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Background. Atopic bronchial asthma (BA) in children is associated with upper airways pathology (UAP). Among them, a
combination of allergic rhinitis (AR) and nasal obstructive disorders (NOD), including hypertrophy of the pharyngeal tonsil (HPT)
and anomalies of the intranasal structures (AINS), is abundant. In such patients, anterior active rhinomanometry (AARM) is an
important method of examining nasal patency. However, NOD can influence the AARM parameters in children with BA and
nasal symptoms, and this effect must be taken into account in clinical practice. Study goal was to elucidate the effect of NOD on
rhinomanometric parameters in this group of patients.Methods. Total of 66 children with BA and AR were examined with AARM,
rhinovideoendoscopy, spirometry, and standard clinical tests allowing revealing the structure of comorbid pathologies. In order
to avoid the influence of anthropometric parameters of children and their age on AARM parameters, a special index of reduced
total nasal airflow was used. Results. It has been established that NOD, especially HPT, have a significant negative impact on the
indices of anterior active rhinomanometry during the periods of both AR remission and AR exacerbation. The effect of AINS is
much weaker and was remarkable only in combination with HPT.

1. Introduction

Bronchial asthma (BA) is a common chronic airway disease
in children which, in most patients, is associated with allergic

rhinitis (AR) [1–4]. AR as well as allergic rhinosinusitis
may contribute to worsening asthma control and compli-
cating diagnostic and therapeutic management of asthmatic
patients, especially in severe asthma [5]. AR in asthmatics
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children often combines with other upper airway pathologies
(UAP), in particular, with nasal obstructive disorders (NOD)
which includes hypertrophy of the pharyngeal tonsil (HPT)
and/or anomalies of intranasal structures (AINS) [3, 6, 7].
UAP have a negative effect on the course of asthma requiring
timely, objective monitoring of the basic physiological func-
tions involved in the pathological process. Such functions, in
the first place, are bronchial and nasal respiratory patency [8–
10].

The standard method for assessing bronchial patency
is the method of spirometry, which is included in current
recommendations for the management of patients with
asthma [1, 11].When examining nasal respiratory patency, the
anterior active rhinomanometry (AARM) is frequently con-
sidered as a promising candidate for a “gold standard” ofmea-
surements. This method is highly sensitive and noninvasive
and requiresminimal cooperationwith a patient and excludes
his subjective assessments, which is especially important in
pediatrics [12–14]. The widespread usage of AARM in the
clinical practice is hampered, among other factors, by the lack
of information on the dependence of the AARM results on
the comorbid pathologies and variation of anthropometric
characteristic of patients and their conditions. Probably, this
explains the lack of this method in the list of recommenda-
tions for managing patients with AR [9, 15].

There are only few studies of nasal patency evaluation
with the objective methods in asthmatic patients [9, 16].
Theydemonstrate themutual influence of respiratory patency
of the upper and lower airways [16]. Unfortunately, these
studies do not take into account the possible impact on
nasal respiratory patency of NOD, which, along with AR,
occurs in a significant proportion of asthmatic children [2,
17]. These diseases, including nasal septum deformity, can
exacerbate nasal obstruction caused by allergic inflammation
of the mucosa in AR and cause insufficient response to
ongoing anti-inflammatory therapy [18]. We have not found
any studies where objective assessment of the effect of NOD
on nasal flow parameters in children with asthma compared
with patients without NOD would be made. In particular,
in the study of Chen et al. [9], the AARM method was
used to study nasal patency in children with asthma and
nasal symptoms, but patients with anatomical deformations
of upper airways were excluded from the study cohort. At the
same time, according to our data, up to 50% of children with
asthma and nasal symptoms have such deformations [2, 7].
Motomura et al. [19] demonstrated that, for patients with
asthma, a decrease in nasal airflow is characteristic, but the
effect of the comorbid UAP on the respiratory function of the
nose was not considered. Yukselen A. et al. [20] established a
significant relationship between spirometric parameters and
nasal airflow in children with asthma. However, the effect of
NODon the respiratory function of the nose in this study was
also not taken into account [20].

Adiscussion remains about the association of nasal symp-
toms and rhinomanometric indicators in patients with AR. In
the studies of Ciprandi et al. [21] and Mozzanica et al. [22],
a significant correlation between the clinical evaluation of
AR symptoms and rhinomanometric parameterswas demon-
strated. At the same time, according to Keeler and Most

[23], objective indices of nasal obstruction do not always
correlate with subjective estimates of this syndrome [23].
Unexpected results in the study of children and adolescents
with AR were obtained by Mendes et al. [24]. The authors
did not find a correlation between objective and subjective
measurements, when the nasal cavity was assessed as a whole,
but a significant negative correlationwas found between these
parameters when each nostril was evaluated individually.
Children with HPT and AINS (primarily deviations of the
nasal septum) were not included in the study. Similar results
were obtained in the study of Roithmann et al. [25], where
no significant correlation was found between the subjective
sensations of nasal patency and the general resistance of
airflow.

Thus, the available results leave unclear the question
on how accurately the results of AARM method determine
the objective status of asthmatic patients with AR under
conditions of comorbid pathologies including NOD. Timely
objectification and precise diagnosis of the effect of these
pathological conditions on the respiratory function of the
nose would enable us to assess the real clinical picture and
prospects of both conservative therapy and the need for
surgical correction in children with torpid nasal symptoms
due to the combination of AR and NOD [3, 6, 7, 26].

