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Background: Velopharyngeal insufficiency occurs in 5 to 20 percent of children
following repair of a cleft palate. The pharyngeal flap is the traditional secondary
procedure for correcting velopharyngeal insufficiency; however, because of
perceived complications, alternative techniques have become popular. The
authors’ purpose was to assess a single surgeon’s long-term experience with a
tailored superiorly based pharyngeal flap to correct velopharyngeal insufficiency
in nonsyndromic patients with a repaired cleft palate.
Methods: The authors reviewed the records of all children who underwent a
pharyngeal flap performed by the senior author (J.B.M.) between 1981 and
2008. The authors evaluated age of repair, perceptual speech outcome, need for
a secondary operation, and complications. Success was defined as normal or
borderline sufficient velopharyngeal function. Failure was defined as borderline
insufficiency or severe velopharyngeal insufficiency with recommendation for
another procedure.
Results: The authors identified 104 nonsyndromic patients who required a
pharyngeal flap following cleft palate repair. The mean age at pharyngeal flap
surgery was 8.6 � 4.9 years. Postoperative speech results were available for 79
patients. Operative success with normal or borderline sufficient velopharyngeal
function was achieved in 77 patients (97 percent). Obstructive sleep apnea was
documented in two patients.
Conclusion: The tailored superiorly based pharyngeal flap is highly successful in
correcting velopharyngeal insufficiency, with a low risk of complication, in non-
syndromic patients with repaired cleft palate. (Plast. Reconstr. Surg. 125: 290, 2010.)

Speech to a pediatric plastic surgeon should
be like vision to an ophthalmologist. Normal
velopharyngeal closure, the goal of palato-

plasty, depends on dynamic apposition of the ve-
lum and lateral and posterior pharyngeal walls.
The velopharyngeal sphincter opens to allow nasal
respiration and transmission of acoustic energy
into the nasal cavities for nasal consonant produc-
tion (n, m, and ng in English). The sphincter closes
to prevent nasal airflow and acoustic energy into
the nasal cavities during oral sound production
and to prevent food and liquid from entering the
nose during swallowing.1,2

If the velopharyngeal sphincter is incompetent,
speech is characterized by hypernasal resonance,
possible audible nasal emission, and decreased in-
traoral pressure for pressure consonants.2,3 These
audible hallmarks of an incompetent velopharyn-
geal sphincter (known as velopharyngeal insuffi-
ciency) are found in 5 to 20 percent of patients
following repair of a cleft palate.4–12

Secondary operations to correct velopharyngeal
insufficiency include pharyngeal flap, sphincter pha-
ryngoplasty, double-opposing Z-palatoplasty, and
palatal muscle retropositioning. The superiorly
based pharyngeal flap, with width tailored to lateral
pharyngeal wall motion, is considered to be the
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standard treatment, with reported long-term suc-
cess rates of 78 to 98 percent.13–23 The goal of the
pharyngeal flap procedure is to enable velopha-
ryngeal closure for speech without causing ob-
struction of the upper airway. This is a delicate
balance, as a pharyngeal flap that is too wide can
lead to nasopharyngeal obstruction and sleep ap-
nea; this complication has been reported to occur
in up to 20 percent of patients.17,20,24–28 Another
untoward effect of a pharyngeal flap is hypona-
sality in 5 to 27 percent of patients.15–17,20,22,24 On
the other end of the spectrum, a pharyngeal flap
that is too narrow may fail to correct velopharyn-
geal insufficiency.19 For these reasons, sphincter
pharyngoplasty, double-opposing Z-palatoplasty,
and palatal muscle retropositioning have in-
creased in popularity.

Our purpose was to audit a single surgeon’s
long experience using a tailored superiorly based
pharyngeal flap as a secondary operation to cor-
rect velopharyngeal insufficiency in nonsyn-
dromic children with a repaired cleft palate. The
outcome measures were perceptual speech results
and complications.

