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Laser-Induced Refractive 
Index Change (LIRIC) 

    A REFRACTIVE PROCEDURE FOR THE FUTURE? 

Frank Rosenbaum MD 
April 7, 2021 

What is LIRIC? 

Refractive Indexing 

We understand that the refractive index is a change the direction of light between 
materials of different densities.  Now, we can alter a uniform material’s n value (a 
cornea or IOL) to alter the wavefront pathway and thus change the refractive 
error……instead of changing the material’s inherent total shape!!!! 

What is LIRIC? 

!   LIRIC is a minimally invasive method using a femtosecond laser at low energy 
levels to correct corneal aberrations including myopia, hyperopia, and mixed 
astigmatism  to achieve a change in refractive error. With all previous refractive 
surgery techniques in which tissue is removed, a laser such as an excimer or 
femtosecond is used to cut and ablate tissue.  

!  LIRIC is performed at a wavelength of 405 nm, which is at the blue end of the 
visible spectrum. At this wavelength, LIRIC is a 2-photon absorption process, 
resulting in highly localized refractive index changes. The laser focus volume is 
(approximately 5–10 µm in diameter and length) and instead of removing or 
disrupting tissue collagen,  fibril density is altered.   

!  LIRIC is relatively noninvasive in that pulse energies are 1/100th to 1/1,000th 
those used to create a femtosecond laser flap. During LIRIC, the laser alters the 
refractive index in a highly localized fashion—akin to using a fine-point pen. 

What is LIRIC? 

LIRIC Early stages of development 

!  Primary location of investigation is at University of Rochester under Scott MaCrae MD . 

!  The first LIRIC patients were older pseudophakes who had received monofocal IOLs. They 
recovered quickly without complications. A diffractive multifocal pattern was imparted to 
their corneas with LIRIC, thereby increasing their depth of focus   All patients gained at least 
2 lines of near vision without loss of distance acuity. 

!  Posttreatment corneas were clear, and they [exhibited] no light scatter or signs of 
inflammation. (Histologic previous studies in rabbits had shown that LIRIC resulted in 
significantly less cell death than cutting a flap with a femtosecond laser.) 

!  Researchers have shown stability out to over 2 years. Because the LIRIC pattern occupies a 
very thin cross section of the cornea, repeat treatments are possible at different depths. 

!   The LIRIC treatment consists of a modified layer of stroma that is approximately 10 µm thick, 
which corresponds to only a small percentage of the entire cornea. Researchers feel that 
the affect could even be reversible. 

LIRIC and RxSight’s Light Adjustable IOL 

!  The RxLAL is an available FDA technology that increases cataract surgeons’ 
flexibility, but it requires having the patient avoid UV light exposure and can 
require repeat treatment.  

!  RxLAL uses  an office-based UV light source called a Light Delivery Device or 
LDD. The Light Adjustable Lens itself has special particles (called macromers), 
which are distributed throughout the lens. When ultraviolet (UV) light from the 
LDD is directed to a specific area of the lens, the particles in the path of the 
light connect with other particles (forming polymers). The remaining 
unconnected particles then move to the exposed area. This movement causes 
a highly predictable change in the curvature of the lens. The new shape of the 
lens will match the prescription selected during the eye exam. 

!  RxLAL is limited to a specific IOL material, and the range of treatment is limited.  
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LIRIC advantages over RxLAL 

!  LIRIC offers ability to alter either an IOL or the human 
cornea’s index of refraction.  RxLAL can only alter an 
IOL 

!  LIRIC at least in laboratory  studies has been shown to 
create and even  reverse multifocality. RxLAL cannot do 
either. 

Conclusion 

!  Refractive Indexing may be a future promising 
technology. 

!  Continued monitoring patients over time for refractive 
changes with aging and remodeling along with 
continued monitoring for safety issues is imperative. 

LIRIC 

Thank you for your attention! 

It’s been Fourty Years! 

Thank you for allowing me to have a fulfilling career here in Lansing 
….to have purpose in my life. It has been “a great ride”.  I hope to 
stay ”in touch”. As I would welcome all of you to do the same.        

Castle Rock, Colorado 

Thank you ALL 

!  For a fulfilling career here in Lansing … 

!  For allowing me to pursue my passion in my life. 

!   It has been “a great ride”.  

!   I hope to stay ”in touch” and would hope you 
all would do the same. 
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     Small incision lenticule 
extraction (SMILE) for myopia and 

astigmatism 

A review of the procedure and 
comparison with LASIK 

Frank Rosenbaum MD 
Clinical Asst. Professor MSU 
College of Human Medicine 

April 7, 2021 

 RelEx SMILE procedure 

This femtosecond laser 
(Zeiss) VisuMax was 
approved by the FDA in 
2016 

In October, 2018, the FDA granted an expanded indication to treat sphere from -1.00 
to -10.0D and cylinder up to 3.00D with a manifest refraction spherical equivalent up 
to 11.00D. 

