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Electron microscopic changes in Descemet,s Membrane(DM) in
Pseudophakic bullous keratopathy and Fuchs endothelial dystrophy.

Reshmee Boodoo+, Diksha prakash*+, Samir Kumar*, OpS Maurya*, Abhishek Chandra***

: - .:.er -c elucidate ultra structural changes of the DM and endotheiial cells in Fuch,s Endothelial
.: I r'strophy (FECD)and Pseudophakic Bullous Keratoplasty(pKB)by scanning electron microscopy.

::_::s: DesceTnet's membrane from 8 patients were collected followlng DSEK performed for Fuch s
: -. : Dystrophy ln 3 patients and pseudophakic Bu lous Keratopathy in 5 patients. Thln sections

-:: red which were the n studied byTransrirission Electron Microscopy.

::t-:: - FECD the DM was thickened with excrescence in all 3casesandcomposedof4layers,though
. - ., aTs were not present in one FECD specimen. ln FECD stripping specimen, we observed that the
'_. - m was markedly attenuated, especially over the excrescences, to atrophic in our 6 speciraens.
:::_:es are continLtous with the third layer. Endotheiial cells were completely degenerated in 2

-_! ofPBK. ln FECD, HCEC were thinned out, almost unnoticeab e over the nodLt es No nodu es

::-:-:onr Fibroblast like morphological changes occur in endothe lal ce s in both FECD and pBK w th
., :: ,:ugh endoplasmic reticulum, cytoplasmic fllaments, lysosomes and increased degenerative
::: ':swol en mitochondria, however these changes are more marked in FECD than in pBK. DM

' ..-..ma posteriorbanded ayerconsistentlyinFECDbutcanasobefoundinpBK.DMthickeningis
.:jinFECDthaninPBK.teaturesthatareseeninFECDstromaarepresenceoflipidkeratopathy,
: :_- esseparatingitfrom PBK.

..-: I I TCTION

.' -t_: -embrane is the basement membrane of the corneal endothelium. Unlike Bowman,s
- : : : : s a true basement and is continuously deposlted throughout life by the underlying

. i , -' ::comlng gradually thicker with a8e.At btrth, it is on y 2-4U thick, but by adulthood it grows
_ :-a structurally, jt can be divided into 2 zones: an anterior fetal banded zone and a posterior

:. : ::-.. The.anterior banded zone is laid down bV the endothelial cells only in embryogenesis
' : : ,-.nanged through life. The banded fibres are argely composed oftype Vllt colagen,a

--t-yfoundinfetaltissues,especiallyaroundbloodvessels.Thegrowthjnthicknesslat€..
: *:- / in the posterior banded zone."

: : _ r :xcrescences are common in the peripheral aspects of Descemet,s men,bra-: :-: :-:

. - : : i.':i :uie.i irleci.. 5..n.es, BHLr, VaGnaji
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seen frequently wlth advanclng age These are referred to as Hassal-Henle warts'They do not lnterfere

with vision and are not conria"red p"tnotoglc whenpresent nthecentrar!ornea,theyarecaredguttae.

LJcr (Dyslrooh/ 'Iromorr con_1o'l o'lealdvslropl'v"J) rg\ u u

The endothelium is composed ot hexagonal endotheliaL ceLls'The Endothe laL-CeLl Density (ECD) decreases

throuehoutllfe.Frombirthtolqvears'iherateofendothelialcelossl!epproxlmately3%peryear'After
:pe of 14. r.he 'atP slow' ro aoo'r 0'6oo op' \ear' SpPLL'ar n ro o 'o' a"'\or'lg "dJli ' corne"(

,i*l ."rir"'""""' i,oo '"''' '-1. 
'i""itoo"''"p''o"bo '.,0 0 e' nr '1oo"rase 

A'LcD

.lecreases, individual cells enlarge .no ior" *"i, n"rrcona shape ' the critica ECD below which the

i"r""" o".".ol"t"t"s is app'oximately 300 500 "'ce s'/mrr'

The endothelium forms the anterior border of the enierior chamber and is therefore sL'lsceptible to blunt

or penetrating trauma ."tt ut tut"t.ut'"li'u"tt on-o' unt"rlo' chamber IOL lmplantation' e g' endothelial

cells damage leading to pt"'aopluiil 
"ULrltus 

neratopatfy' Endothelial Dysfunctlon caused by

DseLrdophaktc Bu lous t<"ru,optur,y rps;) "nj 
ir,.tri. rnaotn"tial oystrophy is the leading cause of corneal

