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Abstract This study aimed to assess the impact of
obstructive sleep apnea (OSA) due to adenotonsillar
hypertrophy (ATH) on the global myocardial performance
in children using tissue Doppler imaging (TDI) and to
evaluate the reversibility of the disorder after adenoton-
sillectomy (AT). The study included 42 children with OSA
due to ATH (mean age, 5 & 3.14 years) as the study group
and 45 age- and sex-matched healthy children (mean age,
5.2 + 3.08 years) as the control group. Polysomnography
and echocardiography were performed. Indexed left ven-
tricular mass (LVMi), pulmonary artery systolic pressure,
mean pulmonary artery pressure (mPAP), and pulmonary
vascular resistance (PVR) were calculated by echocardi-
ography. Tissue Doppler imaging was used to determine
the left ventricular and right ventricular myocardial per-
formance index (MPI) of patients and control subjects
before and after AT. The patients were classified into mild
OSA (apnea-hypopnea index [AHI] 1-5; n = 18)] and
moderate to severe OSA (AHI >5; n = 24) according to
polysomnography findings. All the children in the control
group had an AHI less than 1. They were treated using AT,
then reevaluated by polysomnography and echocardio-
graphic examination 6 to 8 months after surgery. Results
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are described as mean =+ standard deviation. The patients
with OSA had higher pulmonary artery systolic pressure,
mPAP, PVR, LVMi, and right ventricular diastolic diam-
eter than the control subjects. The patients with moderate
to severe OSA showed more prominent changes than the
patients with mild OSA, but the latter still differed sig-
nificantly from the control subjects. The TDI-derived right
ventricular MPI and left ventricular MPI measurements of
the patients with OSA were higher (mean, 0.40 £ 0.08 vs
0.28 = 0.01; p < 0.001) than those of the control subjects
and (0.45 £ 0.05 vs 0.32 &+ 0.05; p < 0.001) and corre-
lated well with AHI and mPAP. In addition, mPAP was
significantly correlated with AHI. Postoperatively, relief of
OSA was validated by polysomnography, and a repeat of
the echocardiographic parameters showed no significant
differences between the patients and the control subjects.
Tissue Doppler imaging can detect the subtle, subclinical
changes in cardiac performance that occur in OSA due to
adenotonsillar hypertrophy. Such changes generally are
reversible after surgical treatment.

Keywords Children - Myocardial performance -
Obstructive sleep apnea - Tissue Doppler imaging

Obstructive sleep apnea (OSA) is estimated to occur for
approximately 2% of children [4]. The frequency of snor-
ing among children is much higher (8-27%) [18, 46].
Obstructive sleep apnea occurs when the upper airway
collapses or significantly reduces its luminal cross-sec-
tional area during inspiration [13].

Adenotonsillar hypertrophy (ATH) is the most common
cause of OSA in children [61]. Polysomnography (PSG) is
considered to be the most useful diagnostic test for eval-
uating the severity of OSA in children [41]. Obstructive
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sleep apnea is associated with cardiopulmonary dysfunc-
tion primarily due to the associated hypercapnia, hypox-
emia, and pulmonary artery vasoconstriction [30, 31].

Cardiovascular alterations that occur in children with
OSA include altered arterial blood pressure regulation [7],
systemic hypertension [25] and changes in left ventricular
(LV) geometry [6, 8]. Cor pulmonale, developmental
delay, failure to thrive, and even death may occur for
children with extremely severe OSA [14]. Detection of
subclinical myocardial changes is difficult to achieve using
conventional techniques that merely evaluate global sys-
tolic and diastolic function. Tissue Doppler imaging (TDI)
echocardiographic evaluation can detect systolic and dia-
stolic myocardial dysfunction by measuring the myocardial
performance index, which is a powerful and sensitive
diagnostic and prognostic indicator [33, 34, 54].

Traditionally, adenotonsillectomy (AT) has been the
treatment of choice for children with OSA due to ATH.
Findings have shown AT to improve PSG results [43],
relieve symptoms in the majority of cases, and improve the
quality of life experienced by children with OSA [59].

This study aimed to assess the impact of OSA due to
ATH on global myocardial performance in children using
TDI and to evaluate the potential reversibility of this
condition after AT.

Subjects and Methods

This prospective study was conducted in the Pediatric
Cardiology Unit of the Children’s Hospital and both the
Chest Department and the ENT (ear, nose, and throat)
Department of Mansoura University between January 2008
and September 2009. Written informed consent was
obtained from all parents of the children included in the
study, which was approved by the Institutional Review
Board of the Children’s Hospital of Mansoura University.

