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Summary

Objective: Our aim was to examine the elevation of pulmonary arterial pressure in
children with upper airway obstruction caused by adenotonsillar hypertrophy accord-
ing to their disease severity assessed with symptom scoring and to demonstrate the
profit for echocardiographic monitorization of the children with adenotonsillar
hypertrophy regardless of their clinical status.
Methods: Thirty-nine children with a diagnosis of upper airway obstruction caused by
adenotonsillar hypertrophy were included for the study. There were 16 female and 23
male patients. Ages of the children were between 3 and 10 years with a mean age of
5.78 � 1.98. Twenty children composed the control group with a similar age and sex
distribution but without any sign and symptom of upper airway obstruction. Mean
pulmonary arterial pressures were measured by Doppler echocardiography preopera-
tively and 6months postoperatively. Symptom scores were calculated for each patient
in the study group to assess their disease severity. The significances of changes and
relations between pressure levels and symptom scores were calculated by statistical
package for social sciences (SSPS) computer program in terms of Student’s test, x2-
test and Mc Nemar’s test.
Results: Mean pulmonary arterial pressure were 26.26 � 5.40 (14—36) preopera-
tively, 16,61 � 2.68 (10.15—22.3) postoperatively and 16.54 � 2.63 (10.5—21.7) in
the control group. There were a statistically significant decrease at pressure levels
postoperatively and a significant difference from the levels in the control group
(Student’s t-test, p < 0.01). We found no correlation between the pressure levels and
disease severity assessed in terms of symptom scoring.
Conclusion: This study showed that upper airway obstruction caused by adenoton-
sillar hypertrophy causes significant elevation of pulmonary arterial pressures and
adenotonsilectomy is an absolute therapeutic method in these children. Every child
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with adenotonsillar hypertrophy has some probability of having pulmonary hyperten-
sion regardless of his or her disease severity. Therefore, performing echocardio-
graphic examination to all children with adenotonsillar hypertrophy is beneficial for
assessing the cardiopulmonary status of the patient and may be useful at decision
making for adenotonsilectomy.
# 2008 Elsevier Ireland Ltd. All rights reserved.
1. Introduction

Upper airway obstruction (UAO) is known as the
cause of various systemic abnormalities in children.
It can have detrimental effects on the quality of life
in children. There are some reports in the literature
declaring these effects on somatic growth [1—3],
poor school performance [4—7], hyperactivity [8]
and cardiopulmonary system [9—15]. Cardiovascu-
lar deterioration is the most important one among
these disorders which may lead to cor pulmonale
and congestive heart failure. Although cardiopul-
monary sequelae of UAO had been mentioned by
anecdotal reports [16—18] in the literature, impor-
tance of this problem is best understood when
considering the incidence of adenotonsillar hyper-
trophy (ATH) which is the most common cause of
upper airway obstruction and obstructive sleep
apnea in children.

Elevation of the pulmonary arterial pressure is
the first step of the sequelae leading to cor pulmo-
nale and congestive heart failure. Because of the
absence of cardiovascular system-related symp-
toms in this period, changes at the pulmonary
arterial pressure do not draw attention. At clinical
practice, Doppler echocardiographic examination
is not employed routinely unless severe obstruc-
tive sleep apnea (OSA) disease settles down and
cardiovascular deterioration becomes established.
Therefore, the following question arises. Should
echocardiographic examination be done to all chil-
dren with ATH and do the children with ATH but
having milder symptoms are also under risk of pul-
monary hypertension? Accurate diagnosis of OSA is
made with polysomnography (PSG) but it is not
easily employed, expensive and usually not possible
at office practice. Because of these disadvantages
of PSG, decision of referring the child to a cardiol-
ogist for echocardiographic examination and the
decision of adenotonsilectomy is commonly made
according to symptom questionnaire and physical
examination findings by otolaryngologists.