I"rr',"*a"a oao 'B -o'(dr o1_o or ''a' 'or oid 1ro('o'

Transmission Electron Mlcroscope s Tecent and advanced tool for the assessment of ultrastructure of

Descemet's membTane and endothe lal cells'

To elucidate ultra structural changes of the DM and endothelial cel s ln FLlch s Endothelial Cornea

;;,";;;i;t;;i ";; 
eseuaoplatii autto'-rs Keratoplastv(PKB) bv scannins e ectron microscopv'

METHOD

The stlldy was cond!'ied ln th' Ll:'a'i neri 'i Cpll:h; n'o og-!' lnsiitr'rte of Med cal Sciences' Banaras

HindLllJnlverslty,ltcola'cr:ton\.'in:heDepartrneniofAnatoiny' 
nstltuteofMedicalSciences'Banaras

Hindu U nivers tY.

ln our study, 8 pat ents, aged 45 to 6r' undergoing DSEK (3 FECD cases an'l 5 PBK cases) consented to the

use ofthelr excised DM for evaluation under TEM'

lnDSEK,thediseasedDMwerepeeledof'fixedin25%Slutaraldehydeand2%paraformaldehydein0,lM
sodium phosphate butfer (pH z :) tor rz hou" ut +' c ittul. *uttl in buffer' the sarrples were postfixed ln

1% OsO. for t hour at 4' C' Ukimately' thin 
'"ttiont 

are prepared which were then elucidated b\

TransmissionElectronMicroscopyThe'patientsinclL'ldeclinthisstudyweredlagnosedwithFuch's
Endothelial DYstroPhY and PBK

Fixation of DM and endothelial cells forTEM

Sn"a pieces of tissues were cut and the tisslle samples fxed ln 2 5% glutaraldehyde and 29:

saraiormaldehy.Je in o,1lia sodium phosphate bL]ffer (pH 7,3)for 12 hoU15 at 4 C,Afterwashinbuffer,th€

,r:.'.esv/erepostfixedin1%OsO.foriiourat4'CThesamplesweredehyd'atedinanascendinggrade
.'::Er.n€lnfiltrateclandembeddedinaraldltecY2l2(TAAB,UK),ThickSections(1Llm)werecUtwitha.
- :'j^_ :'::.'.e, r.ounted on to Slass stiaes' staineO with aqueous toluidine blue and observed under '
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-:-:rcopeforgrossobservationoftheareaandqualityofthetissueflxation'Forelectron
- ,:::e exanrinati;n, thin sections of grey-silver color interference {70_80 nm) were cut and mounted

: : -esh coppergrids.sectionswerestainedwithalcoholicuranylacetateandalkalineleadcitrate,
:r ;:ntly with distilled water and observed under a Morgagni 268D Transrnission Electron

:, : -":: iFel Company, The Netherlands) at an operating voltage 80 KV lmages were digltally acquired

: - a = 
CCD camera (N,4egavlew lll, Fel Company) attachedtothe microscope'

:_. es were made free of cL]Jture medium by washing/centrifugation (1000x, 5 min) in 0'1 M

-::: Buffer (PB, pH 7.3) The supernatant was discarded The pellet (after dlspersing the cells) was

- : 'ir ixture of 2% glL.ltaraldehyde and 2% paraformaldehyde in PB for 2 3 hour at room temperature

:.-:' fuged in PB f;r 5 min to remove the fixative' The pellet was suspended in PB' agaln centrifuged

:. -.d. ihe samples (pellet)were postfixed for t hr ln 1% osmium tetroxide at 4 Deg C Samples were
ihfirrr.i6.r rn.r FmhF.l.lp.l ln 2raldiie CY 212 (TAAB. UK).Thick Sectlons (1Um)

..atedinacetone,infiltratedandembeddedinaralditeCY2l2{TAAB,UK).ThickSectlons(1um):.-,.aatedinacetone,infiltratedandembeddedinaralditecY2l2(AAB,uK). lnlcK5ectons lrgIrU

i :,: .,,lth an ultramicrotome, mounted on to glass slides, stained with aqueous to!uidine blue and

