Original Article / Ozgiin Arastirma

Akdeniz Medical journal / Akdeniz Tip Dergisi

Association Between Central Corneal Thickness and
Growth Parameters Following Preterm Birth

Preterm Dogum Sonras1 Merkezi Kornea Kalinlik ve
Biiyiime Parametreleri Arasindaki Iliski
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ABSTRACT
Objective:
To investigate central corneal thickness in prematurely born children and to evaluate the associa-

tion between central corneal thickness and growth pattern during 3 months following preterm
birth.

Methods:

In this prospective study, central corneal thickness, head circumference, body length and body
weight measurements were performed in 32 infants at monthly intervals during the first 3
months following preterm birth. Central corneal thickness measurements were performed by
using an ultrasonic pachymetry. Initial central corneal thickness measurements were performed
24 — 48 hours after delivery. The head circumference, body length and body weight measure-
ments were performed within 24 hours following birth by a neonatologist. All measurements
were carried out at 1st month, 2nd month and 3rd month in the same manner.

Results:

There were 18 female (56.2%) and 14 male (43.8%) infants. The mean gestational age and body
weight at birth were 27.8 weeks and 10424309.9 g, respectively. The mean head circumference
and body length at birth were 26.2 cm and 36.3 cm, respectively. Mean central corneal thickness
at birth was 666.03+92.6 pm. Central corneal thickness significantly decreased during the study
period (p<0.001). Head circumference, body length and body weight showed significant
increases following birth (p<0.001 for each). There was a significant negative correlation of
central corneal thickness change with the body length change between 1st month and 2nd month
(p<0.05).

Conclusion:
In this study, decrease of corneal thickness in prematurely born infants was found to be inversely
correlated to body length alterations in early months of life.

Key Words: Body length, Body weight, Central corneal thickness, Head circumference
measurement, Premature
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Giris/Amag:

Prematiire dogan ¢ocuklarda santral kornea kalinligini 6l¢mek ve preterm dogumu takip eden 3
ay boyunca merkezi kornea kalinlig1 ile biiyiime degerleri arasindaki iliskiyi karsilastirmak.
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Gere¢ ve Yontemler: Bu ileriye doniik ¢alismada
preterm dogumu takiben 32 cocukta 3 ay boyunca aylik
araliklarla santral kornea kalinligi, bas ¢evresi, viicut uzun-
lugu ve viicut agirligi 6l¢timleri yapildi. Santral kornea kalin-
lig1 olgtimleri ultrasonik pakimetre cihazi kullanilarak
yapildi. Ik santral kornea kalligi dlciimleri dogumdan
sonraki 24 - 48 saat igerisinde yapildi. Bas ¢evresi, viicut
uzunlugu ve viicut agirhigr Olgiimleri yenidogan uzmani
tarafindan dogumdan sonraki 24 saat icinde yapildi. Tiim
Olgtimler 1. ayda, 2. ayda ve 3. ayda ayni sekilde
gergeklestirildi.

Bulgular:

Caligmada 18 kiz (%56,2) ve 14 erkek (%43,8) bebek vardi.
Ortalama dogum haftas1 ve agirligr sirasiyla 27,8 hafta ve
1042+309,9 g idi. Ortalama bas gevresi ve viicut uzunlugu
sirastyla 26,2 cm ve 36,3 cm idi. Dogumda ortalama merkezi
kornea kalmligi 666,03+92,6 pum idi. Caligma sirasinda
merkezi kornea kalinlig1 6nemli 6l¢iide azaldi (p<0.001). Bas
gevresi, viicut uzunlugu ve viicut agirligi dogumdan sonra
onemli artislar gosterdi (p<0.001 hepsi i¢in). Birinci ay ile 2.
ay arasinda santral kornea kalinligindaki degisim ile viicut
uzunlugundaki degisim arasinda anlamli bir negatif korelas-
yon vardi.

Sonug:

Bu calismada, prematiire bebeklerde kornea kalinligindaki
azalmanin, yasamin erken evrelerinde viicut uzunlugundaki
degisikliklerle ters iliskili oldugu bulunmustur.

