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Although the pathophysiology of nasal polyposis is incompletely understood, rhinologists have
seldom studied it with rhinomanometry or peak nasal inspiratory flow (PNIF) due to technical
limitations and the perception that polyp size might impair reproducibility and the usefulness of
recordings. The objective of this study is to assess how measures of rhinomanometry and PNIF relate
to disease activity. Nineteen patients with polyps, 15 patients with chronic sinusitis without polyps
and 11 negative controls were evaluated with active anterior rhinomanometry and PNIF. Sinusitis and
polyp patients were re-evaluated after medical treatment. Polyp patients had the highest median
Lund-Mackay score (14) and a median Johansen score of 1. PNIF and its variation after treatment
were also lowest in this group (median 90 L/min before and after treatment; median variation of
0 L/min). Nasal resistance was similar between groups, and only correlated with Johansen score
(Spearman = 0.517, p = 0.048) after treatment. Our study suggests that evaluating polyp patients using
rhinomanometry and PNIF may provide useful and reproducible data. Several findings considered
together suggest that polyp size is not the main determinant of nasal functional changes in these
patients, warranting further studies to verify whether PNIF changes reflect sinus inflammation or
merely airway obstruction.
Nasal polyposis (NP) is a chronic nasal inflammatory disease and is considered an endotype of chronic rhinosinusitis (CRS)1–3. The prevalence of NP is reported to be 1–4% of the general population1,4,5, reaching as high as
32% in cadaver s tudies6. The average incidence of symptomatic NP has been estimated to be around 0.86 and
0.39 patients/1,000 individuals per year in male and female patients, respectively7. Medical or surgical treatment
significantly improve quality of life but surgery may be required in up to 50% of patients8 and 8–25% of those may
require revision surgery1,9. The socio-economical cost of CRS parallels those of diabetes mellitus, chronic obstructive pulmonary disease and coronary artery d
 isease10. Poorly controlled CRS is estimated to cost around 2000€
per year, per p
 atient11, based on direct health services use, and indirect costs of absenteism and presenteism. The
worsening of associated co-morbidities (ex: asthma, sleep apnea, etc.) also represents an economical burden.
Rhinologists agree that research to determine the most effective treatment plan is a priority12 and should be
encouraged by proper authorities13, with emphasis on the principles of precision medicine and patient centered
care3. These explicitly recommend the use of relevant clinical biomarkers to elaborate personalized treatment
plans.
The central role of epithelial cell lesion in the pathogenesis of NP has long been r ecognized14 and mucosal
inflammation has been extensively studied and established as the cause rather than the consequence of NP in
experimental models15,16. However, little was investigated on the effect of nasal ventilation in NP. Consequently,
no nasal ventilation variables are considered as possible disease biomarkers in NP. Epithelial metaplasia and ciliary dysfunction were noted with increased local nasal airflow17. Known mesenchimal cell mechano-transduction
mechanisms18 as well as analogies between endothelial cell transmembrane proteins and shear stress lesion
with NP nitric oxide and epithelial disaggregation mechanisms suggest that ventilation could have a role in NP
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pathogenesis. Recently, computerized fluid dynamic models reinforced this idea by demonstrating increased
positive pressure areas where polyps were f ound19. In short, several studies suggest that nasal ventilation may
indeed influence the behaviour of NP.
There are several techniques to objectively evaluate nasal ventilation, of which rhinomanometry and peak
nasal inspiratory flow (PNIF) are the best studied. Several guidelines, panel reports and consensus help researchers and clinicians to apply these techniques in a standardized and comparable manner20–22. A recognized limitation is the inability to obtain measures in a setting of severe obstruction, and polyps may also limit the reliability
of results because of reduced reproducibility due to variable size between individuals and throughout time, related
to disease behaviour or treatment effect, as reported p
 reviously23. The future in nasal functional evaluation is
moving towards the use of computerized analysis of nasal anatomy based on fluid dynamics models19,24, or, possibly new methods for non-invasive evaluations such as those based on t hermistors25,26, that have been adapted
from other areas. Such methods may provide very refined analysis of the patients’ breathing function without the
need for artificial ventilation patterns or patient compliance. However, this will also come at the cost of equipment, time, dedicated personnel and specific training to do so. Moreover, they still lack clinical implementation
and validation. PNIF, on the other hand, is a well-established method to evaluate nasal function objectively that
can be performed by the otolaryngology surgeon during any consultation. This will bear minimal costs and the
results will be available immediately. For these reasons PNIF may prove to be an indispensable tool in rhinology
practice, as it has been on clinical r esearch27.
In summary, NP is a socially relevant disease and new disease biomarkers must be identified to help manage
treatment in a personalized manner. Few studies have reported results from PNIF and/or rhinomanometry in
NP patient cohorts23,28–31 and, to the best of our knowledge, none have specifically tried to measure the effect of
polyp size on those techniques. In light of the previous considerations, our aim is to evaluate if polyp size alters,
or not, PNIF and rhinomanometry results, which has implications in the validity of testing those techniques as
NP disease biomarkers in the future.
We hypothesize that polyp size does not significantly change the results from nasal functional studies. To
test that hypothesis, PNIF and rhinomanometry measurements were compared against polyp size. Additionally, the same measurements were recorded in patients with CRS or without nasal mucosa disease. Comparing
those groups against NP patients, will help to answer the question of whether the presence of polyps is inevitably
associated with poorer nasal ventilation.

