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Patient Factors Influencing Speech Outcomes in Velopharyngeal Function 

Following Initial Cleft Palate Repair: a Systematic Review and Meta-

Analysis  
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ABSTRACT 

 

Objective: Identification of patient factors influencing velopharyngeal function for speech 

following initial cleft palate repair. 

 

Design: A literature search of relevant databases from inception until 2018 was performed 

using medical subject headings and keywords related to cleft palate, palatoplasty and speech 

assessment. Following three stage screening data extraction was performed.  

 

Setting: Systematic review and meta-analysis of relevant literature.  

 

Patients / Participants: Three hundred and eighty-three studies met the inclusion criteria, 

comprising data on 47658 participants. 

 

Interventions: Individuals undergoing initial palatoplasty.  

 

Main outcome measures: Studies including participants undergoing initial cleft palate repair 

where the frequency of secondary speech surgery and/or velopharyngeal function for speech 

was recorded. 

 

Results: Patient factors reported included cleft phenotype (95% studies), biological sex 

(64%), syndrome diagnosis (44%), hearing loss (28%), developmental delay (16%), Robin 

Sequence (16%) and 22q11.2 microdeletion syndrome (11%). Meta-analysis provided strong 

evidence that rates of secondary surgery and velopharyngeal dysfunction varied according to 
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cleft phenotype (Veau I best outcomes, Veau IV worst outcomes), Robin Sequence and 

syndrome diagnosis. There was no evidence that biological sex was associated with worse 

outcomes. Many studies were poor quality with minimal follow-up.  

 

Conclusions: Meta-analysis demonstrated the association of certain patient factors with 

speech outcome, however the quality of the evidence was low. Uniform, prospective, multi-

centre documentation of preoperative characteristics and speech outcomes is required to 

characterise risk factors for post-palatoplasty velopharyngeal insufficiency for speech. 

 

Word Count: 226 

 

Systematic review registration: Registered with PROSPERO CRD42017051624 
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Introduction  

 

Published rates of velopharyngeal insufficiency for speech (henceforth referred to as VPI) 

following initial cleft palate surgery range between 0-66%.1-5 Possible reasons for this 

disparity include the broad phenotype of orofacial clefts, the range of classification systems 

used when assessing cleft severity and VPI, the inclusion of multiple surgeons, techniques, or 

institutions within the same studies, and the inherent limitations of retrospective data 

collection in many studies.6 However, whilst certain factors are implicated, the reasons for 

such variation remains unclear. Sitzman et al. noted that whilst secondary surgery was 

associated with cleft phenotype (hazard ratios for unilateral cleft lip and palate (ULCP) and 

bilateral cleft lip and palate (BCLP) were 1.69 and 2.06, respectively, when compared to 

isolated cleft palate) and age at initial palatoplasty, the largest variation in secondary surgery 

was attributed to undetermined differences among surgeons and hospitals performing the 

initial palatoplasty.7 Furthermore, the proportion of children undergoing secondary surgery 

varied five-fold across surgeons and hospitals. 

 

It is likely that a diverse range of patient factors influence the success of a cleft palate repair 

with respect to speech.8 There is evidence that cleft phenoype, cleft extent in an isolated cleft 

palate, cleft width and length, biological sex, socio-economic status, age at initial surgery, 

Robin Sequence (RS), previous general anaesthesia, presence of a syndrome and additional 

diagnosis may influence outcomes.2-4, 7, 9-22   

 

It would be highly beneficial if it were possible to pre-operatively determine which children 

were likely to develop VPI following cleft palate repair. This information would facilitate 
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pre-operative counselling, informing parents/caregivers pre-operatively about the risk factors 

and likelihood of success or the potential need for secondary surgery or further intervention.  

 

The aim of this systematic review was to collate the available evidence about the influence of 

patient factors on velopharyngeal function for speech following initial cleft palate repair. 

Non-patient factors and interventions, including surgical procedures, medications, non-

surgical devices such as naso-alveolar moulding, arm splints, or speech and language therapy 

input were not the focus of this systematic review. The hypothesis for the review was: “There 

are patient factors which influence velopharyngeal function for speech following cleft palate 

repair.”  

 

METHODS 

 

PRISMA 2020 guidelines for the conduct of a systematic review were followed.23 The 

protocol registered with PROSPERO (CRD42017051624) and published with open access.24 

Deviations from the original protocol are recorded in the results section.  

 

Ethical Approval / Patient Consent Statement 

This was deemed not applicable as this was a systematic review using previously published 

material. 

 

Eligibility Criteria 

The objectives for this systematic review were summarised using a PECO framework 

(Supplementary Table 1).25 Eligible studies were defined as full text primary data 

publications reporting: (a) the proportion of patients born with cleft palate, who were 
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recommended or underwent re-operation or secondary speech surgery for VPI and/or (b) 

perceptual speech outcomes following initial cleft palate reconstruction. Randomised 

controlled trials (RCTs), cluster RCTs, non-randomised controlled clinical trials, longitudinal 

studies, cross-sectional investigations, retrospective studies with prospective data collection 

and case series with 10 or more participants were included. Literature reviews, case reports, 

case series with less than 10 participants, review articles, commentaries, letters, editorials, 

dissertation abstracts or conference proceedings were excluded. 

