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ABSTRACT

Background Cleft lip and/or palate (CL/P) can
be accompanied by other congenital anomalies. We
conducted a long-term evaluation of the associations
between cleft patterns, sex distribution, and accompa-
nying congenital anomalies of patients with CL/P.
Methods The medical records of 739 patients with
CL/P, seen between January 1967 and December 2020,
were retrospectively reviewed. Fisher’s exact test was
used for statistical analysis.

Results Among the 739 patients with CL/P, the male-
to-female ratio was 1.1. Regarding the cleft pattern, 121
(16.4%), 104 (14.1%), 280 (37.9%), 198 (26.8%), and 36
(4.9%) patients had cleft lip (CL), cleft lip and alveolus
(CLA), cleft lip and palate (CLP), cleft palate (CP), and
submucous cleft palate (SMCP), respectively. Congenital
anomalies were identified in 107 (14.5%) cases, of which
53 (49.5%) had congenital heart disease. The frequen-
cies of congenital anomalies patients with in CL/P were
14/225 (6.2%), 36/280 (12.9%), 43/198 (21.7%), and
14/36 (38.9%) for a combination of CL and CLA, CLP,
CP, and SMCP, respectively. Accompanying syndromes
and chromosomal anomalies were identified in 40 (5.4%)
cases, in which Pierre Robin sequence (16 cases of CP
and 4 cases of SMCP) was the most frequent.
Conclusion No sex differences were observed in CL/P,
and CLP and CP were the most common cleft patterns.
Congenital anomalies associated with CL/P were
dominated by congenital heart disease and were most
frequently identified in CP and SMCP cases. Notably,
the Pierre Robin sequence, a complex syndrome char-
acterized by micrognathia, glossoptosis, respiratory ob-
struction, and a U- or V-shaped CP, was found in cases
of both CP and SMCP, and accounted for the symptoms
in most cases.
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Cleft lip and/or palate (CL/P) is the most common cra-
niofacial anomaly with an incidence of approximately
1 per 700 live births.!3 The prevalence of CL/P varies
among ethnic groups and geographical regions, and
is higher in Asia and lower in Africa.> Dixon et al.
reported that the prevalence of CL/P is 1 per 500, 1
per 1,000, and 1 per 2,500 live births in Asia, Western
countries, and Africa, respectively.! CL/P can cause
various disorders related to esthetics, feeding, speech,
and hearing. To resolve these issues, cheiloplasty is gen-
erally performed at 4—6 months of age, and palatoplasty
at 1.5-2 years of age.

CL/P can occur as an isolated anomaly, be ac-
companied by congenital anomalies, or be associated
with symptoms as part of syndromes or chromosomal
anomalies.* > Several studies have reported that con-
genital heart disease (CHD) is the anomaly most
associated with CL/P.* ¢ 7 However, the prevalence of
congenital anomalies in CL/P may vary depending on
the study design. Congenital anomalies accompanied
by CL/P may influence the treatment strategy for CL/P.
For instance, severe CHD could be a high-risk factor
for general anesthesia, which may result in the delay
or discontinuation of surgical treatment for CL/P.®
Additionally, the identification of accompanying chro-
mosomal anomalies may be less frequently described in
clinical studies of CL/P.

Understanding the type and frequency of congeni-
tal anomalies associated with CL/P is crucial for the
multidisciplinary treatment of CL/P. This study aimed
to evaluate the accompanying congenital anomalies
associated with CL/P and provide insights for the multi-
disciplinary approach to CL/P.