The study enrolled 42 children with OSA due to ATH
including 26 boys (61.9%) and 16 girls (38.09%) with a
mean age of 5 + 3.14 years. A control group of 45 age-
and sex-matched children without OSA symptoms also
were included in the study. They were selected from
among the siblings of the patients treated in the ENT
department. The control subjects who agreed to participate
in the study showed no evidence of obstruction at ENT
examination and an apnea-hypopnea index (AHI) less than
1 confirmed by home PSG. The control group consisted of
24 boys (53.33%) and 21 girls (46.66%) with a mean age of
5.2 + 3.08 years.

The exclusion criteria ruled out infants younger than
2 years; obesity (body mass index [BMI] >30 kg/m?);
congenital or acquired heart disease; central apnea; OSA
associated with other medical disorders including but not
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limited to Down syndrome, craniofacial anomalies, neu-
romuscular disease (including cerebral palsy), chronic lung
disease, sickle-cell disease, metabolic disease, and laryn-
gomalacia; recent upper airway infection within the pre-
ceding 4 weeks; primary snoring and an apnea hypopnea
index less than 1. Patients with life-threatening OSA who
presented with cardiorespiratory failure also were excluded
from the study because they required urgent treatment.

The weight and height of the patients were measured,
and their BMI was calculated. Blood pressure measure-
ments were obtained with the patient at rest. Blood pres-
sure was measured twice 10 min apart, and the average was
used.

All the studied groups underwent ENT examination,
which included nasal and nasopharyngeal endoscopy. All
the patients underwent lateral x-rays of the skull to eval-
uate their air column. Tonsillar hypertrophy was graded
according to the Brodsky [12] scale as grade 1 (tonsils
in the tonsillar fossa, barely visible behind the anterior
pillars), grade 2 (tonsils visible behind the anterior pillars),
grade 3 (tonsils extended three-fourths of the way to the
midline), and grade 4 (tonsils completely obstructing the
airway). Adenoid hypertrophy was graded according to
severity of airway obstruction as grade 1 (<25%), grade 2
(25-50%), grade 3 (50-75%), and grade 4 (>75%) airway
obstruction [29].

Echocardiography

Echocardiography was performed using the SONOS-5500
device (Hewlett-Packard, Andover, MA, USA) and an
8-MHz probe. Transthoracic echocardiography was per-
formed by an experienced pediatric cardiologist blinded to
the ENT and PSG data of the study groups 24 to 48 h after
completion of PSG. Echocardiography was performed with
the patients at rest in the supine position. Conventional
echocardiography was performed according to the Ameri-
can Society of Echocardiography guidelines [40, 49]. The
views recorded were the parasternal long axis, parasternal
short axis, apical two chamber, and apical four-chamber
views.

Two-dimensional, M-mode measurements were obtained
to assess right ventricular diastolic diameter (RVDd), left
atrial diameter (LA), left ventricular end diastolic diameter
(LVIDd), left ventricular end systolic diameter (LVIDs),
and fractional shortening of the LV (FS%). Left ventricular
mass (LVM) was calculated using Devereux’s formula
[21, 22] and divided by the subject’s height raised to the
power of 2.7, as described by de Simone et al. [20], to
determine the indexed LV mass (LVMi).

Pulsed-wave Doppler (PWD) echocardiography was
used to measure the mitral and tricuspid peak early filling
(E-wave), atrial contractility (A-wave), and E/A ratio [44].
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The pulmonary artery systolic pressure (PASP) was esti-
mated from the peak tricuspid regurgitation velocity (TRV)
(m/s). The highest velocity obtained from multiple mea-
sures was used. We used Bernoulli’s equation (P = 4 V2)
(P: pressure, V: velocity) to calculate the PASP. An esti-
mated right atrial pressure was not added because right
atrial pressure is variable, and the addition of an assumed
right atrial pressure of 5 mmHg did not significantly alter
the results [26]. The mean pulmonary artery pressure
(mPAP) was calculated by pulmonary flow tracing using
Mahan’s formula (mPAP [mmHg] = 79 — [0.62 X Act]),
where Act is the acceleration time of the pulmonary flow
trace or the interval between the beginning of flow and its
peak velocity] [19]. The right ventricular outflow tract
velocity time integral (TVIgyor) in centimeters was
obtained by placing a 1 to 2 pulsed-wave Doppler sample
volume in the proximal right ventricular outflow tract
(RVOT) just within the pulmonary valve in the parasternal
short axis view. The pulmonary vascular resistance (PVR)
then was calculated using the equation: PVR = 10 x
(TRV/TVIgrvor) + 0.16 [2].

