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ABSTRACT

AIM: To study aberrations of the optical system of the eye in patients with ectopia lentis in Marfan syndrome and their changes
after surgical treatment.

MATERIAL AND METHODS: The study included 20 patients (38 eyes) with Marfan syndrome with lens subluxation of varying
severity, aged 5 to 36 years (23.7+5.2), and who received treatment at the Helmholtz National Medical Research Center of Eye
Diseases in 2017 to 2024. Surgical treatment of ectopia lentis involved removal of the subluxated lens followed by implantation
of an intraocular lens (IOL) and an intracapsular tension ring. It was performed in 9 patients (16 eyes) from the study group
of patients with Marfan syndrome, namely, in 5 girls and 4 boys aged 5 to 15 years (mean: 12.1+3.2 years). The examination
of children included autorefractometry, biomicroscopy, ophthalmoscopy, keratometry, tonometry, ultrasound biometry,
and aberrometry. Follow-up periods ranged from 3 months to 2 years.

RESULTS: The conducted examinations showed that eyes with keratoconus had a sharp increase in all common (and, above all,
internal) aberrations caused by a change in the position of the lens, its tilt (which contributes to the tilt aberration), vertical and
horizontal decentration (vertical and horizontal coma and trefoil), a more convex shape due to the impossibility of tensioning
the ciliary zonules that flatten the lens in the healthy eye (spherical aberration), a change in the clarity and quality of the lens
surface (trefoil).

CONCLUSION: In Marfan syndrome, all common and internal wavefront aberrations of the eye are sharply increased. Vertical
(x2,000 times) and horizontal (x1,000 times) tilt, vertical (x7,000 times) and horizontal (x130,000 times) coma, and vertical
trefoil (x900 times) demonstrate extreme values. After surgical replacement of the lens and its centration, all listed aberrations
are significantly reduced, however, they still remain increased compared to the normal values.

Keywords: myopia; Marfan syndrome; aberrations.

To cite this article:
Tarutta EP, Katargina LA, Harutyunyan SG, Egiyan NS, Tarasova NA, Kruglova TB. Wavefront aberrations in Marfan syndrome over time after refractive
surgery. Russian pediatric ophthalmology. 2025;20(1):14-19. DOI: 10.17816/rpoj643132 EDN: GUCLSD

Received: 05.06.2024 Accepted: 25.07.2024 Published online: 30.03.2025
&
ECOSVECTOR The article can be used under the CC BY-NC-ND 4.0 International license

© Eco-Vector, 2025


https://doi.org/10.17816/rpoj643132
https://doi.org/10.17816/rpoj643132
https://elibrary.ru/guclsd
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://elibrary.ru/guclsd
https://crossmark.crossref.org/dialog/?doi=10.17816/rpoj643132&domain=PDF&date_stamp=2025-04-29
https://crossmark.crossref.org/dialog/?doi=10.17816/rpoj643132&domain=PDF&date_stamp=2025-04-29

OPUMHATIBHBIE MCCIEAOBAHA Tom 20, N° 1, 2025 Poccuiickas neguaTpudeckas ohransmonoriia
DOI: https://doi.org/10.17816/rpoj643132 EDN: GUCLSD

A6eppauuu BonHoBoro (ppoHTa rnasa
npu cuiapoMe MapdaHa u ux gMHaMMKa
nocjie ONTUKO-PEKOHCTPYKTUBHOM XMpYprum

E.N. TapytTa, JI.A. Katapruna, C.I'. ApyTionsH, H.C. Eruan, H.A. Tapacosa, T.b. Kpyrnosa

HMWLL rnasHbix 6onesHen uM. FenbMronbua, MockBa, Poccuiickas ®epepauus

AHHOTALMA

Lenb. W3yyeHne abeppauuii oNTUYECKOM cUCTEMBI 1a3a Yy MaLMEHTOB C IKTOMMEN XpycTanuka npu cuHapoMe MapdaHa
W UX M3MEHEHWI NMOCTe XUPYPrUyecKoro feyeHus.

