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The Validity of Peak Nasal Inspiratory Flow as 
a Screening Tool for Nasal Obstruction
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Background: The peak nasal inspiratory flow (PNIF) is used as an outcome measure in post-treatment clinical and research 
evaluation. It is simple and cost effective. The validity of the use as a screening tool has never been assessed. 
Objective: To assess its validity and to define the cut-off point of determining the nasal obstruction
Material and Method: The nasal patency of 141 ambulatory subjects with or without sino-nasal diseases was measured by 
the PNIF and active anterior rhinomanometry. Inclusion criteria was all subjects aged 18 to 75-years-old, sinonasal diseases/
symptoms(nasal congestion, nasal discharge, nasal polyp, deviated nasal septum, nasal tumor, inferior turbinate hypertrophy, 
sinusitis, and allergic rhinitis), instant sensation of nasal obstruction, and nasal endoscopy finding were recorded. All 
subjects signed written consent. Compared with the active anterior rhinomanometry as the gold standard, the sensitivity, 
specificity, likelihood ratio, positive predictive value, and negative predictive value of the PNIF was analyzed. The cut-off 
point of nasal obstruction was defined from the Receiver Operating Characteristic curve analysis. The agreement between 
the PNIF and the stuffiness and between the PNIF and the presence of sino-nasal diseases were assessed by using Kappa.
Results: With the cut-off point of 90 L/min, the sensitivity of the peak nasal inspiratory flow was 0.87 (0.753-0.989). The 
specificity was 0.52 (0.429-0.617). The negative predictive value was 0.93 (0.872-0.997). The positive predictive value        
was 0.34 (0.237-0.446). The likelihood ratio was 1.81 (1.438-2.318). The mean of the PNIF in normal subjects was                
97.11  31.15. The agreement between the PNIF and the instant sensation of nasal blockage was 0.14 (-0.024-0.321) and 
the agreement between the PNIF and the sino-nasal diseases was 0.09 (-0.083-0.265). 
Conclusion: The PNIF, regarding the cut-off point of 90 L/min, revealed good sensitivity and high negative predictive value 
but it had low specificity and low positive predictive value. The nasal peak flow did not agree well with the subjects’ symptoms 
of blockage and sino-nasal diseases.
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 The nasal patency can be evaluated by many 
ways with various tools. The three most popular tools 
are rhinomanometry, acoustic rhinometry, and peak 
nasal inspiratory flow (PNIF). Although all of these 
three tools are to define the degree of nasal obstruction, 
they actually investigate three different parameters. 
Rhinomanometry measures the nasal resistance, which 
can be done actively or passively and anteriorly or 
posteriorly. Posterior rhinomanometry assesses the 
total nasal resistance whilst anterior rhinomanometry 
evaluates each side resistance and the total resistance 
can be obtained by calculation. Acoustic rhinometry 

measures the minimal cross sectional area and the       
nasal volume. The PNIF measures the peak inspiratory 
flow rate. The good nasal patency is assumed to have 
a low nasal resistance, a high nasal volume, and a      
high peak flow. It is not yet concluded which of the 
three parameters is the most accurate to predict the 
nasal patency. However, both acoustic rhinometry and 
posterior rhinomanometry are relatively difficult         
and require trained personnel to perform. The error of 
acoustic rhinometry may be caused by the wrong       
probe position and the acoustic leak(1). Posterior 
rhinomanometry has a technical difficulty and more 
requires an adequate patients’ cooperation so that it 
may be impossible to perform in some cases.
 The advantages of PNIF are simplicity, 
portability, and economy. It has been used for the 
evaluation of medical and post-surgical therapy in both 
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clinics and researches. In addition, the PNIF can also 
be used as a screening tool for nasal obstruction 
because the subjective sensation of nasal blockage 
sometimes seems unreliable. Most patients who have 
a chronic nasal obstruction may not realize their nasal 
occlusion. Some patients with good nasal patency may 
complain about annoying stuffiness possibly due to 
decreased sensation of the fifth cranial nerve, decreased 
sensation of breathing, post-surgical empty nose, a 
disturbance of turbulent and laminar flow or atrophic 
nasal mucosa. The objectives of the present study were 
to assess the validity of peak nasal inspiratory flow and 
to determine the cut point for the nasal obstruction for 
the screening purpose. The authors would also like to 
assess the agreement between the PNIF and the instant 
sensation of nasal blockage and the agreement between 
the PNIF and the presence of sino-nasal diseases. 

