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Introduction

Optical rhinometry (ORM) is a technique that allows 
for direct continuous measurement of changes in blood 
flow (OD – optical density) in nasal vessels, at the same 
time analyzing changes per unit of time in the evalu-
ated variable: intravascular blood flow and oxygen satu-
ration [1, 2] (Figure 1). Rhinometry is performed with an 
emitter and detector placed on opposite sides of the 
bridge of the nose. The device emits pulses of infrared 
light with a mean wavelength of 600–800 μm through 
nasal tissues, which are detected with a frequency of 
0.2 s. Unlike rhinomanometry, ORM offers real-time 
measurements, irrespective of subject compliance, in 
the case of polyps, perforation, and deviated septum, 
as well as technical ease of measurement [3, 4]. Popu-
larized mainly by German researchers (Wüstenberg EG, 
Hampel U, Schleicher E, Hüttenbrink KB, Zahnert T), this 
method has been gaining more and more approval in 
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Abst rac t
Introduction: Optical rhinometry (ORM) is a technique that allows for direct continuous measurement of changes in 
blood flow (optical density) in nasal vessels, at the same time analyzing changes per unit of time in the evaluated 
variable: intravascular blood flow and oxygen saturation. 
Aim: To assess the extent to which ORM can be used as an objective measure of nasal mucosal edema following 
a nasal allergen provocation test in a group of patients with allergic rhinitis versus healthy controls.
Material and methods: The study group included 60 subjects: 30 patients diagnosed with an allergy to common 
environmental allergens (dust mites/grasses) and 30 healthy controls. The method used in the study was a nasal 
provocation test with an allergen, with a standard dose of a control solution and an allergen (5,000 SBU/ml) ad-
ministered using a calibrated atomizer into both nostrils in room temperature.
Results: The mean delay to the onset of nasal mucosal response as measured by ORM was 3.15 min and the level 
of light extinction returned to baseline after 28.15 min (change in optical density 0.431). These objective changes in 
optical density strongly correlated with subjective perception measured via a visual analog scale. 
Conclusions: Optical rhinometry is a valuable tool for nasal allergen provocation testing.

Key words: nasal allergen provocation test, optical rhinometry, optical density, onset/maximum nasal mucosal 
edema, visual analogy scale.

recent years, especially in assessing the early phase of 
an allergic reaction via nasal allergen provocation test-
ing (NAPT), which plays an increasing role in allergic 
rhinitis diagnostics due to its high sensitivity and spec-
ificity. Although NAPT simulates the natural exposure 
to an allergen only to a certain extent (single allergen 
dose), it is still a valuable source of information on the 
patients’ condition. In the case of significant inconsis-
tencies in the patients’ history, skin prick tests or serum 
IgE tests are often the basis for patient qualification for 
immunotherapy [5, 6].

Aim

The purpose of this study was to assess the appli-
cability of ORM as an objective technique to verify the 
degree of nasal mucosal edema following nasal allergen 
administration in patients with allergic rhinitis (AR) ver-
sus the healthy controls (HC).
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Material and methods

Nasal allergen provocation testing  performed by 
qualified medical personnel in an outpatient setting is the 
simplest and most accurate model of natural exposure of 
the nasal mucosa to an allergen, measured in time. Ac-
cording to the Report by the Committee for Upper Airways 
Allergies, NAPT may be defined as a method “restoring 
the response of the upper airways to natural exposure to 
allergens or irritants and doing research into the patho-
physiology of the upper airways by testing potential bio-
chemical mediators” [6, 7]. The nasal mucosal reaction to 
the administered allergen is instantaneous and involves 
mainly activation of cells (mast cells, macrophages); ac-
tivated cells are coated with antibodies, which results in 
the release of tryptase, histamine, CysLT (custeinyl leuko- 
triens), and PGD2

 (prostaglandin 2) [6, 7]. These medi-
ators, in turn, cause local stimulation of sensory nerve 
receptors and blood vessels within the nasal mucosa. 
Moreover, during the early phase of inflammation, mast 
cells release chemotactic agents and platelet-activating 

factor, which contribute to the development of inflamma-
tion [6, 8]. The immediate allergic reaction typically lasts 
approximately 20–30 min and may continue into the late 
phase, which begins approximately 4 h after nasal aller-
gen administration [6, 9]. The International Committee on 
Objective Assessment of the Nasal Airways and the Polish 
2010 Nasal Provocation Test Standardization Consensus 
recommend that NAPT be assessed concomitantly via an 
objective and subjective technique per unit of time [6, 7]: 
however, fail to indicate how to interpret test results.