Tissue Doppler imaging was performed using a special
software package available for use with the SONOS 5500
device. The sample volume was placed at the lateral mar-
gin of the mitral and tricuspid annuli on the apical four-
chamber view. Tissue Doppler imaging was performed by
adjusting the spectral pulsed Doppler signal to obtain a
Nyquist limit of 15 to 20 cm/s and by using the minimal
optimal gain. High-frame-rate images (>150 frame/s) were
acquired in TDI mode. Three consecutive images were
recorded. The mean values of these measurements were
used for statistical analysis. Right and left ventricular
myocardial function was assessed during both contraction
and relaxation. Using the four-chamber view, sample vol-
ume was placed at the lateral side of the mitral annulus and
the RV free wall at the tricuspid annulus. The systolic
myocardial velocity (Sm), the early diastolic myocardial
velocity (Em), the late diastolic myocardial velocity (Am)
at the time of atrial contraction, and the Em/Am ratio of
each segment were determined. On TDI, the interval from
the end to the onset of the mitral (or tricuspid) annular
velocity pattern during diastole (a) were equal to the sum of
the isovolumic contraction time (ICT), isovolumic relaxa-
tion time (IRT), and ejection time (ET). The ET (b) was
measured as the duration of the Sm wave. Next, the
myocardial performance index (MPI) was calculated as
follows: (a — b)/b or ICT + IRT)/ET [33, 34].

In the OSA group, all conventional and TDI echocar-
diographic parameters were measured at baseline and then
reevaluated within 6.4 + 0.56 months (range, 6—8 months)
after AT. Adenotonsillar hypertrophy was performed for all
the children in the patient group (n = 42). No postopera-
tive complications were observed.

Polysomnography

All the children with OSA included in the study underwent
at least two sleep studies: one before AT and another at least
6 months after AT. Parents were asked to explain the sleep
study process to their children to relieve their anxiety. Chest
physicians well trained in Stony Brook University, Stony
Brook, New York; and certified from two boarded physi-
cians explained the study to the parents first and then to the
children after the parent had explained it once. The physi-
cians did not wear white coats. A doll was sometimes used to
help explain the study to the children. Once electrodes were
properly placed and the hookup was completed, the parents
were allowed to comfort their children if they were upset.

We used the Embletta portable monitoring device for
PSG (Embla, Broomfield, CO), which meets the recom-
mendations of the American Academy of Sleep Medicine
Manual (AASM). The device provides diagnostic informa-
tion regarding nasal airflow, pulse oximetry, heart rate, and
patient position and activity. It also has electroencephalo-
gram (EEG) electrodes and two respiratory sensors that use
the exact trace respiratory inductive plethysmography (RIP).

In this study, we assessed the presence and severity of
both apnea and hypopnea according to the apnea and
hypopnea guidelines of the AASM [1]. The AHI was
defined as the total number of obstructive apnea or hypo-
pnea episodes that occurred per hour of sleep. The oxygen
desaturation index (ODI) was defined as the total number
of dips in arterial oxygen saturation exceeding 4% that
occurred per hour of sleep. Obstructive sleep apnea was
diagnosed if the AHI was >1 per hour of sleep. The chil-
dren were divided into the following groups: control group
(AHI <1), mild OSA group (AHI 1-5), and moderate to
severe OSA group (AHI >5) [5].

Statistical Analysis

Data entry and analyses were performed using the SPSS
statistical package, version 10 (SPSS, Inc., Chicago, IL,
USA). The quantitative data are presented as means £
standard deviations. Student’s ¢ test was conducted to
compare the means of continuous variables of the two
different groups. The one-way analysis of variance
(ANOVA) procedure was used to compare means and
standard deviations of more than two groups, and the post
hoc test was used to determine whether significant differ-
ences existed between the different groups. The paired
t test was used to evaluate the impact of AT on the echo-
cardiographic parameters. The qualitative data are pre-
sented as numbers and percentages. The chi-square test was
used to determine the potential association between groups
for qualitative data. Pearson’s correlation coefficient was
used to assess the relationship between AHI and other
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parameters. A p value less than 0.05 was considered to
denote a significant difference.

Results
Study Populations

As shown by PSG, 18 patients had mild OSA (AHI 1-5),
and 24 patients had moderate to severe OSA (AHI >5). The
demographic features of the study groups and the systolic
and diastolic blood pressure measurements are summarized
in Table 1. Table 2 shows the distribution of various
classes of adenoids and tonsillar size within the study
groups.

Polysomnography
The PSG data were compared between the mild, moderate

to severe, and control groups. Children with moderate to
severe OSA had a higher oxygen desaturation index

Table 1 Demographic and clinical parameters of the study groups

Patients (n = 42) Control (n = 45) p Value

Age (years) 521 £3 536 £3 0.81
Gender: male (%) 26 (61.9%) 24 (53.33) 0.42
Body weight (kg) 19.98 &+ 8.9 20.15 £ 8.9 0.8

Height (cm) 109.7 + 19.8 1123 + 184 0.53
BMI (kg/m?) 15.85 &£ 0.94 155 + 1.44 0.19
SBP (mmHg) 89.2 £ 11 90.4 £+ 8.8 0.56
DBP (mmHg) 64.5 £ 4.8 655+ 54 0.34