In previous clinical studies, CL/P was almost
always classified into cleft lip (CL), cleft lip and palate
(CLP), and cleft palate (CP).* > Cleft lip and alveolus
(CLA), in which CL accompanies an alveolar cleft,
may be included within CL. However, only a few
studies have included submucous cleft palate (SMCP)
with the other cleft patterns of CL/P. ' This may be
because SMCP is often discovered and diagnosed at a
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Fig. 1. Photographs of different types of CL/P. A: unilateral cleft lip; B: unilateral cleft lip and palate; C: cleft palate; D: submucous cleft

lip. CL/P, cleft lip and/or palate.

late stage. The clinical aspects of SMCP, especially the
exact prevalence of congenital anomalies, syndromes,
and chromosomal anomalies associated with SMCP,
and their difference from other cleft patterns, remain
unclear. Thus, in this study we focused on describing
SMCP as a primary cleft pattern.

SUBJECTS AND METHODS

Patients

We collected the medical records of 739 patients with
CL/P who were seen in Oral and Maxillofacial Surgery
at Tottori University Hospital between January 1967
and December 2020, after obtaining approval from the
Tottori University Ethical Review Board (reference
number: 21A179). Informed consent from all patients
was obtained by providing patients with opportunity to
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opt out of study inclusion. The collected data included
cleft patterns, sex, associated congenital anomalies,
and accompanying syndromes or chromosomal anoma-
lies. CL/P was classified into five groups according
to the cleft pattern: CL, CLA, CLP, CP, and SMCP.
Photographs of different types of CL/P are shown in
Fig. 1. CP may involve either the soft palate alone or
both the hard and soft palate. SMCP was diagnosed
based on Calnan’s classic triad, which comprises the
bifid uvula, translucent zone in the midline of the soft
palate, and bony notch in the posterior edge of the hard
palate.!" A definitive diagnosis was provided in all cases
with congenital anomalies, syndromes, or chromosomal
anomalies. The cleft patterns and their association with
congenital anomalies, syndromes, or chromosomal
anomalies were retrospectively reviewed. Additionally,
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Table 1. Frequency and sex distribution of all patients with CL/P

CIL CLA CLP CP SMCP Total
(n=121) (n=104) (n=280) (n=198) (n=36) (n=1739)
Male 78 57 172 68 15 390
Female 43 47 108 130 21 349
Male:female ratio 1.8:1 1.2:1 1.6:1 1:1.9 1:1.4 L1

CL, cleft lip; CLA, cleft lip and alveolus; CLP, cleft lip and palate; CP, cleft palate; SMCP, submucous cleft palate. CL/P, cleft lip and/or

palate.

the types and frequencies of CHD were investigated in
detail.

Statistical analyses

We used Fisher’s exact test to compare and test categori-
cal variables among more than two groups. Bonferroni’s
correction was applied for comparisons among more
than three groups; then the P-value was adjusted. For
the statistical analysis, CL and CLA were grouped
together as CL/CLA because of the small number of
cases. We performed the statistical analysis using EZR
(Saitama Medical Center, Jichi Medical University,
Saitama, Japan), a graphical user interface for R (version
4.1.2, R Foundation for Statistical Computing, Vienna,
Austria), which is more precisely a modified version of
R commander (version 2.7-2) designed to add statistical
functions frequently used in biostatistics.!?> A P-value of
< 0.05 was considered statistically significant.

RESULTS

Frequency and sex distribution of CL/P

Of the 739 patients with CL/P, 390 (52.8%) were
males and 349 (47.2%) were females. Table 1 shows
the frequency and sex distribution of all patients with
CL/P. Male predominance was observed in CL, CLA,
and CLP, whereas female predominance was observed
in CP and SMCP. Of the 739 patients with CL/P, 121
(16.4%), 104 (14.1%), 280 (37.9%), 198 (26.8%), and 36
(4.9%) had CL, CLA, CLP, CP, and SMCP, respectively.

