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Current knowledge 

Nasal low-flow oxygen therapy can be administered with or without supplemental 

humidification. However, the effects of cold bubble humidification or no humidification on 

mucociliary transport, mucus properties, and airway symptoms are not well established 

 

What this paper contributes to our knowledge 

Our study shows that unheated bubble humidification does not humidify inspired oxygen to 

prevent deterioration of mucociliary clearance, mucus hydration, and pulmonary function 

and that unheated bubble humidification performed no better that no humidification at all. 
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FEV1, forced expiratory volume 
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NLF, nasal lavage fluid 

NLFO, nasal low-flow oxygen  

SNOT-20, Sino-Nasal Outcome Test-20 

STT, saccharine transit time test 
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Abstract (250 words) 

BACKGROUND: Little is known on the effects of long-term nasal low flow oxygen 

(NLFO) on mucus and symptoms and how this is affected by dry or cold humidified gas. 

The aim of this study was to investigate the effects of dry-NLFO and cold bubble 

humidified-NLFO on nasal mucociliary clearance (MCC), mucus properties, inflammation 

and symptoms in subjects with chronic hypoxemia requiring long-term domiciliary oxygen 

therapy.  

METHODS: Eighteen subjects (mean 68 years, 7 male, 66% COPD) initiating NLFO were 

randomized to Dry-NLFO (n=10) or Humidified-NLFO (n=8).  Subjects were assessed at 

baseline, 12 hours, 7 days, 30 days, 12 months and 24 months by measuring nasal MCC by 

saccharine transit test, mucus contact angle (surface tension), inflammation (cells and 

cytokine concentration in nasal lavage) and symptoms by the Sino-Nasal Outcome Test-20. 

RESULTS: Nasal MCC decreased significantly (40% longer saccharine times) and 

similarly in both groups over study. There was a significant association between impaired 

nasal MCC and lung function decline. Nasal lavage showed an increased proportion of 

macrophages, IL-8 and EGF concentrations with decreased IL-10 during the study. No 

changes in the proportion of ciliated cells or contact angle were observed. Coughing and 

sleep symptoms decreased similarly in both groups. There were no outcome differences 

when comparing dry to cold bubble humidified NLFO.  

CONCLUSIONS: In subjects receiving chronic NLFO, cold bubble humidification does 

not adequately humidify inspired oxygen to prevent deterioration of MCC, mucus 

hydration, and pulmonary function. The unheated bubble humidification performed no 

better than no humidification. Registration at Clinicaltrials.gov (NCT02515786) 
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INTRODUCTION 

 

Long-term oxygen therapy is used to treat patients with chronic hypoxemia in order 

to improve pulmonary hemodynamics, symptoms, quality of life and survival [1-3]. Long-

term oxygen therapy is defined as oxygen use for at least 15 hours per day [4, 5], and for 30 

or more days [6]. Low-flow oxygen therapy is generally provided via nasal cannula without 

supplemental humidification [4, 7, 8]. Dry nasal low-flow oxygen (NLFO) is used 

clinically to prevent bacterial contamination of the reservoir water [9, 10]. However, the 

inhalation of dry air may cause ciliary dysfunction, alterations in mucus properties and 

mucociliary clearance (MCC) impairment [11-13]. Studies investigating dry NLFO on 

airway symptoms reported acute dryness in the mouth, nose and trachea as well as 

headache and chest discomfort in healthy subjects [14] and in patients after 92 days [15]. 

After humidification, there was some relief of nasal symptoms. However, the effects of 

cold bubble humidification or no humidification on mucociliary transport, mucus 

properties, and airway symptoms are not well established 

The aim of this study was to investigate the effects of long-term dry NLFO and cold 

bubble humidified NLFO on nasal MCC, airway symptoms, and nasal inflammation in 

subjects with chronic hypoxemia. We hypothesized that the long term use of dry nasal 

oxygen would increase nasal symptoms and inflammation and decrease nasal MCC relative 

to cold bubble humidification. 