Purpose of this study is to examine the relation-
ship between UAO-related symptoms and pulmonary
hypertension in order to have an idea about the
answers of the questions asked above. The effect of
adenotonsilectomy on pulmonary arterial pressure
in children with ATH is also examined.
2. Materials and methods

The study group was selected among children who
wereadmitted toENToutpatient clinic ofHaydarpasa
Numune Education and Research Hospital with the
complaint of recurrent adenotonsillar infection
between March 2005 and November 2007. After get-
ting approval from the ethic committee of our hospi-
tal,we obtained awritten informed consent from the
parents of the children. All children underwent a
complete otolaryngologic examination including oro-
pharyngal examination, otoscopy, anterior rhino-
scopy and flexible nasopharyngoscopy if possible.
Lateral radiographs are obtained. Hypertrophy of
the tonsils was graded according to the system pro-
posed previously by Brodsky [19]. Children having
both grades 3 or 4 hypertrophied tonsils and hyper-
trophiedadenoid largeenoughtoobstruct thechoana
partially or completely are recruited for the study.
Childrenhaving thepathologieswhichmaycauseUAO
other thanATHsuchas allergic rhinitis, septumdevia-
tion, sinonasal infection and craniofacial anomalies
were excluded from the study. Thirty-nine children
meeting these criteria composed the study group.

In order tomeasure the symptom severity, parents
of these children underwent a questionnaire includ-
ing thequestionsabout threemajor symptomsofUAO
which are snoring, difficulty in breathing during sleep
andapneas. A symptomscorewas calculated for each
patient as proposed by Brouilette et al. [20] by
applying the following the formula:

OSA score ¼ 1:42Dþ 1:41Aþ 0:71S� 3:83

where D is difficulty breathing during sleep, A is
apnea observed during sleep, and S is snoring. Values
assigned to D and Swere 0, never; 1, occasionally; 2,
frequently; 3, always. Values assigned to A were 0,
no and 1, yes.

A symptom score greater than 3.5 was interpreted
as severe and diagnostic for OSA, symptom score
between 3.5 and �1 was interpreted as moderate
and suspicious for OSA; symptom score lower than�1
was interpreted asmild and indicate absence of OSA.

Control group constisted of 20 children within the
same age range but without any sign and symptom of
upper airway obstruction which were chosen among
the children admitted to our clinic because of the
reasons other than upper airway obstruction.
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Table 1 mPAP levels and symptom scores in the study group

Preop mPAP (n = 39) 26.26 � 5.40 (14 � 36)
Hypertensive, n (%) 33 (84.6%)
Normotensive, n (%) 6 (15.4%)

Postop mPAP 16.61 � 2.68 (10.15 � 22.3)
Hypertensive, n (%) 2 (5.1%)
Normotensive, n (%) 37 (94.9%)

Preop symptom score (n = 39) 2.77 � 1.30 (0.43 � 3.97)
Severe, n (%) 19 (48.7%)
Moderate, n (%) 20 (51.3%)

Postop symptom score �2.11 � 0.94 (�3.83 � 0.43)
Moderate, n (%) 3 (7.7%)
Mild, n (%) 36 (92.3%)

Table 2 mPAP levels preoperatively and postopera-
tively

mPAP Study,
mean � S.D.

Control,
mean � S.D.

p

Prop 26.26 � 5.40 16.54 � 2.63 0.001 **
Postop 16.61 � 2.68 16.54 � 2.63 0.922

**statistically significant.
Complete two-dimensional, spectral Doppler, and
color flow examinations by commercially available
ultrasound instruments were performed to all sub-
jects. Mean pulmonary arterial pressure (mPAP)were
calculated by Mahan formula (mPAP (mmHg) = 79
� 0.45 � act; acceleration time of the pulmonary
flow trace is the time interval between the beginning
of the flow and its peak velocity) by the same cardi-
ologist. The upper limit of pulmonary arterial pres-
sure is 20 mmHg in children; therefore values
exceeding this limit were evaluated as pulmonary
hypertension. Mean pulmonary arterial pressure was
estimated by Doppler echocardiography to all sub-
jects in the control and study group. Adenotonsilect-
omy was performed to all subjects in the study group
and Doppler echocardiografic examination was
repeated 6 months postoperatively.