PATIENTS AND METHODS

Patient Population
After approval by the Institutional Review

Board of the Committee on Clinical Investigation,
we identified and reviewed the charts of all pa-
tients who had a palatoplasty and were subse-
quently diagnosed with velopharyngeal insuffi-
ciency and treated with a pharyngeal flap under
the supervision of the senior author (J.B.M.) at
Children’s Hospital Boston between 1981 and
2008 (n � 72). Children who had primary pala-
toplasty executed by another surgeon or at an-
other institution were also included (n � 32).
Exclusion criteria were submucous cleft palate,
identified syndrome/association, and Robin se-
quence. Data collected included birth date, sex,
hearing loss, cleft palate type, age at pharyngeal
flap surgery, preoperative and postoperative
speech assessment, videofluoroscopic results,
postoperative complications, history of tonsillec-
tomy or adenoidectomy or both, recommenda-
tion for another corrective procedure, and inter-
val to most recent follow-up evaluation.

A speech pathologist, specializing in cleft pal-
ate, completed a preoperative perceptual speech
assessment on each patient using the Pittsburgh
Weighted Values for Speech Symptoms Associated
with Velopharyngeal Incompetence instrument.29

Deviant compensatory articulation patterns asso-

ciated with velopharyngeal insufficiency (e.g.,
glottal stops, pharyngeal fricatives, and laryngeal
fricatives) were identified and a therapeutic plan
outlined to eliminate these patterns and to establish
normal oral placement for consonant production.

Speech assessment was based on three struc-
turally correctable variables: resonance (nor-
mal, hyponasal, mixed hyponasal/hypernasal,
mildly hypernasal, moderately hypernasal, or se-
verely hypernasal), intraoral pressure (normal
or decreased), and nasal emission (normal, visi-
ble, audible, or turbulent). Overall velopharyn-
geal competence was graded as follows: (1) nor-
mal (normal or mildly hyponasal resonance,
absence of visible nasal emission by mirror exam-
ination, and normal intraoral pressure); (2) bor-
derline sufficiency (inconsistent mildly hyperna-
sal, visible or inconsistent audible nasal emission,
normal intraoral pressure, and no personal or so-
cial problems); (3) borderline insufficiency (con-
sistent mildly hypernasal resonance, audible or
turbulent nasal emission or inconsistent de-
creased intraoral pressure, and a personal or so-
cial problem); and (4) insufficiency (moderate or
severe hypernasal resonance, audible or turbulent
nasal emission, and decreased intraoral pressure).

All patients underwent preoperative multiview
videofluoroscopy. Patients usually must be 4 to 5
years of age or older to participate in
videofluoroscopy.9,23,30,31 The plastic surgeon and
speech pathologist reviewed the studies together
before final consideration for a pharyngeal flap.
The lateral pharyngeal wall motion (estimated
percentage of velopharyngeal sphincter closure by
medial movement of the lateral walls), symmetry
of lateral wall motion, palatal length (very short,
short, normal, or long), velopharyngeal gap size
(pinhole, small, moderate, or gross), and defect
pattern (coronal, sagittal, or circular) were con-
sidered in planning flap width (narrow, medium,
wide, very wide, or subobstructing).14,22,32 An oto-
rhinolaryngologist evaluated the tonsils preoper-
atively; tonsillectomy was performed at least 8
weeks before the pharyngeal flap if tonsils were
enlarged (2� or greater). Thirty-seven of 104 chil-
dren (36 percent) had a tonsillectomy and 10 (10
percent) also had an adenoidectomy.