An additional complication in the interpretation of
rhinomanometric parameters in children is the potential
dependence of these parameters on the age and anthropo-
metric parameters of a child. At present, there are studies
that characterize rhinomanometric indicators in children in
selected populations [27–29], but unified recommendations
for evaluating AARM parameters in children have not been
developed to date [13]. At the same time, in studies of Chen
et al. [9] and Julia et al. [28], the relationship between
the results of AARM and the anthropometric parameters of
children was noted. According to [9], as the child grows, the
size of the nasal cavity increases, which causes an increase
in nasal airflow. However, it should be kept in mind that
anthropometric data, including height, in children with
asthma may have an association with the severity of asthma
[30]. Obviously, there is an urgent need for the development
of unified reference values of AARM for children, in analogy
with the proper parameters available for spirometry, taking
into account age, sex, race, anthropometric data, and the BA
severity of patients.

Thus, the current lack of data on the NOD influence
on the parameters of AARM in children with asthma and
nasal symptoms is an objective factor that reduces the
reliability and diagnostic significance of AARM in conditions
of real clinical practice in monitoring nasal respiratory
function. In this study, we investigate this issue by comparing
the AARM parameters in children with asthma and nasal
symptoms, taking into account the presence or absence
of a combination of AR and NOD, as well as the period
(remission or exacerbation) of AR in these patients. In
addition, we pay special attention to the influence of the age
of patients on the characteristics under study and introduce
additional characteristics that allow account for the influence
of the size of the nasal cavity on monitoring parame-
ters.
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2. Materials and Methods

2.1. Formation of the Cohort of Patients. The study was
conducted according to the Helsinki Declaration adopted in
June 1964 (Helsinki, Finland) and revised in October 2000
(Edinburgh, Scotland). The study was approved by the Ethics
Committee of Privolzhsky Research Medical University, pro-
tocol No 13 of 10.10.16. Informed consent was obtained from
the patients between 15 and 17 years old and from the parents
of patients under the age of 15, according to the Federal Law
“Fundamentals of the Legislation of the Russian Federation
on the Protection of Health of Citizens” of July 22, 1993, No.
5487-1.

A total of 66 children and adolescents aged from 4 to
17 years were examined, the average age was 8.2±4.3, and
boys amounted for 60.6% (40/66), who were on treatment
for asthma at the Children’s City Clinical Hospital No. 1 of
Nizhny Novgorod, Russia, and who had nasal or sinonasal
complaints. All the children had a symptomatic complex that
was characteristic of BA andAR, family anamnesis associated
with atopy was evaluated (asthma, AR, conjunctivitis, atopic
dermatitis, and urticaria), positive skin test results were
obtained, or high titers of specific class E immunoglobulins
were detected at least for one of the most common aeroaller-
gens of the Volga-Vyatka region of the Russian Federation.

Criteria for inclusion were the diagnosis of asthma, made
in accordance with the existing international and national
conciliation documents, the presence of nasal or sinonasal
complaints and symptoms in patients [1]. Exclusion criteria
presuppose the presence of acute infectious diseases and
fever, diabetes, autoimmune disorders, primary immunode-
ficiencies, and cancer. Besides, children who had symptoms
of hypertrophic rhinitis were not included in this study.
Treatment of BA and comorbid UAP was carried out in
accordance with the existing conciliation documents taking
into account modern therapeutic strategies [1, 31].

Depending on the comorbid UAP pathologies, four
groups of patientswere considered:Group 1 (BApatients with
isolated AR (without NOD)), Group 2 (BA patients with
AR+HPT),Group 3 (BApatientswithAR+AINS), andGroup
4 (BApatientswith a combinationAR+HPT+AINS). In order
to assess the effect of AR severity, two groups of patients were
additionally considered in a whole cohort: Group A (patients
with AR in the remission period) and Group B (patients with
AR in the exacerbation period).

2.2. Objective and Subjective Measurements. Due to the pres-
ence of nasal symptoms, all the patients were examined by an
otorhinolaryngologist, who conducted a routine examination
and a rhino video-endoscopic examination of upper airways.
Rigid rhinoscopes from the company Karl Storz (Germany)
with a viewing angle of 0 and 30∘, diameter of 2.7 and 4.0mm,
and a flexible nasopharyngoscope 3.2 mm were used. Video
recording was done by means of Atmos camera (Germany).
Rhinovideoscopic examination was performed after instilla-
tion of a 2% solution of lidocaine on the nasal mucosa and
application of anesthesia using 0.1% solution of epinephrine
hydrochloride and 10% lidocaine. AR and allergic rhinos-
inusitis were diagnosed in accordance with the available

international recommendations. The involvement of sinuses
in the pathological process was noted using the criteria of
the European Position Paper on Rhinosinusitis and Nasal
Polyps (EPOS), 2012 [32]. In assessing UAP, the diagnosis
was verified using the International Classification ofDiseases,
10th revision (ICD-X), the recommendations of the Allergic
Rhinitis and its Impact on Asthma (ARIA) 2008 update, and
the classification of the pathology of the lymphoepithelial
ring of the pharynx [8, 33, 34]. Special attention was paid to
the diagnosis of pathological conditions from the group of
nasal obstructive disorders, in particular for HPT and AINS.
The involvement of sinuses in the pathological process was
diagnosed using the criteria of the European Position Paper
on Rhinosinusitis and Nasal Polyps and the classification of
the pathology of the lymphoepithelial ring of the pharynx
[32].

