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Abstract: Background: The aim of this study was to describe the ophthalmic abnormalities and
their prevalence in craniosynostosis prior to craniofacial surgery. Methods: A systematic search was
conducted on Medline OVID, Embase, Cochrane, Google Scholar, Web of Science Core Collection.
Inclusion criteria were English papers, children aged <18 years with non-syndromic and syndromic
craniosynostosis, case reports, case series, and case-control studies. A system of domains was
established consisting of an anatomic and functional ophthalmic domain. A meta-analysis of single
proportions was carried out using random effects model and pooled mean proportions with 95%
confidence intervals (CI) were calculated. Results: Thirty-two papers analyzing 2027 patients were
included. Strabismus was the most common anomaly in non-syndromic craniosynostosis: Horizontal
strabismus was highest prevalent in unicoronal craniosynostosis (UCS) 19% (95% CI 9–32), followed
by vertical strabismus 17% (95% CI 5–33). In syndromic craniosynostosis, horizontal strabismus was
most prevalent in Crouzon syndrome 52% (95 CI 26–76), followed by Apert syndrome 50% (95%
CI 42–58). Vertical strabismus was most prevalent in Saethre-Chotzen 60% followed by Muenke’s
syndrome 36%. Furthermore, astigmatism was the second most reported outcome in non-syndromic
craniosynostosis and highest prevalent in UCS 35% (95% CI 21–51). In syndromic craniosynostosis,
astigmatism was most frequently seen in Crouzon syndrome 43% (95% CI 22–65), followed by Apert
syndrome 34% (95% CI 14–58). Moreover, in syndromic craniosynostosis, 5–40% had a decrease
in visual acuity (VA) ≤ 0.3 LogMAR in the better eye and 11–65% had a VA ≤ 0.3 LogMAR in at
least one eye. Discussion: This review demonstrates the high prevalence of ocular anomalies in
non-syndromic and syndromic craniosynostosis. A multidisciplinary and systematic approach is
needed for the screening and optimal treatment of these conditions in a timely manner.

Keywords: ocular anomalies; orbital malformations; syndromic craniosynostosis; non-syndromic
craniosynostosis; craniofacial disorders

1. Introduction

Craniosynostosis is a congenital craniofacial disorder with a prevalence of 3.1–6.4 per
10,000 live births worldwide [1–5]. Craniosynostosis is defined as premature closure of one
or more cranial sutures. It may occur as an isolated finding or as part of a syndrome [1,6].
Isolated craniosynostosis mainly involves a single suture, and includes, in descending
order of frequency, sagittal, metopic, unicoronal and lambdoid craniosynostosis [6]. It
can be classified as syndromic when craniosynostosis is in combination with the presence
of additional clinical symptoms, such as Apert syndrome, Crouzon syndrome, Muenke
syndrome and Saethre-Chotzen. Syndromic craniosynostosis account for 15–40% of the
total cases of craniosynostosis [7]. In syndromic craniosynostosis, the coronal (unicoronal
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or bicoronal) sutures are often involved. In some cases, the genetic cause of the disease is
not known (yet) and cannot be classified in non-syndromic or syndromic craniosynostosis,
this is defined as complex (multisutural) craniosynostosis. The premature fusion restricts
the normal growth of the skull, brain and face. It also affects the osseous structures in the
peri-orbital zone leading to orbital malformations, such as hypertelorism, orbital dystopia
or midface hypoplasia. In hypertelorism, interorbital distance is increased, resulting from
enlargement of the ethmoid cells and bones [8,9], while it can also be caused by a meningo-
(encephalocele) [5]. Orbital dystopia is any kind of abnormal displacement of the orbit
and their contents. The displacement can occur in three different dimensional planes. In
patients with vertical dystopia there is a discrepancy in the vertical position of the orbits
which results in a malalignment of the eyes vertically. Furthermore, midface hypoplasia is
a common feature in syndromic craniosynostosis, in which both the bones and soft tissues
in the mid-portion of the face are underdeveloped in three dimensions [10,11]. These
orbital malformations may have an effect on the position of the eyes and eyelids, which
in turn can lead to ocular anomalies and eye motility disorders [10,11]. Ocular anomalies
include proptosis, enophthalmos, exposure keratitis, lacrimal dysfunction, eyelid ptosis or
refractive errors such as astigmatism [10,11]. Eye motility disorders include strabismus,
which is one of the main causes of the development of amblyopia. Furthermore, the
premature closure of the sutures can cause high intracranial pressure leading to optic disc
swelling, e.g., papilledema. It is important that these ocular anomalies and eye motility
disorders are detected and treated in a timely manner to prevent vision loss. From birth, the
visual system develops and achieves its functional maturity at the age of six years, when
binocular fusion is reached. A fully developed visual system is completed at the age of ten
years [12,13]. For some eye conditions, the timing of treatment is crucial. For instance, the
results of treatment of amblyopia are more successful when the child is under seven years
old [14]. Although ophthalmic findings occur frequently in various craniofacial disorders,
the accurate prevalence of ocular anomalies in this population is not known yet. Therefore,
the objective of this review is to assess the prevalence of ocular anomalies in children with
non-syndromic and syndromic craniosynostosis in a systematic approach.

2. Materials and Methods

This systematic review was carried out according to the preferred reporting items
for systematic reviews and meta-analysis (PRISMA) statement [15]. Additionally, the
performed systematic review was registered prospectively in the International prospec-
tive register of systematic reviews, PROSPERO with the following registration number:
CRD42021249963.

2.1. Eligibility Criteria

Inclusion criteria: studies on humans, papers written in English, children with non-
syndromic or syndromic craniosynostosis of which ophthalmic examinations were available
prior to craniofacial surgery, children aged <18 years, descriptive studies such as case
reports, case series and randomized controlled trials, furthermore cohort studies and case-
control studies were included. No distinction was made in ethnicity or gender. Exclusion
criteria: cross-sectional studies, systematic reviews, and meta-analysis.

2.2. Information Sources and Search

A comprehensive search was performed by using MedLine Ovid, Embase, Web of
Science Core Collection, Cochrane Central Register of Controlled Trials and Google Scholar.
The databases were searched from their respective until December 2021. The full search is
demonstrated in the Supplementary Material A.
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2.3. Study Selection

Firstly, two reviewers (P.R. and Z.A.) independently reviewed the title and abstract of
all records to select all relevant studies. Secondly, full text of the selected studies were read
and assessed independently by the two reviewers (P.R. and Z.A.) for meeting the eligibility
criteria. Thirdly, P.R. and Z.A. both checked the reference list to see if there were additional
relevant references. The program Endnote X9 was used for the references.

2.4. Data Collection Process and Data Items

Data were extracted from the included studies. One author extracted relevant data
from each study and another author independently checked all data. Data extraction
included: general information about the paper, country, setting, year, participant character-
istics, method of diagnosis of ocular anomalies.

2.5. Classification of Syndromic versus Non-Syndromic Craniosynostosis

Non-syndromic craniosynostosis consisted of sagittal, metopic, unicoronal or lamb-
doid craniosynostosis. Multisutural craniosynostosis, without a known genetic diagnosis
were also included in the non-syndromic group. Syndromic craniosynostosis constisted of
Apert, Crouzon, Saethre-Chotzen, Pfeiffer syndrome, Carpenter, TCF12, craniofrontonasal
syndrome and complex craniosynostosis with mutations in ERF-gene and IL11RA-gene.

2.6. Classification of Ocular Anomalies and Orbital Malformations

In order to analyze the ocular anomalies, a system of domains was created. The
ocular anomalies were categorized in two domains, namely (1) an anatomic and (2) a
functional ophthalmic domain. Anatomic anomalies were defined as anatomical or adnexal
anomalies that impair or are likely to impair the vision. Functional anomalies were defined
as functional ocular anomalies that impair the vision.

1. Anatomic ophthalmic domain: neuro-ophthalmic (papilledema, optic disk anomalies),
disorders of bony orbits, eyelid anomalies, other (e.g., lacrimal dysfunction, keratitis).

2. Functional ophthalmic domain: strabismus (horizontal and vertical), decrease in
visual acuity, ptosis, amblyopia and refractive errors (anisometropia, hypermetropia,
myopia and astigmatism).