Operative Technique
The technique was modified from methods

described previously.18,22,33–35 The velum was split
in the midline from the uvula to approximately
halfway to the hard palatal junction. Trapezoid-
shaped nasal mucosal flaps were incised and sep-
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arated from the oral mucosa of the velum. A su-
periorly based flap (narrow, medium, wide, very
wide, or subobstructing)14,22,32 was elevated off the
buccopharyngeal fascia to above the level of the
soft palate. Flap dimension was determined by
lateral pharyngeal wall motion and was relative to
the size of the pharynx. The differences between
a “medium,” “wide,” and “very wide” flap requires
judgment and experience. For example, if the
lateral pharyngeal wall motion was 50 percent, a
wide pharyngeal flap was designed such that it was
50 percent of the width of the pharynx; an addi-
tional 10 percent width was added to each side to
account for contraction of the flap and pharynx.
The distal end of the pharyngeal flap was apposed
to the raw nasal surface of the mid soft palate and
secured with three horizontal mattress sutures.
The pharyngeal donor site was closed by medial
advancement of the lateral mucosal walls, which
were sutured to the fascia superiorly to avoid nar-
rowing the base of the flap and apposed inferiorly.
Then, 12- or 14-French red rubber catheters were
placed through the nose and lateral portals. The
catheters facilitated nasal lining closure at the
base of the flap; they were not used for “lateral
port control.”18 The nasal mucosal flaps were
sutured to the base of the pharyngeal flap and
then apposed to line the raw surface. The velum
was repaired. The nasopharyngeal catheters in
the lateral portals were removed at the comple-
tion of the procedure.

Outcome Assessment
All patients were followed annually in our in-

terdisciplinary cleft palate clinic, including exam-
ination by the surgeon. The speech pathologist
who performed the preoperative perceptual
speech assessment reexamined the patient and
repeated the Pittsburgh Weighted Values for
Speech Symptoms Associated with Velopharyn-
geal Incompetence instrument29 at least 3 to 6
months after the pharyngeal flap. Normal or bor-
derline sufficiency was categorized as a success and
borderline insufficiency or severe insufficiency
was categorized as a failure. Hyponasal resonance,
obstructive sleep apnea, and need for a revisionary
operation (e.g., postoperative tonsillectomy, ade-
noidectomy, flap division, or dilation of pharyn-
geal ports) were recorded. Polysomnography was
conducted if a child evidenced symptoms sugges-
tive of obstructive sleep apnea.

Statistical Analyses
Patient characteristics and descriptive statistics

were summarized. Continuous data were expressed

as mean � SD. We compared proportions of pre-
operative and postoperative speech characteristics
using Fisher’s exact test. We used the Wilcoxon
signed rank test to compare preoperative and post-
operative Pittsburgh Weighted Values scores.29 All
calculated p values were two-tailed and considered
significant for values of p � 0.05. Statistical analyses
were performed using Stata version 8 (StataCorp,
College Station, Texas).

RESULTS
We reviewed 104 nonsyndromic patients with

repaired cleft palate for whom a pharyngeal flap
was necessary for velopharyngeal insufficiency. Pa-
tient characteristics are listed in Table 1. Most
children had a short palate with a small circular
velopharyngeal closure defect (Figs. 1 through 3).
The average lateral pharyngeal wall motion to-
ward the midline was 58 � 24 percent (range, 10
to 95 percent). Pharyngeal flap width was “tai-
lored” based on these assessments (Figs. 4 and 5).

Postoperative speech results were available for
79 of 104 patients (76 percent). There was signif-
icant improvement in overall velopharyngeal
function, nasal emission, resonance, intraoral
pressure, and articulation errors (p � 0.001)
(Table 2). We also found a significant improve-
ment in the Pittsburgh Weighted Values score
(p � 0.001) (Fig. 6). Velopharyngeal function was
normal or borderline sufficient in 77 of 79 patients
(97 percent). Two patients had persistent velo-

Table 1. Patient Characteristics

Value (%)

No. of patients 104
Age at pharyngeal flap

surgery (yr)
Mean � SD 8.4 � 4.6
Range 4.7–26.9

Male-to-female ratio 64:40 (62:38)
Hearing loss 14 (13)
Veau cleft palate type

I 11 (11)
II 7 (7)
III 54 (52)
IV 32 (31)

Tonsillectomy 37 (36)
Before pharyngeal flap surgery 37 (100)
After pharyngeal flap surgery 0 (0)

Adenoidectomy 10 (10)
Before pharyngeal flap surgery 10 (100)
After pharyngeal flap surgery 0 (0)

Completed postoperative
speech evaluation to
date 79 (76)

Interval to most recent follow-up
after pharyngeal flap
surgery (yr) 3.9 � 3.6*

*Mean � SD.
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pharyngeal insufficiency. One was a Spanish-
speaking boy who had a repaired Veau type IV cleft
palate and 10 percent lateral pharyngeal wall mo-
tion and a very wide flap. Another boy with a Veau
type III cleft palate and 40 percent lateral pha-
ryngeal wall motion had persistent velopharyngeal
insufficiency following a wide flap. To date, nei-
ther patient has elected to undergo pharyngeal
flap revision.

