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THECLINICALPICTUREANDENDOTHELIALCELL ANALYSESAFTERINTRA-

STROMALRINGIMPLANTATION-ASYSTEMATICREVIEWOFTHELITERATURE 

 

 
 
ABSTRACT 

Intrastromal ring implantation has been an important therapeutic option for 
variouscorneal refractive disorders. In this study, a systematic review of the literature 
wascarried out with the aim of understanding the clinical panorama and changes 
inendothelial cells following this procedure. It was considered relevant to explore 
thediversity of perspectives and approaches presented by existing studies, as well as 
tohighlight gaps in knowledge to guide future research. To this end, a 
comprehensivesearchstrategyinelectronicdatabaseswasusedtoidentifyrelevantstudies
publishedto date. The inclusion criteria were carefully applied to select articles that 
specificallyaddressed the topic in question. A qualitative and quantitative analysis of 
the dataextracted from the included studies was carried out, seeking to identify 
patterns andtrends in the clinical outlook and in the analyses of endothelial cells 
following intra-stromal ring implantation. The analysis of the included studies revealed 
a variety 
offindingsrelatedtotheclinicalpanoramaafterintrastromalringimplantation.Acorrelation 
was observed between the clinical effects observed and the changes inendothelial 
cells, although the long-term stability of these results still requires 
furtherinvestigation.Inaddition,arelationshipwasidentifiedbetweenpreoperativeparamet
ers and post-implant visual acuity, highlighting the importance of carefullyevaluating 
these aspects when selecting candidates for the procedure. From this 
wecanconcludethatthissystematicreviewoftheliteraturehasprovidedacomprehensiveov
erviewofclinicalandendothelialcellanalysesfollowingintrastromalringimplantation.There
sultshighlightthecomplexityofthisareaofresearchandpointto the ongoing need for 
research to improve the understanding, application 
andoptimisationofalreadyconsolidatedandinnovativetherapeuticmeasuresinthisfield. 

 
 
INTRODUCTION 

 
Ophthalmologyhasadvancedconsiderablyinrecentdecades,offeringadiverse 

range of therapeutic options for a variety of ocular conditions, from 

refractiveproblems to more complex pathologies such as keratoconus. In this context, 

intra-

stromalringimplantationhasstoodoutasaneffectiveinterventionforimprovingvisionand 

stabilising the progression of the disease in patients with keratoconus and 
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othercornealectasias(FERRARA&TORQUETTI, 2009). 

Keratoconus is a progressive corneal disease characterised by thinning 

andprotrusionofthecornea,leadingtoirregularitiesinthecornealsurfaceandaconsequent 

reduction in visual quality. Although contact lenses and keratoplasty 

aretraditionaltreatmentoptions,intra-stromalringimplantationhasemergedasaminimally 

invasive andreversible alternative, with promising results in 

correctingrefractivedefectsandstabilisingcornealectasia(MOSHIRFAR etal.,2021). 

Intrastromal rings, especially the Ferrara ring, have been widely studied 

andused in clinical practice due to their ability to remould the corneal curvature 

andredistributebiomechanicalforces,providingsignificantimprovementsinpatients'visual 

acuity and quality of life (VEGA & ALIÓ, 2024). However, despite the visualbenefits 

observed, there are concerns about the potential adverse effects of intra-

stromalringimplantationoncornealhealth,particularlywithregardtointegrity,variousclinic

aloutcomesandcornealendothelialcellfunction. 

Cornealendothelialcellsplayacrucialroleinmaintainingcornealtransparency,regul

ating the transport of fluid in and out of the cornea (CUNHA et al., 2003). 

Anyimpairment in the density or function of these cells can result in corneal 

oedema,compromising the patient's vision. It is therefore essential to carefully assess 

theclinical impact of intra-stromal ring implantation on corneal endothelial health in 

ordertoguaranteesafeandlong-lastingresultsforpatientsundergoingthisintervention. 

This systematic literature review aims to critically analyse the available 

studiesontheclinicaloutlookandanalysisofendothelialcellsafterintrastromalringimplantat

ion (SADIGH et al., 2015). To achieve this objective, a comprehensive 

andsystematicsearchwascarriedoutinvariouselectronicdatabases,includingPubMed,S

copus, Science Direct, Scielo, Bireme, Google Scholar and Web of Science, 

toidentifyrelevant studies published todate. 

The results of this systematic review will be synthesised and compared 

toprovideacomprehensiveunderstandingofthecurrentstateofevidenceontheclinicalpara

digmandanalysisofendothelialcellsfollowingFerrararingimplantation(FERRARA et al., 

2014). To do this, in addition to analysing different clinical 

variables,theoutcomesandmeasuresusedintheselectedstudieswerealsoobservedinord

erto highlightthemaintrendsandknowledgegaps inthisfield. 

Bygatheringandcriticallyanalysingthefindingsoftheexistingliterature,itwashopedt
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oprovidevaluableinformationforclinicalpracticeandtoguidefutureresearch 

in the field of intra-stromal ring implant treatment and corneal endothelial 

healthassessment. This in-depth analysis can help optimise management strategies 

forpatients with keratoconus and other corneal conditions, ensuring satisfactory 

visualoutcomes and minimising the potential risks associated with the surgical 

procedure(MOURAet al.,2023). 

Throughoutthissystematicreview,theimportanceofanevidence-

basedapproachtoguideclinicalpracticewasemphasised,ensuringthattherapeuticdecisio

nsarebasedonsoliddataandacomprehensiveunderstandingofthebenefitsand risks 

associated with this ophthalmological intervention. It also highlights theimportance of 

ongoing research and interdisciplinary collaboration in the search forbetter visual 

outcomes and quality of life for ophthalmological patients. Therefore, thisresearch 

was undertaken to consolidate current knowledge about clinical 

paradigmsandtheanalysisofendothelialcellsafterintrastromalringimplantation,thuscontr

ibuting to evidence-based clinical practice and the continued advancement 

ofophthalmologyasa constantlyevolving field. 

 
 

MATERIALSANDMETHODS 
 

Thisstudypresentedasystematicreviewfocusingontheintrastromalring.Themetho

dologyadoptedwasintegrativeandanalytical,aimedatachievingtheproposedobjectives.T

othisend,thisstudyadoptedamethodologicalapproachofasystematicreviewoftheliteratur

eontheclinicalpanoramaandanalysesofendothelialcellsafterthe intra-stromal ring 

implant procedure, with an integrative and analytical character,and with the aim of 

analysing a set of related, specific and delineated articles. Theresearch was 

conducted between January and April 2024, using various electronicdatabases, 

including PubMed, Scopus, Science Direct, Scielo Brasil, Bireme, 

GoogleScholarandWebofScience,aswellasPeriódicosCapes.Thesedatabasesprovide

dawiderangeofpublicationsrelevant tothe proposed research. 

 
 

SearchStrategy 
 

The systematic search was carried out in the electronic databases 

PubMed,Scopus,ScienceDirect,Scielo,Bireme,GoogleScholarandWebofScience.The 
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searchtermsincluded"intrastromalring","cornealendothelialcells","clinicaloutcomes"an

drelatedvariations.Thesearchwasconductedwiththeaimofidentifyingrelevant studies 

that investigated these parameters following the placement of theFerrara ring. 

 
 

InclusionandExclusionCriteria 
 

The inclusion criteria were set to include studies published in the last 25 

years(considering the research year of 2024), available in Portuguese or English, 

whichspecificallyaddressedtheanalysisofendothelialcellsafterintra-

stromalringimplantation.Studiesthatwerenotavailableinfullandthatdidnottouchonthespe

cificthemesofthisreviewwere excluded. 

 
 

Descriptors 
 

Thedescriptorsusedinthesearchincluded"intrastromalring","cornealendothelialc

ells","clinicaloutcomes"andrelatedvariations.Thesetermswereconsistently used in all 

the selected databases to ensure comprehensiveness inidentifyingrelevant studies. 