2.3. Assessment of Nasal Respiratory Function. The respira-
tory function of the nose was assessed by the AARMmethod
using the Rhino 31 computer rhinomanometer (Atmos, Ger-
many) in accordance with the available guidelines [35]. The
computer software allowed obtaining the parameters of the
volume of the respiratory flow passing through the right and
left half of the nose, total nasal airflow (TNAF), the resistance
of the nasal structures of the right and left halves of the
nose, and total nasal airway resistance (TNAR). The nose
resistance was automatically calculated at a pressure of 75,
150, and 300Pa/cm3/s. Below, only the data for the pressure of
150 Pa/cm3/s corresponding to the reference anthropometric
data of [27]will be discussed. For allmeasurements, therewas
a strong correlation between the values of TNAF and TNAR,
R2 = 0.998. Therefore, in the subsequent presentation of the
results, only the values of TNAF will be given.

The study was carried out in the sitting position, one nos-
tril of the patient was completely blocked with a special foam
rubber roller, and the patient was asked to breathe calmly
and uniformly through a silicone mask with the mouth
closed. The measurement results were displayed in real time
in the form of a rhinogram and after the measurement was
completed, in the form of a diagram stored in the computer
memory. Assessment of the degree of nasal obstruction was
performed in accordance with the following TNAF indices:
no nasal obstruction (> 800 cm3/s), mild nasal obstruc-
tion (500-800 cm3/s), moderate nasal obstruction (300-
500 cm3/s), severe nasal obstruction (100-300 cm3/s), and
complete nasal obstruction (<100 cm3/s) [10].

Clinical evaluation of AR symptomswas performed using
the Total Nasal Symptom Score (TNSS) scale [36]; a quantita-
tive assessment of the level of BA control was performed using
the Asthma Control Questionnaire-5 (ACQ-5) questionnaire
test. For ACQ-5 test values less than 0.75 points, the BA
control level was considered complete, at ACQ-5 values from
0.75 to 1.5 points, the control level was assessed as partial, at
values more than 1.5 points, a lack of control of asthma was
declared [37].

Spirographic studies were performed using the Master-
Screen Pneumo spirometer (Jaeger, Germany) in accordance
with existing international guidelines [38]. The forced vital
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capacity (FVC), forced expiratory volume per second (FEV1),
and the ratio FEV1/FVC were evaluated; the data were
recorded both in absolute values of the indices and in relative
units (in comparison with the relevant values determined,
taking into account age, sex, body height, and ethnicity) [38].

2.4. Statistical Analysis. The statistical analysis was carried
out using the Statgraphics Centurion v.9 software package.
The data are presented in the form of Me [Q1; Q2], where Me
is the median and [Q1; Q2] is 95% confidence interval. The
differences between continuous variables of two groups were
compared using the ANOVA criteria and Mann-Whitney
U test. The differences between three groups were analyzed
using multiple ANOVA criteria and the Kruskal-Wallis test.
Correlations between the two sets were estimated using the
Spearman determination coefficient. The values of p<0.05
were considered statistically significant.

3. Results

In all examined patients with asthma, AR was verified as
persistent 86.4% (57/66) or intermittent 13.6% (9/66). This
strong association of BA and AR is consistent with our
previously published data, as well as with the data provided
by Blaiss et al. [2, 39]. According to the severity of AR, the
following distribution of patients was obtained: 12.1% (8/66)
of children were diagnosed with AR ofmild course, moderate
AR was found in 81.8% (54/66), and severe AR was found
in 6.1% (4/66) of the children. Exacerbation of AR was
diagnosed in 48.5% (32/66) of the examined children and in
51.5% (34/66) there was a remission of AR. In addition, 69.7%
(46/66) of children with asthma had concomitant NOD.

In the AARM evaluation of the respiratory function, the
median TNAF value was 576.7 [519.6; 633.8] cm3/s. Differ-
ences between TNAF in boys (n = 40) of 565.8 [497.8; 633.9]
cm3/s and in girls (n = 26) of 593.4 [487.3; 699.4] cm3/s were
not detected, p = 0.64. In contrast, the groups of patients in
different AR periods had significantly different TNAF values,
p < 0.0001. Group A of patients in the remission of AR had
themedian TNAF values of 734.5.1 [687.8; 781.2] cm3/s which
corresponded to amild degree of nasal congestion. ForGroup
B (exacerbation period of AR), these indicators were 409.0
[339.1; 478.9] cm3/s, which corresponds to the congestion of
an average degree of severity.

The measured TNAF values depending on their body
height are shown in Figure 1. In this figure, the patients
from Groups A and B of different AR severity are designated
with different markers. The analysis shows that there is a
statistically significant correlation between TNAF and body
height both in the full cohort (n=66, R=0.299, p=0.0148) and
in the patients with different AR period. In the period of
exacerbation, the correlation between TNAF and body height
is most pronounced (n=32, R=0.71, p<0.0001) whereas in
the period of remission the correlation is significantly lower
(n=34, R=0.46, p=0.0058). The linear regressions for patients
of Groups A and B are shown in Figure 1 by solid lines.