1)Lenticule 

2)Side pass  

3)Cap 

4)  Main Incision 

Anatomy of SMILE 
Incisions 

An intrastromal keratomileusis technique that requires a single laser, 
femtosecond, to create a 3 dimensional lenticule that is extracted through 
a small corneal incision from 2-5 mm. 

SMILE/ The Procedure 

General Parameters: 

Cap thickness: 120µm 

Incision size: 4 mm at 12’oclock 

Spot & Track: 4.4µm 

Lenticule edge thickness: 15µm 

Optic zone: 6.0-6.5mm 

Smile Procedure Complications 

Suction loss: 

!  The suction pressure during lenticule creation with the Visumax platform is lower 
than observed with other platforms and microkeratomes, whereas the duration of 
FS laser application is longer (25–28 seconds), which predisposes to suction loss. 
Certain risk factors predisposing to this complication include narrow eyelid fissure, 
forcible lid squeezing, smaller corneal diameter, large cap diameter and higher 
amounts of cylinder. 

The management of suction loss depends on the stage at which suction is lost: 
!  Before completion of 10% of lenticule cut: The SMILE procedure may be re-started 

in the same sitting. The VisuMax femtosecond laser machine has an inbuilt repair 
module that allows the continuation of SMILE procedure after re-docking in cases 
where the suction is lost during lenticule side cut, cap cut, or cap side cut. 

!  >10% of lenticule cut: The procedure needs to be abandoned, and a re-treatment 
with LASIK or Photorefractive keratectomy (PRK) may be planned in the same sitting 
or at a later date. 

Smile Procedure Complications 

Opaque bubble layer (OBL): 

!  Each laser pulse generates a cavitation bubble, which rapidly expands 
to assist in tissue separation, and then collapses. When the remaining 
gas bubbles created during this process cannot dissipate and coalesce 
at the stromal interface, the transient opacity remaining is called OBL.  
OBL can be observed in cases with too high or too low laser energy 
settings and may lead to delayed visual recovery. The main risk factors 
for OBL are thick corneas and thin lenticules (low correction). 

The management of an area with OBL includes dissection with gentle 
lamellar movements to release adhesions. 
!  Optimal energy settings can help to prevent OBL. 
!  Li et al. suggest that increasing cap thickness may reduce the risk of OBL 

in cases of low correction. 
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Smile Procedure Complications 

Black spots: 

!  It occurs because of adherence of water droplets or meibomian 
secretions onto the interface between the suction cone and 
cornea, acting as a barrier to the laser pulses.  

!  This may be prevented by adequately wetting the cornea before 
docking and avoiding any debris on the ocular surface as well as 
the contact lens. 

!  In case debris is noted in the interface after docking, suction 
should be released and a repeat docking should be attempted 
after cleaning the interface and irrigating the ocular surface. 

!  It is suggested that one should abort the procedure in cases of 
large black spots or when they reach the pupillary axis. 

Smile Procedure Complications 

Cap perforation and incisional tear: 

!  Inadvertent handling of the instrument when facing tissue resistance during anterior plane dissection 
may lead to cap perforation or incisional tear.  Incisional tear risk is greater when the incision is 
smaller than 2.0 mm. 

Lenticular mis-dissection, retained lenticule or a lenticular tear: 

!   Partially retained lenticule fragments may be encountered after forceful extraction of an        
incompletely dissected lenticule. A torn lenticule during extraction can arise from situations prone to 
difficulty during lenticule dissection. 

!  The retained lenticules may be extracted in the same sitting with a microforceps after dissecting it 
from the surrounding stroma. Prompt removal of lenticule fragments can help restore visual acuity 
and achieve optimal outcomes. 

!  Customized surface ablation may be attempted in cases where the lenticule fragments cannot be 
successfully removed. 

SMILE and its technical issues……. 

!  Though SMILE is approved to treat -0.75D to -3.00D of cylinder, it cannot 
treat 0.50D or less of astigmatism. If any patient sees a real subjective 
improvement in image quality with this small amount of cylinder, SMILE 
must be avoided. 

!  Low myopic corrections with SMILE are actually more difficult technically 
as the lenticule is thinner in low corrections, especially less than -1.50D of 
myopia. Zeiss recommends only more experienced surgeons remove 
lenticules of 32µ or less so as not to have a torn partially removed 
lenticule.   (Outside the US, there reports of improved safety by increasing 
the edge thickness of low myopic lenticules). 

!  The procedure must be aborted if there is any problem ex. Suction loss 
with creation of the lenticule (second deeper femtosecond pass) 

SMILE and its technical issues……. 

