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Purpose:Ganglioneuromas(GNs)arebenignneoplasmsofcombinedneuralcrest,schwann-
ian,andconnectivetissueorigin,occurringrarelyintheadrenalglands.Thepresentstudyis
toshareourexperienceregardingdiagnosticandtherapeuticmanagementofthesetumors.

Materials and Methods:AdrenalGNsof15patientswerefoundincidentallywithultrasonog-
raphyandwereevaluatedsubsequentlywithcomputedtomography(CT)scan.Clinicaldata
aswell as follow-updatawerecollected retrospectively.All thepatients receivedoperative
resection.

Results:Themeanageofthepatientswas38.4years(range,25-52years;maletofemalera-
tio,2:1).Ofstudysubjects11patientshadunilateralGNontherightside,andtheremaining
4ontheleftside.Allbut1patientwereasymptomatic.Nohormonalsecretionwasapparent.
MeansizeofthetumorsinCTscanwas6.27cm(range,2.5-14cm),while10werelarger
than5 cm.Eightpatientsunderwentopenadrenalectomyand the remaining7underwent
laparoscopicanterioradrenalectomy.Histologically,all15neoplasmswerecompletelydif-
ferentiated,matureGN.Wehadnomortalityorsignificantmorbidity.Meandurationofhos-
pitalizationwas5.5days(range,3-7days).Therewasnorecurrence,duringameanfollow-
upof5.4years(range,1-10years).

Conclusion:Pre-operativediagnosisofadrenalGNsremainsdifficultmerelyaccordingto
physicalexamination.Therefore,werecommendcompleteoperativeresectiononcemalig-
nancycannotbeexcludedbypre-operativeanalyses.Laparoscopicadrenalectomyisarea-
sonableoption,atleastfortumors≤5cm.
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INTRODUCTION

Ganglioneuromas(GNs)arebenignneoplasmsmainly
originatingfromretroperitoneumandposteriormedi-
astinumandlessfrequently in theadrenals,andare

consideredtooccurmorefrequentlyinchildrenoryoungadults.
(1-6) Clinically, adrenal ganglioneuromas, usually hormonally
non-secreting, may be often incidentally found in radiologic
findingwithoutanysymptomsorpresentsecondarytopressure
effectsonadjacentstructures.Therefore,thesizeofadrenalGNs
islargerthanthoseoftheirmorecommoncounterpartsinthe
posteriormediastinum.(7-9)Theaimofthisstudyistoshareour
experienceregardingdelineatetheclinicalcourse,diagnosticim-
aging,andoperativetreatmentofprimaryadrenalganglioneuro-
masinadultsinChina.

MATERIALS AND METHODS
BetweenJune1997andJune2011,atotalof15patientswith
histologicallyprovenadrenalincidentalomaswereadmittedto
Department of Urology in HuashanHospital and its Nanhui
Branch of Fudan University, Shanghai, China (Table). Their
clinicaldatawerecollectedretrospectively,aswellas follow-
updata.Allthepatientswerefoundwithultrasonographyand
wereevaluatedsubsequentlywithcomputedtomography(CT)
scan.Toevaluatethefunctionalstatusoftheadrenaltumors,bio-
chemicalandhormonalscreeningwascarriedoutinallpatients.
Thestudyprotocolinvolvinghumanmaterialswereapproved
bytheInstitutionalEthicCommitteeofHuashanHospitaland
itsNanhuiBranch.

RESULTS
Clinical Findings
Themeanageofthepatientswas38.4years(range,25-52years;
maletofemaleratio,2:1).Allbut1patientwereasymptomatic.
AsshownintheTable,patient4hadcomplaintsofatypicalup-
perabdominalpainanda14-cmadrenalmasswasfoundduring
ultrasonographicinvestigation.Nohormonalsecretionwasap-
parent.Hormonalevaluationrevealedthatcatecholaminelevel
waswithinthenormalrangeinallcases.Allthe15casesinour
serieshadnormokalemia.
Imaging Findings 
Allneoplasmswerereportedasunilateraladrenal lesionsand
sevenoftenwererightsidedinCTscan.Meansizewas6.27cm
(range,2.5-14cm),while10werelargerthan5cm(Table).All