::_:r-nderaightmicroscopeforgrossobservationoftheareaandqualityofthetissuefixation'For
. - :_ --rlcroscopeexamination,thinsectionsofgrey-sllvercolourinterference(70-80nm)werecutand
_.'-::rnto3oomesh.coppergrids.sectlonswerestainedwithalcohollcuranylacetateandalkaline
.,: -:-::. washed gently with distliled water and observed under a Morgagnl 268D Transmlssion

. . '- - ', croscope (Fei Company, The Nether ands) at an operating voltage 80 kV lmages were dlgita ly

: - : : a / usinga CCD camera (Megaview ll, Fei Company) attached tothe microscope

:,ai : RVATION S AN D RESU LTS:corneal

;, Banaras

s, Ba naras

Ited to the

de in 0.1 M

)ostfixed in

cidated bY

withFuch's

.:-:se 8 patients,3 were diagnosed to have Fuch's Endothelial Corneal Dystrophy and the

' -: : es having Pseudophaklc Bullous Keratopathy

-: :,:m nation in FECD patients, preoperatlvely,

:. :_: presence of Sllttatae, Flg 1.

- ;-o dlrect illLlmination revealing presence of
j -:-: oosteriorcornea in FECD

n slit lamp examination of bullous

epithelial edema and bullae were

DSEK, Fig 2.

keratopathy stromal and

noted few weeks pr or to

n buffer,

Inding grad

de and 2

e clrt with
Fig 2. Sclerotic scatter showlng the prese'.:
edema and epithelial bul ae

.red under
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Strornal adheren.e
Fig 3.

r.:s seen in 1 FECD strlpplng Specrmen,

Fig 3. La!.-:
enootne:
inthiM'

:l . i:r "iarked Y attenuated

l!- i ihlck. Stroma (St) ls Present

.:^a.x3000

We observed that ln FECD the DM was thi'ker:' '' -:'
which are descr bed morphoLoglcally, thorgh ' ': 

- "

n FECD striPPing sPecimen, we

ihe excrescences, Fig5

Fig 4- Descemet's membrane in FECD

showlng 4 layers: l Anterior fetal layer, 7

Posterior non-banded Layer, 3 Posterior

banded Laver and 4. Fibrillar layer' W-Wart,

E-endotheiium X 5000

observed that the endothellum was markedly attenuated' especially ove'

:nd composed of 4 layers,

ore FECD sPecimen.

Thefirstlayer,anteriorfetalbandedl'v'' "':.::--:- '':''::': -_:!'n'r:llFECDcases'ltsthickness

varjedfrom3_4$m ltwaschaTacter:e:' ' l: r::-:l-' ';e';rese'ond 
ayer' posterior non-bandeo

layer,wasnonbanded,homogene'-::::l:-:'-::r:n:hefrstlayer'Ltsthlcknesswasapproximately
4'5Um.Thethird ayetposterc-':-':r ':':'"':irdndedandhadanosmophll 

aasthefirstlaverandits

thickness was approxln^aie :-*^ : -:_! !:rlo of spaced collagen Thefourth ayer' fibrillar layer was

approximateLyTgUmtnl.i:,'::"n'pcsedofaloosematrixofcol 
agen'Multiplewavesofbasallamlna

were present ln the il! ' a'a'i't,Ft84'

.ECDi showing 4 layers, 1. Anterior feta layer' 2'Posterior non-

.r ,\'er, 3. Posterlot banded Layer and 4 Fibrillar layer' Asterlx

-"6.,)

. ='..j.r."n." "nd 
r,row_ attenuated endothelium X(x4200)

..:-- -ii1 .i slrg from the posterior banded layer is covered
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men,

esent

ln 2 cases of PBK, the DM was composed of 4 layers similar to FECD,
Fig.6.

':rnaining 3 stripping specimens, DM was less in thickness,
-:te y 8 9pm as compared to DM in FECD specimens. Moreover, no
:' -odules were present, Fig 7.

9.oum thick and Endothe ial cells are cor.p etely degenerated and
'.r.arkab eX4300

-: endothelial cells left a large intercellular dropped out
- "g debris and granular material, Fig 9.

:-::ed endothelial cell (DEC) in PBK with a thinner DM,
:: ! ar acunar spaces (s) , pigmented granules (P) x

Fig 6. 4 ayers in PBK: thin PNBL and thick fibrillar (F) ayer. No
excrescence seen x 6000

ln addition, most of the
intercellular junctions between the endothelial cells were loosened
or absent due to the degeneration and loss of adjacent cells. yet we
observed few normal intercellularjunction complexes ln 2 sa ra ples oj,
FECD, Fig10.

