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Abstract
Objective—To investigate the effects of nasal continuous positive airway pressure (CPAP) and
cannula use in the neonatal intensive care unit.

Design—Cross-sectional study.

Setting—Tertiary care children’s hospital.

Patients—One hundred patients (200 nasal cavities), younger than 1 year, who received at least
7 days of nasal CPAP (n = 91) or cannula supplementation (n = 9) in the neonatal intensive care
unit.

Interventions—External nasal examination and anterior nasal endoscopy with photographic
documentation.

Main Outcome Measures—The incidence and characteristics of internal and external nasal
findings of patients with nasal CPAP or cannula use.

Results—Nasal complications were seen in 12 of the 91 patients (13.2%) with at least 7 days of
nasal CPAP exposure, while no complications were seen in the 9 patients with nasal cannula use
alone. The external nasal finding of columellar necrosis, seen in 5 patients (5.5%), occurred as
early as 10 days after nasal CPAP use. Incidence of intranasal findings attributed to CPAP use, in
the 182 nostrils examined, included ulceration in 6 nasal cavities (3.3%), granulation in 3 nasal
cavities (1.6%), and vestibular stenosis in 4 nasal cavities (2.2%). Intranasal complications were
seen as early as 8 to 9 days after nasal CPAP administration. Nasal complications from CPAP
were associated with lower Apgar scores at 1 (P = .02) and 5 (P = .06) minutes.
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Conclusions—External or internal complications of nasal CPAP can be relatively frequent
(13.2%) and can occur early, and patients with lower Apgar scores may be at higher risk. Close
surveillance for potential complications should be considered during nasal CPAP use.

Nearly all patients in the neonatal intensive care unit (NICU) require some method of
supplemental oxygen administration, such as nasal cannula, nasal continuous positive
airway pressure (CPAP), or endotracheal intubation. Nasal CPAP is a good alternative for
many neonates. It is frequently used at many pediatric institutions to avoid long-term
endotracheal intubation, which may lead to the development of acquired subglottic stenosis.
Pediatricians, neonatologists, and pediatric subspecialists are all involved in the care of
neonates who are treated with these methods of supplemental oxygen administration.

Growing evidence supports the use of nasal CPAP in the NICU. Nasal CPAP has been
shown to effectively reduce morbidity after extubation in premature infants.1 Other studies
have described better clinical outcomes with nasal CPAP when treating bronchiolitis in
infants.2,3 In a retrospective study from British Columbia,4 the use of nasal CPAP increased
from 60% from 1996 to 2000 to 71% from 2000 to 2004; a simultaneous significant
reduction was seen in the need for corticosteroids, surfactant, and mechanical ventilation
during those periods. Short binasal prong devices appear to be the most effective delivery
mechanism,5 and nasal CPAP use has been found to result in more successful extubations of
preterm infants.4,6 At our institution, we have seen the same trend of nasal CPAP use in our
NICU during the past 6 years, rising from 30% to 47% (Figure 1).

A few studies in the literature have linked various CPAP devices to nasal complications.7–9

While external complications can be easily identified on routine external examination,
including using overhead lighting alone, none of these studies have performed endoscopy to
investigate the intranasal effects in a potentially obligate nasal-breathing population. After
encountering a neonate in our institution with nearly complete bilateral vestibular stenosis
after 10 days of nasal CPAP and 37 days of nasal cannula use,10 we conducted this cross-
sectional study to characterize the internal and external nasal effects of using such devices
and to determine the incidence of their occurrence.

METHODS
Institutional review board approval and informed parental consent were obtained before
enrolling patients in this study. One hundred consecutive, consenting NICU patients (200
nasal cavities) were enrolled in the study from July 25, 2007, through June 30, 2008, at a
tertiary care children’s hospital. We included patients younger than 1 year with at least 7
days of nasal CPAP or cannula use. We excluded patients with pyriform aperture stenosis,
choanal atresia, cleft lip or palate, or previous nasotracheal intubation or nasal surgery.
External nasal examinations and anterior nasal endoscopy (0° telescope) with digital
photographic documentation were performed on each patient; the indices studied are given
in Figure 2. Intranasal findings were recorded. When vestibular stenosis occurred, it was
graded as mild (<20%), moderate (20%–50%), or severe (>50%). We used the Fisher exact
test to compare differences between CPAP and nasal cannulation and to compare differences
between CPAP with and without complications. We used the Wilcoxon rank sum test to
compare differences between groups for gestational age, birth weight, and Apgar score at 1
and 5 minutes because these observations were not normally distributed. All statistical tests
were performed using commercially available software (Stata 10.1; Stata-Corp, College
Station, Texas).
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RESULTS
In this cross-sectional study, we found intranasal complications associated with nasal CPAP
use, including ulceration in 6 of 182 nasal cavities (3.3%), granulation in 3 nasal cavities
(1.6%), and vestibular stenosis in 4 nasal cavities (2.2%) (Table 1). Ulceration, granulation,
and vestibular stenosis were found as early as 8 to 9 days after administration of nasal
CPAP. These findings were all located at the tip of the nasal CPAP prong within the anterior
nasal cavity. The primary external complication, columellar necrosis, was found in 5 of 91
patients with nasal CPAP exposure (5.5%); these cases of columellar necrosis occurred after
10 to 25 days of exposure (Table 2). Examples of photographic documentation from this
study are shown in Figure 3 and Figure 4. Our study consisted of relatively equal numbers of
male (54%) and female (46%) infants. A trend toward lower mean gestational age, birth
weight, and Apgar scores was seen in patients who developed nasal CPAP complications
(Table 3). No complications were seen in the nasal cannula group.

