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ABSTRACT Ophthalmology in Russia. 2023;20(3):456-459

Background. The aim of this study is to evaluate the morphologic changes of the cornea and anterior chamber by using corneal
topography (CT) in patients undergoing deep anterior lamellar Keratoplasty (DALHK) due to Kkeratoconus. Patients and methods. This
observational case-control study included total 53 eyes of 53 patients with Keratoconus and underwent DALH surgery. All patients
were evaluated preoperatively and 3 months after suture removal with CT. In CT, anterior chamber depth (ACD), iridocorneal angle
(ICA), anterior chamber volume (ACV), central corneal thickness (CCT), maximum Keratometric value (Hmax), flattest simulated merid-
ian keratometry (SimH1), steepest simulated meridian keratometry (SimH2) and simulated keratometry average (SimHavg) results
were compared before and after DALH surgery. Results. A significant increase was observed in CCT values after DALK surgery (p <
0.001). Patients showed statistically significant decrease in Hmax, SimH1, SimH2 and SimHavg values (p < 0.001 for all). Postopera-
tive ACD and ACV values were significantly lower (p < 0.001). The ICA values showed no significant difference (p = 0.183) between
preoperative and postoperative values (49,95 + 5,85 and 46,30 + 11,33 respectively). Conclusion. \We determined a dramatic
decrease in keratometric values, ACD and ACV values and an increase of corneal thickness after DALH surgery. Although DALK can
be performed without interfering with the anterior chamber, has a significant effect in anterior chamber.
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Lenblo faHHOro nccnefoBaHNA ABMAETCA OLEHKa MOPONOrM4eCHUX N3MEHEHWUIA POrOBULbl U MePefHei KaMepbl Y NauyeHToB, nepe-
HecLumx rnyboHyio nepefHiold nocnonHyilo KepatonnacTuky (DALH) no nosogy KepatoKoHyca. MaymeHTbl 1 MeToAbl. Bbino NnpoBegeHo
obcepBaLVOHHOE MCCNEeRoBaHVe «cnyvyan — KOHTPOMbY, KOTOpoe BKMo4ano 53 rnasa 53 nauneHToB C KePaTOKOHYCOM, MepeHEecLLNX
onepauvio DALH. Bce naumeHThbl Bbinn obcnenoBaHbl 4o onepauyn 1 Yepe3 3 MecAua nocne cHATUA weoB ¢ nomowsio HT. Ha KT
oueHusanu rmybuHy nepepgHen Kamepsl (ACD), npuaoropHeanbHbii yron (ICA), o6bem nepegHeit Kamepbl (ACV), LeHTpanbHyl0 TOMLLMHY
porosuusl (CCT), MaKcumanbHoe KepaToMeTpuyecKoe 3HadveHve (Hmax), KepaTomeTpuio Mo camomy nnockomy mepugmaHy (SimH1), Ke-
paToMeTpMA No caMmomMy KpyTomy mepuavany (SimH2) n cpegHve peaynstaTel KepatomeTpum (SimHavg). CpaBHeHve npoBoAMnmn fo 1 no-
cne onepauyn DALH. Peaynbratel. [Mocne onepauum DALH Habniopganock 3HauvTensHoe yBenuyeHue 3HadeHuin CCT (p < 0,001).
Y naumeHToB OTMEYEHO CTaTUCTUYECKM 3HAYMMOE CHUMeEHVe 3HadeHun Hmax, SimH1, SimH2 n SimHavg (p < 0,001 gnA Bcex noka-
3aTenen). MNocneonepaunoHHble 3Ha4eHnA ACD 1 ACV 6binv 3Ha4qmTenbHo Huse (p < 0,001). 3Hadenua ICA He nokasany foCTOBEPHON
pasHuupl (p = 0,183) mergy AoonepaumoHHbBIMM 1 MocneonepaumnoHHeiMy 3HaqeHnamn (49,95 + 5,85 n 46,30 = 11,33 cooTseT-
cTBeHHO). 3aknwoueHue. OnpeeneHo pesKoe CHYHEHNE KepaTOMETPUYECKMX 3HaYeHun, 3HaqveHnin ACD n ACV 1 yBennyeHve ToNLmHbI
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porosuusl nocne onepauuy DALH. Takum obpazom, DALH moreT oKasbiBaTb 3Ha4YMTENbLHOE BAUAHVE HA NEPERHIO Kamepy rnasa.
HKnioueBble cnoBa: rnybuHa nepegHen Kamepsl, rnyboKas NepefHAA NOCNONHaA KepaTonnacTvka, UPUOOHOPHearbHbIN yron, HKe-

