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Abstract Purpose: Hypertrophy of adenotonsillar tissue is one of the most common problems in

childhood age and causes upper airway obstruction and even obstructive sleep apnea symptoms in

severe forms. The aim of this study is to evaluate the changes of pre-adentonsillectomy echocardio-

graphic findings after operation.

Material and methods: From August 2007 to November 2008, 55 children with adenotonsillar

hypertrophy and obstructive-sleep symptoms (aged 3–11 years old of which 35 were males and

20 females) were randomly selected. Preoperatively echocardiography was performed for all

patients by the pediatric cardiologist.

In control group 55 children who referred to otolaryngology clinic because of non adenotonsillar

related disease evaluated. One month and six months after operation, patients with positive findings

were followed up and again echocardiography was performed separately.

Results: No complaints of apnea were reported. Tonsillar grades of all cases were type III or IV.

The preoperative mean pulmonary arterial pressure levels of the 4 (7.3%) children were higher than

normal range (25 mm Hg) and it decreased significantly after operation (P < 0.000) (Preoperative

MPAP = 32 ± 3 mm Hg, and six months postoperative follow up, MPAP = 11 ± 5 mm Hg). All
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the patients’ parents complained about severe open mouth snoring, agitated sleep and hyperpnoea

of their children.

The preoperative tricuspid regurgitation pressure level of 7 children was higher than normal range

and it decreased significantly after operation (P < 0.000 preoperative TR = 34 ± 8 mm Hg post-

operative TR = 19 ± 6 mm Hg). AC/ET in these seven patients were lower than 0.4. In control

group echocardiography findings are normal.

Conclusion: Severe chronic hypertrophic adenotonsillar tissue caused higher tricuspid regurgitation

pressure and mean pulmonary arterial pressure.

ª 2010 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.
1. Introduction

The lymphoid tissues hypertrophy of the pharynx is the most

common causes of the obstructive symptoms and surgical ton-
sil intervention is observed in this age group (Anhntaseree
et al., 2001; Gislason and Benediktadottir, 1995; Suen et al.,

1995). Currently obstruction takes the first order among ade-
notonsillectomy indication (Miman et al., 1999). Increased
upper airway resistance resulting from hypertrophied tonsils
and adenoids can cause intermittent airway obstruction,

chronic alveolar hypoventilation, and even lead to severe car-
diopulmonary complications like corpulmonal (Broadsky,
1993). The detail of cardiopulmonary echocardiographic

changes in children with grade III and IV obstructive adeno-
tonsillar tissue have not been investigated yet. The aim of
our study is to compare the changes of preoperative echocar-

diographic findings of these patients with a sixth month follow
up postoperatively.
2. Materials and methods

The study consisted of 55 children with grade III or IV
adenotonsillar hypertrophy (35 males and 20 females, aged

range 3–11 years). This study was approved by ethic board
of Tabriz medical university. The most common complaints
of the patients were snoring, mouth breathing and pausing
of breath during sleep as well as apnea and hypopnea.

Brodsky scale was used for the tonsillar hypertrophy grading
as follows.

Grade I: tonsils in tonsillar fossa and barely visible behind

the anterior pillars; Grade II: tonsils in tonsillar fossa and
easily visible behind the anterior pillars; Grade III: tonsils
extended three quarters of the way to the midline; and Grade

IV: complete obstruction of the airway by enlarged tonsils.
Children with any known or suspected cardiovascular disease,
metabolic disease, neurological disease, obesity (BMI > 29),

and upper airway obstruction secondary to other causes such
as allergic rhinitis, recent upper respiratory tract infection,
septal deviation and proven skull base anomaly by imaging
were excluded from the study. All children underwent a com-

plete otolaryngological examination, otoscopy and anterior
rhinoscopy by the same otolaryngologist. They were examined
using two dimensional coloured Doppler and M-Mode Dopp-

ler echocardiography (Vivid 3 Npro/Expert, made in Norway)
with 2.5 MHZ douplex imaging transducer. Echocardio-
graphic studies were performed by a single experienced pediat-

ric cardiologist who was blinded to patients’ names and
diagnosis. We measured maximum interventricular septum
thickness, acceleration time, ejection time, mean pulmonary
artery pressure (MPAP) (by tracing pulmonary flow and using
Mahan formula MPAP mm Hg= 90 � [0.62 · ACT]), sys-
tolic pulmonary pressure (by tricuspid regurgitation velocity

using Bernoli equation: systolic pulmonary pressure = 4V2 ·
1.23 mm Hg). We also measured peak velocity of flow and
ejection time (the total duration of flow in systolic on the

Doppler tracing). Moreover, we measured infra vena cava
diameter and its change with respiratory cycle. Peak velocity
was unchanged. However, the acceleration time was shortened

in case of pulmonary hypertension (AT/ET = 0.45 ± 0.05
normal) (Allen et al., 2001; Snider et al., 1997; Arthur Garson
et al., 1998; Marcus et al., 1994).