When we compared the incidence of complications among patients exposed to nasal CPAP
(n=91) with those among patients exposed to nasal cannula (n = 9), there was no statistically
significant difference (P=.60). When we compared the clinical variables within the nasal
cannula group with those of the nasal CPAP group, there were statistically significant
differences in gestational age (P=.02), birth weight (P=.03), and Apgar scores (P=.02).
When we looked at the groups of nasal CPAP with and without complications, only the
Apgar score at 1 minute reached statistical significance (P = .02), and the Apgar score at 5
minutes (P = .06) showed a strong association. There were no statistically significant
differences among patients receiving nasal CPAP who developed complications in terms of
gestational age, birth weight, CPAP setting, or CPAP duration.

COMMENT
Nasal CPAP is gaining popularity as a preferred means of ventilatory support in the NICU,
and its potential complications will be encountered more frequently. To date, there are
limited reports in the literature regarding intranasal complications. Loftus and colleagues11

described 8 patients with nasal deformities attributed to nasal CPAP use, including but not
limited to nasal vestibular stenosis. DeRowe et al12 described a 6-week-old patient with
bilateral nasal synechiae after 3 weeks of nasal CPAP use that ultimately required
endoscopic synechialysis, bilateral stenting, and repeated dilations.

Similarly, Smith and Roy13 described 2 cases of vestibular stenosis after the use of nasal
CPAP. The first case described was a 4-month-old infant, premature at 26 weeks’ gestation,
who was found to have bilateral 80% nasal vestibular stenosis and significant cosmetic
deformity. A second patient had bilateral 95% nasal vestibular stenosis. Both required
surgical correction of the nasal defects.13

At our institution, we encountered a case of near-complete bilateral vestibular stenosis in a
7-week-old infant, which prompted this study. This patient received 10 days of nasal CPAP
and 37 days of nasal cannula oxygen supplementation. Immediately after birth, nasal
catheters were passed without difficulty through both nasal passages. At nearly 7 weeks of
age, nasal endoscopy showed bilateral nearly complete (>95%) vestibular stenosis at the tip
where the nasal CPAP would have been positioned. Results of computed tomography
demonstrated an anterior soft-tissue band that occluded both nasal airways. Nasal repair was
successfully performed endoscopically with lysis, application of mitomycin, and nasal
stenting.10 Treatment strategies that have been reported for repair of nasal vestibular
stenosis are auricular composite grafting,14,15 full-thickness skin grafting with pyriform
aperture enlargement,16 vestibular labial mucosal grafting,17 or fitting the patient with a
custom-made vestibular device after surgical repair.18
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The development of iatrogenic nasal vestibular stenosis has been thought to result from
disruption of the nasal vestibular lining, with resultant proliferation of granulation and
fibrous tissue.13 We also believe that the development of nasal vestibular stenosis from nasal
CPAP occurs in a stepwise fashion. A CPAP model for vestibular stenosis formation could
involve pressure necrosis from the nasal prongs, air trauma itself, or bacterial contamination
with stasis at the prong-mucosal interface, similar to the previously described mechanisms
of traumatic subglottic stenosis.19 This initial trauma may lead to ulceration and induce a
second phase of reactive granulation tissue formation. Finally, the granulation tissue can
form a mature scar resulting in vestibular stenosis; however, further studies of examinations
of the nasal cavities before, during, and after CPAP placement would need to be performed
to elucidate this. In the literature, vestibular stenosis has been described as a result of
previous nasal surgical procedures,15,16 nasal packing,15 excessive cauterization for
epistaxis,20 birth trauma,21 and flash burn injury.22 There were no complications that could
be attributed to temperature malfunctioning on the vaporizer used with nasal CPAP in our
series. Frequent traumatic suctioning of the nares could also exacerbate the nasal mucosal
injury caused by the nasal CPAP. Congenital cases of nasal pyriform aperture stenosis, a
different embryologic entity, have been described23,24; however, nasal vestibular stenosis is
an acquired process.