Marepuan u Mmetoabl. B nccneposanume BrtoueHo 20 naumeHToB (38 rnas) ¢ cunapomMoM MapdaHa ¢ NoaBbIBUXOM Xpy-
ctanuka lI-lll ctenenn B Bo3pacte 5-36 net (23,7+5,2), HabnopaBlwmxca B HMUL, rnasHbix 6onesHent uM. lenbmronbua
B 2017-2024 rr. Xvpyprudeckoe NieYeHUe IKTOMWUW XPYCTasMKa, @ UMEHHO yAaneHue NoABbIBUXHYTOrO XpycTanuka ¢ UM-
nnaHTaumeit UHTpaoKynapHoi nuH3bl (MOJ1) n BHYTpUKancynbHOro Konbua nonyumiu 9 naumeHTos (16 rnas) us obuiei rpyn-
Mbl ¢ cMHAPOMOM MapdaHa — 5 feBoyeK M 4 ManbymKka B Bo3pacTe 5—15 net (B cpegHeM 12,1+3,2 ropa). 06cnenoBanue
LeTen BKII0Yano aBTopedpakToMeTpuio, bBOMUKpOCKoNuio, 0hTaNbMOCKOMNMIO, KePaTOMETPHIO, TOHOMETPUIO, YNIbTPa3BYKO-
Byto buoMeTputo, abeppoMeTpuio. Cpoku HabnwaeHns coctaBunm 0T 3 MecsAueB 0 2 NeT.

Pe3ynbTartbl. [IpoBefiEHHbIE MCCNEA0BAHUA NOKa3aaM Ppe3Koe NOBLILLEHWE B rNa3ax C NOABLIBUXOM XpycTanuKka BCex obLumx
(Npexpe Bcero, BHYTPEHHMX) abeppaLyii, BbI3BaHHOE M3MEHEHMEM MONOXEHUA XPYCTaNMKA, €0 HaKNOHOM (4TO YBENUYM-
BaeT abeppaumio TUNT), CMELLEHWNEM OT 3pUTESIbHOM OCU MO BEPTUKANM U ropU3oHTanu (BepTUKasnbHble U roOpU30HTasbHbIE
Koma u Tpedoiin), bonee BbIMyKIOM GOPMOIA BBUAY HEBO3MOMHOCTW HATSIKEHUS LIMHHOBbLIX CBAI3OK, YMJIOLLAKOLIMX JIMH3Y
B HopMe (cdepuyeckas abeppauus), U3MEHEHUEM NPO3PaYHOCTU W Ka4ecTBa NOBEPXHOCTU XpycTanuKka (tpedoin).
3akniouenue. lpu cuHgpoMe Mapdara Bce o0blume M BHYTPeHHWE abeppauymn BOSHOBOrO GpOHTA rnasa pe3Ko NOBbLILLEHSI.
JKcTpeMarbHbIX 3HAYEHU QOCTMraeT noBbileHue BepTUKanbHoro (B 2000 pas) u ropusoHTanbHoro (B 1000 pas) TmnTa,
BepTuKanbHoi (B 7000 pa3) u ropusoHTanbHoi (8 130 000 pas) KoMbl, BepTuKanbHoro Tpedoiina (B 900 pas). Mocne xupyp-
TMYECKOI 3aMeHbl XpYCTanmKa, LeHTPann3aLmm ero nofaoxeHus Bce nepeuncieHHble abeppauuy 3HauMTeNIbHO CHUMaKOTCS,
0[JHaKO, BCE }e OCTATCA MOBbILLIEHHBIMU M0 CPABHEHMIO C HOPMO.

KnioueBble cnoBa: Mvonus; cunapom MapdaHa; abeppaumm.
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ORIGINAL STUDY ARTICLE

INTRODUCTION

Marfan syndrome is a genetic connective tissue
disorder characterized by typical involvement of the eye
and the musculoskeletal and cardiovascular systems [1].
The prevalence of the syndrome in the population,
according to various sources, ranges from 4 to 6 per
100,000 newborns [2-5]. In Marfan syndrome, weakened
zonular fibers may initially manifest as myopia and lens
subluxation. These patients are often prone to early
cataract development.

