Daljit Singh M.S., D.Sc.

FLUID CHANNELS OF CORNEA AND CONJUNCTIVA
P.7-12

- Coﬁjunctiva

: 4 1‘3\.‘-.,,.

Fig 1. A picture of the limbus showing the lymphatics
entering the cornea as single channels. Proximally they
join each other and then merge with wider conjunctival
lymphatics coursing parallel to the limbus.
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Fig. 3. A 3D picture of a prominent arcus senilis,
in which there is a network of prominent corneal
“channels” that join the circular “lucid interval”
in the periphery of the cornea.
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Fig.4 showing a very prominent lucid interval,
giving the appearance of a gutter. However the
appearance was created by the transparency of
the anterior wall of the lucid interval. Optical
section also shows communication between the
lucid interval and the corneal channels.
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Fig.2. The low power magnification showing the
translucency of the cornea. It also gives a slight hint of
structure and non-structure i.e channels. High magnification
makes the difference very obvious. A nerve fibre is also
visible.

b)
Fig.5 (a, b). Shows very prominent arcus senilis as well
as the lucid interval. The outer edge of lucid interval
shows fine pores/openings, which are confirmed on
magnifying the picture.
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sinusoidal/lymphatic channels.

Fig.6. Histology of the cornea showing a large
number of slit like spaces throughout the depth of the
cornea. They could very well represent the
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LIMBAL LYMPHATICS

Fig.8. The oneness of the limbal lymphatics and the
conjunctival lymphatics is well demonstrated in this
picture.

Fig.9. OCT of the angle area showing Lucid
interval/canal of Singh and Schlemm canal. The two

are connected through Singh aqueduct.

P.7-12

Fig.7.

A 100 micron blunt wire has been passed in to the
lucid interval channel.

Fig.10. Diagrammatic representation of the
possible mechanism of fluid movement in the
area of the angle of anterior chamber. The
Schlemm canal is hidden under the sclera.
Yellow arrows represent aqueducts connecting
to lucid interval/Singh canal. Blue arrows show
connection between lucid interval and the
cornea. Green arrows represent connection
between lucid interval and the conjunctival
lymphatics.
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Summary. For long it has been taught that there
are no lymphatics in the eye. However, we have
observed that lymphatics do exist, not only in the
conjunctiva, but also in the cornea. A network of
corneal channels is connected to a triangular
sinusoidal channel in the corneal periphery, in the
area that appears as “lucid interval” in cases of arcus
senilis. This lucid interval channel/Singh canal has
connection with the canal of Schlemm through slit
like aqueduct. Thus Singh canal has triple
connections — corneal channel network, Schlemm
canal and conjunctival lymphatics. Every structure
has been minutely photographed. The presence of
channel network shall help us to study the corneal
and glaucoma problems better than before.

Keywords: lucid interval channel/Singh canal,
corneal and conjunctival lymphatics

INTRODUCTION: Data regarding fluid and
blood system of the anterior segment of the human
eye are presented in literature. Ascher detected
aqueous veins in 1941 [1]. According to him, the
aqueous seeps through the trabecular meshwork, in
to the canal of Schlemm, thence through the scleral
venous network, and, finally into conjunctival and
episcleral veins. Norman Ashton in 1951 made a
significant contribution to the understanding of
drainage channels, by the study of neoperene casts
[4]. He concluded that some aqueous veins arise
directly from Schlemm canal, while some other were
connected to Schlemm canal indirectly through
superficial and deep scleral plexus. He further
observed that all aqueous veins were of striated or
laminated variety. What is noteworthy is that the
author talked only about “veins”. However the way
the study was conducted, he could not find anything
finer than veins. He also made a remark that “Nor it
can be said that our results dispose of the possibility
that certain aqueous veins may not derive their
aqueous from Schlemm’s canal.” Whatever it meant,
but lymphatics were not in his mind, when he wrote
this.

