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Eustachian tube function of 24 children with cleft palate (37 ears)
was evaluated longitudinally utilizing the inflation-deflation and forced
response tests before and after palatoplasty. Our results for children
in this longitudinal study showed that the passive function of the tube
was improved following palatoplasty. Active tubal function, which

measures the muscle-induced tubal dilations, was little affected by the

procedure. The majority of ears tested both before and after
palatoplasty demonstrated tubal dilations with swallowing. In contrast,
cross-sectional data conducted on the children with a history of otitis
media and repaired cleft palates, documented a severe defect in this.
active tubal function with 70 percent of the tests evidencing a tubal

constriction. These data suggest that the results of Eustachian tube
function tests may be prognostic of the future course of ear disease
in these children.

Children with unrepaired palatal clefts are "'at

risk'*' to develop a mild-to-moderate fluctuating

hearing impairment which is recognized as a

complication of the nearly universal prevalence

of otitis media with effusion in this population

(Skolnik, 1958; Stool and Randall, 1967; Para-

dise et al, 1969; Yules, 1970). Past studies have

supported a primary role for Eustachian tube dys-

function in the pathogenesis of otitis media with

effusion, and other studies involving cleft palate

children have documented an impairment in the

tubal dilatory system (Bluestone 1971; Bluestone

et al, 1972, 1974, 1975; Harle and Munker,

1980; Doyle et al, 1980).

However, the majority of these investigations

evaluated children with repaired palatal clefts
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who had tympanostomy tubes inserted, based

upon a criterion of chronic or recurrent otitis me-

dia with effusion. This selection criterion effec-

tively biases the data to a representation of those

children with the poorest tubal function (Doyle

et al, 1984). Indeed, a distinction between the

tubal function observed in these children and that

documented in children without clefts who had

chronic otitis media with effusion cannot be

made, suggesting that any effect of the cleft on

Eustachian tube function is ''washed out'' by the

effect that results in or from the disease state

_ (White et al, 1984). This was evident in one re-
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cent study of Eustachian tube function in un-

selected infants with unrepaired palatal clefts,

which documented a better tubal function than

that reported in an earlier study of selected older

children with repaired palates and a history of

chronic otitis media with effusion (Doyle et al,

1984). This result was unexpected in light of the

observations that Eustachian tube function im-

proves with advancing age and that the preva-

lence of otitis media with effusion (and

presumably Eustachian tube dysfunction)

decreases following palatoplasty (Bylander et al,

1983; Paradise et al, 1969).
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These arguments suggest that the tubal func-

tion in cleft palate children and the change in

function consequent to palatoplasty can only be

defined using a prospective study design with

early entry and limited selection bias. This paper _

presents the preliminary tubal function data for

a group of patients studied longitudinally before

and after palatoplasty and compares these results

with those generated in a cross-sectional study

of children with a history of otitis media with

effusion who have had cleft palate repair.

MATERIALS AND METHODS

Sixty-three children with palatal clefts were en-

rolled before 6 months of age in a longitudinal

study of the effect of palatal repair on Eustachian

tube function. Of these, 24 children had under-

gone palatoplasty, and Eustachian tube function

was evaluated before and after the surgical proce-

dure. Seventeen children were males and seven

were females; nine had bilateral complete pala-

tal clefts, five had unilateral complete palatal

clefts, and ten had isolated clefts of the soft pa-

late. All children had tympanostomy tubes in-

serted bilaterally between 3 and 6 months of age,

irrespective of middle ear status. However, at

the preoperative test period, one of the tym-

panostomy tubes was nonpatent in six of the sub-

jects, and an additional five patients had a

unilateral otorrhea with drainage through the

tube. Palatoplasty was performed between 14 and

18 months of age by surgeons on staff at the Cleft

Palate Center of the University of Pittsburgh.

This was performed in a standard fashion, em-

ploying sharp and blunt dissection to release the

levator muscle from the hard palate. The mus-

cle pedicles were displaced posteriorly and su-

tured in conjunction with a three-layer closure.