Anahtar Sozcukler: Vicut uzunlugu, Vicut agirlig,
Merkezi kornea kalinligi, Bas gevresi 6l¢limii, Prematiire

INTRODUCTION

There are several studies in the literature that issued central
corneal thickness (CCT) in premature infants. Earlier studies
have found CCT to be thicker in premature children which
shows significant decrease towards term (1,2). Moreover,
CCT was found to be slightly thicker in premature children
compared with term born children (3).

The CCT measurement plays an important role especially in
diagnosis and treatment of congenital glaucoma patients.
Hence appropriate assessment of the CCT is mandatory in
preterm infants (4). There are several signs of maturity in
neonates. Head circumference (HC), body length (BL) and
body weight (BW) have been well-accepted quantitative
growth references to indicate neonatal maturity. These
parameters have been found to be reliable while investigating
the maturity level in children (5).

Previously, Rushood et al. investigated the relationship
between CCT values and growth reference parameters
following birth. The study involved measurement of CCT in
100 Saudi full-term born infants and found no correlation
between CCT and gestational age (GA), HC, BL and BW.
However, all measurements were performed at a single time
point (during the first 6 days of birth) (6).

Our primary aim in the present study was to assess CCT and
growth reference parameters of premature infants during
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their first 3 months and to investigate the association between
changes in CCT and changes in HC, BL and BW.

METHODS

Upon approval of Institutional Review  Board
(19.09.2014/163), this study was carried out in Zeynep Kamil
Maternity and Children’s Diseases Training and Research
Hospital in full accord with the principles laid out in the
Declaration of Helsinki. Informed consent was obtained from
the parents of the infants prior to inclusion in the study. The
CCT, HC, BL and BW measurements were performed at
monthly intervals during the first 3 months following preterm
birth. The subjects were from the nonatal intensive care unit
of the same institute. Clinically stable infants born at <32
weeks of gestation period were included in the study. Infants
with any congenital ocular and/or systemic abnormality were
excluded.

The CCT measurements were performed under topical
anesthesia (with proparacaine hydrochloride 0.5% eye drop
by using a ultrasonic pachymetry device (AccuPach VI
Pachymeter, Accutome, Malvern, PA, USA). During CCT
measurements, an experienced nurse fixed the infants at
supine position and infants were monitored by a neonatolo-
gist.

Initial CCT measurements were performed within 24 to 48
hours after delivery. Ten consecutive measurements were
obtained and the average reading was noted. Isopropyl
alcohol swab was used for disinfection of the ultrasonic probe
tip before application to each eye. Same procedures were
applied at all-time points including first, second and third
months.

The HC, BL and BW measurements were performed by a
neonatologist within 24 hours after birth as part of the stand-
art care.

Calibrated digital scales were utilized during BW measure-
ments at birth. Infant length board was used to measure BL
which was recorded to the nearest 0.1 cm. Measurement of
HC was performed via flexible nonstretch tape measure to the
nearest 0.1 cm. Following discharge, infants were reviewed
in neonatal follow-up clinic and anthropometrics were
recorded at 1st, 2nd and 3rd months of life.

Statistical Analysis

MedCalc Statistical Software version 12.7.7 (MedCalc
Software bvba, Ostend, Belgium; http://www.medcalc.org;
2013) program was used for the statistical analysis. Descrip-
tive statistics were used for the continuous variables (mean,
standard deviation, and minimum, median, maximum).
Student t test and Mann Whitney U test were used to compare
variables according to the distribution of the data. Pearson
correlation analysis and Spearman’s rho correlation analysis
were used according to the distribution of the two continuous
variables. Changes between the measurements in each visit
were examined with Friedman and Repeated Measures
ANOVA tests along with Post-Hoc analyses (Wilcoxon
Signed Rank and Bonferroni tests) depending on the distribu-
tion. Significance level was p<0.05.
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RESULTS

A total of 32 premature infants were included in this study.
There were 18 female (56.2%) and 14 male (43.8%) infants.
The mean GA and BW at birth were 27.8 weeks (23 weeks to
32 weeks) and 1042+309.9 g (610 g to 1820 g), respectively.
The mean HC and BL at birth were 26.2 cm (22 cm to 33 cm)
and 36.3 cm (30 cm to 48 cm), respectively. Several systemic
risk factors of the infants are summarized in Table I.

