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Background� Upper airway obstruction may cause pul-

monary hypertension in childhood� In this study we aimed

to identify a possible correlation of systolic pulmonary ar-

terial pressure �SPAP�� using Doppler echocardiography�

with nasal patency �NP�� as measured by rhinomanometry�

in mouth-breathing �MB� children with allergic rhinitis �AR�

and adenotonsillar hypertrophy �ATH��

Methods� In this cross-sectional study we evaluated ��� pa-

tients� from 	 to �	 years of age� at an MB referral clinic in

Brazil� from December 	
�� to 	
��� We allocated patients

to � etiology groups
 group �� �
 MBs with ATH� group 	� ��

MBs with AR� group �� �� MBs with both ATH and AR� and

group �� �� nasal breathing control subjects� The ratio of

total nasal inspiratory flow �assessed by active anterior rhi-

nomanometry� and expected inspiratory flow adjusted for

height determined the percent NP ��NP��

Results� The median �NP was higher in controls than in

the MB groups �controls� ���� ���-������ ATH
 ��� ��-

������ AR
 ��� �	�-������ ATH and AR
 ��� ��-�	
���

p < 
�

��� Median SPAP was higher in the MB groups than

in controls �SPAP
 ATH� 	��
 �	
�
-���
� mmHg� AR� 	��


�		�
-�	�
� mmHg� ATH and AR� 	���
 �	
�
-���
� mmHg�

control� 		�
 ����
-�
�
� mmHg� p < 
�

��� SPAP showed

a negative association with �NP �Spearman’s rho = −
�	��

p < 
�

���

Conclusion� Reduced nasal airflow in MB children showed a

correlation with higher levels of systolic pulmonary arterial

pressure� The AR and ATH groups were similar in nasal ob-

struction severity and systolic pulmonary arterial pressure

level distribution� © 2020 ARS-AAOA, LLC.
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T he most common causes of upper airway obstruc-
tion (UAO) are adenotonsillar hypertrophy (ATH) and

allergic rhinitis (AR), both of which can lead to mouth
breathing (MB) in children. Patients with AR show a hy-
persensitivity reaction of the nasal mucosa mediated by im-
munoglobulin E and T helper 2 (Th2) cells. This reaction
causes mucosal edema and may increase upper airway re-
sistance (UAR).1-4

A cardiovascular consequence of this increased UAR is
pulmonary hypertension (PH). Persistent UAO can result
in chronic and severe PH and eventually cause cor pul-
monale. UAO can lead to hypoxemia, hypercarbia, and
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respiratory acidosis, which are potent mediators of pul-
monary vasoconstriction. This pulmonary vasoconstriction
increases the systolic pulmonary arterial pressure (SPAP). In
the acute phase, pulmonary vasoconstriction is insidious,
asymptomatic, and reversible. However, chronic vasocon-
striction results in structural remodeling of the pulmonary
vascular bed and subsequently causes irreversible PH.5,6

The reported prevalence of PH among children with ATH
in echocardiography studies varies from 0% to 84.6%.5-12

Although AR is associated with increased UAR and sleep-
disordered breathing in pediatric patients, only a few stud-
ies have investigated PH in patients with AR.13-16

Although one can question whether tonsil hypertrophy
and UAR pose a cardiovascular risk, the correlation be-
tween nasal obstruction and SPAP levels remains under-
explored. Active anterior rhinomanometry (AAR) is a re-
liable method to assess nasal obstruction severity and UAR
by providing objective measurements of nasal patency.17-20

Therefore, it is possible to score functional nasal obstruc-
tion with AAR and correlate it with other variables, such
as SPAP levels.
In this study we aimed to correlate SPAP measurements,

obtained through Doppler echocardiography, with nasal
patency (NP), as measured by AAR in MB children with
AR and/or ATH.