 

METHODS 
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This randomized clinical trial was approved by the Institutional Ethical Committee 

for Research (CEP 041/13), is done in compliance with the Helsinki Declaration and 

registered at clinicaltrials.gov (NCT02515786). We recruited female and male subjects 

aged ≥ 18 years from the Basic Health Units of São Paulo City and the Pulmonology 

Outpatient Clinic of Hospital das Clínicas from January 2013 through May 2015. Subjects 

entered the study after informed consent was obtained. Inclusion criteria were subjects with 

chronic lung disease and hypoxemia and a recent prescription for domiciliary long-term 

NLFO [4, 5]. The exclusion criteria were prior use of NLFO, nasal surgery, use of nasal 

medications, diagnoses of chronic rhinosinusitis, inability to taste saccharin, respiratory 

infections within 30 days of starting the study, and difficulty in understanding the protocol 

procedures. Subjects were randomized to interventions: NLFO with dry gas (Dry-NLFO) or 

NLFO with humidification (Humidified-NLFO). Both groups received an unheated bubble 

humidifier (71-1392, Airliquide Ind., São Paulo, Brazil), and water was added in the system 

of the Humidified-NLFO group. Randomization was performed using sealed envelopes.  

We instructed patients to avoid alcohol, coffee, and tea for 8 hours before clinical 

assessments; all assessments were performed between 7 and 9 AM. Subjects were studied 

at entry (baseline), and at 12 hours, 7 days, 1 month, 3 months, 12 months and 24 months 

after NLFO initiation. We collected the clinical history including pulmonary disease 

exacerbations, nasal symptoms, nasal mucus and nasal lavage fluid collections at each time-

point. Exacerbations of diseases were considered as an emergency department evaluation or 

hospital admission. Nasal symptoms were evaluated using the Sino-Nasal Outcome Test 

(SNOT)-20 questionnaire [16, 17]. Briefly, the SNOT-20 consists of 20 items in two major 

domains: upper airway symptoms (questions 1 to 10) and sleep quality (questions 11 to 20) 
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each graded from zero to five (0=no symptoms, 1=minimal symptoms, 2=small, 

3=moderate, 4=serious and 5=the greatest symptoms possible). At each study visit, we also 

measured heart rate and blood pressure.  

Nasal MCC was measured using the saccharin transit test (STT). Normal STT time 

is ≤ 12 minutes [18]. Subjects spent 15 minutes resting with a normal breathing pattern and 

avoiding talking, coughing, sneezing, or deep and fast inhalation during the procedure. We 

choose the more patent nostril to perform STT analysis and if patency was similar, we 

chose the right nostril. Saccharine powder 25 µg was deposited on the anterior portion of 

the middle turbinate. Subjects were instructed to keep their head vertical. Nasal MCC was 

measured in minutes as the time elapsed between the deposition of the saccharin and the 

first perception of a sweet taste [19].  

Nasal mucus was collected from the nostril not used for STT. Subjects were 

instructed to maintain 30º of head extension and mucus was collected with a soft brush, 

stored in a labeled tube and kept in -80°C for analysis. Contact angle measures the solid-

air-liquid interface, or wettability and is associated with mucus sneeze clearability [20]. 

Contact angle was measured using a stereomicroscope (Stemi 2000C, Carl Zeiss, Göttinger, 

Germany) and microcomputer image processing system (Interactive AxionVision 4.7, Carl 

Zeiss, Göttinger, Germany).  

 We collected nasal lavage fluid (NLF) at each time point. Subjects sat with head 

extended 30º and we instilled 5 mL of room temperature 0.9% saline into one nostril 

followed by a 10 seconds dwell time with no swallowing. The subject was then to expelled 

the NLF into a sterile plastic bottle. We repeated the procedure in the other nostril. As 

previously described [17, 21], the sample was homogenized and centrifuged for 10 minutes 
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at a speed of 1,800 rpm and a temperature of 5°C. The supernatant was separated from the 

pellet, transferred to sterile polypropylene tubes, and stored in -80°C for quantification of 

epidermal growth factor (EGF), interleukin (IL)-8 (CXCL8) and IL-10 using a human 

multiplex ELISA assays (HCYT0MAG-60K, EMD Millipore Corp, Missouri, USA). The 

pellet was used for total and differential cells count. We suspended the pellet with 1 mL of 

phosphate buffered saline solution and performed the cell count in the Neubauer chamber 

(20 µL sample, 400x magnification). Samples were centrifuged at 96 x g, 25ºC for 6 

minutes. The slide was stained with May-Grunwald-Giemsa for cell counts. Mucus and 

NLF samples were coded for laboratory analysis performed by two technicians. 

