
121

Lymphology35 (2002)121-128

IDGH RESOLUTION UNENHANCED COMPUTED TOMOGRAPHY
IN PATIENTS WITH SWOLLEN LEGS

E.D. Monnin-Delhom,B.P. Gallix, C. Achard,J.M. Bruel, C. Janbon

Serviced'ImagerieMedicale (EDM-D,BPG,CA,JMB)and Servicede MedecineInterne (CJ), Saint
Eloi Hospital,Montpellier,France

ABSTRACT

Purpose:To evaluatetheaccuracyof
computedtomography(CT) scanimagingin
distinguishinglymphedemafrom deepvenous
thrombosis(DVT) andlipodystrophy
(lipedema)in patientswith swollenlegs.

Material andMethods:CTscansofthe
lower limbs wereperformedin 55patients
with 76 swollenlegs(44Iymphedemas,12
DVTand20 lipedemas).Thirty-four normal
contralaterallegs werealsosimilarly
evaluated.Primary lymphedemawasverified
by lymphographyor lymphoscintigraphy,
whereassecondarylymphedemawas
documentedby a typical clinical history.
DVTwasestablishedby ultrasoundDoppler
imaging.Thediagnosisoflipedemawasmade
with bilateral swollenlegs wherelympho-
scintigraphyandDopplerexaminationwere
both unremarkable.QualitativeCTanalysis
wasbasedon skin thickening,subcutaneous
edemaaccumulationwith a honeycombed
pattern,andmusclecompartment
enlargement.

Results:SensitivityandspecificityofCT
scanfor thediagnosisoflymphedemawas93
and100%,respectively;for lipedemait was95
and 100%, respectively;andfor DVTit was91
and99%, respectively.Skin thickeningwas
foundin 42lymphedemas(95%), in 9 DVT
(75%), andin 2 lipedemas(16%). Subcuta-
neousedemaaccumulationwasdemonstrated
in 42 legs(95%) with lymphedemaandin 5

(42%) with DVTbut in nonewith lipedema.
A honeycombedpatternwaspresentonly in
lymphedema(18 legsor 41%);muscle
enlargementwaspresentin all patientswith
DVT, in nopatientwith lipedema,andin 4
(9%) with lymphedema.

Conclusion:Edemaaccumulationis
readily demonstratedwith plain CTscanand
is notpresentin lipedema.SpecificCT
featuresofthesubcutaneousfat andmuscle
compartmentsallow accuratedifferentiation
betweenlymphedemaandDVT.

Lymphedema,lipodystrophy(lipedema),
anddeepvenousthrombosis(DVT) are
commoncausesof swellingof the lower limb.
Becausetreatmentdiffers amongthese
entities,differential diagnostic distinctionis
important.Clinical assessmentaloneto
distinguishamongtheseetiologiescanbe
difficult andespeciallybetweenlymphedema
andlipedema.CT is a non-invasivemethod
which potentiallycandefinethe patternsand
localizeedemato the different compartments
of a limb.

Lymphedemarelatesto insufficiencyor
obstructionof the lymphaticsystem,andis
typically classifiedasprimaryor secondary.
Primarylymphedemais a congenital
maldevelopmentof the lymphaticsystem
whereassecondarylymphedemais the
aftermathof damageor obstructionto the
lymphaticdrainagesystem.Invasive
proceduressuchasdirect lymphography
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(incision)or lymphoscintigraphy(puncture)
aregenerallyconsideredthegold standard
diagnosticmethodsfor investigationof
lymphatictransportdisorders(1).

Lipedemais a termoftenusedfor an
abnormaldepositof subcutaneousfat (lipo-
dystrophy).Thepathogenesisis still unclear,
but lipedemais not theconsequenceof
venousor lymphaticinsufficiency(2). The
clinical diagnosiscanbeconfusingandit is
frequentlymistakenfor othercausesof lower
limb swelling includinglymphedema.

Deepvenousthrombosisis a common
causeof acuteleg swellingandthediagnosis
is nowadaysusuallyconfirmedby venography
or Dopplersonographywhich substantiates
venousblockage.

Theaim of thepresentstudywasto
evaluatetheaccuracyof plain CT imagingfor
differentiatinglymphedema,lipedema,and
DVT in patientswith a swollenlower limb.