The current understanding about aqueous
movement is summed up in 2011 edition of Shields
Text book of Glaucoma as,”The Schlemm canal is
connected by intrascleral channels to the episcleral
veins [7]. The trabecular meshwork, Schlemm canal
and the intrascleral channels make up the main route

of aqueous humor outflow. ” Nowhere in this 610
pages long book, is there any mention of lymphatics.

Singh et al in 2003 presented their study of
conjunctival lymphatics [6]. It was suggested that
lymphatics play an important role for aqueous
drainage, normally and especially after a filtration
surgery. Our work continued. We could demonstrate
conjunctival lymphatics by a variety of ways [5].The
conjunctival lymphatics enter the cornea at the
limbus, in great numbers, as single channels.
Proximally they join each other and merge with the
wide conjunctival network. A question arose, where
do they disappear in to the cornea? What is
happening in the cornea?

The current paper is a continuation of the same
work in greater depth. The lymphatic network has
been traced in the cornea. They exist as a network of
sinusoidal channels that are connected to a large
circular sinusoidal channel in the periphery of the
cornea. The location of this channel corresponds to
the “lucid interval” that is often seen in cases of
arcus senilis. The Lucid interval /channel of Singh is
situated not far from canal of Schlemm. The two are
connected through “Aqueducts of Singh”. The Lucid
interval channel has multilayered lymphatic
connections both on the corneal as well as on the
conjunctival side. These are described as follows.

For the cornea to maintain its hydration,
transparency and metabolism, it must have certain
kind of fluid movement from the endothelial and
epithelial side as well as from the limbus. Does the
fluid movement occur by a process of diffusion only
between the stroma and the limiting membranes on
the two sides, or there is a more efficient system of
fluid movement through the cornea?

The cornea is transparent for all practical purposes.
Hence it is difficult to visualise any kind of non-
vascular sinusoidal/lymphatic channels coursing
through it. The vascular channels remain visible,
because of the vessel walls, even if there is no blood
in them. A purpose of this study is to demonstrate an
existence of the lymphatic channels of the cornea.

METHODS. Normal and eyes with corneal
diseases were examined using slit-lamp equipped with
a camera. One picture was borrowed from other
scientific sources. The human eyes were used to
investigate channels in the corneal stroma.
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RESULTS AND DISCUSSION. Cornea is not
as transparent as glass. It is translucent. When light
is passed through it, it is not reflected uniformly,

The structures reflect, while non-structures
(sinusoidal fluid channels) do not. This is what we
actually find under high magnification. If the corneal
tissue is “inflamed” or less transparent for some
reason, the difference becomes exaggerated. Any
kind of corneal channels, if present in the cornea, are
expected to be transparent, hence invisible. But
suppose there is a corneal pathology renders the
corneal tissue translucent or semi-opaque. That is
what we found in a variety of cases (Fig.1). Here are
a few samples.

1. A case of megalocornea with a central
opacity. He was a 7 year old child suffering from
megalocornea and congenital cataract. An iris claw
lens was implanted. A faint opacity was noticed in
the centre of the cornea. On closer look, it showed
the presence of a network of dark lines in between
the semiopaque corneal areas. On optical section,
these lines/channels were seen to be located in the
corneal stroma (Fig.2). He has been observed for 13
years. The appearance has remained the same.

2. Cases of arcus senilis. Arcus senilis is an
interesting condition in which the cornea becomes
semi-opaque and wherein it is possible to observe
channels. The following picture (Fig. 3) in 3 D
shows wide arcus senilis with a network of channels.
In the periphery, the network merges with the “lucid
interval”. In every case of arcus senilis, the “lucid
interval” on optical section, appears as roughly
triangular, irregularly edged, optically empty space,
the apex of the triangle being directed towards the
centre. There is an anterior and a posterior wall.
Towards the apex/corneal side, it appears to be
continuous with the corneal channels. Rarely one
might come across an extremely prominent lucid
interval as in the following case (Fig.4). At first look
it appeared to be a deep gutter in the periphery of the
cornea that also showed arcus senilis. Optical
section showed that it was lucid interval that had an
opaque posterior and a transparent anterior wall. The
optical section also showed intimate connection
between the lucid interval and corneal channels
towards the centre of the cornea. This case leaves no
doubt that “lucid interval” is indeed a sinusoidal
canal that serves to move fluid in the cornea. The
optical section also shows a conjunctival lymphatic
channel joining the lucid interval. In a short
segment, the outer edge of the arcus senilis showed
roughness due to the possible presence of holes of
the corneal channels opening in to lucid interval. It
is not a figment of imagination, as the appearances
of the next case shall show. This patient had a very
prominent nearly opaque arcus senilis and an equally

because of “structures”. The nearest reflection shows
optically light and dark areas.