Lung function was performed according to the recommendations of the American 

Thoracic Society and the European Respiratory Society to determine forced exhaled 

volume in the first second (FEV1) and forced vital capacity (FVC) [22]. Data interpretation 

were performed using the predicted values for a Brazilian population [23]. Temperature and 

relative humidity were measured at the end of the nasal cannula and at the nose of the 

patient using 2 and 3 LPM of dry and humidified oxygen with the aid of a thermo-

hygrometer (MTH-1380 Termopar K, Minipa Ind., São Paulo, Brazil). The absolute 

humidity [24] was determined using temperature, relative humidity and atmospheric 

pressure at the level of the city (700-706 mmHg). 

 

Statistical Analysis 

We used Statistical Package for Social Sciences version 19.0 for analyses (IBM 

Corp., Chicago, IL, USA). Results are presented as mean values ± SD or proportions (%) 

when appropriate. Descriptive statistics were used to summarize subject demographics. 
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Demographic and clinical characteristics between groups were analyzed using t-test or 

Mann-Whitney test. Categorical variables were analyzed using the Fisher Exact Test. 

Frequency of the most important airway symptoms and sleep problems were analyzed 

along the study using ANOVA for repeated measures followed by pairwise analysis. To 

compare STT and mucus contact angle between groups along the study, we used two-way 

ANOVA for repeated measures followed by Bonferroni adjustment for multiplicity. To 

compare cytokines concentrations and inflammatory and epithelial cells in NLF of the two 

groups, we performed non-parametric two-way ANOVA for repeated measures. After post 

hoc correction for multiple comparisons, a probability of p < 0.05 was considered 

significant. Spearman´s Correlation Coefficient was performed to assess associations 

between variables. 

Using the software G* Power version 3.9.1.2 (http://www.gpower.hhu.de/en.html), 

the total sample size for this study (two groups along 6 time-periods) was calculated as 18 

subjects. We used saccharin transit time as the main outcome with an effect size of 25%, 

α=0.05 and a power of 0.79.  

 

RESULTS 

Twenty-seven patients screened when first prescribed home oxygen therapy, and 19 

subjects were eligible and randomized to receive NLFO at 2-3 LPM with or without 

humidification (Fig. 1). Table 2 shows that there were significant differences between Dry 

and Humidified oxygen in absolute humidity at the end of the cannula but not at the nasal 

mucosa.  

One subject in the Humidified-NLFO group dropped out of the study after the 
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baseline assessment and her data were not included in the statistical analysis. Three subjects 

had exacerbations of lung disease during the study, two in the Dry-NLFO group and one in 

the Humidified-NLFO, and one of these in the Dry-NLFO group died during an 

exacerbation of bronchiectasis after 11 months in the study. One additional subject in the 

Dry-NLFO died due to severe pulmonary fibrosis at 15 months into the study.  

Demographic data were similar between groups (Table 1). No significant 

differences were observed between Dry-NLFO and Humidified-NLFO groups in the 

number of subjects with COPD, bronchiectasis, pulmonary hypertension and/or diabetes or 

in the number of former smokers.  

Cough was the most common airway symptom reported at baseline by both groups 

of patients and this improved by day 7 of oxygen therapy (Table 3) with no significant 

differences between groups (p=0.391). Sleep symptoms frequently reported were difficulty 

falling asleep, waking at night and poor night’s sleep at the beginning of the study. 

Significant and similar improvements in sleep symptoms were reported after 12 months by 

both groups of patients. There were no changes in mucus contact angle in either group of 

subjects. Compared with baseline, mean values of STT increased (ie MCC decreased) (Fig. 

2) at 12 months (p=0.049) and 24 months (p=0.017) with no significant differences 

between groups (p=0.224).  