MATERIALS AND METHODS

Fifty-five consecutivepatientsundergoing
CT imagingto evaluateunilateralor bilateral
swollenlegs(from September1996to March
1999).Therewere15 malesand40 females
with anaverageageof 49 years(range16-91
years).Theswellingwasunilateralin 34
patientsandbilateralin 21. A total of 110
legswasdivided into two groups:groupA
comprised76 swollenlegsandgroupB
comprised34 normalcontralaterallegs.
GroupA patientsincluded44 with lymphe-
dema,12 with deepvenousthrombosis,and
20 with lipedema.Primarylymphedema(33
limbs in 23 patients)wasconfirmedby
bilateraldirect lymphography(2 patients)or
bilaterallymphoscintigraphy(21 patients);
lymphaticinsufficiencywasbilateralin 10
andunilateralin 13 patients.Secondary
lymphedema(11 legs)wasbasedon a typical
clinical history; that is, surgicalresectionof
malignanttumorswith or without radio-
therapyin six patients(two melanomas,two
cervix epitheliomas,onetesticularandone
bladdercancer)andsurgeryfor a benign
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massin four patients(oneovarianteratoma,
two inguinaladenitis,andonelipoma);
secondarylymphedemawasbilateralin one
patient(bladdercancer).

Thediagnosisof DVT wasestablishedby
Dopplersonography.Thediagnosisof
lipedemawasbasedon clinical findings of
obesity,normallymphoscintigraphyand
normalsonographicassessmentof the deep
andsuperficialvenoussystems.

Thecontrol legswereconsiderednormal
on thebasisof theclinical history,physical
examination,andthenormalresultsof both
ultrasoundandlymphoscintigraphic
examinations.

Patientswereexaminedin a Somatom
DRH CT unit (SiemensMedical Systems,
Erlangen,Germany).High resolution
millimetric axial slices(240Mas,120KV) at
30 mm intervalswereobtainedfrom the top
of thethigh to theankle(20 slices)without
intravenouscontrastmedium.Thepatients
did not wearcompressionbandagesduring
thescan.TheCT scanswereblindly reviewed
by thesameradiologist.

First, a qualitativeanalysisof theCT
scanwasperformed,basedon assessmentof
the skin, thesubcutaneousfat, andthe
musclecompartment.Thefollowing criteria,
basedon our experienceandliteraturedata,
werestudied:skin thickening,subcutaneous
edema,andmusclecompartmentenlargement.
Skin thickeningwasdefinedasdirect
visualizationof a hyperdenseline at thelevel
of theskin. Subcutaneousedemawasdefined
as"infiltration" of thesubcutisby soft-tissue
densitiesbands,trabeculaeor collection.The
dependentor non-dependentlocationof the
edemawasnoted.A "honeycombedsign" was
definedassubcutaneousfat strandingwith
trabeculaebothparallelandperpendicularto
thedermis.Themusclecompartmentwas
consideredenlargedascomparedwith the
contralateralleg.

Second,in orderto evaluatethe
sensitivityandspecificityof CT for assessing
thecauseof a swollenlimb, theCT diagnosis
wasassessedasfollowing: lymphedemawas
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TABLE I
CT Features in Lymphedema, DVT, and Lipedema

Subcutaneous Edema
Clinical Skin Non- Honeycombed Muscle
State n Thickening Dependent Dependent Pattern Enlargement

Lymphedema 44 42 (95)* 0 42 (95) 18 (41) 4 (9)

Deep Venous 12 9 (75) 4 1 0 12 (100)
Thrombosis

Upedema 20 2 (16) 0 0 0 0

Normal 34 0 0 0 0 0

*Numbers in parenthesis=%

diagnosed when skin thickening and
subcutaneous edema were noted; DVT was
diagnosed when there was prominent muscle
enlargement, with or without skin thickening
and subcutaneous edema but without a
honeycombed pattern. Lipedema (obesity)
was diagnosed with symmetrical bilateral soft
tissue enlargement but without either skin
thickening or subcutaneous edema.
Calculations were based on the findings in
each leg.

RESULTS

CT features are summarized in Table1.
Subcutaneous edema in lymphedema was
uniformly in the non-dependent position
(Fig. 1). A honeycombed pattern seen in
lymphedema was not present in DVT or
lipedema (Fig. 2). No subcutaneous or muscle
edema was seen in lipedema (Fig. 3).

There was enlargement of the muscle
compartment in all DVT related leg edema
(Fig. 4). The sensitivity and specificity of CT
were respectively 97% and 100% for the
diagnosis of lymphedema, 98% and 100% for
the diagnosis of DVT, 100% and 95% for the
diagnosis of lipedema. The two false

negatives in lymphedema were related to
misdiagnoses of "normal" leg (one patient)
and "lipedema" (one patient). Two DVT
related edemas were misdiagnosed as
"normal."

