lymphedema, and no limbs with lipedema.18 Weiss
et al26 noted the addition of single photon emission CT
(SPECT) to LSG improved the anatomical correlation of
lymphatic disorders and thereby enhanced the assess-
ment of the extent of pathology owing to the particular
advantages of tomographic separation of overlapping
sources. Shin et al19 in their comparison of characteristic
CT findings of lymphedema, cellulitis, and generalized
edema found that, although honeycombing is seen
commonly in lymphedema, it was not a specific finding.
The authors notes that inguinal lymph node enlarge-
ment is a specific sign of cellulitis, whereas truncal
edema and bone marrow edema were specific findings
of generalized edema.19 More recently, Yamada et al27

evaluated the use of interstitial CT-lymphography (intra-
dermal injection of iopamidol into foot web space > CT
> three-dimensional reconstruction) and found that it
provided detailed three-dimensional imaging of the
lymphatic system in lymphedema patients. However,
such a CT scan in most cases provided adequate
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visualization only up to the leg (knee).27 Considering
these studies, performed at various time points over the
last 35 years, skin thickening, subcutaneous interstitial
edema, and intramuscular edema seem to be note-
worthy characteristics of lymphedema on CT and were
evaluated in this study.

Impact of correlation coefficients of the CT variables.
There was wide variation in the inter-rater agreement
between the three raters depending on the variable
assessed. For skin thickening, Cohen’s kappa ranged
from 0.2 to 0.3, indicating mostly fair agreement. For
honeycombing, however, Cohen’s kappa was 0.6 to 0.7,
indicating substantial agreement. For MC edema,
Cohen’s kappa varied from 0.3 to 0.5, indicating again
mostly fair agreement. So, if one were to choose a vari-
able that could have the greatest agreement between
assessors it would be honeycombing.

Using CT variables to make a diagnosis of phlebo-
lymphedema. The diagnosis of lower extremity phlebo-
lymphedema on CT depends on the reference
standard used, ISL stage vs lymphoscintigram. With the
ISL stage, the use of skin thickness offered the greatest
sensitivity, specificity, and accuracy. With LSG, the use
of subcutaneous interstitial edema (honeycombing) or
MC edema, offers high sensitivity and accuracy but
with low specificity. When the results of diagnostic
testing of the three CT variables are combined with
inter-rater agreement, the variable that stands out is
subcutaneous interstitial edema or honeycombing. This
variable had excellent sensitivity and accuracy with both
ISL grade (100% and 84%) and LSG (100% and 88%), but
very low specificity (0%). These findings are indicative of
the fact that CT scan can be used as a screening tool for
phlebolymphedema with honeycombing serving as a
best diagnostic variable. Thus, using CT scanning, even
lay practitioners can make a diagnosis of lymphedema
and arrange for therapy or referral as appropriate.
The relatively small sample size of the study is a limita-

tion. Additionally, the study had more patients with
advanced ISL stage (stage III), which may have had an
impact as well. The study cohort had 66% of limbs with
CEAP C4 or higher clinical class (ie, limbs with end-
organ damage, namely, hyperpigmentation, lipoderma-
tosclerosis, and/or venous leg ulcers [active/healed]).
This tilt toward more severe disease likely impacts the
generalizability to the entire chronic venous disease pop-
ulation (C0-6). The quantum of limbs with no disease in
this cohort either on ISL grade (grade 0 ¼ 16%) and LSG
(normal ¼ 12%) is small and impacts the diagnostic
assessment. The absence of true negatives for certain var-
iables also represents a concern; however, this factor is
more of a reflection of the impact of the reference
used than the CT variable per se. Despite these short-
comings, this study represents one of the first of its
kind to specifically evaluate the role of CT scanning in
the diagnosis of phlebolymphedema.

CONCLUSIONS
A CT scan can be used as a screening tool for phlebo-

lymphedema in the lower extremities using tissue char-
acteristics, including skin thickening, subcutaneous
interstitial edema/honeycombing, and/or MC edema.
The diagnostic capacity of each variable either alone or
in combination is a function of the reference standard
used, ISL stage vs lymphoscintigram. When ISL grade is
used, skin thickness offers the highest sensitivity, speci-
ficity, and accuracy. However, when LSG is used as the
reference, honeycombing or MC edema offers high sensi-
tivity and accuracy but low specificity. Factoring in inter-
rater agreement, honeycombing was noted to be the
best CT variable to diagnose phlebolymphedema.
Further study is warranted.
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