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Axial Eye-Length Measurements Before and After Myopic
Laser Refractive Surgery

Miyopik Refraktif Lazer Cerrahisi Oncesinde ve Sonrasinda Aksiyel Goz
Uzunlugu Olgiimleri

Ertugrul Tan YASSA', Cihan UNLU'

ABSTRACT

Purpose: The purpose of the present study was to evaluate the relationship between axial length (AL) measurements and the theoretical
ablation depth (TAD) in eyes that had undergone excimer laser treatment for myopia.

Material and methods: We retrospectively reviewed the medical records for 35 eyes of 18 patients who had undergone refractive laser surgery
for the treatment of myopia and/or myopic astigmatism. We measured AL, anterior chamber depth (ACD) and central corneal thickness (CCT)
using AL-Scan (Nidek CO, Gamagori, Japan). We analyzed the differences between the measurements using a two-tailed paired ¢ test.

Results: The mean age of the patients was 26.26+6.43 years, and their mean refractive change (at the corneal plan) was -3.02+1.83 in 21
eyes of 11 patients who had undergone laser in situ keratomileusis and 14 eyes of 7 patients who had undergone photorefractive keratectomy.
The AL was significantly shortened after laser surgery, the mean difference in AL [AAL] was 56.86+34.45 um;(P<0.001). Preoperative AL
values strongly correlated with postoperative values (+>=0.999). The postoperative CCT was significantly thinner than the preoperative CCT
(P<0.001). Mean difference between these two values (ACCT) was 55.89+27.23 um. There were not significant differences between the mean
AAL and TAD or between AAL and ACCT (P>0.05). On the other hand, AAL and TAD (+*=0.215) and AAL and ACCT (+*=0.184) were poorly
correlated with each other, but TAD and ACCT were strongly correlated (#=0.814).

Conclusion: The AL-Scan device gave AL values that were inconsistent with the TAD. Since the TAD and ACCT values were similar and were
correlated with each other, this disparity might have resulted from incorrect AL measurements by the device due to a clinically subtle loss of
corneal transparency in patients who had undergone myopic excimer laser surgery.
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Amac: Bu caligmamizin amaci, miyopi nedeniyle refraktif lazer tedavisi uygulanan gozlerde aksiyel uzunluk(AU) 6l¢timleri ile teorik ablasyon
derinligi (TAD) arasindaki iliskiyi degerlendirmektir.

Gereg ve yontem: Miyopi ve/veya miyop astigmatizma i¢in refraktif lazer cerrahisi ge¢irmis 18 hastanin 35 gdziine ait tibbi kayitlari retro-
spektif olarak gozden gecirdik. AL-Scan (Nidek CO, Gamagori, Japan) cihazini kullanarak AU, 6n kamara derinligi (OKD) ve santral kornea
kalinligin1 (SKK) 6lgtiik. Olgiimler arast farklari cift yonlii ¢ test kullanarak analiz ettik.

Bulgular: Hastalarin ortalama yas1 26.3+6.4 yil idi, ve ortalama refraktif degisim (kornea diizleminde) —3.02+1.83 D idi. Onbir hastanin 21
gbziinde laser in situ keratomileusis (LASIK) ve 7 hastanin 14 goziinde fotorefraktif keratektomi (PRK) uygulandi. Ameliyat sonrasi AU
degerleri ortalama 56.86+34.45 um kisald1 ve bu fark istatistiksel olarak anlamli idi (P<0.001). Ameliyat 6ncesi AU degerleri, ameliyat sonrasi
degerler ile giiglii bir sekilde korele idi (7*=0.999). Ameliyat sonrasi SKK, ameliyat 6ncesi SKK’ya gore anlamli derecede ince idi (P<0.001).
Bu iki deger arasindaki ortalama fark (ASKK) 55.89+27.23 um idi. AAU ile TAD arasinda ve AAL ile ACCT arasinda anlamli bir fark buluna-
madi(P>0.05). Bunun yanisira, AAU ile TAD arasinda (°=0.215) ve AAL ile ACCT arasinda zay1f bir korelasyon bulundu fakat TAD ile ASKK
giiclii bir sekilde korele idi (#°=0.814).