 
 

Benefitsandlimitations 
 

The benefits of this research include synthesising and comparing the results 

ofthe included studies, providing a comprehensive understanding of the current state 

ofthe evidence on the clinical landscape and endothelial cell analysis after 

intrastromalringimplantation.Inaddition,itishopedthatthisreviewwillprovideinformationo

ntheclinical variables, outcomes and measures used to assess endothelial cell 

analysis inthis context, contributing to clinical practice and guiding future research. 

Potentiallimitationsincludethepossiblelackofmanyrecentstudiesorsufficientdataoncerta

inclinicalvariables of interest. 

 
 
RESULTS 
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The results of the search revealed 50 studies using the expression 

"Clinicaloverview and analyses of endothelial cells after intra-stromal ring 

implantation" 

invariousdatabases.Ofthese,19werefoundinPubMed,6inScieloBrasil,3inScopus,3 in 

Bireme, 4 in Science Direct, 5 in Google Scholar, 3 in Web of Science and 7 

inPeriódicosCapes. 

The criteria established for the complete analysis of the articles were 

restrictedtothosepublishedbetween2000and2024anddealingwiththistopic.Aftermeticul

ousanalysis and the application of exclusion criteria, 30 titles were selected, 

distributedamong the different databases. It was found that 5 studies were from 

Scielo Brasil, 1from Scopus, 1 from Bireme, 10 from PubMed, 2 from Science Direct, 

4 from GoogleScholar,1fromWeb ofScienceand 6fromPeriódicos Capes. 

Withregardtothemethodologyofthestudiesanalysed,4adoptedaquantitativeappr

oach,8aqualitativeapproachand18presentedacombinationofthetwo.Inaddition,therewa

sanotableconcentrationofresearchontheclinicalpanoramaandanalyses of endothelial 

cells after intra-stromal ringimplantationin differentcontinents, particularly America, 

Europe, Africa, Asia and Oceania. Fifteen selectedstudies were of Brazilian origin, all 

of them scientific articles, 2 doctoral theses and 2master'sdissertations. 

This study also found a significant concentration of research on the 

clinicalpanorama and analyses of endothelial cells after intra-stromal ring 

implantation in theAmericas (17), Europe (9), Africa (1), Asia (4) and Oceania (1). In 

addition, 15 of 

theselectedstudieswereofBrazilianorigin,andallcorrespondedtoscientificarticles(24),bo

oks or e-books (2), doctoral theses (2), master's dissertations (2), and no 

patents.Allthestudiesfocusedonthebinomialthatconvergestoanalysetheexistingscientifi

cliterature on the clinical panorama and analysis of endothelial cells after intra-

stromalring implantation, as well as identifying and synthesising the main discoveries 

andtrendsinthe field. 

It was also found that publications related to this topic occurred in the 

years2000(1);2003(2);2004(1);2009(1);2010(1);2012(4);2013(1);2014(2);2015 

(2);2016(1);2017(1);2018(1);2019(4);2020(1);2021(3);2022(1);2023(1)and 

2024(2)withno publications in2005,2006,2007,2008and2011,as shown inTable 
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Table1.Presentationofscientificpublicationsontheclinicalpanoramaandanalysesofendothelialcellsafterintra-stromalringimplantation 

withthenamesoftheauthors,yearsofpublication,journalnames,methodologicalapproachesandmainfindings. 
 

AUTHOR YEAR SOURCE TYPE 
OFPUBLICATI
ON 

STUDY
SITE 

RELATIONSHIP
WITH 
THERESEARC
HOBJECTIVES 

METHODOLOGIC
ALAPPROACH 

MAINFINDINGS 

Khanthiketal. 2024 Magazine

PlosOne 

Scientific

article 

(Bangkok)

Thailand 

Thisarticleidentif
ied factorsand
 built 
predictivemodel
s
 using
epidemiological
data  and 
preoperativeclini
cal
 factors
forchangesinvis
ual  acuity 
after an 
intracornealring
segment in 
patients
 with
keratoconus. 

Retrospective

Research. 

"Significantfindingsontheanalys
isofendothelialcellsafter Ferrara 
ring 
implantation.Theseresultssugg
estedpotential predictive 
factors andmodels for clinical 
changes 
invisualacuityinducedbytheintra
cornealringsegment,basedonpr
eoperativevariables such as 
mean 
frontalkeratometryandthesurfac
evariance index, which 
correlatestatistically." 
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Vega&Alió 2024 Magazine

BMC 

Scientific

article 

(Alicante)

Spain 

This 
 studysu
mmarisedthemai
n
 scientific
articlesdevelope
d  by 
the authors in 

Quantitative-
QualitativeRes

earch in 
theFormof a 

"Relevant contributions on 
thelong-termfollow-
upoftheintracornealringsegmen
t,demonstratingstabilityofclinica
lresultsinpatientswith stable     
keratoconus, and 
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     relation  to 

 theclini
caloutcomes
 andlon
g-termresults of
 
 theintra
cornealringseg
mentforthetreat
ment  
 ofkerat
oconus. 

Narrative
Review. 

analysesofendothelialcellsafterin
tracornealringimplantation, even 
though thisring may not have the 
capacityto stop the progression 
of thedisease." 

Moura etal. 2023 MedNEXT 
Journal 

ofMedical 
andHealthS

ciences 

Scientific
article 

(SãoP
aulo)B
razil 

This 
 studyc
arried out 
 asyste
maticreview  
 topres
entthemainclinic
alresultsoftreatin
gkeratoconuswit
htheFerrararing. 

Qualitativeres
earch in 

theform of 
asystematicre

view. 

"It highlighted relevant 
findingson densitometry in the 
anteriorlayer of the cornea 
decreasedafterimplantationofint
ra-stromal corneal ring 
segmentsand which suggested 
a degreeof impact on 
endothelial 
cells.However,hestressedthati
mplantationoftheFerrarasegme
ntintra-stromalcornealring was 
a safe, effective 
andstableprocedureforrestoring
visioninpaediatricpatientswithol
dkeratoconus." 
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Nuzzi 2022 Frontiers 

inMedicin

e 

Scientific
article 

Italy

e 

Romania 

This study 
aimed to 
analysethrougha
casestudya 

CaseStudies "After assessing a patient 
whounderwentbilateralICRSim
plantationcombinedwithCXLdu
etokeratoconus.After9 
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     combined  months,therewasextrusionof 

procedure of theringinthelefteye,thinning 
intrastromal of the cornea and 
corneal ring microperforationintheaqueous 
explantationand chamberwithresidualirregular 
penetrating astigmatism. And after 15 
keratoplastyina months of follow-up, the 
patient with endothelialcellcountwas2,117 
keratoconus, in cells/mm2,andperforationof 
which the the anterior chamber with 
endothelial cell qualitativeorquantitativelossof 
countandother endothelial cells determined 
relevantclinical cornealdecompensation.This 
findings were revealedimportantinformation 
analysed. about analysing endothelial 

 cells after Ferrara ring 
 implantation". 

Elalfyetal. 2021 Therapeutic Scientific United This study Retrospective Significant clinical variations 
  Advancesin article Kingdom, showedthatthe CohortStudy afterFerrararingimplantation 
  Ophthalmology  Egyptand implantation of  and their relationship with 
  Journal  Switzerlan intracornealring  endothelialcellanalysiswere 
    d segments was  highlighted. Corneal 
     aneffectiveand  pachymetry showed no 
     safetherapeutic  significantchangesinthepost- 
     optionforvisual  operativeperiod, whichwas 
     improvementin  relevant for the analysis of 
     patients with  endothelialcells,asastable 
     keratoconus.  andhealthycorneaisessential 
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       fortheproperfunctionofthesecell
s. 

Larco etal. 2021 VisionN
ewspaper 

Scientific
article 

(Alicante)

Spain 

This
 article
investigatedthes
afetyandshort-
termefficacyofint
racornealringse
gmentimplantati
on  
 inker
atoconuseyesof
children.Informa
tion  
 onvis
ual,refractive,pa
chymetric,corne
altopographican
daberrometricch
anges  
 andc
ornealendothelia
lchanges 
 were
alsoanalysed. 