2.7. Risk of Bias

The risk of bias was assessed using a JBI critical appraisal tool for case studies mod-
ified for this study. The following domains were assessed: inclusion criteria, validity of
identification of the condition, reliability of the method of measuring, consecutive inclu-
sion, reporting of demographics, reporting of clinical information, confounding factors,
appropriate statistical analysis. Each of the above-mentioned items was assessed with yes,
no, or unclear. If the study met the criteria, two points were given to that item, and it was
defined as low risk of bias. If the study did not meet the criteria, or it was unclear, 0 or
1 points were given. The points for each item were added up, resulting in a total score.
Studies with a total score of at least 17 points were rated as low risk of bias. A total score of
twelve to seventeen points were rated as medium risk of bias, while studies which scored
below 12 points were rated as high risk of bias. Studies were not excluded a priori based
on quality reporting assessment.

2.8. Statistical Analysis

Descriptive statistics were used for the prevalences. Prevalences of ocular anomalies
were extracted or calculated from the available data. The total number of ocular and
orbital anomalies were divided by the total sample size of each specific disorder and were
presented as (n = %). A meta-analysis of single proportions was carried out using the
random effects model for the differrent ocular anomalies, and pooled mean proportions
with 95% CI’s were calculated. A p value of <0.05 was defined as statistically significant.
Data was converted using the Freeman-Tukey double arcsine transformation, to modify for
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the small sample sizes and possibly extreme proportions. Heterogeneity was evaluated
by the I2 statistics [16]. The software program R version 4.1.2. for windows was used for
the meta-analysis and forest plots. The GRADE certainty rating was used for evaluation
of quality of evidence [17]. This consisted of risk of bias, inconsistency, indirectness,
imprecision and publication bias [17].

3. Results

The literature search retrieved 3923 papers. After deduplication, 2611 papers were
screened for eligibility. Of these, 2458 papers were excluded after ‘Title and Abstract’
(TiAb) screening. Hundred-two papers were available for full-text screening, of which eight
papers had no access to full-text, six were not written in English and another 56 papers did
not meet our inclusion criteria. In most of the excluded papers, ophthalmic examinations
prior to craniofacial surgery were not described, or it was unclear if the patients had any
craniofacial surgery prior to the ophthalmic examinations. Furthermore, other papers were
excluded because the patients were older than 18 years old, or the outcome measurements
were not based on ocular or orbital abnormalities. Thirty-two papers were eligible for
inclusion and were included in the qualitative analysis. The detailed information of the
record selection process is shown in Figure 1. Of the 32 papers included, 11 papers focused
on non-syndromic craniosynostosis, 16 papers focused on syndromic craniosynostosis and
five papers included both groups. The studies had no overlap in patients. The included
studies were published between 1987 and 2021. The sample size ranged from 5 to 205
patients. A total of 2027 patients were included for analysis in this systematic review. In
Table 1 the characteristics of the included studies are presented. In total 28 papers were
included in the quantitive analysis. Four papers were excluded from the quantitative
analysis, because they did not indicate the exact sample size per disorder. All meta-analysis
and forest plots are demonstrated in the Supplementary Material B.
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Table 1. Study characteristics of the included studies.

Year Author Sample Size Study Type Bias Risk Type of Craniosynostosis

2020 Abboud 9 RS High Lambdoid
2004 Albuquerque 5 CS High Apert
2008 Bannink 66 RS Low Apert, Crouzon, Pfeiffer

2015 Chung 88 RS Low Sagittal, lambdoid and
unicoronal

1987 Diamond 34 RS High Unicoronal

2010 Florisson 205 RS Low Metopic, lambdoid, sagittal,
unicoronal

1996 Gosain 14 PS Medium Unicoronal
2005 Gray 71 RS Low Crouzon

1993 Gupta 33 PS Low
Apert, Crouzon,
Metopic, sagittal,

unicoronal, bicoronal
2021 Hinds 165 RS Low Apert, Crouzon, Pfeiffer, SC
2013 Imai 13 RS High Apert, Crouzon
2006 Jadico 21 RS Low Muenke, Saethre-Chotzen

2010 Jong, de 121 RS Medium Apert, Crouzon, Pfeiffer,
Muenke, SC

2003 Khan 141 RS Low Apert, Crouzon, Pfeiffer, SC
2006 Khong 63 RS Medium Apert
2007 Khong 29 RS Medium Apert

2019 Kim 17 RS Medium Crouzon, Pfeiffer,
Saethre-Chotzen

2010 Kreiborg 61 RS High Crouzon
2006 Liasis 8 CS Medium Apert, Crouzon, Pfeiffer
2007 MacIntosh 59 RS Low Unicoronal

1995 McCarthy 180 RS Medium
Apert, Crouzon, CFS,

Pfeiffer, metopic, sagittal,
unicoronal

2021 Ntoula 122 RS Low Metopic, sagittal, unicoronal
2019 Ottenlander, den 38 PS Medium Muenke
2007 Ricci 38 PS High Metopic, sagittal, unicoronal
2015 Samra 79 RS Low Unicoronal
2016 Sharma 22 RS Low Pfeiffer
2016 Spruijt 37 RS Low Apert, Crouzon, Pfeiffer

1997 Stavrou 9 CS Medium Crouzon, metopic, sagittal,
unicoronal, bicoronal

1996 Tuite 122 RS Medium Apert, Crouzon, Pfeiffer, SC,
metopic, sagittal, unicoronal

2019 Van de Beeten 104 RS Low
Muenke, Saethre-Chotzen,

TCF12, CFS dysplasia,
unicoronal

2008 Vasco 29 RS Low Metopic, sagittal, unicoronal
2020 Yu 24 RS Low Unicoronal

Abbreviations: RS = Retrospective case study; CS = case-series; PS = prospective study; CFS = Craniofrontonasal
dysplasia.

3.1. Anatomic Ophthalmic Domain
3.1.1. Non-Syndromic Craniosynostosis

All anatomical ophthalmic anomalies in non-syndromic craniosynostosis are presented
in Table 2. Compared to syndromic craniosynostosis papilledema was less common in
non-syndromic craniosynostosis, with a prevalence of 6% (n = 333; 95% CI 0–18) [18–22]. It
had the highest prevalence in lambdoid craniosynostosis 67% (n = 9) reported by one study,
which was also considered as an outlier in the analysis [19]. After exclusion of outliers,
the pooled prevalence of papilledema in non-syndromic craniosynostosis was 1% (n = 324;
95% CI 0–5). Eyelid anomalies were only reported by two studies, in which epiblepharon
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was the most reported anomaly, with a prevalence of 50% in lambdoid craniosynostosis,
29% in sagittal and 26% in unicoronal craniosynostosis, respectively [23]. Lateral canthal
dystopia had a prevalence of 14% in unicoronal craniosynostosis [24]. Among other
anatomical ophthalmic anomalies, nasolacrimal duct obstruction was only reported in
one study, showing a prevalence of 12% in unicoronal craniosynostosis [24]. There were
two studies describing multisutural craniosynostosis (brachycephaly) without a known
genetic diagnosis. The prevalence of papilledema in both studies was 50% (n = 2) [25] and
(n = 4) [21].

Table 2. Anatomic ophthalmic anomalies in non-syndromic craniosynostosis.

Author Sample Size Synostosis Neuro-Ophthalmic
(%) Eyelid (%) Other

Abboud
(2020) 9 Lambdoid Papilledema 67 - -

Chung
(2015)

4 Lambdoid - Epiblepharon 50 -

7 Sagittal - Epiblepharon 29
Lagophthal. 1 14 -

50 Sagittal + lamb. 2 - Epiblepharon 26
Lagophthal. 8 -

27 Unicoronal - Epiblepharon 26
Lagophthal. 7 -

Diamond
(1987) 34 Unicoronal Choroidal coloboma 3 Cant. Dystopia 3 14 NLDO 4 12

Microp.5 3

Florisson
(2010)

71
103

Metopic
Sagittal

Papilledema 2
Papilledema 3 - -

Gupta
(1993)

3
4
7
7

All sutures
Bicoronal
Metopic
Sagittal

Optic atrophy 67
Papilledema 50

Optic atrophy 14
Papilledema 14

- -

Stavrou
(1997) 2 Bicoronal Papilledema 50 - -

Tuite
(1996)

10
29

Metopic
Unicoronal

Papilledema 10
Papilledema 3 - -

Van de Beeten
(2019) 84 Unicoronal Papilledema 0 - -

Abbreviations: 1 lagophthalmus, 2 lambdoid synostosis, 3 lateral canthal dystopia, 4 nasolacrimal duct obstruction,
5 microphthalmus.

