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Nasal peak inspiratory flow (NPIF) as a diagnostic tool 

for differentiating decongestable from structural nasal 

obstruction* 

Abstract 

Background: Identifying the cause of nasal obstruction is critical before surgical intervention. Structural nasal obstruction, due to 

nasal valve stenosis, is unlikely to benefit from simple septoplasty and turbinate reduction. This study assesses changes in nasal 

peak inspiratory flow (NPIF) as a tool for discriminating decongestable versus structural obstruction.

Methodology: Cross-sectional study of patients undergoing nasal airflow assessment was performed.  Rhinomanometry, nasal 

obstruction visual analogue scores (VAS) and NPIF were performed pre- and post-decongestion. Population groups were defined 

with decongestable or structural obstruction by relative post-decongestion changes in airways resistance and symptoms.

Results: Fifty two patients were assessed, 24 with decongestable, 28 with structural obstruction. Pre- and post-decongestion NPIF 

were similar between groups. Absolute and percentage NPIF change were larger with decongestable versus structural obstructi-

on. Sensitivity and specificity for predicting decongestable obstruction were 75.0% and 60.7% for NPIF increase >20 L/min; 75.0% 

and 64.3% for NPIF increase >20%. The respective positive predictive values were 62.1% and 64.3%.

Conclusion: NPIF increase after decongestion is larger with decongestable than structural nasal obstruction. NPIF alone cannot 

discriminate the two conditions and does not replace more formal assessment. 
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Introduction

Nasal obstruction is a common patient complaint and has 

a significant impact on quality of life (1,2). The cause of nasal 

obstruction may be due to inferior turbinate hypertrophy, nasal 

septal deformity, nasal valve stenosis or a combination of these 
(3,4). Inferior turbinate enlargement is usually associated with 

venous engorgement and oedema (5) and both the sense of 

nasal patency and actual airflow should improve with decon-

gestion. When there is a lack of improvement, it is important to 

exclude structural obstruction secondary to nasal valve stenosis, 

as this will probably not respond to simple septal surgery and/

or turbinate procedures (6), but may necessitate a more complex 

approach involving correction of the various anatomical sub-

units constituting the nasal valve complex (7-9). Identification of 

the cause of nasal obstruction is therefore critical before surgical 

intervention to avoid unsatisfactory outcomes. 

Objective assessment of the nasal airway can provide additional 

information about the cause of nasal obstruction. A close relati-
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onship has been shown between patency and resistance in the 

nasal airway, with severe narrowing in the anterior nasal airway 

associated with higher nasal airway resistance (NAR) (10). In parti-

cular, increases in NAR due to narrowing of the nasal airway are 

especially marked at the nasal valve region (11). 

Subjective assessments of nasal obstruction, whether patient-

reported or physician-based (rhinoscopy and endoscopy), do 

not always correlate with objective tests (12). The relationship 

between subjective nasal obstruction, rhinoscopy and rhi-

nomanometry, though significant, is weak (13,14). Similarly, the 

concordance between nasal endoscopy and rhinomanometry in 

patients with nasal obstruction is reported to be only 66% (14). 

The assessment of changes in nasal obstruction that occur with 

decongestion may be very useful. The nasal decongestion test, 

based on changes in visual analogue scores (VAS) for nasal ob-

struction, is reported to be a sensitive tool for identifying incre-

ases in nasal patency after decongestion. A decrease in NAR (15) 

and nasal obstruction VAS (16) in patients with allergic rhinitis has 

been reported. In particular, a decrease in VAS of more than 2.65 

cm was found to have positive predictive value (PPV) of 94.5% in 

predicting increased nasal airflow of 120 mL/s (16). 

The relationship between NPIF and NAR with decongestion is 

yet to be described. NPIF is likely to increase after decongestion, 

since nasal airflow is increased when measured at normal bre-

athing (16). However, the increase in NPIF after decongestion is 

limited in the presence of nasal valve stenosis (17) and correction 

of nasal valve incompetence has been shown to improve nasal 

airflow (18). 

Describing the relationship between NPIF and NAR requires 

acknowledgement of three important issues. Firstly, while NAR 

is measured unilaterally (uNAR), conventional NPIF measures 

bilateral nasal airflow and changes in NPIF may be difficult to 

interpret in the setting of asymmetric uNAR changes.  Secondly, 

an asymmetric response to decongestion occurs as part of the 

nasal cycle, with a smaller reduction in uNAR on the side with 

lower pre-decongestion uNAR reflecting physiological asymme-

try in sympathetic tone (19,20).  Thirdly, it is important to account 

for the test-retest variability in rhinomanometry (21) in defining a 

true change in uNAR. 