Thirteen children had bilateral and 11 had

unilateral Eustachian tube function testings be-

fore and after palatoplasty, resulting in a total

evaluable population of 37 ears. The age range

for the preoperative testing was 5 to 18 months

and for the postoperative testing was 15 to 26

months. All ears had had one preoperative Eu-

stachian tube function test; 21 ears had one

postoperative test, and 16 ears had two postoper-

ative tests.
Each test included two testing protocols: the

inflation-deflation test and the forced response

test. The procedures and equipment used have

been described in detail previously (Cantekin et

al, 1979). For all tests, the children were placed

in a parent's lap, and a hermetic seal was ob-

tained between the test instrument and the child's

ear canal. Controlled rates of airflow were ap-

plied to this system using a variable-speed,

constant-flow pump. Middle ear and system

pressures were monitored by pressure sensors,

and the rate of airflow was measured by a flow

meter coupled to a differential pressure trans-

ducer. All pressure signals were recorded on a

strip-chart recorder. During the inflation-

deflation test, a constant airflow was introduced

to the middle ear until the opening pressure of

the Eustachian tube was reached, at which time

the pump was turned off, and the tube was al-

lowed to close passively. The pressure was then

released from the system, and the middle ear was

inflated to approximately 200 mm H,O pressure.

The child was induced to swallow by drinking

a liquid from a cup or bottle, and the change in

middle-ear pressure associated with swallowing

was recorded. If an ability to reduce a positive

middle ear pressure was documented, the mid-

dle ear was deflated to approximately -200 mm

H,0 pressure, and the procedure was repeated.

For the forced-response test, the middle ear was

inflated at a constant airflow rate until the Eu-

stachian tube passively opened. Airflow was then

maintained until steady states in airflow through

the tube and middle-ear pressure were observed.

The child was induced to swallow and the

changes in steady-state pressure and flow were

recorded. The pump was then turned off, and the

tube was allowed to close passively. In general,

an attempt was made to define the parameters

of the forced-response test for three rates of cons-

tant airflow; 12, 24, and 48 cc per minute. Com-

plete results for the 12 cc per minute flow rate

were available for all ears tested. The passive

resistance of the Eustachian tube to airflow was

determined by dividing the steady state pressure

by the concurrent airflow through the tube. Simi-

larly, active tubal resistance was determined by

dividing the steady-state pressure by the maxi-

mum airflow recorded during the induced tubal

dilations which accompanied a swallow.

For comparison, cross-sectional Eustachian

tube function data collected from 80 ears of 56

children between the ages of 4 and 18 years are

reported. These children all had repaired pala-

tal clefts and tympanostomy tubes inserted for

chronic or recurrent otitis media with effusion.



They were tested routinely in our Ear, Nose, and

Throat Clinic between the years 1979 and 1984.

RESULTS

The study population of 37 ears is rather small

and not amenable to tests of the influence on Eu-

stachian tube function of various secondary, but

potentially meaningful, factors. These include:

age, gender, type of cleft, and timing of repair.

Consequently, for purposes of this preliminary

communication, the analysis is limited to the ef-

fect of palatoplasty on the Eustachian tube

function.

The data generated by the Eustachian tube

function tests provide information on two proper-

ties of the tubal system. The first, passive tubal

function, evaluates the mechanical properties of

the tube in terms of compliance, resistance, and

closing forces. The second, active tubal function,

evaluates the ability of the paratubal muscula-

ture to dilate the Eustachian tube during such ac-

tivities as deglutition. The presented results

compare the mean values of the various

parameters which measure these functions in the

37 ears evaluated before and after palatoplasty.

Three parameters of the passive tubal function

were measured during the testings: the middle

ear pressure at which the Eustachian tube is pas-

sively opened (opening pressure); the middle ear

pressure retained after the Eustachian tube pas-

sively closes (closing pressure); and the passive

resistance of the Eustachian tube to airflow.

Mean values of the opening and closing pres-

sures for the three groups of tests recorded at

each of three constant airflow rates are shown

in Figure 1. For tests on children in this longitu-

dinal study, the mean values of the opening pres-

sure were similar before and after palatoplasty.

These were on the average 30 to 40 mm H,0

higher than those recorded for the tests conducted

on the older children in the cross-sectional sam-

ple. However, the rather large standard devia-

tions associated with this parameter (mean

coefficient of variation = 0.33) obscure the sig-

nificance of this difference. For the closing pres-

sures, the mean values were on the average 20

to 40 mm H;,0 higher for the tests conducted

preoperatively when compared to either group

of children with repaired palates.

Figure 2 shows the mean values of the pas-

sive tubal resistance recorded at the three cons-
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FIGURE 1 Mean values of the opening pressure (OP)

and closing pressure (CP) recorded at three rates of cons-

tant airflow for the preoperative children in the longitu-

dinal study (triangles), postoperative children in the

longitudinal study (circles) and the postoperative children

in the cross-sectional sample (squares).

tant flow rates. At low flow rates, the mean value

of this parameter was greatest for the tests on

children with unrepaired palatal clefts, intermedi-

ate for the tests on children with repaired palates,

and lowest for the tests on the older children with

repaired palatal clefts and a history of recurrent

or chronic otitis media with effusion.

