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Richard Middlemore-1804-1891

• Born 12 October 1804, Second son

• Middlemores (Hawkesley Branch) of 

Northfield

• Lords of the Manor of Edgbaston

• Leather Trade

• Solihull School

• 16 yo Apprentice to Mr Chawner (GP) of 

Lichfield



1823 (19yo) Dresser- Mr Vincent and Mr Abernethy, 

St Bart’s, West  Smithfield

14 Bedford Row



1828 (24yo) Assistant Surgeon, to 

Mr Hodgson (founder of 

 Birmingham and Midland Eye Institution

in 1823 in Cannon Street)



1831- Jacksonian Prize

1835 -(31yo) ‘DISEASES OF THE EYE’ >1600 pages 

1877-Triennial BMA Middlemore Prize

1879 – Retired at age 75, 

Birmingham and Midland Eye Hospital, 

-Cannon St, 

-Steelhouse Lane 

-Temple Row



1879 – Retired at age 75, 

1883- Eye Hospital in Church St was opened. 





Middlemore Lectures  since 1889



Middlemore Lecturers

1889-





Richard Middlemore Lectures

The Remit

• To digest and arrange, …

• …the research and experience of those 

who devote themselves to the 

advancement of ophthalmology ….

• …for the service of those who are 

engaged in the absorbing duties of 

ophthalmic practice…



Illustrating:

-Some research…

-Some skills for clinical practice….

 

Middlemore Lecture 2016

Role of the Muller Cell 

in 

Retinal Pathology and Physiology

 



Heinrich 

Muller 

(1820-1864)



ü



The Muller cell



1) Role of Muller Cells in VMT



17
Why is fovea so sticky to ILM/Post Hyaloid?



Vitreous Embryology

ILM and Bruch’s are continuous in 

early embryogenesis 

( coded by same genes )

Gregory Hageman PhD



42 yo

53 yo

60 yo

70 yo

71 yo

82 yo

RPE/Bruch’s complex in different age groups.



Aging vitreous



Vitreo-retinal Interface

• Dense sheets of 

collagen fibrils

• Not attached to ILM 

but ‘glued’ to it

Posterior Surface of vitreous 

cortex (posterior Hyaloid) 

Anterior surface of ILM

Encyclopedia of the Eye, Darlene A Dartt, J Sebag, Elsevier, 2010



Muller cells ‘poke through’ ILM

• Scanning EM of anterior 
surface of ILM- muller cell 
imprints

• Transmission EM 
showing ILM between 
Muller cell plate and 
Posterior surface of 
Vitreous Cortex

• ? Strong ‘glue’ at this 
interface which weakens 
with age.

Sebag J, Arch Ophthalmol 

109:966-971, 1991



Center of foveola and Muller cell cone

23
1. Bringmann A, et al. Prog Retin Eye Res 2006;25:397–424.



Muller cells play a role in vitreo-retinal adhesion

• Strongest at 
– Vitreous Base, Equator, 

– Optic disc margin 

– fovea 

– but not posterior pole.

• ?Implications for NVE 

and NVD and VMT

• ? Implications for ILM 

peel technique

Russell SR, Shepherd JD, Hageman GS, Distribution of glycoconjugates in human 

ILM. IOVS, 32, 1991



2) Role of Muller cells in 

directing light on the fovea



Heinrich Muller (1820-1864)



Bursa Premacularis and Posterior vitreous 

lacunae



OCT layers- assignment

ELM

RPE



OCT layers- assignment

ELM

RPE

IS



OCT layers- assignment

ELM

RPE

IS

?OS



Nomenclature of lines- are the 

assignments correct?

Retina Vol 31, pg1609-1619, 2011



Scale drawing of 

inner segment and 

outer segment

Cones



Normal OCT Classification

Formed Vitreous
Posterior Cortical Vitreous

Preretinal Space

Nerve Fiber Layer

Ganglion Cell Layer

Inner Plexiform Layer
Inner Nuclear Layer

Outer Plexiform Layer (dendritic)

Henle’s-ONL 

junction (subtle)

Henle Fiber Layer  (axonal OPL)
Outer Nuclear Layer

Sattler’s Layer (inner Choroid)

Haller’s Layer (Outer Choroid)

External Limiting Membrane

Ellipsoid Zone 

(Inner Segment)

Outer Segments

Interdigitation Zone

Choriocapillaris

RPE/ Bruch’s 

Complex

Myoid Zone 

(Inner Segment)

Choroid 

Sclera 

Junction



OCT Nomenclature group- Venice 2012.



Foveal centre, Mitochondria and light path

35
1. Bringmann A, et al. Prog Retin Eye Res 2006;25:397–424.

