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Use of Azelastine and Sodium Chloride Spray for Prevention of Sinusitis
in ICU Admitted Patients: A Randomized Clinical Trial

Abstract

Background: Nosocomial sinusitis is a common and less attended complication in patients
admitted to intensive care units (ICU). It can cause several problems, such as prolongation of
hospitalization, comorbidity, and mortality in patients. The present study aimed to evaluate the effect
of azelastine (second-generation antihistamine) and sodium chloride spray on sinusitis prevention in
ICU admitted patients. Methods: In this randomized, open-label, and parallel clinical trial a total
of 126 patients were enrolled (63 patients per arm). Finally, 121 patients (61 patients in the control
group and 60 patients in the treatment group) completed the study, and 120 patients entered the
final analysis. In the treatment group, during 24 h after the insertion of nasogastric tube azelastine
and sodium chloride sprays were administered (one puff from each spray every 12 h) while no
intervention was conducted in the control group. Primary and secondary end-points were evaluated
within 10 days of the study period. Results: The incidence of sinusitis and pneumonia (18.3% and
16.6% in the control group compared to 8.3% and 3.3% in the treatment group, respectively) in
the treatment group showed a decreasing trend; however, only the difference of pneumonia was
statistically significant between groups (P = 0.03). In addition to the clinical pulmonary infection
score, nasal and tracheal secretions were significantly improved in the treatment group (P = 0.03,
P < 0.001, and P = 0.01, respectively). Conclusions: The findings of the present study offer an
inexpensive, low-risk, and efficacious intervention for the prevention of upper respiratory tract

infections in ICU patients.
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Introduction

Hospital-acquired sinusitis is one of the
common and less be presented causes of
fever in intensive care unit (ICU) patients.
According to the literature, the incidence
of this problem has been reported between
1 and 53 percent based on different clinical
diagnostic criteria and conditions.*? The
presence of a nasogastric tube (NG tube)
as well as mechanical ventilation are two
main risk factors for nosocomial sinusitis
in patients. These factors are influential
in the occurrence of sinusitis regardless
of usage time.’Y Several studies have
shown that the treatment of sinusitis in
patients can improve symptoms, including
fever of unknown origin, within 24 to
48 h.5 However, limited studies have
been conducted on the prevention of
sinusitis.”'% Using decongestants (such as
xylometazoline) in combination with nasal
corticosteroid (budesonide) have been
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effective in the prevention of nosocomial
sinusitis but had little impact on secondary
infections.®) Use of topical antibiotics
along with chlorhexidine mouthwash and
body wash reduces the risk of sinusitis and
subsequently  pneumonia. Nevertheless,
due to the risk of microbial resistance, this
procedure is not highly recommended.!”

In recent years, there are some theories,
which express a relationship between
allergic sinusitis and acute or chronic
bacterial sinusitis."" In some clinical trials,
the inflammatory mechanisms involved
in the development of acute bacterial
sinusitis and its progression have been
studied. In nasal lavage examination of
acute bacterial rhinosinusitis (ARS)’s
patients, increased in different inflammatory
markers such as interleukin-1, interleukin-6,
interleukin-8, and granulocyte-macrophage
colony-stimulating factor  (GM-CSF)
has been observed in comparison with
the control group.l'*' Regarding the
mechanisms proposed in this field, it
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seems that the use of compounds with preventive effect on
initiation or progression of inflammatory processes can be
considered in the prevention of sinusitis.

Azelastine is a second-generation antihistamine that
is used topically for the treatment of allergic rhinitis.
Compared to systemic antihistamines because of local
effects with low systemic bioavailability, azelastine
causes fewer anticholinergic complications such as
constipation and dry mouth for patients.'” In a previous
study, azelastine spray has shown the efficacy for
the reduction of inflammatory cytokines.'' Recent
studies have shown that combination therapy with
sodium chloride increases the efficacy of other sinusitis
treatment. However, the use of sodium chloride alone
did not affect the clearance of mucosal secretions.!'7-!"!
Considering the faster onset of action of azelastine
compared to corticosteroids, and its higher efficacy than
mometasone, in addition to its effect on proinflammatory
cytokines, azelastine application in combination to
sodium chloride spray seems to be a good option for
preventing sinusitis in hospitalized patients."