One of the most important issues when discussing the
AARM results in children is the question of the reference
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Figure 1: Measured values of TNAF for BA patients with AR remis-
sion (blue squares) and AR exacerbation (green triangles) depend-
ing on patients’ body height. The linear regressions for groups
A and B are shown by solid lines with corresponding regression
expressions. Red dotted and dashed lines indicate the mean and
reference intervals for healthy subjects (mean±2SD) taken from
[27].

rhinomanometric values and their dependence on anthropo-
metric parameters of patients [9, 13, 27, 28]. Earlier, Zapletal
and Chalupovà [27] elaborated the reference TNAF values
from the measurements of 192 healthy children and obtained
the regression dependency between TNAF (in cm3/s) and
body heights h (in cm) for mixed (boys+girls) population.
Although this dependence was published in a logarithmic
form, it has essentially linear character and we approximate
it by the linear expression

TNAF = 4.10483ℎ + 23.5735. (1)

The confidence interval of the reference TNAF values for
healthy patients [27] is shown in Figure 1 with dashed and
dotted lines in a form of (mean±2SD). As a whole, the mea-
sured TNAF values of patients with exacerbation of AR are
lower than the reference values of healthy subjects although
someof patients demonstrate the TNAFvalues comparable to
the healthy children.The patients with the AR remission have
remarkable higher TNAF values which are even higher than
the reference values. In our opinion, this can be explained
by the fact that all or most patients with BA usually receive
vasoconstrictive drugs that provide a significant increase in
the airflow.

It is also evident from Figure 1 that the dependence of
TNAF on the body height is much stronger in the exacerba-
tion period. Perhaps this is a reflection of the fact that the
lower the body height, the smaller the size of the nasal cavity
and the more the nasal flow is limited in the conditions of
allergic inflammation, leading to swelling and inflammatory
infiltration of the mucous membrane of the nasal cavity.

Strong dependence of measured TNAF values on the
age and body height of patients makes it difficult to fulfill
a direct comparison between different groups of patients
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Table 1: Indices of the respiratory function of the nose according to clinical assessment of symptoms of AR (TNSS), asthma control (ACQ-5),
spirometric indicators (FEV1), and AARMmeasurements in patients during different periods of AR.

Measured
parameter

All patients,
n = 66

Group A
(AR remission,

n=34)

Group B
(AR exacerbation,

n=32)

Statistics of difference
between groups A and B

TNSS,
scores

5.03
[4.41; 5.65]

3.97
[3.03; 4.90]

6.06
[5.39; 6.74]

t = –3.73 p = 0.0004
W = 719.5 p = 0.002

FEV1,
% of req. val.

94.7
[90.5; 98.8]

99.0
[93.2; 104.9]

90.1
[84.5; 95.7]

t = 2.33 p = 0.026
W = 90.0 p = 0.039

ACQ-5,
scores

0.60
[0.47; 0.74]

0.37
[0.25; 0.52]

0.83
[0.63; 1.02]

t = –3.73 p = 0.0004
W = 733.5 p = 0.0009

TNAF,
cW3/c

576.7
[519.6; 633.8]

734.5
[687.8; 781.2]

409.0
[339.1; 478.9]

t = 7.98 p < 0.0001
W = 76.0 p < 0.0001

RTNAF,
cW2/c

0.99
[0.89; 1.10]

1.33
[1.24; 1.43]

0.64
[0.55; 0.74]

t = 10.503 p < 0.0001
W = 27.0 p < 0.0001

assigned in our study because different groups contain differ-
ent numbers of children with distinguished anthropometric
characteristics. Thus, we need to elaborate a special index
taking into account the age of patients. Given the statistically
significant linear relationship between TNAF and the body
height obtained in [27] (see (1)), we introduce the quantity
of the Reduced Total Volumetric Airflow (RTNAF) which we
define as

RTNAF = (TNAF – 23.574)
(4.1048ℎ)

. (2)

Here, TNAF is a measured total nasal airflow in cm3/s, h
is the body height in cm, and the measurement units of
RTNAF are cm2/s. This quantity includes the body height,
not the age of the children, since the nasal flow obviously
depends on the size of the patient’s nasal cavity, which is
primarily related to the length of the child’s body [9]. The
convenience of the RTNAF index is that it equals 1 in the
case of healthy subjects regardless of their age and height.
This is demonstrated in Figure 2where two groups of patients
(A and B) are shown along with the 2SD intervals of healthy
subjects [27]. More importantly, this index allows comparing
the groups which combine the patients of different age and
anthropometric characteristics. In the following, we will
compare these groups using both TNAF and RTNAF values
in order to estimate the possible influence of the mixing of
patients of different age in the groups under investigation.

Similarly in TNAF, comparison of the RTNAF values
between Groups A and B also shows the strong correlation
with the AR phase: RTNAF group median value is 1.32 cm2/s
in patients in the period of remission of AR and 0.69 cm2/s
in the period of exacerbation, p < 0.0001.

Table 1 demonstrates comparison of the clinical indica-
tors of nasal and bronchial patency (TNSS and FEV1), sever-
ity of BA (ACQ-5), and the rhinomanometric parameters
(TNAF and RTNAF) during two periods of AR.

As is evident from the table, TNAF values correlate with
subjective assessment of nasal symptoms made with TNSS
score (R = –0.35 at p = 0.0054). The relationship between
RTNAF is even more significant and amounted to R = –0.39
at p = 0.0015. This indicates a higher correlation of nasal
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Figure 2: RTNAF values for BA patients of different height with AR
remission (blue squares) andAR exacerbation (green triangles). Red
dashed and dotted lines indicate the reference intervals for healthy
subjects (mean±2SD).

symptoms with RTNAF in comparison with TNAF and may
indicate certain advantages of using this value in assessing
nasal respiratory function in children of childhood.

