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ABSTRACT Objective: Our study aimed to summarize and analyze
the available information in the up-to-date literature, concerning in-
traocular pressure and central corneal thickness values in premature
newborns. Material and Methods: We conducted a comprehensive
literature review, gathering information from PubMed, Scopus, Em-
base, Google Scholar, and free-text searches on the topic. We chose
only 14 of them to perform a meta-analysis. We used Review Manager
5.4 to compare the mean values of intraocular pressure and central
corneal thickness between full-term and premature newborns. Results:
The results of the mean value of intraocular pressure of premature in-
fants varied significantly according to different authors-from 10 mmHg
to 29 mmHg. Most of the research showed higher intraocular pressure
and thicker corneas in premature infants compared to full-term ones.
Many researchers looked for a positive correlation between the in-
creased central corneal thickness in premature newborns and the in-
creased intraocular pressure but showed conflicting results. Our
meta-analysis showed that the intraocular pressure and central corneal
thickness in premature newborns were significantly higher compared to
full-term infants with mean difference of 1.95 mmHg [Confidence in-
terval (CI) 0.62-3.28] and 57.82 pum (CI 34.46-81.18), respectively.
Conclusion: Additional studies tracking changes in both intraocular
pressure and central corneal thickness values, with larger sample sizes
and in a longitudinal design with better-differentiated sample groups,
are warranted.

Keywords: Preterm; infants; central corneal thickness;
intraocular pressure

OZET Amag: Calismamiz, prematiire yenidoganlarda goz i¢i basinci
ve merkezi kornea kalinlig1 degerleri hakkinda giincel literatiirde mev-
cut bilgileri 6zetlemeyi ve analiz etmeyi amaglamaktadir. Gere¢ ve
Yontemler: PubMed, Scopus, Embase, Google Akademik ve konuyla
ilgili ticretsiz metin aramalarindan bilgiler toplayarak kapsamli bir li-
teratiir incelemesi yuriittiik. Yalnizca 14 tanesini metaanaliz yapmak
icin segtik. Tam siireli ve prematiire yenidoganlar arasinda goz i¢i ba-
sinc1 ve merkezi kornea kalinligi ortalama degerlerini karsilagtirmak
icin Review Manager 5.4 programini kullandik. Bulgular: Prematiire
bebeklerin gbz i¢i basincinin ortalama degerinin sonuglari, farkli ya-
zarlara gore 10 mmHg ile 29 mmHg arasinda 6nemli 6l¢iide degismis-
tir. Arastirmalarin ¢ogu, prematiire bebeklerde tam zamaninda
doganlara kiyasla daha yiiksek goz i¢i basinci ve daha kalin korneala-
rin oldugunu gostermistir. Birgok arastirmaci, prematiire yenidogan-
larda artmig merkezi kornea kalinligr ile artmig goz igi basinci arasinda
pozitif bir korelasyon aramus, ancak celiskili sonuglar elde etmistir. Me-
taanalizimiz, prematiire yenidoganlarda goz i¢i basincinin ve merkezi
kornea kalinliginin, sirastyla ortalama 1,95 mmHg [Giiven aralig1 (GA)
0,62-3,28] ve 57,82 pum (GA 34,46-81,18) fark ile tam zamaninda
dogan bebeklere gore anlamli olarak daha yiiksek oldugunu géstermis-
tir. Sonu¢: Hem g6z igi basinct hem de merkezi kornea kalinligi de-
gerlerindeki degisimleri izleyen, daha biiyiik 6rneklem boyutlarina ve
daha iyi ayristirilmig 6rneklem gruplariyla uzun siireli bir tasarimda ek
caligmalar yapilmas: gerekmektedir.