BMI body mass index, SBP systolic blood pressure, DBP diastolic
blood pressure

Table 2 Ear, nose, and throat (ENT) examination findings of the
study groups

Patients (n = 42) Control (n = 45)

n (%) n (%)
Adenoids
+1 0 () 40 (88.8)
+2 7 (16.7) 5(11.1)
+3 28 (66.7) 0 (0)
+4 7 (16.7) 0 (0)
Brodsky scale for tonsils
+1 0 (0) 41 91.11)
+2 15 (35.7) 4 (8.88)
+3 22 (25.4) 0O
+4 5(11.9) 0 (0)
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(» <0.001) and a lower oxygen saturation (p < 0.001)
than the mild group. Moreover, comparison of the mild
OSA patients with the patients in the control group showed
that the patients with mild OSA had a significantly higher
oxygen desaturation index (p < 0.001) and a significantly
lower oxygen saturation (p < 0.001) (Table 3).

Echocardiography

The data from the conventional echocardiography of the
three different study groups are listed in Table 4, and the
TDI findings for the various study groups are summarized
in Table 5. The post hoc test showed that the patients with
moderate to severe OSA had significantly greater RVDd,
mPAP, PASP, PVR, and LVMi values than the patients in
the mild OSA and control groups. Furthermore, the patients
with mild OSA had significantly higher values than the
children in the control group.

Calculation of PVR by echocardiography showed that
the patients with moderate to severe OSA had higher PVR
values than the patients with mild OSA (p < 0.001) and
that the patients with mild OSA had significantly higher
PVR values than those in the control group (p < 0.001).
The patients and the control children did not differ sig-
nificantly with regard LVIDd, LVIDs, LA diameter, FS%,
or mitral inflow velocity. We found that the patients with
moderate to severe OSA had a lower tricuspid E-wave
velocity and E/A ratio than the patients with mild OSA
(p < 0.001) and the control subjects (p < 0.001). However,
the patients with mild OSA did not differ significantly from
the control subjects in terms of tricuspid E-wave velocity
(p = 0.88) or E/A ratio (p = 0.61). No significant differ-
ences were observed between the three groups in terms of
tricuspid A-wave velocity.

Assessment of LV function by TDI echocardiography
showed that the patients with moderate to severe OSA had
significantly lower mitral annular Em-wave velocity
(p < 0.001) and Em/Am ratio (p < 0.001) values, signifi-
cantly increased sum of ICT and IRT values, significantly
shortened ET, and consequently higher LVMPI values
(p < 0.001) than the children in the control group. Similar
findings were demonstrated when the patients with mild
OSA were compared with the control subjects. Mitral
annular Am and Sm velocities did not differ significantly
between the three groups.

Furthermore, assessment of RV function by TDI echo-
cardiography showed a reduction in tricuspid annular Em
wave velocity and the Em/Am ratio, an increased sum of
ICT and IRT, a shortened ET, and a higher RVMPI in the
patients with moderate to severe OSA than in the patients
with mild OSA and those with mild OSA than in the
control subjects. Tricuspid annular Am-wave and Sm-wave
velocities were similar in the three groups (Table 5).
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gagle 3 I;otl}?lsortnr(;ogra?hyt Patients with Patients with Controls p Value
ndings ot the study patients mild OSA moderate-severe (n = 45)
and control subjects n = 18) OSA (n = 24)

AHI 348 £ 1.0 11.74 £ 2.6 0.46 £ 0.1 P1 < 0.001*

P2 < 0.001*

P3 < 0.001*

) Oxygen desaturation index 257+ 1.0 11.7 £ 2.6 0.33 £ 0.13 P1 < 0.001*

OSA obstructive sleep apnea, P2 — 0.006°
AHI apnea hypopnea index, -

P1 mild vs moderate to severe P3 < 0.001*

cases, P2 mild cases vs. Lowest oxygen saturation (%) 90.5 £+ 1.46 804 £ 5.0 98.1 = 0.8 P1 < 0.001*

yg

controls, P3 moderate to severe P2 < 0.001®

cases vs controls - 0‘001"

< 0.001°

* Significant

Table 4 Conventional echocardiographic parameters of control subjects and patients with obstructive sleep apnea (OSA) before adenotonsil-

lectomy (AT)