sharp and prominent transparent lucid interval
(Fig.5). A large number of openings in multiple
layers were seen to come from the arcus senilis
towards the lucid interval. If we consider whole of
the corneal circumference, the number of these
openings will run into many thousands. And these
openings must be connected to thousands of
channels in the cornea.

Histology of the cornea shows a huge number of
large and small slits in the stroma (Fig.6). These slits
are either ignored or they are labelled as artifacts. It
is because of lack of awareness about the lymphatics
in the cornea. The huge number of slits seen in
cornea histology pictures seem to match the large
number of big and small corneal lymphatics that we
have been able to see and photograph through the
slit lamp microscope. It must be emphasised that the
clinically visible channels are only a fraction of the
real number, since they are being visualized in one
plane only.

The next question was if lucid interval is channel,
can we pass a wire in to it ? We tried and found that
a 100 micron blunt steel wire could be easily pushed
for considerable distance. We could also pass a
straight 240 micron blunt cannula for a shorter
distance (Fig.7).

Let us now look at the relationship between the
corneal channels, lucid interval and the conjunctival
lymphatics. Figs.8 shows that these
channels/lymphatics are connected to each other.

Most of the pictures that give us information
from the surface/one plane only. Sometimes we see
the corneal channels entering lucid interval at
multiple planes. Similarly we come across cases, in
which lymphatics are seen connected to the limbus
not in one but in multiple levels. There is great
probability that they are mostly connected to the
lucid interval channel of Singh, it being so wide.
There is a reasonable chance that some of them are
directly connected to canal of Schlemm or to intra-
scleral lymphatics. It may be mentioned that the
literature talks of intra-scleral venous plexus and not
of intra-scleral lymphatic plexus. If there is network
of lymphatics in the cornea, why not the same in the
sclera? The lymphatic system of the cornea, sclera
and conjunctiva has to be one interconnected.

The source of fluid in the corneal and
conjunctival lymphatics. The channel/lymphatic
system discussed thus far helps us to understand,
that there is a high probability of free movement of
fluids. These fluids should hydrate the cornea and
aid in the metabolism. But we have yet to find out
where the circulating fluid comes from. The only
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available fluid source in this anatomical area is the
aqueous in the anterior chamber. The classical
teaching would lead us to believe that the nutrition
flows through the corneal endothelium and the
the form of a “lucid interval channel”, that we have
demonstrated. The lucid interval channel is situated
in the peripheral most part of the clear cornea. It lies
superficial to the anterior part of corneo-scleral
trabeculae. That means it is very close to the canal of
Schlemm, which overlies the posterior part of
trabecular meshwork (Fig.9).

The clinical concept of corneal channels is new.
The anterior segment OCT has existed for over a
decade. The OCT images often show lucid interval
channel connected to Schlemm canal via aqueduct
connect. We have studied hundreds of OCTs of our
patients. We frequently come across images that
clearly show the triple relationship of lucid interval
channel, aqueduct and Schlemm canal. This
relationship is  uneven/unequal around the
circumference. Much more amazing has been the
fact that sometimes the OCT image showing the
triple connection might change appearance after
local medication with pilocarpine.

