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Original Article

INTRODUCTION

Stenosis developing in the upper respiratory tract due to various 
causes may further lead to obstructive sleep apnea, increased 

pulmonary artery pressure and right ventricular failure. The 
most common causes of upper respiratory tract stenosis in child-
hood are adenoid hypertrophy on the posterior wall of the na-
sopharynx and tonsillar palatine hypertrophy on the lateral 
walls of the oropharynx [1]. Echocardiography, as a noninvasive 
and reproducible diagnostic method, is quite useful in evaluating 
the ventricular functions in these patients [1-5]. This study has 
aimed to evaluate the efficacy of tricuspid annular plane systolic 
excursion (TAPSE) and myocardial performance index (MPI) in 
demonstrating the changes in the preoperative and postopera-
tive cardiac functions in children for whom an operation for ad-
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Objectives. The purpose of the present study is to emphasize the efficacy of the myocardial performance index and tricus-
pid annular plane systolic excursion (TAPSE) in the determination of impaired cardiac functions and recovery period 
following the treatment in children with adenoid and/or tonsillar hypertrophy.

Methods. Fifty-three healthy children after routine laboratory, imaging and clinical examinations, with adenoid and/or ton-
sillar hypertrophy were evaluated before and 3 months after adenotonsillectomy for cardiac functions using M mode 
and Doppler echocardiography.

Results. The mean age of cases was 6.4±3.0 years, 34 (65%) were male, and 19 (35%) were female. Pulmonary hyperten-
sion was observed to be mild in 3 patients and moderate in 1 patient preoperatively. When the preoperative and post-
operative echocardiographic measurements of the patients were compared, the tricuspid valve E wave velocity, the E/
A ratio (E, early diastolic flow rate; A, late diastolic flow rate), and the TAPSE values were determined to be signifi-
cantly higher postoperatively (P<0.05). The tricuspid valve deceleration time, the isovolumetric relaxation time and 
the systolic pulmonary artery pressure were found to be significantly lower compared to the preoperative values 
(P<0.05).

Conclusion. Adenoidectomy and/or tonsillectomy may prevent cardiac dysfunctions that can develop in the later periods 
due to adenoid and/or tonsil hypertrophy in children, before the appearance of the clinical findings of cardiac failure.
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enoid and/or tonsillar palatine hypertrophy has been planned, 
and who have been assessed as being healthy on routine exami-
nation.

MATERIALS AND METHODS

The approval was obtained from the Van Yüzüncü Yıl University, 
Faculty of Medicine, Clinical Practice Ethics Committee. Fifty-
three children aged between 2 and 13, who were scheduled for 
adenoidectomy, tonsillectomy, or adenotonsillectomy due to 
various causes in the Department of Otorhinolaryngology were 
evaluated. Adenoid tissue, tonsillar palatines, or both were hy-
pertrophic in these patients. The cases were diagnosed as ade-
noid hypertrophy using the flexible nasal endoscopy and steno-
sis in the air column on examination and lateral nasopharyngeal 
radiography. Tonsillar palatines hypertrophy was diagnosed by 
oropharyngeal examination [6]. All the patients were preopera-
tively tested for blood count, biochemical blood analyses, chest 
X-ray and echocardiography. The echocardiographies were eval-
uated preoperatively and 3 months after the operation by a car-
diologist. 