Frequency and distribution of major congenital
anomalies
Associated congenital anomalies were identified in 107
(14.5%) patients. The frequency of congenital anomalies
according to cleft pattern was as follows: 14/225 (6.2%),
36/280 (12.9%), 43/198 (21.7%), and 14/36 (38.9%)
in CL/CLA, CLP, CP, and SMCP, respectively (Fig.
2). Statistically significant differences were observed
between the following groups: CL/CLA-CP (P < 0.001),
CL/CLA-SMCP (P < 0.001), and CLP-SMCP (P < 0.01).
Among the 107 cases with congenital anomalies,
CHD was the most frequent (53; 49.5%), followed by
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limb (23; 21.5%) and ear anomalies (23; 21.5%) (Table
2). The top two diagnoses for each anomaly are shown
in Table 2. As 170 congenital anomalies were identified
in 107 cases, the average number of additional congeni-
tal anomalies in CL/P cases was 1.6. In addition, the
maximum number of congenital anomalies was 2 in
CL/CLA and 6 in CLP, CP, and SMCP.

Frequency and distribution of CHDs

CHDs included ventricular septal defect (VSD), atrial
septal defect (ASD), patent ductus arteriosus (PDA),
pulmonary stenosis, double-outlet right ventricle, tetral-
ogy of Fallot, coarctation of the aorta, and hypoplastic
left heart syndrome, in order of frequency (Table 3).
VSD was the most common CHD (21 cases) and was
identified in all cleft patterns, followed by ASD (11 cas-
es) and PDA (8 cases). Those with CLP most frequently
had CHDs among those with CL/P; however, statistical
significance was not observed (P = 0.61).

Frequency and distribution of syndromes and
chromosomal anomalies

Accompanying syndromes and chromosomal anomalies
were identified in 40 (5.4%) patients. As shown in Fig. 3,
the frequency of syndromes and chromosomal anoma-
lies according to the cleft pattern was as follows: 2/121
(0.9%), 8/280 (2.9%), 23/198 (11.6%), and 7/36 (19.4%) in
CL/CLA, CLP, CP, and SMCP, respectively. Statistical
significance was observed between the following
groups: CL/CLA-CP (P < 0.001), CL/CLA-SMCP (P <
0.001), CLP-CP (P < 0.01), and CLP-SMCP (P < 0.01).
Seven types of non-chromosomal syndromes and ten
types of chromosomal anomalies were identified, of
which Pierre Robin sequence (16 cases of CP and 4
cases of SMCP) was the most common (Table 4).

DISCUSSION

We examined all the cleft patterns of CL/P to evaluate
the correlation between other congenital malformations
and CL/P. The novelty of this study was the inclusion of
SMCP and analysis of the prevalence of chromosomal
anomalies in CL/P, since they are less frequently
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Fig. 2. Frequency of congenital anomalies in different types of CL/P. SMCP presented with congenital anomalies most frequently, fol-
lowed by CP, CLP, and CL/CLA. **P < 0.01. ***P < (0.001. CL, cleft lip; CLA, cleft lip and alveolus; CLP, cleft lip and palate; CP, cleft

palate; SMCP, submucous cleft palate. CL/P, cleft lip and/or palate.

Table 2. Distribution of the major congenital anomalies in CL/P

Organ n Diagnosis

Cardiac 53 Ventricular septal defect, atrial septal defect, and others
Limbs 23 Polydactyly, syndactyly, and others

Ear 23 Low-set ear, accessory auricle, and others

Urogenital 21 Cryptorchism, hypospadias, and others

Craniofacial 16 Microcephaly, nasolacrimal duct obstruction, and others
Trunk 15 Inguinal hernia, atresia of anus, and others

Eye 13 Epicanthal fold, esotropia, and others

Oral 6 Lower lip pit and ankyloglossia

Total 170

CL/P, cleft lip and/or palate.

mentioned in most clinical research on CL/P.

