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Purpose:Vasectomyisoneofthemostcommonurologicaloperationsperformed,andpro-
videspermanentcontraception.Manyvasectomizedmenultimatelyseekvasectomyreversal
becauseofunforeseenchangesinlifestyle.Vasovasostomyhasvaryingratesofsuccess.In
thisstudy,weutilizevasdeferens(VD),artery,andveingraftstoreconstruct30%and50%
defectsofthetotalvasdeferenslength.

Materials and Methods:FortytwomaleWistarratsweredividedintothreegroupsasVD
graft,carotidarteryandexternaljugularveintransplantations.Eachgroupwasequallydivided
into2differentsubgroupsaccordingtothelengthoftransplantmaterialas1.0cm(n=7)and
1.5cm(n=7).Toevaluatewhetherthesematerialsmaybeusedforlongsegmentvasdeferens
reconstruction,thepatencyrate,partialortotalgraftocclusion,andhistologicexaminationof
allspecimenswereexamined.

Results:Nopatencywasfoundinanyofthegraftsandmanyofthemsuffereddestructive
changesinanatomicstructure.Spermgranulomasweredeterminedaroundthetesticularside
anastomosisduetoaccumulatedsemenfluidwhichwasinourbelief,aresultofaperistaltic
zonecausedbythegrafts

Conclusion:Whenthepoorresultsobtainedinourstudyareputintoperspective,vasoe-
pididymostomyistheonlytreatmentmethodtodateforreconstructionoflargesegmentvas
deferensdefects.

Keywords: vasdeferens;vasovasostomy; rats;vasectomy; transplantation;graft survival;
animals.
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INTRODUCTION 

Thesafestandmostcost-effective treatmentoption
forthereversalofthevasectomiesremainsmicro-
surgical reconstruction, which also allows natural 

conception.(1)The success rate of this procedure depends
onamyriadoffactors,includingtheperformingsurgeon’s
skill,presenceofantispermantibodies,highintravasaland
epididymalpressurethatdevelopsaftervasectomy,andthe
obstruction interval between the vasectomy and reversal.
(2,3)Technical failureofhumanvasdeferens (VD) recon-
structionmainlyoccursseveralweekstomonthsaftersur-
gery,usuallyasaresultofstrictureoftheanastomosis.The
narrowingandobliterationofthelumentakesplacedueto
granulomaformationatthesiteofanastomosis,andtraction
onordevascularizationof theVDwall,whicheventually
leadstospermleakageafterthereversal.Prostheticstents
havebeenusedtosimplifytheprocedureandpreventthis
spermleakage.Autodilatingstentshavebeenputforthasa
possiblesolutionforpreventingthesecondarystrictureof
theanastomosis.Also,bypreventingspermextravasation,
there is less perivasal inflammation, reducing secondary
strictureatthesiteoftheanastomosis.(4,5)

Waldandcolleaguesevaluatedabiodegradablegraftforre-
construction of rat vasa deferentiawith long obstructed or
missing segments with or without some medical therapy.
They found that potential role for biodegradable grafts in
thereconstructionofVDwithlongobstructedsegments.(4,6)

Rothmanandcolleagues(7)carriedoutarandomizedclinical
trialcomparingtheusual2-layermicrosurgicalvasectomyre-

versalagainstaprocedureusingthenewstent.Asinteresting
result,theyfoundthatthemicroscopicvasovasostomy(VV)
resultsingreaterpregnancyratesthanVVusingtheabsorb-
ablestent.Theydidnotrecommendabsorbablestentdueto
poormeasuredpatencyratioandspermmotility(8) were pre-
ferredforreconstructionofvasectomy.(7)

Ontheotherhand,largesectionsoftheVDmaybeaffected
aftersomesurgicaloperationssuchasherniarepair,hydro-
celectomy,orcomplicationsofvasectomy.Inthemajorityof
suchcases,thelengthofvasdefectsrendersdirectvasovaso
anastomosiseitherimpossibleortoorisky,duetoincreased
tensionintheanastomosisarea.Toovercomethisobstacle,
extra anatomical (sub- and suprapubic) vas rerouting was
performed to allow shortening of the necessary vas length
foranastomosing.Thistechniquehasbeenestablishedtobe
oneofthemosttechnicallychallengingtypeofsurgeryofthe
malereproductivesystem.Anotherinterestingpossibilityfor
resolutionofavasdefectmightbetheuseofavasculartrans-
plant.
Theaimofthisstudypresentedwastodetermineexperimen-
tallyifavasdefectcouldberepairedeitherbyvastransplan-
tationorbytransplantationofanarteryandveingraft.Anoth-
erobjectivewastodeterminecriticalmaximumlengththat
canbetransplantedwhilestillachievingacceptablepatency
forspermtransport.