Stiles-Crawford effect -A>B



Dr Andreas 

Reichenbach, 

Leipzig, 2011





Muller cells better developed in high acuity system



3)Role of Muller cells in macular protection



Muller cells contain Lutein and Zeaxanthin

1. Tsujikawa A, et al. Am J Ophthalmol 2009;148:83–9; 2. Gass JD. Arch Ophthalmol 1968;80:550–68.



Blocked flourescence in centre of macula in normal eyes



Normal Blue Peak 

Auto fluorescence 

imaging

Excite 488nm

Filter 521nm



FAF Imaging in Normals

• Distribution of lipofuscin over the posterior pole
• Relative decreased signal in the central macula

• Absorption by luteal pigment
• Increased RPE melanin deposition
• Lower density of lipofuscin granules





RPE Lipofuscin ( Francois Delori and Alan Bird)

• Lipofuscin in the lysosomal compartment 

• Mainly derived from incompletely digested photoreceptor discs

• Accumulation with age and in various retinal disease

MelaninLipofuscin

19 years 64 years



Post RD surgery



Vitelliform lesion diagnosis



Vitelliform lesions

From 

Boon et al



Orange pigment on 

Melanoma



Healthy Foveal Muller cell pigment blocks 

RPE Lipofuscin  autofluorescence

AF imaging



4)Role of Muller cells in Macular 

Telangiectasia



Clinical features in Macular 

Telangiectasia Type II (MacTel)

• Slightly reduced central vision, Bilateral

• FFA- Juxta foveal, hyperfluorescent lesion

• Cysts on OCT, no lipid

• Macular thinning, sometimes thickening

• Increased Auto Fluorescence - macula 

centre brighter than normal..



Normal

Parafoveal Telangiectasia, Mac Tel type 2

Loss of normal blockade of AF in center of macula.



FFA
AF

Loss of normal Lutein

in Muller cells?



Third published clinico-pathologic study of Mactel 

2 in literature

Ophthalmology 2010:117



Histochemical staining showed absence of Muller cell cone





OCT Angiography of Mactel II

Deep PlexusSuperficial 

Plexus



Powner et al- discussion about 

vascular changes



Does the Muller Cell have a 

role in the pathogenesis of 

other types of macular 

telangiectasia?

(Types I and III and Retinal Telangiectasia, 

Coats disease and Coats syndrome)



Retinal telangiectasis 

1. retinal vascular disorder

2. developmental or acquired

3. central or peripheral retina

4. ectasia of capillaries 

5. irregular capillary dilation and 

incompetence



Al Khars et al 

Middle East Afr J Ophthalmol. 2010 Jul-Sep; 17(3): 224–241

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2934714/


Working Classification of Retinal Telangiectasia

1. Mac Tel II ( Loss of Muller cells )

– Neurodegeneration

– No Lipid ( crystals and pigment)

– Hyperfluorescence on FFA but No swelling

2. Other types of Retinal Telangiectasia

– Predominantly vascular leakage

– Lipid exudate

– Spectrum from Coats disease, to Type 1 , 

Type 3, adult Coats syndrome



Spectrum of  Retinal Telangiectasia:

Coats disease



Spectrum of  Retinal Telangiectasia

Type 1, Macular Telangiectasia



Type 1, N301997
Spectrum of  Retinal Telangiectasia



Type 1 Macular Telangiectasia
E60792

E60792



Spectrum of  Retinal Telangiectasia

N251310



N732804, 39 YO lady

Spectrum of  Retinal Telangiectasia



Not Coat’s: Peripheral vasoproliferative 

tumours

( Reactive Retinal Astrocytic Tumors)



Not Coats- PCV

n361137



Type III Retinal Telangiectasia

Radiation Retinopathy- Ruthenium N308704

Spectrum of  Retinal Telangiectasia



Does the Muller Cell have a 

role in the pathogenesis of 

other types of macular 

telangiectasia?

(Types I and III and Retinal Telangiectasia, 

Coats disease and Coats syndrome)

Probably NOT as direct a role as in MacTel 2



5)Muller cells also have a role in Macular Oedema



Diabetes

Micro angiopathy 



India Ink retinal mounts of 

diabetic rat retina

Animal Model of DR

Stretozotocin

http://www.google.co.uk/imgres?imgurl=http://o.quizlet.com/-hvsx4oYpRQsWg6JIO0N7w_m.jpg&imgrefurl=http://quizlet.com/11423555/optho-path-flash-cards/&usg=__8lxMqMuEIDvEuc3klRtdk6JEqbY=&h=139&w=240&sz=15&hl=en&start=1&sig2=owMtr8h-nyJHlcejy5fUtw&zoom=1&tbnid=jEXgmTU9nmzGjM:&tbnh=64&tbnw=110&ei=D0q2UZS5IMSZ0AX67IHIAg&prev=/search?q=diabetic+retinopathy+india+ink&sa=X&rlz=1T4ADRA_enGB462GB464&hl=en-GB&gbv=2&tbm=isch&prmd=ivnsb&itbs=1&sa=X&ved=0CCwQrQMwAA




Diabetic retinopathy

with good vison (VA: 

20/25)

Fluid leakage

Only microcysts associated

with mild retinal thickening

Images provided by authors.