paTOKOHyC, TororpadyvA poroBuLbl

Ana uutupoBanuAa: HecnuxaH Hyte, Ymut Yannu, @Mepxat 3snuaAorny, Cenum eHy /IameHeHvA Tomorpadv porosBulsl No-
cne rnyboKoi nepefHer MOCMOVHOM KepaTonnacTvKW Y MauvMeHToB C KepaTokoHycom. Ogpranemonorna. 2023;20(3):456-459.
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INTRODUCTION

Keratoconus is a bilateral progressive non-inflammatory
disease of the cornea which can present as corneal stromal
thinning and lead to severe vision reduction and blindness
due to high myopia, irregular astigmatism, and corneal scar-
ring. A well-known classification system for KC is Amsler-
Krumeich system that uses the patient’s refractive error,
central keratometry readings, central corneal thickness and,
the presence or absence of scarring [1]. Various methods are
available for the treatment of keratoconus: eyeglasses and
contact lenses in the early stages, cross-linking for stabiliz-
ing disease progression, intrastromal corneal ring segments
(ICRS) for reducing refractive errors or flattening the cornea,
and penetrating keratoplasty (PK) and deep anterior lamellar
keratoplasty (DALK) in advanced stages of the disease [1].

DALK currently is accepted as the first-line surgical treat-
ment option in patients with corneal disease that is not in-
volving the endothelium, such as corneal ecstasies, stromal
scars, and stromal dystrophies [2]. DALK is a partial corneal
transplantation technique, alternative to PK, in patients with
a healthy Descemet’s membrane (DM). It requires the remov-
al of only stromal part of the cornea and replaces it with a
full-thickness stromal bed, spares endothelium and DM. The
main advantage of DALK technique over PK is to minimize
graft rejection risk. Since the DALK technique leaves the host
endothelium intact, DALK reduces the risk of immune re-
jection and endothelial cell loss and therefore it can provide
graft longevity potentially for the life of the patient and re-
duce the dose of steroids and the risk of secondary glaucoma
[1]. Since it is a closed surgery, it also causes less problems
related to the anterior chamber [3].

In the postoperative period, DALK patients can be fol-
lowed by biomicroscopic examination and corneal topogra-
phy (CT). CT is a non-contact imaging technique that images
the corneal surface. The Sirius system (Sirius®) is a Scheimp-

flug-Placido topographer that combines a single-Scheimpflug
rotating camera with Placido disk topography to measure and
image the anterior segment. It provides a variety of informa-
tion about the anterior eye segment [4].

There are some studies regarding the changes in anterior
chamber depth (ACD) and iridocorneal angle (ICA) after
penetrating keratoplasty [5-7]. Keratometric changes after
DALK is also evaluated in plenty of studies [8]. However, to
our knowledge, there is no study that evaluates the ACD and
ICA parameters by using CT in DALK.

The aim of this study is to evaluate the morphological
changes of the cornea and anterior chamber in patients after
DALK surgery by using CT.

PATIENTS AND METHODS

This retrospective study was approved by the local ethics
committee and conducted according to the criteria set by the
declaration of Helsinki. All patients have been provided with
information and their written consent was obtained.

All patients who underwent DALK surgery for KC disease
between 2014 and 2015 were screened from the hospitals’ pa-
tient databases. Patients with glaucoma or other ocular diseases
that may affect the cornea and anterior chamber and patients
with postoperative complications were excluded from the study.
All clinical data concerning the diagnosis and clinical course of
KC disease were obtained by consulting patients records. All
data including age, gender, systemic and ocular diseases, previ-
ous KC treatment, best corrected visual acuity (BCVA) and in-
traocular pressure (IOP) values were recorded. CT analysis was
performed by an expert physician who used Sirius topography
device (Sirius; Costruzione Strumenti Oftalmici [CSO], Scan-
dicci, Florence, Italy) which enable to combine Placido disk to-
pography with Sheimpflug tomography.

