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ABSTRACT

Background. Performing penetrating keratoplasty in 100 % of cases leads to the oc-
currence of induced postkeratoplasty astigmatism, which can be more than 12.0 D.
If cataracts occur in this category of patients, performing cataract phacoemulsifica-
tion with implantation of a toric intraocular lens (tIOL) does not completely solve
the problem. The use of the method of implantation of intrastromal corneal segments
at stage | before cataract phacoemulsification makes it possible to reduce the degree
of postkeratoplasty astigmatism and create optimal conditions for additional cor-
rection of residual postkeratoplasty astigmatism due to the implantation of tIOL
during cataract phacoemulsification.

The aim of the study. To analyze the clinical and functional indicators of correction
of regular high-grade postkeratoplasty astigmatism in a patient with cataracts using
a combined method, including first implantation of intrastromal corneal segments
and subsequent cataract phacoemulsification with implantation of toric intraocular
lens using the example of a clinical case.

Material and methods. A 55-year-old patient with cataracts, who had a history
of undergoing penetrating keratoplasty, contacted us. According to the kerato-
topogram data, a regular postkeratoplasty astigmatism of 18.68 D was diagnosed.
The patient underwent a combined method. At stage |, intrastromal corneal segments
were implanted into the corneal graft, then after 6 months stage Il was performed -
cataract phacoemulsification with implantation of tIOL.

Results. Six months after intrastromal corneal segments implantation, the pa-
tient’s keratometric data stabilized, and corneal astigmatism decreased to 8.98 D.
Then the patient underwent cataract phacoemulsification with tIOL implantation.
After 1 month, the spherical component of refraction was 0.5 D, the cylindrical com-
ponent of refraction was 0.5 D, visual acuity increased to 1.0.

Conclusion. Acombined method for correcting regular high-grade postkeratoplasty
astigmatism in a patient with cataracts showed high refractive results, stability
and safety in the long-term postoperative period.
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PE3IOME

BesedeHue. BoinonHeHue cksosHoU kepamonnacmuku (CKIM) npusodum e 100 %
C1lyyaes K 803HUKHOBEHUIO UHOYYUPOBAHHO20 hOCMKepamonaacmu4ecko2o
acmuamamus3ma (IMA), komopeili Moxxem 6bimb 60s1ee 12 0nmp. [pu 803HUKHOBe-
HUU y 0aHHOU Kame20puu nayueHmMo8 Kamapakmel 8bINOIHEHUE (hakoIMy bcuu-
kayuu kamapakmel (03K) c umnaaHmayuet mopu4eckol UHMpPAoKyIapHOU JIUH3bI
(mWOJT) He no3sonsem nosIHOCMBIO pewums npobnemy. lpumeHeHue Memoda
UMNaGHMAayuu UHMpPAcmpoMasbHbiX po208u4Helx ceemeHmos (MIPC) Ha | smane
0o ®3K no3zeongem cHU3umMe cmeneHs 1A u co30ame onmumarsbHele yca08us
0719 0oKoppekyuu ocmamoyHoezo [1A 3a cuém umnnaHmayuu m0OJ1 8o spems O3K.
Lene uccnedosanus. [pogecmu aHAnu3 KIUHUKO-(YHKUUOHAIbHbIX NOKA3aA-
mesneli KOppekyuu pe2ysispHo20 NOCMKepamonacmuy4ecko2o acmuemamusma
8bICOKOU cCmeneHuU y hayueHma ¢ Kamapakmou KOMOUHUPOBAHHbIM cNOCcoboM,
BKJIIOYAOWUM 8HAYAsle UMNJIAHMAYUI0 UHMPACMpPOMAsibHbIX PO208UYHbIX
cezmeHmMo8 U nocsedyruiee 8binosiHeHUe hakosIMynbcugukayuu Kamapakmel
C uMnaHmMayuel mopu4yeckol UHMPAoKyAAPHOU JIUH3bl, HAG NpuMepe KuHUYe-
CKO20 C/1YHasi.