Material and Method
 The protocol was approved by the Institutional 
Review Board and the Ethics Committee of 
Chulalongkorn University. The authors recruited the 
subjects by a poster announcement. The participants 
were any ambulator who had a good general health 
with or without sino-nasal diseases. Informed consents 
were obtained from all participants. The nasal patency 
was measured by the PNIF (In-Check Nasal, Clement 
Clarke International, United Kingdom) and active 
anterior rhinomanometry (AAR) (Interacoustics, 
Denmark). The subjects would be instructed how to 
sniff correctly for the peak nasal flow measurement 
and tried it until each had an appropriate performance. 
Both PNIF and AAR would be tested for three times 
each. The mean peak nasal inspiratory flow and the 
mean total nasal resistance of each subject were 
calculated and used for the analysis. All subjects 
underwent nasal endoscopy. Sino-nasal symptoms      
and the instant sensation of nasal obstruction were 
recorded. They were clinically diagnosed based on the 
evidences from the symptoms and the endoscope 
findings as either normal or specified sino-nasal 
diseases. The cut point of the PNIF to determine the 
nasal obstruction was defined from the Receiver 
Operating Characteristic curve analysis. The AAR         
was defined normal when the total nasal resistance was 
0.13-0.84 Pas/cm3/s(2). Compared with the AAR as the 
gold standard, the sensitivity, specificity, likelihood ratio, 
positive predictive value, negative predictive value of 
the PNIF was analyzed. The agreement between the 
PNIF and the stuffiness and between the PNIF and the 
presence of sino-nasal diseases were assessed.

 The SPSS statistical software (version 13.0 
for Windows, APACHE) was used for data analysis. 
The sample size was determined based on the pilot  
data where we assumed the sensitivity of 0.75 and the 
acceptable error of 0.15. The prevalence of sino-nasal 
diseases in general patients in our clinic was around 
30%. The sample size should be (1.96)2 (0.75) (0.25)/
(0.15)2/(0.30) which was 107. Kappa was used for        
the agreement analysis(15).

Results
 One hundred forty one subjects were enrolled 
in the present study and included 35 men (24.8%)         
and 106 women (75.2%). The age ranged from 18 to 
72-years-old. The mean age was 40.59. Thirty-nine 
(27.7%) reported that they had nasal obstruction at      
the time of the present study while one hundred and 
two (72.3%) felt free of blockage. Sino-nasal diseases 
were diagnosed in one hundred and two (72.3%). Some 
subjects had more than one diagnosis. Seventy-six 
subjects were clinically diagnosed as allergic rhinitis. 
Other diagnosis included rhinosinusitis (10 subjects), 
vasomotor rhinitis (4 subjects), nasal polyp (2 subjects), 
and benign neoplasm (1 subject).
 The total nasal resistance was normal in        
110 subjects (78%). The range of all subjects was 
between 0-2.4 Pas/cm3/s. The mean total nasal resistance 
was 0.37  0.27 Pas/cm3/s. Correlation with one study 
from Thailand in 1995, showed asymptomatic normal 
nasal airway resistance = 0.22  0.10 Pas/cm3/s(14).
 The cut point for the screening purpose               
was defined 90 L/min from the Receiver Operating 
Characteristic curve analysis (Fig. 1). With the cut point 
of 90 L/min, the subjects were divided into normal 
group whose nasal peak flow was not less than the cut 
point and the abnormal group whose nasal peak           
flow was below that point as displayed in Table 1. The 

AAR Total
Normal Abnormal

PNIF
 Normal (≥ 90 L/min) 27   52   79
 Abnormal (< 90 L/min)   4   57   61
Total 31 109 140*

Table 1. A comparison between the number of the normal 
and abnormal groups, assessed by PNIF (Peak 
Nasal Inspiratory Flow) and AAR (Active Anterior 
Rhinomanometry)

