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Abstract

Introduction: Corneal biomechanics have been studied over rgeans. The Ocular Response Analyser (ORA) is the
first simple device able to measure the biomeclsrmcoperties of the cornea. Deepanterior lamellznatoplasty
(DALK) is considered an alternativeprocedure to gigating keratoplasty(PK)in advanced keratoconugepis that
leaves the host corneal endothelium and Descemeimbrane intact. This provides theadvantage ofteerce of
potential corneal endothelial rejection.The aimtbé& study was to compare the biomechanics betwkentwo
keratoplasty techniquéd.ethod: This prospective comparative study included 1$8seof150 patients.Patients were
divided into 3 groups.50 eyes with no previous stygGroupl), 50 eyes of post PK (Group2) and 58seyf post
DALK (Group 3) in advanced keratoconus patients ewgrcluded in the study.Corneal Hysteresis (CH)neal
resistance factor (CRF), Goldmann-correlated imtnter pressure (IOPg)and corneal compensated mdlaopressure
(IOPcc) was measured using Reichert ocular respamakyser at 1 year follow uResults: Mean age of the patients in
PK group was 24.2+6.83 years and 20.95+6.49 yBAhK group (p value <0.126 , statistically insigiciint). Mean CH

in control group (10.9+1.42) and DALK group(10.5#3) was significantly higher than PK group(9.1+3(B6value <
0.01). Mean CRF in control group (10.6£2.56) andLBAgroup (10.1+3.2) was significantly higher thaiK Broup
(8.87+2.68) (p value <0.01). However in these geonp statistically significant difference was s@etOPcc and IOPg.
Conclusions: Corneal biomechanical properties in post peniagakeratoplasty and lamellar procedures differ

significantly.
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I ntroduction

Keratoconus is a progressive noninflammatory ectati
disease of the cornea. It is one of the most fregue
indications for keratoplasty [1]. Any surgical
intervention on corneal tissue like keratoplastyutts

in substantial changes in the tissue structure,thns,
can alter corneal biomechanical properties [2-#d a
the cornea may never regain its original mechanical

strength after these interventions [5-7].
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Penetrating keratoplasty in the past was the only
surgical choice for advanced keratoconus. Becafise o
the complications of penetrating keratoplasty, new
techniques were investigated, and deep anterior
lamellar keratoplasty is considered an alternative
procedure that leaves the host corneal endothediogin
Descemet's membrane intact[8]. This provides the
advantage of an absence of potential corneal
endothelial rejection and preservation of the enell
cells during the surgery [6].
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The aim of this study was to compare biomechanical
properties of DALK and PK for keratoconus with a
control group.This can give us information about th
corneal biomechanics after two procedures done for
advanced keratoconus.

Material and method

One hundred fifty eyes of 150 patients were inctliohe
this prospective comparative study. The subjectewe
divided into three groups: group 1 included 50 eyks
50 patients with no previous ocular surgery (cdntro
group); group 2 included 50 eyes of 50 advanced
keratoconus patients treated with penetrating
keratoplasty; group 3 included 50 eyes of 50
keratoconus patients treated with deep anterioellam
keratoplasty. Exclusion criteria in the control gpo
were a history of previous corneal surgery, glaugom
systemic autoimmune disease, diabetes mellitugyor d
eye.Informed consent was obtained from all subjects
after an explanation of the nature possible
consequences of the study.Biomechanical parameters
of the cornea, characterizedby corneal hyster&dif) (
and the corneal resistance factor(CRF), were medsur
with the ORA. The ORA uses arapid air impulse amd a
advanced electro-optical system torecord two
applanation pressure measurements; peak 1 ismoving
inward of the cornea, and the other is outward eofth
cornea. The cornea resists the dynamic air puff,
causingdelays in the inward and outward applanation
events,resulting in two different pressure valuEse
differencebetween these two pressure values isaCH,
new measurementof the cornea to determine its
viscoelastic characteristics [9,10]. CH measurement
also provides a basis foran additional new paramete
CRF, which appears to be anindicator of the overall
resistance of the cornea [10,11]. It isa measurémien
the cumulative effects of both the viscousand ielast
resistance encountered by the air puff while defiogm
the cornea.All sutures were removed while measuring
thecorneal biomechanical properties with ORA. The
same person performed all measurements.

Surgical technique

PK technique: Penetrating keratoplasty was performed
with a standard techniqueusing a Barron suction
trephine for the host cornea and a Barron puncthi@r
donor cornea. The chamber was filled with high-
density viscoelastic material before trephinatidihe
range of trephination size in the host cornea was-8
mm with a donor graft 0.25-0.50 mm larger. The
oversized donor button was then sutured into the ho
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bed, using 16 interrupted 10-0 nylon sutures (Alcon
Laboratories) with buried knots in all eyes [13,2Md]
operated eyes of both groups received subconjwaictiv
injection of dexamethasone and gentamycin at tle en
of the procedure.