Patients and methods
Study design and subjects

This cross-sectional study was conducted from December
2013 to 2017 at the MB outpatient clinic of the Hospital
das Clínicas at the Universidade Federal de Minas Gerais
(HC-UFMG). All assessments performed in this study are
part of the MB clinic protocol routinely used at the HC-
UFMG. Participants’ rights were protected, and informed
consent and assent were obtained according to the ethics
committee of the Universidade Federal de Minas Gerais
(UFMG), which approved our study.
The MB clinic has had a multidisciplinary team since

2002, which specializes in MB syndrome. In the Brazil-
ian Public Health System (SUS), pediatricians from Minas
Gerais state refer children aged 2 to 12 years who need spe-
cialized otolaryngologic care to the MB outpatient clinic.
From December 2013 to 2017, the MB clinic multidis-

ciplinary team evaluated 476 children. The team consisted
of an allergist, a pulmonologist, a pediatrician, an otorhino-
laryngologist, a sleep doctor, an orthodontist, a speech ther-
apist, and a physiotherapist. A questionnaire to assess the
symptoms of UAO, with a sensitivity of 0.85 and specificity
of 0.87 to detect respiratory sleep disorders, was applied
in all patients, as proposed by Chervin et al.21 The par-
ents provided information about the frequency and qual-
ity of snoring, breathing problems,MB, daytime sleepiness,
inattention, or hyperactivity. Other symptoms were also re-
ported, such as nocturnal enuresis, morning headache, his-
tory of allergy or asthma, delayed growth, and obesity.21

The otorhinolaryngologic examination involved collec-
tion of medical history, weight and height measurements,
otoscopy, oroscopy, anterior rhinoscopy, and fibronaso-
laryngoscopy. An otorhinolaryngologist evaluated the pha-
ryngeal tonsil hyperplasia by performing endoscopy with
a 3.2-mm flexible nasal fiberscope (Machida ENT IIIP). To
assess the adenoid tissue present in nasal cavities, an otorhi-
nolaryngologist estimated the percentage of nasopharynx
obstruction. The allergologic assessment included a struc-
tured medical interview, a physical examination, and a
skin test (ST). An allergist performed the ST in accordance
with the standard volar forearm skin-prick method, using
extracts from International Pharmaceutical Immunology of
Brazil.
We selected 150 children with MB (mean age, 6.47 ±

2.47 years; median body mass index [BMI], 16.3 [15-18]
kg/m2) whomet the diagnostic criteria for the study, and we
divided them into 3 etiologic groups as follows (Fig. 1):

1. ATH: Patients with sleep-disordered breathing symp-
toms and one of the following indications for
adenotonsillectomy22-24: (1) pharyngeal tonsils oc-
cupying >75% of the nasopharynx lumen in the
fibronasolaryngoscopy; and (2) grade 3 or 4 pala-
tine tonsil hypertrophy, according to the Brodsky
classification.22-24

2. AR: Patients with a history of AR for at least 2 years, a
positive family history of atopy, and a positive ST for in-
halant allergens. The reading was obtained 15 minutes
after the puncture, and the test was considered to be pos-
itive if the papules had a mean diameter at least 3 mm
larger than the negative control.25

3. ATH and AR: Patients who met the diagnostic criteria
for both groups 1 and 2.

The researchers selected 33 control participants who did
not present with MB or clinical symptoms of nasal obstruc-
tion and were referred by pediatricians for a routine outpa-
tient visit at the HC-UFMG.They had the same age range as
the MB group (2-12 years) and similar age, height, weight,
and BMI distribution (mean age, 7.02 ± 2.60 years; median
BMI, 15.8 [range, 13-22] kg/m2).
We excluded patients using corticosteroids, nasal decon-

gestants, or antihistamines in the last 30 days and children
who could not perform the assessments proposed at admis-
sion or whose parents refused to participate in the study.
We also excluded patients presenting with MB who were
diagnosed with any of the following conditions:

• Neuromuscular disease, genetic syndromes, and chronic
comorbidities (except for asthma).
• Perforation of the nasal septum and craniofacial alter-
ations.
• Pulmonary hypertension due to heart disease or other
causes that were previously detected by echocardiography.
• Previous adenotonsillectomy.
• Upper or lower respiratory tract infection in the last
14 days.
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FIGURE 1. Sample selection. AR = allergic rhinitis; ATH = adenotonsillar hypertrophy; MB = mouth breather.

Thus, after the MB clinic visit and group selection based
on the inclusion criteria, children were prospectively en-
rolled in the study.

Procedures
All children underwent fibronasolaryngoscopy, anterior ac-
tive rhinomanometry (AAR), and Doppler echocardiogra-
phy. The study population did not undergo polysomnogra-
phy because of the limited accessibility of this examination
in the SUS.