As is expected, the TNSS value is lower in patients in the
period of AR remission compared to the period of AR exac-
erbation, p = 0.0004. It should also be noted that, in patients
who have AR remission, there is a clear tendency toward
higher FEV1 values and statistically significantly lower ACQ-
5 values. This indicates that both bronchial permeability and
clinical parameters of asthma control in children with AR are
superior to those in children with acute AR.This is consistent
with the concept of “single airway - a single disease” [40].

The statistically significant correlation between TNAF
values and ACQ-5 scores was not found in the considered
sampling, p = 0.098. However, a certain positive correlation
was found between TNAF and FEV1 which is characterized
by the determination coefficient of R = 0.34, p = 0.044.
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Table 2: Measured TNAF values (cm3/s) in BA patients with different UAP structure in the periods of remission and exacerbation of AR.

AR periods Group 1
(isolated 0R)

Group 2
(AR+HPT)

Group 3
(AR+AINS)

Group 4
(AR+HPT+AINS)

Statistics between
groups 1, 2, 3, 4

Both AR periods
n = 66

771.0
[711.9; 830.0],

n=20

456.1
[391.9; 520.0],

n=17

609.6
[536.3; 682.9],

n=13

435.3
[369.3; 501.4],

n=16

F=12.75, p<0.0001
KWT=25.9, p<0.0001

Group A
(AR remission)
n = 34

811.0
[768.0; 853.9],

n=15

654. 8
[599.3;710. 3],

n=9

745.2
[670. 5;819.7],

n=5

638.0
[563.5;712. 5],

n=5

F=4.82, p=0.0074
KWT=12.22, p=0.007

Group B
(AR exacerbation)
n = 32

650.8
[567.1; 734.6],

n=5

232.5
[166.3; 298.7],

n=8

524.9
[458.7; 591.1],

n=8

343. 2
[286.8; 399.7],

n=11

F = 13.9, p < 0.0001
KWT = 18.2,
p = 0.0004

Statistics between
groups A and B

F=12.31,
p=0.0025;

KWT = 8.55,
p = 0.0034

F=53.5,
p<0.0001;

KWT = 12.0,
p = 0.0005

F=13.28,
p=0.0039;

KWT = 7.76,
p = 0.005

F=10.71, p=0.0056;
KWT = 6.5,
p = 0.011

Table 3: RTNAF values (cW2/c) in BA patients with different UAP structure in the periods of remission and exacerbation of AR.

AR periods Group 1
(isolated 0R)

Group 2
(AR+HPT)

Group 3
(AR+AINS)

Group 4
(AR+HPT+AINS)

Statistics between
groups 1, 2, 3, 4

Both AR periods
n = 66

1.29
[1.17; 1.42],

n=20

0.94
[0.81; 1.07],

n=17

0.94
[0.78; 1.09],

n=13

0.74
[0.60; 0.87],

n=16

F = 6.49, p = 0.007
KWT = 15.46,
p = 0.0015

Group A
(AR remission)
n = 34

1.42
[1.32; 1.52],

n=15

1.36
[1.24; 1.48],

n=9

1.22
[1.05; 1.39],

n=5

1.12
[0.96; 1.29],

n=5

F = 2.00, p = 0.14
KWT = 5.7,
p = 0.12

Group B
(AR exacerbation)
n = 32

0.91
[0.77; 1.06],

n=5

0.47
[0.36; 0.58],

n=8

0.76
[0.65; .87],

n=8

0.56
[0.46; 0.65],

n=11

F = 5.57, p = 0.004
KWT = 11.05,

p = 0.01

Statistics between
groups A and B

F = 21.13,
p = 0.002

KWT = 10.7,
p = 0.001

F = 46.4,
p < 0.0001

KWT = 12.0,
p = 0.0005

F = 20.30,
p = 0.0009

KWT = 8.59,
p = 0.003

F = 14.22,
p = 0.0021
KWT = 7.1,
p = 0.008

The correlation between RTNAF and the same parameters
(ACQ-5 and FEV1) is more significant; the corresponding
coefficients are R = –0.28, p = 0.025 for ACQ-5 and R = 0.37,
p = 0.003.Thus, the nasal patency has significant relationship
with clinically determined level of BA control in children if
the anthropometric data of patients is taken into account, e.g.,
using the RTNAF index.

Tables 2 and 3 show the results of AARM measurements
in the groups with different structure of comorbid patholo-
gies in different AR periods. As is evident from the last
column of tables, the groups of patients 1, 2, 3, and 4 of
patients with different UAP comorbidities are significantly
different in their nasal patency in the period of both AR
remission and exacerbation. However, Fisher’s test results
shown in Tables 2 and 3 demonstrate only that the null
hypothesis (Groups 1, 2, 3, and 4 are not distinguished)
is wrong, and do not allow making detailed comparison
between them. For the paired discrimination between the
groups of patients with various UAP structures, Fisher’s
least significant difference (LSD) procedure for TNAF and
RTNAF values was additionally carried out. This procedure
discriminates the groups comparing the group means with

the confidence limits of their variations. The results of such
an analysis are shown in Tables 4 and 5. The groups with
the mean differences that exceeded the confidence limits are
attributed to being significantly different (within 95% confi-
dence).These values are marked in tables with boldface. As is
evident from the tables, Group 1 is distinguished fromGroups
2 and 4 for both AR phases, whereas Groups 2, 3, and 4 are
mutually distinguished only during the AR exacerbation. At
the same time, discrimination based on the RTNAF values
shows that Group 1 is always distinguished from Group 4
and from Group 2 in the exacerbation period. Among other
groups, onlyGroups 2 and 3 are distinguished in exacerbation
period. In our opinion, the different conclusions from the
analysis of TNAF and RTNAF values are the consequence of
inadequate accounting for anthropometric data when TNAF
values are used. From this point of view, when TNAF and
RTNAF data lead to different conclusions, we consider the
analysis based on RTNAF values as more correct.