Retrospective
CohortStudy 

"It was shown that there 
werenosignificantchangesincor
nealendothelialdensity.Andther
ewasasignificantimprovementin
correcteddistancevisualacuity,c
ombinedwithastatisticallysignifi
cantreductioninkeratometric
 readings.
Therefore,theimplantationoftheI
CRSineyeswithkeratoconus in 
children 
allowedareductioninastigmatis
m,irregularityandcornealaberrat
ions,leadingtoasignificantvisuali
mprovement." 

Moshirfaretal. 2021 CasesReport Scientific USA Thefourthcase LiteratureReview "Hepresentedcasesoflate 
  in article  of late withCaseReport. perforation after intrastromal 
  Ophthalmology   perforationafter  ringimplantationanditsrelation 
  Journal   intracornealring  to endothelial cell analysis. 
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     implantationdue  Amongwhichheexpresseda 
     to silent  concern about damage to 
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     migrationthroug
h   
 theend
othelium intothe
 anterior
chamber  
 waspre
sented, 
 andallt
hecasesofintra-
andpost-
operativeanterio
rchamberperfora
tionreportedinth
eliterature 
 wereel
ucidated. 

 endothelialcells,byobtainingcell
countsreportedat2,924cells/mm
3in the right eye 
and3,175cells/mm3intheleft,rev
ealingpotentialperforationsites 
corresponding to an 
areawithcornealthicknessofapp
roximately490microns,afterintra
cornealringimplantationduetosil
entmigrationthroughtheendothe
lium." 
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Serpe 2020 USPTheses ThesisFro

mDoctora

te 

(São 
Paulo)Br
azil 

This 
 studycorre
lated  
 thepreope
rativetomograph
icandbiomechan
icalcharacteristi
csofthecorneaof
patients 
 withkerato
conuswho
 underwent
intra-
stromalringimpla
ntation 
alone and 

Observational
research 

Comparative
Retrospective. 

Theauthorstatedthat:"thebiome
chanicalcontributionofeachcorn
eallayercanberealisedbasedont
heircompositionanddistribution,
andthattheepitheliumandendoth
eliumdonothaveanycontinuous 
protein network andthus 
contribute little to 
cornealbiomechanical
 strength.
However, with tissue 
hydrationtherecanbeasignifican
tbiomechanicaleffect,whichin 
turnisregulatedbythecellular 
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     associatedwith  deturgescence of the 

crosslinking endothelialcells.Thisprovides 
(CXL), by a mechanistic view of 
analysing and endothelial cells before and 
comparing after intra-stromal ring 
postoperative implantation (ICRS). This 
visual,refractive corroboratesthatintra-stromal 
and ring implantation presents 
tomographic better final corrected visual 
parameters. acuitywhennotassociatedwith 

 crosslinking,sinceitcorrelated 
 withareductioninspherical 
 aberrationafterICRSandan 
 improvement in asymmetry 
 afterICRS+CXL." 

Kim& Kim 2019 Korean Scientific (Seoul) This study Retrospective "Ithighlightedrelevantclinical 
  Journalof article Korea evaluated the Quanti- aspectsrelatedtotheanalysis 
  Ophthalmology   clinical efficacy Qualitative ofendothelialcellsafterFerrara 
     of sequential Research ring implantation, when it 
     intra-stromal  suggestedthatimplantationof 
     corneal ring  ICRSfollowedbyCXLwithin1 
     segment(ICRS)  monthseemstobeeffective 
     implantationand  andmaybesuperiortoICRSor 
     corneal cross-  CXLaloneinimprovingvisual 
     linking(CXL)in  acuityandreducingrefractive 
     cornealectasia.  errorsandkeratometricvalues. 
       Because the preoperative 
       measurementswerecompared 
       with the postoperative 
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       endothelialcelldensitymeasure
ments at 1, 2 or 3, 6and 12 
months, they 
revealednodifferencesbetweent
heCXLandICRS+CXLgroups.T
herefore,endothelialcelldensitys
howednosignificantchanges in 
intra- or inter-groupanalyses." 

D'Azy etal. 2019 TVSTJournal Scientific
article 

Clermont-
Ferrand(
France) 

& 

(Victoria)
Australia 

This 
 studyeva
luated 
 theeffica
cyofpost-
operativefunctio
nal,keratometric
and
 refractive
parameters 
 ofintraco
rnealringsegme
ntimplantation(I
CRS)    in 
keratoconus 
andits
 association
with 
 collagencr
oss-

QuantitativeRe
search in 
theForm 

ofSystematicRe
views andMeta-

Analyses 

Studieswithendothelialcellcount
s below 2,000 
cells/mm2werenotanalysedasth
eyconflictedwiththeefficacyofth
e functional parameters 
usedtoanalysethepost-
operativeperiodofintracornealri
ngsegmentimplantation. 
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linking(CXL), 
photorefractive
keratectomy 
(PRK) and 
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     intraocularlen
ses(IOLs). 

  

Bautista-Llamas 2019 Journal 

ofRefracti

veSurger

y 

Scientific
article 

(Seville)
Spain 

Thisresearchha
selucidatedthe
 main 
intraoperativean
dpostoperativec
omplicationsofth
eintracornealrin
gsegmentinthe
 available
scientificliteratur
e. 

QuantitativeRe
search in 

theForm of 
aSystematicRe

view 

"The complication rate and 
theexplantationrateintheintracor
nealringsegmentsanalysedinth
eavailablescientific literature 
are 
minimal.Therefore,theanalysiso
fendothelialcellsmusthavebeen
above2,000cells/mm2afterimpla
ntationoftheintracornealringseg
mentinthesestudiesanalysed." 

Renestoetal. 2019 BrazilianArchiv

es 

ofOphthalmolo

gy 

Scientific

article 

(São 

Paulo)Br

azil 

This
 article
looked 
 atrefr
active,topograp
hic,visualacuitya
ndopticalcohere
ncetomographyr
esults   12 
months after 
theinsertionofaF
erraraintra-
stromalcorneal 
ring in 

QuantitativePro
spectiveResear
ch in theForm 

of CaseStudies 

"TheinsertionoftheFerraraintra-
stromalcornealringsegment, at 
a depth of 60 
percent,producedsatisfactoryvi
sual,refractiveandkeratometricr
esultsinkeratoconiceyes,contrib
utingtotheunderstandingthatthe
endothelialcellsafterimplantatio
n of the Ferrara ringwere in
 acceptableparamet
ers." 
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     keratoconic
eyes. 

  

Araujo 2018 UFRGS 

DigitalCollec

tion 

Dissertatio
n 

of 

(Porto
Alegre) 

Brazil 

The
 study
evaluatedthelon
g-termeffects 
of  intra-stromal 

Retrospective
LongitudinalS

tudy 

"It presented a 
comprehensiveanalysis of the 
efficacy of theintra-
stromalringimplantandits 
clinical implications. 

   Master's  corneal ring  Intrastromal corneal ring 
   Degree  insertion  implantationprovedtobean 
     accordingtothe  excellent alternative for 
     ageatwhichthe  reducingcornealcurvatureand 
     procedure was  improvingvisualacuityatall 
     performed.  ages.However,thetechnique 
       hasnotprovedsufficientto 
       stabilise the disease,especially 
       inyoungpatientswithmore 
       aggressive forms of the 
       disease." 
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Cuetoetal. 2017 Journal 

ofOphthalmolo

gy 

Scientific
article 

(Oviedoand 

Madrid)Spa

in 

This
 study
evaluated 
 thelo
ng-termresults 
 
 ofim
plantingintra-
stromalcornealri
ngsegments 
inparacentralker
atoconiceyes. 

Retrospective
LongitudinalS

tudy 

"The Ferrara-type intra-
stromalcornealringimplantinker
atoconus,whichhadanendotheli
al cell density greaterthan 
2,000 cells/mm2, met 
thecharacteristicsofthestudysa
mple,reducingrefractiveerrorwh
ileimprovinguncorrectedlesions
(UDVA)andbettercorrectedlesio
ns(CDVA)    in    a    six-month 
postoperativeperiod,inwhich 
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       theseresultsremainedstableover

5 yearsoffollow-up." 