Anterior active rhinomanometry
A trained medical doctor performed the AAR using the
SR 2000 N 010000300189 Rhinoscan 0272CFB2 rhino-

manometer with Rhinostream 038CC5C3. In each nos-
tril at a transnasal pressure of 150 Pa,26 the inspiratory
nasal flow values were measured between 1:00 and 5:00
PM, with temperature ranging from 71.6° to 86°F. Be-
fore the examination, we asked the participants to proceed
to nasal hygiene, sit quietly for 30 minutes for acclima-
tization, and maintain a seated upright posture through-
out the measurements. All measurements were done sep-
arately in each nostril during normal breathing with the
mouth closed. The opposite nostril was blocked with an
appropriate nasal plug. Patients’ nostrils were fitted with
nasal adapters of adequate size to obtain the measurements,
and these adapters were connected to the flow and pres-
sure sensors. Three normal breaths were required for each
measurement.
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To determine total inspiratory nasal airway flow
(TINAF), we added the nasal inspiratory airflow in the left
and right nostrils. First, we used the inspiratory nasal flow
values to define the nasal resistance variables obtained by
rhinomanometry, as proposed by Zapletal et al.26 To es-
timate the inspiratory nasal flow as expected by height,
we used the following formulas: male gender, 1.64115 +

0.96143 × Neperian height log (in centimeters); and fe-
male gender, 1.71609 + 0.9479 × Neperian height log (in
centimeters). In addition, the percent nasal patency (%NP)
was calculated by dividing the total nasal airflow by the to-
tal expected nasal airflow, according to a height-predicted
value.26

Doppler echocardiography
After the otolaryngologic visit, the researchers referred the
selected patients to the HC-UFMG echocardiography cen-
ter. Two pediatric echocardiographers at the HC-UFMG
performed Doppler echocardiography using color flow
mapping (Philips IE33). The echocardiographers performed
these assessments without the knowledge of the patient
groups or otolaryngology data.
For SPAP analysis, tricuspid regurgitation jet (TcV) ve-

locity was measured using the apical window in the
4-chamber apical section, which allowed evaluation of the
systolic peak velocity, right atrial pressure (RAP), and the
modified Bernoulli formula (4 × Vtc2 + DTAP). By as-
sessing the interval between the beginning and the peak
of the pulmonary flow wave, the pulmonary velocity ac-
celeration time (TAc) was calculated. We used an aver-
age of 3 beats. The SPAP’s upper limit of normality was
34.99 mmHg.27-30

Statistics
Patient sample size was calculated by performing compara-
tive studies7,8,10 involving 2 proportions: comparison of PH
prevalence in the MB group vs the control group (CG). We
considered a PH prevalence of 10% in the CG and ≥60%
in the MB group. Then, to detect differences between the 2
groups of at least 50% (α = 0.05 and β = 0.10), a minimum
of 21 patients would be needed in each group.
Data are expressed as median with 95% confidence inter-

vals (CIs). Nonparametric methods were used with R ver-
sion 3.4.3 software.31 p < 0.05 was considered significant.
Fisher’s exact test with the mid-p method (an odds ratio
function of the epitools library) was used to compare bi-
nary variables between the groups.32 The Mann-Whitney-
Wilcoxon test (wilcox.test function, basic library) was used
to compare the other variables. To check for associations
between 2 continuous numerical variables, Spearman’s cor-
relation test was applied (cor.test function, basic library).
Logistic regression was used to correct confounding vari-
ables in the p-value calculation (glm function, basic library).
The library ggplot2 was used to design the graphs.33

Results
Demographics of study population and clinical

features of MBs
Our study consisted of 183 patients, including: 33 controls
(10 boys; mean age, 7.02 ± 2.60 years; median BMI, 15.8
[13-22] kg/m2) and 150 MBs (102 boys; mean age, 6.47 ±

2.47 years; median BMI, 16.3 [15-18] kg/m2), divided into
the following 3 etiologic groups: group 1, 60 children with
ATH; group 2, 47 children with AR; and group 3, 43 MB
children with ATH and AR (Table 1).

Rhinomanometry
All controls showed normal patency (Table 2), and 73.3%
of the patients with MB showed decreased nasal patency
(80% in the AR group, 68.3% in the ATH group, and
72.1% in the ATH and AR group). The %NP median
values were 64% (3-144%) in the MB group, 57% (23-
144%) in the AR group, 65% (5-116%) in the ATH
group, and 64% (3-120%) in the ATH and AR group
(Fig. 2). We classified all %NP medians in the MB groups
with moderate obstruction. In the control group, the %NP
median was 114% (79-147%), classified as normal pa-
tency and significantly greater than that in the MB group
(p < 0.001).