MATERIAL AND METHODS
Inourexperimentalsetting,weusedmaleadultinbredWistar
rats,weighing250-300g,mean270g.Femalesofthesame

Figure 1. View of scrotal contents of rat. 
Keys: T, testis; E, epididymis; VD, vas deferens.

Figure 2. Completed anastomosis of vas deferens autograft. 
Keys: TS, testicular side anastomosis; AS, abdominal side anas-
tomosis.
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raceandstandardswereusedasvasculardonors in theex-
periment.Thestudywasconducted inaccordancewith the
GuidelinesforAnimalCareandResearchoftheuniversity.
Theanimalswerekeptinaroomwithstandardenvironmen-
talconditionsandfedadlibidum.Themalerats(n=42)were
dividedintothreegroupsasVDgraft,carotidarteryandex-
ternaljugularveintransplantations.Eachgroupwasequally
dividedinto2differentsubgroupsaccordingtothelengthof
transplantmaterialas1.0cm(n=7)and1.5cm(n=7).
Operative Technique 
Operationstookplaceunderketamine(90mg/kg)andxyla-
zine(10mg/kg)anesthesia.Supplementarydosesweregiven
asnecessary.Asurgicaloperationmicroscope(M651Surgi-

calMicroscope;Leica,Sweden),standardmicrovascularin-
struments,and8-0nylonsuturewith75µmneedlewereused.
Thesurgicalprocedureandpostoperativeobservationswere
performedbytheleadingauthor.
Theleftsidewaspreferredfortheexperimentalgroups.An
abdominalmidlineincisionwasusedtoexploretheVDfol-
lowedbytheopeningoftheinternalspermaticfasciaandthe
VD,whichwaslyingloosenexttothefuniculus,whichwas
easilyexposedleavingthescrotalcontentsinsitu.Twodiffer-
entlengthsofVDsegment(1.0cmand1.5cm)wereresected
tocreatedefectsinVDandthesesegmentsrepresented30%
and50%ofthetotalVDlengthrespectively.Thesedefects
were reconstructed using VD, carotid artery and external

Figure 3. (A) View of resected vas deferens segment (1.5 cm) with similar length of the arterial graft (1.5 cm). Arterial graft is seen shortly 
compared to vas deferens defect due to elastic shrinkage of vessel wall. (B) Completed vas deferens- arterial graft anastomoses.

Table . Results of anastomosis condition in all groups.

Variables Autotransplantation Groups Artery Graft Groups Vein Graft Groups Total

Testicular site
anastomosis 1 cm 1.5 cm 1 cm 1.5 cm 1 cm 1.5 cm ------

Normal 2/7 1/7 2/7 0/7 0/7 0/7 5/42

Partial stenosis 2/7 3/7 1/7 2/7 1/7 1/7 10/42

Occluded 3/7 3/7 4/7 5/7 6/7 6/7 27/42

Abdominal site
anastomosis 1 cm 1.5 cm 1 cm 1.5 cm 1 cm 1.5 cm ------

Normal 1/7 0/7 1/7 1/7 0/7 0/7 3/42

Partial stenosis 2/7 3/7 1/7 4/7 0/7 0/7 10/42

Occluded 4/7 4/7 5/7 2/7 7/7 7/7 29/42
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jugularveingraftsandgraftsusedforreconstructionwerethe
samelengthastheresectedvassegment.
Autotransplantation Group (n =14) 
Inthisgroup,resectedsegmentofVDwereanastomosedin
thesameplace.Anastomoseswereperformedbyapplying4
stitchesandonlyseromuscularsuturewasplacedusing8-0
non-absorbablenylon.Thefirst twosutureswereplacedat
oppositeends180degreesapartpreciselyaligningmucosaof
twoendsofVD.Onesuturewasplacedbetweenthesestitch-
esoneachofthefrontandbackwall.
Artery and Vein Groups 
Carotidarteryandexternaljugularveingraftswereharvested
thesamelength(1.0cmand1.5cm)asthevasdefectfrom