All eye patches were removed on thefirst day. Akbe

of both groups were treated with topical antibiotic
drops (Vigamox, moxifloxacinHCI  ophthalmic
solution, 0.5%; Alcon Inc., Dallas,TX, USA) q.i.&
topical steroid such as prednisolone acetateeypsdro
1% (PredForte 1%; Allergan, Inc., Irvine, CA, USA)
wasapplied 4—-6 times a day and subsequently tapered
over 6-8 weeks.

DALK Technique: Deep anterior lamellar keratoplasty
was performedunder regional anesthesia, using
diamond knife assisted DALK techniquedescribed by
Vajpayee et al [12].

Host Preparation: The surgeries were performed under
peribulbar or general anesthesia. A circular mark (
to8.5 mm in diameter) was made with a disposable
trephineblade (Madhu Instruments) whose edges had
been stainedwith gentian violet. Intraoperative
ultrasonic pachymetry (Micropach, model 2@P
Sonomed) wasperformed on this corneal mark between
the 11 o'clock andl o'clock positions. A diamondfekn
set at adepth of 30 mm less than the intraoperative
pachymetry reading was used to make a 2.0 mm
incision at the 11 tol2 o'clock position. Medium,
curved, fine blade scissors (Cindy Scissors, Badsch
Lomb) were thenused to extend the incision on eithe
side circumferentially for 360. An open centripetal
lamellar dissection was performed using lamellar
dissectors. The central stromal disk was then egcis
leaving a thin stromal bed.

Donor Preparation: The donor corneo sclera
buttonwas placed endothelial side up on a wet
polytetrafluoroethylene(Teflon) block. The donor

button was punched fromthe endothelial side and was
oversized by 0.25 mm. Descemet membrane of the
donor lenticule was stripped after staining with énL

of trypan blue 0.06% (Visiblue,Shah& Shah). The
donor lenticule was placed on the hostbed and editur
using 10-0 monofilament nylon. Postoperatively, all
patients received prednisolone acetatel% eyedrops 4
times a day (Pred Forte 1%; Allergan, Inc., IrviG&,
USA) ), moxifloxacin hydrochloride0.5% eyedrops 3
times a day(Vigamox, moxifloxacinHCI ophthalmic
solution, 0.5%; Alcon Inc., Dallas, TX, USA), and
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preservative-free artificialtears 4 times a day.eTh
antibiotic eyedrops were continuedfor 2 months, and
the topical corticosteroid eyedrops weretapered dve
months.

Ocular response analyser: The Reichert ORA [9-11]
was used to measure corneal biomechanical paraneter
for all eyes after suture removal at 1 year after o
surgery.The patient was seated comfortably on & cha
and asked to fixate onthe red blinking light in the
device before the device was activated. Then otacon
probe of the device released a rapid air puff dht®
centreof the cornea and sent a signal to the ORA
through an optical sensorwhich measured the
deformation of the cornea caused by the air jet.
TheORA software utilized the CH to generate two
additional parameters: IOPcc and the CRF. Goldmann

Results
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correlated intraocular pressure (IOPg) was also
provided by the machine. The ORA displayed the
biomechanical parameters on the computer monitor
attached to the ORA. The average of three goodtgual
readings for each eye was taken, and those with bad
signals or extreme readings were discarded.No
cycloplegic eye drops ortopical anaesthetic was
administered before the ORA measurements.

Statistical analysis: Statistical analysis was performed
using the Student’s t-test, and p-value of <0.0% wa
considered statistically significant. Data wereresged

as mean, range and standard deviation (SD). Besides
descriptive statistics

(Mean + standard deviation, frequency, ratio), dine
wayANOVA test was used for comparisons.

Mean patient age (years) was 28.95 + 5.8 in the BAtoup, 29.2+6.83 in the PK group and 28.36 tif.the control
group (Table 1). No statistically significant difésmcein mean age was found among the three grdbpse was also no
statistically significant difference between matel demale ratio in the three groups. There wasignificant difference
between the DALK and PK groups in terms of recit{ierr value 0.31) and donor (pvalue 0.45) treplsizes(Table 1).
Sutures were removed earlierin the DALK group hgwall sutures removed before 6 months, comparewte of the
PK group till 1 year. All patients achieved theasb visual acuity with spectacles. All the paramseteere taken at 12
months follow up with sutures out.Significant diffaces were found between the groups with regardean CH and

mean CRF (Table 2).

