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Abstract

Purpose Chronic upper airway obstruction caused by adenotonsillar hypertrophy is one of the major cause of morbidity
in children. It can lead to Obstructive Sleep Apnoea Syndrome, Pulmonary Hypertension, Cor Pulmonale and right heart
failure. The study aimed to evaluate and compare various parameters of cardiac function with the help of echocardiography
preoperatively and postoperatively in children undergoing adenotonsillectomy.

Methodology A prospective cohort study was conducted on 23 patients at an apex care institute, under the age group of
4-12 years, who were diagnosed with adenotonsillar hypertrophy. Preoperative symptom analysis and Echocardiographic
examination were done. After the assessment, all patients underwent surgery in the form of adenotonsillectomy. Follow-up
symptom analysis and echocardiographic examination was done after 3 months postoperatively.

Results Significant improvement in the obstructive symptoms were noted in postoperative group as expected (p= <0.001)
and also in parameters such as mPAP (p = <0.001), TAPSE (p= <0.001), TAV (p=0.001), Ejection fraction (p =0.027) and
RVMPI (p=0.044) were improved in postoperative group. 4 patients had Grade 1 Right ventricular diastolic dysfunction,
which disappeared in three patients postoperatively.

Conclusion We have concluded that there can be subclinical cardiac dysfunctions which occurs as a result of chronic upper
airway obstruction due to untreated adenotonsillar hypertrophy. Routine cardiac screening in children presenting with sleep
disordered breathing associated with adenotonsillar hypertrophy may be helpful in identifying and preventing the develop-
ment of cardiopulmonary complication. These changes can be reversed by performing adenotonsillectomy.
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Introduction

One of the most common causes of upper airway obstruc-
tion and morbidity in the paediatric age group is ade-
notonsillar hypertrophy. Adenoid and tonsils are a group
of lymphoid tissues that are part of Waldeyer’s ring. The
common cause of hypertrophy of adenoid and tonsils is
recurrent episodes of upper airway infection and inflam-
mation. Adenoid hypertrophy can cause nasal obstruc-
tion, snoring, mouth breathing during sleep and daytime,
daytime hypersomnolence, nocturia, and daytime stertor
[1]. The main sequelae faced by children due to upper air-
way obstruction is “Sleep Disordered Breathing” (SDB).
The prevalence of sleep-disordered breathing caused by
adenotonsillar hypertrophy varies among different pop-
ulations. As per studies, prevalence of sleep-disordered
breathing in paediatric age group is 1-4% [2]. Sleep-dis-
ordered breathing adversely affects children’s cognition,
behaviour, growth, and cardiac functions [3]. Untreated
adenoid hypertrophy or chronic adenotonsillar hyper-
trophy causes the narrowing of the upper airway lumen.
The patients require more respiratory effort to maintain a
sufficient flow of airway through a narrowed lumen. The
anatomic obstruction causes cessation of airflow leading to
the increase in partial pressure of carbon dioxide (PaCO2)
and decrease in partial pressure of oxygen (PaO2) leading
to respiratory acidosis. Change in pH causes stimulation
of both central and peripheral chemoreceptors leading to
arousal from sleep. When these changes happen continu-
ously, because of untreated upper airway obstruction, it
may lead to high pulmonary artery pressure due to chronic
vasoconstriction. Chronic pulmonary hypertension can
cause right ventricular hypertrophy and cor pulmonale
[4]. Adenotonsillar hypertrophy is a preventable cause
of upper airway obstruction. In the present study, we are
using Echocardiography as a tool to diagnose the early
changes which can happen in cardiac functions due to
chronic upper airway obstruction.

Due to already existing specific guidelines for ade-
notonsillectomy, most of the patients with adenotonsillar
hypertrophy are subjected to conservative management
irrespective of their symptoms, which increases the risk
for the development of cardiopulmonary diseases in severe
cases [5]. This is prevented by early detection of changes
in cardiac functions. Doppler Echocardiography is a better,
cheap, and cost-effective method to assess different cardiac
parameters. Mean Pulmonary Arterial Pressure (mPAP)
is one of the most important parameters used to meas-
ure pulmonary hypertension. Other parameters used to
evaluate right ventricular function includes RVMPI(Right
Ventricular Myocardial Performance Index), TAPSE (Tri-
cuspid Annular Plane Systolic Excursion), TAV(Tricuspid
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Annular Velocity), RVEF(Right Ventricular Ejection Frac-
tion), and Right ventricular diastolic function. One of the
unique parameter included in our study is Strain Imaging
by Speckle Tracking Echocardiography (STE). As far as
our knowledge, this is the first study where strain imag-
ing is used to assess right ventricular function in children
with adenotonsillar hypertrophy. The strain of the free
wall of the right ventricle is found to be lower in patients
with chronic airway obstruction and pulmonary hyper-
tension [6]. So, in the current study, we assessed clinical
symptoms and cardiac function in children who required
adenotonsillectomy for adenotonsillar hypertrophy using
Doppler Echocardiography during the preoperative and
postoperative period.