thefemaleWistarrats.FortheanastomosisofVDwithartery
andveingrafts,thesameoperativetechniquedescribedasabove
wasusedwithexceptionthatonlyfull-thicknesssutureswere
appliedthroughthevascularwall.Theskinwasclosedwith4-0
silksuturesineveryrataftertheapplicationpftheprocedure.
Final Examination
Fourweekspostoperativelytheratswereeuthanized.Occur-
renceofspermgranulomas(9)wasrecorded.Theabdominal
end of theVD after both anastomosis zones in all groups
were transectedand the intraluminalfluidwasmicroscopi-
callyexaminedforfunctionalpatencywiththeoccurrenceof
spermat400×magnification.TheVDsweretransecteddis-
talfromtheanastomosesandfunctionalpatencycheckedby
smearexaminationtoseethepresenceofspermatthedistal
portion.Thetransplantedsegmentwasthenincisedlongitudi-
nallyinordertoexploreifthereareanyocclusionsorpartial
stenosis.Equal segmentsof theVD, artery andveingrafts
withtheanastomosesincludedwereexcised.Forthecontrol
specimen,ductusdeferensfromonemaleanimal,carotidar-
teryandexternaljugularveinfromonefemaleanimalwere
harvested.Allspecimenswerefixedinneutralbuffered4%
formalinandparaffinembeddedforfurtherslicing.Multiple
tissue segmentsofeach specimenwere taken fromanasto-
mosisareaandproximalanddistal to theanastomosis.All
sampleswerecutat4µmthicknessandslideswerestained
withhematoxylinandeosin.Allthesampleswereexamined
bythesamepathologist.

Figure 4. Sperm granulomas in the vein graft. This collection 
populated neighbor areas of testicular side anastomosis while 
abdominal side anastomosis did not occupied this structure. 

Figure 6. (A) Control artery tissue (hematoxylin and eosin × 40), (B) vascular wall was fragmented in artery graft, and mix inflammatory 
cells and also suture material (arrow) were seen (hematoxylin and eosin × 200).
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RESULTS
Autotransplantation Group
Anatomical patency was not preserved in any of the seg-
ments.Inthe1cm-longgraftgroup,normal,partialstenosis,
andocclusionwereobservedas2/7,2/7and3/7intesticu-
larside(TS)anastomosis,and1/7,2/7and4/7inabdominal
side(AS)anastomosis,respectively.Inthe1.5cmlonggraft
group,normal,partialstenosis,andocclusionwereobserved
as1/7,3/7,and3/7inTSanastomosis,and0/7,3/7,and4/7
inASanastomosisrespectively.Spermgranulomas(SG)oc-
curredinall14segmentsandtheyweresituated12/14and
2/14TSandASanastomoses,respectively.
Artery Graft Group

Anatomicalpatencywasnotobservedinanyofthesegments.
Inthe1cm-longgraftgroup,normal,partialstenosis,andoc-
clusionwereobservedas2/7,1/7and4/7inTSanastomosis,
and1/7,1/7and5/7inASanastomosis,respectively.Inthe
1.5cmlonggraftgroup,normal,partialstenosis,andocclu-
sion0/7,2/7,and5/7wereobservedasinTSanastomosis,
and1/7,4/7,and2/7inASanastomosis,respectively.SGoc-
curredinall12segmentsandtheyweresituated11/12and
1/14TSandASanastomoses,respectively.
Vein Graft Group
Anatomicalpatencywasnotrecordedinanyofthesegments.
Inthe1cm-longgraftgroup,normal,partialstenosis,andoc-
clusionwereobservedas0/7,1/7and6/7inTSanastomosis,

Figure 5. (A) Control vas deferens (hematoxylin and eosin × 40), (B) the lumen was obliterated and the thickness of muscle layer was 
reduced, and subepithelial area was expanded by fibrous tissue growing and inflammatory cells in the vas deferens graft (hematoxylin 
and eosin × 100).