The primary aim of this study was as an exploratory investi-

gation comparing the response of NPIF to decongestion in 

selected populations with defined symmetrical decongestable 

versus structural nasal obstruction. The secondary aims were 

to determine if there is an ideal threshold for NPIF change for 

discriminating decongestable from structural nasal obstruction 

and to determine the accuracy of this threshold for differentia-

ting these groups.

Materials and methods

A cross-sectional study of patients presenting with nasal 

obstruction at a tertiary rhinology centre was performed after 

obtaining approval from the institutional review board. Symp-

tomatically-obstructed patients (rather than healthy controls) 

were chosen because it is known that correlation between 

subjective and objective measures is more likely in patients with 

nasal obstruction (22). These were patients in whom the cause of 

nasal obstruction was not obviously rhinitis or structural based 

on simple history and examination. Patients with acute rhinitis, 

inflammatory nasal polyposis, sinonasal neoplasms, choanal 

atresia or stenosis, nasal septal perforation, piriform aperture 

stenosis and/or complete nasal obstruction were excluded.

The terminology of stenosis in this study is based on the Euro-

pean consensus paper on rhinomanometry (23) and refers to a 

fixed narrowing that does not reverse on decongestion. This is 

as opposed to collapse, which is a dynamic narrowing of a nasal 

valve on inspiration. Changes in uNAR and nasal obstruction 

VAS after decongestion were used to define patients into groups 

based on the presence or absence of decongestable nasal 

obstruction.

Methods of assessment

All patients had active anterior rhinomanometry and nasal 

obstruction VAS recorded pre and post-decongestion. Active 

anterior rhinomanometry was performed (GM Instruments NR6, 

Kilwinning, Scotland) in accordance with the 2005 consensus 

report of the International Rhinologic Society (24). uNAR was 

calculated at 150 Pa.

Patients scored their subjective sensation of nasal obstruction 

on a VAS of 0 to 100 mm (0 mm represented no obstruction 

and 100 mm represented complete obstruction). Each side was 

recorded before and after decongestion.

Decongestion was achieved by topical application of  0.05% 

oxymetazoline - 0.3ml (3 sprays of 0.1ml) per side. All patients 

waited 15 minutes prior to re-testing for post-decongestion 

measurements.

Defining a true decrease in uNAR

A test-retest change in uNAR, which is less than the co-efficient 

of variation for rhinomanometry, may not represent a true dif-

ference in measurements; Silkoff reported this value to be up to 

15.9% (21). Therefore, a 15% decrease in uNAR after decongestion 

was considered the minimum to define a true decongestable 

change. 

Defining symmetry in decongestable nasal obstruction

Eccles et al. describes a strong nasal cycle both in patients with 

acute rhinitis and normal controls (19).  Significant asymmetry in 

decongestable uNAR may be a reflection of the nasal cycle ra-

ther than underlying pathology. Conventional NPIF is a measure 
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of both nasal passages together and the inclusion of patients 

with signifi cant asymmetry due to the nasal cycle would make 

it diffi  cult to interpret the relationship between NPIF and uNAR. 

For this reason, only those patients with symmetric changes 

were included for analysis.

Symmetrical decongestion was defi ned as bilateral decrease of 

uNAR >15% after decongestion; bilateral lack of at least 15% 

decrease in uNAR or increase in uNAR defi ned symmetrical non-

decongestable nasal obstruction. Asymmetric decongestion, 

was defi ned if the post-decongestion change between sides 

was >15% on one side and <15% on the other.

Defi ning a true change in VAS nasal obstruction

A true change in VAS nasal obstruction was defi ned as a change 

that was greater than the minimal clinically important diff erence 

(MCID) for nasal obstruction VAS. The distributional method of 

half the standard deviation was used to determine this (25) and 

was calculated to be 13.0 based on standard deviation of 26.0 

for the whole population.

Patients with changes in VAS nasal obstruction, which did not 

correspond to the changes in uNAR, were excluded as these 

patients are more likely to have non-anatomical factors contri-

buting to subjective nasal obstruction (26).

Defi ning the study populations

Patients with decongestable nasal obstruction were defi ned 

as having a >15% reduction uNAR on both sides after decon-

gestion and a decrease in nasal obstruction VAS for both sides 

of at least an MCID. Those with structural nasal obstruction had 

a reduction in post-decongestion uNAR less than 15% on both 

sides and no MCID improvement in nasal obstruction VAS for 

both sides. For the reasons explained previously, patients with 

asymmetric changes in uNAR or changes in nasal obstruction 

VAS that was inconsistent with changes in uNAR were excluded 

from the analysis.