3.1.2. Syndromic Craniosynostosis

All anatomical ophthalmic anomalies in syndromic craniosynostosis are presented
in Table 3. In syndromic craniosynostosis, papilledema was the most reported oph-
thalmic anomaly with a prevalence of 18% (n = 474; 95% CI 11–26) [18,20,21,25–34].
It was most prevalent in Crouzon syndrome, with a prevalence of 34% (n = 177; 95%
CI 17–53) [20,21,25–27,29,30,34], followed by Apert syndrome, 9% (n = 59; 95% CI 1–
22) [20,21,26,29,31,34]. One study showed a prevalence of 100% of papilledema in Apert
syndrome [21]. However, this study only included one child with Apert syndrome
and was considered as an outlier in the analysis [21]. After exclusion of outliers, the
pooled prevalence of papilledema in Apert syndrome was 11% (n = 58; 95% CI 4–22).
Anomalies of bony orbits, including proptosis, had a prevalence of 86% (n = 172; 95%
CI 52–100) in syndromic craniosynostosis. It was most prevalent in Apert syndrome
ranging between 87–100% [35,36], followed by Crouzon syndrome with a prevalence of
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100% [37] and Pfeiffer syndrome 95% [33]. Furthermore, eyelid anomalies were reported
in Saethre-Chotzen with a prevalence of 70% and in Muenke syndrome 67% [28].

Table 3. Anatomic ophthalmic anomalies in syndromic craniosynostosis.

Author Sample
Size Synostosis

Neuro-
Ophthalmic

(%)
Bony Orbits Eyelid (%) Other

Albuquerque
(2004) 5 Apert - Proptosis 100 - -

Bannink
(2008) 66 Apert

Crouz/Pf. 1
Papilledema 3

Papilledema 35 - - -

Gray
(2005) 71 Crouzon Papilledema 15

Optic atrophy 13 - - Cataract 2
Exp. K. 2 15

Gupta
(1993)

1
4

Apert
Crouzon

Papilledema 100
Papilledema 25 - - -

Imai
(2013)

8
5

Apert
Crouzon - - Entropion 50 Corn. E.3 25

Corn. E. 40

Jadico
(2006)

11
10

Muenke
Sa-Ch. 4

Papilledema 9
Papilledema 20

Proptosis 18
Proptosis 10

Epicanth. 5 67
Epicanth. 70

NLDO 6 0
NLDO 60

Jong, de
(2010)

22
45
28
26

Apert
Crouz/Pf.
Muenke
Sa-Ch.

Papilledema 9
Papilledema 53
Papilledema 4

Papilledema 19

- - -

Khong
(2006) 63 Apert Optic atrophy 8

Coloboma disc 3 Proptosis 87 Entropion 2
Epibleph. 7 3 Exp. K. 13

Khong
(2007)

9
20

Apert Pro 8

Apert Ser 9
Optic atrophy 29
Optic atrophy 16 - - Kerato. 10 21

Kerato. 25

Kim (2019) 15 Crouzon Papilledema 13 - - -

Kreiborg
(2010) 61 Crouzon Optic atrophy 22 Proptosis 100 - Exp. K. 12

Exp. Co. 11 52

Liasis
(2006) 8 Apert

Pfeiffer
Papilledema 13

ODA 13 - - Exp. K. 0

Ottenlander
(2019) 38 Muenke Papilledema 9 - - -

Sharma (2016) 22 Pfeiffer Papilledema 5 Proptosis 95 Entropion 5 -

Spruijt (2016) 18
19

Apert
Crouz/Pf.

Papilledema 11
Papilledema 58 - - -

Stavrou (1997) 4 Crouzon Papilledema 50 - - -

Tuite (1996)

10
19
4
22

Apert
Crouzon
Pfeiffer
Sa-Ch.

Papilledema 20
Papilledema 37
Papilledema 25
Papilledema 5

- - -

Van de Beeten
(2019)

7
4

Muenke
Sa-Ch.

Papilledema 0
Papilledema 0 - - -

Abbreviations: 1 Crouzon & Pfeiffer, 2 exposure keratitis, 3 corneal erosion, 4 Saethre-Chotzen, 5 epichanthal
anomaly, 6 nasolacrimal ductobstruction, 7 epiblepharon, 8 Pro-253-Arg type, 9 Ser252-Trp type, 10 keratopathy, 11

exposure conjunctivitis.

3.2. Functional Ophthalmic Domain
3.2.1. Non-Syndromic Craniosynostosis

All functional ophthalmic anomalies in non-syndromic craniosynostosis are pre-
sented in Table 4. Strabismus was the most reported anomaly in non-syndromic cran-
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iosynostosis. Horizontal strabismus was most prevalent in unicoronal craniosynostosis
19% (n = 199; 95% CI 9–32), with a prevelance of 10% (n = 120; 95% CI 2–21) of es-
otropia [23,38–42] and 11% (n = 192; 95% CI 5–19) of exotropia [23,38,40–42]. In the
analysis of esotropia, the study of Vasco et al., 2008 was considered as an outlier [39].
After exclusion of outliers, the pooled prevalence of esotropia in unicoronal craniosyn-
ostosis was 8% (95% CI 3–6). Refractive errors were only reported by three studies.
Astigmatism was highest prevalent in unicoronal craniosynostosis with a prevalence of
35% (n = 102; 95% CI 21–51) [23,38,40], followed by anisometropia 31% (n = 102; 95% CI
20–43) [23,38,40].

Table 4. Functional ophthalmic anomalies in non-syndromic craniosynostosis.

Author Sample
Size

Synostosis Strabismus (%) VA
(LogMAR)

Ptosis
(%)

Refractive
Errors (%)Horizontal Vertical

Chung
(2015)

4 Lambdoid Esotropia 0
Exotropia 14 Hyper/Hypo 4 0 - - Astigm 1. 0

Aniso. 2 0

7 Sagittal Esotropia 0
Exotropia 14 Hyper/Hypo 14 - -

Astigm. 29
Aniso. 0

Hyperm 3.14

50 Sagittal +
lambdoid

Esotropia 14
Exotropia 30 Hyper/Hypo. 4 - -

Astigm. 32
Aniso. 22

Hyperm.28
Myopia 8

27 Unicoronal Esotropia 19
Exotropia 22 Hyper/Hypo. 4 - -

Astigm. 48
Aniso. 26

Hyperm.33

Gosain
(1996) 14 Unicoronal - Hyper/Hypo. 57 - - -

Mac-
intosh
(2007)

59 Unicoronal Esotropia 8
Exotropia 7 Hyper/Hypo. 7 - - Astigm. 25

Aniso. 39

Ntoula
(2021)

22 Metopic Eso/exo 5 0 - - -
Astig. R. 6 45
Astig. L. 7 35

Aniso.8 5

84 Sagittal Exotropia 4 - - -
Astig. R. 40
Astig. L. 46

Aniso. 1

16 Unicoronal Esotropia 6
Exotropia 19 - - -

Astig. R. 36
Astig. L. 43
Aniso. 21

Ricci
(2007)

12 Metopic Eso/exo 0 Hyper/Hypo 18 Abnormal in 8 - -

15 Sagittal Eso/exo 0 - Abnormal in 20 7 -

11 Unicoronal Eso/exo 0 - Abnormal in 27 - -

Samra
(2015) 79 Unicoronal Exotropia 14 Hyper.16 - - -

Vasco
(2008)

12
7

Sagittal
Unicoronal

-
Esotropia 43 Hyper.29 -

8
-

-
-

Yu
(2020) 24 Unicoronal Strabismus

undefined 21 - - - -

Abbreviations: 1 astigmatism, 2 anisometropia, 3 hypermetropia, 4 Hyper/hypotropia, 5 eso/exo: no distinguish-
ment between esotropia and exotropia, 6 R = right eye, 7 L = left eye, 8anisometropia.
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3.2.2. Syndromic Craniosynostosis

All functional ophthalmic anomalies in syndromic craniosynostosis are presented in
Table 5. Strabismus was the most reported anomaly consisting of horizontal (esotropia and
exotropia) and vertical (hypotropia and hypertropia) strabismus with a prevalence of 58%
(n = 445; 95% CI 41–73) [27,28,33,35,37,43–46]. Exotropia was most commonly reported
in Crouzon syndrome with a prevalence of 47% (n = 197; 95% CI 18–77) [27,37,43–45],
followed by Apert syndrome 38% (n = 128; 95% CI 27–50) [35,43–45]. Hypertropia was most
prevalent in Saethre-Chotzen with a prevalence of 60%, followed by Muenke syndrome
36% [28]. Among refractive errors, astigmatism was the most reported outcome, and
highest prevalent in Crouzon 43% (n = 136; 95% CI 22–65) [27,43–45], followed by Apert
with a prevalence of 34% (n = 128; 95% CI 14–58) [35,43–45]. Ptosis was most prevalent in
Saethre-Chotzen (90%), followed by Muenke syndrome (36%) [28]. Other ocular anomalies
reported were nystagmus with a prevalence of 12% in Crouzon and the same study also
reported blindness in 7% of the cases, whereas 46% of the other children had a poor vision
in at least one eye [37].