Methods

Study design. This is a cross-sectional and prospective study. Three patient groups were considered for
recruitment: negative controls (NC), without nasal mucosa disease, positive controls, with CRS (without polyps)
and patients with NP. This project respected all national and European regulations and legislation concerning good medical practice, clinical research, bioethics and data protection. The study protocol was submitted
to and approved by the Ethics Committees from NOVA Medical School and Centro Hospitalar do Oeste. All
patients gave their written and informed consent to participate in the study. Given the exploratory nature of
the study and scarce information in the literature, a convenience sample size was decided based on examples
of published studies32,33. The study was developed in the context of a PhD project and funded by a prize from
the NOVARTIS|Excellence in Medicine program and a grant from NOVA Saúde (Universidade Nova de Lisboa
Rectorate).
Setting. The study takes place in an Otolaryngology and Head and Neck Surgery clinic in Hospital de Torres Vedras—Centro Hospitalar do Oeste. All eligible patients who met the inclusion criteria were sequentially
enrolled after informed written consent was obtained. The main author was responsible for recruiting and evaluating (clinical, endoscopic, PNIF and rhinomanometry measurements) every study participant.
Patient recruitment and follow‑up.

Patients were evaluated and recruited to each group according to
the diagnostic criteria published in EP3OS1. Those patients who met the following exclusion criteria were not
enrolled in the study: patients unable to provide written informed consent,with congenital or pos-traumatic
anatomic abnormalities,proven or suspected nasal neoplasia; choanal, antro-choanal or isolated single nasal
polyps; isolated maxillary or sphenoid sinusitis. All patients had a baseline evaluation with PNIF and rhinomanometry and were medically treated according to the recommendations in the EP3OS document. Patients with
CRS were provided with systemic and nasal topical corticosteroid and long-term chlarithromycin. Patients with
NP were provided with the same and also leukotriene antagonists. Patients in the CRS and NP were re-evaluated
5–8 weeks after beginning medical treatment.

Nasal functional evaluations. Active anterior rhinomanometry was performed using a NR6 manometer

from GM Instruments® with the research software (4-phase curve analysis) and PNIF was performed with a
Youlten debitometer, according to published consensus recommendations20,21. A graphic depiction of the equipment and recording set-ups may be found in these g uidelines21. A twenty minutes acclimatization period was
respected and all evaluations were performed before and after nasal decongestion with topical xylomethazoline
spray (Vibrocil Actilong®)—a puff in each nostril, followed by another 5 min after, and measurements ten minutes after the second puff. All recordings took place in the same room at an average temperature between 20° and
25° and although complete atmospherical standardization would be ideal, it is not strictly n
 ecessary22.

Study variables and analysis. Age, gender and smoking status were registered as base population characteristics. The extension of sinusitis was measured using the Lund-Mackay score from computed tomographic
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scans of the sinuses (each side and total). Polyp size was recorded considering Johansen’s scale34, modified
according to Kramer et al.35, in order to distinguish large (polyp size 3) from obliterative lesions (polyp size
4): 0—no polyps,1—polyps not reaching the middle turbinate lower border,2—polyp not reaching the inferior
turbinate lower border; 3—beyond the inferior turbinate lower border; 4—complete obstruction of the nasal
airway. PNIF values were recorded before and after decongestion and the difference in the best of these values,
before and after treatment was calculated (ΔPNIF). From the rhinomanometry evaluations we recorded resistance at 150 Pa from the left (Re) and right (Rd) nasal cavities and whole nose (Rt), as well as Broms angle (Ve,
Vd and Vt) in both inspiratory and expiratory phases.
A descriptive statistics study was performed for all variables. Continuous variables are presented with the
average and standard deviation or median and interquartile range, as appropriate, and categorical variables are
presented as proportions. Parametric or non-parametric independent or related samples tests were used with
Bonferroni correction, according to whether the distribution of the data in each variable was normal or not. The
Wilcoxon test was used to compare measurements before and after decongestion and the Chi-squared or Fisher
test were used to compare categorical variables. A p-value < 0.05 was considered statistically significant and nasal
cavities were compared independently from the patient (i.e. as if they were “different separate individuals”). Effect
sizes for comparisons were calculated and interpreted according to Cohen criteria, as described by P
 allant36.

Ethical approval. All procedures performed in this study involving human participants were in accordance with the ethical standards of both institutional research committees (NOVA Medical School and Centro
Hospitalar do Oeste) and with the 1964 Helsinki declaration and its later amendments and comparable ethical
standards.
Informed consent. Informed consent was obtained from all individual participants included in the study.
Human research and informed consent. The study was approved by the institutional review board

and namely by the ethics committee from NOVA Medical School and Centro Hospitalar do Oeste. All study
participants were volunteers and were only included after providing their free and informed consent by writing.