Echocardiographic examination
The same investigator performed the echocardiography with a 
General Electric Vivid Pro 7 (Vingmed Ultrasound, Horten, Nor-
way) using 3- to 6-MHz probes preoperatively and 3 months af-
ter the operation. The American Echocardiography Association 
guideline was taken into consideration during the evaluation. 
The cardiac functions of all the patients were evaluated using 2 
dimensioned, M-mode and Doppler echocardiography. Echocar-
diography was performed in a silent room, with the patient lying 
on the left, side calm and breathing comfortably. Measurements 
were performed through the parasternal window; long axis and 
short axis, apical window; 4- and 5-chamber views. The left ven-
tricular ejection fraction was calculated using the Teicholtz for-
mula. Through the apical 4-chamber views, the time interval be-
tween the end and beginning of mitral flow (a1), early diastolic 
flow rate (E), late diastolic flow rate (A), E/A ratio, and the de-
celeration time (DT) were obtained using pulse wave Doppler 
echocardiography and locating the sample volume at the end-

points of the mitral valves. The sampling volume was obtained 
by apical 5-chamber image, and the left ventricular ejection 
time (b1) and isovolumetric relaxation time (IVRT) were ob-
tained by locating in the left ventricular outflow tract. In the 
right ventricle measurements through apical 4-chamber image, 
locating the sample volume at the endpoints of the tricuspid 
valves and the right ventricle outflow tract in the parasternal 
axis, the time interval between the end and beginning of tricus-
pid flow (a2), the right ventricular ejection time (b2), E and A 
flow rates, E/A ratio, DT, and IVRT were obtained. In the mea-
surement of the MPI, the formulae of (a1–b1)/b1 for the left 
ventricle, and (a2–b2)/b2 for the right ventricle were used [7]. 
The TAPSE value was measured in millimeter (mm) during right 
ventricular systole in the right ventricle and tricuspid valve in-
tersection point through the apical 4-chamber images of M 
mode echocardiography. Systolic pulmonary artery pressure was 
calculated through the jet of tricuspid valve insufficiency.

Statistical analysis
The SPSS ver. 15 (SPSS Inc., Chicago, IL, USA) was used to as-
sess the results of the study for statistical analyses. The variables 
were given as mean±SD. The Student t-test was used for the de-
scriptive statistics and the paired samples. For all the results, a P-
value of <0.05 was accepted as significant. 

RESULTS

The demographic characteristics of patients have been shown in 
Table 1. All the patients were clinically healthy and their chest 
X-rays and electrocardiographies were normal. Their laboratory 
findings (blood count, biochemistry values, and coagulation 
tests) were within normal limits. However, preoperatively, 3 pa-
tients had mild and 1 patient had moderate pulmonary hyper-
tension. The preoperative and the 3rd month postoperative 
echocardiography results for the left and the right ventricles 
have been presented in Tables 2, 3. Accordingly, in the compari-

Table 1. Demographic characteristics of the study group

Characteristic Value

Age (yr) 6.4±3.0
Sex
   Male 34 (64)
   Female 19 (36)
Weight (kg) 23.13±11.92
Length (cm) 116.17±19.23

Values are presented as mean±SD or number (%). 

Table 2. Left ventricular echocardiography findings

Variable Preoperative Postoperative P-value

LVEF (%) 74.5±3.59 76.1±3.44 0.716
FS (%) 35.7±3.14 37.8±3.01 0.659
E (cm/sec) 88.5±11.0 85±20.7 0.476
A (cm/sec) 71.6±11.1 73.7±15.7 0.599
E/A ratio 1.28±0.20 1.14±0.33 0.077
DT (msec) 195±22.0 193±15.7 0.759
IVRT (msec) 80.7±12.3 79.6±8.1 0.726
MPI 0.37±0.07 0.35±0.07 0.182

