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Why	  intraopera<ve	  pachymetry	  MUST	  	  
be	  part	  of	  our	  	  conven<onal	  CXL	  

procedure???	  

Kymionis	  GD,	  Kounis	  GA,	  et	  al.	  Intraopera<ve	  pachymetric	  measurements	  during	  corneal	  collagen	  cross-‐linking	  
	  with	  riboflavin	  and	  ultraviolet	  A	  irradia<on.Ophthalmology.	  2009	  Dec;116(12):2336-‐9.	  	  

Conven<onal	  epi-‐off	  cxl	  Ribo	  0.1%	  +20%	  dextran	  
	  30	  min	  imbibi<on	  +	  30	  Min	  UVA.	  



Hippocrates	  
460-‐360	  BC	  
	  

First,	  do	  not	  harm	  !!!	  

Advice	  from	  the	  past…	  



	  
Epi-‐off	  	  CXL	  complica<on...	  

(Dextran	  20%	  riboflavin)	  

Nummular or lamellar keratitis!

Stromal scar!

Corneal edema!



Early	  onset	  Haze	  ager	  CXL	  

30	  days	  postop	   3	  months	  	  postop	  

Eyes	  usually	  improve	  
ager	  steroid	  
treatment	  !!!	  



Late	  onset	  Haze	  ager	  CXL	  

2	  months	  	  postop	   5	  months	  	  postop	  
Eyes	  usually	  improve	  

ager	  steroid	  
treatment	  !!!	  



A	  tale	  of…	  old	  epi-‐off	  CXL	  

Female, 33 ys, previous  
uneventful  epi-off  

cxl in in LE 
 
 
 
 
 

Progressive KC in fellow eye  
(+0.8 D in 2 months) 

CSVA= 0.7 

 
Considering thinnest point > 500 µ  

CXL Epi-off was performed with   
ribo 0.1% + dextran 20% 

 with dextran 30min  



Preop	   1	  gg	  postop…	  

Steroid	  eyedrops	  5	  <meday	  !!!	  	  



20	  days	  	  postop…	   	  8	  Months	  postop…	  Steroid	  eyedrops	  tapering…	  	  
	  



8	  months	  Postop	  
Preop	   8	  months	  Postop	  

Avoidable	  complica<on???	  
Preop CSVA 0.7 

 -1.25<> -1.75 (180) 
8 M PostopCSVA 0.6  

Cyl +1.75 (130) 



30	  min	  imb	  
+	  

30	  min	  UVA	  3MW	  

UncooperaMve	  
paMent	  

	  
	  

Frequent	  
recentering	  

	  
Procedure	  >	  60	  min	  

Pre	  op	  

IntraOP	  
	  (30min	  ribo	  imbibiMon)	  

…probably	  if	  I	  had	  changed	  protocol	  	  
looking	  	  at	  intraop	  pachymetric	  mapping	  !!!	  	  





Why	  intraopera<ve	  pachymetry	  MUST	  	  
be	  part	  of	  our	  	  conven<onal	  CXL	  

procedure???	  

Kymionis	  GD,	  Kounis	  GA,	  et	  al.	  Intraopera<ve	  pachymetric	  measurements	  during	  corneal	  collagen	  cross-‐linking	  
	  with	  riboflavin	  and	  ultraviolet	  A	  irradia<on.Ophthalmology.	  2009	  Dec;116(12):2336-‐9.	  	  

…because	  of	  consistent	  and	  unpredictable	  corneal	  shrinking!!!	  	  	  

CCT	  reduc<on>25%	  	  



Why	  intraop	  pachymetric	  mapping	  SHOULD	  be	  
part	  of	  CXL	  procedure???	  



	  Intraop	  US-‐pachymetry	  	  	  vs	  	  	  HD-‐OCT	  pachymetric	  mapping	  

ü  Hand-held pachymeter measure just ONE point of cornea 
 

ü  Intraop repeatability???  
 