Results

Patient recruitment. Eleven healthy patients were evaluated, as well as 16 CRS patients (one lost for fol-

low-up after beginning treatment and another recruited only after treatment) and 19 NP patients (two lost for
follow-up)—see study flowchart in Fig. 1. When data is missing (due to absent records or inability to measure
functional variables), n values for each analysis may differ from N values for each group.

Population characteristics. The individual descriptive characteristics for all patients can be found in

Table 1. Significant differences were found regarding age, smoking status and Lund-Mackay scores. Age difference is significant between groups (p = 0.016) as well as smoking status (p = 0.027), due to the characteristics of
the NP group. The proportion of smokers between genders was not significantly different (8/22 females vs 7/24
males, p = 0.755). Lund-Mackay scores are significantly different between groups, although, despite the observed
trend for higher values in the NP group, statistical significance could not be reached when comparing CRS to NP
patients (p values between 0.07 and 0.17).

Polyp size. Average polyp sizes and their changes with treatment are described in Table 2. One patient had
bilateral score 4 polyposis in the first evaluation. Three patients showed complete regression of their polyps and
an average change of 0.5 in score in each side was observed after treatment, which was significant (right, left and
total: p = 0.020, p = 0.023 and p = 0.009, respectively).
PNIF.

A preliminary analysis concluded that there was no significant difference between PNIF values
recorded before and after decongestion. With that in mind, we opted to discuss and present baseline results
before decongestion, except where noted otherwise (Table 3). The change in PNIF after treatment is shown
as ΔPNIF. A significant difference between NC patients and CRS or NP patients was evident and significant
(p = 0.010). After treatment, sinusitis and polyp patients showed significantly different average PNIF recordings
(p = 0.043). Although other comparisons could not reach statistical significance, the data suggest a clinically significant trend for ΔPNIF to be lower in NP patients (35 L/min in sinusitis vs 0 L/min in polyps). Furthermore,
PNIF change after treatment was significant in CRS patients (p = 0.048), but not NP patients (p = 0.674).

Rhinomanometry.

All the recordings from rhinomanometry produced a large volume of data that was
submitted to an exploratory analysis. Resistance and flow parameters improved significantly after decongestion
in the control group. However, no significant changes were found from the effect of decongestion or the respiratory cycle phase in sinusitis and polyp patients. Also, a multiple variable, mixed-effect model analysis reinforced
this impression (unpublished data). To abbreviate and avoid redundancy, rhinomanometry measurements are
presented in Table 4 and concern the pre-decongested and inspiratory phase results. Adequate readings were
impossible in one CRS patient post-treatment (6.7%) and some patients with large polyps (sizes 3 or 4): 3/19
pre-treatment (15.8%) and 2/17 post-treatment (11.8%).
No statistically significant differences were found between groups and in the same patient after treatment.
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Figure 1.  Patient recruitment flowchart. NC negative controls, CRS chronic rhinosinusitis patients, NP nasal
polyps patients, PNIF peak nasal inspiratory flow, N/A not applicable. Patients lost for follow-up failed to
show for their scheduled appointments and could not be summoned to return for evaluation. One patient was
recruited only after treatment as the first evaluation was before the beginning of the project.
Group/characteristic

NC (n = 11)

CRS (n = 16)

NP (n = 19)

Statistical diferences between groups

Sex (F/M)

6/5

8/8

8/11

p = 0.274

Age (years)

43 ± 13

46 ± 12

58 ± 12

p = 0.016

Smokers

5 (45%)

8 (50%)

2 (11%)

p = 0.027

Lund-Mackay (right)

0 (0–1)

5.5 (4–6)

7 (5–7.5)

p = 0.000

Lund-Mackay (left)

0 (0–2)

5 (4–6)

7 (6–7)

p = 0.000

Lund-Mackay (total)

0 (0–3)

10 (8–12)

14 (11.5–15)

p = 0.000

Table 1.  Patient base characteristics. Sex is shown as proportion, age as average ± standard deviation, smokers
as percentage of smoking patients and Lund-Mackay results as median (P25–P75). NC negative controls, CRS
chronic rhinosinusitis patients, NP nasal polyps patients, F/M female/male. Statistically significant differences
were found in all variables, except sex. See text for inter/intragroup comparisons.