For statistical analysis, statistical package for
social sciences (SPSS) program was used. Student’s
t-test was used for the assessment of quantitative
data. Q2-test, Fischer’s exact q2-test and Mc Near
test were used for the assessment of qualitative
data. Spearman’s correlation analysis was used for
the assessment of relation between pulmonary
arterial pressure levels and symptom scores. Results
were assessed between 95% confidence interval and
p = 0.05 level.
Table 3 Distribution of the number of hypertensive
and normotensive patients preoperatively and post-
operatively

mPAP Study, n (%) Control, n (%) p

Preop
Hypertensive 33 (84.6%) 2 (10.5%) 0.001 **
Normotensive 6 (15.4%) 17 (89.5%)

Postop
Hypertensive 2 (5.1%) 2 (10.5%) 0.591
Normotensive 37 (94.9%) 17 (89.5%)

**statistically significant.
3. Results

The mean age of the children in the study group was
5.78 � 1.98 years (3—10 years). Sixteen (41%) of
them were female whereas 23 (59%) of the were
male. The mean pulmonary arterial pressure levels
and symptom scores of the children in the study
group preoperatively and postoperatively are shown
in Table 1.

Preoperative mPAP levels were found to be very
significantly higher than the mPAP levels of the chil-
dren postoperatively and the children in the control
group (Student’s t-test, p = 0.01). But, postoperative
mPAP levels do not statistically differ from the mPAP
levels in the control group (p > 0.05) (Table 2). This
shows us that pulmonary arterial pressure levels
returned to normal at postoperative period.

Proportion of pulmonary hypertensive children
was found to be significantly higher than the chil-
dren in the control group (x2-test, p = 0.01) but no
statistically significant difference was observed
between postoperative hypertensive children pro-
portion and control group (x2-test, p > 0.05). Num-
ber of the children whom were hypertensive
preoperatively was 33 out of 39. Only two children
remained hypertensive after adenotonsilectomy.
Change in the proportion of hypertensive children
in the study group from preoperative period (84.6%)
to postoperative period (5.1%) was found to be
highly statistically significant (Mc Near test,
p = 0.01) (Table 3).
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Table 4 Comparison of mPAP levels and symptom
scores pre and postoperatively

Symptom score
preop

Symptom score
postop

r p r p

mPAP preop 0.080 0.630 — —
mPAP postop 0.207 0.206 0.077 0.643
There is no statistically significant correlation
between preoperative mPAP levels and preopera-
tive symptom scores (r, 0.080; p > 0.05), and no
significant correlation between postoperative mPAP
levels and postoperative symptom scores (r, 0.077;
p > 0.05). There seems to be a weak correlation
between preoperative symptom scores and post-
operative mPAP levels but it is not statistically
significant (Spearman correlation coefficient, r,
0.207; p > 0.05) (Table 4).

There is no statistically significant difference at
mPAP levels pre and postoperatively according to
symptom score classification (Student’s t-test,
p > 0.05) (Table 5).
4. Discussion

It is well known that ATH is themost common cause of
upper airway obstruction in children. This obstruc-
tion becomes more pronounced during sleep when
the oropharyngeal musculature is relaxed. Sleep-
related UAO in children may manifest as obstructive
apnea or obstructive hypoventilation. Obstructive
hypoventilation results fromcontinuouspartial upper
airway obstruction, which leads to paradoxical
respiratory efforts, hypercarbia and often hypoxe-
mia. Hypoxemia and hypercarbia induced respiratory
acidosis are potent mediators of pulmonary vasocon-
striction leading to reversible or irreversible changes
in the cardiopulmonary vasculature. Neurohumoral
factors produced in response to hypoxemia may also
promote the changes in pulmonary vasculature.
Despite the absence of complete airway obstruction
during sleep, children with obstructive hypoventila-
tion are at risk for all of the reported complications of
night time breathing obstruction [21]. There are
various reported cases in the literature describing
ATHas thecauseof acute congestiveheart failureand
cor pulmonale [16—18]. Pulmonary hypertension is
Table 5 mPAP levels pre and postoperatively according to

mPAP Preop symptom score

Severe, mean � S.D.