Values are presented as mean±SD.
LVEF, left ventricle ejection fraction; FS, fraction of shortening; E, early dia-
stolic flow rate; A, late diastolic flow rate; DT, deceleration time; IVRT, iso-
volumetric relaxation time; MPI, myocardial performance index.
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functions [7-9]. As a result of alveolar hypoventilation due to 
upper airway obstruction, pulmonary vasoconstriction, in-
creased pulmonary artery pressure and increased right ventriu-
lar afterload may ensue [9,10]. Pulmonary edema, right ventric-
ular hypertrophy and right ventricular insufficiency may occur 
[6,8]. Hypoxemia, hypercapnia, pulmonary hypertension and 
right ventricular hypertrophy findings consequent to adenoton-
sillar hypertrophy rapidly recover following management of the 
obstruction [4,11]. Removing the upper airway obstruction by 
adenoidectomy alleviates the chronic alveolar hypoxia and re-
sults in regressed pulmonary vasoconstriction and decreased 
pulmonary vascular resistance [8]. In the study of Duman et al. 
[12], the authors found the pulmonary hypertension rate due to 
adenotonsillar hypertrophy as 3.3%. In the study of Abd El-
Moneim et al. [3], adenoidectomy decreased the mean pulmo-
nary artery pressure by 4 mmHg. Moreover, Martha et al. [8] re-
ported in their study that a significant decrease was observed in 
pulmonary artery pressure 3 or 4 months following adenoidec-
tomy. In the present study, 4 patients (7.5%) had preoperative 
pulmonary hypertension. Three months after adenotonsillecto-
my, a significant decrease in the pulmonary artery pressure was 
observed, which is consistent with the literature (Table 3) 
(P<0.05). Furthermore, the pulmonary artery pressure levels 
decreased to normal in four patients with high levels.

Diastolic function disorders in the right and left ventricles are 
seen before systolic dysfunction. The mechanism of diastolic 
dysfunction may be intra- or extramyocardial. As a result of 
chronic right ventricular pressure, compensatory hypertrophy 
may develop against decreased wall tension. This may impair 
the right ventricular diastolic functions. IVRT is the first param-
eter that is disrupted in right ventricular dysfunction [13,14]. In 
the study of Gan et al. [14], as a marker of diastolic dysfunction 
in chronic right ventricular pressure elevation, the authors re-
ported prolonged IVRT, decreased E flow rate, increased A flow 
rate, and decreased E/A ratio. Stojnic et al. [13] also demon-

Fig. 1. Pre- and postoperative changes in myocardial performance 
index (MPI) of tricuspid valve. Echo, echocardiography.
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Fig. 2. Pre- and postoperative changes in tricuspid annular plane 
systolic excursion (TAPSE) of tricuspid valve. Echo, echocardiogra-
phy.
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Table 3. Right ventricular echocardiography findings

Variable Preoperative Postoperative P-value

E (cm/sec) 62.9±15.1 74.1±17.7 0.041
A (cm/sec) 58.1±14.0 61.0±15.6 0.718
E/A 1.08±0.30 1.21±0.32 0.038
DT (msec) 212±18.1 196±13.5 0.001
IVRT (msec) 96.8±9.69 77.8±5.53 0.001
PAB (mmHg) 30.2±5.02 26.4±2.17 0.003
TAPSE (mm) 15.9±1.78 20.7±3.07 0.001
MPI 0.39±0.07 0.32±0.06 0.002

Values are presented as mean±SD.
E, early diastolic flow rate; A, late diastolic flow rate; DT, deceleration time; 
IVRT, isovolumetric relaxation time; PAB, pulmonary artery pressure; 
TAPSE, tricuspid annular plane systolic excursion; MPI, myocardial perfor-
mance index.

son of the preoperative and postoperative E, A, the E/A ratio for 
the mitral valve, DT, IVRT, MPI, the tricuspid valve A values, 
and the left ventricular ejection fraction and the shortening frac-
tion values at the pre- and postoperative periods were found to 
be nonsignificant. E, E/A, and the TAPSE levels for the tricuspid 
valve were significantly higher postoperatively (P<0.05). Fur-
thermore, the DT, IVRT, and MPI values and the systolic pul-
monary artery pressures were found to be significantly lower af-
ter the operation compared to the preoperative values. The tri-
cuspid valve MPI and TAPSE changes before and after the oper-
ation have been demonstrated in Figs. 1, 2.