 

Included studies were grouped with respect to variables of interest such as cleft phenotype, 

biological sex, Robin sequence, and secondary surgery rates and speech outcomes calculated 

for the variable. Meta-analysis was performed on studies which reported outcomes for each 

variable sub-type. For example, if a study reported secondary surgery or speech outcomes for 

males and females then meta-analysis was performed on the biological sex variable. For 

variables with binary sub-domains (i.e. the presence or absence of a syndrome, presence or 

absence of Robin Sequence or presence or absence of 22q11.2 microdeletion syndrome) 

studies were included for meta-analysis if the study included outcomes for both the presence 

and absence of a particular variable.    

 

Information Sources 

The following databases were included in the search: MEDLINE, EMBASE, AMED (Allied 

and Complimentary Medicine Database), PsycINFO, CINAHL (Cumulative Index to Nursing 

& Allied Health Literature), Health Technology Assessment Database, SpeechBITE, 

CENTRAL (Cochrane Central Register of Controlled Trials), Cochrane Database of 

Systematic Reviews and Scopus from inception until 2018. 
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Search Strategy 

Literature search strategies were developed using medical subject headings (MeSH) and text 

words related to cleft palate, cleft palate surgery and cleft speech assessment (Supplementary 

Table 2). The literature search was limited to articles written in English and human subjects. 

Publications of potential relevance to the review were identified by using both exploded 

MeSH headings and text words. Reference lists from included studies and additionally 

systematic reviews identified from the Health Technology Assessment Database and 

Cochrane Database of Systematic Reviews were searched for any relevant articles. The 

search strategy was peer-reviewed by two independent senior medical librarians and the final 

search was performed by one of these librarians (JM) in conjunction with the first author. 

EndNote X7 (Thompson Reuters, Philadelphia, PA) bibliographic software program was 

used to manage citations. 

 

Selection Process 

The search results were uploaded to Distiller SR systematic review software (Evidence 

Partners, Ottawa, ON) and de-duplicated. Thereafter, a three-stage screening process was 

performed in duplicate by two independent reviewers (DS: Cleft Surgeon; CW: Speech and 

Language Therapist). Study titles during the first stage, abstracts during the second stage and 

full texts in the third stage were screened against the inclusion criteria. Reasons for excluding 

papers were recorded. Discrepancies in study selection were dealt with by discussion between 

the two reviewers. If there was more than one paper reporting on a patient population then the 

paper with the most comprehensive data was included. The reviewers were not blinded to the 

journal titles, the study authors or institutions.  

 

Data Collection Process 
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Following three stage screening, data extraction was performed by eight independent 

reviewers with cleft clinical experience (two cleft surgeons, a specialist cleft speech and 

language therapist, a cleft fellow, two plastic surgery trainees with an interest in cleft and two 

oral and maxillofacial trainees with an interest in cleft) using systematic review software 

(Distiller SR). Data extraction was performed in duplicate in 10% of studies to assess inter-

rater reliability; overall agreement was rated as “almost perfect” (kappa = 0.95). 

 

Data Items 

The primary outcome was the proportion of patients who had, or who were recommended, 

further revisional surgery or speech surgery for VPI. The secondary outcome was the 

proportion of patients with normal velopharyngeal function for speech, as determined by 

perceptual assessment of resonance and nasal airflow during speech, following initial cleft 

palate repair. Any perceptual speech assessment was included within the review to capture all 

relevant papers. However, studies were excluded if the reported speech outcomes did not 

relate to velopharyngeal insufficiency. To facilitate comparison between studies, resonance 

outcomes for each study were recorded under five categories: normal, mild hypernasality, 

moderate hypernasality, severe hypernasality or any grade of hyponasality. If it was not 

possible to determine the degree of hypernasality this was recorded as “hypernasality of 

unknown severity”. Nasal airflow errors (emission and turbulence) were recorded as normal, 

mild, moderate or severe. If the authors had not stratified this then this was recorded as 

‘presence of nasal emission’, ‘presence of nasal turbulence’, ‘no airflow errors’ or ‘not 

reported’. Supplementary Table 3 shows the data points extracted from each study. 

 

Study Risk of Bias Assessment 
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Study quality was assessed using the Oxford Centre for Evidence based Medicine 2011 level 

of evidence guidelines (OCEBM Levels of Evidence Working Group, 2011). Risk of bias 

was appraised using modified criteria based on the Cochrane Collaboration’s tool for 

assessing risk of bias in therapeutic studies.26 The following domains were assessed: selection 

bias, detection bias (blinded assessment of outcomes), outcome assessment (recording of key 

outcomes—in this case, secondary surgery and normalised resonance), attrition bias 

(inclusion of all patients undergoing cleft palate surgery).  