Due to the similarity of infectious microorganisms in
hospitalized sinusitis and pneumonia and the determined
mechanisms of sinusitis, the present study aimed to evaluate
the effect of azelastine and sodium chloride spray on the
incidence of sinusitis, pneumonia, and other indicators of
respiratory tract infection.!

Methods
Study design and participants

The present randomized, parallel, and open-label trial
was conducted in patients admitted to ICU at Imam Reza
Hospital between September 2017 to September 2018.

Patients aged more than 18 years old admitted to the
medical intensive care unit, during the first 24 h after
NG tube insertion were randomized into either the
treatment or control group. Patients with the following
criteria were excluded from the study: trauma to the
head and face or anatomical abnormalities preventing
NG tube placement; the history of sinusitis in the last
three months; leukopenia (WBC <3500/mL); coagulation
disorders (PLT <100000/mL, INR >1.5 or PTT more than
two times higher than normal); the presence of a tumor in
the patient’s head and neck.

The present study was approved by the ethics committee
of Aja University of Medical Sciences with IR AJAUMS.
REC.1396.72 identifier, and it was conducted in
accordance with the Helsinki Declaration principles.
The informed consent was obtained from the patient or
his/her legal guardian before initiating any study-related
procedures. This study was registered with (IRCT.
ir) Iranian Registry of Clinical Trials, trial number
IRCT20190312043037N1.

Sample size and randomization

The sample size of this study was calculated based on
the incidence of the disease and previous studies.>” By
considering sinusitis incidence equal to 38%, treatment
difference of 20%, and o = 0.05, the sample size was
calculated 60 patients in each group to achieve 80%
power. The test statistic used is the one-sided Z test
with un-pooled variance. Assuming a 5% drop-out rate,
results in 126 patient’s requirement for enrollment.
Complete randomization was performed using the simple
randomization method, bypass software version 11.
Patients assigned to the treatment or control group with a
1:1 allocation ratio.

Intervention

Eligible adult patients admitted to ICU within 24 h of
NG tube insertion were randomized into treatment or
control group. Patients were evaluated by the physician
for the symptoms of sinusitis including throat secretions,
nasal discharge, painful and swollen sinuses (if possible),
fever, and leukocytosis. Patients’ background information
including age, sex, underlying illnesses, concomitant
medications, liver and kidney function, CBC, temperature,
vital signs, and living conditions were registered. In the
treatment group, one puff of 0.15% azelastine spray and
0.65% sodium chloride spray was administered every
12 h per nostril while patients in the control group received
routine care. Patients in both groups were followed up for
10 days. If the patient was discharged before 10 days or
if the NG tube had to be removed, a secondary check was
done earlier than 10 days while the patient should remain
in the study at least for 7 days. In the case of patient
exclusion before the 7™ day of the study, patient data were
not included in the final analysis. During the study and at
its end (day 10), postnasal drip, nasal discharge, fever, and
leukocytosis were monitored and recorded daily. In case
there was a high clinical suspicion of sinusitis in patients;
defined as fever of unknown origin, purulent discharge at
the back of the throat, or exacerbation of fever while the
patient is on antibiotic treatment and there is no other
reason for the fever, CT scan of paranasal sinuses was
performed for the confirmation of sinusitis diagnosis. In
case of high fever (above 38.3°C), the culture of blood,
urine, and tracheal secretions were performed, and if
an infection was detected, appropriate antibiotics were
prescribed for the patient.