DISCUSSION

The most common cause of upper respiratory tract obstruction 
and sleep apnea in children is adenotonsillar hypertrophy [1]. 
Due to upper respiratory tract occlusion in these children, 
chronic oral respiration and consequent malocclusion and ab-
normal maxillofacial development may develop. Furthermore, 
snoring, sleeping with the mouth open, enuresis, bad academic 
performance and sleep disorders secondary to oxygenation dis-
orders have been observed [1-6]. Chronic hypoventilation sec-
ondary to adenotonsillar hypertrophy may result in impaired 
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strated prolongation in IVRT in pulmonary hypertension. In the 
study performed by Shedeed [7], patients with asthma had sig-
nificantly higher IVRT than that of the control group. In type 1 
diastolic dysfunction, IVRT and DT were prolonged, the E flow 
rate was decreased, the A flow rate was increased, and the E/A 
ratio was decreased [14]. In this study, the preoperative results 
were consistent with type I diastolic dysfunction. Following sur-
gery, significant decreases in the right ventricular IVRT and DT 
(Table 3) (P<0.05), significant increases in the E flow rate and 
E/A (P<0.05) were observed.

TAPSE, which is easy and fast to perform by Doppler echo-
cardiography, provides direct information about the right ven-
tricular systolic functions. A TAPSE value above 20 mm is ac-
cepted as normal. In the study performed on cases with severe 
interstitial lung diseases by Nowak et al. [15], it was found that 
the TAPSE value was significantly lower compared to that of the 
control group. Forfia et al. [16] measured the TAPSE value to be 
less than 18 mm in cases with severe right ventricular dysfunc-
tion and pulmonary hypertension. In recent years, many studies 
related with TAPSE have been performed in diseases like cardi-
ac failure, hypertension, and thyrotoxicosis [17-20]. In our study, 
the preoperative TAPSE value was lower than normal as a 
marker of disrupted right ventricular functions in patients. Three 
months after adenotonsillectomy, the TAPSE value elevated to 
normal limits and were significantly different from the preopera-
tive values (P<0.05). 

Echocardiography has vital importance in evaluating the ven-
tricular functions in children. However, evaluation of the right 
ventricular functions by echocardiography is difficult because of 
the complex structural geometry of the right ventricle and 
changes in the contraction pattern. Therefore, MPI, which is eas-
ily applied by Doppler echocardiography, being noninvasive, re-
producible and unaffected by the heart rate, is clinically more 
beneficial in the evaluation of the global functions of the right 
ventricle. MPI is a combination of systolic and diastolic time in-
tervals. It is also used to evaluate the left ventricular functions. 
It is defined as the sum of the index isovolumetric contraction 
time and the IVRT divided by the ejection time [21,22]. In the 
study of Grignola et al. [23] that was performed on 6 merino 
sheep, the authors created a pulmonary hypertension model 
and they demonstrated that the right ventricle MPI significantly 
increased in pulmonary hypertension. As a result, they reported 
that MPI is a sensitive marker for right ventricular dysfunction 
in acute pulmonary hypertension. In the present study, the right 
ventricular MPI significantly decreased after the operation (Ta-
ble 3) (P<0.05). The MPI values showed that both the systolic 
and the diastolic functions of the right ventricle were destroyed 
before surgery and returned to normal after surgery, consistent 
with type I diastolic dysfunction and the TAPSE values detected 
by Doppler echocardiography. No significant difference was ob-
served between the preoperative and the postoperative left ven-
tricular systolic and diastolic functions (Table 2) (P>0.05). 

In conclusion, adenotonsillectomy may prevent cardiac dys-
functions that can develop in the later periods due to adenoid 
and/or tonsillar hypertrophy in children. Furthermore, before 
the appearance of the clinical findings of cardiac failure in these 
patients, conventional and Doppler echocardiography may re-
veal the impairment in the right ventricular systolic and diastol-
ic functions. Recovery of cardiac function after surgery may be 
followed by repeated measurements.
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