Figure 7. (A) Control vein tissue (hematoxylin and eosin × 100), (B) necrotic debris and semen material filled the vein lumen and covered 
the inner surface, and also inflammatory cells were seen in the vascular wall and the lumen of graft (hematoxylin and eosin × 100).
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and0/7,0/7and7/7inASanastomosis,respectively.Inthe
1.5cmlonggraftgroup,normal,partialstenosisandocclu-
sionwereobservedas0/7,1/7,and6/7inTSanastomosis,
and0/7,0/7,and7/7inASanastomosis,respectively.SGoc-
curredinall12segmentsandtheyweresituated12/12and
0/12sTSandASanastomoses,respectively.
Intraluminal Fluid Examination
No motile sperm were found in intraluminal fluid micro-
scopically.Onlynecroticcellsanddebriswereobservedupon
smearexamination.
Histological Examination
VD Grafts
Themuscle layer of the graftwas reduced, to between 10
and35%oftheoriginalthicknessinmostofthecases.For
some cases especially in the longer grafts, thewholewall
wasreplacedbyfibroustissue.Atrophicepitheliallayerwas
observedwithintactepitheliuminshortgraftswhilelonger
graftshadonlyremnantsofanatrophicepithelium.
Artery Grafts 
Thethicknessofthemuscularlayerwasslightlyormoder-
atelyreduced.Inflammatorychangeswerepresent,especially
withmassiveSG.Intimallayerwasdestroyedanddetached
frombasallayerandprotrudedintothevascularlumen.
Vein Grafts
Thewholewallsofveingraftswere invadedbyinflamma-
torycells.Thelumensofmanyveingraftswereoccludedby
pannus-liketissue,whichisgranulationandfibroustissues.
Intimal layerwasnot found inmanygrafts and itwasde-

tachedfrombasallayerintothelumen.

DISCUSSION
Therearealotoftechniquesdescribedforthereversalofva-
sectomiesandthereconstructionofdefectsinthevasdefer-
encearea.Itwasreportedthatone-layerVVandtwo-layer
VVseemtobeequalwithregardtovasalpatency.(9)Further-
morewepreferredonelayerVVasourmicrosurgicalskills
withourclinicalcases.Webelievedthatonelayerapproxi-
mationofvasalendsiseasier,quickerandsafercompareto
twolayertechnique.
However,inlargedefects,whentheVVisnotpossibledueto
technicalreasons,hollowstructuressuchasvesselsmightcome
upasanideaforgrafting.However,sincethereiscontractility
presentinVD,especiallyduetoparasympatheticstimulation,(8) 
itisextremelyhardtodemonstratethatcontractilitywithgraft
materials.Inhuman,theVDepididymisandefferentductshas
proximodistalincreaseinthemusclelayer,andalsothethick-
nessofthemusclelayerisgreaterthananystructureinhuman
body,comparedtoitslumen.VDanddistalepididymispropel
thespermwiththeirrhythmiccontractions,andifthisperistal-
sisisdisrupted,aspermgranulomamightoccur.
ItwasreportedthirtyyearsagothatmicrosurgicalVVtech-
niqueforvasectomyreversalhasresultedinsignificantlyim-
provedoutcomescomparedtoolder techniques.(10) Patency 
rates after microsurgical VV using non-absorbable sutures
havereached99%.Thesemencanpassthroughtheanasto-
mosiszoneaswellasanaperistalticsegmentinanastomosis
zoneshortlyafterVV.Theobstructive intervalaftervasec-
tomy is a significant determinant of the patency and preg-
nancy rates.Whichcanbeexemplifiedby thepatencyand
pregnancyratesdecreased88%and53%between3-8years
aftervasectomy.(11)Thosepoorresultsmayberelatedtolong
segmentfibrosisinVDfollowingalongtermintervalafter
vasectomy.ShandlingandJanikfoundthatsimplyclamping
thevasofratscouldproducemuscledisruptionandfibrosis.
(12)Thethickmusclelayerscaneasilygetdamagedwithan
insultminorthanvasectomywhichtriggersfibrosis.Inflam-
mationandfibrosisworseningthewholescenariobycausing
moreextensivedamagewithvasectomy.(13)Theproblemas-
sociatedwithvasectomyor iatrogenic injury to theVDin-
cludealongobstructiveinterval,unpredictablelengthofoc-
clusion,injurytothetesticularbloodsupplyandthesefactors
maycauselongsegmentinjuriestoVD.(14)Vasoepididymos-