Table 5. Functional ophthalmic anomalies in syndromic craniosynostosis.

Author Sample
Size

Synostosis Strabismus VA
(LogMAR) Ptosis Amblyopia Refractive

ErrorsHorizontal Vertical

Gray
(2005) 71 Crouzon

Esotropia 8
Exotropia 23
Ex.+ hyper 3
Ex.+ hypo 3

Hyper. 1
Hypo. 1

32% ≤ 0.3
in at least one

eye
- 21

Astigm. 59
Hyperm.59
Myopia 18

Hinds
(2021)

57 Apert Esotropia 3
Exotropia 47 - - - - Astigm. 54

60 Crouzon Esotropia 7
Exotropia 35 - - - - Astigm. 35

14 Pfeiffer Esotropia 0
Exotropia 36 - - - - Astigm. 36

34 Saethre-
Chotzen

Esotropia 18
Exotropia 21 - - - - Astigm. 38

Imai
(2013)

8
5

Apert
Crouzon

Exotropia 25
Exotropia 60 - - - - Astigm. 13

Astigm. 20

Jadico
(2006)

11 Muenke Eso/exo 55 Hyper. 36 - 36 18
Astigm. 9

Hyperm. 27
Myopia 18

10 Saethre-
Chotzen Eso/exo 70 Hyper 60 - 90 70

Astigm. 50
Hyperm. 40
Myopia 30

Khan
(2003) 141 1

Apert Esotropia 49
Exotropia 34

-

65% of total
pt ≤ 0.3 one

eye.
40%≤ 0.3 of

total pt in
better eye.

- -

Astigm. 52

Crouzon Esotropia 20
Exotropia 47 Astigm. 43

Pfeiffer Esotropia 16
Exotropia 79 Astigm. 45

Saethre-
Chotzen

Esotropia 29
Exotropia 24 Astigm. 43
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Table 5. Cont.

Author Sample
Size

Synostosis Strabismus VA
(LogMAR) Ptosis Amblyopia Refractive

ErrorsHorizontal Vertical

Khong
(2006) 63 Apert

Esotropia 17
Exophoria 3
Exotropia 33

Hyper/
Hypo 5

5% ≤ 0.3 in
better eye.

11% ≤0.3 one
eye.

22 14

Astigm. 29
Aniso. 19

Hyperm. 24
Myopia 10

Khong
(2007)

9
Apert

Pro253-Arg
type

Strabismus
undefined 39 - 13 ≤ 0.3 one

eye - 20 -

20 Ser252-Trp
type

Strabismus
undefined 47 - 60% ≤ 0.3

one eye. - 56 -

Kreib-
org

(2010)
61 Crouzon Exotropia 77 - 46% ≤ 0.3

one eye - - -

Sharma
(2016) 22 Pfeiffer Esotropia 14

Exotropia 32 - 14% ≥ 0.3 ≤
0.5 one eye - 14

Astigm. 18
Hyperm.27
Myopia 9

Abbreviations: 1 No distinguishment was made between number of patients in all groups. Abbreviations:
ex. = exotropia; hyper = hypertropia; hypo = hypotropia; astigm = astigmatism; hyperm. = hypermetropia,
aniso=anisometropia.

3.3. Risk of Bias

Figure 2 and Table 1. Present the assessment of risk of bias for the included studies.
In total, six studies (19%) were evaluated as high risk of bias, ten studies (31%) were
evaluated as medium risk of bias and 16 studies (50%) were assessed as low risk of bias.
In most studies, a different method of ophthalmic examinations and diagnosis was used.
Therefore, a high risk of confounding and performance bias was found in most studies. In
total, 71% of the studies reported the method of ophthalmic examination and diagnosis.
Therefore, the validity of diagnosis of the different anomalies was rated as low risk. The
reliability of method of examination and diagnosis was evaluated as medium to high
risk of bias in 26% of the studies. Demographics and clinical information were evaluated
as low risk of bias, as most studies reported demographics such as age, gender, clinical
situation at the moment of examination, medical history. Three studies did not define
the demographics and were rated as high risk [24,36,37]. The included studies had a
good representative population of the target population, most studies only evaluated
syndromic or non-syndromic craniosynostosis, however some of these studies evaluated
them together [18,20,21,25,47]. This often meant that the study population was larger, and
therefore the prevalence’s were stated differently than if you compared each group with
itself. Furthermore, not every study reported whether genetic analysis was performed
to diagnose syndromic craniosynostosis, while this is officially necessary for establishing
this diagnosis. Finally, for systematic reviews describing prevalence’s of rare diseases,
it is difficult to take action on risk of bias. As sometimes it can be misleading to rate a
study as low or high risk based on a previously compiled checklist, as some biases can be
more valuable than others. Conclusively, the study by Hoy et al., 2012 indicates that the
assessment of risk of bias provides invaluable information in the description of outcomes
in systematic reviews of disease prevalence [48]. For these reasons, papers with high risk
of bias were not excluded from the qualitative analysis.
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3.4. GRADE Certainty Rating

The meta-analysis included 23 separate analyses, which are demonstrated in the
Supplementary Material B. Heterogeneity was considered low (<40%) in five analysis. This
included horizontal strabismus in Apert syndrome I2 = 0%, p = 0,47, papilledema in Apert
syndrome I2 = 11%, p = 0.35 and after exclusion of outliers I2 = 0%, p = 0.85, esotropia in
UCS I2 = 16%, p = 0.31, and anisometropia in UCS I2 = 29%, p = 0.24. Heterogeneity was
considered moderate (30–60%) in five analyses. This included astigmatism in UCS I2 =
54%, p = 0.11, papilledema in non-syndromic craniosynostosis I2 = 51%, p = 0.11, esotropia
in UCS I2 = 50%, p = 0.09, exotropia in UCS I2 = 43%, p = 0.13, and exotropia in Apert
syndrome I2 = 33%, p = 0.23. In the other 13 analysis, heterogeneity was considered high
(65–100%) and statistically significant (p < 0.01). Conceivably caused by differences in
patient characteristics or method of ophthalmic examination. Directness was considered
high, as most studies directly investigated ocular anomalies in the target population.
Imprecision cannot be ruled out due to the relatively small sample sizes and consequently
wide confidence intervals. Furthermore, due to the small sample sizes and the rarity of
craniosynostosis, it is difficult to draw a conclusion about publication bias. In addition,
the meta-analysis was divided over the different ocular anomalies, so that the scatter plots
cannot be officially used to indicate symmetry for publication bias. However, the study
of Abboud et al., 2020 [19], was suspected of publication bias. As they reported a high
prevalence of papilledema (67%) in lambdoid craniosynostosis, without further explanation.
Finally, no exact conclusions can be drawn, as this grading is subjective, however, we rate
the GRADE certainty rating as moderate.