The value of the ACD, ICA, anterior chamber volume
(ACV), central corneal thickness (CCT), maximum kerato-
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metric value (Kmax), flattest simulated meridian keratometry
(SimK1), steepest simulated meridian keratometry (SimK2)
and simulated keratometry average (SimKavg) were assessed
on Sirius topography preoperatively and following 3 months
after sutures removal.

All patients underwent the same surgical procedure with
the same surgeon. Air bubble technique is used to separate
corneal stromal bed from DM. Following injection of air
through a trephine, a flap usually with a 7-7.5 mm diameter
carefully removed. Injected air accesses the plane between
pre-Descemet’s layer and Descemet’s membrane by passing
through tiny fenestrations along the corneal periphery, cen-
tral to the attachment of the DM is exposed.

The primary endpoint was a difference in the topography
variables before and after DALK surgery on cornea and ante-
rior chamber parameters.

All statistical analyses were conducted using SPSS V.19.0
(SPSS, Chicago, IL). The Kolmogorov-Smirnov normality test
was used to determine the normal distribution of continuous
variables. Continuous variables are presented as mean and
standard deviation (SD). Numbers and percentages are used
to define categorical variables. Categorical data were analyzed
with the chi-square test. Paired sample ¢ test was used for the
Statistical analysis of measurements before and after surgery.
p-value below 0.05 was accepted as statistically significant.

RESULTS

In our study, we screened 53 eyes of 53 patients. Among
the 53 patients included, 32 patients (60%) were male and 22
patients (40%) were female. The mean age of the patients was
29,75 + 5,01 at the time of surgery (range: 21-38 years old).

All patients were diagnosed with KC. According to the
Amsler-Krumeich classification, 5 patients (9.2%) were in
stage 2, 16 patients (29.6%) were in stage 3, and 33 patients
(61.1%) were in stage 4 KC. Patients in stages 2 and 3 were pa-
tients who could not tolerate or benefit from contact lenses.

Table 1 shows the distribution and analysis of the preop-
erative and postoperative topographic parameters. The av-
erage CCT value was 340,15 + 50,3 um preoperatively and
541,60 + 45,2 um postoperatively. Postoperative CCT value
showed statistically significant increase (p < 0.001).

The values of the mean Kmax, SimK1, SimK2 and Sim-
Kavg were 84,32 + 15,17 D, 60,93 + 8,33 D, 66,62 + 8,50 D,
63,64 + 8,38 D respectively preoperatively and 69,46 + 9,59
D, 39,80 + 5,41 D, 45,91 £ 5,78 D, 42,60 + 5,40 D respectively
postoperatively. Keratometric parameters showed a statisti-
cally significant decrease postoperatively (p < 0.001 for all).

Preoperative ACD was 4,01 + 0,38 mm and it decreased
to 3,29 + 0,41 mm postoperatively. This decrease was also
found statistically significant (p < 0.001). Preoperative ACV
was 191,05 + 20,58 microL and it was 166,55 + 20,55 microL
postoperatively. This change was also found statistically sig-
nificant (p < 0.001).

The ICA values showed no significant difference (p =
0.183) between preoperative and postoperative values
(49,95 + 5,85 and 46,30 * 11,33 respectively).
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DISCUSSION

With progress in corneal surgery, demands for excellence
have increased among both doctors and patients. Keratoplas-
ty can restore vision and improving quality of life in patients
with corneal problems. Although penetrating keratoplasty is
still the most widely applied method for the treatment of KC,
with low rejection rates, the popularity of lamellar keratoplas-
ty has started to increase among surgeons, in recent years [9].

Cornea contributes to two-thirds of the refractive power
of the eye. It has a vital role in the refractive system. DALK
surgery has a huge effect on corneal anatomy which eventually
affects the morphology of the anterior chamber. These changes
affect patient’s final vision as well as the quality of life. Yiiksel et
al. reported that DALK provides an earlier visual improvement,
but long-term results are equal to PK. However, postoperative
complications including rejection and IOP elevation are more
frequent in PK [8]. In a systemic review it is reported that there
is decreased rejection and refractive astigmatism with DALK
but better visual outcomes with PK [10].