cases had a solid appearance and low unenhanced attenuation 
value,upto30Hounsfieldunits(HU).ContrastenhancedCT
scanshowedincreasedattenuationof40HUin1.Massessur-
roundbutnotinfiltratemainaortasand/orveininCTscanand
arteriography(patient4;Figures1,A,B,CandD).Nonewas
shownwithcalcification.Arteriographyinthispatientshowed
thatthemassdidnotinvadethekidneyartery.Theremaining
neoplasmswerehomogeneous.CTscanshowedevidencesnei-
therofsurroundingtissueinfiltrationnorregionallymphnode
enlargement.
Treatment 
Allpatientsunderwentcompleteresections,8openand7lapa-
roscopicadrenalectomies.Meanoperativetimeofopenproce-
dureswas90min(range,65-150min).Alllaparoscopieswere
completed without conversion. Mean laparoscopic operative
timewas104min(range,70-200min).
Therewasnomortality,minormorbidityorcomplicationsinour
patients.Nopatient neededblood transfusion.Meanduration
ofhospitalizationwas5.5days(range,3-7days).Therewasno
recurrence,duringameanfollow-upof5.4years(range,1-10
years).Theabdominalpainofpatient4wasrelievedafterthead-
renalectomy.Intheprocedureofpatient4,thetumorwasfound
toconglutinatewithposteriorwallofinferiorvenacava,upper
poleofrightkidney,righterectorspinaeandpartof theliver.
Aftercompleteresectionofthemass,regionallymphnodebe-
tweeninferiorvenacavaandaortawasfoundtobeenlargement
andgatherintoamass.Itwasimpossibletocompletelyseparate
thelymphnodefromthevein.Therefore,onelymphnodewas
removedtohistopathology.Nobloodpressurefluctuationwas
foundinallthesurgeryprocedures.
Histopathology
Meantumorsizeonpathologicexaminationwas6.93cm(range,
3-15cm)onmaximumdiameter,whilethemeanradiologicpre-
operative sizeof6.27 cm.All tumorswerenodular andwell
encapsulated.Thecutsurfacewasstramineousin6casesand
tan-whitein9cases.Eighttumorswerehardasrubber;there-
mainingtwotumorsweresoft.Microscopically,allneoplasms
consistedoffasciclesofSchwann-likecellsanddispersedma-
tureganglioncells(Figure2).Noneoplasmshowedimmature
neuroblasticcellsorareasofpheochromocytoma.Nocalcifica-
tionswerefound.
Inpatient4,theneoplasmmacroscopicallyseemedtodestruct
thesurroundinggland(Figure3).Onelymphnodewasremoved
fromthatpatientandthehistopathologyshowedmaturegangli-
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oncells.Immunohistochemistrywasemployedinpatients3and
4,showingpositivestainingofganglioncellsforneuron-specific
enolase(NSE)(Figure4),synaptophysinandpositivestainingof
Schwanncell-specificmarker(S100)(Figure5).
 
DISSCUSSION
Neoplasmsofganglioncelloriginincludeneuroblastomas,gan-
glioneuroblastomas,andGNS,amongwhichGNsarebenign
neoplasmsofcombinedneuralcrest,schwannian,andconnec-
tivetissueorigin.GNsareconsideredtooccurmorefrequently
inchildrenoryoungadults.ThelargestseriesofprimaryGNs
camefromtheEnzingerandcolleagues,where42%oftheirpa-
tientswerelessthan20yearsoldinaseriesof88GNpatients.
(1)Otherstudiesalsohadsimilarresults.(2-6)However,only20%
(3/15)were≤30yearsold(mean,38.4years)inourseries,which
isconcordantwithotherstudieswherethemeanageatdiagnosis
tobearound39to50years.(8-10)Infact,thisadrenalpathology
canaffectallagegroups,includingolderpatients,becauseGN
patientsareusuallyasymptomaticandwithoutphysicalexami-
nationsitisdifficulttofindGNsforothermedicalproblems.Oc-

casionallyGNsmayproducenonspecific,mass-relatedsymp-
toms,asinpatient4.GNsmaysecretecatecholamineoftenin
pediatricganglioneuromasandneuroblastomas,(4,11) but rarely in 
matureGNs,(8-10,12)whichisconsistentwithourfindings.
RadiologicdiagnosisofadrenalGNonCTscanhavebeenwell
described that low attenuated ( non-enhanced attenuation below 
40 HU ), homogeneous masses which demonstrate slight to
moderateenhancement,(5,6,10)andoftensurroundbutnotinfil-
tratemainaortasand/orvein.Ourseriesalsoshowedthisfeature
eveninarteriography.Approximate2.4to60%ofGNcaseswith
calcificationshavebeenreportedintheliteratures.(13-15) In our 
series,therewasnocalcification.
It is reported that radiologicfindingsareapt tounderestimate
tumorsize.Inourseries,themeanradiologicsizewas6.27cm,
whilethemeanhistologicsizewas6.93cm.Tumorsize>5cm,
heterogeneity,andcalcificationsareconsideredtoberadiologic
signsindicatingmalignantadrenaltumor.Thelargesttumorof
ourserieswasmeasured14cm,andresectedbyopen,transab-
dominaladrenalectomyduetothesuspicionofcancer.(16-19)

However, many aggressive tumors share these features. Pre-

Table. Clinical and imaging features of the series.