Outcome assessment

NPIF (in L/min) was recorded at baseline and after decongestion. 

NPIF was measured in the sitting position using a mini-Wright 

peak fl ow meter with an anaesthetic mask centred over the nose 

and a good seal of the mask on the face.  Patients were instruc-

ted to take a maximal inspiratory eff ort with the mouth closed. 

The best result of three attempts, with values within 10% of 

each other, was recorded (27,28). 

The change in NPIF with decongestion was derived by subtrac-

ting pre- from post-decongestion NPIF. The pre- and post-

decongestion NPIF values and the change in NPIF with decon-

gestion were compared between the 2 study populations as 

previously-defi ned.

Statistical analysis 

Pre-and post-decongestion NPIF and NPIF change for each 

group were compared using unpaired Student’s t-test. The ROC 

curves for the each NPIF characteristic as a predictor of decon-

gestable or structural nasal obstruction was generated. The 

sensitivity, specifi city, positive predictive values of NPIF change 

at MCID of 20 L/min (derived from Timperley et al. (29) and for 

percentage NPIF change of >20% were calculated using a 2x2 

table. Statistical analyses were performed using SPSS v 17.0 

(Statistical Package for the Social Sciences, Chicago, IL, USA).

Results 

Characteristics of included patients

There were 145 patients (mean age 43.5 ± 16.5 years, 54.7% 

female) in the database of patients with nasal obstruction who 

had presented for objective testing of the nasal airway. Of the 

145 patients assessed, 57 were asymmetric responders and thus 

not eligible for analysis.  Of the remaining 88 who had symme-

Figure 2. Comparison of change in nasal peak inspiratory flow (NPIF) (L/

min) between patients with decongestable and structural nasal obstruc-

tion. 

Figure 1. Symmetry of response in nasal airway resistance (NAR) to 

decongestion.
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nasal obstruction (+35.8 ± 25.9 L/min versus +11.4 ± 16.3 L/min, 

p < 0.001) (Figure 2) and (39.0 ± 32.6% versus 13.0 ± 20.5%, p = 

0.002) (Figure 3).

To calculate the accuracy of NPIF change in predicting decon-

gestable nasal obstruction, a minimum of 20 L/min (i.e abso-

lute value) improvement in NPIF was chosen as this was the 

reported MCID (29). The sensitivity and specifi city at this threshold 

were 75.0% and 60.7%, respectively. The relationship was also 

explored for NPIF change of greater than 20% (i.e relative value), 

with respective sensitivity and specifi city calculated at 75.0% 

and 64.3%. The positive predictive values (PPV) were 62.1% and 

64.3% for thresholds of 20 L/min and 20% increase in NPIF, res-

pectively. The corresponding negative predictive values (NPV) 

were 64.3% and 75.0%. ROC analysis of the relationship between 

NPIF change and the presence of decongestable nasal obstruc-

tion was performed and was found to correlate (p = 0.001 for 

both absolute and percentage thresholds; Figures 4A and 4B). A 

change in NPIF of at least 20 L/min was also associated with the 

optimum test characteristic for diff erentiating structural from 

decongestable nasal obstruction.

Discussion

There are a number of objective assessments of the nasal airway. 

These include rhinomanometry, acoustic rhinometry, NPIF, nasal 

spirometry and nasal peak expiratory fl ow. Characteristics of the 

fi rst three tests are the most commonly-reported and their rela-

tive advantages and disadvantages have been well-described (3).

Rhinomanometry is appropriate as a reference test in nasal 

obstruction. There are consistent reports of its correlation with 

subjective measures (30). Unilateral sensation of nasal patency 

correlates well with pre-and post-decongestion NAR (11,31). 

trical changes in uNAR with decongestion (Figure 1), 52 (59.0%) 

had VAS nasal obstruction changes, which were consistent with 

rhinomanometric changes. Of the fi nal study group of n = 52 

(age 45.9 ± 16.8 years, 53.8% female), there were 24 patients 

with decongestable nasal obstruction and 28 patients with 

structural nasal obstruction who met the inclusion criteria of the 

study. 

Nasal peak inspiratory fl ow (NPIF)

Neither pre-decongestion NPIF (105.4 ± 43.3 L/min versus 107.9 

± 40.7 L/min, p = 0.84) nor post-decongestion NPIF (141.3 ± 50.5 

L/min versus 119.3 ± 42.8 L/min, p = 0.10) were signifi cantly dif-

ferent between decongestable and structural groups, respecti-

vely. However, mean NPIF change and mean percentage NPIF 

change were both larger with decongestable than structural 

Figure 3. Comparison of percentage change in nasal peak inspiratory 

flow (NPIF) (L/min) between patients with decongestable and structural 

nasal obstruction.