Anahtar Kelimeler: Prematiire; bebekler; merkezi kornea kalinligi;
20z i¢i basinct

Premature infants have serious health issues
from the day they are born. It is important to know
their anatomical and physiological differences from

full-term newborns so that we do not misdiagnose,
overtreat or underestimate an existing problem. The
visual system can suffer serious consequences from
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prematurity, as most widely discussed matter in the
literature is the threat of developing retinopathy of
prematurity. However, other problems often occur
like strabismus, refractive errors, particularly myopia
and cerebral vision impairment.! Thiagarajah et al.
found in a retrospective study which included 247
premature infants that 2% had congenital glaucoma
which is significantly higher than the general popu-
lation.” The authors think that the premature birth led
to termination of the development of the trabecular
meshwork or angle. Other authors did not find a con-
nection between primary congenital glaucoma and
prematurity.* However, those two conditions can co-
exist and are both potentially blinding and need to be
diagnosed and treated on time. Ricci speculated that
even the slightly increased intraocular pressure (IOP)
in premature newborns could facilitate the develop-
ment of retinopathy of prematurity because it can lead
to a significant reduction in the ocular perfusion pres-
sure.* Central corneal thickness (CCT) has been as-
sociated with glaucoma risk in adults but the normal
values for full-term infants may not be relevant to in-
fants who are born prematurely.’ A thick cornea may
result in an overestimation of the actual IOP mea-
sured by the Goldmann Applanation Tonometer. Ev-
erything mentioned so far emphasizes the importance
of knowing the normal ranges of IOP and CCT in
premature infants. Our study aimed to summarize and
analyze the available information in the up-to-date
literature.

I MATERIAL AND METHODS

We conducted a comprehensive literature review,
gathering information from PubMed (US National
Library of Medicine); Scopus (Elsevier, Nether-
lands); Embase (Elsevier, Netherlands); Google
scholar (Google; US), and free-text searches on the
topic. We used the following key words in our
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search-“intraocular pressure”, “central corneal thick-

ness”, “preterm”, “premature”, “infants”, “new-

LR N3

borns”, “neonates” and “babies”. We used Prisma
Checklist and created a Prisma Flowchart showing
our comprehensive search and inclusion and exclu-
sion criteria (Figure 1). The study selection and data
extraction were performed by all three authors. We

identified 1,862 records through database search and
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we removed 617 of them due to duplication and un-
obtainability. After removing the unrelated articles;
editorials/letters/notes; studies not performed in hu-
mans; including only one of the key words; only ti-
tles; studies related to factors other than weight and
postconceptional age (PCA) affecting CCT and IOP;
studies that compared the IOP of preterm and full-
term infants and adults and studies of CCT and IOP
in children only 192 articles were left for analysis.
After removing the articles which were not in En-
glish; articles researching CCT and IOP only in full-
term babies and other unrelated and not obtainable
articles only 40 were left fit for analysis. From them,
we chose only those articles that researched the IOP
and CCT in premature and full-term newborns and
only 14 articles were included in the final meta-anal-
ysis. We created two forest plots with a random effect
model by using Review Manager 5.4 and we mea-
sured the mean differences of IOP and CCT between
premature and full-term newborns.

The authors declare that the study was carried
out in accordance with the Helsinki Declaration prin-
ciples.

The research was approved by the ethics com-
mittee of Trakia University-Stara Zagora, Protocol
19/ 2021 on the 16" of May.

I RESULTS

Many teams have tried to estimate the mean IOP in
premature newborns throughout the years. However,
there has been a great variation between the results
in different studies. In the first group of studies, the
authors tried to estimate the IOP in premature infants
in a cross-sectional design (Table 1).6!! In all of them
the IOP was measured only once within the first week
after birth and/or when the newborns were suffi-
ciently stable. Their results of the mean value of IOP
varied significantly, from 10 mmHg to 29 mmHg.
The greatest limitations of these studies were the
small sample size (range from 21-70 patients) and the
heterogenous groups of patients. Since the outcome
and exposure variables are measured at the same
time, it is relatively difficult to establish causal rela-
tionships from a cross-sectional study. Even though
some of the studies were done with the same type of
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I
- ‘
4 R
Records excluded Total records retrieved o Duplicates removed Unrelated (n=457)
(n=147) ' (n=1862) -
(n=617) Editorials/letters/notes (n=17)
Not obtainable (n=74) )
Not in human (n=24)
Studies of IOP or CCT without
Articles written in a v
non-English (n=44) Records secreened Records excluded N the other key words (n0293)
o (n=1171) (without intraocular No abstract (43)
§ CCT or IOP examined pressure or CCT of Other factors affecting CCT and
S premature infants)
@ only in full-term babies A4 (n=981) CCT (n=63)
(n=32) Records with intraocular pressure CCT and IOP in children (n=49)
Unrelated (n=29) “—{  or CCT of premature infants Comparison of CCT and IOP of
- _ (n=192)
Guidelines (n=3) premature and full-term
Not obtainable (n=44)
babies and adults (n=35)
SR v
(Co=) .
Full-text articles abstracts assessed .
- . ) No data suitable for
for eligibility for comparison of »| Full-text articles/abstracts > meta-analyss (1=2)
I0P and CCT between preterm and excluded (n=26) o Y
fullderm infants (n=40) Duplication of reported dataset
(n=1)
E‘ Cross sectional studies of CCT
Ea only in premature (n=9)
“ Cross sectional studies of IOP
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y
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§ the mean difference of IOP and CCT
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s