Sonu¢: AL-Scan cihazi, TAD ile uyumlu olmayan AU degerleri verdi. Aradaki bu uyumsuzluk, miyopik excimer lazer cerrahisi gecirmis hasta-
larda klinik olarak hafif derecede korneal saydamlik azalmasindan dolayi cihaz tarafindan hatali AU 6l¢iimleri sonucu olabilir.

Anahtar kelimeler: G6z Uzunlugu, Refraktif Cerrahi, AL-scan.
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INTRODUCTION

The safety and efficacy of laser vision correction has made
it the most frequently performed elective surgery, and it has
even been endorsed by the US military for naval pilots'~.
After laser-assisted in situ keratomileusis (LASIK) and pho-
torefractive keratectomy (PRK) for the treatment of myopia,
the cornea becomes flattened, and the axial length (AL) is
expected to shorten accordingly. An accurate assessment of
AL in patients who have undergone refractive laser surgery
is crucial for understanding the corneal changes induced by
the surgery, and since intraocular lens (IOL) power assess-
ment in cataract surgery is mainly based on keratometry
and AL, this issue is also relevant for IOL power calcula-
tion. Historically, A-scan ultrasound was used to measure
AL. However, the IOL Master optical biometer (Carl Zeiss,
Jena, Germany), which uses partial coherence interferome-
try (PCI), is the current gold standard in AL evaluation®. The
AL-Scan optical biometer (Nidek CO, Gamagori, Japan)
is a relatively new device that was introduced in 2012 and
also uses PCI for AL measurements. Its agreement with the
gold-standard IOL Master has been established for AL and
anterior chamber depth (ACD) measurements®. Additional-
ly, it has high repeatability for AL, ACD and central corne-
al thickness (CCT) measurements, as reported in previous
studies*”.

Only a few studies have investigated AL changes in eyes
that have undergone refractive laser surgery or the relation-
ship between AL and theoretical ablation depth (TAD)®°.
The results of these studies are controversial, and surprising-
ly, to the best of the authors’ knowledge, no study has evalu-
ated the relationship between the AL changes measured with
AL-Scan and TAD while taking into consideration the CCT
changes that occur before and after laser refractive surgery.

METHODS

The Medical Ethics Committee of the Bakirkoy Dr. Sadi
Konuk Education and Research Hospital of the Ministry of
Health University approved the current study, which also
adhered to the tenets of the Declaration of Helsinki. We
retrospectively reviewed the medical records on 35 eyes of
18 patients who had undergone LASIK or PRK surgeries
for the treatment of myopia and/or myopic astigmatism at
the Asya Eye Medical Center. The inclusion criteria for the
refractive surgery were age older than 18 years and stable
refraction for at least one year. The exclusion criteria for our
study were intraoperative complications, retreatment, ocular
diseases other than myopia and/or myopic astigmatism, sys-
temic diseases, autoimmune diseases, immunosuppressive
treatment, pregnancy and breastfeeding.

Preoperative and postoperative cycloplegic refraction, dilat-
ed fundus examination, anterior segment evaluation with a

slit lamp and air-puff tonometry were performed on all the
patients. AL, CCT and ACD were measured preoperatively
and from 1-3 months postoperatively using the AL-Scan.
The AL-Scan optical biometer measures AL from the sur-
face of the corneal epithelium to the retinal pigment epi-
thelium and uses an 830-nm infrared laser with PCI. ACD
and CCT measurements were performed using the rotating
Scheimpflug camera of the AL-Scan. Additionally, we mea-
sured preoperative and postoperative ACD with the Sirius
rotating Scheimpflug camera combined with Placido disc
corneal topography (CSO, Florence, Italy). The Sirius mea-
sures the ACD from the corneal endothelium to the anterior
surface of the crystalline lens, and the high repeatability of
those measurements has been established in several previ-
ous studies'®!!. The laser treatments were performed using
a MEL 90 excimer laser (Carl Zeiss Meditec, Jena, Germa-
ny), and the TAD values were collected from the resulting
treatment data page. The optical zone of treatment was cho-
sen as 6 or 6.5 mm according to the patients’ preoperative
corneal topography, refractive status and CCT. A Moria M2
microkeratome (Moria, Antony, France) with a 90-pm head
was used to constitute superior hinged flaps for the LASIK
patients. Statistical analyses were performed using Prism
7.0 software (Graphpad Software Inc.). The normality of the
data was tested with a D’ Agostino-Pearson normality test.
The differences between measurements were evaluated with
a two-tailed paired ¢ test. Correlations among the AL, TAD
and CCT were assessed with Pearson’s correlation coeffi-
cient (7%). A P value <0.05 was considered to be statistically
significant.