Figure 4. (A) ROC curve for NPIF change (L/min) for predicting decongestable nasal obstruction. Reference lines at threshold of 20 L/min for NPIF 

change. Area under curve is 0.778; (B) ROC curve characteristics for percentage change in NPIF for predicting decongestable nasal obstruction. 

Reference lines at threshold of 20 % for NPIF. Area under curve is 0.760.
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Additionally, the more obstructed side has a greater influence 

on nasal obstruction VAS and when both nostrils are assessed 

simultaneously by patients, total NAR was found to correlate 

significantly with the side of greater resistance (13).  An increase 

in the relative difference in nasal air flow improves the ability of 

patients to identify the more obstructed side (32). These features 

make it an essential part of objective nasal airway assessment 

at the tertiary level and a suitable tool to define the population 

groups in this study. Nevertheless, it is not easily-accessible due 

to its cost, time required and complexity (33).

Measurement of NPIF may be more suitable as a screening 

tool as it is simple (34), cheap, reproducible (27) and rapid. NPIF 

correlates with nasal obstruction VAS (35) and rhinoscopy (27) and 

its accuracy for differentiating patients with nasal obstruction 

from healthy controls was reported to be similar (36) to that of 

rhinomanometry.  

In the present study, the change in NPIF after decongestion 

appears to be more valuable than the pre- or post-decongestion 

values of NPIF in predicting whether nasal obstruction is predo-

minantly decongestable or structural, whereas the values of pre- 

and post-decongestion NPIF varied greatly between patients 

and the means were not significantly different between the 

study groups. This is not surprising given the wide distribution 

and anatomical variability that has been described (37,38). 

An optimal threshold >20 L/min increase in NPIF is suggested 

by the ROC curve for predicting decongestable change. Of note, 

this is similar to the MCID of NPIF as previously reported (29). The 

optimum test statistic was the NPV for percentage NPIF change; 

the absence of at least 20% increase in NPIF was associated 

with a NPV of 75.0% for decongestable nasal obstruction. Such 

patients might have structural nasal obstruction and a more 

careful assessment, clinical and objective, for the presence of 

nasal valve stenosis or collapse should be performed prior to 

surgery. One possible cause of a false negative result is if inferior 

turbinate enlargement is primarily due to glandular hyper-

tophy and fibrosis (5,39), resulting in diminished reversibility with 

decongestion. However, NPIF is never measured in isolation 

and the presence of bilateral turbinate enlargement would be 

evident endoscopically. This may not be the case for nasal valve 

stenosis (which may be missed due to its very anterior position 

in the nasal airway) or nasal valve collapse (which is sometimes 

unmasked after decongestion).

It is acknowledged that the findings of this study cannot be 

generalized to an unselected population of patients given the 

strict inclusion criteria. These were chosen to minimize factors 

that might confound comparison between NPIF and uNAR in 

response to decongestion as previously explained. No form 

of assessment, subjective or objective, has the perfect test 

characteristic such that it can be used in isolation. Therefore, 

measuring NPIF change with decongestion is unlikely to be 

a replacement for more formal methods of nasal assessment. 

In particular, conventional NPIF cannot be applied to patients 

with significant asymmetry in decongestable nasal obstruction 

due to the nasal cycle, a problem which may be circumvented 

by measuring unilateral NPIF (40). The data for this study was 

obtained prior to the publication of the norms for unilateral 

NPIF (40). Hence, while unilateral measures would be ideal, 

this measurement was not available for the present group of 

subjects. As data on unilateral NPIF accumulates, pre- and post 

decongestion NPIF, measured bilaterally, may still be of value 

given its simplicity and availability, especially when interpreted 

in combination with other clinical findings. 

NPIF should be part of the armamentarium in assessing nasal 

obstruction and an improvement in NPIF of less than 20L/min 

or 20% from baseline after decongestion should prompt the 

clinician to evaluate for structural causes of nasal obstruction 

e.g. nasal valve stenosis. 

The increase in NPIF after decongestion is larger with decon-

gestable compared with structural nasal obstruction. A lack 

improvement in NPIF of at least 20L/min or 20% may be associ-

ated with structural causes of obstruction. While this might raise 

suspicion of the presence of nasal valve stenosis or collapse, it is 

probably not recommended as a replacement for more formal 

assessment. 

Conclusion

In conclusion, NPIF is an option for the objective evaluation of 

nasal airflow in septoplasty. It can also be used to assess the 

outcomes of inferior turbinate reduction with the aid of nasal 

decongestants, even in patients who also underwent septo-

plasty.
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