Mamepuan u memoosl. K Ham obpamusica nayueHm 55 jem ¢ kamapakmod,
8 AHAMHe3e y KOmopo20 bbl/1a 8bINOIHEHA CKBO3HAA Kepamonsiacmuka. 1o 0aH-
HbIM Kepamomonozpammel 6bis1 OUA2ZHOCMUPOBAH pezynapHbIl 1A 18,68 onmp.
MayueHmy 6611 86INOSIHEH KOMOUHUPOBAHHBIU Memod. Ha | 3mane 8 po2o8uyHbIli
mpaHcnaaHsmam 6biu umMnaaHmuposaHsl IPC, 3amem uepes 6 Mec. 6bis1 8bINOJTHEH
Il s man — ©®3K c umnnanmauueti mAOJI.

Pesynemamel. Yepes 6 mec. nocne umninaimayuu VIPCy nayueHma npousowia
cmabunusayus Kkepamomempuyeckux 0aHHbIX, PO208UYHbIU ACMU2Mamu3mM CHU-
3usica 0o 8,98 onmp. 3amem nayueHmy 6siia 8einosiHeHa OIK ¢ umnaanmayued
mUOJ1. Yepes 1 mec. cihepuueckuli KomnoHeHm pegpakuyuu cocmasus 0,5 onmp,
yuuHOpuyeckuli KomnoHeHm pegpakyuu -0,5 onmp, ocmpoma 3peHus noabi-
cunace 0o 1,0.

3aknioyeHue. KombuHUpo8aHH®bIU cnocob koppekyuu pe2ynapHo20 1A 8bicokou
cmeneHu y nayueHma c kKamapakmou Noka3ars 8blCoKUl peihpakyuoHHbIl pe3ysib-
mam, cmabunbHocMb U 6e30nNacHoCMb 8 0MOAIEHHOM NOcC/eonepayuoHHOM
nepuooe.

Knroyessoie cnosa: nochepamonnacmuquKud acmuemamusm, UHmpacmpo-
MdaJlbHble pO20BUYHbIE CeeMeHMebl, Kamapakma

Ona untupoBaHuna: CuxnubiH M.B., MNMo3geesa H.A. KnuHnyecknii cnyyait KombrHupo-
BaHHOI0 CNocoba KoppeKLMY MOCTKEPATONIAaCTUYECKOrO aCTUrMaTI3Ma BbICOKOW CTeNeHn
y naumreHTa ¢ KaTapakTtol. Acta biomedica scientifica. 2023; 8(6): 170-177. doi: 10.29413/
ABS.2023-8.6.16
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RELEVANCE

The occurrence of cataract in patients after penetrating
keratoplasty (PK) reduces their visual acuity and requires
its surgical treatment [1]. Conversely, an induced postkera-
toplasty astigmatism (PA) is diagnosed after PKin every case,
which can be high-grade and irregular [2]. This in turn leads
to an increase in corneal aberrations, especially of higher
orders, reducing visual acuity and leading to patient dis-
satisfaction with the optical outcome of surgery [3]. Per-
forming cataract phacoemulsification (CPE) with toric in-
traocular lens (tlOL) implantation allows to simultaneous-
ly get rid of cataract and compensate corneal astigmatism
in its regular form [4, 5]. This technique, however, is limited
to the toric component of manufactured tlOLs up to and in-
cluding 12 D. In summary, correction of regular PA greater
than 12 D in a cataract patient requires an additional meth-
od of correction. Currently,implantation of intrastromal cor-
neal ring segments (ICRS) into the corneal graft to increase
corneal graft regularity and reduce PA is gaining popular-
ity as a result of the lack of PA regression years after sur-
gery compared to refractive laser surgery [6, 7]. In view
of the above, the ICRS implantation method can be used
in the combined treatment of such cataract patients with PA
greater than 12 D.

