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I. How the body heals: 
A. Pain (Dolor) 
B. Redness (Rubor) 
C. Swelling (Tumor) 
D. Heat (Calor) 

1. Leukotrienes, Prostaglandins Released

E. Decreased vision 
1. Surface irregularities:  SPK, filaments, EBMD, Salzmann’s nodules, tear film abnormality
2. Corneal edema (endothelial cell inflammation)
3. Inflammatory infiltrates, WBC recruitment
4. Poor regeneration, healing
5. Limbal stem cell shock

F. Neurotrophic cornea: 
1. Nerve damage
2. Susceptibility to infection
3. Poor healing,
4. Alteration of host defenses

G. Corneal stromal haze 
1. Sub-epi fibrosis, scarring
2. Neovascularization (VEGF)
3. Permanent visual impairment

H. Treatment Options: Passive vs. Active 
1. Biologic Corneal Bandages are Active

a) Controls inflammation
b) Prevents additional damage
c) Promotes and accelerates wound healing
d) Prevents / reduces scar formation

I. Emerging Treatment Paradigm 
1. Different Outcomes of Tissue Injury

J. Corneal Conundrum: A New Hope 
1. Anterior Basement Membrane Dystrophy
2. Neurotrophic Ulcer
3. Recurrent Epithelial Erosion
4. Dry Eyes - SPK
5. Chemical Burn

II. Anterior Basement Membrane Dystrophy: ABMD / EBMD
A. ABMD:  Superficial Keratectomy

III. Structure of Amniotic Membrane
A. Biologically Active Tissue 
B. Why Cryopreservation Matters… 

1. CryoTek™ cryopreservation method ensures retention of key active components of the
Extracellular Matrix (ECM) 
2. Only method that retains both:

a) Integrity of the tissue structure
b) Key active ECM and healing components
c) Safe and effective



d) Extensive Number of Peer Review Articles / Publications 
e) Cryopreserved Amniotic Membrane granted wound healing indication by FDA.  
 

3. Study:  Characterization of Commercial Cryopreserved vs. Dried Amniotic Membrane 
(ARVO 2012) Neel Desai1,2 M. T. Cooke3, C. J. Mandrycky3, J. O’Connell4 & Todd C. McDevitt3,4, 5 

a) Comparison of Dry  vs. Cryopreserved 
b) Study Results:  Absence of PTX3 in Dry Membrane 

(1) PTX3 is the activator for Heavy Chain (HC)-Hyaluronic Acid (HA) 
complex.4  
(2) PTX3 is abundantly present in cryopreserved AM 
(3) PTX3 was poorly detected in dried AM.  
(4) This result suggests that dehydration processing damages the integrity 
of HC-HA complex. 
(5) Formation of HC-HA Complex in  Amniotic Membrane   

c) Dehydrated Membrane Disk 
d) Study Conclusion 

4. Cryopreserved Amniotic Membrane via the Cryo-Tek™ method preserves histologic 
features and ECM (collagens and sulfated proteoglycans) better than Dry Amniotic Membrane by 
Purion™ method.  

a) Dry Amniotic Membrane by Purion™ method showed: 
b) degradation of HMW HA to LMW HA and HC-HA complex, absence of PTX3, 
and lack of inhibition of giant cell formation  
c) These findings further indicate that Dry Amniotic Membrane has deprived active 
components and lost the efficacy of promoting active wound healing of the amniotic 
tissue. 
 

IV. What is a Neurotrophic Ulcer? 
A. Rare degenerative corneal disease:  

1. caused by an impairment of trigeminal corneal innervation,  
2. leading to a decrease or absence of corneal sensation.  
3. Ocular & systemic diseases can determine a lesion at different levels of the 5th CN: 
nucleus in the pons,  Gasserian ganglion,  trigeminal ophthalmic branch, nasociliary nerve, or 
long ciliary nerve   
4. The corneal epithelium is the first target showing dystrophic changes and defects with 
poor tendency to spontaneous healing.  
5. The progression of the disease may lead to corneal ulcers, melting, and perforation. 
6. Clinical diagnosis is determined  from the Hx. & clinical findings, the management of this 
condition is one of the most difficult and challenging among all corneal diseases.  
 