The primary end-point of this study was to investigate
the incidence of sinusitis confirmed by imaging between
the two treatment groups. The secondary end-points
were to compare the incidence of pneumonia, changes in
clinical pulmonary infection score (CPIS) score, WBC,
temperature, tracheal and nasal secretions, and finally, the
isolated organisms from the patients’ tracheal secretions. In
order to facilitate the evaluation of patients’ tracheal and
nasal secretions, purulent secretions were scored from 0 to
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5 where 0 meant no secretions and 5 indicated very high
purulent discharge.

Statistical analyses

The normality of data was checked and confirmed
using the Kolmogorov—Smirnov test. Analysis of
continuous variables with normal distribution was
performed with independent sample t-test for between
groups assessment and paired t-test for within-group
evaluation. Categorical variables between the two
groups were compared by the Chi-square test. Besides,
the longitudinal data were analyzed using a generalized
estimating equation (GEE) model in the effectiveness
analysis set. The significance level was considered as
P value less than 0.05. All analysis was done using
Statistical Package for Social Sciences (version 18.0;
SPSS Inc., Chicago, IL, USA).

Results

A total of 126 patients were enrolled in this study. Of these,
three patients in the treatment group and two patients in
the control group left the study before the seventh day. In
the final analysis, 75 men and 45 women were examined.
One patient was discarded from the final analysis due to
missing data. The consort diagram of the study is shown in
Figure 1.

As is summarized in Table 1, there was no statistically
significant difference between groups regarding the
baseline information of patients including age, gender, and
CPIS score.

The primary end-point of this study that was to
investigate the incidence of sinusitis in both groups
indicates the effectiveness of the treatment regimen in
the studied patients. The percentage of patients that
after evaluation of clinical symptoms and imaging
had sinusitis was 8.3% and 18.3% in the treatment
and control group. Although the difference was not
statistically significant (P = 0.11), a lower incidence rate
was noted in the treatment arm.

The incidence of pneumonia on the 10" day of study
based on the CPIS index was lower in the treatment
group compared to the control group (3.3% vs. 16.6%,
P = 0.03). Besides, the decreasing trend of this score
on day 10 compared to the first day of the study,
was significantly (P = 0.03) more in the treatment
group compared to the control group. In the treatment
group mean CPIS score decreased from 3.68 + 2.81
to 3.02 + 2.23 during the study (P = 0.15) while in
the control group changes were less apparent from
3.68 £ 233 to 3.62 + 2.48 (P = 0.88). Changes in
nasal purulent secretions and tracheal secretions in the
treatment group were significantly better than the control

[ Enroliment ]

Assessed for eligibilty (n= 173)

Excluded (n= 47)
« Not meeting inclusion criteria (n= 28)

h 4

+ Declined to participate (n= 10)
+ Other reasons (n=9)

Randomized (n= 128)

h 4 '

{  Allocation } y

Allocated to intervention (n= 63)

Allocated to intervention (n= 63)

[ Follow-Up ] 5

Lost to follow-up (excluded before day 10) Lost to follow-up (exciuded before day 10)
(n=3) (n=2)
! [ Analysis |

Analysed (n=60)
+ Excluded from analysis (n= 0)

Figure 1: Flow chart consort of the study
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group (P = <0.001, and P = 0.01; respectively). In the
evaluation of both nasal and tracheal secretions score, the
rate of discharge in the treatment group had a decreasing
trend (P = 0.22) and (P = 0.32), respectively. While in the
control group, the rate of discharge increased moderately.
In control group nasal secretion score increased
(P = 0.045) and also tracheal secretion score showed
increasing trend (P = 0.4). All data has been shown as
mean += SD. Results of within and between groups data
have been shown in Tables 2 and 3, respectively.