THE AIM OF THE STUDY

To analyse the clinical and functional indices in the cor-
rection of regular high-grade postkeratoplasty astigmatism
in a patient with cataract by a combined method including
firstimplantation of intrastromal corneal ring segments us-
ing femtosecond laser followed by cataract phacoemul-
sification with toric intraocular lens implantation based
on the example of a clinical case.

Es: 0.54 / Em:-0.80
PVA: 0.5- 0.4

FIG. 1.

MATERIAL AND METHODS

Patient N., 55 years old, addressed the branch
of the S.N. Fedorov Eye Microsurgery Centre of the Russian
Ministry of Health with complaints of low vision and fog
in front of the left eye for the last 2 years. Ophthalmologi-
cal history:in 2002, a penetrating keratoplasty (PK) was per-
formed on the right eye concerning stage IV keratoconus.
On admission, uncorrected visual acuity (UCVA) was 0.03 i/c
(incorrigible), intraocular pressure was 15 mmHg accord-
ing to Maklakov, and the anteroposterior axis of the eye
was 23.54 mm. At biomicroscopy, the corneal graft
was transparent, had a diameter of 8.0 mm; the anterior
chamber had a medium depth; pupil - 3.5 mm, photoreac-
tion of lll degree; iris was quiet, without structural changes;
posterior capsular opacities were visualised in the crystalline
lens, the underlying media were not clearly seen due to lens
opacity. According to the keratotopogram on the TMS-4
device (Tomey, Japan), a regular high-grade PA of 18.68 D
was visualised (Fig. 1).

According to the results of corneal optical coherence
tomography (OCT) using an OCT Casia 2 (Tomey, Germa-
ny), the minimum thickness of the corneal graft in the cen-
tre was 457 pm. Endothelial cell density (ECD) measured
on a Confoscan-4 device (Nidek, Japan) was 1925 cells/mm?2.
According to the electrophysiological study on the Diopsys
device (NOVA, USA), the lability of the optic nerve of the left
eye was within the normal range. According to ultrasound
B-scan on a Tomey UD-8000 (Tomey, Germany), the sheaths
are adherent. According to the results of the examination,
the diagnosis for the left eye was high-grade regular post-
keratoplasty astigmatism, condition after penetrating kera-
toplasty, posterior capsular cataract.

Correction of regular PA was performed in 2 sta-
ges. The first stage was the implantation of two ICRS
in the penetrating corneal graft using femtosecond laser

Absolute

Keratotopogram of patient N. with induced regular high-grade postkeratoplasty astigmatism
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(FSL) to reduce PA less than 12 D. Two identical ICRS (LLC
Research and Experimental Production of Eye Microsur-
gery, Russia) made of polymethylmethacrylate were im-
planted in the patient, having the shape of a hemisphere
on the cross section; inner radius — 5.0 mm, outer radius —
6.2 mm, height — 350 um, arc length - 90°. ICRS indicators
for implantation in the corneal graft were calculated ac-
cording to the existing nomograms [8]. Then in the second
stage, 6 months after stabilisation of clinical and functio-
nal parameters, CPE with implantation of tIOL for additio-
nal correction of residual PA was performed. This sequence
was chosen not only to reduce corneal astigmatism (RA)
atstage 1 by implanting ICRS in the corneal graft, but main-
ly to create optimal conditions for accurate tIOL calcula-
tion and centration at stage 2 by increasing the sphericity
and reqgularity of the corneal graft.

ICRS implantation into a penetrating corneal graft was
performed using the Russian 1 MHz FemtoViaisum FSL
(Troitsk, Russia). Prior to surgery, the patient was marked
the location of the intrastromal tunnel symmetrically rela-
tive to the patient’s visual axis, which was determined
by the Purkinje light reflex when the patient looked
at the fixation mark of the operating microscope. The sur-
gery involved two phases. In the first stage, an intrastro-
mal tunnel was formed in the corneal graft with an in-
ner resection diameter of 5.0 mm and an outer diameter
of 6.2 mm, at a depth of 385 um, using FSL. At the sec-
ond stage, two ICRS with a height of 350 um, with an arc
length of 90° were implanted through the entrance
vertical incision into the formed intrastromal tunnel
and placed parallel to the strong axis of the PA accord-
ing to the keratotopogram in order to flatten it between
the implanted ICRS.