Once the link between the lucid interval and
canal of Schlemm is understood, the dynamic nature
of fluid movement become clear (fig. 10).  What
happens with every pulse beat? This is how I
visualize. With every pulse beat, aqueous gets
pushed from the ciliary body in to the posterior
chamber, from where it is pushed towards the
anterior chamber and further towards the angle of
the anterior chamber. There is a positive phase when
the heart is beating and there is a negative phase
when it is relaxing. The aqueous is pushed through
trabecular meshwork in to the canal of Schlemm. A
little less goes back than gets in, since the fluid has
to move on. From the Schlemm canal it pulses
through the aqueduct of Singh in to the lucid
interval/ Singh canal. From Singh canal the fluid
pulses in to and out of the corneal lymphatic
network. The to and fro movement is equal in
volume. However with every pulse beat, some fluid
escapes from Singh canal to conjunctival
lymphatics, through limbal connections, from where
it gets in to general circulation. The formation of
topography waves is explained by to and fro
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Hamxut CuHrx
Ogpmanvmonoziuna kninixa Janxwcum Cunex, Ampumcap, In0is

JlimpaTnuHi KaHATH POTiBKH | KOH'IOHKTHBH
Pe3tome. [loBruii wac BBakajocs, IO B OLi BIJICYTHS JiMdaThdHa cucTeMa. ABTOPOM IIOKa3aHa HasBHICTH
JmiM(paTHYHAX KaHalliB B KOH'IOHKTHUBI 1 poriui. Mepeka KaHaJIiB pOTiBOK 3'€THYETHCS 3 TPUKYTHHM CHHYCOITaJIbHUM
kaHasiomM CHHIXa, po3TamoBaHuM Ha riepudepii poriBku. Kananm CHHIXa CrIoNMydaeTsest i3 CKIICpaJIbHUM CHHYCOM 32
nonomororo akBenykiB CuHrxa. TpuKyTHHII CHHYCOimambHMH KaHall pPOTIBKM Ma€ CIONYYEHHS TakoX 3
KOH'IOHKTHBAJIBHOIO 1 POTiBKOIO JiM(aTHIHOIO cucTeMoro. KokHa ormicyBaHa aHATOMIYHA CTPYKTYpa MpecTaBiieHa
Ha Qororpadisx. [Tokazana HasgBHICTH JIiM(pATUYHMX KaHAJTIB B KOH'IOHKTHBI 1 POTIBII iCTOTHO JIOITIOMOYX€E Y BUBYECHHI

ITUTaHb JIKYBaHHS INIAYKOMH 1 TATOJIOT1] POTiBKH.
Kiro4osi ciioBa: kanaia CuHrxa, JiMmpaTH4Hi KaHAJIH POTiBKH i KOH'IOHKTHBH

Hamxut CuHrx
Opmanvmonocuuecxasn kaunuxa arxwcum Cunex, Ampumcap, Unous
JlumdaTnyeckne KAaHAJIBI POTOBUIILI 1 KOHBIOHKTHBBI
Pe3rome. I[OJ'II‘O@ BpEMA CYHTAJIOCh, YTO B IJIa3y OTCYTCTBYCT J'II/IM(l)aTI/I‘ICCKaﬂ CHUCTEMA. ABTOpOM II0OKa3aHO
HaJIn4ue J'II/IM(l)aTI/I‘leCKI/IX KaHaJIOB B KOHBIOHKTUBEC W POI'OBHUIIC. Cetb POroBUYHbLIX KaHAJOB COCAUHACTCA C
TPEYTroOJIbHBIM CHHYCOUAAJIbHBIM KaHaJIOM CI/IHFXa, PACIIOJIOKCHHBIM  Ha HepI/I(bepI/II/I POroBHUIIbI. Kanan Cuarxa
coo0mIaeTcsi cO CKJIEPATbHBIM CHHYCOM IOCPEACTBOM akBeqykoB CuHrxa. TpeyrompHbI CHHYCOMIANbHBIA KaHa
POroBullbl UMECT COO6III€HI/I€ TaKK€ C KOHBIOHKTHBAILHOM H pOFOBI/I‘IHOfl J'IHM(I)aTPI‘IeCKOfI CHUCTEMOM. Kaxcz{aﬂ
OIMCbIBaCMasl aHATOMHYCCKAsl CTPYKTYpa IIPCACTABJICHA Ha (bOTOl"pa(bI/ISIX. Iloxa3zanHOe HammuHe J'II/IMq)aTI/I‘erCKI/IX
KaHaJIOB B KOHBbIOHKTHUBC U POrOBULC CYHICCTBCHHO MMOMOXKCET B U3YUYCHHUHU BOIIPOCOB JICUHCHUS TTIAYKOMBI U IaTOJIOTUH

POroBUIIbI.