 

Effect Measures 

Heterogeneity of the included studies was analysed by exploring the study characteristics and 

the I2 statistic. The quantitative impact of exposures on outcomes was investigated using 

meta-analysis techniques where data from a minimum number of two studies were 

sufficiently homogeneous. Proportions of binary outcomes were principally extracted. The 

Mantel-Haenszel method was used to calculate pooled effect sizes. A fixed effects model was 

used where levels of statistical heterogeneity were low (I2 <50%); otherwise a random effects 

model was used. Funnel plots were used to visually assess the likelihood of small study 

publication bias if more than 10 studies were included. Egger’s test was calculated to 

quantify funnel plot asymmetry. Subgroup meta-analysis of cleft phenotype categories was 

performed using a fixed-effects (pleural) model using the random effects model for each 

subgroup. All meta-analysis was performed using the “meta” package via the R Project for 

Statistical Computing (www.R-project.org/).27 

 

Synthesis Methods 

 

The proportion of studies and participants with respect to decade of publication, exclusion 

rates and number of participants with available data were grouped (Table 1).   
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The number and proportion of studies reporting follow-up duration and / or age at final 

review were noted (Supplementary Table 4). 

 

The number of studies reporting each variable (patient factor) and its influence on rate of 

secondary speech surgery (Supplementary Table 5) or perceptual speech outcomes (Table 2), 

was recorded. The number of participants in all studies assessing each variable were 

combined (Supplementary Table 6).  

 

 

Reporting bias assessment 

The proportion of studies reporting a blinded speech assessment, a speech outcome for 

velopharyngeal function (as previously defined) and/or a secondary surgery rate for all 

subjects was recorded. Reasons for exclusion of participants was explored. 

 

 

RESULTS 

 

Deviations from Original Protocol  

In the original protocol we planned  to report outcomes for participants aged five years or 

older.24 However, as the included studies used a heterogeneous mix of descriptive statistics to 

describe follow-up duration (i.e. youngest age at follow-up, oldest age at follow-up, mean or 

median age at follow-up) all ages of participants with reported speech outcomes (with respect 

to velopharyngeal function) and secondary surgery rates were included. Risk of bias and level 

of evidence analysis was performed as documented below.  
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Study Selection 

The results of the searches and study selection is summarised in Figure 1. Following database 

searches, 1882 papers were identified; 19 papers were found through other sources, including 

back searches. After three levels of screening by two reviewers, 383 papers were included for 

data extraction. 

 

Study Characteristics  

A complete list of references is provided in Supplementary Table 7 and details of included 

studies are presented in Supplementary Table 8. No papers meeting the inclusion criteria 

were published before 1960, with the majority of relevant studies being published between 

2010-2018 (Table 1).  

 

The regions of the world where studies were conducted were as follows: Europe (n=145), 

North America (n=131), Asia (n=73), Africa (n=14), South America (n=13), Australasia 

(n=8) and Middle East( n=6). The top 10 countries where included studies were conducted 

were as follows: USA (n=120), Sweden (n=33), United Kingdom (n=31), Finland (n=22), 

China (n=20), Japan (n=14), Germany (n=13), Egypt (n=10), India (n=10) and the 

Netherlands (n=10). Three hundred and forty one studies were reports from a single centre, 

18 were multi-centre studies (2 centres n=7, 3 centres n=1, 4 centres n=3, 6 centres n=2, 9 

centres n=1, 10 centres n=2, 12 centres n=1, 13 centres n=1) and in 24 studies, the number of 

centres involved was unclear. The mean number of participants per study was 173.3 (range 

10-2616). 

 

A total of 102 studies (26.6%) recorded mean follow-up duration. Fifteen studies (3.9%) 

recorded median follow-up duration. Five studies reported both mean and median follow-up 
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duration;271 studies (70.8%) recorded neither a mean nor a median follow-up duration. Of 

the 86 studies recording a minimum follow-up duration, eight studies had a minimum follow-

up duration of 5 years or greater. While 74 studies recorded a maximum follow-up duration, 

this was less than 5 years in 29 studies. The youngest age at final review was recorded in 151 

studies; in 60 studies this was 5 years of age or older. Of the 125 studies which recorded the 

oldest age at final review most (104) reported 5 years of age or older. Further details 

regarding follow-up duration are presented in Supplementary Table 4.   

 

Risk of Bias in Studies 

 

The following study types were recorded: case series (n=289; 75.4%), cohort studies (n=29; 

7.6%), case-control studies (n=28; 7.3%), longitudinal studies (n=18; 4.7%), randomised 

controlled trials (n=11; 2.9%) and cross-sectional studies (n=6; 1.6%). For two studies the 

study type was unclear. Consequently, the studies included for data analysis had the 

following levels of evidence (https://www.cebm.ox.ac.uk/resources/levels-of-

evidence/oxford-centre-for-evidence-based-medicine-levels-of-evidence-march-2009): level 

1 n=11 (2.9%), level 2 n=29 (7.6%), level 3 n=28 (7.3%), level 4 n=313 (81.7%) level 5 n=0. 