Six months after ICRS implantation in the penetrating
corneal graft, the patient underwent CPE with implantation
of tlOL AT Torbi 709M (Carl Zeiss, Germany) with an opti-
cal power of 16 D with a toric component of 8.0 D for ad-
ditional correction of residual corneal astigmatism. Kera-
totopographic data, optical biometry data and online IOL
calculators (Kane Formula, Barrett Universal Il Formula)
were used to calculate the optical power of the IOL. Pri-
or to surgery, the patient was marked behind a slit lamp
to mark the horizontal axis of the corneal graft. During pre-
operative pre-surgical preparation, the patient received
instillation of a non-steroidal anti-inflammatory drug,
and on the morning of the day of surgery, he additional-
ly received mydriatic instillation of one drop three times
30 min before surgery. CPE with tIOL implantation was per-
formed using the Infinity device (Alcon, USA) according
to the standard technique. Using a Mendes ring on the op-
erating table, the patient was marked with a strong corne-
al graft keratometry axis, along which a 1.8-2.2 mm long
main tunnel incision was made, with paracenteses locat-
ed at 3 and 9 o’clock. The depth of the anterior cham-
ber was controlled at the stage of capsulorhexis by in-
jecting viscoelastic into it. Capsulorhexis was performed
with a curved insulin needle. Removal of the lens nucleus
was performed using a phacoemulsifier. The cortical mas-
ses and epinuclius were removed using a coaxial irrigation-
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aspiration handpiece. tIOL was implanted with an injector,
and then the marks of the cylindrical component of the tIOL
were centred on the marks placed on the corneal graft be-
fore surgery, corresponding to the strong axis of the PA,
according to the keratotopogram data. At the end of sur-
gery, viscoelastic was flushed out of the anterior chamber
using a Simcoe cannula. The main incision and paracente-
sis were sealed with sterile saline solution. Subconjuncti-
val injection of antibiotic and corticosteroid was performed
at the completion of surgery.

Apart from the standard methods of examination,
the patient underwent: optical biometry with determina-
tion of eye length, anterior chamber depth, lens thickness
on A-Scan Plus (Stormoff NRW Gmbh, Germany); kerato-
topography using keratotopograph Tomey 4 (Tomey, Ja-
pan); calculation of ECD on Confoscan-4 device (Nidek, Ja-
pan); keratopachymetry using OCT Casia 2 (Tomey, Ger-
many); assessment of visco-elastic properties of the cor-
neal graft using ORA device (Reichert, USA); measurement
of protein flux and number of cells in the anterior cham-
ber moisture using FS-2000 device (Kowa, Japan). The fol-
low-up period after CPE was 6 months.

RESULTS

No intra- and postoperative complications were noted
when performing IRS implantation into a penetrating cor-
neal graft using FSL. At biomicroscopy on the first day af-
ter surgery, the penetrating corneal graft was transparent,
ICRS were centred, posterior capsular opacities were visual-
ised in the lens, and the underlying media were not clear-
ly visible due to lens opacities.

At the examination on the day after ICRS implantation,
the patient’s UCVA increased by 0.02, corrected visual acu-
ity (CVA) by 0.07, and these parameters did not change
again during 6 months (Table 1).

The spherical component of refraction (SCR) could
not be measured due to lens opacity. Corneal astigmatism
(CA) decreased by 10.58 D; mean keratometry value (Km.) -
by 1.42 D and did not change any more; corneal surface
regularity index (SRI) — by 0.39; corneal surface asymmetry
index (SAI) - by 0.3; corneal resistance factor (CRF) increased
by 0.5 mmHg; corneal hysteresis (CH) - by 0.3 mmHg.