LA (cm) Patients with Patients with Controls (n = 45) P3 P2 P1

mild OSA moderate-severe

(n = 18) OSA (n = 24)
LA (cm) 1.88 £ 0.15 1.99 + 0.3 1.93 £ 0.22 0.74 0.41 0.32
RVDd (cm) 1.61 £ 0.07 1.81 £ 0.27 0.83 + 0.16 0.005* <0.001* <0.001*
LVIDd (cm) 2.9 4 0.34 3.08 + 0.35 3.07 + 0.39 0.15 0.14 0.96
LVIDs (cm) 1.87 £ 0.18 1.95 £+ 0.19 1.9 +0.18 0.21 0.55 0.36
FS% 354405 36.5 4+ 3.9 376+ 53 0.46 0.14 0.35
mPAP (mmHg) 202 + 1.66 325442 52+ 1.89 <0.001* <0.001* <0.001*
PASP (mmHg) * 325 +3.4% 55.33 + 7.5" 9.2 + 1.0* <0.001°* <0.001°%* <0.001%
PVR (WU) * 2.62 + 0.95" 428 +1.7% 0.58 + 0.09" 0.002 <0.001* <0.001*
LVMi (gm/m*7) 74.12 4+ 4.1 953 + 13.3 502 + 1.8 <0.001* <0.001* <0.001*
Mitral
E (cm/s) 8.0 £ 0.25 8.11 & 0.32 0.56 0.57 0.7 0.27
A (cr/s) 3.91 £ 0.11 40 £ 0.14 3.97 £ 0.15 0.48 0.97 0.41
E/A ratio 2.0 £ 0.04 2.02 £ 0.02 2.02 £ 0.04 0.93 0.63 0.53
Tricuspid
E (cm/s) 6.17 £ 0.21 5.48 + 0.33 6.27 + 0.24 <0.001* 0.88 <0.001*
A (cm/s) 3.28 + 0.1 3.39 + 0.18 33 +£0.13 0.06 0.17 0.13
E/A ratio 1.86 + 0.07 1.62 £+ 0.13 1.88 + 0.09 <0.001* 0.61 <0.001*

LA left atrial diameter, RVDd right ventricular diastolic diameter, LVIDd left ventricular end diastolic diameter, LVIDs left ventricular end
systolic diameter, F'S% fractional shortening of the left ventricle, mPAP mean pulmonary artery pressure, PASP pulmonary artery systolic
pressure, PVR pulmonary vascular resistance, WU wood’s unit, LVMi indexed left ventricular mass, E early diastolic atrial filling, A atrial

contraction

The study findings showed that OS A severity (represented
by the AHI) was significantly correlated with the mitral
annular Em/Am ratio (r = -0.82; p < 0.001), tricuspid
annular Em/Am ratio (r = -0.57; p <0.001), RVDd
(r=049; p=0.001) (Fig.1), mPAP (r=0.94;
p <0.001), LVMi (r=0.83; p<0.001), RVMPI
(r=0.98; p <0.001) (Fig.?2), and LVMPI (r = 0.96;
p < 0.001) (Fig. 3). Additionally, the findings showed that
RVMPI and LVMPI were correlated with mPAP (r = 0.96;
p < 0.001 and r = 0.91; p < 0.001, respectively) (Fig. 3).

Effect of Treatment

The PSG parameters of the patients after AT were similar
to those of the children in control group (Table 6). The
significant reduction in AHI observed was associated with
a significant reduction in RVDd, mPAP, PASP, and
echocardiography-derived PVR and LVMi to levels com-
parable with those of the children in control group. Post-
operatively, the tricuspid E-wave velocity and E/A ratio
significantly increased (p < 0.001). The mitral annular Em,
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Table 5 Tissue Doppler imaging (TDI) echocardiographic parameters in control subjects and patients with obstructive sleep apnea (OSA)
before adenotonsillectomy (AT)

Patients with Patients with Controls P1 P2 P3

mild OSA moderate-severe (n = 45)

(n=18) OSA (n =24)
Mitral annulus
Em (cm/s) 12.8 + 0.6 10.44 + 0.63 15.75 + 1.04 <0.001* <0.001* <0.001*
Am (cm/s) 6.17 + 0.52 6.4 £+ 0.71 6.1 £ 0.74 0.18 0.82 0.06
Em/Am ratio 2.08 + 0.15 1.64 + 0.26 2.59 + 0.26 <0.001? <0.001? <0.001?
Sm (cm/s) 7.8 £ 1.1 8.11 £ 1.22 798 £ 1.16 0.44 0.35 0.92
ICT + IRT (ms) 128.3 £ 3.7 144.0 £ 1.32 110 £ 0.64 <0.001* <0.001? <0.001?
ET (ms) 2214 £ 11.0 212.5 + 2.97 328+ 7.5 <0.001* <0.001* <0.001*
LVMPI 0.4 £ 0.03 0.5 £ 0.03 0.33 £ 0.016 <0.001* <0.001* <0.001*
Tricuspid annulus
Em (cm/s) 9.7 £ 0.29 87+£05 157+ 14 0.002* <0.001* <0.001*
Am (cm/s) 6.6 + 1.12 6.76 + 0.82 6.76 £+ 0.82 0.23 0.50 0.46
Em/Am ratio 1.5+ 0.28 0.95 + 0.09 2.11 £ 0.22 <0.001* <0.001? <0.001?
Sm (cm/s) 12.0 + 1.04 11.69 £+ 0.9 11.69 £ 0.9 0.93 0.29 0.20
ICT + IRT (ms) 108.1 £ 2.6 127.04 £+ 3.19 88.86 + 5.28 <0.001* <0.001* <0.001?
ET (ms) 291.1 £ 5.06 2609 + 9.3 309 £ 9.27 <0.001* <0.001* <0.001*
RVMPI 0.31 £ 0.026 0.47 + 0.03 0.28 + 0.009 <0.001* <0.001* <0.001*