It was not possible to determine the level of evidence in two studies (0.5%). For outcome 

reporting the majority of studies reporting perceptual speech assessment used an in-house 

scale (35%) or published scale (30%). The remainder of studies did not report the assessment 

tool (26%), used an undefined scale (2%), performed an informal assessment (4%) or used a 

method of speech assessment that was unclear to the reviewer (2%) (Supplementary Table 9).  

  

Risk of bias is summarised in Table 3. Participant exclusions were evident in 174 studies. It 

is possible that some studies pre-selected their cohort and consequently exclusion criteria 

may not have been mentioned (86 studies did not report whether participants were excluded). 

https://www.cebm.ox.ac.uk/resources/levels-of-evidence/oxford-centre-for-evidence-based-medicine-levels-of-evidence-march-2009
https://www.cebm.ox.ac.uk/resources/levels-of-evidence/oxford-centre-for-evidence-based-medicine-levels-of-evidence-march-2009
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The commonest reasons reported for excluding participants were: presence of a syndrome 

(other than 22q11.2 microdeletion syndrome, n=90), lost to follow-up (n=63) and presence of 

hearing loss (n=61). The number of participants excluded also varied by decade from 17.9% 

in 2010-2018 to 45.2% in 1990-1999. Overall, 25% of participants were excluded from 

speech assessment or reporting of secondary surgery rate. With respect to attrition bias, most 

authors reported on a subset of patients operated on at their centre, with only 15% of studies 

reporting speech outcomes for all patients and only 12% reporting secondary surgery rates for 

all patients.  

  

 

Results of Individual Studies 

Cleft phenotype was the most-frequently reported variable (95% of studies). Further 

information regarding the recording of specific cleft phenotypes and the total number of 

participants in these studies when combined is shown in Supplementary Table 6. Sixty-four 

percent of studies reported the biological sex of participants and 44% documented syndromic 

status. The proportion of studies reporting the presence or absence of the following variables 

was as follows: hearing loss 28%, developmental delay 16%, Robin Sequence 16% and 

22q11.2 microdeletion syndrome 11%. Parental smoking, birth order and head circumference 

were not reported in any study. The remaining variables, including ethnicity, adoption, family 

history of cleft and previous general anaesthesia, were reported in less than 10% studies 

(Supplementary Table 6). It was therefore not possible to carry out meta-analysis on these 

variables. 
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For each variable, Supplementary Tables 2 and 5 summarise the number of studies that 

reported secondary speech surgery and speech outcomes and highlight those studies which 

report a variable to have no influence on outcome or a negative influence on outcome. 

 

Results of Syntheses 

The number of participants included in the studies undergoing meta-analysis with respect to 

secondary surgery for particular variables was as follows: cleft phenotype (Veau I n=1151, 

Veau II n=1410, Veau III n=2450, Veau IV n=1069, submucous cleft palate (SMCP) n=475), 

biological sex (male n=1589, female n=1482), Robin Sequence (present n=600, absent 

n=1358), syndrome diagnosis (present n=213, absent n=3385) and 22q11.2 microdeletion 

syndrome (present n=117, absent n=406). The number of participants included in the meta-

analysis with respect to normal resonance for particular variables was as follows: cleft 

phenotype (Veau I n=401, Veau II n=550, Veau III n=1859, Veau IV n=759, SMCP n=570), 

biological sex (males n=330, females n=389) and syndrome diagnosis (present n=150, absent 

n=818). 

 

 

Cleft phenotype  

The overall combined secondary surgery rate for all cleft phenotypes was 19.6% (2028/10321 

patients). The combined secondary surgery rate for all included studies reporting this 

outcome with respect to cleft phenotype showed a statistically significant difference with 

(Chi-Squared test; p<0.00001): Veau I (12.5%), Veau II (23.8%), Veau III (18.9%), Veau IV 

(24.8%) and SMCP (21.1%). Following meta-analysis (Supplementary Figures 1-4) there was 

strong evidence to suggest that Veau I clefts were associated with less secondary surgery than 

other cleft phenotypes (RR=0.62, 95% CI 0.54-0.70; P<0.0001) and that Veau IV clefts were 
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associated with more secondary surgery than other cleft phenotypes (RR=1.22, 95% CI 1.08-

1.37; P<0.0001). The data for submucous clefts was highly heterogeneous and therefore was 

excluded from analysis.  

 

Overall, normal resonance was achieved by a higher proportion of participants with Veau I 

clefts (70.8%), when compared to Veau II (57.5%), Veau III (58.8%) and Veau IV (42.6%) 

clefts and those with submucous cleft palate (66.1%). Meta-analysis demonstrated strong 

evidence that Veau I clefts were associated with improved resonance scores (RR1.16, 95% CI 

1.07-1.26; P<0.0001) and Veau IV clefts were associated with poorer resonance outcomes 

when compared to the other phenotypes (RR 0.86, 95% CI 0.81-0.92; P<0.001) 

(Supplementary Figures 5-8).  