Currently, the Ghent criteria are considered highly
valuable for diagnosing Marfan syndrome. According to
these, ectopia lentis is classified as a major ophthalmic
criterion, whereas increased axial length of the globe,
abnormally flat cornea, and hypoplasia of the iris and
ciliary muscle are classified as minor criteria. Other
developmental anomalies may also occur, including
congenital cataract, microphakia and/or spherophakia,
lens coloboma, and atrophic retinal tears. The known
connective tissue weakness in Marfan syndrome,
specifically involving changes in the position, shape, size,
and transparency of the lens, combined with a potential
increase in axial length, leads to refractive errors and
the development of optical system aberrations. Given the
inability to achieve correction with glasses or contact
lenses, the risk of amblyopia, difficulties with social
adaptation, and impaired psychological development
in children, growing ophthalmological experience
has demonstrated that the most effective modern
method for managing ocular manifestations of Marfan
syndrome is surgical intervention, specifically removal
of the subluxated lens with intraocular lens (IOL)
implantation [6-8].

Currently, the removal of a subluxated (dislocated)
clear or cataractous lens in Marfan syndrome can be
performed using two approaches. The first approach
involves removing the lens along with the capsular bag
(lensectomy-vitrectomy), followed by IOL implantation
with scleral fixation. The second approach consists
in removing the subluxated lens while preserving
the capsular bag, with simultaneous 10L implantation
either into the bag or using a combined fixation technique,
sometimes with the additional use of a capsular tension
ring or other implants [9-13].

Anatomical shifts occurring in the eyes of patients
with Marfan syndrome — such as lens displacement,
subluxation, impaired accommodation and
disaccommodation processes, and elongation
of the anteroposterior axis — predispose to changes
in wavefront aberrations. There are few reports
in the literature dedicated to aberrometry in Marfan
syndrome. For instance, Lteif and Bahar demonstrated
that in lens subluxation, the total level of aberrations,
particularly tilt and astigmatism as well as higher-order
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aberrations (RMS HOAs, coma, trefoil), increased three-
to fourfold compared to healthy eyes. At the same time,
spherical aberration did not show such differences
and was even non-significantly lower than in healthy
individuals [14-16].

AIM: To study optical system aberrations in the eye
in Marfan syndrome patients with ectopia lentis and their
changes after surgical treatment.

MATERIAL AND METHODS

The study included 20 patients (38 eyes) with Marfan
syndrome and grade 2-3 lens subluxation. The patients
were aged 5 to 36 years (mean age: 23.7+5.2 years);
they were followed-up at the Helmholtz National Medical
Research Center of Eye Diseases between 2017 and
2024. Surgical treatment for ectopia lentis (removal
of the subluxated lens followed by implantation of IOL and
intracapsular ring) was performed in 9 patients (16 eyes)
from the overall group with Marfan syndrome — 5 girls
and 4 boys aged 5 to 15 years (mean age: 12.1+3.2 years).
The examination of children included biomicroscopy,
ophthalmoscopy, tonometry, and methods required
for the implanted IOL calculation (autorefractometry
and ultrasound biometry). The follow-up period ranged
from 3 months to 2 years.

To study the wavefront, all patients underwent
examination using the OPD-Scan IIl aberrometer (Nidek,
Japan). Of these, nine patients underwent repeated
aberrometry — both before surgery and 3 months after
surgery.

Phacoaspiration of the subluxated lens was
performed using the Megatron S4 surgical system
(Geuder, Germany), with implantation of an intracapsular
polymethylmethacrylate ring and a hydrophobic acrylic
IOL into the capsular bag. A controlled anterior
vitrectomy was performed to center the capsular bag.
The postoperative period in all patients was uneventful,
with standard anti-inflammatory therapy.

RESULTS

The clinical and anatomical characteristics of the
examined patients are presented in Table 1.

Optical system aberrations of the eye in patients with
Marfan syndrome are shown in Table 2. The table also
includes previously published wavefront parameters
in healthy children with various refractions ranging from
high hyperopia to high myopia [17].