Doppler echocardiography
All children had grade 1 tricuspid regurgitation. SPAP was
markedly higher in MB patients than in controls (Table 3);
TAc was noticeably lower in MB patients (p < 0.001), and
ejection fraction (%) had a normal value, but was lower in
MB patients (p = 0.024). Median SPAP was higher in MB
patients (Fig. 3) than in controls (STH, 26.0 [20.0-35.0]
mmHg; AR, 26.0 [22.0-32.0] mmHg; ATH and AR, 26.30
[20.0-34.0] mmHg; vs control, 22.0 [16.0-30.0] mmHg;
p < 0.001). One of 150 MB patients presented with PH
(0.67%), whereas 21 MB patients (14%) presented with
SPAP ≥30 mmHg.
The presence of asthma did not influence the SPAP or

%NP in MB patients. Median SPAP was 27 mmHg in
patients with asthma and 26 mmHg in patients without
asthma (p = 0.112). Median %NP was 63.5% in patients
with asthma and 62.8% in those without asthma (p =

0.112).

Correlation between %NP and SPAP
In a comparison of MB patients and controls, those with
MB had higher SPAP (p < 0.001) and lower %NP (p <

0.001). Spearman’s correlation coefficient indicated an in-
verse relationship between the SPAP and%NP (Spearman’s
rho = −0.24; p < 0.001; Fig. 4).

Discussion
Our study is among the first to compare systolic pul-
monary arterial pressure (SPAP) levels with nasal
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TABLE 1. Demographics of the study population and MB clinical features

Variables Controls (n = 33) MB (n = 150) 95% CIa p Effect size

Boys (n) 30% (10) 68% (102) <0.001b

Age (years) 7.02 (SD, 2.60) 6.47 (SD, 2.47) (−0.40 to 1.55) 0.247c 0.217

Weight (kg) 24.5 (range, 11-50) 21.3 (range, 10-58) — 0.332d 0.446

Height (m) 1.23 (SD, 0.18) 1.18 (SD, 0.17) (−0.01 to 0.11) 0.117c 0.286

BMI (kg/m2) 15.8 (range, 13-22) 16.3 (range, 15-18) — 0.343d 0.447

ATH (n) 60

AR (n) 47

ATH and AR (n) 43

Diagnosed asthma 34.7%

Snore 90.9%

Witnessed apnea 59.4%

Daytime sleepiness 42.5%

Restless sleep 72.6%

Nocturnal enuresis 29.5%

Nocturnal bruxism 41.1%

Arousals 45.5%

Morning headache 37.2%

Learning disabilities 35.3%

AR = allergic rhinitis; ATH = adenotonsillar hypertrophy; BMI = body mass index; CI = confidence interval; MB = mouth breather; SD, standard deviation.
a95% CI for mean difference.
bFisher´s exact test.
ct test for independent groups (normal distribution).
dMann-Whitney U test (non-normal distribution).

TABLE 2. Nasal airway measurements in MB and controls

Controls (n = 33) MB (n = 150)

Variable (cm3/s) Median Range Median Range pa Effect sizeb

RNFinsp 292 180-374 148 4-448 <0.001 0.127

RNFexp 294 134-401 148 3-455 <0.001 0.140

LNFinsp 312 196-442 144 2-484 <0.001 0.101

LNFexp 318 195-505 146 1-524 <0.001 0.106

INFesp 538.36 386-681 501.43 356-665 0.096 0.407

FINT 606 376-795 326 10-587 <0.001 0.019

NP% 114% 79-147% 63% 2-144% <0.001 0.055

FINT = total nasal inspiratory flow; INFesp = nasal inspiratory flow expected by
height; LNFinsp = left nasal inspiratory flow; LNFexp = left nasal expiratory flow;
MB = mouth breather; NP% = nasal patency percentage; RNFexp = right nasal
expiratory flow; RNFinsp = right nasal inspiratory flow.
aMann-Whitney U test (non-normal distribution).
bAdjusted effect size for nonparametric measure.

patency in nasal breathing vs MB in children,
allowing discrimination of upper airway obstruction
etiology. The data suggest that increased UAR may sim-

FIGURE 2. Boxplot graph of NP% distribution in controls and in groups of
MB. AR = allergic rhinitis; ATH = adenotonsillar hypertrophy; MB = mouth
breather.

ilarly increase the SPAP in AR and ATH, indicating
cardiovascular risk in both conditions.
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Pulmonary arterial pressure and nasal obstruction in mouth-breathing children