At 1 month after the surgery, CA increased by 0.45 D,
SRI decreased by another 0.06, SAl by another 0.09, CRF in-
creased by another 0.2 mmHg, and CH by 0.4 mmHg.

At 6 months after the surgery, CA increased by an-
other 0.43 D, SRl decreased by another 0.12, SAl - by an-
other 0.25, CRF increased by another 0.5 mmHg, CH -
by 0.3 mmHg [2].

Thus, ICRS implantation into the corneal graft not only
significantly decreased PA but also increased the spheri-
city and reqularity of the corneal graft, as evidenced by de-
creased CA, SRl and SAlindices. This, in turn, has provided
optimal conditions for complete additional correction
of residual CA in CPE with IOL implantation by increasing
the accuracy of IOL measurement and centring, as the kera-
tometry value along the main meridians began to change



TABLE 1

DATA OF CLINICAL AND FUNCTIONAL PARAMETERS BEFORE AND AT DIFFERENT FOLLOW-UP PERIODS AFTER
IMPLANTATION OF INTRASTROMAL CORNEAL RING SEGMENTS IN THE PENETRATING CORNEAL GRAFT

WITH FEMTOSECOND LASER APPLICATION

Indicators Before Day 1 after 1 month after 6 months after

the surgery the surgery the surgery the surgery

UCVA 0.03 0.05 0.05 0.05

CVA 0.03 0.1 0.1 0.1

SCR, D unmeasured unmeasured unmeasured unmeasured

CA,D -18.68 -8.1 -8.55 -8.98

Km., D 48.67 47.25 47.25 47.25

SRI 1.67 1.28 1.22 1.1

SAl 1.16 0.84 0.75 0.5

KG, mmHg 8.1 8.4 8.8 9.1

CRF, mmHg 8.4 8.9 9.1 9.6

:Dne{\:‘:rsémgefimeal graft pachymetry minimum value 457 462 459 458

ECD, cells/mm? 1925 1925 1921 1906

SPcrg’:)eei? flux in anterior chamber moisture, f/m (focus micro- 23 315 23 23

Number of cells in the anterior chamber moisture, cells/mm3 1.55 23 1.6 1.63

Note. SCR - spherical component of refraction; Km. — mean keratometry value; SRI — Surface Regularity Index; SAI — Surface Asymmetry Index; CH — corneal hysteresis; CRF — corneal resistance factor.

IARN - TR - Standard
331103.tms

Absolute

SRI: 1.10

FIG. 2.

Keratotopogram of patient N. 6 months after implantation of intrastromal corneal ring segments in the through corneal graft using femto-
second laser: there is an increase in regularity and sphericity of the corneal graft with a decrease in the degree of corneal astigmatism

by 9.7D

more symmetrically, which was confirmed by the achieve-  al “stiffness frame” in the corneal graft, which increased
ment of normal values of the SAl index. In contrast, ICRS its biomechanical properties. According to literature data,
implanted in the corneal graft resulted in an addition- itistheincrease of biomechanical properties of the corne-
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al graft that allows to preserve the obtained refractive re-
sult in the remote postoperative period, in contrast to re-
fractive laser surgeries, in which biomechanical properties
of the corneal graft weaken when its thickness decreas-
es, which in turn causes regression of the refractive result
over the years [7].

The correct ICRS position was confirmed by OCT data
of the corneal graft (Fig. 3).

In the postoperative period, corneal OCT data showed
no change in corneal graft thickness at the centre.

The loss of ECD 6 months after ICRS implantation
in an end-to-end corneal graft using CPE was 1.0 %,
which did not exceed the physiological loss. According
to the FC-2000 device, the cell count and protein flux
in the anterior chamber moisture on the day after surgery

increased slightly, but did not exceed the limits of nor-
mal. Laser tindalmetry values reached preoperative values
within 1T month after surgery and did not increase again.