Lung function results were similar between Dry and Humidified-NLFO groups at 

baseline and 24 months (Table 4). There was a significant correlation between STT and 

FEV1 (-0.56 and p=0.007). The total number of cells in the NLF was similar between the 

two groups at baseline and at 24 months (Table 4). Mucus properties did not change during 

the study. Both groups had small increases (< 5%) in neutrophils and goblet cells. 
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Macrophages and ciliated cells did not change. The NLF EGF, CXCL8 and IL-10 

concentrations remained stable over study.  

 

DISCUSSION 

 MCC is a primary defense of the respiratory tract. Impaired MCC may lead to 

mucus retention, inflammation and infection. We found that after NLFO therapy, there 

were significant improvements in symptoms of coughing and sleep disturbance but there 

were no significant differences comparing Dry and Humidified NLFO groups. Nasal MCC 

impairment was noted in 45% of subjects and this worsened over time (89% of subjects) 

and to a similar extent in both groups. Cold bubble humidification had similar performance 

as no humidification at the nasal mucosa of the patient showing no impact on MCC, mucus 

properties, inflammation, or symptoms.  

At the start of the study, we hypothesized that dry oxygen would impair MCC, 

increase inflammation and increase symptoms when compared with humidified gas; 

consistent with previous studies [13, 14].  Our findings showed that cold bubble 

humidification was no better than dry oxygen in preventing nasal MCC impairment, mucus 

dehydration and decline in pulmonary function. Humidification using unheated bubble 

humidifiers is limited by the surface area of the gas/water interface, the temperature of the 

water and the flow through the humidifier [25-27]. We found higher absolute humidity 

obtained with cold bubble humidifier (~21 mg/L) as compared with no humidification (9 

mg/L) at the end of the nasal catheter. This may not have a clinical effect because at the 

nasal mucosa (~31oC), the absolute humidity reached was similar using the two systems 

(~21 mg/L Dry vs 25 mg/L “Humidified”). As well, the oxygen received by the patient 
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through a nasal cannula is part of the total inspired volume [28]. With no humidification or 

cold bubble humidification, the absolute humidity provided to the patient was much lower 

than provided by heated wire humidifiers (44 mg/L) [25]. Fully saturated inspired gas with 

higher absolute humidity at near body temperature (37oC) preserves MCC and pulmonary 

function [24, 25]. However, evaluating the clinical impact of heated humidification during 

NLFO was beyond the scope of this study.  

Airway inflammation is a common feature in many patients with respiratory 

diseases and is reported to be a risk factor for lung function decline [29]. In this study, 

patients receiving dry or humidified oxygen had a similar inflammatory profile in NLF that 

persisted over time with increased macrophages and IL-8, and decreased concentrations of 

IL-10. Epidermal growth factor (EGF) was also increased in both groups and is reported to 

participate in mucin production by epithelial cells and in process for tissue repairing [29-

31]. We confirm that patients with severe chronic airway disease who require domiciliary 

oxygen therapy have increased nasal inflammatory cells and pro-inflammatory cytokines 

and that remained stable over time. Cold bubble “humidification” of inspired oxygen does 

not ameliorate this inflammation. 

Improvements in sleep problems and nasal symptoms after starting oxygen therapy 

support the use of NLFO in patients with chronic hypoxemia and it may also be that 

improvements due to oxygen supplementation were sufficient to blunt symptoms of 

impairment caused by dryness. Symptomatic improvement of cough and airway discomfort 

were clearly documented by day 7 of therapy and persisted for the duration of the study 

while improvement in sleep was observed only after 12 months of therapy.  

The study may have been underpowered to detect clinically significant changes. We 
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did see impairment of MCC, the primary outcome variable, in both groups and this was not 

ameliorated by cold humidification. We found significant associations between mucociliary 

transport (STT) and FEV1. The slowing of nasal MCC is not likely to be a side effect of 

oxygen therapy, but rather to insufficient humidification of inspired air and with the 

severity and progression of the pulmonary disease [24, 29]. It may also be that previous 

studies were primarily conducted in healthy volunteers while this study of subjects with 

severe lung disease may have included subjects with such severe baseline impairment that 

changes might have been difficult to detect. Consistent with this conjecture was the 

observation that at baseline study initiation, only 10 subjects (55%) had normal MCC.  