DISCUSSION

Chronic swelling of a lower limb is a
common condition. Distinguishing
lymphedema, "lipedema," or obesity, and
DVT-related edema can be clinically difficult.
Nonetheless, the distinctions are critical for
treatment. For example, a patient with DVT
needs prompt anticoagulation, one with
lymphedema can be improved with operation
or non-operative physiotherapy (3). On the
other hand, bandaging and manual drainage
are inappropriate for a patient with lipedema.

The three conditions each have a
different pathogenesis and the distribution of
the fluid/fat in the skin, subcutaneous tissue,
and muscle compartment is different. Axial
CT slices analyze separately these 3
compartments allowing qualitative evaluation
and localizing of the site of edema if present.
For the diagnosis of lymphedema, based on
CT demonstration of skin thickening and
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Fig. 1. unenhancedCTscanofunilateral lymphedemaoftheright lower limb. Skin thickening(large solidarrow)
with subcutaneousfat infiltration (trabeculaeunderlyingparallel to the dermisandperimuscularcollection in a
non-dependentlocation) (smallsolidarrow).

Fig. 2. UnenhancedCT scanofbilateral lymphedemaof the lower limb. Skin thickening(large solid arrow) with
honeycombedpattern(small solidarrow) andcollections(openarrow).
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Fig. 3. UnenhancedCT scanof bilateral lipodystrophyof the lower limbs. Bilateral subcutaneousenlargement
withoutskin thickeningnor subcutaneousfat infiltration.

Fig. 4. CT scanof the thighs with left femoral thrombosis.Enlargementof the left musclecompartment(large
solidarrow).

subcutaneousnon-dependentedema,theCT
sensitivitywas97% with two falsenegatives.
Onefalsenegativerelatedto a minimally
developedlymphedemawith clinical

involvementlimited to the foot. This patient
wasmisdiagnosedasnormal.A secondfalse
negativeoccurredin a youngwomanwith
congenitalhemitorsodysmorphiawho
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developedsecondarylymphedemain the
hypertrophicleg relatedto ovarianmass
compression.On initial analysis,skin andfat
edemawerenot identifiedandthe patient
waswrongly diagnosedas"lipedema."
Retrospectiveexaminationof theCT images
led to thecorrectdiagnosisanda lympho-
scintigramshowedminimal delayin
lymphatictransport.A CT scanspecificity
for lymphedemais high: 100%. Thus,a non-
dependenthoneycombedpatternwasfound
only in lymphedema.

Previousstudiesin patientswith lymphe-
demahavealsodescribedskin thickening
(4-8) andsubcutaneousfat hypertrophy(9).
A major role of lymphaticsis to drainextra-
cellularfluid andmacromoleculesawayfrom
the interstitium(10,11).In normallimbs,
theseentitiescandrainunimpededbut with
lymphaticinsufficiencytheyaccumulatein
theextracellularspace(12).

Skin thickeninghasbeenalsodescribed
with sonographyandMR imaging.Usinga
20 MHz transducer,high resolution
sonographyhasdemonstratedanoverloadof
fluid in the superficialanddeepdermisin
patientswith lymphedema(13). A precise
analysisof intactskin canalsobeperformed
with high resolutionMR imagingdepicting
theepidermis,the dermisandthesubcutis
(14). MR imagingshowsskin thickening,an
increasedvolumeof subcutaneousfat lobules
(15), anda circumferential,diffuseor
reticularpatternof thesubcutaneousedema.

Theconstantnon-dependentlocationof
thesubcutaneousedemawe havedocumented
(seeFig. 1) hasnot beendescribedpreviously.
Edemadueto lymph stasisis rich in high
weightmacromolecularproteinsandis dis-
tinctly differentfrom a subcutaneousedema
relatedto increasedhydrostaticpressure
(e.g.,heartfailure). This differenceprobably
explainswhy edemafrom lymph stasiscan
coagulateasa gel, andin a shorttime
examinationin thedecubituspositionin our
scanningprotocol(10-15min) favorsa non-
dependentlocationfor theedema.