ACT = Acceleration time of the pulmonary flow trace: The
time interval between the beginning of the flow and its peak
velocity, MPAP =Mean pulmonary artery pressure, AT =
Acceleration time, ET = Ejection time. The study was

approved by Ethics committee of Tabriz medical university
and parental informed consent was obtained. All subjects
underwent adenotonsillectomy by cold knife technique under

general anesthesia and Doppler echocardiographic measure-
ments were repeated one and then six months postoperatively
in whom had positive echocardiographic findings preopera-

tively. In control group 55 children who referred to otolaryn-
gology clinic because of non adenotonsillar related disease
evaluated. The results were analyzed findings preoperatively.

The results were analyzed with the spss software. Continuous
variables are presented as mean ± SD. The qualitative values
were compared by v2-test, and the significance of difference
quantitative values of pre and post-operation were estimated

by means of independent paired-sample t-test. A P-value <
0.05 was considered significant.
3. Results

Forty seven (85/5%) children were identified to have grade IV
enlarged tonsil. The minimum and maximum ages of the chil-

dren were 3 and 11, respectively.
All children (100%) had night snoring with open mouth

breathing and agitated sleep at least six months before their

visits. Eleven (20%) had a history of respiratory pause similar
to hypopnea, but none of them suffered from apnea. None of
the patients had chest pain during physical activity, chronic fa-
tigue, dizziness or fainting.

The preoperative MPAP of 4 (7.3%) cases were above
25 mm Hg (P < 0.000 Npar test) (Preoperative MPAP =
32 ± 3 mm Hg). The preoperative tricuspid regurgitations in

48 (87.3%) were lower than 25 mm Hg and in 7 (12.7%) were
more than 25 mm Hg (TR = 34 ± 8 mm Hg). Interventricular
septal diameter in all children was lower than 4 mm.
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The minimum, mean and maximum of preoperative MPAP
were 5, 11, 35 mm Hg, respectively. Again the minimum, mean

and maximum of preoperative tricuspid regurgitation pressure
was 0.7, 15.56 and 42 mm Hg, respectively.
AT/ET ratio was lower than 0.3 ± 0.059 in 7 patients who
had increased tricuspid regurgitation. All of these 7 patients
were male (P < 0.000).

Caval index in all patients was higher than 50% in the first
month’s postoperative follow up. The mean pulmonary artery
pressure and the tricuspid regurgitation pressure of those 7 pa-

tients decreased to normal levels after the first month follow
up. All children of control group had normal echocardiographic
findings.
4. Discussion

Children with obstructive disorders during sleep were exposed

to repeated hypopnea in addition to infective and obstructive
symptoms.

During apnea, there is a progressive decrease in oxygen lev-
els and increase in Co2 levels. Hypercapnia and hypoxemia
provoke respiratory acidosis and consequently vasoconstric-
tion of the pulmonary artery.

In addition to increased venous return due to increased

pulmonary resistance, there is also increased venous return
to the right cardiac chambers, which is facilitated both by
the decubitus horizontal position during sleep and by intra

thoracic pressure which becomes more negative due to respira-
tory effort against the obstructive area. These types of changes
can lead to an enlarged right atrium and ventricle and com-

promise ejection during systole (Phillips, 2005; Steiner and
Straur, 2004; Verrier et al., 2000).

Pulmonary hypertension was defined as pulmonary artery
systolic pressure at least 30 mm Hg corresponding to a peak

tricuspid regurgitation jet velocity of 2.5 m/s. Mild pulmonary
hypertension was defined as tricuspid regurgitation jet veloc-
ity 2.5–2.9; moderate pulmonary hypertension was defined

as tricuspid regurgitation jet velocity 3 m/s (Lindberg et al.,
2008).

Signs and symptoms of pulmonary hypertension may not

be obvious at first, but they can be worsened over time and
can begin to limit daily activities. Symptoms of Pulmonary
hypertension include: breathlessness, chronic fatigue, dizzi-

ness, faintness, swollen ankles and legs, chest pain, especially
during physical activity. Functional classification of pulmon-
ary hypertension include as follows:
(I) Without limited physical activity and comfortable at
rest; ordinary physical activity does not cause dyspnea
or fatigue, chest pain or near syncope.