Although this was an observational and cross-sectional study, not powered to reach
statistical significance, it showed a trend toward intranasal complications in patients with
lower mean birth weight, gestational age, and Apgar scores. Neonates with these
characteristics may be at increased risk for multiple reasons, including the smaller size of the
columella and inferior turbinate, the decreased cross-sectional area of the external nasal
valve, the immaturity of the skin and nasal structures, and likely the more frequent need for
CPAP use (compared with nasal cannula). Although there were no abnormal findings in the
nasal cannula group, a larger number of patients would be needed to reach statistical
significance. Our primary objective in this cross-sectional study of 100 patients was to
characterize and determine the incidence of complications rather than to contrast nasal
cannula with nasal CPAP. The nasal CPAP duration and settings were not predictive factors
in this study. The statistically significant findings of lower gestational age, lower birth
weight, and lower Apgar scores in patients requiring nasal CPAP compared with nasal
cannula reinforced that patients with these characteristics are more likely to need additional
respiratory support (ie, nasal CPAP).

External complications from nasal CPAP (ie, columellar necrosis) can be easily identified on
routine physical examination. We found that 5.5% of our patients exposed to nasal CPAP
had evidence of varying degrees of columellar necrosis. Once this occurs, it is difficult to
repair surgically, and adverse cosmetic results may ensue. In our series, columellar necrosis
was found as early as 10 days after placement of nasal CPAP, but columellar necrosis has
been reported as early as after only 3 days of nasal CPAP use in very-low-birthweight
infants.25 This complication can be easily prevented by frequent monitoring of the columella
during nasal CPAP use. In the NICU setting, attempts should be made to prevent such nasal
trauma, including the application of additional dressings for skin protection, periodic
inspection with movement of the prongs for improved tissue perfusion, and alternative
CPAP prongs or mask devices when indicated.

CONCLUSIONS
To our knowledge, this is the first study to use nasal endoscopy to characterize and
determine the incidence of intranasal complications caused by nasal CPAP use in the NICU.
We found an overall internal or external complication rate of 13.2%. Frequent examinations
of the columella must be performed on neonates using nasal CPAP because necrosis was
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found as early as 10 days after administration. Although complications may not warrant
surgical intervention in most cases, we found intranasal ulceration, granulation, and
vestibular stenosis in our NICU. Vestibular stenosis occurred as early as 8 days after nasal
CPAP placement. Lower Apgar scores were a stronger predictor of the development of
intranasal complications. A trend toward lower average gestational age and birth weight was
found in patients who developed complications. Nasal cannula use alone was not associated
with any complications. Nasal CPAP has become an important method of oxygen
supplementation in the NICU setting, and health care providers must be aware of the
potential complications.

References
1. Davis PG, Henderson-Smart DJ. Nasal continuous positive airways pressure immediately after

extubation for preventing morbidity in preterm infants. Cochrane Database Syst Rev. 2003;
(2):CD000143. [PubMed: 12804388]

2. Martinón-Torres F, Rodriguez-Nunez A, Martinon-Sanchez JM. Nasal continuous positive airway
pressure with heliox versus air oxygen in infants with acute bronchiolitis: a crossover study.
Pediatrics. 2008; 121(5):e1190–e1195.10.1542/peds.2007-1840 [PubMed: 18411235]

3. Thia LP, McKenzie SA, Blyth TP, Minasian CC, Kozlowska WJ, Carr SB. Ran-domised controlled
trial of nasal continuous positive airways pressure (CPAP) in bronchiolitis. Arch Dis Child. 2008;
93(1):45–47. [PubMed: 17344251]

4. Pelligra G, Abdellatif MA, Lee SK. Nasal continuous positive airway pressure and outcomes in
preterm infants: a retrospective analysis. Paediatr Child Health. 2008; 13(2):99–103. [PubMed:
19183712]

5. De Paoli AG, Davis PG, Faber B, Morley CJ. Devices and pressure sources for administration of
nasal continuous positive airway pressure (NCPAP) in pre-term neonates. Cochrane Database Syst
Rev. 2008; (1):CD002977. [PubMed: 18254011]