*one woman was missing AAR value
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sensitivity of the peak nasal inspiratory flow was 0.87 
(0.753-0.989). The specificity was 0.52 (0.429-0.617). 
The negative predictive value was 0.93 (0.872-0.997). 
The positive predictive value was 0.34 (0.237-0.446). 
The likelihood ratio was 1.81 (1.438-2.318). The 
participants who had no abnormality by history and 
endoscopic finding and free of nasal stuffiness were 
defined as normal. The PNIF of the normal subjects 
was ranged from 40 to 173 L/min. and the mean of the 
PNIF in normal subjects was 97.11  31.15. Whilst the 
PNIF in all subjects ranged from 30-200 L/min and the 
mean PNIF was 86.80  33.6 L/min. The agreement 
between the PNIF and the instant sensation of nasal 
blockage was 0.14 (-0.024-0.321) and the agreement 
between the PNIF and the sino-nasal diseases was 0.09 
(-0.083-0.265).

Discussion
 The use of PNIF is now increasing because 
it is simple and cost-effective. Many researchers 
evaluated the study outcomes by the assessment of 
PNIF improvement. Several studies evaluated the PNIF 
for the efficacy of intranasal corticosteroids therapy       
in allergic rhinitis(3,4) and nasal polyposis(5,6). For the 
post-surgical evaluation, some authors examined the 
PNIF as an objective measurement of the result of 
endoscopic sinus surgery(7), septoplasty(8), and laser 
surgery(9). The use of PNIF for screening the nasal 
obstruction is not widely used as its validity for             
this purpose has never been assessed. Regarding the 
Receiver Operating Characteristic curve analysis of 
the present study, the authors found that at the cut point 
of 90 L/min, the PNIF has a good sensitivity of 0.87 
(0.753-0.989), a high negative predictive value of 0.93 
(0.872-0.997) with a fair specificity of 0.52 (0.429-0.617) 
and low positive predictive value of 0.34 (0.237-0.446). 
Clinicians may increase the cut point up to more than 
99 L/min to achieve more sensitivity of more than         
0.93 with decreased specificity, depending on various 
contexts, experiences, and purposes (Table 2).
 Several studies previously assessed the 
sensitivity of the PNIF but those study designs were 
to evaluate if it was sensitive to detect the change of 
nasal patency. Hellegren et al compared the ability of 
the PNIF with acoustic rhinometry and rhinomanometry 
in detecting the nasal changes after histamine challenge 
and they found that the PNIF was the most sensitive(10). 
Wilson et al proposed the same result that the PNIF 
was more sensitive than acoustic rhinometry and 
rhinomanometry in detecting corticosteroids response 
with nasal histamine challenge(11).
 Both of the agreements between the PNIF  
and the instant sensation of nasal blockage and  
between the PNIF and the sino-nasal diseases were 
quite low (0.14 (-0.024-0.321) and 0.09 (-0.083-0.265) 
respectively). The results contradicted the previous 
study by Gleeson et al. They reported a more correlation 
(r = 0.54) with the sensation of nasal obstruction(12). 
This was possibly due to dissimilarity of the 
methodology between the two studies. Gleeson 
investigated the subjective sensation after topical 

Fig. 1 The receiver operating characteristic curve analysis 
of the PNIF to screen the nasal obstruction

PNIF (L/min) 29.0 51.0 81.0 90.0 99.0 105.0 111.0 183.0 201.0
Sensitivity   0   0.32   0.77   0.87   0.93     0.97     1.00     1.00     1.00
1-specificity   0   0.12   0.41   0.48   0.58     0.68     0.72     0.98     1.00

Table 2. True positive rate (sensitivity) and false positive rate (1-specificity) of various cut points of the PNIF (Peak Nasal 
Inspiratory Flow)
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administrations with histamine and cocaine while the 
present study examined subjects with a longer duration 
of nasal obstruction. The authors believe the subjective 
stuffiness sensation should be more reliable in acute 
nasal obstruction. Most people tolerate with a chronic 
nasal blockage and their complaints were usually less 
than the severity of nasal congestion they really have. 
The anterior rhinometry was also proposed by a 
previous study to correlate poorly with the subjective 
sensation of nasal patency(13).

Conclusion
 With a cut-off point of 90 L/min, the PNIF 
had a good sensitivity and a high negative predictive 
value but it had a low specificity and a low positive 
predictive value. The nasal peak flow did not agree 
well with the subjects’ symptoms of blockage and 
sino-nasal diseases.