(II) Mild limited physical activity but comfortable at rest;

ordinary physical activity cause undue dyspnea or fati-
gue, chest pain or near syncope.

(III) Marked limited physical activity but comfortable at rest;

less than ordinary activity cause undue dyspnea or fati-
gue, chest pain or near syncope.

(IV) Inability to carry out any physical activity without

symptoms; discomfort is increased by any physical activ-
ity (Farzana et al., 2009).
Maurizi et al. (1980) described that 65.7% of clinically
normal children with adenoid hypertrophy showed pulmonary
functional abnormalities. Also, higher MPAP values of chil-

dren with diagnosis of upper airway obstruction resulting from
hypertrophied tonsils and adenoids have been reported by
Yilmaz et al. (2005).

Guney in his study recorded a significant recovery in respi-
ratory functional tests and blood gas levels after T&A in
patients with adenotonsillar hypertrophy ( Gueny, 1974). In

our study, the preoperative MPAP values of four patients were
more than 25 mm Hg and in 24 patients were more than
12 mm Hg. Additionally, significant decrease in MPAP values
of those groups were detected in the first month and then at

the sixth month follow up echocardiography postoperatively
(P< 0.005).

In our study preoperatively tricuspid regurgitation pres-

sure in seven patients (12.7%) was higher than 25 mm Hg
and all of the patients had normal tricuspid regurgitation
pressure in the first month and sixth month post operative

echocardiography.
Similar to our results, Pac et al. compared cardiac func-

tions and valvular damages in children with and without ade-
notonsillar hypertrophy and reported differences in tricuspid

and diastolic time preoperatively (104.8 ± 28.8 ms) versus
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postoperatively (86.4 ± 17.32 ms) (P < 0.005) (Pac et al.,
2005).

Marcus et al reported that increased O2 saturation and

disappearance of apnea episodes after adenotonsillectomy
(Marcus et al., 1994). In our study, IVSD in all patients were
lower than 4 mm which Garur et al. reported signifi-

cant improvement in right ventricular diameter (Gorun et al.,
2001).
Also Miman et al. reported dramatic decrease in mean pre-
operative pulmonary arterial pressure after relief of upper air-
way obstruction (29.12 ± 4 mm Hg preoperatively versus
12.06 ± 3.09 postoperatively) (Miman et al., 1999).

On the other hand, Kalra et al. demonstrated RV and

IV cardiac abnormalities in children with respiratory com-
plications after adenotonsillectomy due to OSAS suggesting
that prior identification of these cardiac abnormalities may

be of aid in preventing this complication (Kalra et al.,
2005).
Duman et al. reported subclinical right ventricular dys-
function in advanced stage of adenotonsillar hypertrophy

children (grad III–V), which may reverse these cardiac
changes (Duman et al., 2008). In our study, subclinical right
ventricular dysfunction was discovered as well. Naiboglu et

al. in their study showed that pulmonary arterial pressure sig-
nificantly raised in children with obstructive hypertrophic
adenotonsillar tissues and concluded adenotonsillectomy was
the absolute therapeutic method in these children (Naiboglu

et al., 2008).
The AT/ET ratio was lower than 13 ± 0.059 (AT/

ET = 0.45 ± 0.05 normal) in seven patients who had higher

tricuspid regurgitation pressure because some factors such as
age, HR, RV preload, sample volume position and RV func-
tion (Snider et al., 1997) alter Doppler interval time in pulmon-

ary hypertension. So only by lower AT/ET we could not come
to an exact conclusion about patients and evaluate other echo-
cardiographic findings.

We suggested that echocardiography is sometimes helpful
in decision making for surgeon. In conclusion, this study
shows that chronic obstructive adenotonsillar hypertrophy
causes significant cardiovascular changes and early detection

and treatment of these patients are necessary for the relief of
cardiovascular threatening complications in future.

We didn’t evaluate our patients by polysomnography; we

have limited number of patients and may be it was a limitation
for our study.
References

Allen, H.D. et al., 2001. Moss and Adams heart disease in infants,

sixth ed.. Children and Adolescents Lippincott, Williams Willkins,

Pennsylvania, USA.

Anhntaseree, W., Rookkapan, K., Kuasirikul, S., Thongsuksai, P.,

2001. Snorring and obstructive sleep apnea in thai-scholl-age

children: prevalence and predisposing factors. Pediatr. Pulmonol.

(32), 222–227.

Arthur Garson, J.R. et al., 1998. The science and practice of pediatric

cardiology, second ed. Williams & Wilkins, USA.