Figure 8. Normal seminiferous tubules were seen at the lower 
area, but some tubules at the upper side (arrows) were degener-
ated and filled with necrotic and cellular debris (hematoxylin 
and eosin × 100).
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tomymaybeperformedtoresolvelargeVDdefects.(15)But
advancedmicrosurgicaltechniquesarenecessaryandithasa
lowerpregnancyandpatencyratecomparedtoaVV.(16)Also, 
prostheticstentsarenotlongenoughtouseformicrosurgi-
calVVreconstructionofVDdefect.Althoughexperimental
VDauto-transplantationisnotapplicableforclinicalopera-
tions,CarringerevaluatedVDandvasculargrafts to repair
largeVDdefectinrats.(17)However,lowpatencyrateswere
reportedfor thesegraftsand this resultwasexplainedwith
poorgraftviabilityandabsentneuralinnervations.Carringer
postulated that graft neovascularization occurred from the
marginsofthetransplantandtheoutcomedependedonthe
“bridgingphenomenon”.Thisphenomenon, toelaborate, is
thegrowthofvesselsanastomosingwith thevesselsof the
transplant.(17) 
ThetotallengthofratVDis3-3.5cm.Inourstudy,weaimed
tocreateVDdefectsat30%and50%ofthetotallength,mak-
ing1and1.5cmsegmentresectionsfromVDrespectively.
Afterthedefectswerecreated,weexaminedtheresultscom-
paringvariousgraftswhichhaddifferentmusclelayerthick-
nesses.Wefoundnopatencyineitherauto-transplantationor
vasculargraftsgroups.However,ratesofveingraftocclusion
werehighercomparedtoitsarterygroups.Wehypothesized
that thisresultwasdue to the thickwallof thearterygraft
preventinglumenfromcollapsing,thuscreatinglowergraft
occlusion, although they still yielded poor total patency out-
comes.WehavesomedifferencesfromCarringer’sneovas-
cularization hypothesis.(17)Mainneovascularizationmecha-
nismofallgraftsisprovidedbysproutingnewvesselsfrom
donor site or formation of anastomoses between graft and
host vessels. Graft’s nutrition is dependent on plasma dif-
fusionuntilnewvessels form. It isknown that thin tissues
gainenoughneovascularizationprovidinggraftnutritionina
shortertimethanthicktissues.(18) Although we did not con-
ductdetailedexaminationsinordertodeterminethediffer-
enceofneovascularizationquality,allgroupsdisplayed the
samehistologicalviewsofnewvesselssproutingunderlight
microscopic study.Artery and vein graftswhich have thin
wallsmaycausemechanicalobstructionintheirlumenasa
resultofcollapseandkinking.Mechanicalblockageinvites
inflammationandfibroustissuegrowingintoluminalspace
asaresult,permanentlumenobstruction.Wehaveobserved
intraluminalfibroustissueinsomehistologicalsectionsdur-
ing lightmicroscopicstudy.Inouropinion, themainprob-
lemoflowerpatencyrateswererelatedtolongVDdefects

which create aperistaltic zonesduring semen transport.Al-
thoughthereisnoevidenceofVDcontractionexceptduring
theejaculationperiod,thickmuscleandmucosallayerofVD
maypropelsemenduringasexualperiodaswell.

CONCLUSION
WeconcludedthatveinandVDgraftsarenotusefulforlong
segmentdefectreconstructionswhichare30-50%oftheVD
lengthinrats.WethinkthatanymaterialusedforlargeVD
defectreconstructionmusthaveperistalticmovementinor-
dertopushthesemenforward.Furthermore,weconcluded
thatthereisnoautogenicorprostheticmaterialhasthisspe-
cialfunctiontoperformsementransportation.Forthisreason,
vasoepididymostomyseemstobeonlyindisputablesolution
forlongsegmentVDreconstruction.
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