When analyzing TNAF in the period of remission of
AR in children with various combinations of UAP, it was
established that the highest nasal respiratory flow rates were
in patients with isolated AR who do not have a combination
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Table 4: Discrimination between different groups of BA patients in different AR periods on the basis of Fisher’s least significant difference
(LSD) procedure for TNAF values. The differences between groups are statistically significant (marked with boldface) if their Difference
exceeds the Limit value.

Compared AR remission AR exacerbation
groups Difference +/– Limita Difference +/– Limita

1-2 156.2 99. 3 418.3 150.9
1-3 65.8 121.6 125.9 150.9
1-4 173.0 121.6 307.6 142.8
2-3 –90.4 131.3 –292.4 132.4
2-4 16. 8 131.3 –110.7 123.1
3-4 107.2 148.9 181.7 123.1
𝑎95% confidence limit of Fisher’s least significant difference (LSD) procedure.

Table 5: Discrimination between different groups of BA patients in different AR periods on the basis of Fisher’s least significant difference
(LSD) procedure for RTNAF values. The differences between groups are statistically significant (marked with boldface) if their Difference
exceeds the Limit value.

Compared AR remission AR exacerbation
groups Difference +/– Limita Difference +/– Limita

1-2 0.061 0.216 0.445 0.255
1-3 0.200 0.266 0.156 0.255
1-4 0.298 0.266 0.356 0.241
2-3 0.139 0.289 –0.289 0.223
2-4 0.240 0.289 –0.090 0.208
3-4 0.098 0.328 0.199 0.208
𝑎95% confidence limit of Fisher’s least significant difference (LSD) procedure.

with NOD. TNAF in patients with a combination of AR
and AINS in this sample is slightly lower than in children
with isolated AR, but the differences are not statistically
significant (Table 4). The lowest absolute values of TNAF
were found in children who had combinations AR+HPT and
AR+HPT+AINS. The differences of these groups with the
groups of isolated AR were statistically significant. Perhaps
this is partly due to the fact that children with HPT were
generally younger and had a lower body height than children
without HPT. Age and height of children with HPT were 6.9
[5.7; 8.2] years and 124.6 [117.4; 131.9] cm, respectively.The age
and body height of children without HPTwere 10.8 [9.3; 12.3]
years and 150.3 [141.3; 159.2] cm, respectively. The differences
both in the age and in body height between these groups are
statistically significant, p <0.00002.

The results of analysis of the RTNAF values in children
in the period of AR remission demonstrate that the highest
respiratory nasal patency is in children with isolated AR
which is consistent with the results obtained in the analysis
of TNAF. At the same time, a statistically significant decrease
in RTNAF relative to the patients with isolated AR was
found only in the group with AR+HPT+AINS. Differences
in RTNAF values between Group 1 (isolated AR) and Group
2 (AR+HPT) were not established. The differences between
Group 1 and Group 3 (AR+AINS) have a tendency character.
Thismay indicate a relative compensation of nasal respiratory
function in children in the period of AR remission who have
a single variant of NOD only.

For the period of AR exacerbation, the TNAF values
in all four groups were significantly lower than for the

period of AR remission. The analysis of the RTNAF values
demonstrates similar patterns. Namely, decrease in RTNAF
values reflecting nasal patency reduction was observed in the
exacerbation period compared with the period of remission.
The changes relative to Group 1 are statistically significant
for all groups except Group 3 (AR+AINS). This can be a
consequence of the fact that Groups 2 and 4 have significantly
decreased TNAF/RTNAF values which are not different from
each other.

It should be noted that the lowest values of both TNAF
and RTNAF in the period of acute AR were found in children
with a combination of AR+HPT. A slightly lesser decrease
in nasal respiratory function was found in children with a
combination of AR+HPT+AINS.Thus, it seems that themost
negative contribution to the formation of nasal congestion
during the AR exacerbation is caused by adenoid vegetation;
the influence of AINS on the indices of nasal patency in AR
exacerbation is less pronounced.

4. Discussion

In the present work, we have studied nasal respiratory
function in children with BA and AR using the AARM
method taking into account the AR severity period and the
absence or presence of two kinds of comorbid NODs. We
have also evaluated the RTNAF index as an indirect indicator
reflecting the nasal respiratory function, allowing eliminating
effect of the patient height on the AARMmeasures.

As awhole, patients with asthma and nasal symptoms had
a decrease in nasal respiratory function, which corresponded
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to an average degree of nasal obstruction. The median values
of TNAF obtained in our study were 576.7 [519.6; 633.8]
cm3/s. This is consistent with the data obtained in a study by
Harmanci et al. [41], where the TNAF values in BA children
were 554±79 cm3/s in the pollen season.