FIGURE 1: Prisma flow diagram for the systematic review of CCT and IOP in premature newborns.
I0P: Intraocular pressure; CCT: Central corneal thickness.

tonometer (Tono-pen), their results still showed a sig-
nificant variation (from 10.3 mmHg to 24 mmHg).*
810 Haus et al. were the first to compare the mean TOP
measured with ICare rebound tonometer (Revenio
group Corporation, USA) and Tono-pen XL tonome-
ter in premature newborns.” They found a significant
difference between the results achieved with those
two devices. IOP values were significantly lower
when evaluated by ICare rebound tonometer rather
than by the Tono-pen. According to these authors
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ICarerebound tonometer reflected better the IOP and
Tono-pen measurements were falsely elevated due to
defense and discomfort reactions to the anesthetic eye
drops and the larger size of the eyelid opening. Both
the teams of Tucker et al. and Spierer et al. did not
find correlation with the gestational age and birth
weight of the infants.® On the contrary, two more re-
cent studies by Khaja et al. and Grover et al. showed
a correlation between the IOP and the gestational age
and birth weight of the newborns.!®!" Four other
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TABLE 1: Cross-sectional studies of IOP of premature infants.

Authorlyear Type of tonometer
1. Tucker®, Canada, 1992 Tonopen |l
2. Haus’, Germany, 2008 Tono-Pen XL

ICare

3. Jeon?, Korea, 2009 Tono-pen
4. Zengin®, Trkiye, 2014 -
5. Khaja'®, USA, 2014 Tono-pen XL
6. Grover'!, USA, 2016

Subjects (n*) GA* (weeks) Mean IOP* (mmHg)

70 <37 10.3

69 284 16
9

58 <37 15.14+4.64 of right eye
15.2943.70 of left eye

- 17.2
24 343 2428
45 28.2+/-2.3 29.0£9.0

*n-number of patients; IOP: Intraocular pressure; GA: Gestational age.

teams also did cross-sectional studies but compared
the IOP between premature and full-term babies.!*!®
They all showed significantly higher IOP in prema-
ture compared to full-term newborns. Only the study
of Muslubas et al. did not find significant difference
probably due to the higher postconceptual age of the
premature infants (36 weeks).'* Other research teams
did longitudinal studies of IOP in premature new-
borns to follow its changes with their maturation.>!*
21 All of the studies showed a statistically significant
(p<0.01) decline of IOP values with a negative cor-
relation between the postconceptual age and birth
weight of the infants. Only Choo et al. did not find a
statistically significant difference in IOP between
premature and full-term newborns.?

Since the relationship between CCT and IOP is
a well-known entity, many researchers looked for a
correlation between the increased CCT in premature
newborn babies and the increased IOP compared to
full-term newborns. The team of Khaja found that
premature newborns, without any obvious eye dis-
ease, showed increased IOP values and increased
CCT as compared to adults.'” There was a positive,
but weak correlation between IOP and CCT in
preterm infants. The team of Grover also found
higher IOP and thicker CCT in premature infants
compared to adults but no correlation between the
two.!! The teams of Uva et al. and Acar et al. showed
that there was a correlation between CCT and IOP,
which both declined with the maturation of the in-
fant.'>"> However, the teams of Muslubas et al. and
Karahan et al. found no such correlation.'>!* All the
mentioned studies had their limitations due to the
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small sample size, heterogenous groups of the infants
and cross-sectional fashion. Sekeroglu et al. were the
first team to do a longitudinal study and track both
values of IOP and CCT at different postconceptual
ages in the same infant.'® Their results showed a pos-
itive correlation between CCT and IOP. Acar and col-
leagues later became the other team to show similar
results.'” On the contrary Choo et al. did not find cor-
relation between CCT and IOP. They only found neg-
ative correlation between CCT and postconceptual
age of the infant.”