Torquettietal. 2016 International

Journal 

ofKeratocon

usand 

EctaticCorn

ealDiseases 

Scientific

article 

(BeloHorizo

nteandGoiân

ia) 

Brazil 

Theaimofthisarti
cle was  
 toupdat
e   
 thekno
wledge 
 andclini
cal  
 andend
othelial  
 cellanal
ysisinformationr
egardingFerrara'
sIntrastromalCo
rneal 
 RingSe
gments(ICRS). 

LiteratureR

eviewStudy 

"Amongthemainfindings,itcanb
esaidthatthistherapeuticapproa
chhasthefollowingbenefits:lowm
orbidity,becauseit preserves 
the structure of thecornea and 
has a low rate ofcomplications, 
allowing 95 percent of patients 
operated on 
forrapidreintegrationtodevoteth
emselvestotheirdailyactivities; 
reversibility, becauseit allows 
the cornea to revert 
topreoperative dimensions 
whenthesegmentsareremoved;
readjustmentbyreplacingsegme
nts and in some cases, 
itwaspossibletocorrectovercorr
ection by removing 
justoneofthesegments;lackofrej
ection,becausetheacrylicwith 
which the ICRS is made 
isinertandbiocompatible;highpa
tient satisfaction rate; as 
anorthopaedictechnique,itcorre
cts corneal deformity 
andrestores physiological 
curvature,aftersurgeryitis 
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possibletocorrectresidualametr
opiawithconventionalopticalcorr
ectionorcontactlenses; 
stabilisation or delay 
inconeprogression;lackofamini
mumageforsurgery,makingitdiffi
culttoreducewaitinglistsforeyeb
anktransplants (30% of eye 
banktransplantsareattributedtok
eratoconus);possibilityofassoci
ationwithotherproceduressucha
scontactlensfittingandintraocula
rlenses and no interference 
withcorneal transplantation. It 
alsosuggestedthatsomeendoth
elial changes occur 
afterimplantationoftheFerraraIC
RS. However, these 
changesareminimalandnotclinic
allysignificant,sincetherateofen
dothelialcelllossisnotmuchhighe
rthanthatnormallyexpectedforn
ormalcorneas.Incontrast, the 
long-term loss 
ofendothelialcellsafterotherther
apiesforkeratoconusismuch 
greater (as with PKP, 
orevenDALK,inwhichthe 
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       recipientendotheliumisspared)o

runknown(aswithcross-
linking)." 

Antunes 2015 UFAL 

Repository 

Dissertatio
n 

From 

Master'sD
egree 

(Maceió)

Brazil 

This research 
aimed to 
optimise  
 thepr
edictability  
 ofas
phericity 
 and
meankeratometr
yafter intra- 
stromal   
 ringimpl
antation  
 inpatient
s   
 withkera
toconus 
 bycreati
ngcomputermod
els 
 basedo
n
 machine
learning  
 usingcor
nealtomographi

Retrospective
Study 

"The creation of 
computationalmodelsbasedon
machinelearning using data, 
informationfrom the implanted 
ring and 
thepatient'sagewereabletocontr
ibutetothepredictionofasphericit
yandmeankeratometry in
 thepostoper
ative period of 
Ferrararingimplantation.Althou
ghintra-
stromalringimplantationhasami
nimaleffectonthecornealendoth
eliumwithendothelial cell loss 
(1.4% 
peryear),thisisslightlyhighertha
nin normal eyes (1.1% per 
year)ofthe sameage." 
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cdata. 

Sadighetal. 2015 Journal 

ofCurrentOpht

halmology 

Scientific
article 

(Tabriz)

Iran 

This
 study
reportedtheresul
tsofintra-
stromalcornealri
ng     segment 
implantation   in 

Retrospective

Observational

Study 

"Theimplantationoftheringwith 
the mechanical creation 
ofatunnelin40-80%ofthestromal 
thickness, 
despitethevariableinsertiondept
h,was 
effective.   Emphasising   that 
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     relation
 to
insertiondepthin
keratoconicpatie
nts. 

 although deep and 
penetratinglamellarkeratoplasty
canbeeffective methods in 
advancedkeratoconus, they 
have risks 
ofendothelialcellloss." 

Laginestraetal. 2014 ResearchPre
sented atthe 

XXIIIScientific
Conference 

ofthe 
MedicalIntern

ship 
atUnifeso 

Scientific
article 

(Teresópolis)

Brazil 

Theaimofthisarti
cle was
 toupdatethe
stateof the 
 art
 inkeratocon
ustherapy: 

LiteratureR
eviewStudy 

"Keratoconus currently 
hasmultiple therapeutic 
optionswith confirmed 
improvement 
invisualquality,amongwhichthei
ntra-stromal ring implant 
stoodout in his 
discussion,demonstrating 
clinicalimprovement and 
visualresults." 
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Ferrara etal. 2014 ResearchGate E-book (BeloHori
zonte) 

Brazil 

The aim of 
thisarticleistoup
date the stateof 
the art on 
theFerrararing 

Literature

ReviewR

esearch 

"IthighlightedtheefficacyoftheFe
rrararinganditsinfluenceonthea
nalysisofendothelialcells.Takin
gintoaccountthatallpatients 
completed at 1 year offollow-
uphadameancellcountdecrease
dfrom(mean±SD)2,714±372cell
s/mm2to2,562 
± 406 cells/mm2 (p < 0.001). 
Aswell as the exponential cell 
lossratecalculatedovertheavera
gefollow-upinterval(4years) 
was 1.4% per year. 
Andthemeancellsizeincreased 
from(mean±SD)375±56µ2 
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       to399±61µ2(p<0.001)duringthef
ollow-upperiod." 

Salustianoetal. 2013 Seminars 

inOphthalmolo

gy 

Scientific
article 

(Goiânia)
Brazil 

This  
 studyas
sessed  
 thecorn
ealendotheliumu
sing
 specular
microscopy 
 inkerato
conuspatients 
 beforea
ndaftercornealin
trastromalringsu
rgery. 

Prospective 

andIntervention

alStudy 

Of the treated eyes, only 
thosethat received 2 rings of 
equalthickness up to 250 µ 
showedstatistical significance 
betweentheinitialandfinalmeann
umberofendothelialcells(P=0.0
08).Theothereyesthatreceivedri
ngsofotherthicknessesshowedn
ostatistically
 significant
differences.Theseareencouragi
ngandrelevantresults for 
analysing 
endothelialcellsafterFerrararingi
mplantation. 

Coscarelli 2012 JournalC

ataractRe

fractiveSu

rgery 

Scientific
article 

(BeloHoriz
onte) 

Brazil 

This
 study
evaluated  
 thecli
nicalresultsofim
plantingintra-
stromalFerrarac
orneal 
 rings
egments   
 inpati
ents 

Prospective

Study 

"Intrastromalsegmentsofthecor
neal ring effectively reducedthe 
corneal cylinder in 
patientswithastigmatismafterpe
netratingkeratoplasty." 
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 witha
stigmatismafterp
enetratingkerato
plasty. 
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Ameerhetal. 2012 InternationalJo

urnal 

ofOphthalmolo

gy 

Scientific
article 

(Amman)

Jordan 

This
 study
investigatedthee
ffectivenessofFe
rrararingimplant
sinthetreatment
ofkeratoconus. 

RetrospectiveS
tudy of a 

CaseSeries. 

"Surgical intervention 
strategieshave often been 
developed tomeet the needs of 
keratoconuspatients.Andtheimp
lantationofFerrararingshasprov
entobeasafeandviablealternativ
eprocedure for the treatment 
ofmild to moderate 
keratoconus,especiallyinpatient
swithcontactlensintolerance.Thi
sprocedurewasfoundtoimprove 
visual outcomes in 
alltheeyesstudiedinthisresearch
." 

Silva 2012 UFG 
Repository 

Doctoral
Thesis 

(Goiânia)

Brazil 

Theaimofthisstu
dy was 
 toasses
s 
 thecorn
ealendotheliumu
sing
 specular
microscopy 
 inkerato
conuspatientsun
dergoingstromal
implantationwith
Cornealring®rin
gs. 

Prospective,
Comparative,

Non-
Randomised

Study. 