Study group 

The study group comprised 60 subjects: 30 patients 
diagnosed with allergic rhinitis (AR) to common envi-
ronmental allergens: dust mites (Dermatophagoides 
pteronyssinus) and grasses, and 30 HC with no symp-
toms of allergy (Table 1). In order to increase effective-
ness of NAPT, the study population was selected based 
on the dominant allergen (dust mites or grass pol-
lens) identified via skin prick tests. The study group of  

Figure 1. The onset and maximum optical density during optical rhinometry
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T1/T2 3.15/28.15 0.800/0.930 < 0.05

OD – optical density, T1/T2 – onset/maximum nasal mucosal edema, AR – allergic rhinitis, HC – healthy controls.

Table 1. Characteristics of the 30 study participants

Parameter 30 patients with AR
(14 women, 16 men)

30 healthy controls
(13 women, 17 men)

Age [years] 27.33 ±5.665 30.63 ±6.037

Height [cm] 172.90 ±8.767 176.03 ±8.588

Weight [kg] 72.83 ±13.570 74.10 ±13.583

Positive results of skin prick tests sAR: 11.0  ±3.326 mm vs.  
histamine 3.89  ±0.832 mm

pAR: 8.92  ±3.315 mm vs.  
histamine 3.42  ±0.669 mm

Unresponsiveness of skin prick tests

sAR – Seasonal allergic rhinitis, pAR – perennial allergic rhinitis.
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30 RA patients was not stratified into seasonal and 
chronic allergy due to the small sample size.

Subjects were qualified for the study based on:
– �documented history of allergy to a given allergen (at 

least 3 years of symptoms, without medical treatment 
or specific immunotherapy),

– �a positive skin prick test,
– �computed tomography scans of paranasal sinuses that 

excluded inflammation,
– �preserved patency of the osseous part of nasal pas-

sages.
Exclusion criteria:

– �at least 6 weeks after a pollination period (airborne al-
lergens) preventing “sensitization” prior to NAPT,

– �nasal malformations, choanal atresia, nasal septum 
perforation, significant nasal septal deviation,

– �nasal polyps,
– �atrophic rhinitis,
– �less than 6 weeks from the end of symptomatic allergic 

rhinitis; patients with seasonal rhinitis were evaluated 
in the period from March to May,

– �any vaccinations (according to the vaccination sched-
ule, with immunizing agents) administered within one 
week prior to the study,

– �less than 8 weeks after nasal surgery (particularly any 
inferior turbinate reduction procedures),

– �acute upper respiratory tract infections within 2–4 
weeks prior to the study,

– �sinusitis, including frontal sinusitis,
– �bronchial asthma,
– �hypertension and other cardiovascular conditions,
– �pregnancy and lactation,
– �active or passive smoking.

Method 

The method used in the study was NAPT with the 
use of 5,000 standardized biological units (SBU)/ml 
(Allergopharma) administered with a calibrated atom-
izer into both nostrils at room temperature at a dose 
of 0.2 ml. The nasal reaction was assessed via light 
extinction curve analysis of infrared light emitted and 
detected by an optical rhinometer as well as via a visual 
analog scale (VAS) (nasal irritation, sneezing, conges-
tion, rhinorrhea) at 5, 10, 15, and 20 min after allergen 
provocation. The study was conducted owing to a grant 
from the Pomeranian Ministry of Science and Higher 
Education (N N402 520839) and was approved by the 
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AR – Allergic rhinitis, HC – healthy controls, *p < 0.05.

Figure 2. Curves showing mean nasal symptoms (VAS) during NAPT
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Figure 3. The relationship between symptoms recorded via 
VAS and nasal mucosal edema recorded via optical rhinom-
etry. A – Nasal irritation (r = 0.13, p = 0.016), B – rhinor-
rhea (r = 0.493, p < 0.005), C – nasal congestion (r = 0.333,  
p = 0.009)
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Institutional Review Board at the Medical University of 
Warsaw (KB/79/2009). 

Statistical analysis

Student’s t-test and Pearson’s correlation coefficient 
were calculated in order to determine the relationship 
between variables and the strength of the relationship. 
The Levene’s test was used to estimate the uniformity of 
means. Value of p < 0.05 was considered to be statisti-
cally significant.

Results

We observed significant differences between study 
groups in terms of nasal symptoms such as nasal irri-
tation, rhinorrhea, nasal congestion, number of sneezes 
within 5 to 20 min (p < 0.05) (Figure 2). The greatest se-
verity of nasal irritation and increased number of sneezes 
were observed in the AR group at 5 min (p < 0.05), rhi-
norrhea at 10 min (p < 0.05), and nasal congestion at 10, 
15, and 20 min (p < 0.05) in comparison with the control 
group. The first nasal symptoms in the form of nasal ir-
ritation developed 5 min after allergen administration; its 
change in time showed significant differences from time 
0 following allergen administration to 5 min (p = 0.006), 
from 10 to 15 min (p = 0.034), and from 20 min to 4 h  
(p = 0.018). The number of sneezes recorded after 5 min 
showed no significant change during the early phase of 
allergic reaction (p = 0.85). 