Polyp size

Right

Left

Total

Pre-treatment (n = 19)

1 (1–2)

1 (1–2)

3 (2–4)

Post-treatment (n = 17)

1 (0.5–1.5)

1 (0.5–2)

2 (2–2.5)

Statistical differences after treatment

p = 0.020

p = 0.023

p = 0.009

Effect sizes from the differences

r =  − 0.400
Medium effect size

r =  − 0.389
Medium effect size

r =  − 0.528
Large effect size

Table 2.  Modified Johansen scale polyp sizes. Results are shown as median (P25–P75). Three patients showed
complete polyp regression after treatment (score result = 0). All post-treatment changes were statistically
significant (see text).
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Effect size from differences between
groups

PNIF

NC (n = 11)

CRS (n = 16)

NP (n = 19)

Statistical diferences between groups

Pre-treatment

150 (110–180)
(n = 11)

105 (57.5–125)
(n = 15)

90 (65–110)
(n = 19)

p = 0.010

r = 1.377
Large effect size

Post-treatment

N/A

120 (100–167.5)
(n = 15)

90 (60–120)
(n = 17)

p = 0.043

r = 0.727
Large effect size

ΔPNIF

N/A

35 (0–60)
(n = 14)

0 (-15–25)
(n = 17)

p = 0.057

r = 0.652
Large effect size

Statistical diferences after treatment

N/A

p = 0.048

p = 0.674

r = 0.373
Medium effect size

r = 0.072
Small effect size

Effect sizes from differences after
treatment

Table 3.  PNIF values (L/min). Results are shown as median [P25–P75]. ΔPNIF values in the CRS group only
concern 14 individuals, given losses during follow-up (see Fig. 1). PNIF shows a trend to be smaller and vary
less in NP patients. See text for intergroup comparisons. NC negative controls, CRS chronic rhinosinusitis
patients, NP nasal polyps patients, N/A not applicable, ΔPNIF change in PNIF after treatment.

Rhinomanometry

NC (N = 11)

CRS (n = 16)

NP (n = 19)

Right resistance

0.54 (0.47–0.59)

0.38 (0.27–1.13)
(n = 15)

0.69 (0.47–1.55)
(n = 16)

Left resistance

0.66 (0.46–0.99)

0.64 (0.47–2.34)
(n = 15)

0.66 (0.53–1.19)
(n = 17)

Total resistance

0.28 (0.23–0.33)

0.26 (0.19–0.45)
(n = 15)

0.32 (0.26–0.56)
(n = 16)

Right Broms angle

28 (25–30)

21 (15–49)
(n = 15)

35 (25–57)
(n = 16)

Left Broms angle

34 (25–45)

33 (25–67)
(n = 15)

33 (28–50)
(n = 17)

Global Broms angle

15 (13–19)

14 (11–24)
(n = 15)

18 (14–29)
(n = 15)

Right resistance

N/A

0.60 (0.40–0.94)
(n = 15)

0.56 (0.37–0.77)
(n = 16)

Left resistance

N/A

0.50 (0.38–0.77)
(n = 15)

0.69 (0.30–0.93)
(n = 15)

Total resistance

N/A

0.27 (0.17–0.38)
(n = 15)

0.26 (0.21–0.32)
(n = 15)

Right Broms angle

N/A

31 (22–43)
(n = 15)

30 (20–38)
(n = 16)

Left Broms angle

N/A

26 (21–38)
(n = 15)

35 (17–43)
(n = 15)

Global Broms angle

N/A

15 (10–21)
(n = 15)

15 (12–18)
(n = 15)

Pre-treatment

Post-treatment

Table 4.  Rhinomanometry results—Resistances (Pa cm−3 s ) and Broms angles (°). Results are shown as
median [P25–P75]. In some cells, n values are lower than the group size because adequate readings could not be
obtained from the patient (large polyposis) or because patients were lost for follow-up (see text). NC negative
controls, CRS chronic rhinosinusitis patients, NP nasal polyps patients, N/A not applicable, ΔPNIF change in
PNIF after treatment. No statistical significant differences or trends were noted and hence p-values are omitted
for the sake of clarity (see text).

Polyp size vs functional results. In the pre-treatment evaluation, no significant correlation was found
in unilateral variables, although Total Lund-Mackay scores did correlate with: global Johansen score—Spearman correlation coefficient (Spearman) = 0.658 (p = 0.003) and PNIF pre-decongestion—Spearman =  − 0.546
(p = 0.000), as well as post-decongestion—Spearman =  − 0.500 (p = 0.001). This didn’t change after excluding NC
patients from the analysis.
In the post-treatment evaluation, however, while unilateral variables didn’t correlate, global Johansen
scores correlated with total nasal resistance (Spearman = 0.517, p = 0.048) and inspiratory Broms angle (Spearman = 0.518, p = 0.048), but not expiratory Broms angle (Spearman = 0.303, p = 0.292). PNIF also correlated
with rhinomanometry in both pre- and post-decongestion analysis. Pre-decongestion results are: total nasal
resistance (Spearman =  − 0.517, p = 0.003), inspiratory Broms angle (Spearman =  − 0.516, p = 0.004) and expiratory Broms angle (Spearman =  − 0.590, p = 0.001). PNIF and Johansen only correlated before decongestion
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Figure 2.  Several graphs illustrate the effect of polyp size on nasal ventilation measures in polyp patients after
medical treatment. Broms angles were recorded in ° and nasal resistance as Pa c m−3 s. Box-plots are a graphical
depiction of the dispersion measures calculated from the recordings obtained from our patients in that given
moment and setting—Medians are represented by the thick bars and the lower and upper extremities of the
error-bars in the box-plots are P25 and P75, respectively. In some patients, the values recorded fall outside the
calculated P25–P75 interval and these are represented as outlier circles in (a,c,d,e). These outliers stress the point
that some patients will show particularly good or bad manometry results despite the presence of small polyps
(Global Johansen score of 2). Correlations were mentioned in the text, although no statistical significance is
found when comparing different global Johansen score categories. Decongestion may further abate differences
from polyp size. Sample sizes are 0 (n = 3), 2 (n = 10) and > 2 (n = 4). (a,c,e) report pre-decongestion recordings,
while (b,d,f) report post-decongestion recordings.
(Spearman =  − 0.49, p = 0.046). All correlations that were found are weak and Fig. 2 illustrates that differences
may have reduced clinical significance, especially after decongestion.