EM early diastolic myocardial velocity, Am late diastolic myocardial velocity, Sm systolic myocardial velocity, /CT isovolumic contraction time,
IRT isovolumic relaxation time, ET ejection time, LVMPI left ventricular myocardial performance index, RVMPI right ventricular myocardial

performance index

 Significant

Em/Am ratio, tricuspid annular Em, and Em/Am ratio
significantly increased after AT. In addition, RVMPI,
LVMPI, and the sum of ICT and IRT of both the tricuspid
and mitral annuli were found to be significantly decreased
after AT, whereas the ET of both ventricles was signifi-
cantly increased. Mitral and tricuspid annular Em, Em/Am
ratio, ICT + IRT, ET, LVMPI, and RVMPI did not differ
significantly from those of the control group (Tables 7, 8).

Discussion

In this study, we documented the occurrence of LV and RV
dysfunction in children with OSA due to ATH. To our
knowledge, this study is the first in the literature to measure
the MPI of both ventricles using TDI for these patients
before and after AT. We found that both the LV and RV
TDI-derived MPIs were significantly higher in the patients
with moderate to severe OSA and those with mild OSA
than in the control children. The increase in MPI was due
to the increased sum of the ICT and IRT as well as the
shortened ET of both ventricles.

The MPI is a relatively new parameter that can be used
to assess global systolic and diastolic myocardial function
[52]. Its theory is based on the fact that abnormal systolic
function often is accompanied by abnormal diastolic
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function. The systolic contraction and diastolic relaxation
of myocardial fibers are dependent primarily on Ca*" flow.
Whereas Ca®" inflow occurs during ICT, Ca®>" outflow
occurs during IRT. Both ICT and ET are affected by sys-
tolic dysfunction, whereas IRT is affected by diastolic
dysfunction. Consequently, the MPI is regarded as a
valuable index for assessing global systolic and diastolic
myocardial function at the same time, and findings have
shown it to be correlated significantly with results observed
during cardiac catheterization [53, 54].

The MPI usually is calculated using conventional PWD
echocardiography. However, this method has some limi-
tations. For example, measurement of the transmitral (or
transtricuspid) flow and the LV (or RV) outflow tract flow
separately and calculation of the MPI are relatively com-
plex using this method [34, 48], and changes in heart rate
make the results less reliable [32]. However, using TDI, the
intervals between the end and onset of diastolic annular
velocities are easier to measure, and it is more accurate for
calculating the MPI within a single cardiac cycle away
from heart rate fluctuation [34, 62].

Previous studies assessed RVMPI by conventional PWD
echocardiography. Duman et al. [23] found that RVMPI
measured by PWD was elevated in children with ATH, but
these authors did not confirm the presence of OSA by PSG.
Rather, they used the OSA severity score. Additionally,
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Fig. 1 a Scatter plot of the correlation between preoperative mitral
annular Em/Am and the apnea-hypopnea index (AHI). b Scatter plot
of the correlation between preoperative tricuspid annular Em/Am and
AHI. ¢ Scatter plot of the correlation between preoperative right
ventricular diastolic diameter (RVDd) and AHI. Em, early myocardial
diastolic velocity; Am, late myocardial diastolic velocity
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(AHI). b Scatter plot of the correlation between the preoperative
indexed left ventricular mass (LVMi) and AHI. ¢ Scatter plot of the
correlation between the preoperative right ventricular myocardial
performance index (RVMPI) and AHI
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they did not investigate LVMPI. Using PWD, Cahn et al.
[15] also observed a higher RVMPI in children with
moderate to severe OSA (confirmed by PSG) than in those
with mild OSA and those without OSA.

Many investigators have assessed RVMPI by TDI in
adults with OSA [51, 55, 56]. Others have studied LV TDI-
derived MPI [36-38, 45]. Bayram et al. [9, 10] assessed
RVMPI and LVMPI by TDI, and their results were in
accordance with our results. They also found that RVMPI
and LVMPI improved after relief of OSA by nasal con-
tinuous positive airway pressure therapy.