All total wavefront aberrations in eyes with ectopia
lentis were elevated by several orders of magnitude,
rather than by 3-4 times. In particular, RMS increased
18-fold, vertical tilt increased 2000-fold, horizontal tilt
increased 1000-fold, vertical coma increased 7000-fold,
horizontal coma increased 130,000-fold, vertical trefoil
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Table 1. Clinical and anatomical characteristics of patients pre-surgery

N2 12025 Poccuiickas neguatpryeckas ohTansmMonorus

Tabnuua 1. KnuHuKo-aHaTOMUYECKME XapaKTEPUCTUKM NaLMEHTOB A0 ONepaLmuu

All examined Eyes treated surgically

Bce obcnepoBaHHble 13 HuX B AanbHelilueM onepupoBaHHble
Number of patients (eyes) 20 (38) 9 (16)
KonuuecTso naumeHToB (mas)
Age, years 23,7452 12,1431
Bospacr, rogsl
Spherical equivalent (D) -178+3,7 -18,5¢1,6
Cdepunyeckuin 3KBMBaNeHT pedpakLmm, AnTp
Best corrected visual acuity 0,31£0,15 0,2420,27
MaKcvMarbHas KOppUrMpoBaHHas 0CTpoTa 3peHust
intraocular pressure (mmHg) 13,8439 14,3+3,3
BHyTpWrnasHoe aBnexue, MM pr. CT.
Anteroposterior axis, (mm) 24,317 2331212

MNepeaHe3aaHsa ocb, MM

Table 2. Aberrations of the optical system of the eye in patients with Marfan syndrome (38 eyes)

Tabnuua 2. Abeppaumnv onTMYECKOI CMCTEMBI [1a3 ¢ cuiapoMoM Mapdana (38 rnas)

Aberrations )
Abeppauym Common aberrations:
normal values
Common Corneal Internal 06Luvte abeppauy B HopMe
06wwme PorosuuHble BHyTpeHH1e
06wwmin yposeHb abeppaumin (RMS HOAs) 3,310,6 0,179+0,1
Vertical tilt 171£2,7 0,05+0,01 16,90,1 0,008+0,03
BepTukanbHbI AT
Horizontal tilt 35,623,9 -0,28+0,04 360,1 0,03110,29
[OpM30HTaNbHBIA TAAT
Vertical coma -10,2+1,7 0,03+0,02 -8,9:0,1 0,0014+0,02
BepmkanbHas KoMa
Horizontal coma -195+2,1 -0,150,1 -179+0,1 -0,00015
[opW30HTaNbHas KoMa
Vertical trefoil 24,450, -0,0640,1 26,320,1 0,027+0,05
BepwikanbHbit Tpedoin
Horizontal trefoil 8,02+1,1 -0,08+0,01 720,19 0,024+0,26
[opW30HTanbHLIN Tpedoiin
Spherical aberration 5,9+0,6 0,050,01 4,710,1 -0,02:0,14

Cdbepuueckas abeppaums

increased 900-fold, horizontal trefoil increased 300-fold,
and spherical aberration increased 300-fold (Table 2).

The increase in aberrations is primarily due to the eye
internal optics, while corneal aberrations remain nearly
unchanged.

Following lens surgery, total and internal aberrations
decrease sharply: RMS by a factor of 3.7 vertical tilt
20-fold, horizontal tilt 320-fold, vertical coma 97-fold,
horizontal coma 255-fold, vertical trefoil 62-fold,
horizontal trefoil 187-fold, and spherical aberration
90-fold. These changes are attributed to the reduction
in internal aberrations, whereas corneal aberrations show
a slight increase, which is expected due to the corneal
incisions (Table 3).