In the AR group, there were significant differences 
both in terms of mean change in infrared light absorption 
and in the onset of allergic reaction in comparison with 
the control group (p < 0.05) (Figure 1). The mean onset 
of mucosal reaction on the optical rhinometry curve was 
recorded after 3.15 min, while light extinction returned 
to its lowest (baseline) level after 28.15 min. The mean 
value of infrared light absorption in the AR group in com-
parison with that in the control group was OD = 0.431  
(p < 0.05). We observed strong correlations between 
symptoms recorded via the VAS (nasal irritation r = 0.13, 
p = 0.016; rhinorrhea r = 0.493, p < 0.005; nasal con-
gestion r = 0.333, p = 0.009) and ORM between 5 and  
20 min following nasal allergen administration (Figure 3).

Discussion

Optical rhinometry (method introduced for nasal 
cavity examination in Germany in 2004) [10] as an ob-
jective assessment technique, also used in NAPT due to 
its simplicity, has been a valuable source of diagnostic 
information in rhino-allergology. The observed objects 
along the course of the ORM curve are usually associated 
with sneezing, pronounced facial muscle movements, or 
shifts in body position [10]. Tillmann et al. demonstrated 
distinct variations in optical densities in a group of 52 
healthy subjects aged 21–80; in the 21–40 age group OD 
increased by 0.14, in the 41–60 age group – by 0.22, and 
in the 61–80 age group – by 0.31 [11]. The increase in OD 
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with age has been associated with increased vascular 
stiffness [12] and concomitant conditions attributed to 
old age. There have been few animal studies on this sub-
ject, which provides insufficient evidence as to the ratio-
nale for using ORM in nasal patency assessments [13]. 
The obtained results are in the form of absolute numbers, 
which cannot be compared between, or standardized for, 
individual study groups or subjects [14]. In comparison 
with other techniques, such as rhinomanometry, where 
NAPT is evaluated based on the increase in intranasal 
pressure and peak nasal inspiratory flow (PNIF) tests as-
sessing the flow of a specific volume of air per unit of 
time (minute), ORM has a distinct advantage in terms of 
subject compliance. Moreover, ORM shows a strong cor-
relation with active anterior rhinomanometry (Wüsten-
berg; r = 0.84) [2], acoustic rhinometry (Cheung; mini-
mum cross-sectional area (mCSA)-1 r = –0.6, p = 0.03 and 
mCSA-2r = –0.64, p = 0.02) [4], and subjective symptom 
assessment via a VAS during NAPT [14, 15].

Our study showed the ORM-measured onset of reac-
tion at 3.15 min with simultaneous development of nasal 
irritation (p = 0.042). At 10 min, rhinorrhea occurred, with 
nasal congestion reported as the predominant symptom 
at that time point; also, the changes over time from aller-
gen administration to 5 min (p = 0.01) were statistically 
significant. These ORM-recorded changes over time cor-
related with symptoms reported by subjects (nasal irrita-
tion r = 0.13, p = 0.016; rhinorrhea r = 0.493, p < 0.005; 
nasal congestion r = 0.333, p = 0.009). Our observations 
are consistent with those by Wüstenberg, who demon-
strated the strongest correlation between ORM values 
and rhinorrhea (r = −0.63), with a mean decrease in light 
extinction maintained at a level of OD 0.435 [2]. Cheung 
et al. also observed a positive correlation between the 
change in light extinction and the increase in symptoms 
as measured via VAS (r = –0.60; p = 0.03) [4]. Similar 
correlations were reported by Luong et al., who dem-
onstrated a strong correlation between VAS symptoms 
and ORM results (r = 0.79, p = 0.00003) [16]. Wüstenberg 
et al. reported a slightly longer delay, of 7.46 min, to opti-
cal density reduction (OD = 0.410), which strongly corre-
lated with rhinomanometric parameters [12]. Additional 
tests in children and adults showed variations in the 
onset and duration of maximum nasal mucosal edema, 
with onset at 120 s and maximum edema at 330 s in chil-
dren and onset at 156 s and maximum edema (complete 
light extinction) at 466 s in adults; these differences were 
not statistically significant [2, 9, 10]. Subjects reacted 
to provocation with histamine noticeably more rapidly 
than to provocation with an allergen [17]. Ohm and Juto 
observed a more pronounced reaction to histamine ad-
ministration in the group of healthy subjects versus the 
group of subjects with hyperactive nasal mucosa [18]. 
Conversely, Mittenzwey et al. in a small group of children 
reported a significant change over time of OD = 0.37 dur-
ing NAPT and a slightly lower OD of 0.32 with histamine 

provocation after 2.39 min [14]. This distinct variability 
was likely due to the varied size of intranasal structures 
and mucosal thickness between study groups [17]. Some 
study results confirm the utility of ORM in allergic rhinitis 
diagnostics as evidenced by strong correlations [19, 20] 
whereas other study results clearly call the usefulness of 
this technique into question [21–23].
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