Corneal hysteresis: The mean postoperative CH in the DALK group wa$HB.79 mmHg (sutures out) and control
group, mean CH was 10.9 +1.42.There were no stailst significant difference in mean CH betweern DALK group
and the matched controls 12 months postoperatiwelsiue 0.31).

In the PK group, the mean postoperative CH wast®136 that was significantly lower than the DALK yalue 0.01)

and control groups (p value 0.001)at 12 monthsgpesttively.

Corneal resistance factor: Mean postoperative CRF in the DALK group was 10312+mmH atl2 months andthe
control group it was 10.6 + 2.56. No statisticalgnificant difference was found between the me&# @ the DALK
and control group 12 months postoperatively(p vd@lu).In the PK group, the mean postoperative GRE 8.87 +
2.68 mmHg at 12 monthswhich was significantly lowlean both DALK (p value 0.001)and control groupvgue

0.001).

CCT, IOPg and IOPcc: The mean postoperative CCT in the DALK group wa5Spg6 £ 10.1 and 551pm+13.2um in
the PK group at 12 months postoperatively. In thetrol group, the mean CCT was 547 * 15.43 pum. fdtissically
significant difference in CCT was seen in the thgeeups. The mean IOPg in the DALK group was 12.9.& and
13.41+1.8 in the PK group at 12 months post operti The mean I0Pg in the control group was 131L.4mmHg.
No statistically significant difference in IOPg wseen in three groups. In the DALK group, the migicc was 13.50
+ 2.1and 13.8+3.2 in the PK group at 12 monthsqustatively. In the control group, the mean IOP@asW3.9 +1.6
mmHg. No statistically significant difference was in the three groups.
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Table 1: Patient demographic data and oper ative data
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Control Group| PK group DALK group DALK vs | DALK vs PK vs
PK group Control Control
group group
Age(years) 28.3615.8 29.2+6.83 28.9546.49 0.89 0.69 0.61
Male 31 28 30
0.88 0.78 0.80
Female 19 22 20
Host diameter 7.51+0.75 7.9+0.21
in mm (7.2518) (7.5-8.5) 0.31
Donor diameter 7.32+0.26 8.1+0.29
in mm (7.5-8.5) (7.75-8.75) 0.45

PK- Penetrating keratoplasty, DALK- Deep ArdeLamellar Keratoplasty

p value < 0.05 significant

Table2: Corneal parametersof thethreegroups.

DALK vs PK

PK vs Control

Control PK group | DALK group DALK vs
Group group Control group
group

CH 10.9+1.42 9.1+2.36 10.5+£3.79 0.01 0.31 0.001
CRF 10.6+2.56 8.87+2.68| 10.1+3.2 0.001 0.48 0.001
CCTum 531+14.1 551+13.2 565+10.1 0.85 0.74 0.69
Keratometry 43.58+1.4 46.1+4.1 45.843.1 0.12 0.18 .030
Spherical -1.5+1.1 -2.5+1.9 -2.32+2.1 0.21 0.03 0.02
equivalent
IOPg 13.1+1.4 13.41+1.8| 12.9£1.8 0.45 0.68 0.74
IOPcc 13.9+1.6 13.28+3.2| 13.5+2.1 0.69 0.72 0.81
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CH- Corneal hysteresis, CRF- Corneal resisitancefaCCT- Central corneal thickness, IOPg- Goldmeorrected

IOP, IOPcc- Corneal thickness corrected |IOP

Keratometry(km) and spherical equivalent (SE) : Km and SE values in control group were significatilwer than in
DALK and PK group. However, Km and SE values wdighfly higher in PK group but was statisticallysignificant.

Discussion

Penetrating keratoplasty has been successfully imsed

treating advanced keratoconus [13,14]. Howevethén

last few years DALK has been regarded as an

alternative in which there is no descemet’s

involvement[15-17].

DALK has several advantages over
keratoplasty. These are:

1. Less endothelial cell loss.

2. Sutures can be removed earlier.

3. Surgery is extraocular.

4. Rejection of the endothelium was not seen.

5. Steroid treatment can be stopped earlier [16,18]

penetrating

Our study comparing DALK and PK using ORA
showed DALK is superior to PK in attaining
biomechanical characteristics more towards normal
eyes. Measurements from ORA were taken in normal,
postoperative penetrating keratoplasty(PK) and deep
anterior lamellar keratoplasty (DALK) done for
advanced keratoconus.