Three measures of active tubal function are de-

termined from the tests. These include the abili-

ty of the muscular system to dilate the Eustachian

tube under conditions of an induced negative and

positive middle-ear pressure or when the tube is

predilated by a constant low-volume airflow.

Figure 3 shows the percentage of positive test

results for these three measures for the same ears

evaluated pre- and postpalatoplasty and for the

ears of those children with repaired palates and

a history of chronic or recurrent otitis media with

effusion. For the children enrolled in this lon-

gitudinal study, there appear to be no differences

in the percentage of tests evidencing an ability
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FIGURE 2 Mean values of the passive tubal resistance
recorded at three rates of constant air flow for the
preoperative childrenin the longitudinal study (triangles),
postoperative children in the longitudinal study (circles)
and the postoperative children in the cross-sectional sam-
ple (squares).

to reduce an applied negative (0% pre vs. 4%
post) or positive (21% pre vs. 13% post) middle-
car pressure. Moreover, 88 percent of the
preoperative tests and 84 percent of the postoper-
ative tests documented a further dilation of a
predilated Eustachian tube during deglutition.
The remaining tests documented a constriction
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of the tube during this activity. For the ears of
the children in the cross-sectional study, similar
percentages to those reported above were ob-
served for the ability to reduce applied positive

and negative middle ear pressures. However,
only 30 percent of these tests documented a tubal
dilation during deglutition, but 70 percent evi-
denced a tubal constriction.

A measure of the efficiency of the tubal dila-
tions is provided by the ratio of the passive tubal

resistance to the active tubal resistance and is de-
fined only for those cases evidencing dilation.
The mean values of this ratio recorded at the
three constant airflow rates of 12, 24, and 48 cc
per minute were 7.3, 5.2, and 2.1 for the
preoperative tests and 15.1, 6.9, and 2.1 for the
postoperative tests on the children in the longitu-

dinal sample. The mean values of this ratio for
the tests on the children in the cross-sectional
sample were 3.3, 2.7, and 1.9.

DISCUSSION

The prevalence of otitis media with effusion
has been reported to approach 100 percent in the
population of children with unrepaired palatal
clefts (Paradise et al, 1969). A moderate fluctu-
ating conductive hearing loss is a complication
of the disease and is believed by some to affect
the child's educational, linguistic, and psychoso-
cial development adversely (Sataloff and Fraser,
1952; Ruben and Rapin, 1980). While a num-
ber of reports have described an alleviation or
attenuation of the disease following palatoplasty,
a significant number of children retain the dis-
ease as a chronic or recurrent condition through-
out childhood (Paradise et al, 1969).

FIGURE 3 Percentage of tests
evidencing the ability to reduce
an applied negative (SW-) and
positive (SW+) middle ear pres-
sure or further dilate a predilat-
ed Eustachian tube (Dil) with
swallowing for the three groups.

 

SW- Dil



Consequently, early diagnosis and management

of otitis media with effusion have been em-

phasized. '
Past research into the pathogenesis of otitis me-

dia with effusion in the cleft palate population
has focused on a possible dysfunction of the Eu-
stachian tube. In this regard, it was suggested
that anatomic abnormalities in the tubal muscula-
ture or its cartilaginous framework resulted in
a functional tubal obstruction (Bluestone, 1971).
However, the majority of anatomic and histolog-
ic studies failed to document gross abnormali-
ties in the tubal system, though all have reported
abnormal insertions of the paratubal musculature,
a condition which could compromise their func-
tion (Fara and Dvorak, 1970; Kriens, 1969;
Doyle et al, 1983). Concurrent physiological
studies were performed in an attempt to define
the functional disturbances resulting from the
aberrant anatomy of the system. These studies
used both radiographic and manometric testing
techniques and documented a functional tubal ob-
struction associated with an impaired ability of
the muscular system to dilate the tube. Better
tubal function was reported for a group of chil-
dren with repaired palatal clefts when compared
with a second group with unrepaired cleft palates
(Bluestone et al, 1972, 1974, 1975; Harle and
Munker, 1980; Doyle et al, 1980).
However, the interpretation of the results of

these studies is compromised by a number of
considerations. First, the majority of studies
evaluated rather small numbers of patients and
employed quite different testing methodologies.
Second, a clear definition of the population be-
ing tested was often lacking (e.g., repaired vs.
unrepaired; otitis media with effusion vs. no oti-
tis media with effusion). Third, until recently the
selection bias introduced by the study of children