Materials and methods

A prospective cohort study was conducted at an apex care
centre in a north-western state of India. Twenty-three con-
secutive patients of the age group 4-12 years, who were
diagnosed with adenotonsillar hypertrophy of grade 3 and
4 with symptom score of more than 6 were included in the
study group. The study was conducted in the Department
of Otorhinolaryngology in collaboration with the Depart-
ment of Cardiology from July 2018 to July 2020. Patients
with cardiac disease, obesity (BMI> 25 kg/mz), patients
with confirmed recurrent tonsillitis or adenotonsillitis (more
than seven in a year, more than five for 2 years, more than
three for 3 years), any other cause of respiratory obstruction
and who had contraindication for general anaesthesia were
excluded from the study group. The study protocol fulfilled
the ethical consideration and approval was obtained by the
Institutional Ethics Committee (IEC).

As a part of preoperative evaluation, a detailed clinical,
general physical examination, and routine ENT examination
were done for all patients. The symptoms score was assessed
based on the obstructive symptoms [7]. The size of the tonsil
was graded according to Brodsky’s scale [8]. The size of
adenoid was assessed by nasal endoscopy. Adenoid grad-
ing was done by Cohen and Konak’s method [9]. Patients
were asked to score the obstructive symptoms by 0, 1 and 2
suggestive of absent, occasionally, and always, respectively.
All patients were given medical management for 3 months
and children who did not have any improvement from the
medical management were selected for surgery. The total
symptoms score was graded as mild, moderate, and severe.
Oxygen saturation measurement was done in all patients
by pulse oximetry on the day before surgery. After getting
fitness for General Anaesthesia, patients were planned for
surgery. All patients were admitted 1 or 2 days before sur-
gery and Echocardiography was done preoperatively. Pre-
operative subclinical cardiac dysfunction was noted and the
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anaesthetic management of induction and maintenance was
done accordingly.

Echocardiography

2-D Doppler Echocardiography was performed in all chil-
dren both preoperatively and postoperatively using PHILIPS
EPIQ 7 Echocardiography machine. Cardiac functions of all
patients were evaluated using two-dimensional, M Mode,
Doppler echocardiography, and 3D full volume acquisition.
Echocardiography was performed with patients lying on the
left lateral position, calm and breathing comfortably. mPAP
was measured using the formula 90-(0.62xacceleration time)
and documented in units of mmHg. TAPSE was measured
in millimetres, during systole in the right ventricle through
an apical four chamber view. Tricuspid Annular Veloc-
ity (cm/sec) was recorded using Tissue Doppler imaging.
Myocardial Performance Index was calculated as the sum of
isovolumetric contraction time and isovolumetric relaxation
time and divided by the ejection time of the correspond-
ing ventricle. Strain imaging of the free wall of the right
ventricle was calculated as an average of peak longitudinal
strain of basal, mid, and apical segments of the free wall of
the right ventricle in RV focused apical four-chamber view.
Diastolic functions of both ventricles were determined as the
ratio of peak E wave and A wave.

Follow up

Symptom analysis and Echocardiographic analysis were
done and compared with the preoperative values at 3 months
after the surgery.

Statistical analysis

All collected data were analysed using Statistical Package
for Social Sciences (SPSS) version 24.0. IBM Corp). Quali-
tative data were expressed in the form of proportion and per-
centage. Quantitative data were expressed as Mean + Stand-
ard Deviation. Non-parametric data were analysed using the
Wilcoxon Signed-Rank test and McNemar test. Quantitative-
dependant variables were analysed using the Paired # test. A
p value of <0.05 was taken as significant with a 95% con-
fidence interval.