4. Discussion

This systematic review is the first to report on the prevalence of pre-operative ocular
anomalies in both non-syndromic and syndromic craniosynostosis in a systematically order.
In order to systematically analyze the ocular anomalies, a system of domains was created
by our workgroup. All ocular anomalies were subdivided into either an (1) anatomic
ophthalmic domain or (2) a functional ophthalmic domain. Anatomic anomalies were
defined as anatomical or adnexal anomalies that impair or are likely to impair the vision.
Functional anomalies were defined as functional ocular anomalies that impair the vision.
Current literature often used the ocular terms interchangeably throughout the papers and
often there was no structure. This division has contributed to provide a more structured
overview of the various ophthalmic abnormalities present in the patients. It must be noted
that this is not an official classification and this classification was used because no previous
classification system could be identified. Our study confirmed that ocular problems are
highly prevalent in craniosynostosis.
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In the anatomic ophthalmic domain, papilledema was the most reported anomaly in
both non-syndromic 1% (n = 333; 95% CI 0–18) [18,20–22] and syndromic craniosynostosis
18% (n = 474; 95% CI 11–26) [18,20,21,25–34]. In non-syndromic craniosynostosis, only
one study reported papilledema in lambdoid craniosynostosis, with a prevalence of 67%
(n = 9) [19]. This study was considered as an outlier and excluded from the quantitative
analysis. In this study, two of the patients had minimal edema and four patients had low
papilledema with no major vessel obstruction, without any further explanation of the reason
of the high prevalence of papilledema in this group. In addition, it must be noted that there
are several ways to diagnose papilledema. Namely by fundoscopy, Optical Coherence
Tomography, and visual field examination. Therefore, assessment of papilledema can be
subjective based on the accuracy and experience of the examiner. This also applies to other
ocular anomalies.

Furthermore, in non-syndromic craniosynostosis, one study reported papilledema
in unicoronal craniosynostosis with a prevalence of 3% [20]. In syndromic craniosynos-
tosis, papilledema was most prevalent in Crouzon syndrome 34% (n = 177; 95% CI 17–
53) [20,21,25–27,29,30,34] and Apert syndrome 11% (n = 58; 95% CI 4–22) [20,26,29,31,34].
There are several reasons for the high occurrence of papilledema in syndromic craniosynos-
tosis. Papilledema is caused by high ICP as a result of premature closure of one or more
sutures resulting in abnormal skull growth, ventriculomegaly, venous out-flow obstruction
and obstructive sleep apnea [49]. Papilledema, can lead to visual loss if untreated [26,30].
Furthermore, epicanthal fold anomalies were reported in syndromic craniosynostosis in
Saethre-Chotzen with a prevalence of 70% and in Muenke syndrome 67% [28]. Compared
to a general population without craniofacial disorders, epicanthal fold is a common charac-
teristic in Asian populations with a prevalence between 40–90%, while it is less often seen
in non-Asian people with a prevalence of 2–5% [50].

In the functional ophthalmic domain, strabismus was the most prevalent ocular
anomaly in both non-syndromic 24% (n = 443; 95% CI 12–38) [23,38–42,51,52] and syn-
dromic craniosynostosis 58% (n = 445; 95% CI 41–73) [27,28,33,35,37,43–46]. Strabismus
can occur primary, but also as a result of craniofacial surgery [23]. A reason for primary
strabismus is shallow orbits, causing an increased risk of exocyclorotated orbits, which can
lead to an incorrect insertion or even malformation of the extra-ocular muscles [23,53–55].
As malformation of the orbits, such as hypertelorism, vertical orbital dystopia and midface
hypoplasia, are highly prevalent in syndromic craniosynostosis, this can be a reason of
the high prevalence of primary strabismus in syndromic craniosynostosis. Our review
confirmed that V-pattern exotropia was the most prevalent type of strabismus in syndromic
craniosynostosis with a prevalence of 47% (n = 197; 95% CI 18–77) in Crouzon [27,37,43–45].
This is in line with the literature, as it has been stated that in Crouzon, a V-pattern exotropia
is most prevalent due to extortion of the rectus muscle pulleys [56]. Whereas, esotropia was
more common in non-syndromic craniosynostosis 8% (n = 113; 95% CI 3–16) in unicoronal
craniosynostosis [23,38–42], in which usually the affected eye is ipsilateral to the fused
suture [51]. Compared to the general population, these prevalence’s are much higher in
patients with craniosynostosis. The global prevalence of strabismus in the general popu-
lation was 1.93% (95% CI: 1.64–2.21), for exotropia it was 1.23% (95% CI: 1.00–1.46) and
for esotropia 0.77% (95% CI: 0.59–0.95) respectively [57]. Subsequently, refractive errors
were second highest prevalent in the functional ophthalmic group. Astigmatism and hyper-
metropia were the most common in both non-syndromic and syndromic craniosynostosis.
Astigmatism can lead to amblyopia if untreated, in our review, amblyopia secondary to
strabismus and refractive errors had a prevalence between 14–70% [28,33,35]. Amblyopia
was not reported in non-syndromic craniosynostosis. This is not in line with previous
studies, in which it has been stated that unicoronal craniosynostosis has an increased risk
to develop amblyopia [58]. Correspondingly, the prevalence of amblyopia was higher in
syndromic craniosynostosis compared to the general population. The global prevalence of
amblyopia in the general Western population was 3.67% (95% CI: 2.89–4.45) [59].
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Due to the rarity of craniosynostosis and the small numbers of patients in most
studies, there are no clear guidelines in regard to age of screening, screenings technique
and optimal time of ophthalmic treatment per disorder. There are currently few studies
that have examined the ocular function pre- and postcraniofacial surgery. In a recent
published prospective study of Ntoula et al., 2021 [38], 122 patients with non-syndromic
craniosynostosis were examined pre- and postoperatively. They concluded that patients
with sagittal craniosynostosis show a low prevalence of ocular anomalies, and therefore do
not need to have a routine ophthalmic examination pre-operatively, and patients are advised
to have ophthalmic examination postoperatively. However, they do advise patients with
unicoronal and metopic craniosynostosis to have both pre- and postoperative ophthalmic
examination, due to the high prevalence’s of ocular anomalies in these groups. Our review
confirms the high prevalence of ocular anomalies in patients with unicoronal and lamdoid
craniosynostosis. Moreover, in patients with metopic craniosynostosis we showed a high
prevalence of astigmatism, which may lead to amblyopia left untreated.

Furthermore, a recent retrospective study of Hinds et al., 2021 examined 165 patients
with syndromic craniosynostosis, in which they analyzed the first and last ophthalmic
examination [44]. In regard to the visual acuity, 76.7% of these patients had a best corrected
visual acuity (BVCA) better than 0.3 LogMAR at their last examination, which can have
a positive impact on the normal functioning of these patients. The study of Hinds et al.,
2021 is a follow-up study of Khan et al., 2003, and both studies advise early screening and
identification of ocular anomalies in syndromic craniosynostosis, irrespective if there are
any ocular signs or complaints [43,44].

Systematic reviews describing a rare disease generally have limitations, which also
applies to our study. The first limitation was the difference in sample size of the included
studies, namely this ranged between 5–205, which results in different prevalence’s in regard
to ophthalmic outcomes. In addition, the different types of craniosynostosis were often
compared together, instead of individually, which makes it difficult to give an accurate
prevalence of each ophthalmic outcome in each type of craniosynostosis. Furthermore,
studies did not include healthy control groups to compare their study population with.
Secondly, the method of ophthalmic examination and diagnosis, patient sample, in- and
exclusion criteria were inconsistent in multiple studies. Assessment of ocular anomalies
in children can be challenging, based on the accuracy and experience of the examiner.
We expect that this might led to differences between the reported prevalence’s for each
outcome. Thirdly, the focus of each study with regard to ophthalmic outcomes, was not
the same between most papers, therefore, not all ophthalmic abnormalities were reported
by every study. This led to missing data in the calculation of an average prevalence, and
therefore, the calculated prevalence is not as accurate, as it would have been if more studies
reported the same outcomes. For example, only one study reported dysfunction in lacrimal
system in syndromic craniosynostosis, and only two papers reported this outcome for
non-syndromic craniosynostosis, due to these small numbers, no generalized statement
can be made for these ocular conditions. Finally, the GRADE certainty rating was assessed
as moderate, due to the small number of studies and sample sizes and relatively high
heterogeneity between the studies.

This systematic review shows the high occurrence of ocular anomalies in craniosyn-
ostosis. The aim of this review was to create awareness for the most prevalent ocular
anomalies in a systematic order based on the two domains (1) anatomic ophthalmic domain
and (2) functional ophthalmic domain. It is important to present this data on a well- orga-
nized and structured manner, so we can use this information to put more focus on finding a
solution for optimal referral, screening, diagnosis, providing the required treatment and to
develop new protocols. Based on the high occurrence of ocular anomalies in craniosynosto-
sis as shown in our review, and based on the two recent studies on non-syndromic [38] and
syndromic craniosynostosis [44], we can conclude that it is important to identify, screen and
provide the necessary treatment to prevent any vision loss. However, no clear conclusion
can yet be drawn at which age, each different type of disorders should be screened, by
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which technique. Future studies are needed, in which the ophthalmic conditions are exam-
ined in a prospective matter by an experienced orthoptist or ophthalmologist to prevent
any performance bias. Furthermore, studies should include larger study samples, including
multicenter studies (preferably internationally) to give more accurate data.