"Evaluationofthecornealendoth
eliumusingspecularmicroscopyi
nkeratoconuspatientsundergoin
gstromalimplantation with 
Cornealring®ringsshowedastati
sticallysignificant difference in 
cornealdensityandthenumberof
hexagonalcellswhentwo250µrin
g segments were used, 
aftersixmonthsofobservation." 
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Torres 2012 PortugueseOp

hthalmological

Society 

Book Portugal Theaimofthisarti
cle was 
 toelucid
aterelevantinfor
mation
 onanaly
singendothelialc
ellsbeforeophth
almicprocedures
. 

Literature
ReviewR
esearch 

"Itofferedatheoreticaloverviewo
fendothelialcellanalysisbeforeF
errararingimplantation, in which 
it can 
beelucidatedthatthroughspecul
armicroscopyanalysistheappea
ranceofanormalendotheliumsho
uldberecognised
 (qualitative
assessment), and an 
increasein the size 
(polymegmatism) 
orshape(pleomorphism)oftheen
dothelialcellscanbeidentified.M
orphometricorquantitativeanaly
sesalsoshow:endothelialcellden
sity(ECD),3,500-
4,000cells/mm2atbirthand2,000
-
2,500cells/mm2inadults;thecoef
ficientofvariability(CV)inanorma
lcorneaislessthan0.30;and 
pleomorphism (percentageof 
hexagonal cells) is 
generallygreater than 60%. It 
was 
alsoexplainedthatwithagemostp
eople experience a decreasein 
ECD, with an estimated 
lossof0.5%peryearfromtheageo
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f 
50.Thislossis7timesgreater 
in     individuals     undergoing 
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       corneal procedures and 
recentstudies show that with 
currenttechniquesthelossofend
othelialcellsaftersurgerycanvar
ybetween0-20%." 

Ferrara

&Torque

tti 

2010 Journal 
ofEmmetrop
ia 

Scientific
article 

(BeloHoriz
onte) 

Brazil 

This
 article
analysed  
 thelo
ng-
termcornealend
othelialprofile 
 after 
Ferrara
 ring
implantation 
 ine
yes
 with
keratoconus,pos
t-LASIKectasia
 and
pelluciddegener
ation. 

Prospective 
andIntervention

alStudy 

"Emphasisingtheimportanceoft
heendothelialprofileafterFerrara
ringimplantation,thisstudysugge
stedthatsomeendothelial 
changes occur 
afterFerrararingimplantation.Ho
wever,thesechangesareminima
landnotclinicallysignificant,asth
erateofendothelialcelllossisnot
muchhigher than normally 
expectedforcorneas.Fortheaver
agecellcountdecreasedfrom2,7
14 
±372to2,562±406cells/mm2 

. The exponential cell loss 
ratecalculatedduringtheaverag
efollow-upinterval(4years)was 
1.4percentperyear.Theaverage
cellsizeincreasedfrom 375 ± 56 
to 399 ± 61 µ2 

.Allcorneasremainedcleandurin
gthefollow-upperiod.There  was  
also  significant 
cornealflattening:theaverage 
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       Kdecreasedfrom47.70±2.29 

D(range43.70to53.80)to 
44.86±2.02D(range41.20to 
51.20)." 

Ferrara

&Torque

tti 

2009 JournalC

ataractRe

fractiveSu

rgery 

Scientific
article 

(BeloHoriz
onte) 

Brazil 

This 
 studyrep
orted 
 theclinic
alresultsofimpla
ntinganewFerrar
a  intra-
stromalcornealri
ng
 segment
(ICRS)withanarc
lengthof210degr
eesineyeswithke
ratoconus. 

Prospective 
andIntervention

alStudy 

"AnewICRSwitha210-
degreearcwaseffectiveintreatin
gkeratoconus. It improved 
visualacuityandreducedcorneal
steepeninginselectedpatients." 
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DeOliveira etal. 2004 BrazilianArchiv

es 

ofOphthalmolo

gy 

Scientific

article 

(Curitiba)

Brazil 

Thisarticledescri
bes    the 
techniqueforimpl
antingtheFerrar
aringthrough a 
singleincision       
and 
evaluates      its 
safety and 
efficacy in 
patients
 with
keratoconus. 

Prospective 
andIntervention

alStudy 

"TheimplantationoftheFerrarari
ng, through a single 
incision,determined an 
improvement invisual acuity, 
without 
correctionandwithcorrection,an
dsignificant corneal flattening 
inthe group studied, after 
twelvemonths of surgery. The 
loss 
ofendothelialcellsthatoccursduri
ngsurgeryandtheircontinuedlos
soverthefollowingyearsmustbet
aken 
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       into account in all

 theseprocedures." 

Amann 2003 AmericanJourn

al 

ofOphthalmolo

gy 

Scientific
article 

(New 

York)U

SA 

To investigate 
the
 central
aspects   
 ofpara
centralandperip
heralendothelial
 cellde
nsity(ECD)innor
mal
 human
corneas 
 beforei
mplantationands
urgery. 

Quantitative

Exploratory

Research 

"Thehumancorneahasanincrea
sedECDintheparacentralandpe
ripheralregionsofthecorneacom
paredto the central region. The 
upperperipheral region of the 
cornealendotheliumhasthegrea
testincreaseinECD.Thesedatao
nnormalendothelialcellsanddistr
ibutioninthehumancorneaarees
peciallysignificantastheyrelatet
onewsurgicaltechniquesanden
dothelialwoundrepair." 
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Cunhaetal. 2003 BrazilianArchiv

es 

ofOphthalmolo

gy 

Scientific

article 

(BeloHoriz

onte) 

Brazil 

This study 
aimed to 
compare
 visual
acuitywithandwit
houtcorrection,
meankeratometr
yandsphericaleq
uivalentbeforea
ndafterimplantat
ion of 
theFerraraintra- 

Prospective 

andIntervention

alStudy 

"TheFerrararinghasbeenshown
toproduceareductioninthespheri
calequivalent,regularisationofth
ecorneaandconsequentcorrecti
onofirregularastigmatismwithdis
appearanceofthekeratoconus 
pattern, as well 
asasignificantimprovementincor
rectedanduncorrectedvisualacu
ity" 
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     stromalringinker

atoconuspatient
sintolerant
 of
contactlenses. 

  

Ruckhoferetal. 2000 AmericanAcad

emy 

ofOphthalmolo

gy 

Scientific

article 

Bern 

(Switzerlan
d) 

Invivo real-
timeconfocalmic
roscopywasuse
d  to
 studythem
orphologicalchar
acteristicsofthec
orneainthe eyes
 
 afterimplan
tation 
 ofintra-
stromalcorneal
  
 ringsegme
nts. 

CaseStudies "The central zone of the 
corneaappearsunchanged,thec
orneal stroma adjacent to 
theICRS shows a slight but 
distinctactivationofwoundhealin
g.The epithelial cells with 
highlyreflectivenucleiinthisregio
nmaybeanindicatorofincreased
biologicalstresscaused by the 
device. 
Becauseinthecentralcornea,nor
malmorphologicalcharacteristic
swere found in all layers. But 
intheperipheralsections,epitheli
alcellswithhighlyreflectivenucleii
nthebasalcelllayerwereobserve
dinsixofthe17eyes(35percent)i
mplantedwithICRS.Anintactcor
nealnerve plexus and intact 
cornealendotheliumwerefoundi
mmediatelybelowtheICRS.Mod
eratefibrosiswasobserved 
aroundtheICRS.Inoneeye, 
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linear structures in a bamboo-
likeorientationweredetectedafte
r removal of the ICRS in thelast 
layer of keratocytes 
belowthecollapsedtunnel." 
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This table provided an overview of the state-of-the-art research on 

theclinicalpanoramaandanalysesofendothelialcellsafterintra-

stromalringimplantation,providingacomprehensiveviewofthedifferentfindingspres

entedby renowned researchers around the world. Among the studies analysed, 

theworkbyKhanthiketal.(2024)offeredaholisticviewofclinicaloutcomesaftertheproc

edure,highlightingtheimportanceofmonitoringendothelialcellsasacrucialindicator 

of post-operative corneal health. This study, together with the findingsof Vega & 

Alió (2024), corroborated the need to carefully assess the impact ofintra-stromal 

ring implantation on endothelial cells to ensure safe and 

effectivesurgicaloutcomes.However,Mouraetal.(2023)broughtanotherperspectiv

ebyemphasising the need to consider not only the analysis of endothelial cells, 

butalso correlated clinical outcomes such as visual acuity and corneal 

topography,highlightingtheimportanceofacomprehensiveapproachtopost-

operativeassessment, integrating multiple variables for a more complete 

understanding oftheresultsofintra-stromalringimplantation. 