In this study, CL, CLA, and CLP were found to
be predominant in males, whereas CP and SMCP were
predominant in females. These differences in sex based
on cleft patterns were consistent with that reported in
previous literature.* 1> Urbanova et al. determined the
male sensitivity to environmental factors and differ-
ent stages of palatal shelf elevation between sexes. !4
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However, the sex difference in CL/P remains unclear.
Approximately 70% of CL/P cases occur as
isolated anomalies, whereas 30% are associated with
other congenital malformations or syndromes, which
are particularly common in patients with CP.* > 15 The
correlation between CP and congenital malforma-
tions can be explained by the possibility that systemic
organogenesis is nearly complete before palatal closure;
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Table 3. Frequency and distribution of CHDs in different types of CL/P

Type of CHD CL/CLA CLP CP SMCP Total

VSD 4 10 5 2 21 (2.8%)
ASD 1 6 2 2 11 (1.5%)
PDA 1 2 4 1 8 (1.1%)
PS 1 3 - 1 5(0.7%)
DORV 1 1 1 - 3 (0.4%)
TOF 2 - - 1 3(0.1%)
Coarctation of the aorta - 1 - - 1 (0.1%)
Hypoplastic left heart syndrome - - 1 - 1 (0.1%)
Total 7 18 11 5 53 (7.2%)

ASD, atrial septal defect; CHD, congenital heart disease; CL, cleft lip; CLA, cleft lip and alveolus; CLP, cleft lip and palate; CP, cleft
palate; DORYV, double-outlet right ventricle; PDA, patent ductus arteriosus; PS, pulmonary stenosis; SMCP, submucous cleft palate;
TOF, tetralogy of Fallot; VSD, ventricular septal defect. CL/P, cleft lip and/or palate.
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Fig. 3. Frequency of syndromes and chromosomal anomalies in different types of CL/P. SMCP presented with syndromes and chromo-
somal anomalies most frequently, followed by CP, CLP, and CL/CLA. **P < 0.01. ***P < (.001. CL, cleft lip; CLA, cleft lip and alveolus;
CLP, cleft lip and palate; CP, cleft palate; SMCP, submucous cleft palate. CL/P, cleft lip and/or palate.

thus, the persistence or recurrence of a teratogen for
congenital malformations can cause CP and SMCP. In
this study, CP and SMCP was more frequently associ-
ated with congenital anomalies than CL; however, the
total prevalence of accompanying congenital anomalies
was 14.5%. In a large survey of Japanese people, the
prevalence rates of congenital anomalies associated with
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CL/P were 11.4%, 16.2%, and 20.7% in CL, CLP, and
CP, respectively.'® Although SMCP was not included,
the results of the survey were nearly the same as that
of our study, which may also reflect the differences
among ethnic groups and geographical regions. In this
study, those with SMCP had congenital anomalies
more frequently than those with the other cleft patterns,
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Table 4. Distribution of syndromes and chromosomal anomalies in different types of CL/P

E g CL/CLA cLp cP SMCP Total
Non-chromosomal syndromes
Pierre Robin sequence - - 16 4 20 (2.7%)
First and second branchial arch syndrome - - 1 2 (0.3%)
Treacher Collins syndrome - - 2 - 2 (0.3%)
Apert syndrome - — — 1 1 (0.1%)
Cornelia de Lange syndrome - — - 1 1 (0.1%)
Waadenburg syndrome type I 1 — - - 1 (0.1%)
Rubinstein-Taybi syndrome — - 1 — 1 (0.1%)
Chromosomal anomalies
Trisomy 21 - 2 - - 2 (0.3%)
22q11.2 deletion 1 1 - - 2 (0.3%)
Pallister-Killian syndrome - - 1 - 1 (0.1%)
Trisomy 3q — 1 - - 1 (0.1%)
3q duplication — 1 — — 1 (0.1%)
4q deletion - - 1 - 1 (0.1%)
Trisomy 13 - 1 - - 1 (0.1%)
Trisomy 18 - 1 - - 1 (0.1%)
Monosomy 18p - 1 — — 1 (0.1%)
18q deletion - - 1 - 1 (0.1%)
Total 2 8 23 7 40 (5.4%)

CL, cleft lip; CLA, cleft lip and alveolus; CLP, cleft lip and palate; CP, cleft palate; SMCP, submucous cleft palate. CL/P, cleft lip and/or

palate.

which agreed with the results of Sekhon et al.” Given
these results, accurate general examinations should
be performed in patients diagnosed with SMCP given
the high possibility of additional congenital anomalies.
However, the small number of patients with SMCP may
have influenced the results of this study. Therefore,
further studies should be conducted to accumulate more
cases of SMCP to facilitate better understanding.