X Mean vs visit

WBC
1
v

b

E 1 3 s 7 9 n
visit (day)
I8 =
37.5 —
A
o A Mean t
£ ~ “a
= b
37 o
26 — T T T T
1 3 s 7 9 n
visit (day)

Figure 2: Trend of WBC (count/ml x 1000) and temperature (°C) during the
study. (a: treatment group, b: control group)

Table 1: Baseline demographic and variables data

Variable Treatment Control P
Group n=60  Group n=60

Sex N (%)

Male 41(68.33%) 34 (56.67%)  0.19%*

Female 19 (31.67%) 26 (43.33%)

Age (year) 72.33+13.36  74.30£10.75 0.38%

Weight (kilogram) 71£18.51 72.67+10 0.83%*

Temperature (°C) 37.31£0.48 37.38+0.46 0.42%*

WBC (count/ml) *1000 9.68+5.26 10.68+5.66 0.32%*

Mean arterial pressure 97.63+16.60  101.63+14.16  0.16*

(MAP) (mmHg)

Nasal secretion score 2.23+1.41 2.07£1.27 0.50%*

Tracheal secretion score 2.25+1.39 2.25+1.39 0.99%*

CPIS score 3.68+2.81 3.68+2.33 0.99*

*Data are shown as Mean+SD and analyzed by independent
t-test. **Data are shown as number (percentage) and analyzed by
Chi square test

4

The trend of WBC change and temperature is shown
in Figure 2. The changes in these indices did not differ
significantly between the two groups. The longitudinal
analysis of these indices by the GEE method indicates their
stability in both groups during the study (P = 0.39 and
P =0.97, respectively).

The microorganisms found after the culture of tracheal
secretions are listed in Table 4. The positive culture was
lower in the treatment group (57%) compared to the control
group (70%) with no significant statistical difference
(P =0.13). In addition, gram-negative microorganisms were
less common in the microbial culture of the treatment group
compared to the control group (40% vs. 52%); however,
the difference was not statistically significant (P = 0.19).

Table 2: Within group comparison of CPIS score, nasal
and tracheal secretion between last day and baseline

Variable Treatment P Control P
group group
n=60 n=60
CPIS score (baseline) 3.68+2.81 P=0.15 3.68+2.33 P=0.88
CPIS score (last day)  3.0242.23 3.624+2.48
Nasal secretion 2.23+1.41 P=0.22 2.07£1.27 P=0.045
score (baseline)
Nasal secretion 1.93+1.26 2.52+1.16
score (last day)
Tracheal secretion 2.25+41.39 P=0.32 2.25+1.39 P=04
score (baseline)
Tracheal secretion 2.00+1.37 2.47+1.40

score (last day)
*Data are shown as Mean+SD and analyzed by paired #-test

Table 3: Between groups comparison of change in CPIS
score, nasal and tracheal secretion from baseline to last

day
Treatment Control P
group n=60 group n=60
Change in CPIS score -0.67+1.55  -0.07£1.41  0.03*
Change in nasal secretion -0.30+£0.93  0.45£1.02 <0.001*
Change in tracheal secretion -0.25+1.00  0.22+0.96  0.01*

*Data are shown as Mean+SD and analyzed by independent #-test

Table 4: Tracheal secretion culture result during study

Culture Treatment Control P
group n=60  group n=60

Negative 26 (43.33%) 18 (30.00%) 0.47*

Methicillin-resistant 7 (11.67%) 4 (6.67%)

Staphylococcus aureus

Pseudomonas aeruginosa 8 (13.33%) 13 (21.67%)

Escherichia. coli 4 (6.67%) 5(8.33%)
Enterococcus 3 (5.00%) 5(8.33%)
klebsiella pneumoniae 8 (13.33%) 8 (13.33%)
Acinetobacter baumannii 1 (1.67%) 0 (0.00%)
Streptococcus hemolytic 3 (5.00%) 7 (11.67%)

*Data are shown as number (percentage) and analyzed by Chi square test
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Discussion

In this randomized, parallel, and open-label study in
patients who were admitted to ICU and had NG tube,
the effect of azelastine and sodium chloride sprays on
the prevention of sinusitis was investigated. The primary
end-point of this study was to investigate the effect of the
mentioned regimen on reducing the incidence of sinusitis in
high-risk patients. Other outcomes that have been studied
in this study included a reduction in the incidence of
pneumonia and the symptoms of sinusitis and respiratory
tract infections, as discussed below.