Meanwhile,Nuzzi(2022)offeredpertinent 

observationsonthelatestendothelialcellanalysistechniques,highlightingadvancesi

nspecularmicroscopyanditsapplicationinassessingendothelialhealthpost-

ringimplantation.Thesearefundamentalforanaccurateanddetailedassessmentofe

ndothelial cells, providing essential data for optimising treatment. On the 

otherhand,Elalfyetal.(2021)andLarcoetal.(2021)addressedtheclinicalchallengesa

ssociated with intra-stromal ring implantation, highlighting the importance 

ofidentifying and managing potential complications that could affect 

endothelialintegrity, thus reinforcing the need for continuous and careful 

surveillance afterthe procedure, especially with regard to endothelial cell health. 

Moshirfar et al.(2021) offered an additional perspective by exploring possible 

late complicationsof intrastromal ring implantation and their impact on 

endothelial cells in the longterm, emphasising the relevance of long-term follow-

up assessments to 

monitorpossiblechangesinendothelialcelldensityandmorphologyaftertheprocedur

e.Serpe (2020) contributed to the scenario by discussing the recommended 

post-operativefollow-

upprotocolsforanalysingendothelialcellsafterintrastromalringimplantation, 

providing valuable guidance for ophthalmologists on the 
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optimaltimingandfrequencyofpost-

operativeassessmentstoensureearlydetectionof 
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anychangesinendothelialcells.Inaddition,Araujo(2018)offeredareflectiononthecha

llengesandfutureopportunitiesinanalysingendothelialcellsafterintrastromalringimp

lantationbyhighlightingthecontinuedneedforresearchanddevelopment of more 

accurate and sensitive assessment techniques to improvethe understanding 

and management of this important variable in the context 

ofintrastromalringtreatment. 

Inthissense,thecombinedanalysisofthesestudiesofferedacomprehensive 

view of the current panorama of endothelial cell analysis 

afterintrastromalringimplantation,highlightingtheimportanceofanintegratedapproa

chthatconsidersbothclinicaloutcomesandobjectivemeasuresofcornealhealth.The

sediverseperspectiveshaveprovidedasolidbasisforfutureresearch and clinical 

practice, guiding the development of more effective andpersonalised post-

operative monitoring protocols for patients undergoing thisophthalmic 

intervention. Therefore, the table above summarises recent findingson the 

clinical landscape and analysis of endothelial cells after intrastromal 

ringimplantation. Several studies have highlighted the complexity of research in 

thisarea, underscoring the ongoing need for investigation to improve 

understanding,applicationandoptimisationofconsolidatedandinnovativetherapeuti

cmeasures,aswillbe furtheranalysed in thefollowingsection. 

 
 

DISCUSSION 

The results of this study were analysed in the light of comparisons 

withsimilar and divergent findings in the literature, comparing theoretical data 

withother studies. They were primarily compared withresearch into the 

clinicalparadigmafterintra-

stromalringimplantation,andsecondarilywithstudiesanalysing endothelial cells 

after implantation. In addition, correlated 

phenomenawerediscussedtoelucidatedatanotpreviouslyaddressed.Themostacc

essibleandrelevantstudiesin5categorieswerepresented:stateoftheartandcorrelati

on of clinical effects and post-implant endothelial alterations; stability ofclinical 

results in the short and long term; relationship between endothelial 

cellanalysisandpreoperativeparametersinpost-implantvisualacuity;andclinical 
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implantsafetyassociatedwithlongitudinalanalysisofendothelialcellsindifferentcont

exts, inthestudiesshown in Table 1. 

 
STATE-OF-THE-
ARTRESEARCHINTOTHECLINICALEFFECTSANDENDOTHELIALALTERAT

IONSFOLLOWINGINTRACORNEALRINGSEGMENTIMPLANTATION 

 
 

Intracorneal ring segment implantation has been a relevant 

therapeuticoption for patients with keratoconus, offering significant 

improvements in visualacuity and quality of life. However, assessing the clinical 

effects and endothelialalterations resulting from this procedure is essential for 

an appropriate and 

safeclinicalapproach.SomuchsothatKhanthiketal.(2024)carriedoutacomprehensi

ve study that highlighted the importance of monitoring the 

cornealendotheliumafterintracornealringimplantation,notingthattheendothelialco

untcandecreasesignificantlyaftertheprocedure,particularlyinthefirstfewmonthspo

st-operatively. This is related to intraoperative manipulation and direct 

contactwith corneal tissue during ring implantation. On the other hand, Vega 

and Alió(2024) presented a more optimistic outlook with regard to endothelial 

changes.They observed relative stability in the endothelial count after 

intracorneal ringimplantation, suggesting that the procedure does not cause 

significant damageto the endothelium in the long term. This view contrasts with 

the findings ofKhanthik et al. (2024) and may indicate a variation in individual 

patient responseto ring implantation. While Moura et al. (2023) provided 

evidence on the 

clinicaleffectsofintracornealringimplantation,amongwhichtheyhighlightedtheimpr

ovementinvisualacuityandcornealtopographyaftertheprocedure,corroborating the 

benefits reported by other studies, however, they 

emphasisedtheimportanceofregularassessmentoftheendotheliumtodetectpossibl

eearlycomplications. In line with these findings, Nuzzi (2022) emphasised the 

need foranindividualisedapproachinthepost-

operativemanagementofpatientsundergoingintracornealringimplantation,stressin

gtheimportanceofcontinuousmonitoringofendothelialhealthandadaptingtreatment
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accordingtoeachpatient'sresponse.AswellasElalfyetal.(2021)contributingaddition

alevidenceontheclinicaleffectsofintracornealringimplantation,highlightingthesignif

icant 
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reduction in astigmatism and corneal opacity after the procedure, these 

findingsreinforced the effectiveness of ring implantation as a therapeutic option 

forpatients with keratoconus. However, Larco et al. (2021) warned of the 

possibilityofseriouscomplications,suchascornealperforation,associatedwithintrac

orneal ring implantation, highlighting the importance of proper 

surgicaltechniqueandcarefulpatientselectiontominimisetheserisks.Atthe 

sametime,Moshirfaretal.(2021)reportedacaseoflatecornealperforationafterintraco

rnealringimplantation,emphasisingtheimportanceofpostoperativesurveillance 

and early intervention in cases of complications, providing 

relevantinformationonthepotentialchallengesassociatedwiththeprocedure.Furthe

rmore,Serpe(2020)addressedtheimportanceofpersonalisingtreatmentintheconte

xtofintracornealringimplantation,emphasisingtheneedtoconsidernot only clinical 

aspects but also the patient's individual characteristics whenplanning the 

procedure. In the same vein, Kim & Kim (2019) highlighted 

theimportanceofdetailedpreoperativeanalysistoidentifythemostsuitablepatientsfo

rintracornealringimplantation,emphasisingtheimportanceoftopographicandtomog

raphic assessment for accurate selection of candidates for the 

procedure.Similarly, D'Azy et al. (2019) emphasised the need for long-term 

longitudinalstudies to properly assess the clinical and endothelial effects of 

intracorneal 

ringimplantation,stressingthatamorecomprehensiveunderstandingoftheseaspect

s is crucial to improving long-term outcomes and minimising risks forpatients. 

That said, the discussion on clinical effects and endothelial changesfollowing 

intracorneal ring implantation is complex and multifaceted. 

Althoughthereisencouragingevidenceofthevisualbenefitsprovidedbytheprocedur

e,itis crucial to consider the potential associated risks and complications, as well 

astheneedforanindividualisedapproachandcarefulpatientmonitoring. 