6. Davis PG, Morley CJ, Owen LS. Non-invasive respiratory support of preterm neonates with
respiratory distress: continuous positive airway pressure and nasal intermittent positive pressure
ventilation. Semin Fetal Neonatal Med. 2009; 14(1):14–20. [PubMed: 18835546]

7. Buettiker V, Hug MI, Baenziger O, Meyer C, Frey B. Advantages and disadvantages of different
nasal CPAP systems in newborns. Intensive Care Med. 2004; 30(5):926–930. [PubMed: 15042289]

8. Rego MA, Martinez FE. Comparison of two nasal prongs for application of continuous positive
airway pressure in neonates. Pediatr Crit Care Med. 2002; 3(3):239–243. [PubMed: 12780963]

9. Yong SC, Chen SJ, Boo NY. Incidence of nasal trauma associated with nasal prong versus nasal
mask during continuous positive airway pressure treatment in very low birthweight infants: a
randomised control study. Arch Dis Child Fetal Neonatal Ed. 2005; 90(6):F480–F483. [PubMed:
15941825]

10. Jatana KR, Oplatek A, Elmaraghy CA. Bilateral vestibular stenosis from nasal continuous positive
airway pressure/cannula oxygen administration. Otolaryngol Head Neck Surg. 2008; 138(5):690–
691. [PubMed: 18439483]

11. Loftus BC, Ahn J, Haddad J Jr. Neonatal nasal deformities secondary to nasal continuous positive
airway pressure. Laryngoscope. 1994; 104(8 pt 1):1019–1022. [PubMed: 8052066]

12. DeRowe A, Landsberg R, Fishman G, Halperin D, Fliss D. Neonatal iatrogenic nasal obstruction.
Int J Pediatr Otorhinolaryngol. 2004; 68(5):613–617. [PubMed: 15081239]

13. Smith LP, Roy S. Treatment strategy for iatrogenic nasal vestibular stenosis in young children. Int
J Pediatr Otorhinolaryngol. 2006; 70(8):1369–1373. [PubMed: 16564097]

14. Constantian MB. Indications and use of composite grafts in 100 consecutive secondary and tertiary
rhinoplasty patients: introduction of the axial orientation. Plast Reconstr Surg. 2002; 110(4):1116–
1133. [PubMed: 12198427]

15. Karen M, Chang E, Keen MS. Auricular composite grafting to repair nasal vestibular stenosis.
Otolaryngol Head Neck Surg. 2000; 122(4):529–532. [PubMed: 10740172]

16. Adamson PA, McGraw-Wall BL, Strecker HD, Gillman GS. Analysis of nasal air flow following
repair of vestibular stenosis. J Otolaryngol. 1998; 27(4):200–205. [PubMed: 9711514]

Jatana et al. Page 5

Arch Otolaryngol Head Neck Surg. Author manuscript; available in PMC 2013 August 12.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



17. Blandini D, Tremolada C, Beretta M, Mascetti M. Iatrogenic nostril stenosis: aesthetic correction
using a vestibular labial mucosa flap. Plast Reconstr Surg. 1995; 95(3):569–571. [PubMed:
7870785]

18. Menger DJ, Lohuis PJ, Kerssemakers S, Nolst Trenite GJ. Postoperative management of nasal
vestibular stenosis: the custom-made vestibular device. Arch Facial Plast Surg. 2005; 7(6):381–
386. [PubMed: 16301457]

19. Minnigerode B, Richter HG. Pathophysiology of subglottic tracheal stenosis in childhood. Prog
Pediatr Surg. 1987; 21:1–7. [PubMed: 3107065]

20. Bajaj PS, Bailey BN. Stenosis of the nostrils: a report of three cases. Br J Plast Surg. 1969; 22(3):
269–273. [PubMed: 5387148]

21. Jablon JH, Hoffman JF. Birth trauma causing nasal vestibular stenosis. Arch Otolaryngol Head
Neck Surg. 1997; 123(9):1004–1006. [PubMed: 9305255]

22. Salvado AR, Wang MB. Treatment of complete nasal vestibule stenosis with vestibular stents and
mitomycin C. Otolaryngol Head Neck Surg. 2008; 138(6):795–796. [PubMed: 18503859]

23. Ramadan H, Ortiz O. Congenital nasal pyriform aperture (bony inlet) stenosis. Otolaryngol Head
Neck Surg. 1995; 113(3):286–289. [PubMed: 7675492]

24. Van Den Abbeele T, Triglia JM, Francois M, Narcy P. Congenital nasal pyriform aperture stenosis:
diagnosis and management of 20 cases. Ann Otol Rhinol Laryngol. 2001; 110(1):70–75. [PubMed:
11201813]