KiroueBble ciioBa: kanaji CHMHrxa, poroBH4Hble H KOHbIOHKTHBAJIbHbIE JUM(aTHYEeCKUEe KAHAJBI
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C. O. Puxos, 0. M. Konnparenko, H. C. JIaBpuxk, I. A. Makapenko, C. B. Bungu6toperns
JOCJIIKEHHS CTAHY JUCKA 30POBOI'O HEPBA HICJIA
JIBOETAITHOI'O XIPYPITYHOT O JIIKYBAHHS TEPBUHHOI

BIIKPUTOKYTOBOI TVIAYKOMM 3A PE3YJIbTATAMHA
CKAHYIOYUX JIABEPHUX METOAIB JIATHOCTUKHA

HamionansHa MeauuHa akagaeMist MCIIUIIIOMHOT OCBITH
imeni I1. JI. lllynuka, Kuis, Ykpaina

Pe3rome. [IpoBeneno aHai3 TaHUX
obctexxeHHs: 338 odeil mauieHTIB i3 TEPBUHHOIO
BIIKPUTOKYTOBOIO TJIAYKOMOIO y MiCIIsIONepatiiHui
nepiof JABOETAIHUX AHTHUIVIAYKOMHUX —Omepamii
BIIPOAOBXK 12 Mic, pO3NOAINEHUX HA TPH TPYIH 3a
TUIIOM XIpypriyHoro JiikyBaHHs. Bu3HaueHo Ta

MPOAHATI30BAHO po3momin YaCcTOTH 3MIH
CTEpEOMETPUYHUX TMapaMeTpiB JUCKa 30pPOBOTO
HEpBa  BIIHOCHO  BHUXIHOTO  CTaHy  IIOJAO

ctabimizallii, HeraTUBi3allil Ta MO3UTUBHOI JUHAMIKU
32 pe3yiabTaTaMM CKAaHYIOUHX JIa3ePHUX METOIB
JIAarHOCTHKH MIEPBUHHOT BiJIKPUTOKYTOBOI
riaykoMu. [loka3HUKM cepeqHbOI TOBIIMHH IHAPY
HEPBOBUX BOJIOKOH 1 IUIOINII HEHPOPETHHAIHLHOTO

MOSACKA, SIKI JEMOHCTPYIOTH 3MIiHM 3 3-TO Micsus
CIIOCTEPEKEHHS,  JOLUIIBHO  BHUOKPEMHUTH  SIK
HaOLIBII Yy T/IUBI 1 paHHi, 1 e Tpeba BpaxyBaTu y
micasionepaifHOMy CIIOCTEPEXKEHHI 3a AWHAMIKOIO
IJIayKOMHOI ONTUYHOI HeHpomnaTii.

Kurouosi CJ10BAa: rjiaykoma,
crepeomerpuyHi mapamerpu, HRT, GDxVCC,
riu0oKka Henepdopyroda CKJIEpPeKTOMis, Ja3epHa
TpadeKyJI0ToMist

[lepBuHHA BiAKPUTOKYTOBA IlIayKOMa
(IBKT') mocinae omHe 3 IEPIIAX MiCIb Cepe
MPUYMH HE3BOPOTHOI CITIMOTH, cIabKO30pOCTi Ta
MEPBUHHOI 1HBAJIITHOCTI, 3aJIMILIAI0YUCH BAXKIUBOIO
MEINKO-COL[IaJIbHOIO MTPOOIEMOIO CydacHOT

ApxiB opranbmonorii YKpaiHu

opuriHanbHi cTarTi