Discussion

Overall, findings from our study suggest that PNIF and rhinomanometry can provide objective measures of nasal
ventilation in almost all sinusitis and polyp (except patients with severe size 4 polyps). Published studies have
presented PNIF and rhinomanometry values to compare polyp behaviour over time or after t reatment23,28–31.
In our study we have also tried to assess whether polyp size could be a confounding factor that influences those
results. When comparing and correlating polyp size against the several measurements and moments, we could
only find a few weak correlations with rhinomanometry results. This suggests that differences found with these
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methods may potentially reflect disease pathophysiology rather than the mechanical effect of polyp size. As such,
PNIF and rhinomanometry should definitely be considered in future studies investigating NP pathophysiology.
Although sample size may limit statistical power, we found significant differences and relevant effect sizes that are
backed up by the apparently consistent and clinically relevant trend in favour of PNIF being able to discriminate
patients without polyps from patients with polyps better than rhinomanometry. PNIF should thus be studied as
a potential nasal ventilation biomarker of disease severity, particularly considering that it can be easily measured
in any otolaryngology outpatient visit.
Below follows a point by point discussion of our work.
The distribution of patient characteristics in our sample is similar to that of others in the literature in the
multiple aspects we discuss next. There is a slight male predominance in the NP group, although not the 2:1
reported elsewhere37. Studies in caucasian and asian populations agree that polyps tend to present in older
individuals38, peaking around 50–59 years of a ge7. It has also been reported that in patients with sinusitis, those
with polyps tend to be older39,40. Our sample shows those same trends. The incidence (but not the gender proportion) of smokers (32.6%) follows that of the Portuguese population41. In a manner similar to our patients, other
studies have also reported a higher prevalence of smokers in sinusitis g roups42, as well as a lower proportion of
NP patients who smoke, both in national and international cohorts40,43,44. Although Lund-Mackay scores aren’t
used in clinical decision, they represent the extent of sinus inflammation (even though the score may be different from 0 in any given healthy individual). Increased scores have been associated with more symptoms and
the presence of nasal p
 olyps40,45 and the same was found in our co-hort. To assess disease severity, 3- or 4-point
scales have often been used with good inter-observer consistency in the practice of r hinology46. These scales are
simple to apply and easy to compare in different studies. Although polyp size may vary over time and does not
predict treatment success, patients often tend to present with small polyps regardless of when they present for
evaluation23,29,30. Our patients also had predominantly small polyps.
With the exception of a score 4 polyp patient, all other individuals in our study could perform a reliable PNIF
maneuver, despite the fact that around 7.34% unobstructed caucasians aren’t able to do s o47. Rhinomanometry
at 150 Pa was impossible only in patients with very large polyps (15.8% pre- and 11.8% post-treatment) and also
one CRS patient (6.7%). These results demonstrate that these methods can effectively measure nasal ventilation
in most patients with NP.
Considering each side of the nose independently in the analysis is important because the same patient may
have different polyp sizes. This is possible only because they are functionally separated (no septal perforations).
This way, a broader range of nasal airways in different nasal cycle states is also represented in readings before
decongestion. Such an analysis effectively doubles sample size in unilateral comparisons (22 nasal cavities in the
control group, 32 in sinusitis patients and 38 in polyp patients). We have also considered polyp patients according
to global Johansen scores distributed into three categories: 0 represents no polyps, applicable only after successful
medical treatment (3 patients); 2 represents small intrameatal polyps (8 individuals before treatment and 10 after
treatment); and > 2 represents patients with larger polyps that impinge on the nasal airway corridors reducing
their cross-sectional area (11 patients before treatment and 4 patients after treatment). Despite these adjustments,
no functional variable correlated with polyp size unilaterally before or after treatment. No statistical differences
were found with rhinomanometry (unilateral or global measurements), despite a trend for poorer results in NP
patients. While sample size could be the cause, we need to consider the possibility that there is an inherently