Supplementary Materials: The following supporting information can be downloaded at: https:
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Author Contributions: Conceptualization, P.R. and Z.F.A.; methodology, P.R. and Z.F.A.; validation,
P.R., I.M.J.M., M.J.K., S.E.L., formal analysis, P.R.; investigation, Z.F.A.; resources, P.R., data curation,
P.R.; writing—original draft preparation, P.R., Z.F.A., writing—review and editing, P.R.; visualization,
S.E.L.; supervision, I.M.J.M., M.J.K., M.M.P., S.L.V., S.E.L., project administration, I.M.J.M., M.J.K.,
M.M.P., S.L.V., S.E.L. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by “Prof. dr. Henkes Stichting”, project number 111356, funded
by “Rotterdamse Stichting Blindenbelangen”, grant number HV/AB/B20210035, project number
112425 and by “Stichting Lijf en Leven”, project number 72.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data from the systematic review and meta-analysis is included in the
paper or Supplementary Materials A and B.

Acknowledgments: The authors wish to thank Elise Krabbendam from the Erasmus MC Medical
Library for developing and updating the search strategies.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

References
1. Boulet, S.L.; Rasmussen, S.A.; Honein, M.A. A population-based study of craniosynostosis in metropolitan atlanta, 1989–2003.

Am. J. Med. Genet. Part A 2008, 146A, 984–991. [CrossRef]
2. French, L.R.; Jackson, I.T.; Melton, L.J., III. A population-based study of craniosynostosis. J. Clin. Epidemiol. 1990, 43, 69–73.

[CrossRef]
3. Kweldam, C.F.; van der Vlugt, J.J.; van der Meulen, J.J. The incidence of craniosynostosis in the netherlands, 1997–2007. J. Plast.

Reconstr. Aesthetic Surg. JPRAS 2011, 64, 583–588. [CrossRef] [PubMed]
4. Lajeunie, E.; Le Merrer, M.; Bonaiti-Pellie, C.; Marchac, D.; Renier, D. Genetic study of nonsyndromic coronal craniosynostosis.

Am. J. Med. Genet. 1995, 55, 500–504. [CrossRef]
5. Sirimaharaj, W. Internasal: A new type of frontoethmoidal encephalomeningocele. Ann. Plast. Surg. 2018, 81, 423–426. [CrossRef]

[PubMed]
6. Neusel, C.; Class, D.; Eckert, A.W.; Firsching, R.; Gobel, P.; Gotz, D.; Haase, R.; Jorch, G.; Kohn, A.; Kropf, S.; et al. Multicentre

approach to epidemiological aspects of craniosynostosis in germany. Br. J. Oral Maxillofac. Surg. 2018, 56, 881–886. [CrossRef]
[PubMed]

7. Kimonis, V.; Gold, J.A.; Hoffman, T.L.; Panchal, J.; Boyadjiev, S.A. Genetics of craniosynostosis. Semin. Pediatric Neurol. 2007, 14,
150–161. [CrossRef]

8. Tessier, P.; Guiot, G.; Rougerie, J.; Delbet, J.P.; Pastoriza, J. Cranio-naso-orbito-facial osteotomies. Hypertelorism. Ann. Chir. Plast.
1967, 12, 103–118.

9. Converse, J.M.; Ransohoff, J.; Mathews, E.S.; Smith, B.; Molenaar, A. Ocular hypertelorism and pseudohypertelorism. Advances
in surgical treatment. Plast. Reconstr. Surg. 1970, 45, 1–13. [CrossRef]

10. Greig, A.V.H.; Britto, J.A.; Abela, C.; Witherow, H.; Richards, R.; Evans, R.D.; Jeelani, N.U.O.; Hayward, R.D.; Dunaway, D.J.
Correcting the typical apert face: Combining bipartition with monobloc distraction. Plast. Reconstr. Surg. 2013, 131, 219e–230e.
[CrossRef]

11. Katzen, J.T.; McCarthy, J.G. Syndromes involving craniosynostosis and midface hypoplasia. Otolaryngol. Clin. N. Am. 2000, 33,
1257–1284. [CrossRef]

12. Epelbaum, M.; Milleret, C.; Buisseret, P.; Duffer, J.L. The sensitive period for strabismic amblyopia in humans. Ophthalmology
1993, 100, 323–327. [CrossRef]

https://www.mdpi.com/article/10.3390/jcm11041060/s1
https://www.mdpi.com/article/10.3390/jcm11041060/s1
http://doi.org/10.1002/ajmg.a.32208
http://doi.org/10.1016/0895-4356(90)90058-W
http://doi.org/10.1016/j.bjps.2010.08.026
http://www.ncbi.nlm.nih.gov/pubmed/20888312
http://doi.org/10.1002/ajmg.1320550422
http://doi.org/10.1097/SAP.0000000000001580
http://www.ncbi.nlm.nih.gov/pubmed/30067526
http://doi.org/10.1016/j.bjoms.2018.10.003
http://www.ncbi.nlm.nih.gov/pubmed/30360905
http://doi.org/10.1016/j.spen.2007.08.008
http://doi.org/10.1097/00006534-197001000-00001
http://doi.org/10.1097/PRS.0b013e3182778882
http://doi.org/10.1016/S0030-6665(05)70280-2
http://doi.org/10.1016/S0161-6420(13)32170-8


J. Clin. Med. 2022, 11, 1060 15 of 16

13. Zimmermann, A.; Carvalho, K.M.M.; Atihe, C.; Zimmermann, S.M.V.; Ribeiro, V.L.M. Visual development in children aged 0 to 6
years. Arq. Bras. Oftalmol. 2019, 82, 173–175. [CrossRef] [PubMed]

14. Holmes, J.M.; Lazar, E.L.; Melia, B.M.; Astle, W.F.; Dagi, L.R.; Donahue, S.P.; Frazier, M.G.; Hertle, R.W.; Repka, M.X.; Quinn, G.E.;
et al. Effect of age on response to amblyopia treatment in children. Arch. Ophthalmol. 2011, 129, 1451–1457. [CrossRef] [PubMed]

15. Page, M.J.; McKenzie, J.E.; Bossuyt, P.M.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, J.M.; Akl, E.A.;
Brennan, S.E.; et al. The prisma 2020 statement: An updated guideline for reporting systematic reviews. BMJ 2021, 372, n71.
[CrossRef] [PubMed]

16. Wang, N. How to Conduct a Meta-Analysis of Proportions in R: A Comprehensive Tutorial; John Jay College of Criminal Justice: New
York, NY, USA, 2018.

17. Balshem, H.; Helfand, M.; Schunemann, H.J.; Oxman, A.D.; Kunz, R.; Brozek, J.; Vist, G.E.; Falck-Ytter, Y.; Meerpohl, J.; Norris, S.;
et al. Grade guidelines: 3. Rating the quality of evidence. J. Clin. Epidemiol. 2011, 64, 401–406. [CrossRef]

18. van de Beeten, S.D.C.; Cornelissen, M.J.; van Seeters, R.M.; van Veelen, M.C.; Versnel, S.L.; Loudon, S.E.; Mathijssen, I.M.J.
Papilledema in unicoronal synostosis: A rare finding. J. Neurosurg. Pediatr. 2019, 24, 139–144. [CrossRef]

19. Abboud, H.; Rifi, L.; Melhaoui, A.; Arkha, Y.; El Ouahabi, A. Diagnosis, management, and outcome in 9 children with unilateral
posterior synostotic plagiocephaly. World Neurosurg. 2020, 140, e169–e174. [CrossRef]

20. Tuite, G.F.; Chong, W.K.; Evanson, J.; Narita, A.; Taylor, D.; Harkness, W.F.; Jones, B.M.; Hayward, R.D. The effectiveness of
papilledema as an indicator of raised intracranial pressure in children with craniosynostosis. Neurosurgery 1996, 38, 272–278.
[CrossRef]

21. Gupta, S.; Ghose, S.; Rohatgi, M.; Kumar, A.; Das, A. The optic nerve in children with craniosynostosis. Doc. Ophthalmol. 1993, 83,
271–278. [CrossRef]

22. Florisson, J.M.; van Veelen, M.L.; Bannink, N.; van Adrichem, L.N.; van der Meulen, J.J.; Bartels, M.C.; Mathijssen, I.M.
Papilledema in isolated single-suture craniosynostosis: Prevalence and predictive factors. J. Craniofacial Surg. 2010, 21, 20–24.
[CrossRef] [PubMed]

23. Chung, S.A.; Yun, I.S.; Moon, J.W.; Lee, J.B. Ophthalmic findings in children with nonsyndromic craniosynostosis treated by
expansion cranioplasty. J. Craniofacial Surg. 2015, 26, 79–83. [CrossRef] [PubMed]

24. Diamond, G.R.; Katowitz, J.A.; Whitaker, L.A.; Bersani, T.A.; Bartlett, S.P.; Welsh, M.G. Ocular and adnexal complications of
unilateral orbital advancement for plagiocephaly. Arch. Ophthalmol. 1987, 105, 381–385. [CrossRef] [PubMed]

25. Stavrou, P.; Sgouros, S.; Willshaw, H.E.; Goldin, J.H.; Hockley, A.D.; Wake, M.J. Visual failure caused by raised intracranial
pressure in craniosynostosis. Child’s Nerv. Syst. 1997, 13, 64–67.