It was found that the nasal respiratory flow values,
evaluated both by the direct measurement (TNAF) and
using the relative RTNAF index, are significantly higher in
children duringAR remission than in childrenwith acuteAR.
Although this fact is expected, there are some contradictions
in the available publications about the significance of TNAF
in children with BA. So, Yukselen et al. [20] observed the
average degree of nasal obstruction in children with asthma
with TNAF = 328±177 cm3/s. It should be noted that the
causes of nasal obstruction were not elucidated in their study
and the children’s agewas from 6 to 15 years. At the same time,
Chen I. et al. [9] observed a mild degree of nasal obstruction
with TNAF of 755.2 ± 337.8 cm3/s in children with BA from 5
to 18 years of age. In our study, the similar group of patients
is characterized by the TNAF value of 734.5 [687.8; 781.2]
cm3/s during the AR remission and 409.0 [339.1; 478.9] cm3/s
during the AR exacerbation. Thus, our results demonstrate
clear and statistically significant correlation with the severity
period of comorbid pathology. Design of the study [20]
excluded patients with anatomical deformities of the nasal
cavity and, in the study [9], the state of the nasopharyngeal
tonsil, the level of control of AD, and the period of AR were
not accounted.

The differences in the nasal flow rate in children with
BA, given in different sources, can be associated with several
factors. First, the activity of allergic inflammation (remission
or exacerbation of AR, as a rule, taking place in these
patients) was not considered. Second, the anthropometric
and age parameters of the child were not taken into account.
Third, the structure of comorbid UAP, including NOD, that
potentially can occur in these children was not accounted.
This indicates the relevance of standardizing the evaluation
of indicators of AARM in children, including patients with
asthma, which has objective difficulties in comparison with
the category of adults.

We have established that the studied indicators (direct
measurement of the nasal flow of TNAF and estimation of
reduced values of RTNAF) both in the period of remission
of AR and in the period of acute AR have the highest
values in children with isolated AR compared with children
who have a combination of AR and NOD. In the period of
AR remission, the most significant limitations of the nasal
respiratory function were observed in children with the
combination AR+HPT+AINS, as evidenced by both TNAF
measurements and RTNAF index. In the AR exacerbation
period, any NOD types as a whole have a negative impact
on the nasal respiratory function in comparison with isolated
AR, but the most pronounced decrease in nasal respiratory
function is observed in children with HPT, as in the case
of a combination of AR+HPT and with the combination of
AR+HPT+AINS. This is evidenced by the analysis of both
TNAF and RTNAF values.Thus, in children with asthma and
nasal symptoms in the period of AR remission, significant

deterioration in nasal respiratory function is observed mainly
in children who have a combination of AR with HPT and
AINS. In the period of exacerbation of AR, the most signif-
icant contribution to the disruption of the nasal respiratory
function is made by HPT, both in the form of a combination
of AR+HPT and in the form of AR+HPT+AINS.

We found single publications, mainly Zicari A.M. and
coauthors, indicating a decrease in TNAF to 629.1± 146 cm3/s
in children with HPT, which was significantly lower than in
children who did not have HPT (age of patients from 6 to 12
years, patients did not have respiratory allergies) [42]. These
data are consistent with the data obtained by us: during the
remission phase of AR in children with HPT, TNAF values
were 654. 8 [599.3;710. 3] cm3/s. Studies that reflect the effect
of HPT on rhinomanometric parameters in children with
asthma have not been found.

During the acute phase of AR, children with HPT had the
lowest values of both TNAF and RTNAF, which indicates a
significant negative effect of HPT on the respiratory function
of the nose in children during acute AR. Similar patterns
were obtained in patients who have a combination of
AR+HPT+AINS (somewhat higher than in children with
AR+HPT). In the period of exacerbation of AR, patients with
HPT show the most significant decrease in nasal respiratory
flow.

We have not established a significant influence of AINS
(mainly in the form of deviations of the nasal septum) on
the parameters of AARM in the period of remission of AR in
children with asthma, both in the analysis of absolute TNAF
values and in the analysis of the RTNAF index in comparison
with children who had isolated AR.This, perhaps,may be due
to the compensatory capabilities of one of the half of the nose,
having a larger volumewithAINS.When analyzing the values
of the RTNAF index, it was established that, in the period of
AR remission, the value of the nasal flow when leveling the
effect of anthropometric parameters in children with HPT is
statistically not distinguished from the nasal flow, of patients
having isolated AR.

Analysis of TNAF in a group of children who had a
combination of AR with AINS in the acute phase of AR
showed a tendency to decrease nasal patency in patients
with AINS, in comparison with children with isolated AR.
In the period of exacerbation of AR, the absolute values of
TNAF, but not RTNAF rates, are decreased as compared to
the isolated AR. Thus, the effect of AINS on the nasal flow
during the AR exacerbation period is not obvious.

The influence of AINS on the rhinomanometric param-
eters of the respiratory function of the nose in the children’s
population, and in particular in patients with asthma, is not
adequately covered in the literature. We foundmainly studies
performed in adults as a criterion for assessing the respiratory
function in surgical intervention for the correction of AINS
[43]. In children, such studies are single, performed in
patients who do not have asthma [44]. It should also be noted
that Ahn et al. [45] established a high associative relationship
of the AINS with asthma, in those cases where the AINS was
accompanied by a syndrome of chronic nasal obstruction.
The assessment of nasal obstruction in [45] was based on the
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results of the questionnaire and endoscopic examination of
the nasal cavity. Anobjective assessment of the degree of nasal
obstruction in patients with AINS and BAwas not carried out
in [45]. The AARM measurements can lead to more detailed
interpretation of the AINS influence on the course of asthma.
All this, undoubtedly, requires the continuation of studies on
the effect of AINS in patients with BA and on the formation
of nasal obstruction during the course of asthma.