small magnitude of differences between patients. This may have also compromised unilateral correlations with
polyp size. Global variables, however, did show some differences. PNIF in our study appears to be lower and
change less after treatment in NP patients, in a magnitude similar to the reports by other authors23,29,30. This
effect may be independent of polyp size as there were no consistent or relevant correlations with polyp scores.
Other studies have reported a correlation of polyp size and PNIF30, but that finding was merely a measure of
treatment effect. We have analyzed PNIF separately before and after decongestion. Overall differences before
and after topical decongestion were not significant, and the comparisons between groups displayed the same
significances and followed the same trends. We opted to present pre-decongestion results as they are easier to
obtain and compare between studies and also because they represent the natural functional state of nasal function in the patients’ everyday life. PNIF results negatively correlated with Lund-Mackay scores before treatment.
Lower PNIF values have been associated with polyps, even when asymptomatic5 and an increased probability
of requiring treatment over t ime23. In our study, PNIF was similar between sinusitis and polyp patients before
treatment. However, significant changes were noted after treatment in CRS patients, but not polyp patients.
This happened despite the changes in polyp size mentioned above and in contrast to the absence of significant
changes in manometry results. Rhinomanometry results are similar to other reports in the l iterature28,31, which
reinforces the idea that there are naturally small differences between groups. Interestingly, if we apply to this and
other studies the logarithmic class transformation proposed by Vogt47, all groups will be ranked in class 1 for
nasal obstruction (less severe), clearly pointing to a difference in the pathophysiology of symptoms in patients
with sinonasal inflammation. This may be related to mucosal edema and inflammation induced neuropathic
mechanisms48. The same mechanism may also possibly explain the negative correlation between Lund-Mackay
scores and PNIF that disappears after treatment. The correlation between Lund-Mackay and polyp size, however,
is already r ecognized49. Correlations between rhinomanometry and polyp size were only present after treatment
and readily disappeared with decongestion. Decongestion has been shown to significantly alter polyp size50, and
ventilation recordings in patients with allergic r hinitis51. We didn’t design our study to answer specifically why
decongestion had such a small effect in manometric readings in our sinusitis and polyp patients. It’s hard to find
answers in the literature because there are little available studies that discuss such findings in similar populations
or study designs. At this time, we can only hypothesize that some resistance to the decongestant effect may be
caused by mucus, epithelial barrier or endothelial changes due to the effect of inflammation or tissue remodeling.
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Broms method allows calculation of nasal airway resistance at the point where the rhinomanometric curve
intersects a circle with radius 200 (crossing both axes at 200 Pa and 200 c m3 s−1) and the angle from a line that
connects such point to the origin of the graph will be lower the higher the resistance in that nasal cavity. Broms
angles were presented because they complement or may substitute nasal resistance values when they cannot be
measured in a given patient. Broms angle was also the only dimension that we could measure when considering
the different phases of respiration—inspiration and expiration. While inspiratory values behaved similarly to
nasal resistance values, expiratory values never correlated with polyp size and there were no significant differences in multiple comparisons. Given that airflow patterns in the nasal cavity are different when comparing
inspiration to expiration, we must consider the hypothesis that the difference found may represent a baseline
pathophysiological difference. We propose that in future studies researchers make an effort to discriminate
inspiratory from expiratory pathophysiology.
In conclusion, PNIF and rhinomanometry provide measurable results in NP and polyp size doesn’t appear to
significantly influence recordings, especially if pre- and post-decongestion readings are obtained. The results from
this study are consistent with other reports in the literature. It appears differences between sinusitis patients with
or without polyps may be naturally small and PNIF may be a more useful clinical biomarker of disease severity.
Despite the limitations in our study, its results should encourage us and other groups to continue investigating the
clinical usefulness of PNIF and rhinomanometry, as well as their contribution to the study of NP pathophysiology.