RESULTS

Table 1 shows the patient characteristics of our study popu-
lation. The postoperative AL was significantly shorter than
the preoperative AL (P<0.001). The mean difference (AAL)
was 56.86+34.45 pm, and the preoperative and postoperative
values were strongly correlated with each other (+=0.999).
Similarly, the postoperative CCT was significantly thinner
than the preoperative CCT (mean preoperative vs. post-
operative CCT ACCT of 55.89427.23 um, P<0.001). The
mean TAD was 65.26£24.23 pum. There was no signifi-
cant difference between the mean AAL and the mean TAD
(mean difference between these two values=-8.4+31.62 pm,
P>0.05), but the correlation between these values was poor
(*=0.215). Similarly, the difference between the mean AAL
and ACCT was not significant (0.974+33.52 pum, P>0.05),
but correlation between them was poor (7?=0.184). The dif-
ference between the mean TAD and mean ACCT was signif-
icant (9.37+11.75 um, P<0.001), and these two values were
well correlated (*=0.814). The mean preoperative ACD
(3.36+0.36 mm) was significantly deeper than the mean
postoperative ACD (3.26+0.33 mm, P>0.05).
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Table 1. Patient clinical characteristics.

Parameter Value
Age

Mean+SD 26.26+6.43
Range 18-39
Gender

Male 9
Female 9
Type of refractive surgery LASIK/PRK 21/14
Optical zone of the treatment

Range 6 or 6.5 mm
Refractive change at corneal plane

Mean+SD -3.02+1.83
Range -0.38 to -7.36
SD: standard deviation.

DISCUSSION

The present study revealed that while there were no signifi-
cant differences between the mean AAL and TAD or between
AAL and ACCT, AAL was poorly correlated with TAD and
ACCT. On the other hand, TAD and ACCT correlated well
with each other. Winkler von Mohrenfels et al.® were the
first to evaluate AL changes occurring after laser-assisted
subepithelial keratomileusis (LASEK) for myopia. They
found that the AAL values obtained with the IOL Master
were well correlated with TAD, but they did not specify any

difference or similarity between the mean values (and the
version of the IOL Master and the brand name of the exci-
mer laser suite were unspecified). Tay ef al.’ showed that AL
measurements from the IOL Master version 5 were correlat-
ed with and similar to the TAD values in patients who had
undergone myopic LASIK surgery using a Nidek CXIII ex-
cimer laser suite (Nidek, Fremont, CA). Disparity between
our study and Tay et al.’s’ study may be due to the different
laser suites and partial coherence interferometry devices
used in the studies. On the other hand, Rosa et al.”, who used
the IOL Master 3.01 in patients who had undergone PRK us-
ing a Nidek EC 5000 excimer laser suite (Nidek, Gamagori,
Japan), and Chalkiadakis et al.?, who used the IOL Master
version 5.02 in patients who had undergone LASIK using an
Alcon Laser vision excimer laser suit (Alcon, Texas, USA)
for the treatment of myopia and/or myopic astigmatism, also
reported that AAL correlated poorly with TAD. Additionally,
both papers found significant differences between these val-
ues. Unfortunately, neither of these studies investigated the
relationship between the CCT and TAD.