Other researchers have examined only the CCT
in premature infants without measuring the IOP.
The CCT measurement plays an important role, es-
pecially in diagnosis and treatment of congenital
glaucoma patients. Hence appropriate assessment of
the CCT is mandatory in preterm infants. The study
of Ehlers et al. at showed that the corneal thickness
of premature and full-term babies was higher com-
pared to adults.?* The values were found to decrease
gradually and reach the thickness in adults at the age
of about 3 years. Gunay et al. found correlation be-
tween CCT and gestational age and birth weight in
premature newborns.** The mentioned authors did
their research in a cross-sectional manner.?*-* Other
teams did longitudinal studies following the changes
of the values of CCT with maturation of the prema-
ture newborn.>>?° They all found a negative corre-
lation with gestational age and weight. The
importance of CCT fast variations after premature
birth concerns both the knowledge of anterior seg-
ment development and the correct evaluation of IOP
in immature eyes.
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In order to achieve increased statistical power
through increased sample size and resolve the uncer-
tainties we decided to perform a meta-analysis of all
the research that we could find that measured IOP and
CCT in premature and in full-term infants. We used
Rev Man 5.4 to compare the mean differences be-
tween the mean values of both IOP and CCT. We
couldn’t use some of the research to perform meta-
analysis due to insufficient data available online. We
included only research in which we could find avail-
able information on IOP and/or CCT measurement of
prematurely born infants performed at postconcep-
tual age between 28-36 weeks, preferably 32 weeks.
This was our attempt to avoid heterogeneity of the
used samples. We excluded the research of Muslubas
et al. because the premature infants in their research
had an average PCA of 36 weeks which is almost
full-term."* We chose infants around 40 weeks PCA
for the full-term research included in our meta-anal-
ysis. Ricci examined newborn babies up to one month
after birth and most of them were not full-term yet.*
We arranged all the data by date in a table for better
visualization of the information (Table 2). We in-
cluded 14 articles in our meta-analysis and created
two forest plots—one for each variable (Figure 2,
Figure 3). In the first we analyzed IOP and included
9 of'the articles, in the second we analyzed CCT and
included 11 articles. We used a random effect model
due to the small size of the included studies.

The pooled results showed that the mean differ-
ence of IOP between premature and full-term new-
borns was 1.95 mmHg [Confidence interval (CI)
0.62-3.28] favoring the preterm newborns (Figure 1).
The test for overall effect showed statistical signifi-
cance (p<0.004). The pooled results also showed that
the mean difference of CCT between premature and
full-term infants was 57.82 um (CI 34.46-81.18),
strongly favoring (test for overall effect: p<0.000001)
the premature infants (Figure 3). Despite our attempt
to choose similar studies, the I in both studies showed
very high heterogeneity which was statistically sig-
nificant.?

I DISCUSSION

As far as we know our systematic review with meta-
analysis is the first of its kind. The limitations of the
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study are that few authors research this topic, and the
even fewer of these are suitable for meta-analysis.
The collection of data from many of the studies had
high selection bias and recall bias. The meta-analysis
results had some publication bias due to the closed
access of some of the articles, and the inclusion only
of articles in English. The results of the meta-analy-
sis showed very high heterogeneity which means that
the studies seriously vary from one another.

The great variation of IOP measurements could
be partially explained with the use of different de-
vices. Measuring the IOP in pediatric patients with
Goldman tonometry is the golden standard in Oph-
thalmology, but since it is not possible to perform on
newborns, other methods have been introduced. Stud-
ies have shown that Tono-pen and ICare are suitable
devices in measuring the IOP in newborns because
they are better in measuring the IOP in edematous
corneas.’® Gandhi et al. showed slightly higher mea-
surement of IOP with Tono-pen XL than with Gold-
man applanation tonometer.’! However, Iester et al.
did not find significant difference between the two
devices and showed enough precision for accurate
screening.’? ICare rebound tonometer does not re-
quire topical anesthetic and is well tolerated by chil-
dren. ICare, however, in a study performed by
McKee et al. showed results 2 mmHg lower than with
Tono-pen and this difference was greater in corneas
with edema.’* The study by Haus et al. also showed
significantly lower measurement of IOP in premature
newborns with ICare compared to Tono-pen.'* Since
CCT is significantly thicker in premature compared
to full-term newborns, Tono-pen might still be the
better device to measure the IOP in this age group.
Shiotz tonometry is rarely used in modern ophthalmic
practice because it is less accurate in children due to
decreased scleral rigidity. It is no longer considered
acceptable method for measuring IOP in children ex-
cept if there are no other available devices.*