Using TDI, we demonstrated LV diastolic dysfunction
in the form of decreased mitral annular Em-wave velocity
and Em/Am ratio. Similarly, RV diastolic dysfunction also
was observed (i.e., decreased tricuspid annular Em-wave
velocity and Em/Am ratio). These changes, in both ven-
tricles, were more pronounced in patients with moderate to
severe OSA, but patients with mild OSA had values sig-
nificantly lower than those of the control children. Similar
results were found in a study performed by Ugur et al. [57].

When we assessed LV and RV diastolic function by
PWD echocardiography, we found that mitral E-wave and
A-wave velocities and the E/A ratio of patients with any
degree of OSA were similar to those of controls. A pre-
vious study demonstrated similar findings [57]. However,
the patients with moderate to severe OSA had RV diastolic
dysfunction (in the form of lowered tricuspid E-wave
velocity and E/A ratio) compared with the patients with
mild OSA and the control subjects.

Abd El-Moneim et al. [3] observed similar results in
their study. However, in our study, we found no evidence
of RV dysfunction in children with mild OSA. These
children had a tricuspid valve E-wave velocity and E/A
ratio similar to those of controls. Therefore, neither RV
dysfunction in the patients with mild OSA nor LV dys-
function in the children with any degree of OSA could be
detected by conventional PWD echocardiography.

Kumar and Jaggarao [39] found that continuous partial
airway obstruction results in obstructive hypoventilation,
which in turn leads to paradoxical respiratory efforts with
diminished minute ventilation and ventilation perfusion
abnormalities. Hypoxia and hypercapnia cause respiratory
acidosis, which in turn leads to pulmonary arterial vaso-
constriction, increased RV work, and cardiac hypertrophy.

We demonstrated that the PASP of the children with
OSA was significantly greater than that of the control
children. We calculated the mPAP using the pulmonary
acceleration time and found it to be higher in the patients
with OSA than in the control subjects. Several previous
studies are in agreement with our results [28, 47].

Many years ago, pulmonary arterial hypertension with
OSA, even cor pulmonale, was demonstrated [27, 50, 63].
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Table 6 Polysomnography parameters of patients before adenotonsillectomy (AT) and control subjects

Patients with OSA Patients with OSA Controls P1 P2
before AT (n = 42) after AT (n = 42) (n = 45)
AHI 82+ 4.6 0.5 £0.25 0.46 £ 0.1 <0.001* 0.32
Oxygen desaturation index 83 £69 0.36 £ 0.16 0.35 £ 0.17 <0.001* 0.14
Lowest oxygen saturation (%) 84.7 + 6.37 97.85 + 0.83 98.1 £ 0.8 <0.001* 0.83

OSA obstructive sleep apnea, AHI apnea-hypopnea index

 Significant

Table 7 Conventional echocardiographic parameters in patients with obstructive sleep apnea (OSA) before and after adenotonsillectomy (AT)
and in control subjects

Patients before Patients after Control P1 P2

AT (n = 42) AT (n = 42) (n = 45)
RVDd (cm) 17.25 £2.32 83+ 1.6 8.3 +0.68 <0.001* 0.11
mPAP (mmHg) 2723 £ 7.0 5.17 £ 0.6 5.22 £ 0.61 <0.001* 0.71
PASP (mmHg)* 46.92 + 12.7* 9.16 + 1.0* 9.2 + 1.0* <0.001* 0.58
PVR (mmHg)* 3.67 + 1.67* 0.62 £+ 0.07* 0.58 + 0.09* <0.001* 0.21
LVMi (gm/m?) 86.2 + 14.8 50 £ 2.5 50.244 1.89 <0.001* 0.75
TV E (cm/s) 5.77 £ 0.44 6.18 £ 0.22 6.18 £+ 0.23 <0.001%* 0.97
TV A (cm/s) 335+ 0.17 334 £0.12 334 +£0.13 0.66 0.74
TV E/A ratio 1.74 £ 0.16 1.85 £+ 0.07 1.85 £+ 0.07 <0.001* 0.84

P1 patients before AT vs. patients after AT, P2 patients after AT vs. controls, RVDd right ventricular diastolic diameter, mPAP mean pulmonary
artery pressure, PASP pulmonary artery systolic pressure, PVR pulmonary vascular resistance, WU wood’s unit, LVMi indexed left ventricular
mass, TV velocity time, E early diastolic atrial filling, A atrial contraction

* Significant
 Tricuspid regurgitation (TR) was measurable in 38 patients (90.4 %) and in 20 (44.4%) of control group

Table 8 Tissue Doppler imaging (TDI) echocardiographic parameters in patients with obstructive sleep apnea (OSA) before and after ade-
notonsillectomy (AT) and in control subjects