Fig 10. Normal interceliularjunction (J)with dropo€c ._::::::. S -
one cellx 6000

rickness

ba nded
rimately
r and its
yer was
llamina

:D

,yer2
erlor

The endothe ial cel s were unremarkable or exhibited variab e degree of
degeneration, atrophy or loss. Large melanin granLt es weTe present on
Dlvl, Fig8.

Fig 8. Transmission Electron microscopy showing degenerated
endothelia cells (DEC) and a homogeneous DM 8.5Um thick. Melanin
granules (M) are present on stromalside X 4300
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Higher magnification of-T-EM revealed the presence of increased number of lysosomes and vacuoles in the

endothelium in both ltLu ano ror'

rhis exprains the over p.d:'l'"",11 "-1'J#:'"x:J:?::"ffit"T'.'li:::J|.'J;:l'"":l'::il"1[;:"t""''"'
cell membrane and eventLlally leadingto

DlscussloN

The primary defect of tECD is in the endothelium because HCEC loss' thickened DM and the presence of

;;:;;;;;;J": ",.:*"1.:,::1"1ff,i;i:,,";*llXl*T:""J""J,?X:T::",'"',il::;:11
l:vers in 2 cases of FECD and 2 cases of I

ll"O"a,rr"tf-t*,,, toslerrorbandeo raye (PBL) ard Fibrirlar layer'

The anterior banded layer was relatively constant and represented the fetal po'tion of DM lt was present

in all cases. The banding ot tl,i, ruy". ir'du"; roii" or"r"n." ot *io" spaced collagen The PNBL is usually

0,","",."".,n"',,:J":l'"1:",T:;$Lfin;X'm:::l;:ffi#:i'T',".1,TJ:,Ti;t?i:li:'Jl

;ilTtrf:Siff::lli]ililj# il,,l ;;0,*. J*.*,," ,-",1.-..:l:,::":"* '"'brane 
materiar or

an abnormal composition resulting in the formation of a posterior collagenous layet Extreme

accumLllations of this material created mushroom-like formations' guttatae' projecting into the anterior

in".t". ft 
" 

initi,f manifestation in FECD is central gLlttatae'

ln their study, Takeo lwamoto and A Gerard Devoe(1971)" found that Descemet's membrane was

markedlY thickened ln six cases una 
'no'*"1 "tt.io" 

structuraialterations' Five different regions could

resularlv be o'strrgJr:f"a nfn"puf"o'og;D"s'6-et)morbrarel'allca5es I 'om a nlel ior to posterio'

'"" " 
"" t i'ooo A-baloed oafler'r' {2J 'nonbanded'egion,''wrlhout

they were (1) "anterror 0anoeo'"'l'l 
.o,-ui:;rn""s);(31 posteriorbandedregion'filledwithl,o0oA'

:l""Tj"Tfl:f"t:ii:J:il::,';;lT:J:l;,. ,li,.ioJ*",a o..rusions); (4) "bJrder resion" composed

#;r;;;;:il; ir,.r,,i "tone 
'pu'l"e 

l',nales of 1'ooo A' period icitv with two tvpe of banded pattern'

and ,,basement membrane-like .ut"J ' und l)) 'fibrlllar region'which consists of "basement

membrane-like material" and collagen filriL'' on" t"'" t'ua ""'ts 
located very posteriorly' and another'

*iaf,"" ai""l, 
"r"ur, 

Uut both could be interpreted as variations ofthe above structure

The endotheliLrm was thin, consisting mainlv of twolvpes of abnott*:::.::::":::::t;lil:::til"11
::::H:'$:::ffi;;]';il1;;:i"l;;"tinuitv or ihe endotheriar cover was arso seen rhe rvpe 1 cerr

i""o ".r*,".r" i,,"."ntt, intr."ut"a to'gh-t"f"t"a endoplasmic retlculum {RER) and cytoplasmic