A honeycombedsubcutaneousedema
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patternis oftenconsideredasspecificto
lymphedema(seeFig. 2). It is not found in
lipodystrophy(lipedema)or in edemaof
venousorigin. Severalhypothesesmay
explainthis peculiartrabeculaeformation
(16). It is unlikely relatedto normalor
dilatedlymphaticvessels(17,18)becausea
honeycombedpatternis presentin primary
lymphedemawith hypoplasticlymphatics.
Accordingto Vaughan,it may relateto
chronicinflammationwith an influx of
macrophagesandcollagenlaid down by
fibroblasts(19). Whereasthis explanationis
feasible,thesefluid densitiescanbereversed
aswe previouslyobservedafter complex
physiotherapy(20). Thus,a honeycombed
patternis not predictiveof lymphatic
drainageefficacyanddoesnot signify lack of
responseto treatment(21).

This finding is in agreementwith theMR
T2-weightedimagesdemonstratingan
edematogenichyperintensesignalof honey-
combtrabeculaefrom fluid retentionin the
fat interlobarspaces(5). Thehoneycombed
patterndoesnot enhanceafterLv. iodinated
contrastinjectionanddoesnot correlateto
ageof lymphedema,ongoingonset,or
intercurrentinfection(lymphangitis)(4,22).
Theedemain lymphedemawasprimarily
localizedto theskin andsubcutaneousfat,
but in four patientstherewasenlargementin
themusclecompartment.CT andMRI
studiesarenot uniformly concordantandin
severalstudies,therehasbeenno statistical
differencein CT cross-sectionalmeasurement
of the subfascialcompartmentbetweenthe
lymphedematouslimb andthenormal
contralateralone(23). Conversely,MRI can
showmuscleedemawith a significantT2
weightedsequencehyperintensityfrom lymph
stasisarounddeepveins(24). Otherstudies,
however,fail to showmuscleinvolvement
exceptfor possibleinfiltration by adipose
tissue(25).

Intraluminalvalvesarerarein dermal
initial lymphaticsbut aremuchmore
numerousin lymphaticsof themuscle.Those
lymphaticsthatcontainbothvalvesand
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smoothmusclecellsgeneratelymph
propulsion.Accordingly,lymph stasisis less
prominentin musclethanin dermisor
hypodermis;moreover,duringexercise,the
contractionof theadjacentmusclesraises
interstitialpressureandfavorsdrainageof
tissuelymph fluid (26). On theotherhand,the
increasedweightof a lymphedematouslimb
canleadto muscularwork hypertrophy(12).

In our study,thesensitivityof CT scan
for thediagnosisof lipodystrophy(lipedema)
was100%.Thereis no skin, subcutaneousfat
or muscleedemabecausethis condition
representsanexcessonly of fat (seeFig. 3).

Upedemais a commoncauseof bilateral
leg enlargementparticularlyof women.
Previouslyconsideredasanabnormaldeposi-
tion of subcutaneousfat with associated
edema(27), this disorderis moreaccurately
consideredaslipodystrophywithout venous
or lymph stasis.An edemapatternwasnot
seenin our patientson CT, ultrasound,or
MR images.Ultrasoundshowshomogeneous
hypertrophyof subcutaneousfat without
fluid or fibrouselements;thereis no significant
differencein signalintensitybetweennormal
limb andlipedemain T1, T2, andpost-
GadoliniumT1-weightedsequencesbut only
a subcutissizeincreasefrom a lipid
hypertrophy(22).

In our study,sensitivityandspecificityof
CT for thediagnosisof DVT relatededema
wasrespectively98% and100%.We found an
enlargedmusclecompartmentin all patients
with DVT; in two falsenegativescans,the
musclehypertrophywastheonly alteration
andwasnot prominentenoughto allow a
radiologicaldistinctionbetweenDVT and
normallimb.

Theprimaryabnormalitiesin DVT are
locatedwithin themusclecompartment.Skin
thickeningandmoderatedependentedemaof
thesubcutisis seen,but neverin a honey-
combedpatternandthereis no fibrosis
(SeeFig. 4). CT scanis rarelyneededfor the
diagnosisof DVT, andcurrentlysonography
is favoredoverphlebography.DVT occursin
deepintramuscularveins,explainingedema

andenlargementof bothsubfascialand
epifascialcompartments.In anacutely
swollenleg, a 10%increaseof cross-sectional
measurementof themusclecompartment
suggestsdeepvenousthrombosisif thereis no
previoustraumawith musclehematoma(19).

In conclusion,a plain CT scanis a
usefulnon-invasivemethodto distinguish
amonglymphedema,DVT relatededema,
andlipodystrophy(lipedema)of the legs.
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