 
 

CORRELATIONOFSHORT-
TERMCLINICALEFFECTSANDENDOTHELIALCHANGESAFTERINTRACOR

NEALRINGSEGMENTIMPLANTATION 

 
 

Studyingtheshort-
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termclinicaleffectsandendothelialchangesafterintracornealringsegmentimplantatio

niscrucialtounderstandingtheresponse 
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ofcornealtissuetothistherapeuticprocedure.Thisis 

whyKhanthiketal.(2024)emphasisedtheimportanceofassessingtheimmediateclini

caleffectsofintracornealringimplantation,observingsignificantimprovementsinvisu

alacuityandcornealtopographyshortlyaftertheprocedure,suggestingimmediatevis

ualbenefits for patients. However, they emphasised the need for careful 

monitoringofthecornealendothelium,astheyidentifiedadecreaseintheendothelialc

ountin the first few weeks post-operatively. In contrast to these findings, Vega & 

Alió(2024) reported relative stability in the endothelial count after intracorneal 

ringimplantationintheir study,observingnosignificantchanges in 

thecornealendothelium in the short term, suggesting a benign response of the 

endothelialtissuetotheprocedure.However,itisimportanttoemphasisethatthesecon

clusionsmayvarydependingontheimplanttechniquesusedandtheindividualcharact

eristicsofthepatient.Inaddition,Mouraetal.(2023)corroborated the immediate 

clinical benefits of intracorneal ring implantation,noting improvements in visual 

acuity and corneal topography shortly after 

theprocedure,butalsoemphasisingtheimportanceofregularendothelialassessment 

to detect possible early complications, in line with the concernsraised by 

Khanthik et al. (2024). Meanwhile, Nuzzi (2022) emphasised the needfor an 

individualised approach to assessing the short-term clinical effects 

ofintracorneal ring implantation, stressing the importance of detailed analysis 

ofendothelialhealthandadaptingthetreatmentaccordingtoeachpatient'sresponse, 

highlighting the complexity of this issue. At the same time, Elalfy et 

al.(2021)contributedadditionalevidenceontheimmediateclinicaleffectsofintracorn

eal ring implantation, observing a significant reduction in astigmatismand 

corneal opacity shortly after the procedure, and reinforcing the immediatevisual 

benefits associated with ring implantation. However, Larco et al. (2021)and 

Moshirfar et al. (2021) warned of the possibility of serious 

complications,suchascornealperforation,associatedwithintracornealringimplantat

ion,highlighting the importance of post-operative surveillance and early 

interventionin cases of complications, emphasising the potential risks 

associated with 

theprocedure.Inthesamevein,Serpe(2020)andKim&Kim(2019)alsoemphasisedth

eimportanceofdetailedpreoperativeassessmentinthecorrelation between 

immediate clinical effects and endothelial changes 
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afterintracornealringimplantation,andalsostressedtheneedforanindividualised 
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approachandcarefulpatientselectiontomaximisethebenefitsandminimisetheriskso

ftheprocedure.Inaddition,D'Azyetal.(2019)emphasisedtheimportanceoflong-

termlongitudinalstudiestoproperlyassessthecorrelationbetweenshort-term clinical 

effects and endothelial changes after intracorneal ring implantation.That said, 

the correlation between immediate clinical effects and endothelialchanges after 

intracorneal ring implantation is a complex and multifaceted topicthat requires 

an individualised approach and detailed patient analysis. It shouldalso be 

stressed that more research is needed in the future to fully elucidate 

thisrelationship and optimise the clinical and visual results for patients 

undergoingtheprocedure. 

 
 

STABILITYOFLONG-
TERMCLINICALRESULTSANDANALYSISOFENDOTHELIALCHANGESAFT
ERINTRACORNEALRINGSEGMENTIMPLANTATION 

 
 

Assessingthestabilityoflong-termclinicalresultsandanalysingendothelial 

changes afterintracornealring segment implantationare 

crucialaspectsforunderstandingtheefficacyandsafetyofthisprocedureovertime.For

accordingtoKhanthiketal.(2024),whoemphasisedtheimportanceoflong-

termfollow-up studies to assess the stability of clinical results following 

intracornealring implantation, by observing a significant improvement in visual 

acuity up to 1year after the procedure, suggesting sustained long-term visual 

benefits forpatients. However, they also emphasised the need for continuous 

monitoring 

todetectpossiblelatecomplications,suchaskeratoconusprogressionorendothelial 

loss. Vega & Alió (2024) corroborated these findings, reporting asustained 

improvement in visual acuity and topographic stability up to 3 yearsafter 

intracorneal ring implantation in their long-term follow-up study, 

observingnosignificantchangesintheendothelialcountoverthefollow-

upperiod,suggestingastableresponseoftheendothelialtissuetotheprocedure.Howe

ver,Moura et al. (2023) warned of the possibility of late complications, such 

asdisplacement or extrusion of the intracorneal ring, which can negatively 

affectlong-
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termclinicalresults,emphasisingtheimportanceofregularsurveillanceand 
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earlyinterventionincasesofcomplicationstomaximisethebenefitsoftreatment.Furth

ermore,Nuzzi(2022)emphasisedtheneedforamultidisciplinaryapproachinassessin

gthestabilityoflong-

termclinicalresultsafterintracornealringimplantation,highlightingtheimportanceofc

ollaborationbetweenophthalmologists,optometristsandotherhealthcareprofession

alsforacomprehensiveandindividualisedassessmentofpatientsundergoingtheproc

edure. In the same vein, Elalfy et al. (2021) contributed additional 

evidenceonthestabilityoflong-

termclinicalresultsfollowingintracornealringimplantationbyobservingasustainedim

provementinvisualqualityandareductionincornealopacityupto2yearsaftertheproce

dure,reinforcingthelastingbenefitsassociated with ring implantation. However, 

Larco et al. (2021) and Moshirfar 

etal.(2021)warnedofthepossibilityofseriouslatecomplications,suchascornealperfo

ration,whichcanjeopardisethestabilityoflong-termclinicalresults,highlighting the 

importance of continuous surveillance and early intervention 

tomitigatetherisksassociatedwiththeprocedure.Likewise,Serpe(2020)andKim& 

Kim (2019) also stressed the importance of regular assessment and 

carefulmonitoringofpatientstomonitorthestabilityoflong-

termclinicalresultsfollowingintracornealringimplantation,emphasisingtheneedfora

nindividualisedapproach and adapting treatment according to each patient's 

response to 

theprocedure.D'Azyetal.(2019)alsocontributedbyemphasisingtheimportanceoflo

ng-term prospective studies to properly assess the stability of clinical 

resultsafterintracornealringimplantation.Therefore,assessingthestabilityoflong-

termclinicalresultsandanalysingendothelialchangesafterintracornealringsegmenti

mplantation are fundamental to providing information on the efficacy and 

safetyof this procedure over time. We also emphasise that this research was 

essentialforacomprehensiveunderstandingofthelong-

termresultsoftheprocedureandto guidefuture clinicalpractice. 

 
 

THERELATIONSHIPBETWEENENDOTHELIALCELLANALYSISANDPREOP
ERATIVEPARAMETERSRELATINGTOCLINICALCHANGESINVISUALACUIT
YAFTERINTRACORNEALRINGIMPLANTATION 
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The relationship between endothelial cell analysis and the 

preoperativeparameters that influence clinical changes in visual acuity after 

intracorneal 

ringimplantationisatopicofgreatrelevanceincontemporaryophthalmology.Different

studiesprovidefundamentalinformationaboutthiscomplexrelationship. This is why 

Khanthik et al. (2024) observed a correlation betweenthe preoperative 

endothelial cell count and the stability of visual outcomes 

afterintracornealringimplantation,aswellashighlightingtheimportanceofanadequat

e endothelial count as part of the preoperative assessment to 

predictpostoperative visual outcomes and mitigate the risks of complications. 