!      Centration to Visual Axis is critical to achieving accurate correction 
and Zeiss has offered no method to insure this.   Clinicians are using 
visualization systems such as Galilei or AcuTarget Optical Quality 
Analysis in determination of angle kappa.  

!  Suction using the curved applanation cone with the Visumax comes in 
fairly light and is on the eye for longer period.    

!  While it is comfortable for the patient, a patient who squeezes his or 
her lids or moves excessively can experience loss of suction and  
need their SMILE procedure aborted in favor of LASIK.  

!      Suction loss risk factors also include high astigmatism and difficult 
anatomies (deep set orbits) 

SMILE and its technical issues……. 

Cyclotorsion (accounted for Iris Registration in LASIK), occurs 
when the patient goes from a standing to a supine position  

Scientific papers have reported this to be a major contributor to 
keratorefractive undercorrection, ex. uncorrected torsion as 
small as 4 degrees will induce a 14% undercorrection.  

At present, cyclotorsion control is not available in the Visumax 
platform. 

SMILE advantages over LASIK/fact or 
fiction 

!  DRY EYE: 

     Both SMILE and FS-LASIK can induce dry eye symptoms 
postoperatively; these changes seem to be transient and by 6 
months postoperatively, equivalent with both modalities. 

      Evidence of SMILE’s superiority in the literature is mixed, with 
the need for randomized controlled trials with standardized 
protocols, but more studies support better parameters and less 
dry eye in the short run with SMILE. 

       Dry eye, meibomian gland dysfunction, or blepharitis 
remain as contraindications of both procedures until treated. 
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SMILE advantages over LASIK/fact or 
fiction 

Biomechanical Stability:  
!       Corneal biomechanical alterations from refractive surgery 

must be considered to reduce the risk of iatrogenic ectasia 
where tissue is subtracted.   

!       Though some mathematical models show superiority of 
SMILE, results in vivo have been mixed (neither procedure 
has high incidence of ectasia)  

!        In reality, there is no adequate means to examine the 
biomechanical parameters that influence corneal strength 
to be definitive about corneal biomechanical stability. 

SMILE vs. Femtosecond LASIK    
Patient Experience 

!  SMILE operative experience is similar to  LASIK with operation 
time about 15 minutes utilizing  lid speculum and topical 
anesthetic.  

!  Recovery from SMILE is comfortable  (like LASIK). Patients 
describe hazy vision after a nap.  Most patients can drive or use 
the computer on the day after surgery.  With refinements in laser 
energy parameters, quicker visual recovery can rival LASIK, but 
the range is generally1-3 days for good quality vision to be 
achieved. 

!  Resumption of normal activity level is more immediate with 
“flapless” SMILE than LASIK. 

SMILE - Accuracy and Enhancements   

!  Experts say enhancements are low 

!  Enhancement procedure of choice is PRK on top of the cap with adjunctive use of 
mitomycin-C.  Zeiss has apparently been developing a SMILE enhancement 
procedure known as CIRCLE, in which the SMILE cap is converted  into a flap and 
the excimer laser is used to ablate the stromal tissue. 

!  In a retrospective study of surface ablation enhancement after SMILE, surgeons 
performed PRK on 43 eyes out of 1,963 SMILE cases (2.2 percent). Spherical 
equivalent was -6.35 ±1.31 D before SMILE and -0.86 ± 0.43 D before the PRK. 
Surface ablation was performed after a mean of 9.82 ±5.27 months In these 43 
enhancement eyes, mean uncorrected distance acuity improved from 0.23 ±0.20 
logMAR (a little worse than 20/32) to 0.08 ±0.15 logMAR (about 20/20) (p<0.0001). 
The average best-corrected acuity remained unchanged overall (p=0.99), with 65 
percent of patients gaining at least a line.  

SMILE and Femtosecond LASIK/Quality 
Issues 

Dissection of the lenticule leaves an 
irregular interface as opposed to 
single flap LASIK interface where 
alignment to the bed is achieved as 
a “puzzle piece” 

A longer procedure time has been 
correlated with slower resolution of 
the “foggy” vision experienced by 
SMILE patients. 

SMILE and Femtosecond LASIK 
Accuracy Issue 

The femtosecond just doesn’t 
have the inherent accuracy 
and precision of an excimer 
laser: The original IBM 
researchers who studied the 
early excimer lasers actually 
used one to carve the IBM 
logo onto a human hair—no 
femtosecond laser will ever 
match that precision. 

SMILE and Femtosecond LASIK Quality 
Issues 

     LASIK experts say that the major advantage of LASIK over SMILE is attributable to LASIK’s 
advanced wavefront guided and topographic based technology capable of handling HOAs. 