TABLE 3. Doppler echocardiography variables in MBs and
controls

Controls (n = 33) MBs (n = 150)

Variables Median Range Median Range pa Effect sizeb

RV 13.8 12-15 12.8 9-19 0.124 0.341

Ved 38 32-47 37 15-45 0.842 0.489

Ves 22 18-30 23 17-46 0.306 0.443

SIV 6 4-7 5 4-29 0.093 0.409

PW 5 4-7 5 4-8 0.709 0.480

FE% 74 63-79 71 6-79 0.015 0.365

FS% 38 10-45 39 32-75 0.397 0.453

Ao 19 16-25 21 15-37 0.060 0.396

LA 24 18-29 24 18-33 0.627 0.473

SPAP 19 16-30 26 20-35 <0.001 0.158

MPAP 14 12-20 18 14-23 <0.001 0.158

Tac 133 100-148 121 83-148 <0.001 0.253

Ao= aorta; FE%= ejection fraction percent; FS%= systolic fraction percent; LA=

left atrium; MB, mouth breather; MPAP = mean pulmonary arterial pressure; PW
= posterior wall; RV = right ventricle; SIV = interventricular septum; SPAP = sys-
tolic pulmonary arterial pressure; TAc = acceleration time of pulmonary fraction;
Ved = diastolic ejection volume; Ves = systolic ejection volume.
aMann-Whitney U test (non-normal distribution).
bAdjusted effect size for nonparametric measure.

FIGURE 3. Boxplot graph of systolic pulmonary arterial pressure distribu-
tion in controls and mouth-breathing groups.

Furthermore, the similarity between nasal obstruction
and SPAP elevation reinforces the importance of properly
treating AR. In childhood, although AR is a chronic con-
dition associated with obstructive sleep apnea (OSA) and
its possible cardiovascular complications, it is often ne-
glected and seen as less severe than ATH. Although tonsil
hypertrophy in children is frequently treated with adeno-

FIGURE 4. Correlation between systolic pulmonary arterial pressure and
percent nasal patency.

tonsilectomy or shows physiologic regression during child-
hood,AR is a lifelong disease.Nevertheless, only a few stud-
ies have evaluated SPAP in children with AR, with higher
levels of SPAP seen in AR patients when compared with
controls.6,14-16

The present results highlight the cardiovascular risk in
MB children with ATH and AR, although the clinical and
prospective significance of the SPAP increase in childhood
remains unclear.27,29 In our sample, the SPAP increase was
mild, and only 1 of 150 children (0.67%) had PH (SPAP,
35 mmHg), yet 14% had SPAP >30 mmHg. We referred
all those patients for cardiologic consultation.
The methods and cutoff values for SPAP measurements

in diagnosing PH are variable and controversial, which can
partly explain the wide variability of PH prevalence among
UAO patients (0-84%).5-12 Some studies used a mean pul-
monary arterial pressure (MPAP) cutoff value of 20 mmHg
in accordance with Park et al,36 and the calculation of
MPAP was performed using the acceleration time of pul-
monary fraction (TAc). This parameter may be unreliable,
especially in children. Heart rate is increased in children,
which may shorten the pulmonary artery acceleration time.
From 2009, the PH cutoff was regarded as PMAP ≥25
mmHg or PSAP ≥35 mmHg.27,29

We considered PH when SPAP was ≥35 mmHg, in accor-
dance with recent cardiovascular guidelines,10,29 but SPAP
between 30 and 35 mmHg is considered altered.27,29 Chil-
dren with SPAP ≥30 mmHg should be followed up to pre-
vent cardiovascular deterioration, the actual significance of
which has not yet been elucidated.27,29 Meanwhile, if UAO
is left untreated, chronic hypoxia and hypercapnia could
impair pulmonary vasculature and culminate in PH.10,35

Continuous-wave Doppler measurement of peak tri-
cuspid regurgitation was used for the SPAP calculation
with echocardiography because it has lower interobserver
variability and is a noninvasive, safe, and low-cost as-
sessment. In contrast, cardiac catheterization is the “gold
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standard” for PH diagnosis, and it is often required before
initiating treatment. Nevertheless, it is invasive and may
pose a greater risk in children than in adults. In contrast,
transthoracic echocardiography is the first examination
performed in the diagnostic algorithm for suspected PH.
We used it to infer a diagnosis, visualize the effects of PH
on the heart, and estimate PAP from continuous-wave
Doppler measurements.10,29,34