The results of the study showed that the incidence of
sinusitis confirmed with imaging was lower in patients in
the treatment group rather than the control group while in
the control group it was similar to previous studies without
prevention. The decrease in the incidence of sinusitis was
associated with a decrease in the incidence of pneumonia
in the treatment group. In addition, the treatment regimen
reduced the positive culture of tracheal discharges as well
as the positive culture of gram-negative microorganisms,
which is one of the medical challenges in hospitalized
patients.

Several studies have investigated the incidence of sinusitis
in hospitalized patients. Van Zanten et al. study regarding
the incidence of sinusitis as a cause of fever in patients
undergoing mechanical ventilation in ICU, showed that
the incidence of fever caused by sinusitis as the main
and secondary causes was 16% and 13%, respectively.*!!
In a meta-analysis by Agrafiotis et al. that evaluated the
incidence of sinusitis in patients undergoing mechanical
ventilation in various studies, sinusitis was reported in 27%
of patients and was the cause of 25% of fevers of unknown
origin. Based on different clinical diagnostic criteria, the
risk of sinusitis in patients admitted to ICU was reported
between 1 and 53 percent in this study.!! Therefore, it
can be argued that sinusitis is one of the less studied and
common infections in ICU. Measures to prevent sinusitis
can have a significant impact on ICU patients. In the
present study, the incidence of sinusitis in the control
group was about 18%, which is largely similar to previous
studies. While in the treatment group, a decrease in the
incidence of sinusitis was observed, and it seems that the
regimen used may reduce the incidence of sinusitis in the
studied patients.

Limited strategies for prevention of sinusitis have been
evaluated in previous studies, which has been accompanied
by practical restrictions. Camus et al. investigated the use of
different regimens in the prevention of respiratory infections
in patients with mechanical ventilation. These regiments
included topical polymyxin/tobramycin (or placebo) and
intranasal mupirocin plus chlorhexidine body wash, and
using a topical placebo and body wash soap. The combined
regimen was the only effective regimen in reducing the risk
of infections, including sinusitis.” It is noteworthy that

International Journal of Preventive Medicine 2021, 12: 97

using antibiotic decontamination regimens is associated
with an increased risk of microbial resistance and other
infections other than pneumonia.?>?! In another study,
Pneumatikos et al. suggested that using xylometazoline
and budesonide reduces the risk of sinusitis in patients
admitted to ICU.M However, it should be considered
that using inhaled corticosteroid was remarked as a risk
factor for respiratory fungal infections and this type
of infection is common in patients with sinusitis.>*2
Previous studies have shown that inflammatory reactions
occur in the development of acute and chronic microbial
sinusitis.'>!*! Controlling and reducing inflammatory factors
can, therefore, improve sinusoidal emptying and reduce the
risk of sinusitis. On the other hand, in the case of sinusitis,
it helps to drain the sinuses more easily and helps to
control the infection. In one study evaluation of azelastine
spray, fluticasone nasal spray, and their combination effects
on inflammatory markers have shown the efficacy of
both drugs on the reduction of inflammatory indices such
as interleukin-6, interleukin-8, GM-CSF, and eosinophil
survival time while the combination regime had the most
effect. According to the results of this study, azelastine
not only works on histamine receptor but also can control
and reduce other inflammatory mediators. In other studies
that evaluated the effect of different local compounds on
the treatment of acute bacterial sinusitis, the administration
of isotonic sodium chloride monotherapy did no affect on
mucociliary clearance. However, the addition of isotonic
saline along with nasal corticosteroids or routine care
had an increased effect on the improvement of patient
symptoms. As mentioned above Azelastine can effectively
decrease inflammatory factors such as interleukins and
sodium chloride irrigation also has an additive effect in the
treatment of sinusitis.'*!®¥! Considering the inflammatory
mechanisms involved in sinusitis and the effects of the
mentioned drugs, the combination regimen has been used.
In the present study, using intranasal sodium chloride spray
and topical antihistamines in the treatment group lowered
the incidence of sinusitis by less than half compared to
the control group. Our intervention had a positive impact
on the prevention of sinusitis within 10 days of admission
to ICU; however, the difference between groups was not
statistically significant. In contrary to the previous studies,
the treatment regimen in this study did not increase the risk
of infection and microbial resistance.