5. Conclusions

Rhinomanometric studies in children with asthma and nasal
symptoms show a clear dependence of the severity of nasal
obstruction from the AR phase (remission or exacerbation).
In addition, a negative effect on the state of nasal respiratory
function of HPT, more pronounced with exacerbation of
AR, was found, which should be taken into account when
managing these patients. The effect of HPT on the decrease
in nasal flow in the period of remission of AR is less
significant than in the period of exacerbation. The effect
of AINS on the nasal respiratory function of the nose is
not found. Our results demonstrate that the interpretation
of the AARM indices in children with asthma and nasal
symptoms should take into account the entire spectrum of
the existing pathology of UAP in this category of patients.
At the same time, when analyzing the AARM parameters,
it is important to take into account the influence of the
patient’s anthropometric indices on the parameters of the
nasal respiratory flow.
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[28] J. Juliá,M. Enriqueta Burchés, andA.Martorell, “Active anterior
rhinomanometry in paediatrics. Normality criteria,” Allergolo-
gia et Immunopathologia, vol. 39, no. 6, pp. 342–346, 2011.

[29] R. Kobayashi, S. Miyazaki, M. Karaki et al., “Nasal resistance in
Japanese elementary schoolchildren: Determination of normal
value,”ActaOto-Laryngologica, vol. 132, no. 2, pp. 197–202, 2012.

[30] T. I. Eliseeva, N. A. Geppe, E. V. Tush et al., “Body Height of
Children with Bronchial Asthma of Various Severities,” Cana-
dian Respiratory Journal, vol. 2017, Article ID 8761404, 2017,
https://doi.org/10.1155/2017/8761404.

[31] J. Bousquet, A. Addis, I. Adcock et al., “Integrated care pathways
for airway diseases (AIRWAYS-ICPs),” European Respiratory
Journal, vol. 44, no. 2, pp. 304–323, 2014.

[32] W. J. Fokkens, V. J. Lund, J. Mullol et al., “EPOS 2012: European
position paper on rhinosinusitis and nasal polyps 2012. A
summary for otorhinolaryngologists,” Rhinology, vol. 50, no. 1,
pp. 1–12, 2012.

[33] W. H. O., International Statistical Classification of Diseases and
Related Health Problems 10th Revision, 2016, http://apps.who
.int/classifications/icd10/browse/2016/en.

[34] D.Wang, P. Clement, L. Kaufman, andM.-P. Derde, “Fiberoptic
examination of the nasal cavity and nasopharynx in children,”
International Journal of Pediatric Otorhinolaryngology, vol. 24,
no. 1, pp. 35–44, 1992.

[35] P. A. R. Clement and F. Gordts, “Consensus report on acoustic
rhinometry and rhinomanometry,”Rhinology, vol. 43, no. 3, pp.
169–179, 2005.

[36] S. R. Downie, M. Andersson, J. Rimmer et al., “Symptoms of
persistent allergic rhinitis during a full calendar year in house
dust mite-sensitive subjects,” Allergy: European Journal of
Allergy and Clinical Immunology, vol. 59, no. 4, pp. 406–414,
2004.

[37] E. F. Juniper, J. Bousquet, L. Abetz, and E. D. Bateman, “Iden-
tifying ’well-controlled’ and ’not well-controlled’ asthma using
the Asthma Control Questionnaire,” Respiratory Medicine, vol.
100, no. 4, pp. 616–621, 2006.

[38] M. R. Miller, J. Hankinson, V. Brusasco et al., “Standardisation
of spirometry,” European Respiratory Journal, vol. 26, no. 2, pp.
319–338, 2005, https://doi.org/10.1183/09031936.05.00034805.

[39] M. S. Blaiss, “Rhinitis-asthma connection: Epidemiologic and
pathophysiologic basis,” Allergy and Asthma Proceedings, vol.
26, no. 1, pp. 35–40, 2005.

[40] J. Grossman, “One Airway, OneDisease,”CHEST, vol. 111, no. 2,
pp. 11S–16S, 1997.

[41] K. Harmanci, B. Urhan, H. Anil, and A. Kocak, “Nasal and
bronchial response to exercise in children with seasonal allergic
rhinitis out of the pollen season,” International Forum of Allergy
& Rhinology, vol. 5, no. 2, pp. 143–148, 2015.

[42] A. M. Zicari, A. Rugiano, G. Ragusa et al., “The evaluation
of adenoid hypertrophy and obstruction grading based on
rhinomanometry after nasal decongestant test in children,”
European Review for Medical and Pharmacological Sciences, vol.
17, no. 21, pp. 2962–2967, 2013.

[43] T. Aziz, V. L. Biron, K. Ansari, andC. Flores-Mir, “Measurement
tools for the diagnosis of nasal septal deviation: A systematic
review,” Journal of Otolaryngology - Head and Neck Surgery, vol.
43, no. APRIL, article no. 11, 2014.

[44] A. S. Iunusov, “Specific aspects of rhinomanometry in children
with nasal septum deformity in the region of absorbing part of
the nasal valve,” Vestnik Oto-Rino-Laringologii, no. 2, pp. 15-16,
2001.

[45] J.-C. Ahn, W. H. Lee, J. We, C.-S. Rhee, C. Lee, and J.-W. Kim,
“Nasal septal deviation with obstructive symptoms: Association
found with asthma but not with other general health problems,”
American Journal of Rhinology & Allergy, vol. 30, no. 2, pp. e17–
e20, 2016.

https://doi.org/10.1155/2017/8761404
http://apps.who.int/classifications/icd10/browse/2016/en
http://apps.who.int/classifications/icd10/browse/2016/en
https://doi.org/10.1183/09031936.05.00034805