B. Possible Etiologies: 
1. Ocular: 

a) Post-herpes infections (HSV, HZO) 
b) Chemical and physical burns 
c) Drug toxicity:  abuse of topical anesthetics, timolol, betaxolol,  
diclofenac sodium, sulfacetamide 30% 

2. Post-surgical or laser treatment (trauma of ciliary nerves) 
a) Corneal incisions 

3. Chronic ocular surface injury or inflammation 
4. Contact lens wear 
5. Corneal dystrophies: Lattice, Granular, Macular 
 

V. Dry Eye Disease Background 
A. Corneal nerves play a significant role in the maintenance of corneal sensation and ocular surface 
health 
B. Background 

1. DED is accompanied with reduced corneal nerve density. 
2. This results in compromised ocular surface and reduced tear function 



3. Hypothesis 
a) Although there is an inflammatory component in DED, not all patients respond to 
topical anti-inflammatory specifically when the nerves are compromised. 
b) To the best of our knowledge, there is no current  treatment for nerve 
degeneration. 
c) Cryopreserved Amniotic Membrane (CAM)  

(1) Rich in nerve growth factor 
(2) Possesses a potent anti-inflammatory effect  
(3) Successfully used to treat DED with ocular surface involvement 
(4) Therefore CAM may help corneal  nerve regeneration. 

4. To prove this hypothesis a Randomized Clinical Trial was designed. 
a) Study:  Corneal Nerve Regeneration After Self-Retained Amniotic Membrane 
Use for Dry-Eye Disease  (ASCRS 2016) Thomas John, MD 
Corneal Specialist Loyola University of Chicago 
b) Corneal Nerve Regeneration Study 

(1) Objectives: 
(2) To evaluate efficacy of Cryopreserved self-retained Amniotic Membrane 
(CAM) in restoring corneal nerve density and  
(3) To improve corneal sensitivity in patients with Dry Eye Disease (DED). 

5. Design:  Corneal Nerve Regeneration Study  
a) A prospective, controlled study to compare:  

(1) Self-retained  amniotic membrane (CAM Slim) 
(2) Conventional  treatment in patients  with moderate to severe DED  
(DEWS 2-4). 

b) 20 subjects were enrolled and randomized to receive: 
(1) CAM Slim  (Study Group) or Conventional maximum medical treatment 
(control group).  
(2) ITF-DEWS:  International Task Force Dry Eye Work Shop  
(3) Study Design: Corneal Nerve Regeneration 
(4) Observations: Evaluated at baseline, 1 month, and 3 months  
(5) Changes in clinical signs & symptoms,  

(a) Corneal topography,  
(b) Corneal sensitivity, and  
(c) Corneal nerve density (using in vivo  confocal microscopy)  

c) Testing and Results 
(1) 20 Patients enrolled: 17 Patients completed the 1 and 3 months follow-
up visits 
(2) Dry eye signs and symptoms testing: SPEED   
“Standard Patient Evaluation of Eye Dryness Score”  
(3) Pain score  
(4) Fluorescein staining   
(5) TBUT  
(6) DEWS grading  

d) Significant improvement in the study group compared to no change in the control 
group.   
e) Testing:  SPEED Questionnaire 

(1) Total points if answered highest score in all categories: 28 
(2) Results: SPEED Score: Statistically significant decrease SPEED score 
compared to control group at 1 month (p<0.0001, n=17) and 3 months 
(p<0.0001, n=12).  

f) Results:  Corneal Staining  
(1) Less Corneal Staining:  

g) Results: Pain Scoring 
(1) Pain was graded 0 to 10 
(2) Level 10:  most severe pain score 



(3) Study showed statistically significant decrease in these parameters from 
baseline to 1 month (p<0.005, n=9) and pain score showed statistical significant 
decrease from 1 month to 3 month (p<0.05, n=7)  

h) Results:  DEWS Scoring 
(1) Dry Eye Work Shop (DEWS): Scores dropped from Level 3 to Level 1 

i) Results: Corneal Sensitivity 
(1) Significant increase in corneal sensitivity from 3.25 ± 0.6 to 5.2 ± 0.5  at 1 
month5.6 ± 0.4 cm at 3 months, p<0.001).  

j) Results: Confocal Microscopy 
k) Results: Corneal Nerve Density 

(1) Significant increase in corneal nerve density:  
from 12,241 ± 5083 to 16,364 ± 3734 µm/mm2 1 mo.18,827 ± 5453 µm/mm2 at 3 
months, p=0.015.  