26. Bannink, N.; Joosten, K.F.; van Veelen, M.L.; Bartels, M.C.; Tasker, R.C.; van Adrichem, L.N.; van der Meulen, J.J.; Vaandrager,
J.M.; de Jong, T.H.; Mathijssen, I.M. Papilledema in patients with apert, crouzon, and pfeiffer syndrome: Prevalence, efficacy of
treatment, and risk factors. J. Craniofacial Surg. 2008, 19, 121–127. [CrossRef]

27. Gray, T.L.; Casey, T.; Selva, D.; Anderson, P.J.; David, D.J. Ophthalmic sequelae of crouzon syndrome. Ophthalmology 2005, 112,
1129–1134. [CrossRef]

28. Jadico, S.K.; Huebner, A.; McDonald-McGinn, D.M.; Zackai, E.H.; Young, T.L. Ocular phenotype correlations in patients with
twist versus fgfr3 genetic mutations. J. AAPOS 2006, 10, 435–444. [CrossRef]

29. de Jong, T.; Bannink, N.; Bredero-Boelhouwer, H.H.; van Veelen, M.L.; Bartels, M.C.; Hoeve, L.J.; Hoogeboom, A.J.; Wolvius, E.B.;
Lequin, M.H.; van der Meulen, J.J.; et al. Long-term functional outcome in 167 patients with syndromic craniosynostosis; defining
a syndrome-specific risk profile. J. Plast. Reconstr. Aesthetic Surg. JPRAS 2010, 63, 1635–1641. [CrossRef]

30. Kim, S.Y.; Choi, J.W.; Shin, H.J.; Lim, S.Y. Reliable manifestations of increased intracranial pressure in patients with syndromic
craniosynostosis. J. Cranio-Maxillofac. Surg. 2019, 47, 158–164. [CrossRef]

31. Liasis, A.; Nischal, K.K.; Walters, B.; Thompson, D.; Hardy, S.; Towell, A.; Dunaway, D.; Jones, B.; Evans, R.; Hayward, R.
Monitoring visual function in children with syndromic craniosynostosis: A comparison of 3 methods. Arch. Ophthalmol. 2006,
124, 1119–1126. [CrossRef]

32. den Ottelander, B.K.; de Goederen, R.; van Veelen, M.C.; van de Beeten, S.D.C.; Lequin, M.H.; Dremmen, M.H.G.; Loudon, S.E.;
Telleman, M.A.J.; de Gier, H.H.W.; Wolvius, E.B.; et al. Muenke syndrome: Long-term outcome of a syndrome-specific treatment
protocol. J. Neurosurg. Pediatr. 2019, 24, 415–422. [CrossRef] [PubMed]

33. Sharma, N.; Greenwell, T.; Hammerton, M.; David, D.J.; Selva, D.; Anderson, P.J. The ophthalmic sequelae of pfeiffer syndrome
and the long-term visual outcomes after craniofacial surgery. J. AAPOS 2016, 20, 315–319. [CrossRef] [PubMed]

34. Spruijt, B.R.B.; den Ottelander, B.K.; Joosten, K.F.; Lequin, M.H.; Loudon, S.E.; van Veelen, M.-L.C.; Mathijssen, I.M. First vault
expansion in apert and crouzon-pfeiffer syndromes: Front or back? Plast. Reconstr. Surg. 2016, 137, 112e–121e. [CrossRef]
[PubMed]

35. Khong, J.J.; Anderson, P.; Gray, T.L.; Hammerton, M.; Selva, D.; David, D. Ophthalmic findings in apert syndrome prior to
craniofacial surgery. Am. J. Ophthalmol. 2006, 142, 328–330. [CrossRef]

36. Albuquerque, M.A.; Cavalcanti, M.G. Computed tomography assessment of apert syndrome. Braz. Oral Res. 2004, 18, 35–39.
[CrossRef] [PubMed]

37. Kreiborg, S.; Cohen, M.M., Jr. Ocular manifestations of apert and crouzon syndromes: Qualitative and quantitative findings. J.
Craniofacial Surg. 2010, 21, 1354–1357. [CrossRef]

http://doi.org/10.5935/0004-2749.20190034
http://www.ncbi.nlm.nih.gov/pubmed/31116299
http://doi.org/10.1001/archophthalmol.2011.179
http://www.ncbi.nlm.nih.gov/pubmed/21746970
http://doi.org/10.1136/bmj.n71
http://www.ncbi.nlm.nih.gov/pubmed/33782057
http://doi.org/10.1016/j.jclinepi.2010.07.015
http://doi.org/10.3171/2019.3.PEDS18624
http://doi.org/10.1016/j.wneu.2020.04.232
http://doi.org/10.1097/00006123-199602000-00009
http://doi.org/10.1007/BF01204328
http://doi.org/10.1097/SCS.0b013e3181c3465e
http://www.ncbi.nlm.nih.gov/pubmed/20072027
http://doi.org/10.1097/SCS.0000000000001238
http://www.ncbi.nlm.nih.gov/pubmed/25569390
http://doi.org/10.1001/archopht.1987.01060030101036
http://www.ncbi.nlm.nih.gov/pubmed/3827716
http://doi.org/10.1097/SCS.0b013e31815f4015
http://doi.org/10.1016/j.ophtha.2004.12.037
http://doi.org/10.1016/j.jaapos.2006.06.008
http://doi.org/10.1016/j.bjps.2009.10.029
http://doi.org/10.1016/j.jcms.2018.10.021
http://doi.org/10.1001/archopht.124.8.1119
http://doi.org/10.3171/2019.5.PEDS1969
http://www.ncbi.nlm.nih.gov/pubmed/31323628
http://doi.org/10.1016/j.jaapos.2016.04.007
http://www.ncbi.nlm.nih.gov/pubmed/27418250
http://doi.org/10.1097/PRS.0000000000001894
http://www.ncbi.nlm.nih.gov/pubmed/26368328
http://doi.org/10.1016/j.ajo.2006.02.046
http://doi.org/10.1590/S1806-83242004000100007
http://www.ncbi.nlm.nih.gov/pubmed/15273784
http://doi.org/10.1097/SCS.0b013e3181ef2b53


J. Clin. Med. 2022, 11, 1060 16 of 16

38. Ntoula, E.; Nowinski, D.; Holmstrom, G.; Larsson, E. Ophthalmological findings in children with non-syndromic craniosynostosis:
Preoperatively and postoperatively up to 12 months after surgery. BMJ Open Ophthalmol. 2021, 6, e000677. [CrossRef]

39. Vasco, G.; Baranello, G.; Ricci, D.; Salerni, A.; Tamburrini, G.; Amante, R.; Dickmann, A.; Di Rocco, C.; Velardi, F.; Mercuri, E.
Longitudinal assessment of visual development in non-syndromic craniosynostosis: A 1-year pre- and post-surgical study. Arch.
Dis. Child. 2008, 93, 932–935. [CrossRef]

40. Macintosh, C.; Wall, S.; Leach, C. Strabismus in unicoronal synostosis: Ipsilateral or contralateral? J. Craniofacial Surg. 2007, 18,
465–469. [CrossRef]