Acknowledgement
 The authors wish to thank Ratchadapisek-
sompotch Research Fund for the financial support.       
The authors acknowledge Wasan Punyasang, statistician 
of Research Unit, for his kind contribution for the 
statistical analysis. We wish to thank Dr. Thanarath 
Imsuwansri and Chantima Phannaso for their 
contribution on subject evaluation and particularly to 
Dr. Sanguansak Thanaviratananich for his technical 
advice.

Potential conflicts of interest
 None.

References
 1. Hamilton JW, McRae RD, Jones AS. The 

magnitude of random errors in acoustic rhinometry 
and re-interpretation of the acoustic profile. Clin 
Otolaryngol Allied Sci 1997; 22: 408-13.

 2. Shelton DM, Eiser NM. Evaluation of active 
anterior and posterior rhinomanometry in normal 
subjects. Clin Otolaryngol Allied Sci 1992; 17: 
178-82.

 3. Andersson M, Lindqvist N, Svensson C, Ek L, 
Pipkorn U. Dry powder inhalation of budesonide 
in allergic rhinitis. Clin Otolaryngol Allied Sci 
1993; 18: 30-3.

 4. Fokkens WJ, Cserhati E, dos Santos JM, Praca F, 
van Zanten M, Schade A, et al. Budesonide 
aqueous nasal spray is an effective treatment in 

children with perennial allergic rhinitis, with an 
onset of action within 12 hours. Ann Allergy 
Asthma Immunol 2002; 89: 279-84.

 5. Keith P, Nieminen J, Hollingworth K, Dolovich 
J. Efficacy and tolerability of fluticasone propionate 
nasal drops 400 microgram once daily compared 
with placebo for the treatment of bilateral polyposis 
in adults. Clin Exp Allergy 2000; 30: 1460-8.

 6. Jankowski R, Schrewelius C, Bonfils P, Saban Y, 
Gilain L, Prades JM, et al. Efficacy and tolerability 
of budesonide aqueous nasal spray treatment in 
patients with nasal polyps. Arch Otolaryngol Head 
Neck Surg 2001; 127: 447-52.

 7. Lund VJ, Scadding GK. Objective assessment of 
endoscopic sinus surgery in the management of 
chronic rhinosinusitis: an update. J Laryngol Otol 
1994; 108: 749-53.

 8. Marais J, Murray JA, Marshall I, Douglas N, 
Martin S. Minimal cross-sectional areas, nasal peak 
flow and patients’ satisfaction in septoplasty and 
inferior turbinectomy. Rhinology 1994; 32: 145-7.

 9. Cook JA, McCombe AW, Jones AS. Laser 
treatment of rhinitis—1 year follow-up. Clin 
Otolaryngol Allied Sci 1993; 18: 209-11.

10. Hellgren J, Jarlstedt J, Dimberg L, Toren K, 
Karlsson G. A study of some current methods for 
assessment of nasal histamine reactivity. Clin 
Otolaryngol Allied Sci 1997; 22: 536-41.

11. Wilson AM, Sims EJ, Robb F, Cockburn W, 
Lipworth BJ. Peak inspiratory flow rate is          
more sensitive than acoustic rhinometry or 
rhinomanometry in detecting corticosteroid 
response with nasal histamine challenge. 
Rhinology 2003; 41: 16-20.

12. Gleeson MJ, Youlten LJ, Shelton DM, Siodlak 
MZ, Eiser NM, Wengraf CL. Assessment of nasal 
airway patency: a comparison of four methods. 
Clin Otolaryngol Allied Sci 1986; 11: 99-107.

13. Hardcastle PF, White A, Prescott RJ. Clinical or 
rhinometric assessment of the nasal airway—
which is better? Clin Otolaryngol Allied Sci 1988; 
13: 381-5.

14. Bunnag C, Jareonchasri P, Dachpunpour P, 
Vitavasiri A. Nasal airway resistance in 
asymptomatic Thai population. Siriraj Hosp            
Gaz 1995; 47: 721-5.

15. Gwet KL. Computing inter-rater reliability and its 
variance in the presence of high agreement. Br J 
Math Stat Psychol 2008; 61 (Pt 1): 29-48.



J Med Assoc Thai Vol. 95 No. 9  2012 1209

Appendix.