Patient Gender Age 
(years) Symptom CT Size

  
Pre Con-
trast HU

Post Con-
trast HU

Functiona 
Status

Surgical
Technique

Histological
Size (cm)

1 F 45 None (cm) <30 <30 None Laparoscopic 3

2 M 30 None 2.5 <30 <30 None Laparoscopic 5

3 M 33 None 5 30 30 None Open anterior 14

4 M 25 Abdominal 
pain 12 <30 40 None Open anterior 15

5 F 41 None 14 <30 <30 None Laparoscopic 3

6 F 44 None 3 <30 <30 None Open anterior 8

7 M 49 None 7 <30 <30 None Open anterior 7

8 F 52 None 6.5 30 30 None Open anterior 8

9 M 29 None 8 <30 <30 None Laparoscopic 5

10 M 38 None 4.5 <30 <30 None Open anterior 5

11 M 31 None 5 <30 <30 None Laparoscopic 4

12 F 33 None 4 <30 <30 None Laparoscopic 4

13 M 45 None 3.5 <30 <30 None Laparoscopic 5

14 M 40 None 4 <30 <30 None Open anterior 9

15 M 41 None 8 <30 <30 None Open anterior 9

Keys: M, male; F, female; CT, computerized tomography; HU, Hounsfield Unit.                                                       
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operativediagnosisofadrenalGNsremainsdifficult.Thefinal
diagnosisdependedonhistopathology.Macroscopically,most
GNs are large, encapsulatedmasses offirmconsistencywith
a solid, homogenous, grayish-white cut surface. Microscopi-
cally,GNsmainlyconsistofmatureandmaturingganglionsand

Schwanncellsinourseries.Ourimmunohistochemicalanalysis
showedthattheywerecharacterizedbyreactivitywithS100and
neuronalmarkerssuchasNSE.(1,9,15)

Fineneedleaspirationbiopsy(FNAB)inthediagnosisofadre-
nal lesions has a long history,(20)however,insufficientmaterial
fordiagnosisanditscomplicationsrestrictitsapplication.(21-24) It 
isonlysuggestedindoubtedmetastaticadrenalcarcinoma.(25-27) 
NopatientofourserieswasundergoneFNAB.
Whenadrenalincidentalomasarefound,completeresectionis

Figure 1. (A) Computed tomography scan showing a right 
adrenal ganglioneuroma with postcontrast enhancement of 40 
Hounsfield and surround the renal artery, (B) a right adrenal gan-
glioneuroma pushing forward inferior vena cava, conglutinating 
with posterior wall of inferior vena cava and surrounding tissues, 
(C) the coronal computed tomography scan reconstruction 
showing a right kidney pushed downward and a vasa vasorum 
from abdominal aorta to tumor and (D) renal arteriography 
showing a vasa vasorum from abdominal aorta to tumor.

Figure 2. Mixture of large mature ganglion cells and spindle-
shaped Schwann like cells. Hematoxylin and eosin staining ×100, 
original magnification.

Figure 3. The neoplasm macroscopically seemed to destruct the 
surrounding gland.

Figure 4. Neuron-specific enolase positive ganglion cells, stained 
brown. Schwann-like cells are also weakly positive, while adrenal 
cortical cells are negative.
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suggestedifthesizeismorethan4cm.(28-30)Inourseries,3pa-
tientsstronglyrequestedtoresectthetumorsevenwhenthesize
waslessthan4cm.Prognosisofmatureadrenalganglioneuro-
masaftersurgeryisterrific.Allsurgerieswerecarriedoutwith
nomortalityandminimalmorbiditydespitethelargesizeofthe
neoplasms.After amean follow-upof5.4years (range,1-10
years),norecurrencewasobserved.Intheprocedure,complete
resectionisrecommendedincaseofmalignanttransformation
ofadrenalGN.(31-33)

As the laparoscopic approach develops, almost all adrenal
massescouldberesectedlaparoscopicallyregardlessofthesize.
Recently,Zografosetandcolleagueshavesucceeded to resect
largeadrenalGNwiththesizeupto13cmbytransabdominal
laparoscope.(7)

CONCLUSION
Pre-operativediagnosisofadrenalGNsremainsdifficult;there-
fore,werecommendcompleteoperativeresectiononcemalig-
nancycannotbeexcludedbypre-operative investigations.To
weigh theprosandconsaccording toourexperience, laparo-
scopicadrenalectomyisareasonableoption,atleastfortumors
≤5cm.
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