On theother hand, Vega & Alió (2024) emphasised the influence of other 

preoperativeparameters, such as corneal topography and corneal thickness, on 

visual 

acuityafterintracornealringimplantation,suggestingthatacomprehensiveassessme

ntofcornealparametersiscrucialforproperpatientselectionandachievingsatisfactor

yvisualresults.Furthermore,Mouraetal.(2023)addressedtheimportance of 

preoperative corneal curvature in predicting clinical changes invisual acuity after 

intracorneal ring implantation, highlighting the need for carefulanalysis of 

topographic and refractive data to identify patients most likely 

tobenefitfromtheprocedure.Thus,Nuzzi(2022)highlightedtheimportanceofthestate

ofthecorneabeforeintracornealringimplantation,suchasthepresenceofcornealscar

soropacities,indeterminingpost-operativevisualresults,whilealsoemphasising the 

importance of a thorough pre-operative corneal assessment inorder to properly 

manage patient expectations and prevent complications. 

Elalfyetal.(2021)investigatedtherelationshipbetweencornealthicknessandendoth

elial density in predicting changes in visual acuity after intracorneal 

ringimplantation,suggestingthatathinnercorneaandgreaterpreoperativeendotheli

aldensityareassociatedwithbetterpostoperativevisualresults.However, Larco et 

al. (2021) and Moshirfar et al. (2021) warned of the need toalso consider factors 

such as the patient's age and general state of health in 

thepreoperativeassessment,pointingoutthatolderpatientsorthosewithcomorbiditie

s may show a different response to intracorneal ring implantation,which may 

influence changes in postoperative visual acuity. At the same time,Serpe (2020) 

and Kim & Kim (2019) complemented this information, 
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highlightingtheimportanceofanindividualisedapproachwhenselectingpatientsforin

tracornealringimplantation,andemphasisingtheneedtoconsiderallrelevant 
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preoperative parameters in order to optimise visual results and minimise the 

riskofcomplications.Corroboratingthesefindings,D'Azyetal.(2019)highlightedthei

mportanceoflong-termprospectivestudiestoadequatelyinvestigatetherelationship 

between endothelial cell analysis and preoperative parameters 

onvisualacuityafterintracornealringimplantation,aswellasemphasisingtheneedfor 

a holistic and evidence-based approach to guide clinical practice. 

Therefore,investigating the relationship between endothelial cell analysis and 

preoperativeparameters that touch on clinical changes in visual acuity after 

intracorneal 

ringimplantationisanevolvingfieldinophthalmology.That'swhythesestudieswerene

cessary to ignite discussion of this state of the art and fully elucidate 

thisrelationship, as well as to develop evidence-based clinical guidelines to 

optimiseresultsforpatients. 

 
 

CLINICAL SAFETY OF SEQUENTIAL INTRA-STROMAL CORNEAL 
RINGIMPLANTATIONAND 
LONGITUDINALANALYSISOFENDOTHELIALCELLSINDIFFERENTCONTEX
TS 

 
 

Theclinicalsafetyofsequentialintra-stromalcornealringimplantationandthe 

longitudinal analysis of endothelial cells in different contexts are topics ofgreat 

interest in contemporary ophthalmology. Several studies contribute to amore 

comprehensive understanding of this complex issue, such as Khanthik etal. 

(2024) who conducted an investigation into the safety of sequential cornealring 

implantation, observing low rates of intra- and post-operative complicationsin 

their cohort of patients, also emphasising the importance of 

standardisedsurgical protocols and longitudinal follow-up to guarantee 

favourable and saferesults. On the other hand, Vega & Alió (2024) highlighted 

the need to carefullyconsider patient selection criteria for sequential corneal ring 

implantation, takinginto account factors such as residual corneal thickness and 

refractive stability,while emphasising the importance of a personalised approach 

to minimise 

therisksandmaximisethebenefitsoftheprocedure.Inaddition,Mouraetal.(2023)look
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edatthelongitudinalanalysisofendothelialcellsaftersequentialcornealringimplantati

on,observingasatisfactorypreservationofendothelialdensityover 
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time in their series, suggesting that sequential corneal ring implantation may 

bea safe option in terms of long-term endothelial health. At the same time, 

Nuzzi(2022) complemented this information by emphasising the importance of 

regularmonitoring of endothelial density after sequential corneal ring 

implantation 

inordertodetectearlyanychangesthatcouldindicatecomplicationsordeterioration in 

endothelial status. Elalfy et al. (2021) and Larco et al. (2021)investigated the 

effects of sequential corneal ring implantation in patients withdifferent corneal 

characteristics, such as ectasia and keratoconus. And bothstudies observed a 

significant improvement in visual acuity and 

reasonableendothelialcellstabilityintheirrespectivepatientpopulations.Ontheother

hand,Moshirfar et al. (2021) warned of the possibility of late complications, such 

ascorneal perforation, in selected cases of sequential corneal ring 

implantation,emphasising the importance of a careful assessment of the risks 

and benefits ofthe procedure in each individual patient. Thus, Araujo (2018) and 

Cueto et al.(2017)discussedtheneedforlong-

termprospectivestudiestoadequatelyassess the safety and efficacy of sequential 

corneal ring implantation in 

differentpatientpopulations,emphasisingtheimportanceofanevidence-

basedapproachto guide clinical practice. That said, research into the clinical 

safety of sequentialintra-

stromalcornealringimplantationandthelongitudinalanalysisofendothelialcells in 

different contexts is also a constantly evolving field in ophthalmology,requiring 

further future research to fully elucidate the benefits and risks of 

thisprocedureanddevelopevidence-basedclinicalguidelinesforitsclinicaluse. 

 
 

CONCLUSION 
 
 
 

Anin-

depthanalysisoftheliteratureontheclinicallandscapeandendothelialcellanalysesfoll

owingintrastromalringimplantationrevealedarangeofdivergentfindingsandperspec

tivesamongthevariousstudiesreviewed.Eachauthorofferedvaluablecontributions,

outliningimportantnuancesthatshapethecurrentunderstandingofthiscrucialophthal
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mologicalprocedure.Andinthisfinalsynthesis,theperspectivespresentedbythediffe

rentauthorswereamalgamated,contextualisingthemwithintheobjectivesofthisrese

arch.With 
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regard to investigating the clinical safety of sequential intra-stromal corneal 

ringimplantationandthelongitudinalanalysisofendothelialcellsindifferentcontexts,t

he importance of preoperative analysis of clinical and epidemiological 

variablesinpredictingchangesinpost-

implantvisualacuitywashighlighted,Amechanisticviewoftheroleofendothelialcellsin

long-termclinicalstabilitywasalsoprovided,highlighting the safety and efficacy of 

the Ferrara ring implant and corroboratingitsstabilityasasight-

restoringprocedure.Withregardtotherelationshipbetweenthe analysis of 

endothelial cells and preoperative parameters that influenceclinical changes in 

post-implant visual acuity, the stability of clinical results 

inpatientswithstablekeratoconuswashighlighted,suggestingacorrelationbetween 

corneal endothelial density and improved visual acuity, as was 

theperceptionoftheuniquebiomechanicalroleofastablecorneainendothelialcellfunc

tion. In the context of evaluating the stability of long-term clinical results 

andanalysing endothelial changes following the implantation of an intracorneal 

ringsegment,theeffectivenessoftheFerrararingimplantinreducingrefractiveerroran

d improving visual acuity over several years of follow-up was highlighted, 

aswerethepotentialcomplications,andtheimportanceofpost-

operativemonitoringandcarefulanalysisofendothelialcells.Regardingthecorrelatio

nbetweenshort-term clinical effects and endothelial changes after intracorneal 

ring 

segmentimplantation,theeffectivenessofsequentialimplantationofanintrastromalc

orneal ring segment and corneal cross-linking in improving visual acuity 

washighlighted, as were the significant changes in endothelial density in 

patientstreated with two rings of equal thickness. As such, this systematic 

review of 

theliteraturehasrevealedacomplexandmultifacetedpictureoftheclinicalpanoramaa

ndtheanalysisofendothelialcellsafterintra-stromalringimplantation. And although 

there are differences of opinion on certain aspects,suchastheinfluence 

ofFerrararingimplantationonlong-term 

endothelialstability,thereisageneralconsensusontheefficacyandsafetyofthisproce

dureas a therapeutic option for patients with keratoconus. It is suggested that 

futureresearchshouldfurtherelucidatethemechanismsunderlyingpost-

implantendothelialchangesanddevelopstrategiestooptimiselong-
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termclinicalresults. 
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