The ORA, developed by Reichert Ophthalmic
Instruments,was used in this study to evaluate the
biomechanical properties of the cornea. Corneal
hysteresis represents the viscous damping natutteeof
cornea; CRF represents the overall resistance ®f th
cornea[19]. Currently ORA is the only method used t
measure corneal elasticity[20-23]. Most of the &sd
have been done on measuring the corneal elasticityi
keratoconic eyes and it was found that CH and CRF
werelower in keratoconic eyes than in healthy eyes
[24,25]. Other conditions were ORA was used in
different studies were Fuchs dystrophy,high
myopia,glaucoma [19], post LASIK eyes [25,26] and
post-PTK eyes[27] and it was found that CH was
significantly lower in these conditions. Studiesvéa
shown that corneal hysteresis is a new indicator fo
screening patients for refractive surgeries, amadty
help to diagnose form keratoconus, which is an
important cause of post LASIK ectasia [28]. Studies
were also done to observe the change in corneal
hysteresis in keratoconus after treating them WK
corneal collagen crosslinking. UVA corneal collagen
cross linking (CXL) is a safe method forstabilizitige
progression of keratoconus [29,30]. Vinciguerrdet a

International Journal of Medical Research and Review

reported that there was no statistically significan
difference between CH and CRF values beforeand afte
1 year of post-crosslinking. Mean CH and CRFvalues
were 9.13 £ 1.71 and 9.05 + 1.76 mmHg in the
preoperative group and 9.27 + 1.25 and 9.01 %
1.12mmHg in the lyear postoperative. They concluded
that the change in biomechanical factors of thexear
may be lessthan what can be measured by the
sensitivity of the ORA,or it might indicate that CX
changed corneal biomechanicsthat cannot be detected
by the viscoelastic parameters, CH and CRF [31].
Another similar study by Gkikiaetal., evaluated the
corneal resistance factor after corneal crosslomKor
keratoconus. The ORA parameters also in this study
showed no significant difference on keratoconusraft
crosslinking, however significant correlation wasirfid
between ORA parameters and Best corrected visual
acuity,central  corneal thickness, keratometry,
astigmatism and residual astigmatism [32].

Jafarinasab et al., compared 45 eyes of 36 patiemis
had PK surgery with 23 eyes of21 patients who had
DALK surgery. They found that graftbiomechanical
properties are similar to those after PK. CHand CRF
were measured at 10.09 + 2.5 and 10.13 + 2.2mmHg in
the PK group and 9.64 £ 2.1 and 9.36 + 2.1mmHg in
the DALK group, respectively[33]. In conclusionthe
said that biomechanical properties after DALK andPK
are similar and provide similar rigidity properties
However, in our study we found that CH and CRF
werelower in the PK group, which differs from this
study.Jafarinasab et al.,however did not mentiosutb
the severity of keratoconus, while our study ineldd
patients of only advanced keratoconus in both DALK
and PK group.

Hosnyet al., comparedthree groups: normal subjects,
patients whounderwent penetrating keratoplasty
surgery and patients who underwent DALK surgery.
ORA was performed 2 months after the surgery fbr al
patients. It was found that the mean CH and CRF
values were 10.86 + 1.36 and11.16 + 1.5 mmHg in the
control group, 9.57 £ 0.33 and 9.59 + 1.5 mmHghia t
PK group, and 10.87 + 1.39 and 11.25 + 1.46 mmHg in
DALK group, respectively[34]. No statistically
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significant differences between the mean CH and CRF
in the DALK and control groups were found. However,
the mean CH and CRF in the PKgroup were
significantly lower than in the other two groupsnigar

to our study. However in this study ORA was
performed after 2 months only.

Abdelkader reported both mean CH and mean CRF
were significantly lower in PK group (sutures of;,1l

+ 1.11 and 9.6 + 1.08 mmHg) than in DALK (sutures
out;12.25 + 1.13 and 12.09 £+ 1.05 mmHg) and control
groups (12.98 + 1.19) and (12.59 + 0.94 mmHg) at 6
months, respectively (p < 0.0001). Afterl year,r¢he
was no statistically significant difference in me@Hi
and CRFbetween DALK (12.68 + 1.11 and 12.18
1.11 mmHg) and PK groups (stillsutures on; 12.36
1.32 mmHg, p = 0.39 and 11.83 + 1.26 mmHg, p =
0.33, respectively)[35)] but in our study both Chda
CRF were lower in PK group.

+
+

In this study by Abdelkader ORA parameters in PK
group were taken withsuture on, which may be the
cause of conflicting results.However, the mean CRF
was significantly lower in the PK than the control

group (p = 0.03). No statistically significant @ifénce

in mean CH or mean CRF was found between DALK
and control groups at any time-point, which wasilsim

to our study.

Acar et al.,The CH and CRF values in PK group were
significantly lower than in Control group and DALK
group(p =0.001).The CH and CRF values were similar
in group 1 and group3. There was no statistically
significant difference between Control group and
DALK group [36], which was similar to our study.

Conclusion

DALK procedure provides better corneal rigidity as
compared to PK in keratoconus patients.
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