- with repaired palatal clefts and tympanostomy
tubes inserted because of a history of chronic or
recurrent otitis media with effusion was not
recognized. Fourth, in comparing the Eustachian
tube function in groups of children before and
after palatoplasty, the possible contribution of the
difference in mean age of the two groups was
not adequately addressed.
The methods utilized in the present study

largely obviated these criticisms. The study was
prospective in design and tested a total of 37 ears
pre- and postoperatively. The maximum time
difference between these tests was one year,
thereby minimizing the effect of age on the
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results. Additionally, all children had tym-
panostomy tubes inserted prophylactically and,
consequently, the study population was not bi-
ased by this variable. For these reasons, it is felt
that the data reported here are more representa-
tive of the tubal function in the cleft palate popu-
lation than those previously reported.
The results show that the passive function of

the Eustachian tube measured in children with
unrepaired palatal clefts is abnormal when
compared to the same children evaluated post-
operatively. This is particularly true of the
tubal closing pressures which were of greater
magnitude in the preoperative tests. Since the
closing pressure reflects the contribution of
extra- and intraluminal forces, an explanation for
this effect may reside with the abnormal posi-
tion of the levator veli palatini muscle in the chil-
dren with unrepaired palatal clefts (Kriens, 1969;
Surina and Jagr, 1969). Prior to repair, the le-
vator veli palatini muscle lies under the tube for
its entire course and has a bony origin and in-
sertion. This arrangement creates an inferiorly
positioned muscular strut which effectively limits
the inferior displacement of the tubal floor and
thereby could increase the extraluminal pressure.
With palatal repair, the muscle is freed from its
bony insertion and is reapproximated at the mid-
line within the mobile velum. The stiffness of
the inferior strut is released and the increased ex-
traluminal pressure is alleviated.
With respect to active tubal function, almost

identical percentages of positive test results were
recorded before and after palatoplasty for the
three active function parameters. While only a
small number of tests evidenced an ability to
open the tube under conditions of an applied posi-
tive or negative middle-ear pressure, the majority
of tests showed a tubal dilation with swallowing
when predilated by a constant airflow. The effi-
ciency of this dilation, as measured by the
resistance ratio, was better after palatoplasty sug-
gesting some improvement in tubal function con-
sequent to palate repair. Since this ratio reflects
the increase in airflow accompanying a dilation,
it is possible that in the preoperative condition the
inferior strutting of the levator veli palatini mus-
cle could have limited the increase in tubal di-
ameter associated with the contraction of the
tensor veli palatini muscle. Surgical reposition-
ing of the levator veli palatini muscle during pa-
late repair would then have freed the system from
such constraints. Thus, these data imply that the
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effect of palatoplasty on Eustachian tube func-

tion is minimal and can be accounted for solely

on the basis of the changes in the relative posi-

tion of the levator veli palatini muscle. There is

little to no evidence that the efficiency of the ten-

sor veli palatini muscle, recognized as the sole

tubal dilator, is much improved by palate repair.

A comparison of the data for the two groups

of children with repaired palatal clefts provides

a number of interesting observations. In the un-

selected children followed longitudinally, the

majority of tests (70%) documented a tubal di-

lation with swallowing. This was not true of

those tests conducted on the older postoperative

children with tympanostomy tubes inserted for

chronic or recurrent otitis media with effusion.

For these ears, a constriction of the Eustachian

tube with swallowing was documented in over

70 percent of the cases. Further, of those ears

capable of dilation the efficiency estimated by

the resistance ratio was very poor when com-

pared to the postoperative children in the lon-

gitudinal study. Since tubal constriction with

swallowing is an abnormal condition indicative

of severelyimpaired tubal function, these data

are in conflict with the well documented obser-

vations that tubal function improves with advanc-

ing age (Bylander et al, 1981).

A resolution of this paradoxical finding may

lie with the bounding parameters of the two

populations. The children enrolled in the longitu-

dinal sample are representative of the population

of children with repaired palatal clefts; those in

the cross-sectional sample are a subpopulation

of these children who also are defined on the ba-

sis of a history of recurrent or chronic otitis me-

dia with effusion. If it is accepted that poor

Eustachian tube function predisposes a child to

otitis media with effusion and that the disease be-

comes a chronic condition in only a subset of all

children with repaired palatal clefts, then chil-

dren with a disease history are preselected for

their poor tubal function. In this regard, it is

tempting to suggest that the 30 percent of the

children in the unselected sample who showed

tubal constriction with swallowing are those who

will manifest the disease as a chronic state. If

true, this test could provide a prognostically valu-

able tool for the early detection ofthe otitis-prone

child. Continued follow-up of the children en-

rolled in this longitudinal study will allow for the

testing of this interesting hypothesis.
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