Young type 1 diabetic, reduced 

vision 6/9, in both eyes

W60504



FFA showed bilateral diffuse leakage from 

capillaries with no microangiopathy signs



Thickness map showed 

thickening> 400 microns



Healthy cone
pedicle (CP)

Marked swelling
of Müller cell (MC)

Retinal swelling starts

inside Müller cells (Ballooning)

• Ballooning of the 

Müller cells is the 

first step, not 

clinically 

detectable1

• Foveomacular 

region of an eye with 

cystoid macular 

edema (electronic 

microscopy) from 

diabetic retinopathy: 

the intercellular 

spaces (arrow) are 

usually normal or 

slightly enlarged1

1. Fine BS and Brucker AJ. Am J Ophthalmol 1981;92:466–81.



‘Intracellular Oedema’

•Intracellular

– Müller cell swelling

– Neuronal swelling

•Intercellular

– Retinal vessel leakage

– RPE cell leakage

Inner 
retina

Outer 
retina

Choroidal 
capillary

CFTR

Aqp 4

Müller cell

Retinal 
capillary

Photoreceptor

RPE

1. Yanoff M, et al. Surv Ophthalmol 1984;28:505–11. 2. Fine BS and Brucker AJ. Am J 

Ophthalmol 1981;92:466–81.

3. Adapted from Levin MH and Verkman AS. J Membr Biol 2006;210:105–15.  



Müller cells are important for regulation of 

fluid transfer in the retina (through ionic 

channels)

Müller cells are wrapped around 

vesssels1,2

Müller cells active fluid reabsorption 

(retinal dehydration control) and ionic 

regulation2

ASTROCYTES, MÜLLER GLIAL CELLS & 

VESSELS1

1. Rendon A. Personal data. 2. Reichenbach A, et al. Graefes Arch Clin Exp Ophthalmol 

2007;245:627–36.

As long as Müller cells keep functioning,

visual function can be maintained or repaired2

Inner 

retina

Subretinal 

space

RPE

Choroidea

K+ Cl- H2O

AQP1

H2O

K+
AQP1

Kir4.1

ATP

ATP



Aquaporin-4 is the principal 

water channel in Müller cells

AQP4

Müller cells

©2006 Computational Biomolecular Dynamics 
Group. 

GCL

IPL
INL

OPL

ONL

1. Iandiev I, et al. Neurosci Lett 2005;388:96–9; 2. 

Figure ©2006 Computational Biomolecular Dynamics 

Group. 

www3.mpibpc.mpg.de/groups/de_groot/concept_desig

n/gallery.html Accessed May 2013.
Peter Agre MD, Johns Hopkins, Nobel Prize 2003



Summary

• Muller Cells have multiple roles:
1. Glue for VR adhesion

2. Directing light (Muller cell cone)

3. Storing Lutein to block Blue and UV light

4. Changes in Mactel II

5. Early ‘Intra-cellular’ Macular Oedema (aquaporin 

failure)

6. Etc Etc



The Richard Middlemore Lectures

Remit

• To digest and arrange, …

• …the research and experience of those 

who devote themselves to the 

advancement of ophthalmology ….

• …for the service of those who are 

engaged in the absorbing duties of 

ophthalmic practice…



P Jameson Evans, Middlemore Lecture, December 1939



Sohan Singh Hayreh, 

MD, MS, PhD, FRCS, 

FRCOphth, DSc

Born Amritsar 1927,

1964 (37yo) SHO BMEC, 

1987 DSc

…this concept was received with

marked skepticism. Since then, however, evidence that 

vascular insufficiency in the optic nerve head (ONH) 

plays an important role in pathogenesis of glaucomatous 

optic neuropathy has progressively accumulated; so that 

now its vasogenic origin is widely accepted.2

In 2008, he wrote this about the laminar 
part of the optic nerve in glaucoma.



Illustrating:

-Some research…

-Some skills for clinical practice….

-Medical Retina Practice in 2016.
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Thank you for 

Listening

John Abernethy
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