1210 J Med Assoc Thai Vol. 95 No. 9  2012

คาที่เหมาะสมของเครื่อง peak nasal inspiratory flow เพื่อการคัดกรองภาวะคัดจมูก

วลิน รุจนเวชช, กรเกียรต์ิ สนิทวงศ, สุพินดา ชูสกุล, ทรงกลด เอี่ยมจตุรภัทร

ภูมิหลัง: เคร่ือง peak nasal inspiratory flow (PNIF) เปนเครื่องมือท่ีใชวัดผลหลังผาตัดโพรงจมูกและในการทําวิจัย ใชงาย
และคุมคา แตในการใชเปนเครื่องมือคัดกรองภาวะคัดจมูกยังไมมีการนํามาใช
วัตถุประสงค: เพ่ือประเมินความถูกตองของคา PNIF และเพ่ือกําหนดคาจุดตัด (cut point) ที่เหมาะสมตอการคัดกรองภาวะ
คัดจมูก
วสัดแุละวิธกีาร: บนัทกึขอมูลจากโพรงจมูก ในผูเขารวมการวิจยั 141 คน ทัง้ทีม่แีละไมมีโรคโพรงจมูกและไซนัสดวยเคร่ือง PNIF 
and active anterior rhinomanometry (AAR) เกณฑการคัดเลือกผูเขารวมการวิจยั: อายุ 18-75 ป มีโรคโพรงจมูกและไซนัส
(มอีาการ) เชน คดัจมูก นํา้มกู รดิสดีวงจมูก ผนงัจมูกคด เนือ้งอก เยือ่จมกูบวม ไซนสัอกัเสบ ภมูแิพ มคีวามรูสกึคดัจมกูขณะตรวจ 
และบันทึกการสองกลองตรวจในโพรงจมูก ผูเขารวมการวิจัยทุกคนลงนามในใบยินยอม เปรียบเทียบผลท่ีไดกับ AAR ซ่ึงเปน
มาตรฐานในการวินิจฉัย นํามาวิเคราะหหาคาความไว ความจําเพาะ จํานวนเทาที่ผลการทดสอบดังกลาวจะพบในคนท่ีคัดจมูกเมื่อ
เปรียบเทียบกับคนที่ไมคัดจมูกคาพยากรณบวก คาพยากรณลบของ PNIF คาจุดตัดท่ีเหมาะสมโดยวิเคราะหจาก Receiver 
Operating Characteristic curve ใช Kappa วัดความสอดคลองกันระหวาง PNIF กับภาวะคัดจมูก และระหวาง PNIF กับ
การมีโรคโพรงจมูกและไซนัส
ผลการศึกษา: ที่คาจุดตัดที่ 90 L/min จะไดคาความไวของ PNIF เทากับ 0.87 (95% CI 0.753-0.989) คาความจําเพาะของ 
PNIF เทากับ 0.52 (95% CI 0.429-0.617) คาพยากรณลบของ PNIF เทากับ 0.93 (95% CI 0.872-0.997) คาพยากรณ
บวกของ PNIF เทากับ 0.34 (95% CI 0.237-0.446) จํานวนเทาที่ผลการทดสอบดังกลาวจะพบในคนท่ีคัดจมูกเมื่อเปรียบเทียบ
กับคนที่ไมคัดจมูกเทากับ 1.81 (1.438-2.318) คาเฉลี่ยในคนปกติเทากับ 97.11  31.15 ความสอดคลองกันระหวาง PNIF กับ
ความรูสึกคัดจมูกขณะตรวจเทากับ 0.14 (-0.024-0.321) ความสอดคลองกันระหวาง PNIF กับการมีโรคโพรงจมูกและไซนัส 
เทากับ 0.09 (-0.083-0.265). 
สรุป: ที่คา 90 L/min ของเคร่ือง Peak Nasal Inspiratory Flow จะไดคาความไวของ PNIF ที่ดี และคาพยากรณลบของ 
PNIF ที่สูง แตคาความจําเพาะของ PNIF ที่ตํ่า คาพยากรณบวกที่ตํ่า เครื่อง PNIF ไมมีความสอดคลองท่ีดีตอความรูสึกคัดจมูก
ขณะตรวจ, โรคโพรงจมูก และไซนัส