 

 

Biological Sex  

Meta-analysis of 17 studies found no evidence that biological sex influenced secondary 

surgery rates (Supplementary Figure 9). There was no statistically significant difference 

between the 19.2% (284/1482) overall combined secondary surgery rate in female 

participants compared to 20.1% (320/1589) in male participants (RR = 1.07, 95% CI 0.93-

1.24; P=0.32). There was no evidence of publication bias in these studies. 

Six studies recorded the presence of normal resonance with respect to biological sex. 

Combining the results from these studies normal resonance was achieved in 63.3% (145/263) 

females and 56.3% (219/389) males. Meta-analysis of these studies found no evidence that 

males had increased hypernasality when compared to females (RR 0.91, 95% CI 0.83-1.01; 

P=0.07) (Supplementary Figure 10). When studies reported ‘acceptable resonance’ rather 
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than ‘normal resonance’ this increased to 74.5% (207/278) for females and 71.8% (216/301) 

for males. This again was not statistically significant (P>0.05; Chi-squared test).  

 

Robin Sequence 

Eleven studies had data reporting the secondary surgery rates in participants with RS and 

eight studies reported secondary surgery rates in participants without RS. Combined 

secondary surgery rates were 21.7% (130/600) and 13.7% (186/1358), respectively. This was 

statistically significant (P=0.00001; Chi-Squared test). Meta-analysis of seven studies, which 

included participants with and without RS, provided strong evidence RS was associated with 

more secondary surgery (RR 1.54, 95% CI 1.21-1.96; P<0.001) (Supplementary Figure 11). 

However, this calculation was based on seven studies with moderate heterogeneity 

(I2=49.7%). 

 

The combined data for three studies in those with RS gave a normal speech outcome of 

53.8% (98/183) and normal nasal airflow of 42.7% (90/211). Meta-analysis of studies was 

not possible.  

 

Syndrome Diagnosis 

Fourteen studies recording syndrome diagnosis had a combined secondary surgery rate of 

25.4% (54/213) compared to 26 studies with a combined secondary surgery rate of 14.7% 

(499/3385) in participants without a syndrome. This was statistically significant (P<0.00001; 

Chi-Squared test). Meta-analysis of 12 studies suggested strong evidence that syndromes 

were associated with an increase in secondary surgery (RR 1.69, 95% CI 1.25-2.28; P<0.001) 

(Supplementary Figure 12). There was no evidence of publication bias in included studies.  
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Normal resonance was 60.6% (91/150; 4 studies) in participants with a syndrome and 77.9% 

(638/818; 6 studies) in participants without a syndrome. The maximum number of studies in 

the other speech parameters (acceptable resonance, normal nasal airflow, passive cleft speech 

characteristics) was three and with small total participant numbers (See Table 2), making 

further analysis not possible. 

 

22q11.2 Microdeletion Syndrome 

Three studies recorded 22q11.2DS syndrome presence giving a combined mean secondary 

surgery rate of 39.5% (15/38) compared to two studies with a combined mean secondary 

surgery rate of 14.0% (50/357) in participants without 22q11.2DS. This was statistically 

significant (P<0.00006; Chi-Squared test). Meta analysis of four studies, where each 

individual study included participants with and without a diagnosis of 22q11.2DS, suggested 

moderate evidence for 22q11.2DS increasing the risk for secondary surgery (RR 3.18, 95% 

CI 1.85-5.44; P<0.001). However, caution is required as only four studies were included 

(Supplementary Figure 13). 

 

Three studies reported the proportion of participants with 22q11.2DS who had normal 

resonance. The combined mean across studies was 25.6% (11/43). No studies reported speech 

outcomes for participants who were specifically identified not to have 22q11.2DS.  

 

Adoption  

Five studies reported secondary surgery rates in adopted individuals, giving a combined mean 

secondary surgery rate of 35.7% (127/356). In comparison, the combined mean secondary 

surgery rate in two studies including non-adopted participants was 15.9% (44/276). This was 

statistically significant (P<0.00001; Chi-Squared test). There was minimal reporting of 
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studies with respect to speech outcomes (zero or one study for each speech parameter) in 

adopted participants so meta-analysis was not possible (Table 2). 

 

 

DISCUSSION 

 

There is strong evidence to suggest that cleft phenotype impacts on speech outcomes (normal 

resonance and secondary speech surgery rate) in children born with a cleft palate. Veau I 

clefts were associated with less secondary surgery and Veau IV clefts were associated with 

more secondary surgery when compared to other cleft phenotypes. Interestingly, the 

combined secondary surgery rates for all included studies for Veau II clefts was higher 

(23.8%, 22 studies) than for Veau III clefts (18.9%, 34 studies). Under reporting of Robin 

Sequence, more commonly associated with Veau II clefts (as opposed to Veau III clefts), and 

the association with wider palatal clefts and poorer speech outcomes, might partially explain 

this. Wider palatal clefts may be more technically challenging to reconstruct, are associated 

with increasing cleft severity (higher Veau rank) and decreased palatal length.6 Consequently, 

wider palatal clefts may result in higher rates of oro-nasal fistula and velopharyngeal 

disproportion and therefore potentially poorer speech outcomes with respect to 

velopharyngeal function.  