Data availability

The datasets generated during and/or analysed during the current study are available on reasonable request from
either the corresponding author or from the Research Center of the host institution (Centro Hospitalar do Oeste)
via e-mail: investigacao@choeste.min-saude.pt.
Received: 23 September 2019; Accepted: 15 July 2020

References

1. Fokkens, W. J. et al. European position paper on rhinosinusitis and nasal polyps 2012. Rhinol. Suppl. 23, 3 (2012).
2. De Greve, G. et al. Endotype-driven treatment in chronic upper airway diseases. Clin. Transl. Allergy 7, 22 (2017).
3. Hellings, P. W. et al. Positioning the principles of precision medicine in care pathways for allergic rhinitis and chronic rhinosinusitis—A EUFOREA-ARIA-EPOS-AIRWAYS ICP statement. Allergy 72(9), 1297–1305 (2017).
4. Lund, V. J. Diagnosis and treatment of nasal polyps. BMJ 311(7017), 1411–1414 (1995).
5. Johansson, L. et al. Prevalence of nasal polyps in adults: The Skovde population-based study. Ann. Otol. Rhinol. Laryngol. 112(7),
625–629 (2003).
6. Larsen, P. L. & Tos, M. Origin of nasal polyps: An endoscopic autopsy study. Laryngoscope 114(4), 710–719 (2004).
7. Larsen, K. & Tos, M. The estimated incidence of symptomatic nasal polyps. Acta Otolaryngol. 122(2), 179–182 (2002).
8. Garrel, R. et al. Endoscopic surgical treatment of sinonasal polyposis-medium term outcomes (mean follow-up of 5 years). Rhinology 41(2), 91–96 (2003).
9. Devars du Mayne, M. et al. Polypectomy compared with ethmoidectomy in the treatment of nasal polyposis. Arch. Otolaryngol.
Head Neck Surg. 137(2), 111–117 (2011).
10. Goetzel, R. Z. et al. The health and productivity cost burden of the “top 10” physical and mental health conditions affecting six
large U.S. employers in 1999. J. Occup. Environ. Med. 45(1), 5–14 (2003).
11. van Agthoven, M. et al. Cost analysis of regular and filgrastim treatment in patients with refractory chronic rhinosinusitis. Rhinology 40(2), 69–74 (2002).
12. Hellings, P. W. et al. EUFOREA rhinology research forum 2016: report of the brainstorming sessions on needs and priorities in
rhinitis and rhinosinusitis. Rhinology 55(3), 202–210 (2017).
13. Fokkens, W. J. Rhinitis, not to sniff at. Rhinology 54(3), 193–194 (2016).
14. Tos, M. & Mogensen, C. Pathogenesis of nasal polyps. Rhinology 15(2), 87–95 (1977).
15. Caye-Thomasen, P. et al. Polyp pathogenesis—A histopathological study in experimental otitis media. Acta Otolaryngol. 115(1),
76–82 (1995).
16. Norlander, T., Bronnegard, M. & Stierna, P. The relationship of nasal polyps, infection, and inflammation. Am. J. Rhinol. 13(5),
349–355 (1999).
17. Boyce, J. & Eccles, R. Do chronic changes in nasal airflow have any physiological or pathological effect on the nose and paranasal
sinuses? A systematic review. Clin. Otolaryngol. 31(1), 15–19 (2006).
18. Hoey, D. A. et al. Primary cilia-mediated mechanotransduction in human mesenchymal stem cells. Stem Cells 30(11), 2561–2570
(2012).
19. Chung, S. K., Jo, G. & Na, Y. Investigation of flow characteristics in regions of nasal polypoid change. Comput. Biol. Med. 70,
148–156 (2016).
20. Clement, P. A. et al. Consensus report on acoustic rhinometry and rhinomanometry. Rhinology. 43(3), 169–179 (2005).
21. Scadding, G. et al. Diagnostic tools in rhinology EAACI position paper. Clin. Transl. Allergy 1(1), 2 (2011).
22. Vogt, K. et al. The new agreement of the international RIGA consensus conference on nasal airway function tests. Rhinology 56(2),
133–143 (2018).
23. Oscarsson, M., Johansson, L. & Bende, M. What happens with untreated nasal polyps over time? A 13-year prospective study. Ann
Otol. Rhinol. Laryngol. 125(9), 710–715 (2016).
24. Casey, K. P. et al. Correlation between subjective nasal patency and intranasal airflow distribution. Otolaryngol.-Head Neck Surg.
156(4), 741–750 (2017).
25. Fei, J. & Pavlidis, I. Thermistor at a distance: Unobtrusive measurement of breathing. IEEE Trans. Biomed. Eng. 57(4), 988–998
(2010).
26. Duong, D., Shastri D., Pavlidis, I., Dynamic 3D print of the breathing function. In Paper presented at IEEE 17th International
Conference on Bioinformatics and Bioengineering (BIBE), 402–408. (Washington, DC, 2017).
27. Ottaviano, G. & Fokkens, W. J. Measurements of nasal airflow and patency: A critical review with emphasis on the use of peak
nasal inspiratory flow in daily practice. Allergy 71(2), 162–174 (2016).
28. Sipila, J., Antila, J. & Suonpaa, J. Pre- and postoperative evaluation of patients with nasal obstruction undergoing endoscopic sinus
surgery. Eur. Arch. Otorhinolaryngol. 253(4–5), 237–239 (1996).
29. Johansson, L. Nasal polyps. A clinical study of endoscopic score systems and epidemiology in Otolaryngology. PhD Thesis, University of Goteburg (2003).