Preop 26.60 � 5.14
Postop 17.05 � 3.07
the first step of the sequelae leading to lethal car-
diovascular complications. Cardiopulmonary system-
related symptoms are absent or minimal during this
period. This long lasting subclinical cardiac impair-
ment may be attributed to a special unique physio-
logical property of pulmonary vasculature. The
normal vascular bed has high dispensability, and
therefore increases in pulmonary blood flow may
result in minimal change in pulmonary artery pres-
sure. Hypoxemia and hypercarbia continues to exert
their vasoconstrictive action. In order to maintain
cardiac output, right ventricle compensate this situa-
tion for a long period by dilatation and hypertrophy.
However, if this abnormal overload to RV is not
altered, compensatory mechanisms become insuffi-
cient. This situation ends with rapid onset of cardiac
decompensation [22].

Gold standard method for pulmonary arterial
pressure measurement is by direct catheterization
of right ventricle and pulmonary artery. This method
is invasive, expansive and dangerous. Indirect mea-
surement can be done by Doppler echocardiography
using the Mahan formula. There is a good correlation
between the mPAP calculated by Mahan formula in
Doppler echocardiographic measurement and direct
invasive catheterization method [23].

In our study, 33 children out of 39 were hyper-
tensive in the study group and 2 children out of 20
were hypertensive at the control group. Among
these 33 hypertensive children, only 2 of them
remained hypertensive after adenotonsilectomy.
Also, preoperative mPAP levels of the children in
the study group were very significantly higher than
the mPAP levels of the children in the control group.
This agrees with the other studies in the literature
[12—15] declaring ATH as the cause of pulmonary
hypertension. Postoperative mPAP levels were sta-
tistically lower than the preoperative ones but were
not statistically different from the mPAP levels of
the children in the control group. This means that
adenotonsilectomy is an curative method for rever-
sing the changes in the pulmonary vasculature in
terms of pulmonary arterial tension caused by ATH.

Sylmar et al. [12] used the same symptom scoring
proposedbyBrouiletteetal. [20] inhis study.Hefound
31 (59%) of the children having OSA out of 52 children
with ATH. But, he did not make comparison between
the mPAP levels of the children with OSA and without
OSA. In our study, 19 (47%) children with ATH in the
the symptom score calculated preoperatively

p

Moderate, mean � S.D.

25.92 � 5.74 0.701
16.20 � 2.53 0.328
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study group had severe symptoms and accepted as
OSA while 20 (53%) children out of 39 had moderate
symptom scores. We found no statistically significant
difference between preoperative mPAP levels of the
children with severe symptom scores and moderate
symptom scores. Also, there were no significant cor-
relationbetweenpostoperativemPAP levels andpost-
operative symptom scores. Regarding the fact that
every childwith ATHdoes not haveOSA syndrome,we
can conclude that every childwith ATH is under risk of
pulmonary hypertension and related cardiovascular
complications even if he or she does not have severe
symptom score reminding OSA syndrome. Also, we
found that there is no statistically significant correla-
tion between preoperative symptom scores and post-
operative mPAP levels. This finding emphasizes the
curative effect of adenotonsilectomy also at the chil-
dren with severe disease.

In conclusion, we can say that UAO causes eleva-
tion of the pulmonary arterial pressure in children.
If it is caused by ATH, adenotonsilectomy is an
effective therapeutic method for reversing the
arterial pressure change. Performing Doppler echo-
cardiographic examination to the children with ATH
is not mandatory but beneficial even if he or she
does not have severe upper airway obstruction
symptoms, because every child with ATH carries
the risk of pulmonary hypertension independent
from his or her symptom severity. The physician
must take the mPAP level of the patient into con-
sideration at the time of decision making for ade-
notonsilectomy when in doubt.
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