Nine patients underwent polysomnography;
sleep apnea was diagnosed in two patients. These

two patients had wide and medium pharyngeal
flaps for 80 and 90 percent lateral pharyngeal wall
motion, respectively. One child had a tonsillec-
tomy before the pharyngeal flap; the other did not
have tonsillar hypertrophy. Both patients chose
continuous positive airway pressure ventilation
during sleep rather than division of the pharyn-
geal flap. None of the pharyngeal flaps dehisced.
The were no cases of postoperative bleeding.

DISCUSSION
A favorable outcome for correction of velo-

pharyngeal insufficiency requires careful plan-

Fig. 1. Pie chart demonstrating videofluoroscopic findings. The
percentage of patients by estimated palatal length categories is
shown.

Fig. 2. Pie chart demonstrating videofluoroscopic findings. The
percentage of patients by categories of velopharyngeal closure
patterns is shown.

Fig. 3. Pie chart demonstrating videofluoroscopic findings. The
percentage of patients by categories of velopharyngeal active
gap size is shown.

Fig. 4. Pie chart demonstrating tailored pharyngeal flap width.
The percentage of flaps by width categories is shown.
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ning, including a close working relationship be-
tween the speech pathologist and plastic surgeon
in an interdisciplinary cleft palate center. They
should review together the relevant patient infor-
mation and preoperative studies before consider-
ation of a pharyngeal flap. This study confirmed
that a tailored superiorly based pharyngeal flap is
highly effective in correcting velopharyngeal in-
sufficiency following palatoplasty in nonsyn-
dromic patients. Furthermore, we noted few com-
plications, including sleep apnea. Our pharyngeal

Table 2. Results of Perceptual Speech Evaluation

Preoperative
(n � 104) (%)

Postoperative
(n � 79) (%)

p*

Age at speech
evaluation (yr) 7.3 � 4.4† 11.4 � 4.8†

Overall
velopharyngeal
function �0.001

Normal 0 (0) 67 (85)
Borderline

sufficiency 0 (0) 10 (13)
Borderline

insufficiency 19 (18) 0 (0)
Insufficiency 85 (82) 2 (2)

Nasal emission �0.001
Normal 0 (0) 27 (35)
Visible 47 (49) 48 (62)
Audible/

turbulent 48 (51) 3 (4)
Not recorded 9 1

Resonance �0.001
Normal 2 (2) 60 (76)
Hyponasal 0 (0) 9 (11)
Mixed hyponasal/

hypernasal 7 (7) 2 (3)
Mildly hypernasal 14 (14) 7 (9)
Moderately

hypernasal 44 (45) 1 (1)
Severely

hypernasal 29 (30) 0
Not recorded 7 0

Intraoral
pressure �0.001

Normal 15 (16) 77 (97)
Reduced 80 (84) 2 (3)
Not recorded 9 0

Articulation
errors �0.001

Normal 37 (39) 64 (82)
Errors 58 (61) 14 (18)
Not recorded 9 1

*The p values were calculated using Fisher’s exact test.
†Mean � SD.

Fig. 5. Average lateral pharyngeal wall motion toward the midline by pha-
ryngeal flap width categories.