ü  In KC thinnest point is eccentric and variable 
 
 
 
 

ü  No-contact Pachymetric mapping of WHOLE cornea 
 

ü  Repeatable 
 

ü  Precise intraop definition of thinnest point/area 

ü  In-vivo imaging of cxl process  
 
 



Dextran	   20%	   	  was	   originally	   	   chosen	   for	   the	   original	  
riboflavin	  formula<ons	  used	  in	  cross-‐linking	  in	  part	  for	  
its	  viscosity,	  which	  allowed	  the	  riboflavin	  to	  remain	  in	  
place	  on	  the	  eye	  for	  delivery	  during	  an	  extended	  soak	  
<me.	  

(HPMC),	   a	   water-‐soluble	   viscoelas<c	   polymer	  
commonly	  used	  as	  an	  ophthalmic	  lubricant.	  
	  
These	   formula<ons	   diffuse	  more	   quickly	   into	   the	  
corneal	   stroma	   during	   epithelium-‐off	   corneal	  
cross-‐linking,	   requiring	   shorter	   pre-‐soaking	   <mes	  
to	   achieve	   the	   same	   riboflavin	   concentra<on	   in	  
the	  respect	  to	  dextranformula<ons	  

Look	  at	  	  eccipients…	  

Why cornea shrink?? 

HYPEROSMOLAR!!!!	  
ISOSMOLAR!!!!	  



Sugges<ons	  from	  Avedro’s	  lab…	  



VibeX	  Rapid™	  dextran-‐free	  Riboflavin	  0.1%	  plus	  HPMC	  soluHon	  	  

How to solve  corneal shrinking?? 
•  REMOVE	  DEXTRAN!!!!	  
•  Use	  dextran-‐free	  iso-‐osmolar	  solu<on!!!	  
	  
	  



Mean	  diffusivi<es	  for	  VibeX,	  VibeX	  Xtra,	  VibeX	  Rapid	  
Corneal	  flaps	  without	  epithelium.	  



Name	   FormulaMon	   Procedure	   Protocol	  

•  Original	  Formula	  

	  

0.1%	  Riboflavin	  
20%	  Dextran	  

	  
KXL	  for	  Keratoconus	  	  

&	  	  
Post	  Lasik	  Ectasia	  

	  
	  
	  

Lasik	  Xtra	  for	  	  
Corneal	  Strengthening	  

During	  Lasik	  

	  

Epi-‐Off	  
	  
•  Vibex	  Soak	  Time	  -‐	  20	  min.	  	  

•  UVA	  Time	  -‐	  4	  min.	  @	  30mw/cm2	  

	  
	  

•  2X	  Faster	  Diffusion	  
than	  Vibex	  

•  Dextran	  Free	  
	  

0.1%	  Riboflavin	  
HPMC	  

	  
	  

KXL	  for	  Keratoconus	  	  
&	  

Post	  Lasik	  Ectasia	  
	  
	  

	  
	  
	  

Epi-‐Off	  
	  
•  Vibex	  Rapid	  Soak	  Time	  -‐	  10	  min.	  

•  UVA	  Time	  -‐	  4	  min.	  @	  30mw/cm2	  

	  
	  
	  

ACXL: EPI-OFF protocols 



Study	  design	  
	  
• 	  25	  eye	  of	  25	  pa<ents	  (15	  M,	  10	  F)	  affected	  by	  
bilateral	   progressive	   keratoconus.	   Mean	   age	  	  
26.9	  ys.	  	  
	  
• 	  Preop	  maximum	  K	  reading	  less	  than	  58	  D.	  No	  
Vogt’s	   striae	   or	   corneal	   opacity.	   Corneal	  
thickness	  >	  325	  micron.	  
	  
• Intraop	   OCT	   was	   performed	   Preopera<vely	  
(PREOP),	   ager	   epithelium	   removal	   (Epi-‐R),	  
ager	   10	   min	   riboflavin	   soaking	   with	  
VibexRapid	  (RS),	  ager	  8	  min	  irradia<on	  (IR).	  	  