CHDs have been reported to be the most common
congenital anomalies associated with CL/P,* 7 which
corresponds with the results of our study. A systematic
review of the prevalence rates of CHDs in patients with
orofacial clefts showed five prospective studies with
prevalence rates of 12.0% and four retrospective studies
with prevalence rates of 8.6%.!7 Another systematic
review by Munabi et al. reported that 7.43% of non-syn-
dromic patients with CL/P had CHDs, and that the rate
of CHDs in the general population was approximately
1%.'® In this study, the prevalence rate of CHDs in both
syndromic and non-syndromic CL/P was 7.2%, which
was slightly lower than those in the aforementioned

systematic reviews.

In this study, the frequency of syndromes associ-
ated with CL/P was significantly higher in patients with
CP and SMCP, which was similar to that of syndromes
and sequences reported in the study of Galeh et al.*
Similar to previous literature, Pierre Robin sequence
was the most commonly identified syndrome in our
study.* 3 Pierre Robin sequence is a complex syndrome
consisting of micrognathia, glossoptosis, and respira-
tory obstruction.'®2! U- or V-shaped CP occurs in up
to 90% of cases of Pierre Robin sequence.???? In fact,
all previously reported cases of Pierre Robin sequence
were accompanied by CP.2? In this study, Pierre Robin
sequence was identified in patients with CP and SMCP,
which provides new insights. Thus, when encountering
non-cleft congenital anomalies and/or syndromes with
speech disorders, it is necessary to consider SMCP and
evaluate the presence of Calnan’s classic triad.

The prevalence of chromosomal anomalies among
CL/P has rarely been described in previous literature;
however, Milerad et al. noted a 2.8% prevalence.?*
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Meanwhile, our study demonstrated a prevalence of
1.6% in CL/P cases. The population sizes of these two
studies were almost equivalent. Therefore, this incon-
sistent prevalence may also be attributed to differences
in ethnic groups. In general population-based studies,
the prevalence of chromosomal anomalies was 3.6 per
1,000 births according to the European Surveillance
of Congenital Anomalies and 11.0 per 10,000 perinatal
infants according to a cross-sectional analysis from
China.?> 26 These data suggest that the prevalence of
chromosomal anomalies is higher in those with CL/P
than in the general population.

This study has certain limitations. First, lateral-
ity, which refers to the cleft’s location (left, right, or
bilateral) and extent (incomplete or complete), were
not considered. If the laterality of CL/P is extensively
discussed, the correlation between the location or extent
of the cleft and congenital malformations may become
clear. Second, a family history of CL/P and referral
to our department were not included. These factors
must be also analyzed to expand the research on CL/P.
Moreover, the correlation among congenital anomalies,
syndromes, and chromosomal anomalies was not ana-
lyzed. Future investigations must consider these, since
they would be valuable and beneficial to all medical
personnel engaged in CL/P treatment.

In conclusion, CP and SMCP have a high preva-
lence of associations with other congenital anomalies.
Patients with congenital anomalies, especially CHDs,
should be screened before initiating treatment for CL/P.
Pierre Robin sequence accounts for approximately half
of the accompanying syndromes and chromosomal
anomalies in patients with CL/P. A noteworthy finding
is that Pierre Robin sequence can be accompanied not
only by CP, but also by SMCP. Under the same condi-
tion of accompanying syndromes or chromosomal
anomalies, future research must determine how speech
outcome and velopharyngeal function differ between
CP and SMCP.
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