Scientific Reports |
Vol:.(1234567890)

(2020) 10:12674 |

https://doi.org/10.1038/s41598-020-69693-6

8

www.nature.com/scientificreports/
30. Djupesland, P. G., Vlckova, I. & Hewson, G. Impact of baseline nasal polyp size and previous surgery on efficacy of fluticasone
delivered with a novel device: A subgroup analysis. Am. J. Rhinol. Allergy. 24(4), 291–295 (2010).
31. Uz, U. et al. The evaluation of pattern and quality of sleep in patients with chronic rhinosinusitis with nasal polyps. Auris Nasus
Larynx 44(6), 708–712 (2017).
32. Caenen, M., Hamels, K., Deron, P. & Clement, P. Comparison of decongestive capacity of xylometazoline and pseudoephedrine
with rhinomanometry and MRI. Rhinology 43(3), 205–209 (2005).
33. Balsalobre, L. et al. What is the impact of positive airway pressure in nasal polyposis? An experimental study. Int. Arch. Otorhinolaryngol. 23(2), 147–151 (2019).
34. Vendelo Johansen, L. et al. The effect of budesonide (Rhinocort) in the treatment of small and medium-sized nasal polyps. Clin.
Otolaryngol. Allied Sci. 18(6), 524–527 (1993).
35. Kramer, M. F. & Rasp, G. Nasal polyposis: Eosinophils and interleukin-5. Allergy 54(7), 669–680 (1999).
36. Pallant, J. Statistical Techniques to Compare Groups. SPSS Survival Manual: A Step by Step Guide to Data Analysis Using SPSS for
Windows. Part 5 3rd edn, 201–209 (McGraw Hill Open University Press, New York, 2007).
37. Ference, E. H. et al. Commentary on gender differences in prevalence, treatment, and quality of life of patients with chronic rhinosinusitis. Allergy Rhinol. 6(2), 82–88 (2015).
38. Cho, S. H. et al. Age-related increased prevalence of asthma and nasal polyps in chronic rhinosinusitis and its association with
altered IL-6 trans-signaling. Am. J. Respir. Cell Mol. Biol. 53(5), 601–606 (2015).
39. Tan, B. K. et al. Incidence and associated premorbid diagnoses of patients with chronic rhinosinusitis. J. Allergy Clin. Immunol.
131(5), 1350–1360 (2013).
40. Breda, M. S. M. et al. Rinossinusite crónica: Correlação entre a clínica e o score lund-mackay. Rev. Port Otor e Cir. Cerv.-Fac. 54(3),
157–164 (2016).
41. DGS, Programa Nacional para a Prevenção e Controlo do Tabagismo, Direcção Geral de Saúde, Portugal (2017).
42. Cho, S. H., Kim, D. W. & Gevaert, P. Chronic rhinosinusitis without nasal polyps. J. Allergy Clin. Immunol. Pract. 4(4), 575–582
(2016).
43. Erbek, S. S. et al. The relationship between smoking and nasal polyposis. Kulak Burun Bogaz. Ihtis Derg. 18(4), 216–220 (2008).
44. Bohman, A. et al. Relative frequencies of symptoms and risk factors among patients with chronic rhinosinusitis with nasal polyps
using a case-control study. Acta Otolaryngol. 138(1), 46–49 (2018).
45. Mortuaire, G. et al. Lund-Mackay score is predictive of bleeding in ethmoidectomy for nasal polyposis. Rhinology 46(4), 285–288
(2008).
46. Sousa, M. C. et al. Reproducibility of the three-dimensional endoscopic staging system for nasal polyposis. Braz. J. Otorhinolaryngol.
75(6), 814–820 (2009).
47. Vogt, K. et al. 4-Phase-rhinomanometry (4PR)—Basics and practice 2010. Rhinol. Suppl. 21, 1–50 (2010).
48. Naclerio, R. M., Bachert, C. & Baraniuk, J. N. Pathophysiology of nasal congestion. Int. J. Gen. Med. 3, 47–57 (2010).
49. Hopkins, C. et al. The Lund-Mackay staging system for chronic rhinosinusitis: How is it used and what does it predict?. Otolaryngol.
Head Neck Surg. 137(4), 555–561 (2007).
50. Johansson, L. et al. Do topical nasal decongestants affect polyps?. Acta Otolaryngol. 126(3), 288–290 (2006).
51. Ciprandi, G., Cirillo, I., Vizzaccaro, A., Pallestrini, E. & Tosca, M. A. Decongestion test in patients with allergic rhinitis: Functional
evaluation of nasal airflow. Am. J. Rhinol. 20(2), 224–226 (2006).

Acknowledgements

The funding was provided by NOVA Medical School - Tuition fees NOVA Saúde—research grant (unnumbered)
and Novartis/Nova Medical School Excellence in Medicine—research prize.

Author contributions

J.A.-M. was involved in delineating study design, recruiting and evaluating patients, data treatment, writing and
reviewing the manuscript and approving its final version for publication. N.N. was involved in delineating study
design, recruiting patients, reviewing the manuscript and approving its final version for publication. C.B.-G. was
involved in delineating study design, performing statistical analysis, reviewing the manuscript and approving
its final version for publication.

Competing interests

The authors declare no competing interests.

Additional information

Correspondence and requests for materials should be addressed to J.A.-M.
Reprints and permissions information is available at www.nature.com/reprints.
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.
Open Access This article is licensed under a Creative Commons Attribution 4.0 International
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
© The Author(s) 2020

Scientific Reports |

(2020) 10:12674 |

https://doi.org/10.1038/s41598-020-69693-6

9
Vol.:(0123456789)