     The Studies on Higher-order aberrations (HOAs): 
      SMILE has exhibited significant reductions in induced spherical aberration, compared with 
FS-LASIK in various studies.  However, in one study higher vertical coma was shown in SMILE 
than wavefront guided FS-LASIK and the authors concluded that this might be a potentially 
impact factor for vision under certain lighting condition 

      SMILE at this point Is a “phoropter” or lower order aberration driven technology incapable      
of handling those patients who have any degree of higher order aberrations in their RX. 

     This newer Excimer technology with LASIK is now achieving a greater proportion of  better 
than 20/20 vision outcomes.    
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Review…. 

!  SMILE is coming on strong in the USA as it continues to be refined to 
achieve excellent outcomes. Apparently it has become the predominant 
procedure for routine myopia and astigmatism in foreign countries, ex 
Korea, China, and Russia.  

!  Many superb refractive surgeons (including nearby Cleveland Eye Clinic) 
have embraced this technology for the correct subset of patients and 
have shared their positive experiences in promoting it to patients and 
colleagues and it has become their predominant refractive procedure. 

!  The future of refractive surgery is continuing to evolve through newer 
rapidly improving technologies like Small incision Lenticule Extraction.  

Thank you for your 
attention! 



4/7/21	

1	

PRE-OPERATIVE LASIK SURPRISES 

Chris Kramer OD 
Director of Refractive Services 

Case 1 

40 year old female with: 

   Spectacle RX  
  -6.50 -0.25 x 105 OD     -6.75-0.50 x 16 OS 

Central Pachymetry      581 OD   593 OS 

Tear Lab   276 OD      279 OS 

Case 1 Topographies Case 1-Topographies 

Case 1 Analysis 

Belin Ambrosio Enhanced Ectasia display (collective value of various 
thickness and front and back surface values) < 1.4 

The maximum Belin relational thickness should be >400 µ 

Patient’s value here is 435 OD and 410 OS 

Patient’s value is 1.17 OD and !.86 OS 

          Summary Case 1 

Is this patient a candidate for LASIK? 
•  Yes 
•  No 



4/7/21	

2	

          Summary Case 1 

Cases with back side elevation 
(>1.4) and inferior steepening will 
often be deemed non-candidates 
because of ectasia risk. 

Case 2 

21 year old female with: 

RX                       -4.25 OD                  -4.00 OS  

Pachymetry       OD 525µ                    OS 526µ 

Topographies Case 2 Topographies Case 2 

Case 2 Analysis 

Is she a Candidate for LASIK? 

Case 2 Analysis 

This patient who had florid back-side 
elevation went on to successful 
phakic implantable collamer lens 
insertions. 
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Case 3 

43 year old male with: 

   RX -4.00 –0.25 x 80 OD                -3.50 -0.75 x 75 OS 

Tear Lab 292 OD           298 OS 

Pachymetry 453 OD          460OS 

Normal Topographies 

Case 3 Analysis 

The recommended 250 micron bed “rule”, is 
applied to either LASIK or PRK 

This formula is helpful:      PTA =FT+AD/CCT 
     where PTA is percentage tissue altered=Flap 
thickness + Ablation Depth/Central Corneal Thickness 

This resultant number should not exceed 40% of total thickness 

Our patient’s resultant number here was 37% 

Case 3 Summary ANALYSIS 

OK  SPORTS FANS……the 
patient’s pre-op data obeyed 
this formula……can we 
proceed with refractive 
surgery? 

Case 3 Summary  

NO!  
 International Experts use 470µ as lowest 
corneal thickness (cut off value) for  
procedure clearance. 

Post operative Complications 

•  Flap folds/striae 
•  Flap dislocation 
•  Dry eye 
•  Diffuse Lamellar Keratitis (DLK) 
•  Central Toxic keratitis 
•  Infectious keratitis 
•  Epithelial Ingrowth 

Case 4-Flap Striae Removal 
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Flap Striae Management-General Guidelines 

•  Refloat and reposition flap within first 24 hours (ASAP) 
with hypotonic BSS or sterile water to osmotically force 
striae to resolve when possible 

•  When delayed, epithelial removal is often required prior 
to refloating and repositioning 

•  If flap striae remain despite above measures/ flap 
suturing is required. 

Case 4-flap striae  

43 year old female on day one had visual acuity of 20/50 OD 
and 20/15 OS and flap striae identified OD 
•  That day, epithelium and striae were removed 

and BCL placed OD. 

At the one month visit, acuity was UCVA 20/40 OD and OS 
20/25+ 
   Rx OD -1.00 sphere 20/20+ as patient was using Inveltys QD 
OD and art. Tears QID OD.   (IOP 19 OD, 11 OS).  

At 7 weeks post op, VA UCVA 20/20  OD and 20/15 OS   (IOP 17 OD, 7 
OS) and Inveltys reduced to QOD  

At 3 month visit, VA OD 20/15 and OS 20/15 

Thank you for your 
attention! 