Results

We enrolled 23 children (20 males and 3 females) in the
study group with a mean age of 7.43 +2.19 years. We have
included patients with moderate and severe symptoms in our
study. The mean duration of the presentation of symptoms
was 2.22 + 1.476 years. Grading of adenoid and tonsils was

done for all patients by Cohen and Konak Grading system
and Brodsky’s scale, respectively. 95.7% of the patient had
grade 3 tonsillar enlargement and 4.3% of the patient had
grade 4 tonsillar enlargement. 52.2% of the patient had
grade 3 adenoid hypertrophy and 47.8% had grade 4 adenoid
hypertrophy. All 23 patients had snoring, nasal obstruction,
and mouth breathing during sleep with varying severity dur-
ing the preoperative period. The total symptoms score was
moderate in 19 patients (82.6%) and severe in 4 patients
(17.4%). There was a significant improvement in obstructive
symptoms postoperatively with a p value of <0.05 (Tablel).
Only one patient had mild symptoms in the postoperative
period.

Echocardiographic parameters were noted (Table 2).
mPAP, which is a measure of increased pulmonary artery
pressure was 23.713 +7.99 mmHg in the preoperative group.
After performing surgery, it got improved to a mean level of
16.752 +3.070 mmHg (p = <0.001) (Fig. 1). The preopera-
tive and postoperative value of TAPSE was 18.830+1.775
and 21.622 +1.537 mm which shows improvement in
right ventricular function (p = <0.001). Similarly, there
was an improvement in RVMPI in the postoperative group
(0.3791 +£0.023) when compared with the preoperative
group (0.396 +0.034, p=0.044). RVEF was below 60%
in seven patients, although the average ejection fraction
was above 60% (61.239 +2.420. There was a significant
improvement in mean RVEF in the postoperative group
(61.239+2.420, p=0.027). Out of 23 patients, 4 patients
had Grade 1 Right Ventricular Diastolic Dysfunction in the
preoperative period. Among the four, three patients returned
to normal diastolic function after performing the surgery.
Right ventricular free wall strain was reduced in the preop-
erative group (29.696 +3.461), which also improved after
surgery (31.452+3.477, p=0.062).

Left ventricular functions were normal in all patients pre-
operatively. We observed a significant improvement in left
ventricular ejection fraction in the postoperative group as
compared to the preoperative group.

Discussion

Untreated adenotonsillar hypertrophy with sleep-disordered
breathing can lead to subclinical cardiac dysfunction [10].
Long-term obstruction of the upper airway causes chronic
hypoxemia and hypercarbia leading to pulmonary vasocon-
striction. Chronic pulmonary vasoconstriction can lead to
the development of pulmonary hypertension and further
right ventricular dysfunction [11]. Tissue Doppler echocar-
diography is useful in identifying subclinical cardiac abnor-
malities. Earlier identification can prevent complications.
In the present study, obstructive symptoms were higher
in the preoperative group. The symptoms included snoring
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Table 1 Symptoms score in. the Symptoms Preoperative Postoperative p value
preoperative and postoperative
group Frequency No  Percent (%) No  Percent (%)
Snoring Absent 0 0 21 91.3 <0.001
Occasional 5 21.7 2 8.7
Always 18 78.3 0 0
Daytime stertor Absent 14 60.9 23 100 0.001
Occasional 9 39.1 0 0
Always 0 0 0 0
Mouth breathing during sleep Absent 0 0 21 91.3 <0.001
Occasional 1 43 2 8.7
Always 22 95.7 0 0
Daytime mouth breathing Absent 1 43 23 100 < 0.001
Occasional 14 60.9 0 0
Always 8 34.8 0 0
Obstructive breath during sleep ~ Absent 43 23 100 <0.001
Occasional 14 60.9 0 0
Always 8 34.8 0 0
Daytime Hypersomnolence Absent 18 78.3 23 100 0.025
Occasional 5 21.7 0 0
Always 0 0 0 0
Nasal Obstruction Absent 0 0 23 100 <0.001
Occasional 1 43 0 0
Always 22 95.7 0 0
Tablg 2 Echocardiographic Parameters Preoperative Postoperative p value
data in the preoperative and
postoperative group Mean+S5.D Mean+5.D
Right ventricular functions
mPAP (mmHg) 23.713+£7.99 16.752+3.070 <0.001
TAPSE (mm) 18.830+1.775 21.622+1.537 <0.001
TAV (cm/sec) 13.87+1.890 1570+ 1.363 0.001
RVMPI 0.396+0.034 0.3791+£0.023 0.044
RVEF (%) 61.239+2.420 62.626+1.868 0.027
RV free wall strain (absolute %) 29.696 +3.461 31.452+3.477 0.062
Grade 1 RVDD (Number of patients) 4 1 0.155
Left ventricular functions
LVEF (%) 63.022 +1.991 64.187+2.321 0.010
LVMPI 0.3913 £0.040 0.3895+0.367 0.773

mPAP mean pulmonary arterial pressure, TAPSE tricuspid annular pulmonary systolic excursion, TAV tri-
cuspid annular velocity, RVMPI right ventricular myocardial performance index, RVEF right ventricular
ejection fraction, LVEF left ventricular ejection fraction, LVMPI left ventricular performance, Mean + SD
Mean + standard deviation, RVDD right ventricular diastolic dysfunction