In subjects receiving NLFO therapy, the cold bubble humidification does not 

adequately humidify inspired oxygen and does not prevent slowing of mucociliary 

clearance, mucus dehydration, and worsening pulmonary function; cold bubble 

humidification performed no better than no humidification. These results do not necessarily 

apply to patients receiving nasal high flow oxygen (20 LPM or more), those receiving 

noninvasive ventilation, and intubated patients, as these conditions were not studied. 
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Figures and legends 

Figure 1. CONSORT flow diagram of the study 

 

Figure 2. Nasal mucociliary clearance and mucus contact angle in Dry NLFO (n=10) and 

Humidified NLFO (n=8) over the study period using ANOVA for repeated measures with 

Bonferroni´s adjustments for multiple comparisons. Both groups had significant worsening 

of MCC at 12 (* p=0.049) and 24 months († p=0.017) but there was no difference at any 

time point when comparing the groups (p=0.224). 

 

Table 1. Characteristics of subjects. Means ± SD or number of cases (proportions) in Dry 

NLFO (n=10) and Humidified NLFO (n=8) analyzed using T-test or Mann-Whitney (a) or 

Fisher Exact Test for categorical variables 

 

Table 2. Mean values (± SD) of temperature (T) and absolute humidity (AH) of dry and 

humidified oxygen (O2) at 2 and 3 LPM at the end of the nasal cannula and at the nasal 

mucosa during inspiration in six patients. a vs b p<0.001, a vs c p<0.001, d vs e, p<0.001, d vs 

f p=0.002 

 

Table 3.  Mean frequency (%) of cough and sleep problems; defined as difficulty falling 

asleep, waking at night, and poor night’s sleep, was similar between Dry- NLFO (n=10) 

and Humidified-NLFO (n=8). ANOVA for repeated measures followed by Bonferroni 

adjustments, a p = 0.041 and b p=0.025 vs Baseline and12 hours, c p=0.019 vs 7 and 30 days 

with no significant differences between Dry and Humidified groups (p=0.391) 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
Airway humidification and mucus  Franchini et al., 2015 

17 
 

 

Table 4. Mean values (±SD) of spirometry data and median values (IQR) of number of cells 

(n) or proportion of cells (%) and cytokines concentrations (pg/mL) obtained in nasal 

lavage fluid (NLF) of Dry-NLFO and Humidified-NLFO groups. Comparisons were 

performed with non-parametric two-way ANOVA for repeated measures (a vs Humidified 

at the same time-point) 
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Table 1. Characteristics of subjects. Means ± SD or number of cases (proportions) in 

Dry NLFO (n=10) and Humidified NLFO (n=8) analyzed using T-test or Mann-

Whitney (a) or Fisher Exact Test for categorical variables 

 
     Dry-NLFO Humidified-NLFO P-value 

        Age, years 67 ± 14 68 ± 9   0.898 

Male, n  4 (40) 3 (38) >0.999 

BMI, kg/m2  26 ± 8 25 ± 7   0.707 

Systolic pressure, mmHg 125 ± 10 126 ± 11   0.814 

Diastolic pressure, mmHg 82 ± 8 79 ± 8    0.897a 

Heart Rate, bpm  80 ± 15  74 ± 8   0.308 

    Morbidities, n (%)    

COPD  6 (60) 6 (75)    0.640 

Bronchiectasis 3 (30) 1 (13)   0.590 

Pulmonary fibrosis 1 (10) 1 (13) >0.999 

Pulmonary hypertension 1 (10) 1 (13) >0.999 

Hypertension 5 (50) 5 (63)   0.660 

Diabetes  1 (10) 1 (13) >0.999 

Former smokers 6 (60) 5 (63) >0.999 

    Medications, n (%)    

Bronchodilators 10 (100) 8 (100)   1.000 

Diuretics 5 (50) 1 (13)   0.150 

Beta-blockers 1 (10) 1 (13) >0.999 

Antibiotics  2 (20) 1 (13) >0.999 

 
Abbreviations: NLFO, nasal low-flow oxygen, BMI, body mass index, COPD, chronic obstructive 
pulmonary disease 