• 	   Pachymetric	   Parameters	  measured:	   Central	  
corneal	   thickness	   (CCT),inferior	   paracentral	  
corneal	   thickness	   (IPCT)	   (average	   of	   three	  
inferior	  paracentral	  octants),	  superior-‐inferior	  
SI	  ,	  Min-‐Max,	  Min	  	  	  

	  

	  

	  



Accellerated	  CXL	  protocol	  (7.2	  J)	  







Preop	   Epi-‐r	   RS	   IR	  
CCT	   458,5	   415,7	   406,4	   395	  
IPCT	   448	   403	   392	   381	  
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30	  mw,	  7.2	  mJ	  Pulsed	  1:1	  protocol	  
10	  minVibrapid	  ImbibiMon	  +	  8min	  irradiaMon	  	  

Time	  (min)	  
0	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  2min 	   	   	  10	  min 	   	  18min	  

Results	  



Epi-‐r	   RS	   IR	  
S-‐I	   23	   15	   12	  
Min	   325	   320	   320	  
Min-‐Max	   -‐91	   -‐100	   -‐95	  
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Pachymetry	  assessement	  

Results	  



Preop	   Epi-‐r	   RS	   IR	   RS	  30m	   IR	  30	  m	  
CCT	   458,5	   415,7	   406,4	   395	  
IPCT	   448	   403	   392	   381	  
Conv	  CXL	   450	   398	   350	   330	   320	   315	  
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Comparison	  between	  old	  and	  new	  cxl	  protocol	  

Results	  



Why	  use	  newer	  cxl	  machine?	  

KXL	  System	  

•Fully	   	  Customizable	   	  power,	   from	  15	   	  to	  45	  mW/
cm2	  

Customizable	   5.4	   J	   or	   7.2	   J	   energy	   delivered	   to	  
cornea	  

•	  Superior	  top	  hat	  beam	  profile	  

•	  Precise	  	  focusing	  of	  the	  spot	  



Why	  use	  newer	  cxl	  machine?	  

hot	  spot!!!	  	  

More	  homogeneous	  energy	  delivery	  
	  

Beam	  profile	  	   TopHat	  
Op<mized	  	  Flat	  Non-‐

op<mized	  

uneven	  energy	  distribu<on	  	  
Energy	  delivery	  greatly	  affected	  by	  defocus	  (>10%	  over	  1mm)	  



Why	  use	  newer	  cxl	  machine?	  



Defocus	   	   ±	   1mm	   	  =	   8-‐10%	   	   reduc<on	   in	   energy	  
delivered	  to	  the	  cornea	  	  

Decentering	   of	   	   0.2	   mm	   =	   8-‐10%	   	   reduc<on	   in	  
energy	  delivered	  to	  the	  cornea	  	  

Decentering	   of	   	   0.5	   mm	   =	   20%	   	   reduc<on	   in	  
energy	  delivered	  to	  the	  cornea	  	  

Correct working distance: 
Optimal treatment 

Neat working distance 
HOT-SPOT danger!!! 

Excessive working distance 
Ineffective treatment!!! 

Why	  use	  newer	  cxl	  machine?	  

Defocus	  issue	  



What	  about	  safety	  shiging	  from	  5.4	  to	  7.2	  J	  ?	  



What	  about	  safety?	  

	  
	  Early	  postop	  

	  
	  7	  days	  postop	  

	  
	  30	  days	  postop	  



Weak	  cornea	  (160	  µ)	  

Strong	  cornea	  (160	  µ)	  

What	  about	  safety?	  
EffecMve	  &

	  safe	  zone	  
Dangerous	  zone	  

We	  are	  here!!!	  



Conclusion	  

ü  Epi-‐off	   accellerated	   pulsed	   corneal	   CXL	   with	   the	   use	   of	   dextran-‐free	  
riboflavin	   limited	   central	   and	   paracentral	   corneal	   thinning	   during	   the	  
procedure.	  

ü  Ager	  epithelium	  removal	  a	  mild	  but	  sta<s<cally	  significant	  decrease	  of	  CCT	  
was	  demonstrated	  only	  ager	  irradia<on	  phase.	  

ü Wide-‐angle	  pachymetryc	  mapping	  showed	  	  a	  smooth	  thickness	  varia<on	  in	  	  	  	  	  	  
whole	  corneal	  	  	  during	  procedure	  	  

ü  	  The	  safety	  of	  this	  new	  cxl	  protocol	  respect	  to	  conven<onal	   	   is	  supported	  
by	  these	  objec<ve	  findings	  



Thank you !!! 