(100%), mouth breathing during sleep (100%), daytime
mouth breathing (95.7%), obstructive breath during sleep
(95.7%), nasal obstruction (100%), and daytime hypersom-
nolence (21.7%). Significant improvement in the symptoms
was noted in the postoperative period with almost complete
disappearance of all the symptoms. Our findings on pre-
operative and postoperative symptom scores were consist-
ent with a previous study by Miman et al. on 17 children.

@ Springer

The symptom score in our study group decreased from
8.8261 +1.557 t0 0.0435 +0.209. In the Miman et al. study,
the change was from 4.88 +1.17 to 0.53 +0.72[12]. We have
obtained a very significant decrease in symptom scores of
the patients after adenotonsillectomy. We know that not
all children with adenotonsillar hypertrophy develop car-
diovascular complications. However, we should anticipate
that changes in cardiac function may happen in untreated
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Fig. 1 Improvement in mean mPAP after surgery. mPAP mean pulmonary arterial pressure(mmHg)

adenotonsillar hypertrophy. We aimed to identify the sub-
clinical cardiac changes at the earliest by a simple non-inva-
sive technique, to prevent the development of complications.

Elevated mPAP is an indicator of pulmonary hyper-
tension [13]. Pulmonary hypertension is defined as when
mPAP is >25 mmHg [13]. In our study, mPAP in the pre-
operative and postoperative group was 23.713 +7.99 and
16.752 +3.070 mmHg, respectively with a p value of <0.001
which was consistent with another study by S Koc et al. in
2012 (31 +£9 mmHg; 25 +7 mmHg; p=0.001).

TAPSE is an indicator of the global function of the right
ventricle. It describes the axial shortening of the right ven-
tricle during systole [14]. Chronic airway obstruction due
to adenotonsillar hypertrophy leads to increased pulmonary
vascular resistance. In our study, TAPSE in the preoperative
group was 18.830+ 1.775 mm which was consistent with the
study by Lee et al. (19.54 +3.32). In their study postopera-
tive TAPSE was 19.88 +3.2 which showed no statistically
significant difference [15]. Decreased TAPSE is associated
with poor prognosis in pulmonary hypertension and cor

pulmonale [18]. In the present study, we found improve-
ment in TAPSE after adenotonsillectomy (21.622 +1.537,
p=<0.001). Cetin et al. have conducted a study on a greater
number of patients (n=41); where there was a statistically
significant difference between preoperative and postopera-
tive group (18.46+1.67 mm and 19.97 +1.61; p=0.000).
Thus, more studies on a larger population are required for
better results.

Symptoms of increased pulmonary arterial pressure
are usually subclinical and their progression into pulmo-
nary hypertension may be slow. But as it progresses it may
become severe due to the lack of intervention and it can lead
to sudden cardiac decompensation, although these complica-
tions occur very rarely in children with adenotonsillar hyper-
trophy. Adenotonsillectomy, as a surgical intervention, can
relieve the upper airway obstruction caused by adenotonsil-
lar hypertrophy.

RVMPI is also an indicator of global right ventricular
function, which correlates closely with TAPSE. In our
case RVMPI in preoperative and postoperative group was
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0.396 +0.034 and 0.3791 +0.023, respectively (p=0.044),
which shows improvement in ventricular function. Tatlipi-
nar et al. found that RVMPI was on the higher side in the
study group with adenotonsillar hypertrophy. They proposed
that increase in pulmonary arterial pressure without signifi-
cant right ventricular dysfunction is the first sign of cardiac
complication in children with ATH [16]. Improvement in
RVMPI indicates there could have undiagnosed right ven-
tricular dysfunction which got reversed by relieving upper
airway obstruction.