Fig. 6. Comparison of average preoperative and postoperative
Pittsburgh Weighted Values for Speech Symptoms Associated
with Velopharyngeal Incompetence scores (McWilliams BJ, Phil-
ipsBJ.Audio Seminars in Speech Pathology: Velopharyngeal Incom-
petence. Philadelphia: Saunders; 1979) using the Wilcoxon
signed rank test. Pharyngeal flap surgery resulted in a significant
improvement in speech (p � 0.001).
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flap success rate (97 percent) is comparable to
other reviews of 78 to 98 percent.13,15–23

Preoperative videofluoroscopy is important for
determining the extent of lateral pharyngeal wall
movement. Closure of the lateral velopharyngeal
portals following pharyngeal flap surgery is depen-
dent solely on this medial movement of the lateral
pharyngeal walls.14,19,22 Thus, pharyngeal flap width
is tailored to lateral wall motion and must be bal-
anced between that required to eliminate hyperna-
sality without overcorrection to the point of
hyponasality.15,32 Patients with excellent lateral wall
motion should have narrower flaps so that nasal
airflow is not obstructed, whereas those with poor to
absent lateral wall motion may require a subobstruct-
ing flap.22 A medium or wide flap was used in the
majority of patients (70 percent), which is compa-
rable to other reviews.17,20 Our tailored flap resulted
in successful correction of velopharyngeal insuffi-
ciency in a breadth of velopharyngeal port closure
patterns, with variable lateral pharyngeal wall mo-
tion, gap size, and palate length.

Despite careful planning and execution, com-
plications can occur. Critics often note that a pha-
ryngeal flap can cause hyponasal speech or sleep
apnea. Indeed, in the immediate postoperative pe-
riod, many children will have some degree of nasal
obstruction; they should have continuous monitor-
ing of oxygen saturation and cardiac status for 1 to
2 days in the hospital. Although minor obstruction,
hyponasal speech, and snoring are common soon
after pharyngeal flap surgery, the frequency is low 2
to 3 months postoperatively.17,25,26,36,37

Hyponasal speech indicates some degree of
obstruction; this finding was documented in 8.7
percent of our patients. Others investigators report
hyponasality in 3 to 27 percent of patients following
pharyngeal flap surgery.15,16,18–20,22,24 Hyponasal
speech is not normal but it is far more intelligible
than hypernasal speech.22 Minor obstruction lead-
ing to hyponasal speech is unlikely to have major
physiologic effects. Severe obstructive sleep apnea
has been reported in 0 to 20 percent of patients
following pharyngeal flap surgery; potential se-
quelae are pulmonary hypertension and right ven-
tricular hypertrophy.17,20,24,26–28,32,38,39 Similar to our
findings, surgeons experienced with construct-
ing a tailored pharyngeal flap have documented
a low incidence (0 to 3.3 percent) of sleep
apnea.9,17,24,28,32,38

Predictors of obstructive sleep apnea include
syndromic patients, Robin sequence, structural
narrowing of the upper airway, and enlarged
tonsils.17,28,40 Tonsils can be a mechanical obstruc-
tion to velopharyngeal sphincter closure and a risk

factor for developing sleep apnea following pha-
ryngeal flap surgery because of posterior displace-
ment into the oropharynx and potential subse-
quent hypertrophy.17,28 Ysunza and colleagues28

found enlarged tonsils in 13 of 15 patients who
developed sleep apnea following pharyngeal flap
surgery. They described complete resolution of
sleep apnea in 14 patients after tonsillectomy and
uvulopalatopharyngoplasty. Assessment of tonsil-
lar and adenoidal size before pharyngeal flap sur-
gery is part of our protocol. If patients were noted
to have 2� tonsillar or adenoidal hypertrophy,
tonsillectomy or adenoidectomy or both was per-
formed before the pharyngeal flap. Nevertheless,
two children developed obstructive sleep apnea,
despite tonsillectomy and adenoidectomy 8 weeks
before a wide and medium width pharyngeal flap.
Of note, no child with a very wide or subobstruct-
ing flap developed sleep apnea. The two patients
with sleep apnea elected to use continuous posi-
tive airway pressure. Severe sleep apnea may re-
quire takedown of the pharyngeal flap. Fortu-
nately, the improved speech following pharyngeal
flap surgery is often preserved after division.41

Persistent velopharyngeal insufficiency is at-
tributable to inadequate flap width and failure of
lateral wall movement to close lateral portals.22

