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Screening for Microvascular Complications

• Defines at risk patients

• Anticipates deterioration

• Enables assessment of new therapies

• Retinopathy (fundus photography/OCT)

• Nephropathy (microalbuminuria/eGFR)

• Neuropathy (No similar surrogate)

NOT the Leading cause of blindness

in working age adults in the UK 

Leading cause of end-stage renal 

disease 

Leading cause of non-traumatic lower 

extremity amputations 





Only 50% of people with diabetes 

who have an amputation survive for 

two years.(2) 

1. Kerr et al. Insight Health Economics 2017

2. Brownrigg JR et al. Diabetologia 2012; 55(11):2906-12

The Financial Cost of Diabetic Foot



PAIN ULCERATION

AMPUTATION

DIABETIC NEUROPATHY

Tavakoli M. Expert Opinion on Pharmacotherapy 2008; 9 (17): 2969-78.



• Neurological examination

• 10g monofilament

• Vibration perception threshold

• Electrophysiology (NCS)

• Relevance to end points?

Pain/ulceration

Which Test?



Consequence of late Diagnosis

Boulton AJ, et al. Lancet 2005, 12; 366 (9498):1719-24 



“How we think determines what we measure”
-A Einstein



A 21st Century Approach: 
Corneal Confocal Microscopy

 Rapid (2 minutes)

 Non-invasive (in vivo)

 Reiterative 

 en-face view images of  
corneal structure



•  Cornea is the most densely 

innervated tissue of the 

human body.

•  Corneal innervation is 

derived from the Trigeminal 

nerve.

• Unmyelinated C nerve fibres 

& Myelinated A-

Corneal Innervation

Müller et al. Exp Eye Res 2003;76(5):521-42 

Tavakoli M, et al Clinical and Experimental Optometry, 2012; 95:338-347.



• CCM (6 images/patient) 

CNFD (no./mm2) + TC (Red)

CNFL (mm/mm2) (Red + Blue)

CNBD (no./mm2) (Green)

Intra observer variability-ICC-0.74-0.95

Inter observer variability-ICC-0.93-0.95

CCMetrics®, M. A. Dabbah, University of

Manchester, Imaging Science and Biomedical

Engineering, School of Cancer and Enabling

Sciences.

Corneal Nerve Quantification

Tavakoli M, et al., Journal of Visualized Experiments (JOVE), 2011, 47, 2194 

Petropolous I et al. Cornea. 2013;32(5):e83-9. 
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CCM: Neuropathy Screening tool
The Wilson-Jungner Criteria (WJC)

1. An important health problem.

2. Treatment at an early stage more beneficial 

than at a later stage.

3. Physical and psychological risks - less than 

the benefits. 

4. The costs - balanced against the benefits.

5. Adequate health service resources provided  

for the extra workload resulting from 

screening

6. The condition’s natural history – to be well 

understood. 

7. Detectable early stage.

8. Suitable test - devised for the early stage.

9. The test - acceptable.

10. Intervals for repeating the test – to be 

determined. 

Adapted from World Health Organisation 1968
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From Research to Practice:

Implementation of Corneal Confocal 
Microscopy 

for Screening Diabetic Neuropathy
alongside 

Diabetic Retinopathy Screening 
Programme

A Feasibility Study 

Screening for Diabetic Neuropathy 
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Screening for Early Detection of Diabetic 

Neuropathy in Newly Diagnosed 

Type 2 Diabetes 

alongside of Retinopathy Screening 
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Study Population

450 DM Patients and 70 Healthy Subjects have been 
screened with CCM for Diabetic Neuropathy 

in 4 primary care optometry practices 

(South Manchester Screening Programme) 

97 T2DM patients 
with Duration of 

Diabetes < 1.4 year 

67 Healthy 
Control Subjects 
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Demographic Data 

Controls T2DM Patients

NUMBER 67 97
GENDER (F/M) (% male) 26/41 (61%) 35/62 (63%)
DURATION DIABETES 0 1.04 ±0.07
AGE (Years) 62±14 63±12
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Retinopathy

*Classification based on Early Treatment of Diabetic Retinopathy Study (ETDRS)

History of Retinopathy Current Grade 

Retinopathy- R*

Current Grade 

Retinopathy- M*
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History of DN & Foot 

History of Diabetic Neuropathy History of Foot Ulcer
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Neuropathy Symptoms (DNS) 
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CCM Results 

Controls Diabetes P-Value

A-CNFD (no/mm2) 29.14 ±6.81 23.83 ±7.85 <0.0001

A- CNBD (no/mm2) 41.14 ±18.56 33.42 ±16.36 0.007

A-CNFL (mm/mm2) 17.40 ±3.36 14.39 ±3.34 <0.0001

BEADING Pixel Size 184.11±4.49 237.59±19.91 <0.0001
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Corneal Nerves

P<0.0001
P=0.006

P<0.0001

Corneal Nerve Fibre Density Corneal Nerve Branch Density Corneal Nerve Fibre Length 
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Prevalence of Abnormality

• Percentages of CCM measures below the 2.5thpercentile limit of 

normal in the diabetic and control groups studied

Controls 

(No) 

T2DM

(No)

Percentage abnormal

cases (%)

A-CNFD 1 (1.4%) 14 14.43%

A-CNBD 0 3 3.02%

A-CNFL 1 17 17.52%
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Lessons from other studies 
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Conclusion

The level of neuropathy symptoms that reported by newly

diagnosed T2DM patients was interestingly high.

The prevalence of background retinopathy was

considerably high.

There was a significant level of small fibre damage at

corneal nerves of this cohort of newly diagnosed T2DM.

Corneal Confocal microscopy can detect neuropathy at

early stages and be used as screening method.



“We must learn to measure what we value rather than valuing what we can easily measure”. - Unknown

http://www.google.co.uk/url?sa=i&rct=j&q=Neuropad&source=images&cd=&cad=rja&docid=a8hSs7l7W-Pa4M&tbnid=A8KKHDUHbxrSwM:&ved=0CAUQjRw&url=http://www.neuropad.com/neuropad.html&ei=8z5fUZaWLIaP0AXU-IDwBQ&bvm=bv.44770516,d.d2k&psig=AFQjCNFLG5roLc94IHwyNTeLyw6gRhXmRA&ust=1365282904169517


Thank You 