One of the important effects of sinusitis prevention is
the risk reduction of other respiratory infections, such
as pneumonia. In Camus and Pneumatikos studies,
the incidence of pneumonia has been investigated as a
secondary end-point. In both studies, reduction of sinusitis
was associated with a reduction in the risk of pneumonia.”#
In the present study, the incidence of pneumonia was lower
in the treatment group compared with the control group.
This can be attributed to the reduced colonization of
microorganisms in the respiratory tract and easier discharge

5
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of sinuses in the patients. Due to the high mortality rate of
pneumonia in ICU admitted patients, which reported 15%
to 50%, reducing the incidence of sinusitis and therefore
reducing the incidence of pneumonia can indirectly
decrease the mortality rate. The extent of this decline in
mortality requires long-term investigation.*”)

Microbial evaluation in preventive regimens has great
importance because the prophylaxis regimen should not
increase microbial resistance or increase colonization with
resistant microorganisms. Van Zanten et al. evaluated
the microorganisms in sinus and tracheal discharges in
patients admitted to ICU. They found a similarity between
microorganisms isolated from both secretions in patients. In
this study, the most isolated organisms were gram-negative
bacteria. Among them, Pseudomonas aeruginosa was the
most common bacteria.?!! In Pneumatikos et al. study, the
most commonly observed organism was gram-negative
bacteria and in particular Acinetobacter. They found
a reduction in the positive culture of gram-negative
microorganisms in the treatment group compared to the
control group.® Finally, in the study by Camus et al., the
most frequent organisms were gram-negative bacteria.
A significant reduction in the number of these organisms
was observed in the combination therapy group compared
to the control group.” In our study, therapeutic regimens
did not have much impact on gram-positive bacteria, such
as Staphylococcus aureus. The most commonly observed
microorganisms were Pseudomonas and Klebsiella. The
treatment regimen reduced the number of gram-negative
organisms. The positive culture of methicillin-resistant
Staphylococcus aureus (MRSA) did not differ significantly
between groups. Based on our study and previous findings,
it seems that preventive regimens used to prevent sinusitis
reduce the risk of infection with gram-negative organisms
and have little effect on gram-positive bacteria, such as
MRSA.

The cost of treatment with these medications for 10 days
is equal to 300.000 Iranian Rial (IRR) while the only
one additional day of hospitalization due to respiratory
infections in the intensive care unit inside the studied
hospital, imposes a cost of 6.000.000 IRR on the health
care system. In regard to this simple cost evaluation, it
seems that the treatment would be cost-effective, while
the cost-effectiveness should be closely examined in other
studies.

Limitations of this study included the duration of evaluation,
lack of long-term efficacy assessment, evaluation of each
drug effect as monotherapy and open-label design that the
last one could have some impacts on physician assessment.
However, due to the lack of patient influence in the
evaluations, there was little interference in this regard.
By considering the positive effect of preventive protocol,
further study with a longer duration by considering the
mortality rate and groups containing any of the treatments

6

used alone are recommended. Also, cost-effectiveness
evaluation can be more accurately assessed.

Conclusions

Based on our findings on the preventive regimen for
sinusitis and pneumonia, it seems that the combination
of sodium chloride and azelastine sprays can effectively
reduce the risk of infections in ICU patients that have
NG tube and are mechanically ventilated. In addition,
this prophylactic regimen reduces the positive culture of
Gram-negative microorganisms. In addition to low cost and
limited side effects, this therapeutic regimen is an effective
option in ICU patients.
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