 
In contrast to the findings of this meta-analysis Marrinan et al. and Hardin-Jones et al. 

reported higher rates of secondary speech surgery in patients with a cleft of the hard and soft 

palate (without a cleft lip) compared to bilateral cleft lip and palate or unilateral cleft lip and 

palate.28,29 However, Sitzman et al. conducted a retrospective cohort study of 49 paediatric 

hospitals and reported in comparison to children with cleft palate only (Veau I and Veau II 

clefts) those with UCLP (Veau III) had 1.69-fold increase of secondary surgery (95% CI: 
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1.54-1.85) and children with a BCLP (Veau IV) had 2.06-fold increase in secondary surgery 

(95% CI: 1.85-2.28).7 In our study the overall secondary surgery rate for all cleft phenotypes 

(including SMCP) was 19.6% (157 studies, 2028/10321 having secondary surgery). Although 

there is wide variation in reported secondary surgery rates, a figure of approximately 20% is 

often quoted and our findings reinforce this.30 Sitzman et al. noted the predicted proportion of 

children undergoing secondary surgery by 5 years was 18.7% for the median surgeon.7  

 

Relatively high numbers of studies reported normal resonance with respect to cleft 

phenotype. When all studies reporting normal resonance outcomes were combined, patients 

with Veau I clefts had the best outcomes, followed by Veau III and Veau II clefts. Veau IV 

clefts had the worst outcomes. This does not entirely fit with other reported evidence, namely 

that more extensive clefts were directly  associated with worse speech outcomes.6, 16,31-34 

Studies investigating children with cleft palate only, found that those with a cleft of soft 

palate (Veau I), had significantly better outcomes, with respect to the need for extra speech 

therapy, articulation and secondary surgery, compared to those children with clefts of the soft 

and hard palate (Veau II).28,31,33,35-40 Baillie and Sell reported that in 391 eligible participants 

hypernasality was relatively evenly distributed across cleft types (Veau I/II: 5%, Veau III: 

8%, Veau IV: 6%) at five years.8 However, they reported a statistically significant 

relationship between cleft type and articulation severity score (normal articulation was 

reported in 39% Veau IV clefts, 69% Veau III clefts and 85% Veau I/II clefts). More 

extensive clefts in the isolated cleft palate group were associated with perceptual features of 

VPI at five years.8 Our findings support the articles that found poorer resonance outcomes for 

more extensive clefts. However, we found that nasal airflow results for Veau II clefts 

appeared to be worse than those for Veau III and IV clefts (Veau I clefts achieved the best 
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rate (73.7%; five studies) followed by Veau III clefts (66.0%; 14 studies), Veau IV clefts 

(65.1%; 10 studies) and Veau II clefts (57.3%; five studies)).  

 

It is well documented that cleft phenotype varies with respect to biological sex. For example, 

the prevalence of isolated cleft palate is typically reported as 1.5 times more common in 

females when compared to males, whereas the prevalence of cleft lip with or without a cleft 

palate is twice as common in males.41-46 Literature exploring the impact of biological sex on 

speech outcome is divided, with no statistically significant difference being found between 

biological sex and speech outcomes including hypernasality or velopharyngeal competence 

(VPC) rate in some  compared to significant differences in hypernasality and articulation in 

other studies.37, 47-53 Biological sex was not associated with VPI surgery or fistula repair rate 

in the following studies but did equate to a greater number of secondary surgery procedures 

for males in one study.37, 39, 52, 54 Sitzman et al. documented biological sex was not associated 

with time to secondary surgery.7 Our meta-analysis showed no association between 

biological sex and velopharyngeal outcomes although a large proportion of studies did not 

include this important patient characteristic. This emphasizes the need for prospective studies 

that record speech outcomes and secondary surgery to report on all baseline characteristics. 

 

Our review found strong evidence that RS was associated with higher rates of secondary 

surgery. However, it is challenging to draw conclusions on the influence of RS on speech 

outcomes as there were very few included studies specifically reporting the speech variables 

of interest in participants recorded as having the presence or absence of RS. At least two 

recent studies demonstrated VPI and secondary surgery rates that were higher in patients with 

RS compared to those with isolated cleft palate.55,56 Additionally, we found moderate 

evidence that 22q11.2DS is associated with increased secondary surgery rates, although the 
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3.3 overall effect of 22q11.2DS should be interpreted with caution, as this was based on only 

four case series (across which 31 participants had a diagnosis of 22q11.2DS and 406 did not 

have a diagnosis of 22q11.2DS); three of which were retrospective studies Hanes et al. 