D0l https://doiorg/10.17816/rpoj643132

Thus, the study demonstrated a sharp increase
in all total aberrations, primarily internal ones, due
to changes in lens position, its tilt (which increases
tilt aberration), displacement from the visual axis both
vertically and horizontally (resulting in vertical and
horizontal coma), a more convex shape caused by the
inability of the zonular fibers to exert tension and flatten
the lens as they normally do (spherical aberration), and
alterations in lens transparency and surface quality
following lens replacement (trefoil). After removal of the
subluxated lens and implantation of a properly centered
IOL, all these aberrations are significantly reduced.
However, they remain elevated compared with normal
values.
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Table 3. Wavefront aberrations in 9 patient before and after the lens surgery
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Ta6nuua 3. Abeppauvu BonHoBoro GpoHTa 'y 9 nauMeHToB A0 M Noc/e onepaLum Ha XpycTanuKe

Pre-surgery Post-surgery 3 months
Aberrations [lo onepauum Mocne onepauum yepe3 3 Mecsiua
Abeppauuu Common Corneal Internal Common Corneal Internal
06wwme Porosuuble BHyTpeHHWe 06wwme Porosuuble BHyTpeHHWe
06wwmi yposeHb abeppaumin (RMS HOAs) 4,5+0,6 1,240,2
Vertical tilt 15,1£2,7 0,05+0,01 14,8+0,1 -0,74+0,1 0,240,1 -2,9+0,1
BepTukanbHbI THNT
Horizontal tilt 37837 -0,28+0,04 33,70,1 -0,11+£0,1 -0,15+0,1 0,24£0,1
[OpU30HTaNbHbINA TUNT
Vertical coma -N,7£19 0,03+0,02 -99540,1 -0,12+0,1 0,180,1 -0,30,1
BepwikanbHas KoMa
Horizontal coma -179+2,7 -0,150,1 -18,60,1 0,07+0,1 -0,310,1 0,420,1
[opW30HTaNbHas KoMa
Vertical trefoil 25,120,1 -0,0640,1 24,9+0,1 0,410,1 -0,19£0,1 0,5810,1
BepwikanbHbit Tpedoin
Horizontal trefoil 7511 -0,08+0,01 702 £0,19 -0,04£0,1 -0,001£0,1 -0,07+0,1
[opu30HTaNbHLIN Tpedoiin
Spherical aberration 6,30,6 0,05+0,01 5,740,1 -0,07+0,1 0,1720,1 -0,24+0,1

Cdbepuueckas abeppaums

Wavefront analysis of the eye in Marfan syndrome has
significant clinical implications for patient monitoring,
surgical indication assessment, procedure selection,
and assessment of surgical efficacy.

CONCLUSIONS

1. In Marfan syndrome, all total and internal wavefront
aberrations of the eye are markedly increased.

2. Extreme increases are observed in vertical tilt
(by a factor of 2000), horizontal tilt (1000 times), vertical
coma (7000 times), horizontal coma (130,000 times),
and vertical trefoil (900 times).

3. After surgical lens replacement and proper centration,
all these aberrations are significantly reduced;
however, they remain elevated compared with normal
values.
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A0NOSIHATENIbHAS UHOOPMALUA

WcTouHmnk duHaHcupoBaHUA. ABTopbl 3asBNIAOT 06 OTCYTCTBUM BHELL-
Hero GWHaHCMPOBaHWA NpY NPOBEAEHUN UCCELOBaHNA.

KoHdnuKT uHTepecoB. ABTOpbI AEKNapUPYIOT OTCYTCTBUE ABHBIX U NO-
TeHLUManbHbIX KOHDIMKTOB MHTEPECOB, CBA3aHHBIX C NybAMKauuen Ha-
CTOALLEN CTaTby.
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CnefoBaHUs M MOATOTOBKY CTaTbW, MPOUM M 0f0bpunn duHanbHY0
Bepcuio nepef nybnukaumen). Hanbonblumii Bknag pacnpefenéH cne-
pytowmnM obpasom. E.N. Tapytta — 3ambicen u paspaboTka Au3aitHa
nccnefoBanua, Hanvcanue ctatby; J1.A. Katapruia — 3ambicen v pas-
paboTKa AW3aiHa MCCNeAoBaHWs, KPUTUYECKMIA MepecMoTp CTaTbu
B 4aCT/ 3HAYMMOTO WHTENNEKTYanbHOr0 COAEPIKaHWSA, OKOHYaTeNbHOe
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