Table I. Systemic risk factors of the infants

N Yo
C/S delivery 25 78.1
Twin birth 6 18.8
IUGR 10 313
PROM 12 37.5
Oligohydramnios 2 6.3
Preeclampsia 10 31.3
Antenatal steroid 24 75
RDS 30 93.8
IVH 11 34.4
NEC 11 34.4
PDA 7 21.9
BPD 19 594

IUGR: Intrauterine growth restriction, PROM: Premature rupture of
membranes, RDS: Respiratory distress syndrome, IVH: Intraven-
tricular hemorrhage, NEC: Necrotizind enterocolitis, PDA: Patent
ductus arteriosus, BPD: Bronchopulmonary dysplasia

There were no significant differences of the CCT values
between right and left eyes of the infants at each measure-
ment points (p>0.05) (Table II).

Table IV. Correlation analysis between changes in CCT and
changes in HC, BL and BW during the study

Table I1. CCT measurements of right and left eyes in the study

Right eye CCT (um) Left eye CCT (um)
Mean+SD Mean£SD p
(Min.-Max.) (Min.-Max.)

Birth 666.03£92.6 674.53£92.6 0.72%
(432t0913) (458 to 887) .

1. month 616.1+66.7 623.8+72.1 0.51%*
(441 t0 716) #3110 715)

2. month 575.59+63.4 5774463.1 0.91%
(462 to 696) (462 to 720)

3. month 546.76+49.4 546.3+48 0.97*
(458 10 887) (454 10 666)

*Student t test, **Mann-Whitney U test

CCT: central comeal thickness
Therefore, right eyes of the infants were included for statisti-
cal analysis in the study. The mean CCT was 666.03+92.2 um
(432 pm to 913 pm) at birth, 616.1+66.7 um (441 pum to 716
um) at 1st month, 575.59+63.4 pm (462 pm to 696 um) at
2nd month and 546.76+49.4 um (458 pum to 887 pum) at 3rd
month. There was a significant decrease of CCT during first
3 months period following birth (Bonferroni correction for
CCT, p<0.008). HC, BL and BW showed significant increase
during the study period after birth (Bonferroni correction for
HC and BL, p<0.008 and Wilcoxon Signed Rank for BW,
p<0.008). Changes in CCT, HC, BL and BW are shown in
Table III.

Table I11. CCT, HC, BL and BW changes during the study

CCT (um) HC (em) BL (cm) BW (g)
Mean+SD Mean+SD Mean+SD Mean+SD
(Min.-Max.) (Min.-Max.) (Min.-Max.) (Min.-Max.)
Birth 666.03£92.2 26.2+2.6 36.3+4.1 1042+309.9
(43210 913) (221033) (30 to 48) (610 to 1820)
1.month  616.1+66.7 29.142.7 39.343.6 1402+359.6
(441 to 716) (2410 35) (331047) (930 to 2260)
2.month  575.59+63.4 327428 439436 2138.6£510.5
(462 to 696) (26 t0 40) (390 52) (1400 to 3600)
3.month  546.76+49.4 35.742.6 48.6+4.1 2972.24660.2
(458 to 887) (290 42) (40 to 46) (1890 to 4650)
p <0.001* <0.001* <0.001* <0.001**

*Repeated Measures ANOVA, **Friedman test
CCT: central corneal thickness, HC: head circumference, BL: body length, BW: body weight

Table IV provides correlation analysis between the changes
in CCT and changes in HC, BL, BW in the study. It was found
that, there was a significant negative correlation of CCT
change with the BL change between 1st month — 2nd month
(r=-0.476, p=0.009).