41. Ricci, D.; Vasco, G.; Baranello, G.; Salerni, A.; Amante, R.; Tamburrini, G.; Dickmann, A.; Di Rocco, C.; Velardi, F.; Mercuri, E.
Visual function in infants with non-syndromic craniosynostosis. Dev. Med. Child Neurol. 2007, 49, 574–576. [CrossRef]

42. Samra, F.; Paliga, J.T.; Tahiri, Y.; Whitaker, L.A.; Bartlett, S.P.; Forbes, B.J.; Taylor, J.A. The prevalence of strabismus in unilateral
coronal synostosis. Child’s Nerv. Syst. 2015, 31, 589–596. [CrossRef] [PubMed]

43. Khan, S.H.; Nischal, K.K.; Dean, F.; Hayward, R.D.; Walker, J. Visual outcomes and amblyogenic risk factors in craniosynostotic
syndromes: A review of 141 cases. Br. J. Ophthalmol. 2003, 87, 999–1003. [CrossRef] [PubMed]

44. Hinds, A.M.; Thompson, D.A.; Rufai, S.R.; Weston, K.; Schwiebert, K.; Panteli, V.; James, G.; Bowman, R. Visual outcomes in
children with syndromic craniosynostosis: A review of 165 cases. Eye 2021. Epub ahead of print. [CrossRef]

45. Imai, K.; Fujimoto, T.; Takahashi, M.; Maruyama, Y.; Yamaguchi, K. Preoperative and postoperative orbital volume in patients
with crouzon and apert syndrome. J. Craniofacial Surg. 2013, 24, 191–194. [CrossRef] [PubMed]

46. Khong, J.J.; Anderson, P.J.; Hammerton, M.; Roscioli, T.; Selva, D.; David, D.J. Differential effects of fgfr2 mutation in ophthalmic
findings in apert syndrome. J. Craniofacial Surg. 2007, 18, 39–42. [CrossRef]

47. McCarthy, J.G.; Glasberg, S.B.; Cutting, C.B.; Epstein, F.J.; Grayson, B.H.; Ruff, G.; Thorne, C.H.; Wisoff, J.; Zide, B.M. Twenty-year
experience with early surgery for craniosynostosis: I. Isolated craniofacial synostosis—Results and unsolved problems. Plast.
Reconstr. Surg. 1995, 96, 272–283. [CrossRef] [PubMed]

48. Hoy, D.; Brooks, P.; Woolf, A.; Blyth, F.; March, L.; Bain, C.; Baker, P.; Smith, E.; Buchbinder, R. Assessing risk of bias in prevalence
studies: Modification of an existing tool and evidence of interrater agreement. J. Clin. Epidemiol. 2012, 65, 934–939. [CrossRef]

49. Driessen, C.; van Veelen, M.L.C.; Joosten, K.F.M.; Versnel, S.L.; van Nieuwenhoven, C.A.; Wolvius, E.B.; Bredero-Boelhouwer,
H.H.; Arnaud, E.; Mathijssen, I.M.J. Apert syndrome: The paris and rotterdam philosophy. Expert Opin. Orphan Drugs 2017, 5,
599–605. [CrossRef]

50. Liu, D.; Hsu, W.M. Oriental eyelids. Anatomic difference and surgical consideration. Ophthalmic Plast. Reconstr. Surg. 1986, 2,
59–64. [CrossRef]

51. Gosain, A.K.; Steele, M.A.; McCarthy, J.G.; Thorne, C.H. A prospective study of the relationship between strabismus and head
posture in patients with frontal plagiocephaly. Plast. Reconstr. Surg. 1996, 97, 881–891. [CrossRef]

52. Yu, J.W.; Xu, W.; Wink, J.D.; Wes, A.M.; Bartlett, S.P.; Taylor, J.A. Strabismus in unicoronal craniosynostosis: Effect of orbital
dysmorphology and fronto-orbital advancement and remodeling. Plast. Reconstr. Surg. 2020, 145, 382e–390e. [CrossRef] [PubMed]

53. Denis, D.; Genitori, L.; Bolufer, A.; Lena, G.; Saracco, J.B.; Choux, M. Refractive error and ocular motility in plagiocephaly. Child’s
Nerv. Syst. 1994, 10, 210–216. [CrossRef] [PubMed]

54. Bagolini, B.; Campos, E.C.; Chiesi, C. Plagiocephaly causing superior oblique deficiency and ocular torticollis. A new clinical
entity. Arch. Ophthalmol. 1982, 100, 1093–1096. [CrossRef] [PubMed]

55. Clark, R.A.; Miller, J.M.; Rosenbaum, A.L.; Demer, J.L. Heterotopic muscle pulleys or oblique muscle dysfunction? J. AAPOS
1998, 2, 17–25. [CrossRef]

56. Weiss, A.H.; Phillips, J.; Kelly, J.P. Crouzon syndrome: Relationship of rectus muscle pulley location to pattern strabismus. Investig.
Ophthalmol. Vis. Sci. 2014, 55, 310–317. [CrossRef] [PubMed]

57. Hashemi, H.; Pakzad, R.; Heydarian, S.; Yekta, A.; Aghamirsalim, M.; Shokrollahzadeh, F.; Khoshhal, F.; Pakbin, M.; Ramin,
S.; Khabazkhoob, M. Global and regional prevalence of strabismus: A comprehensive systematic review and meta-analysis.
Strabismus 2019, 27, 54–65. [CrossRef]

58. Tarczy-Hornoch, K.; Smith, B.; Urata, M. Amblyogenic anisometropia in the contralateral eye in unicoronal craniosynostosis. J.
AAPOS 2008, 12, 471–476. [CrossRef]

59. Hashemi, H.; Pakzad, R.M.; Yekta, A.; Bostamzad, P.; Aghamirsalim, M.; Sardari, S.M.; Valadkhan, M.M.; Pakbin, M.M.;
Heydarian, S.; Khabazkhoob, M. Global and regional estimates of prevalence of amblyopia: A systematic review and meta-
analysis. Strabismus 2018, 26, 168–183. [CrossRef]

http://doi.org/10.1136/bmjophth-2020-000677
http://doi.org/10.1136/adc.2007.128421
http://doi.org/10.1097/scs.0b01e3180515d94
http://doi.org/10.1111/j.1469-8749.2007.00574.x
http://doi.org/10.1007/s00381-014-2580-7
http://www.ncbi.nlm.nih.gov/pubmed/25399319
http://doi.org/10.1136/bjo.87.8.999
http://www.ncbi.nlm.nih.gov/pubmed/12881344
http://doi.org/10.1038/s41433-021-01458-5
http://doi.org/10.1097/SCS.0b013e3182668581
http://www.ncbi.nlm.nih.gov/pubmed/23348283
http://doi.org/10.1097/01.scs.0000249358.74343.70
http://doi.org/10.1097/00006534-199508000-00004
http://www.ncbi.nlm.nih.gov/pubmed/7624400
http://doi.org/10.1016/j.jclinepi.2011.11.014
http://doi.org/10.1080/21678707.2017.1335195
http://doi.org/10.1097/00002341-198601050-00001
http://doi.org/10.1097/00006534-199604001-00001
http://doi.org/10.1097/PRS.0000000000006479
http://www.ncbi.nlm.nih.gov/pubmed/31985648
http://doi.org/10.1007/BF00301156
http://www.ncbi.nlm.nih.gov/pubmed/7923229
http://doi.org/10.1001/archopht.1982.01030040071012
http://www.ncbi.nlm.nih.gov/pubmed/7092651
http://doi.org/10.1016/S1091-8531(98)90105-7
http://doi.org/10.1167/iovs.13-13069
http://www.ncbi.nlm.nih.gov/pubmed/24346169
http://doi.org/10.1080/09273972.2019.1604773
http://doi.org/10.1016/j.jaapos.2008.03.008
http://doi.org/10.1080/09273972.2018.1500618

	Introduction 
	Materials and Methods 
	Eligibility Criteria 
	Information Sources and Search 
	Study Selection 
	Data Collection Process and Data Items 
	Classification of Syndromic versus Non-Syndromic Craniosynostosis 
	Classification of Ocular Anomalies and Orbital Malformations 
	Risk of Bias 
	Statistical Analysis 

	Results 
	Anatomic Ophthalmic Domain 
	Non-Syndromic Craniosynostosis 
	Syndromic Craniosynostosis 

	Functional Ophthalmic Domain 
	Non-Syndromic Craniosynostosis 
	Syndromic Craniosynostosis 

	Risk of Bias 
	GRADE Certainty Rating 

	Discussion 
	References