Patients before Patients after Control P1 P2
AT (n = 42) AT (n = 42) (n = 45)
Mitral annulus
Em (cm/s) 11.45 £ 1.32 15.56 £ 1.6 1575 £ 14 <0.001* 0.57
Em/Am 1.83 £ 0.3 2.58 + 0.25 2.59 + 0.26 <0.001* 0.85
ICT + IRT (ms) 137.3 £ 8.29 108 £+ 16.4 110 £ 64 <0.001* 0.41
ET (ms) 2214 £ 11.0 329 + 6.8 328 £ 7.5 <0.001* 0.44
LVMPI 0.45 £ 0.05 0.32 + 0.05 0.33 £ 0.016 <0.001* 0.33
Tricuspid annulus
Em (cm/s) 10.52 £ 1.94 13.85 £ 1.00 157+ 14 <0.001* 0.23
Em/Am 1.3 £0.25 2.18 + 0.32 2.11 £ 0.22 <0.001* 0.23
ICT + IRT (ms) 118.99.93 87.66 + 4.4 88.86 + 5.28 <0.001* 0.25
ET (ms) 273.8 £ 16.9 306.6 + 7.38 309.4 £+ 9.27 <0.001* 0.11
RVMPI 0.40 + 0.084 0.28 + 0.09 0.28 £ 0.009 <0.001* 0.69

Em early myocardial diastolic velocity, Am late myocardial diastolic velocity, ICT isovolumic contraction time, /RT isovolumic relaxation time,
ET ejection time, LVMPI left ventricular myocardial performance index, RVMPI right ventricular myocardial performance index

* Significant

Furthermore, we found that PVR, as calculated by  echocardiography as a noninvasive tool for measuring PVR
echocardiography, was elevated preoperatively. Many  and found that it correlated well with invasive measures of
authors have previously studied the effectiveness of  PVR during cardiac catheterization [2, 24, 39]. Moreover,
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we found that RVDd was higher in the patients with OSA
than in the control subjects before surgery and regressed
after AT. These findings are in accordance with the results
of previous studies [3, 23, 42, 60].

We measured LV mass indexed to height 27 (LVMi).
We found that the patients with moderate to severe OSA
had higher LVMi values than the patients with mild OSA
and the control subjects, and that the patients with mild
OSA still had significantly higher LVMi values than the
control subjects. Increased LVMIi in these patients has been
described previously by Amin et al. [6]. Chan et al. [15]
found elevated LVMi only in children with moderate to
severe OSA but not in patients with mild OSA. However,
the severity of OSA in their sample population was milder
than in ours because they recruited patients from the
community.

Left ventricular dysfunction can be explained by long-
standing OSA and ineffective inspiratory efforts against
occluded upper airway with a concomitant increase in the
left ventricular afterload leading to the development of
concentric compensatory left ventricular hypertrophy and
increased oxygen demand by the LV myocardium [35].
The continuation of these ventricular stress episodes may
induce ventricular remodeling and give rise to variable
degrees of contractile dysfunction [16]. Furthermore, the
excessive negative intrathoracic pressure during apnea may
cause an alteration in LV relaxation properties [17]. Left
ventricular filling also can be impaired because of leftward
septal displacement caused by RV volume overload during
OSA [58]. Additionally, hypoxemia can affect myocardial
function by decreasing oxygen transport to the myocar-
dium, augmenting sympathetic nervous system activity and
encouraging the development of endothelial dysfunction
[11].

When we correlated the echocardiographic parameters,
we measured with the severity of OSA (AHI). We found
that RV and LV TDI-derived MPI was significantly cor-
related with AHI. Similarly, RVDd, mPAP, LVMi, mitral
annular Em/Am, and the tricuspid annular Em/Am ratio
were significantly correlated with AHI. Duman et al. [23]
correlated PWD-derived MPI with the OSA score but not
AHI, whereas Chan et al. [15] observed a significant cor-
relation between MPI (calculated by PWD) and AHI.

In the current study, mPAP but not PASP was included
in the linear regression analysis to assess the correlation
with AHI because tricuspid regurgitation was measurable
in 38 of the patients (90.4%) and 20 of the control subjects
(44.4%). Significant positive correlations between mPAP
and both LV and RVMPI were found.

The relief of OSA after AT was documented using
overnight PSG. All echocardiographic abnormalities
observed in the patients with OSA regressed to values
similar to those of the control group after AT. Many

@ Springer

previous studies have demonstrated the reversibility of
cardiorespiratory disturbances due to ATH after AT.
Regression in RV diastolic dysfunction was observed in
previous studies [15, 23, 28, 63]. Furthermore, a previous
study by Amin et al. [6] found that LVMi regressed to
normal values after AT in children with OSA.

Conclusion

This study found that OSA due to ATH in children
adversely affects the global myocardial function of both
ventricles. The myocardial performance index as measured
by TDI is a very sensitive parameter that can be used to
detect subclinical global myocardial dysfunction in these
patients. Furthermore, myocardial dysfunction in these
patients can be reversed by AT. Therefore, the early
diagnosis and treatment of OSA in children is recom-
mended to avoid cardiac dysfunction and other sequelae.
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