 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
Table 2. Mean values (± SD) of temperature (T) and absolute humidity (AH)) of dry and 

humidified oxygen (O2) at 2 and 3 LPM at the end of the nasal cannula and at the nasal 

mucosa during inspiration in six patients. a vs b p<0.001, a vs c p<0.001, d vs e p<0.001, d 

vs f p=0.002 

 2 LPM  3 LPM 

       Dry O2 Humidified O2  Dry O2 Humidified O2 
            At nasal cannula      

   T, oC 30.3 ± 0.2 31.4 ± 0.2   29.8 ± 0.3 30.6 ± 0.1  

   AH, mg/L 9.0 ± 0.0 a 21.0 ± 0.0 b  9.1 ± 0.3 d 21.0 ± 0.0 e 

       At nasal mucosa       

   T, oC 31.0 ± 1.5 32.5 ± 1.5  30.0 ± 2.3 32.7 ± 0.5 

   AH, mg/L 22.3 ± 1.9c 24.3 ± 2.1  21.0 ± 2.5f 25.2 ± 1.2 
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Table 3.  Mean frequency (%) of cough and sleep problems; defined as difficulty falling 

asleep, waking at night, and poor night’s sleep, was similar between Dry- NLFO (n=10) and 

Humidified-NLFO (n=8). ANOVA for repeated measures followed by Bonferroni 

adjustments, a p = 0.041 and b p=0.025 vs Baseline and12 hours, c p=0.019 vs 7 and 30 days 

with no significant differences between Dry and Humidified groups (p=0.391) 

       
 Baseline 12 hours 7 days 30 days 12 months 24 months 

       • Cough       

  Dry-NLFO 50 50 10 a 10 a 0 a 10 a 

  Humidified-NLFO 44 22 11 a 0 a 0 a 11 a 

        • Sleep problems       

  Dry-NLFO 63 57 50 50 10 b, c 20 b, c 

  Humidified-NLFO 44 29 26 22 11 b, c 15 b, c 

 
Abbreviations: NLFO, nasal low-flow oxygen  



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

Table 4. Mean values (±SD) of spirometry data and median values (IQR) of number of cells (n) 

or proportion of cells (%) and cytokines concentrations (pg/mL) obtained in nasal lavage fluid 

(NLF) of Dry-NLFO and Humidified-NLFO groups. Comparisons were performed with non-

parametric two-way ANOVA for repeated measures (a vs Humidified at the same time-point) 

         Baseline  24 months   

 Dry Humidified  Dry Humidified  p-value 

        
Spirometry        

FVC, L 1.79 ± 0.34 2.00 ± 0.65  1.36 ± 0.25 1.50 ± 0.69  0.122 

FVC pred % 61.2 ± 12.4 55.3 ± 10.7  47.7 ± 15.8 45.8 ± 19.0  0.089 

FEV1, L 0.99 ± 0.33 1.22 ± 0.66  0.68 ± 0.11 0.68 ± 0.24  0.061 

FEV1 pred % 37.2 ± 21.5 36.7 ± 7.2  32.0 ± 12.0 26.8 ± 7.9  0.356 

Citology NLF        

Total n cells.10-6 67 (18) 59 (20)  69 (15.5) 68 (8.5)  0.200 

Neutrophils, % 1.5 (3.0) a 0.0 ( 0.5)  2.0 (1.0) a 2.0 (1.8)  0.015 

Macrophages, % 65.5 (13.0) 63.0 (19.5)  54.0 (21.0) 57.5 (11.0)  0.761 

Ciliated cells, % 26.5 (13.0) 35.0 (16.5)  41.0 (20.0) 39.0 (10.5)  0.210 

Goblet cells, % 2.0 (0.0) a 1.0 (1.0)  2.0 (1.0) a 2.0 (1.0)  0.007 

        Cytokines NLF        

IL-8, pg/mL 112.0 (246.1) 52.4 (59.6)  102.8 (1297.4) 63.7 (24.7)  0.471 

IL-10, pg/mL 1.3 (0.2) 1.4 (0.2)  0.9 (0.3) 0.9 (0.2)  0.297 

EGF, pg/mL 36.4 (43.2) 25.6 (45.4)  60.9 (59.6) 90.5 (70.1)  0.716 

        Abbreviations: NLFO, nasal low-flow oxygen, FVC, forced vital capacity, FEV1, forced expiratory volume in the 
first second, IL, interleukin, EGF, epidermal growth factor 
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