Six months after ICRS implantation in the corneal graft,
the patient underwent CPE with tlOL implantation for a single-
stage additional correction of residual corneal astigmatism.

No intra- and postoperative complications were ob-
served. The patient noted subjectively a significant increase
in visual acuity after surgery. On biomicroscopy, the opti-
cal media were clear and the two implanted ICRS and tIOL
were centred (Fig. 4).

On examination the day after CPE, the UCVA increased
by 0.85 and the CVA increased by 0.8. CA decreased
by -0.48 D. The SCR was 1.0 D, and the cylindrical refrac-
tive component (CRC) was —1.0 D (Table 2).

FIG. 3.

Optical coherence tomography of patient N.’s penetrating corneal graft after implantation of intrastromal corneal segments using femto-
second laser: the profile of intrastromal corneal ring segments located at a depth of 385 um is visualised

-

FIG. 4.

Eye appearance of patient N. on the next day after cataract phacoemulsification with toric IOL implantation after earlier implantation
of intrastromal corneal ring segments into the corneal graft using femtosecond laser: symmetrically located intrastromal corneal ring seg-
ments relative to the strong vertical meridian of the corneal graft are visualised, toric IOL in the pupil projection is visualised
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TABLE 2

DATA OF CLINICAL AND FUNCTIONAL INDICATORS BEFORE AND AT DIFFERENT TERMS AFTER CATARACT
PHACOEMULSIFICATION WITH TORICIOL IMPLANTATION IN A PATIENT AFTER EARLIER ICRS IMPLANTATION
IN THE CORNEAL GRAFT WITH FEMTOSECOND LASER APPLICATION

o Before the Day 1 after 1 month after 6 months after
Indicators
surgery the surgery the surgery the surgery
UCVA 0.05 0.9 1.0 1.0
CVA 0.1 0.9 1.0 1.0
CA D -8.98 -85 -8.25 -8.25
SCR,D unmeasured 1.0 0.5 0.5
CRC, D unmeasured -1.0 -0.5 -0.5
ECD, cells/mm? 1906 1801 1797 1781
Protein ﬂux in anterior chamber moisture, f/m 23 12.4 22 23
(focus microscope)
Number c3>fcellsm the anterior chamber moisture, 163 11 168 165
cells/mm
At 1 month after surgery, the UCVA and CVA increased Funding

by another 0.1; CA decreased by another -0.25 D, SCR -
by 0.5 D, CRC - by —-0.5 D, and these indices remained un-
changed.

In the surgical treatment of cataract in patients af-
ter PK, the initial preoperative PEC, as well as the degree
of its loss after CPE, is of great importance. In the described
clinical case, the preoperative ECD value of 1906 cells/mm?
is sufficient for CPE. When ECD was measured on the day
after CPE, it was observed to decrease by 5.5 %
to a value of 1801 cells/mm?2, which is almost 3 times
higher than its critical value of 500-700 cells/mm? [9].
Thus, the surgery was safe in terms of the risk of graft-
versus-host disease. According to the literature, the use
of modern viscoelastics during cataract surgery in pa-
tients after PKresults in a loss of ECD in the range of 5-8 %,
which is consistent with the results of our study [10]. ECD
loss increased by another 1.1 % by 6 months postoperative-
ly, which does not exceed the physiological loss of 2.5 %
in the six months after PK [11].

On the day after CPE, when protein flux was counted
in the anterior chamber using the FS-2000 device, a 5.4-fold
increase was observed, and the number of cells in the ante-
rior chamber moisture was 6.8-fold. One month after CPE,
the values of these indices corresponded to preoperative
values and did not change any more.

CONCLUSION

The combined method of correction of regular high-
grade PA in a patient with cataract by ICRS implantation
in the corneal graft followed by CPE with tIOL implanta-
tion showed a high refractive result, stability and safety
in the distant postoperative period.
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