,i*"jr"I r*ri",,"* r'broDlaslt fnefvoe'z cert hao erongateo RER and lvsosomes w'rhin a less dense

l-ytopla.rn.and\r'uasprobatryaOegereratetormoftfe-yp;1ce'l'Basedonlneirtindirgslherollowing
hvoothesis was propo."d, ror rnrno*n I"lsons, posslbty'hereaitary, the endothelial cell morphology and

l,lffilI1#;';;;,ru,, to *'*" of rinroulasts ana thev start producins collasen fibrils and basement

membrane like material, forming tft" fio'ifi"' t"eion of oescemet smembrane i::::::11:i.i,:: ?:1:
:",,T:Jili:lil"Jffi1'J;1;;"";;;;'r,;;;il;i' ";d 

p"arttvrurther transrorm into rons-spacins bundres rhese'

;;::;"; ;il;;;";?''t m"".o'"n"-'t" mui"'iui"u'" 11']'l l:"1:::"::: ]lH"t::':";:'li":#i:1
::::,il:;JJ:ffi;:;i;;;;;t;;;;;;rts Simirarchangescanbeseenattheextremeperiphervo

|Iilil", ;;;i ;;;"" u' u pnvtiorogi'"r'pi"nom"non' tn ou"t'dv' DM in FEcD comprised of 4 lavers
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:=:: the "border layer" which was not seen in our study. ln wamotos study and our study both,
i ,: rlng of lntercellular junction comp exes and degeneratlve changes in the endothelial cells were

.12, Wi liam [\1. Bourne et al." studied the ultrastructure of DM by TEM in corneal buttons removed
: 11 phakic eyes with FECD. Abnormalities in DM consistent with abnormal endothelial function ear V

'. pr or the age of 20) were present n a I corneas. An abnormal fiba llar Iayer was thicker in those
:: r with greater stromala nd epithe aledema, p oss ib y indicating that thls flrst layer is formed mainly

:nce of
its of4
ar non-

aresent
,.r s ua lly

. reflect
.rormal
:erlalof
:xtreme
:nterior

:ne was

^s could

: csterlor
."lth oL.lt

i,oo0 A'
r nposed
3attern,
;sement
a notI er,

-ictlonal
.pe l cel

l plasm ic

:is dense

'cllowing
rlogy and

tasement
:gion, the
:s. These,
- banded
'lphery of
:4 Layers,

: oeriod of endothe lal decompensatlon. ln oLrr sr:udy, fibrlllar layer ls present in 2 FECD and 2 pBK

:!twecannotcor't'rmentwhethertisthefirstlayerlaidcutduetoendothejadecompensation.

:laniolo et a. (2012), in Montreal, Canada, evaluated HCEC iso ated forni corneas !vith FECD. The
.i:ofthestudywastoassessthefeaslbllityofinitiatingprimarVculturesofcornea endothel alcels
:::ients sufferlng from FECD. They also evaluated which cond tions yle ded the besi results for
:,trastructureofDMrevealedanabnormalPosteriorBandedLayer(PBL)ar.rdafibri lar layer There
. :i.tae as well in the posteriorbanded layer. Detailsofa DM wlth large striated bodiesof0.11[n]

: :r were present in the edge ofthe PBL and perpendicular to the surface. Similar y, in our study, the
':_:revealedtheabove defined ayers,exceptwecouldn'tculturetheendothellalcellsforfurther

' , i:ructuTa changes in FECD, for example, presence of lpld keratopathy, melanin granules ln the
, -:rease in the thlckness of DM, fibrils in the cytoplasrn ofthe degenerating endothelial cells

: 
_ :::he process is more chronic tha n in PBK.

:-JsloN

, - : .rg diseases, the endothelial cells in FECD and PBK become increasingly dedifferentiated from
: -: r_norphology as well as function. This ateration or metaplasia makes them appear more

.: cytologically with increased rough endoplasmlc reticulum, cytoplasmlc filaments,
.: *ernbrane-bound vacuoles, phagocytosed pigment granules and some desmosoma
: -rctions. lncreasingly degenerate changes occur wlth swollen mitochondria, widened
: .::ces, larger vacuoles and pinocytic nuclei and death of many cells.From our study, we

:ECD and PBK, there are ultra-structural changes: DM comprises of 4 layers: anterlo.
:,.:..posteriornon-bandedlayer,posterorcollagenlayerandfibrillarlayer.Butthepresence
:::::-y,melaningranL.tles,thickenedDM,fibrilsinthecytoplasminFECDspecimensdenoies:

::_r:?ts n FECD as compared to PBK, which appears to be short-termed activity.

:::t,:iS
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