Two studies in African populations used the same mea-
surement method and SPAP cutoff values we used for PH
estimation. Both of those studies showed a significantly
higher prevalence of PH in ATH children: 21.9% (27 of 123
Kenyans) and 43.6% (17 of 39 Nigerians).5,9 However, the
children in those study samples were younger than those in
our sample, with a median age of 2.5 years and 3.4 years
in Nigerians and Kenyans, respectively. UAO tends to be
more severe in infants and young children. Consequently, it
may reflect a more severe cardiovascular impact. Further-
more, their studies had different populations with different
socioeconomic conditions.
Other studies did not find PH in their samples, although

we noted ventricular dysfunction and higher SPAP levels in
the ATH group when compared with controls. In addition,
some studies also showed that SPAP levels decreased after
adenotonsillectomy.12,37

On the other hand, other explanations for the variabili-
ties in PH prevalence rely on differences in nasal patency,
OSA presence, severity, and duration. The majority of stud-
ies did not estimate these variables. OSA is known to lead
to cardiovascular alterations, and hypoxia during sleep can
cause SPAP elevation.18,35,38 Regardless, in a recent ret-
rospective study, only 3 of 163 (1.8%) of patients with
OSA were diagnosed with PH. Of these patients, 2 were
obese, and all 3 had comorbid cardiac disorders.6 Accord-
ing to Dehlink et al, PH is not commonly seen in chil-
dren with OSA, who tend to have more subtle evidence
of cardiovascular dysfunction, such as dysregulation of
blood pressure (BP), cardiac remodeling, and endothelial
dysfunction.39

A limitation of our study is that the presence of OSA
was not estimated by polysomnography or sleep studies,
because they are extremely expensive and difficult to access
in the Brazilian Public Health System. Clinical symptoms of
OSA, such as snoring and witnessed apnea, were present in
90.9% and 59.4%, respectively, of the MB patients. Nev-
ertheless, in our earlier study at the same MB outpatient
clinic with a smaller sample of 21 children who underwent
polysomnography, we found that 61.9% of children with
ATH had OSA before adenotonsillectomy.42

The major limitation of this research is related to the un-
certainty and risk of developing PH or other cardiovascu-

lar complications. As a cross-sectional study, the prospec-
tive cardiologic meaning of increased UAR over time, and
the impact of both clinical and surgical treatment of AR
and ATH on SPAP were not assessed. As already demon-
strated, SPAP may decrease 6 months after UAO is alle-
viated through adenotonsillectomy in ATH children. Nev-
ertheless, it is also possible that, as children grow, their
NP increases and adenotonsillar obstruction decreases. As
demonstrated in our previous study, OSA is not resolved
after adenotonsillectomy in all children. Therefore, OSA
symptoms must be followed up after surgery. In contrast,
it is important to consider that AR is chronic, persistent
over the lifetime, and must always be clinically assessed and
properly treated.12,42

The ejection fraction percentage was lower in the MB
group but was still above the reference value and did not
present apparent clinical meaning. Moreover, other studies
demonstrated a reduction in ejection fraction and abnor-
malities in cardiac muscle contraction in children with OSA
and ATH.40,41

Nasal patency calculation is based on the study by Zaple-
tal et al,20 who analyzed Caucasians using anterior ac-
tive rhinomanometry (AARM). Studies have shown that
nasal patency in Brazilians is greater than in Caucasian
and Japanese patients.18,20,44 To our knowledge, there are
no studies with rhinomanometry reference values for the
Brazilian population.
This study has demonstrated, with an adequate sample

size, that AR and ATH groups are similar in nasal obstruc-
tion severity and SPAP levels, and that nasal patency may
correlate with SPAP increase. In severe cases of elevated
UAR, Doppler echocardiography could be performed to
evaluate SPAP.

Conclusion
Reduced nasal airflow in children with AR and ATH corre-
lates with higher levels of SPAP. The AR and ATH groups
are similar in nasal obstruction severity and SPAP level dis-
tribution. Only 1 of 150 MB patients presented mild PH,
and 14% had SPAP ≥30 mmHg. Further study is needed to
identify the clinical significance of these cardiologic alter-
ations over time.
The authors are grateful for the funds provided by the

Minas Gerais Research Support Foundation, which also
supported acquisition of the rhinomanometer. We also
thank the patients who participated in our study. Finally,
we thank the entire multidisciplinary team of the MB out-
patient clinic at the HC-UFMG for their commitment and
dedication to comprehesive health care of patients and on-
going scientific development.
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