2015).15,57-59 It was challenging to report speech results in those with 22q11.2DS due to the 

low number of studies reporting this. Poorer speech outcomes with higher revision rates are 

widely reported in 22q11.2DS patients when compared to non-syndromic cohorts.60-63 Given 

the predisposition for multifactorial velopharyngeal dysfunction in children with 22q11.2DS 

(i.e. submucous or overt cleft palate, hypotonia, platybasia, adenoid hypoplasia), it is 

unsurprising that those with an overt cleft have worse outcomes overall. There remains work 

to be done in determining the relative contribution of each component to the overall 

presentation of VPD in these patients. Patients with 22q11.2DS are a heterogenous group of 

patients worthy of additional speech and language therapy input and support. Beyond RS and 

22q11.DS the review found strong evidence that any syndrome diagnosis was associated with 

increased need for secondary surgery.   

 

Although the number study of studies was low, secondary surgery rates for those who were 

adopted was higher than non-adopted participants. This an area which warrants further 

investigation. For example, were there differences in the timing of cleft palate repair and this 

was associated with an adverse effect on speech outcomes, was palatoplasty performed 

before or after adoption, were children adopted in their country of birth or elsewhere?  

 

There is evidence to suggest that certain variables may influence outcomes following cleft 

palate repair including hearing loss, socioeconomic status, developmental delay and presence 

of cardiac co-morbidities. However, there was insufficient data within our search to conduct a 
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meta-analysis for these variables of interest. Sitzman et al. noted that median family income 

and the presence of additional congenital anomalies were not associated with time to 

secondary surgery.7 It is likely that most databases in the US will in some way be connected 

to billing information thereby increasing the accuracy of this domain. However, this may 

exclude those with no health insurance and if this group were included, there might be a 

difference in the rate of secondary surgery. The reality of insufficient data to conduct meta-

analysis for many of the variables of interest highlights that this is an area that would hugely 

benefit from further research. Together with poor levels of evidence (i.e. mostly retrospective 

case series), the limited number of studies reporting patient factors diminishes the 

applicability of a significant body of previous research. To be able to stratify patients from 

the outset would be invaluable in all healthcare environments. 

 

Our results demonstrate heterogeneity in documentation of patient factors within studies 

which may influence speech outcomes. Additionally, we found that a minority of studies 

reported speech outcomes beyond five years of age and that just over a quarter of studies 

reported an average follow-up duration for their cohort. Given the evidence that speech 

outcomes change over time following cleft palate repair and secondary surgery rate increases 

with age it is important that follow-up duration is documented.2,3,21 Progress should be made 

towards the inclusion of vulnerable patient groups to allow smaller subsets of patients to be 

analysed in a more robust manner. In an enlightened and compassionate society the outcomes 

for all individuals, regardless of co-morbidity, syndrome, or developmental delay should be 

reported. 

 

 

 

Limitations 

 

The major limitation of this review is that the results are based on the analysis and synthesis 
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of studies that are considered to be low level evidence. Within the studies differing 

methodologies for assessing and interpreting speech make meta-analysis challenging. The 

rate of secondary speech surgery was intentionally chosen as the primary outcome measure to 

try and avoid these challenges.22, 64 However, secondary surgery rates must be interpreted 

with caution as there will be some children with poor speech outcomes who do not proceed to 

speech surgery. There is potential variability amongst raters when describing VPI severity 

and consequently, the threshold for secondary speech surgery is likely to vary between 

centres, clinicians, families and patients.65 Additionally, as Sitzman et al. noted, the rates of 

secondary surgery may be underestimated due to lost to follow-up or secondary surgery being 

performed at another institution.7  

 

To pool the results of the various speech assessments we used the authors’ categorisation of 

normal, mild, moderate or severe hypernasality and nasal emission. If the authors did not use 

this categorisation then their results were not included in the analysis. Where speech was 

described as ‘normal’ or ‘acceptable’ in Table 2, this description was also taken directly from 

the text of the respective articles. We appreciate that these definitions are subjective and, 

therefore, that the objective speech outcome could vary significantly between these articles.  

 

Many of the studies did not have reliability measures for the hypernasality, or indeed other 

perceptual outcome measures such as documentation of inter- or intra-rater reliability, 

blinded or consensus listening. 

 

As regards study selection, it is acknowledged that only studies written in English were 

included, so some valid literature may have been omitted. By using back searching and 

validating the search criteria with an experienced medical librarian, it is felt that within the 
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limits of language, the majority of papers were captured. Additionally, one must always 

consider the possibility of a publication bias (i.e. a bias towards teams only reporting 

favourable outcomes). We attempted to quantify this by noting the number of studies which 

excluded patients. We would recommend that the ‘gold standard’ should be the reporting of 

outcomes for consecutive patients with no exclusions.  