l) Results: Corneal Topography  
(1) Consistent Improvement Of Total Aberrations  
(2) Wavefront Error 
(3) Cylinder Values In The PKS Group 
(4) Remained Unchanged In The Control Group 
 

C. Cryopreserved Amniotic Membrane CAM Slim is:  
1. Promising therapy for Corneal Nerve Regeneration & 
2. Accelerated Recovery of the ocular surface health in patients with  
Dry Eye Disease. 
3. Suppresses Inflammation,  
4. Promotes Regenerative Healing with sustained effect & Helps Avoid Further Deterioration 
 

VI. DREAM:   

DRy Eye Amniotic Membrane  Study ASCRS 2017 Marguerite McDonald MD & Hosam El Sheha, MD, 
PhD Study Investigators:  Frank Bowden MD, Michael Singer MD,  Mujaba Qazi MD, Amit Choksi MD, 
Damon Dierker OD, Adam Shupe OD, Seema Nanda OD, Susan Janik OD, B. McMurren OD  
 
A. DREAM Study Design 

1. CAM® Sustained Effect in Treatment of Dry Eye Disease  
2. 62 patients (75 eyes) with Moderate to Severe Dry Eye (DEWS 3-4) despite maximal 
medical therapy 
3. Single CAM placement for 5 ± 2 days, 59 (95%)  
4. Patients demonstrated improved ocular surface that lasted 
at least 3 months.  

B. Superficial Punctate Keratitis 
1. Dry Eyes:  SPK 
 

VII. Chemical Kerato-Conjunctivitis: Acid Burn 
 
VIII. Recommended Pre-Treatment Tips 

A. Rinse CAM:  To prevent stinging from preservation media 
1. Use a sterile solution: saline, BSS etc…  
 

B. Topical medications may be used while the CAM is place (PRN) 
 
C. CAM is easily inserted in office 

1. “Temporary Tarsorrhaphy”  
2. Tape  
3. Tegaderm 
4. Nasal strips  
 

D. Insertion 



1. Set patient expectations!  
2. Inform the patient they may experience some foreign body sensation 
3. Apply topical anesthesia 
4. Hold the upper eyelid 
5. Ask the patient to look down 
6. Insert the CAM into the superior fornix 
7. Slide the CAM under the lower eyelid 
8. Dr. Nanda’s Guide to Tape-sorraphy 
 

E. When to Remove…  
1. Determining when to remove CAM patient and case dependent 
2. Follow your usual protocol for follow-up 
3. Fluorescein staining  can be used while CAM remains on the eye to determine healing 
progression 
 

F. Expect to see the amniotic membrane in CAM to thin when: 
1. Significant inflammation is present 
2. There has been over exposure to air 
 

G. Removal 
1. Topical Anesthetic 
2. Pull the lower eyelid 
3. Lift the inner edge of using forceps 
4. Ask the patient to look down 
5. Slide the CAM out with gentle pressure on the upper eyelid 
 

H. Removal Video 
 
I. Expected Results 

1. The epithelial defect has improved or resolved 
2. Decreased stromal inflammation 
3. If improved, but not enough, a new CAM can be replaced immediately if it has been: 

a) Absorbed –OR–   
b) Very turbid. 

J. Reimbursement by Medicare & Non-Medicare providers 
1. Not limited to a specific list of ICD-10 codes 
2. CPT code:  65778  

a) Placement of amniotic membrane on the ocular surface for wound healing; self-
retaining 
b) Add -58 Modifier for 1-day post-PKP 
 

IX. ICD-10:  Facilitates healing in which the ocular surface cells have been damaged, or the underlying 
stroma is inflamed or scarred. 
 

A. Some conditions may include:  
1. Band Keratopathy  
2. Bullous Keratopathy  
3. Chemical burns of the ocular surface  
4. Corneal epithelial defects  
5. Corneal ulcer  
6. High risk corneal transplants  
7. Superficial keratectomy  
8. Keratitis (bacterial or viral)  
9. S/P Pterygium surgery  
10. Stevens - Johnson syndrome  

 



X. Summary: Lid Margin Disease 
 

A. Summary:  Importance of Treatment 
1. To protect patients who will undergo ocular surgery 
2. Surgical outcome adversely affected by inflammation and dysfunctional tears 
3. Lid margin bacteria presents risk for infection and complications 
4. To prevent conjunctival hyperemia 
5. To avoid possible chalazia and lash loss 
6. To achieve the highest quality of vision 
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