Rosa et al.” suggested two hypotheses to explain the dispar-
ity between TAD and AAL. First, it might have originated
from the inaccurate calculation of TAD by the excimer laser
software. Since the mean TAD and ACCT values were well
correlated in the present study, our results do not agree with
that hypothesis. Their second hypothesis was a posterior
shift of the corneal plane, which might have occurred after
myopic laser surgery. As a secondary outcome measure, we
investigated the ACD from the corneal endothelium to the
anterior surface of the crystalline lens with the Sirius, and
we believe it might be much more convenient to evaluate

Table 2.
Preoperative (mean+SD) Postoperative Difference Pvalue
(mean+SD) (mean+SD)
AL, mm 24.75+1.09 24.69+1.09 -0.057+0.034 <0.001
CCT, pm 549.1+44.21 493.3+57.25 -55.89427.23 <0.001
ACD, mm 3.36+0.36 3.26+0.33 -0.1+0.14 <0.001

rior chamber depth

Difference: Postoperative value - preoperative value. SD: standard deviation, AL: axial length CCT: central corneal thickness, ACD: ante-

Table 3.

AAL vs. TAD AAL vs. ACCT TAD vs. ACCT
Difference (mean+SD), pum -8.4+31.62 -0.97+33.52 -9.37+11.75
Difference, P 0.125 0.864 <0.001*
Correlation, 12 0.215 0.184 0.814

AAL: the difference between preoperative and postoperative axial length values, TAD: theoretical ablation depth, ACCT: the difference
between preoperative and postoperative central corneal thickness values, SD: standard deviation, *: P<0.05.
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a possible shift of the corneal plane after surgery than to
use the AL-Scan’s ACD measurements (which measure the
ACD from the anterior surface of the corneal epithelium to
the anterior surface of the crystalline lens). We found that
preoperative ACD values significantly decreased after sur-
gery. Nishimura et al.'? also reported that ACD significantly
decreased in patients younger than 40 years old who had
undergone LASIK surgery for the treatment of myopia. So,
we agree with the second hypothesis of Rosa er al.” LASIK
causes a hypocellular and variably thick scar at the stromal
interface, and since this scar tissue always includes brightly
reflective particles, interface wounds can always be identi-
fied by using confocal microscopy'’. We hypothesized that
the same reflective particles might interfere the AL-Scan’s
AL measurements in patients who have undergone LASIK.
Similarly, a marginal corneal haze develops in all patients
who have undergone PRK'. Tomas-Juan et al.'® reported
that this haze leads to light scatter, and we hypothesize that
light scatter might caused the incorrect AL measurements of
AL-Scan in patients who have undergone PRK. This light
scatter issue was also considered by Chalkiadakis et al.% and
Winkler von Mohrenfels et al.® as a possible reason for in-
correct AL measurements of the IOL Master in patients who
had undergone LASEK and LASIK, respectively. Mean-
while, CCT measurements of the AL-Scan gave values con-
sistent with and similar to those of the TAD. This might be
because the device uses a different method of measuring the
CCT—a rotating Scheimpflug camera instead of PCI—that
does not interfere with light scattering to the same degree as
AL measurements.

This study has some limitations. First, we included both
eyes of the patients in the study which might be a possi-
ble bias due to the intercorrelation of both eyes. Analysis of
only one eye of the subjects might resolved this statistical
issue. Nevertheless, a higher statistical power is produced
through the inclusion of both eyes and all similar studies
also used both eyes®’. Second, the follow-up time was short.
Tay et al.’ found no changes in the AL measurements per-
formed in the first and third months, and Rosa et al.” found
that measurements at 1, 3 and 6 months were similar; Chalk-
iadakis et al.°and Winkler von Mohrenfels ef al.® had similar
follow-up times. Third, both LASIK and LASEK patients
were included in our study. This might be criticized; how-
ever, light scatter occurs in eyes that have undergone either
LASIK or PRK, and we believe that both techniques affect
the AL-Scan similarly. Fourth, a single measurement was
performed on all the patients because the repeatability of
the AL-Scan*® and the Sirius'®" device have been shown in
several studies.

In conclusion, the AL-Scan gave AL measurements that
were inconsistent with the TAD values in patients who had

undergone LASIK and PRK surgeries for the treatment of
myopia and/or myopic astigmatism. This disparity is likely
to be a result of backscattering caused by surgery. Deter-
mining whether this inconsistency is relevant for [OL power
calculations requires further prospective studies.
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