 

 

 

 

Future Work and Developing a Core Outcome Set and Clinical Prediction Tool 

 

Debate abounds as to the optimal treatment protocol for initial cleft palate repair. Cleft 

management varies between surgeons, teams and countries and non-adherence to locally 

mandated management recommendations and guidelines is frequent.66 Mossey et al. reported 

that for unilateral complete cleft lip and palate, 194 different protocols were used amongst 

201 teams undertaking initial surgical repair internationally.67 To provide the optimal 

treatment for individuals born with cleft, there needs to be a mechanism allowing meaningful 

comparison of outcomes, to allow recognition of the best protocol. In the absence of large-

scale randomised controlled trials, this will only be possible if a minimum reporting data set 

is followed. Such a process is likely to require a Delphi process which is gaining interest in 

cleft care.68, 69 On the basis of the current work, the authors suggest that establishing a core 

set of baseline characteristics and standardised speech outcome reporting. Hypernasality is 

considered to be one of the primary indictors of VPI.70 This, along with posterior non-oral 

articulation, nasal emission and weak pressure consonants form the Velopharyngeal 

Composite Score Summary which may facilitate post-palatoplasty speech outcome 

assessment and allow international comparison given that different languages typically have 

dissimilar phonetic transcription and sound placement. 
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CONCLUSIONS 

 

This review and meta-analysis have successfully pooled data from 47658 participants and 

three hundred and eighty-three studies to consider the evidence for associations between a 

range of exposure variables and outcomes for VPI. While the robustness of some of the 

included studies could have been stronger, combining the results across studies provides a 

robust analysis of the importance of the candidate exposure variables with a high level of 

evidence. The results showed that Veau classification (Veau I type clefts best outcomes, 

Veau IV type clefts worst outcomes), RS or a diagnosed syndrome are important predictors 

of outcome for VPI. There was no evidence that one biological sex was associated with 

higher rates of VPI.   

 

The evidence could be strengthened further by defining the threshold for secondary speech 

surgery, establishing minimum post-palatoplasty follow-up duration (for example, 5 years of 

age), establishing standardised speech outcome reporting and developing a core set of 

baseline characteristics which might include: cleft phenotype, biological sex, presence of 

syndrome / genetic diagnosis, presence of Robin Sequence and hearing loss. Including teams 

from low middle income countries in such work is crucial.  
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Figure Legends 

 

Figure 1. Study selection PRISMA-P flow diagram. 

Supplementary Figure 1. Meta-analysis of studies reporting secondary surgery as an 

outcome and cleft phenotype as an exposure (Veau I compared against Veau II (upper 
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figure), Veau I compared against Veau III (middle figure) and Veau I compared against Veau 

IV (lower figure). 

 

Supplementary Figure 2. Meta-analysis of studies reporting secondary surgery as an 

outcome and cleft phenotype as an exposure (Veau II compared against Veau I (upper 

figure), Veau II compared against Veau III (middle figure) and Veau II compared against 

Veau IV (lower figure). 

 

Supplementary Figure 3. Meta-analysis of studies reporting secondary surgery as an 

outcome and cleft phenotype as an exposure (Veau III compared against Veau I (upper 

figure), Veau III compared against Veau II (middle figure) and Veau III compared against 

Veau IV (lower figure). 

 

Supplementary Figure 4. Meta-analysis of studies reporting secondary surgery as an 

outcome and cleft phenotype as an exposure (Veau IV compared against Veau I (upper 

figure), Veau IV compared against Veau II (middle figure) and Veau IV compared against 

Veau III (lower figure). 

 

Supplementary Figure 5. Meta-analysis of studies reporting normal resonance as an 

outcome and cleft phenotype as an exposure (Veau I compared against Veau II (upper 

figure), Veau I compared against Veau III (middle figure) and Veau I compared against Veau 

IV) (lower figure) 

 

Supplementary Figure 6. Meta-analysis of studies reporting normal resonance as an 

outcome and cleft phenotype as an exposure (Veau II compared against Veau I (upper 
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figure), Veau II compared against Veau III (middle figure) and Veau II compared against 

Veau IV (lower figure). 

 

Supplementary Figure 7. Meta-analysis of studies reporting normal resonance as an 

outcome and cleft phenotype as an exposure (Veau III compared against Veau I (upper 

figure), Veau III compared against Veau II (middle figure) and Veau III compared against 

Veau IV (lower figure). 

 

Supplementary Figure 8. Meta-analysis of studies reporting normal resonance as an 

outcome and cleft phenotype as an exposure (Veau IV compared against Veau I (upper 

figure), Veau IV compared against Veau II (middle figure) and Veau IV compared against 

Veau III (lower figure). 

 

Supplementary Figure 9. Meta-analysis of studies reporting secondary surgery as an 

outcome and biological sex as an exposure.  

 

Supplementary Figure 10. Meta-analysis of studies reporting normal resonance as an 

outcome and biological sex as an exposure.  

 

Supplementary Figure 11. Meta-analysis of studies reporting secondary surgery as an 

outcome and Robin Sequence as an exposure.  

 

Supplementary Figure 12. Meta-analysis of studies reporting secondary surgery as an 

outcome and syndrome diagnosis as an exposure.  
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Supplementary Figure 13. Meta-analysis of studies reporting secondary surgery as an 

outcome and 22q11.2 microdeletion syndrome as an exposure.  

 

 

 

 

 
 

 

 

 

 

 

 