The design of the nasal flaps and coverage of the
raw surface of the flap are also critical technical
points. An inadequately lined flap will contract
and narrow.22,25 Two patients (2 percent) in our
series were recommended for, but did not elect,
reoperation because of persistent velopharyngeal
insufficiency. Revisionary surgery for velopharyngeal
insufficiency has been reported to be necessary in 4
to 12 percent of patients following pharyngeal flap
surgery.20,24,27 If a patient has persistent velopharyn-
geal insufficiency after pharyngeal flap surgery, we
recommend take-down of the flap and waiting for
healing of the velum and pharynx. Another video-
fluoroscopic examination is scheduled in prepara-
tion for a secondary pharyngeal flap. In designing
this flap, the surgeon must take into account not
only the pharyngeal wall motion but also the diffi-
culty in redissection of the nasal flaps and posterior
pharynx, and the narrowed pharynx.

Although we found the pharyngeal flap to be
highly successful and with few complications, suc-
cessful correction of velopharyngeal insufficiency
has also been reported with other secondary op-
erations. Success seems to depend on proper plan-
ning and execution rather than the type of sec-
ondary correction.19 Sphincter pharyngoplasty is a
comparable secondary operation, with a reported
success rate similar to that of a pharyngeal flap (78
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to 90 percent).32,42–48 Prospective randomized tri-
als comparing a pharyngeal flap to a sphincter
have shown that a pharyngeal flap is slightly, al-
though not statistically significantly, more effec-
tive than a sphincter pharyngoplasty.13,32 Once
thought to function as a dynamic closure, sphinc-
ter pharyngoplasty, like the pharyngeal flap, is a
passive tissue obturator.49 Although pharyngeal
flap width can be adjusted, sphincter pharyngo-
plasty has more flexibility in terms of length,
width, position, and degree of overlap of the pal-
atopharyngeal flaps.47,50 Sphincter pharyngoplasty
may be a good option if a “coronal” pattern of
velopharyngeal portal closure (good velar move-
ment and poor lateral pharyngeal wall movement)
is documented preoperatively. Nevertheless, in
agreement with others, we found a pharyngeal
flap to be equally successful with this coronal clo-
sure pattern.19 Reported complications of a
sphincter pharyngoplasty are higher than for a
pharyngeal flap, with revision rates of 12 to 16
percent43,45,47,50 and hyponasality in up to 22 per-
cent of patients.43 The rate of obstructive sleep
apnea with a sphincter procedure is not different
from a pharyngeal flap.13

Double-opposing Z-palatoplasty lengthens the
palate and repositions sagittally oriented levator
veli palatini muscles, and has had reported success
rates of 56 to 97 percent in correcting velopha-
ryngeal insufficiency. This procedure is usually
considered for patients with less severe velopha-
ryngeal insufficiency and a small, active pharyn-
geal gap.24,51,52 Radical muscular retropositioning
has also been recommended for treatment of sag-
ittally oriented muscles.11,53,54 Double-opposing Z-
palatoplasty or muscular retropositioning is less
likely to cause nasal airway obstruction.24,52,55,56

Study Limitations
This retrospective review could be criticized

because complete and accurate medical records
were available in only three-fourths of the chil-
dren. Another possible weakness is that speech
outcomes were obtained from qualitative descrip-
tions by more than one speech pathologist, and
interrater reliability was not evaluated. Although
the speech pathologists in our interdisciplinary
clinic specialize in cleft abnormality, they may vary
in their description of resonance, nasal emission,
and intraoral pressure. Polysomnography was not
routinely conducted on all children after pharyn-
geal flap surgery, but only on those who presented
with obstructive symptoms. Even with close fol-
low-up assessment, children with minor sleep ap-
nea may have gone unrecognized.

CONCLUSIONS
We audited a series of 104 nonsyndromic pa-

tients with repaired cleft palate who exhibited
velopharyngeal insufficiency. Our results confirm
that a tailored superiorly based pharyngeal flap,
performed by an experienced surgeon, success-
fully corrects velopharyngeal insufficiency (97 per-
cent), with a low incidence of obstructive sleep
apnea (2.5 percent).
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