RVEF in our study was 61.239 +2.420% and
62.626 + 1.868% in preoperative and postoperative group,
respectively (p =0.027). In the previous studies, LVEF was
more studied than RVEF. In a study by Chan et al., RVEF
was compared between a normal reference group and chil-
dren suffering from Obstructive Sleep Apnoea (OSA) due to
adenotonsillar hypertrophy [10]. RVEF was lower in OSA
group than the control group (51.4 v/s 59.3%; p=0.001).
They proved that cardiac abnormalities improved with
effective treatment. In children with persistent OSA, car-
diac abnormalities were not reversible. In our study, RVEF
was less than 60 percent only in 6 patients, but overall there
was an improvement in the ejection fraction of the right
ventricle.

Echocardiographic strain imaging is a new method to
evaluate contractile functions of heart muscles. Initially,
strain imaging was used to evaluate subclinical cardiac
dysfunction in diseases like diabetes, cardiomyopathies,
systemic sclerosis, and myocardial infarction [17]. But
recently, strain imaging is also used to evaluate right ventri-
cle function in pulmonary hypertension which can be seen
as a complication of untreated adenotonsillar hypertrophy
[6]. In our study, the mean value of the longitudinal free
wall shortening of the right ventricle was 29.696 +3.461
and 31.452+3.477 in the preoperative and postoperative
group, respectively (p=0.062). The only available literature
of the use of strain imaging on children with adenotonsillar
hypertrophy is the study done by Kang et al., where they
studied the right atrial deformation mechanism [17]. In our
study, we assessed RV free wall strain to look for any right
ventricular dysfunction which is first in the literature to our
best knowledge.

In our study, tricuspid annular velocity (TAV) was
13.87 +1.890 cm/sec in the preoperative group and
15.70+1.363 cm/sec, p=0.001 in the postoperative group.
This was in consistent with the study by Koc et al. in 2012,
TAV was 17.7+3.6 cm/sec in the preoperative which got
improved after adenotonsillectomy (19.1 +5.5; p=0.04)
[18]. Although the TAV in preoperative group was not
abnormal, but it got significantly improved after surgery. It
implies that there may be initial changes in cardiac functions
which do not show any clinical impact on the patient. Out
of 23 children, 2 patients had mild Tricuspid Regurgitation,
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which disappeared after the surgery. Thus, we know that
early changes in the cardiac functions can be reversed by
adenotonsillectomy.

Diastolic functions of the right ventricle were evaluated in
our study. Out of 23 children, 4 patients had Grade 1 RVDD
(right ventricular diastolic dysfunction) preoperatively. Post-
operatively, three patients’ diastolic function became normal
and one still had persistent dysfunction. Tezer et al. have
got a significant improvement in the diastolic function of
the right ventricle postoperatively (p = <0.001) representing
the relationship between adenoid hypertrophy and impaired
right ventricular function [19]. As expected, diastolic func-
tions of the left ventricle were normal in both preoperative
and postoperative groups which were consistent with previ-
ous studies.

Left ventricular functions are also important to evalu-
ate in cases of chronic upper airway obstruction. LVEF was
63.022+1.991% and 64.187 +2.321% (p=0.010) in pre-
operative and postoperative group, respectively. This was
contradictory to the Tal et al. study where there was no sig-
nificant change in LVEF [20]. However, there was > 10%
improvement in some individuals in this study. LVMPI was
normal in our study and there was no significant change in
the preoperative and postoperative group (p=0.773). This
was compared to a study by Mirecka et al. where left ven-
tricular functions were assessed in children with snoring
associated with adenotonsillar hypertrophy [21]. In their
study, there was no significant change in both LVMPI and
LVEEF. In our study, we could find that LVEF improved in
the postoperative group compared to the preoperative group.
However, it should be kept in mind that ejection fraction
calculation is dependent on contractility and loading condi-
tions, which may influence the results on echocardiography
examination. Therefore these small changes should not be
taken as a significant change.

Limitations

e Sample size was limited and no control population was
taken in the study.

e No sleep study was done to assess sleep disordered
breathing although patients included were having grade 3
and 4 adenotonsillar hypertrophy with obstructive symp-
tom score more than 6.

Conclusion

Long-term upper airway obstruction due to untreated
Adenotonsillar hypertrophy may cause cardiovascular
changes. Echocardiography which is a simple, cheap and
non-invasive modality may be helpful in identifying the
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earlier cardiovascular changes. Early detection and timely
management can prevent development of late sequelae of
cardiac complications which is more important in children
with known cardiac elements. More studies are required to
ascertain the relationship between cardiac changes and ade-
notonsillar hypertrophy. If a child presents with adenoton-
sillar hypertrophy causing obstructive sleep symptoms, we
recommend sleep study by polysomnography and cardiac
screening in the form of echocardiography as a part of pre-
operative work up.
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