CT gives useful and detailed information both for cornea and
anterior chamber. Therefore, to evaluate topographic parameters
following DALK surgery can facilitate patient follow-up. Also, it
may decrease complication rates in consecutive surgeries.

In this study, we aimed to compare topographic data
changes of DALK patients preoperatively and 3 months af-
ter suture removal. Similar to the studies in the literature,
we found a significant increase in corneal thickness with a
statistically significant decrease in Kmax and Kavg values [5,
11-13]. The increase in CCT was about 59 % postoperatively
and final CCT was found in the desired level in comparison
to the normal population (427-620 um) [14]. Similar to our
study, Riss et al. also found a significant increase in CCT lev-
els in comparison to preoperative level. (452 um to 554 pum)
[11]. When compared to this study, the increase in our study
was more dramatic due to keratoconus stages of patients.

Following DALK surgery, 3 months after suture removal
we observed significant decrease in the mean value of Kmax,
SimK1, SimK2and SimKavg obtained by Sirius topography
device. There were dramatic changes in all keratometric values
which is a predictable outcome of DALK surgery in keratoconus
patients. In a similar study, Arentes et al. reported that the Kmax
value was 47.20 £ 2.50 D postoperatively [12]. Our postoperative
Kmax value was higher than the results of that study. In the pres-
ent study, 90 % of patients diagnosed with stage 34 keratoconus
according to Amsler-Krumeich which causes higher keratomet-
ric values. Keratometric values give information about the ante-
rior curvature of the central cornea so many factors can affect
post keratometric values. Preoperative curvature, surgical tech-
nique, suture tightness has a clear effect on postoperative kera-
tometric values. In our study higher keratometry values may be
caused by steeper corneal bed and looseness of sutures.

In the present study, we found that ACD values signifi-
cantly decreased postoperatively. The mean ACD was 4,01 +
0,38 mm preoperatively and 3,29 + 0,41 mm postoperatively.
It was found to be 18 % less than preoperatively.
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Qin et al. reported that the ACD value decreased after the pha-
kic toric intraocular collamer lens (TICL) implantation in treating
ametropia in the patient who had previously undergone DALK
surgery. The average ACD value was 3,12 + 0,03 mm two years
after surgery, but the difference had no statistical significance [13].

In a study, Ort et al. reported a significant decrease in
ACD following PK similar to our study [5]. In our study, the
reduction in ACD levels was greater in comparison to their
study. Presumably, the reason for the greater reduction in
ACD values may be because most of our cases had more ad-
vanced KC in this study.

In the literature, there are studies showing no significant
change in ICA after PK [5, 6]. Ort et al. also reported that there
were no significant changes in ICA values following PK in 68
eyes of 68 patients [5]. In line with this study, we also reported
no significant changes in ICA following DALK surgery.

Technically, entry into the AC is extremely rare in DALK
surgery [3]. DALK surgery does not effect the iridocorneal
angle so that outcome is predictable. However, in a case re-
port, acute angle-closure glaucoma following DALK surgery
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have been reported due to double anterior chamber following
DM detachment [15]. Suture techniques or side-port inputs
to evacuate air from AC may be changing AC parameters and
causing the ACD value to decrease.

This study has some limitations which have to be point-
ed out. The small patient population and the retrospective
nature of the study do not allow us to draw any conclusion
about the topographic effect of DALK. Furthermore, the fol-
low-up was limited and full morphological changes should be
investigated in larger groups.

Along with the above limitations, in our study, we deter-
mined a dramatic decrease in keratometric values and an in-
crease of corneal thickness. ACD also decreased significantly
and there was no significant change in ICA. As a common
corneal surgical procedure, DALK has a significant effect in
anterior chamber anatomy. To our knowledge, it is the first
study investigating the ACD and ICA parameters besides the
corneal topographic changes in DALK surgery, therefore for
the more successful surgical outcomes it should be investi-
gated in larger patient groups.
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