HC (cm) BL (cm) BW (2)
Birth-1st 1st — 2nd 2nd — 3rd Birth-Istmonth 1st — 2nd 2nd — 3rd Birth-1st Ist — 2nd 2nd — 3rd
month months months months months month months months

CCT (um) Birth-1st month 0.034; 0.153; -0.074; -0.104; 0.304; 0.128; 0.311; 0.160; -0.049;
0.859 0.427 0.704 0.585 0.109 0.509 0.094 0.407 0.801

:jénl‘;‘f“th'z"d 0.140; -0.161; -0.134; 0.162; -0.476%; -0.102; -0.092; 20.112; -0.264;
0.468 0.403 0.487 0.401 0.009; 0.599 0.635 0.562 0.167
2nd month-3rd 0.108; -0.209; 0.045; -0.085; 0.099; -0.028; 0.360; -0.062; 0.365;
month*
0.578 0.277 0.815 0.663 0.608 0.887 0.055 0.751 0.051
Pearson correlation analysis, p<0.05% CCT: central corneal thickness, HC: head circumference, BL: body length, BW: body weight *Results are expressed as (r ; p)
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DISCUSSION

CCT in premature and term infants were analysed in several
studies (1-4,6-10). Table V summarizes some of these studies
with qualitative CCT measurements. De Silva et al. (8)
showed a decrease of CCT from 794 um to 559 um at 28
weeks to 42 weeks of post conceptual age. Erginturk Acar et
al. (9) demonstrated a longitudinal decrease in CCT values in
healthy premature infants between 32 and 40 weeks gesta-
tional age. Similar findings were observed regarding change
of CCT in the present study.

A mean CCT of 666.03+92.2 um at birth and a mean CCT of
546.76+49.4 um after 3 months following delivery were
found. This finding indicates a considerable CCT reduction
towards term.

In a premature newborn, generally, a hazy cornea with
reduced corneal transparency is observed. Dehydration of the
cornea along with an increase in evaporation rate has been
proposed to be the reason of a decrease in CCT following
preterm birth (10). Animal studies have also shown that
regulation of biomechanical components of the cornea such
as stromal matrix compaction and bio assembly would
eventually result in an optically clear cornea (11). These have
been suggested as possible explanations for the CCT decrease
after preterm birth.

Table V. Central corneal thickness in preterm and term newborns

Preterm newborns Term newborns

CCT (pm) CCT (um)

Mean+SD Mean+SD
Schrawat et al (4) 6335+28 555.1+2.7
Kirwan et al. (2) 691+ 8.7 564 +£3.4
Jethani ct al. (7) 6335+28 5744783

It has been known that monitoring the growth pattern has a
great role to predict the future health of a preterm infant.
Insufficient postnatal growth catch-up has been reported for
term and preterm infants to be associated with poor neurode-
velopmental outcomes (12). Early dynamic changes in
growth pattern have been particularly based on the measure-
ments of HC, BL and BW in several studies (13-15). In a
study, Kivang et al. has observed that birth parameters
(indicated by GA and BW) have an impact on CCT changes.
They indicated that premature children who were small for
GA have decreased CCT measurements (16).

In our study, these parameters showed significant increases as
the infant gets closer to term. To the best of our knowledge,
no study had prospectively evaluated the association between
CCT and growth pattern in preterm neonates. In the present
study, we longitudinally investigated changes in CCT and
changes in growth reference parameters during 3 months
following preterm birth. We observed that decrease in CCT
was significantly correlated with increased BL during postna-
tal 1st and 2nd months.

m31

Body length reflects skeletal growth and fat-free mass in
growth assessment in preterm infants (17). Skeletal growth
depends on interactions of calcium and phosphate minerals
where they uniformly bound to the collagen formed matrix.
Collagen is the main structural protein in extracellular matrix
in various connective tissues such as cornea, bone, cartilage,
skin and tendon. It plays an important role in structural main-
tenance in bone tissue (18). Remodeling of collagen in human
fetal cartilage has been shown to result in calcification of
human fetal cartilage (19). Same collagen remodeling also
occurs in corneal stroma during corneal development in early
weeks of life (11). These may partly explain the relationship
between CCT and BL changes in the current study. We think
that this finding deserves further investigation.

CONCLUSION

Our study demonstrated significant decrease of CCT along
with increase in HC, BW and BL during first 3 months
following preterm birth. Decrease of CCT was significantly
associated with increase in BL between 1st and 2nd months.
Our findings may suggest CCT as a predictor to estimate BL
change in preterm infants during early weeks of life. Further
studies are required to support results of current study as well
as to better ascertain the relationship between CCT and
growth reference parameters following preterm birth.
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