25. Robertson NJ, McCarthy LS, Hamilton PA, Moss AL. Nasal deformities resulting from flow driver
continuous positive airway pressure. Arch Dis Child Fetal Neonatal Ed. 1996; 75(3):F209–F212.
[PubMed: 8976689]

Jatana et al. Page 6

Arch Otolaryngol Head Neck Surg. Author manuscript; available in PMC 2013 August 12.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 1.
Internal review of the neonatal intensive care unit (NICU) at our institution. An increasing
trend in the frequency of nasal continuous positive airway pressure (CPAP) use among
patients in the NICU is seen from 2002 to 2008.
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Figure 2.
Cross-sectional study design. NICU indicates neonatal intensive care unit.
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Figure 3.
Anterior nasal endoscopy images demonstrate normal findings (A), ulceration (B),
granulation (C), and vestibular stenosis (D and E).
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Figure 4.
External nasal examination images demonstrate early (A) and late (B) columellar necrosis
(arrowheads). The necrosis occurred 10 and 12 days after initiation of nasal continuous
positive airway pressure use.
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Table 1

Intranasal Complications Associated With Nasal CPAP

Variable
Nasal Cannula Group

(n=18) Nasal CPAP Group (n=182)

Incidence of nasal cavities with complication, No. (%)a

 Ulceration 0 6 (3.3)

 Granulation 0 3 (1.6)

 Vestibular stenosis 0 4 (2.2)

Duration of supplemental oxygen use associated with complications, range,
d

 Ulceration … 8–36

 Granulation … 9–60

 Vestibular stenosis … 8–20

Abbreviations: CPAP, continuous positive airway pressure; ellipses, not applicable.

a
Incidence is calculated by using the number of nasal cavities in the group as the denominator.
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Table 2

Incidence of Columellar Necrosis

Variable
Nasal Cannula Group

(n=9)
Nasal CPAP Group

(n=91)

Incidence of patients with columellar necrosis, No. (%)a 0 5 (5.5)

Duration of supplemental oxygen use associated with columellar necrosis, range,
d

… 10–25

Abbreviations: CPAP, continuous positive airway pressure; ellipses, not applicable.

a
Incidence is calculated using the number of patients in the group as the denominator.

Arch Otolaryngol Head Neck Surg. Author manuscript; available in PMC 2013 August 12.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Jatana et al. Page 13

Ta
bl

e 
3

C
lin

ic
al

 C
ha

ra
ct

er
is

tic
s 

of
 P

at
ie

nt
s 

R
ec

ei
vi

ng
 S

up
pl

em
en

ta
l O

xy
ge

n

C
ha

ra
ct

er
is

ti
c

N
as

al
 C

an
nu

la
 G

ro
up

a  
(n

 =
 9

)

N
as

al
 C

P
A

P
 G

ro
up

P
 V

al
ue

N
o 

C
om

pl
ic

at
io

ns
 (

n 
= 

79
)

W
it

h 
C

om
pl

ic
at

io
ns

 (
n 

= 
12

)
C

an
nu

la
 v

s 
C

P
A

P
 G

ro
up

C
P

A
P

 G
ro

up
s 

W
it

h 
vs

 W
it

ho
ut

C
om

pl
ic

at
io

ns

M
ea

n 
ge

st
at

io
na

l a
ge

, w
k

32
.9

28
.2

27
.0

.0
2

.5
4

M
ea

n 
bi

rt
h 

w
ei

gh
t, 

g
19

45
12

21
10

10
.0

3
.9

3

M
ea

n 
A

pg
ar

 s
co

re

 
1 

m
in

6.
11

4.
15

2.
67

.0
2

.0
2

 
5 

m
in

7.
44

6.
23

4.
83

.0
2

.0
6

M
ea

n 
C

PA
P 

du
ra

tio
n,

 d
…

19
.4

19
.5

…
…

M
ea

n 
C

PA
P 

se
tti

ng
, c

m
 H

2O
…

7.
08

7.
08

…
…

A
bb

re
vi

at
io

ns
: C

PA
P,

 c
on

tin
uo

us
 p

os
iti

ve
 a

ir
w

ay
 p

re
ss

ur
e;

 e
lli

ps
es

, n
ot

 a
pp

lic
ab

le
.

a N
o 

co
m

pl
ic

at
io

ns
 w

er
e 

se
en

 a
m

on
g 

th
es

e 
pa

tie
nt

s.

Arch Otolaryngol Head Neck Surg. Author manuscript; available in PMC 2013 August 12.