Another explanation for measurements’ varia-
tions could be the artificial increase of IOP due to in-
creased venous pressure caused by the Valsalva
maneuver produced by resisting examination, forced
eyelid closure or the use of an eyelid speculum. Epley
et al. showed that using an eyelid speculum elevates
the IOP measurement in children by an average of 4
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Premature Full-term Wean Difference Wean Difterence ___ RiskoiBias |

Study or group  Mean [mmHg] SD [mmHg] Total Mean [mmHg] SD[mmHg] Total Weight IV, 95% Cl Year v, 95% CI ABCDEFG
Ng, 2008 16.57 24 104 146 24 104 116% 1.97[1.32,262] 2008 ® ®
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Lindemeyer, 2012 14.9 45 50 131 59 50 93%  1.80[-0.26,3.86] 2012 r ® ®
Karahan, 2015 175 21 63 16.3 19 55 11.5% 1.20[0.48,1.92] 2015 [ [ ]
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Acar, 2016 18.28 27 110 13.21 194 110 11.6% 5.07 [4.45,5.69] 2016 -
Balci, 2018 16.9 09 40 131 1.3 40 11.7% 3.80(3.31,4.29] 2018 L
Choo, 2018 12.87 31 63 14.15 33 63 11.0% -1.28[-2.40,-0.16] 2018
Total (95% Cl) 722 674 100.0% 1.95[0.62, 3.28]

ity Taud= - Chit= s E= f ; . .
Heterogeneity: Tau? = 3.86; Chi*= 251.52, df= 8 (P < 0.00001); F= 97% TR T

Test for overall effect: Z= 2.88 (P = 0.004) s
) ) Higher in full-term  Higher in premature
Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)

(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

FIGURE 2: Meta-analysis of the difference of IOP between premature and full-term infants.

Higher in full-term Higher in premature Mean Difference Mean Difference Risk of Bias
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(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

FIGURE 3: Meta-analysis of the difference of CCT between premature and full-term infants.

mm Hg.?* This could be avoided by using general possible explanations for the increased IOP in pre-
anesthesia. However, general anesthesia also affects mature newborns. According to Ricci, it might be a
the IOP, leading to its decrease. Midazolam (Fagron, result of the maturation of the aqueous drainage sys-
Germany) is the sedation of choice according to tem induced by the transition from the intrauterine to
Mikhail and team because it does not affect the IOP.* extrauterine environment.* Karahan et al. discussed
Three to five minutes need to pass after intubation in whether this phenomenon represented a programmed

order to take an IOP measurement. The use of Icare maturation process, related to an increase in dimen-
rebound tonometer without eyelid speculum could sions of ocular structures under the influence of com-
also avoid the artificial increase of the IOP.% plex neuroendocrine control.'*

Many studies have shown a positive correlation I
between CCT and IOP.IO,12,14,18.I9 The gradual de_ CONCLUSION
crease of CCT after birth is due to better control of ~ The meta-analysis showed that the mean IOP of pre-
corneal hydration, corneal remodelling and stretch- mature newborns was 1.95 mmHg higher and the
ing of collagen fibers.” However, there are also other CCT was 57.82 um thicker than the IOP and CCT of
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full-term infants. Even though the exact causes of
the IOP decrease with maturation of the newborn
are not completely clear up to this point, most of the
studies showed a positive correlation with changes
of CCT. Additional studies tracking changes in both
IOP and CCT values, with larger sample sizes and in
a longitudinal design with better-differentiated sam-
ple groups, are warranted. Other factors like mode
of delivery, Apgar score, blood pressure and medi-
cations need to be included in the further analysis
as well.
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