Broadsky, L., 1993. Tonsillitis, tonsillectomy, adenoidectomy. In:

Bailey, B.J. (Ed.), Head and Neck Surgery Otoloaryngology. J.B.

Lippincott, Philadelphia, PA, pp. 833–847.



Do pre-adenotonsillectomy echocardiographic findings 35
Duman, D., Naiboglu Bm Eses, H., et al., 2008. Impaired right

ventricular function in adenotonsillar hypertrophy. Int. J. Cardio-

vasc. Imaging 24, 261–267.

Farzana, D. et al., 2009. Prevalence and risk factors of elevated

pulmonary artery pressure in children with sickle cell disease. Vasc.

Health Risk Manag. 5, 509–524.

Gislason, T., Benediktadottir, B., 1995. Snorring, apneic episode, and

nocturnal hypoxemia among children 6 month to 6 years old. An

epidemiologis study of lower limit of prevalence. Chest (107), 963–

966.

Gorun, K., Doven, O., Uenal, M., Akkus, N., Ocan, C., 2001.

Preoperative and post operative cardiac and clinical findings of

patients with adeontonsillar hypertrophy. Int. J. Pediatr. Otorhi-

nolaryngol. 59, 41–46.

Gueny, E., (1974). Gocuklarda tonsil ve adenoid hiperplaziler in

kardiyopulmoner system uzerine olan etkilerinin incelen mesi.

Uzmanlyk Tezi, Hcettepe universitesi kulak burun booaz anadilim-

aldi, Ankara.

Kalra, M., Kimbal, T., Daniels, S.R., Lemasters, G., Willing, P.J.,

Rutter, M., et al., 2005. Structural cardiac changes as a predicator

of respiratory complications after adeontonsillectomy for obstruc-

tive breathing during sleep in children. Sleep Med. 6, 241–245.

Lindberg, L., Ollsson, A.K., Joggi, P., Jonmarker, C., 2008. How

common in sever pulmonary hypertension after pediatric cardiac

surgery. Pediatric 121 (4), 772–782.

Marcus, C.L., Carroll, J.L., Koenrner, C.B., et al., 1994. Determi-

nants of growth in children with the obstructive sleep apnea

syndrome. J. Pediatr. 125, 556–562.

Maurizi, M., Paludetti, G., Todisco, T., Dottoniri, V., Grassi, M.,

1980. Pulmonary function studies in adenoid hypertrophy. Int. J.

Pediatr. Otorhinolaryngol. 2C, 243–250.
Miman, M.C., Kirazli, T., Ozyurek, R., 1999. Doppler echo cardiog-

raphy in adenotonsillar hypertrophy. Int. J. Pediatr. Otorhinolar-

yngol. (50), 55–62.

Naiboglu, B.M., Deveci, S., Duman, D., et al., 2008. Effect of upper

air way obstruction on pulmonary arterial pressure in children. Int.

J. Pediatr. Otorhinolaryngol. 72 (9), 425–429.

Pac, A., Karadey, A., Jurtaran, H., Aktas, D., 2005. Comparison of

cardiac function and valvular damage in children with and without

adenotonsillar hypertrophy. Int. J. Pediatr. Otorhinolaryngol. 69,

527–532.

Phillips, B., 2005. Sleep-disordered breathing and cardiovascular

disease. Sleep Med. Rev. 9, 131–140.

Snider, A.R. et al., 1997. Echocardiography in pediatric heart disease,

second ed. Mosby-year book, Missouri, USA.

Steiner, S., Straur, B.E., 2004. Funktionelle dynamic desrechten

ventrikels and des lungen kreislaufes bei obstruktiver schlafapnoe.

Therapeutische konsequenzen. Internist (Berl) 45, 1101–1107.

Suen, J.S., Arnold, J.E., Brooks, L.J., 1995. Adenotonsillectomy for

treatment of obstructive sleep anpnea in children. Arch Otolaryn-

gol Head Neck Surg (121), 525–530.

Verrier, R.L., Harper, R.M., Hobson, J.A., 2000. Cardiovascular

physiology: central and autonomic regulation. In: Kryger, M.H.,

Roth, T., Dement, W.C. (Eds.), Principles and Practice of

Sleep Medicine, third ed. Philadelphia, WB Saunders, pp. 179–

191.

Yilmaz, M., Onrat, E., Altuntas, A., et al., 2005. The effects of

tonsillectomy and adenoidectomy on pulmonary arterial pressure

in children. Am. J. Otolaryngol. 26, 18–21.


	Do pre-adenotonsillectomy echocardiographic  findings change postoperatively in children with severe  adenotonsillar hypertrophy
	Introduction
	Materials and methods
	Results
	Discussion
	References


