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Abstract 

 

Purpose: Because noninvasive ventilation (NIV) delivers medical gas at high flow, inadequate 

humidification may cause oral dryness and patient discomfort. A heated humidifier (HH) is often 

used to humidify inspired gas during NIV but little has been reported about its effects on 

hygrometric conditions inside of full face masks and oral dryness for a 24 hrs use.  

Methods: Using a hygrometer, we measured absolute humidity (AH) of inside full face masks 

applied to patients with acute respiratory failure who were receiving NIV for 24 hrs. A single 

limb turbine ventilator and a facemask with an exhalation port were used for NIV. Oral moistness 

was evaluated using an oral moisture-checking device and, three times during the study, patients 

subjectively scored feeling of dryness on a 0–10 numerical rating scale (NRS; 10 was the most 

severe dryness). 

Results: Sixteen patients with acute respiratory failure were enrolled. Full face mask internal AH 

was 30.0±2.6 mgH2O/L (range 23.1–33.3 mgH2O/L). The median value of oral moistness was 

19.2% (inter-quartile range: IQR 4.4%–24.0%) and the median value of NRS was 5.5 (IQR 4–7). 

AH and inspired gas leak correlated inversely within the patients (correlation coefficient: r = 

–0.56, p < .001) and between the patients (r = –0.58, p = .02). AH and oral moistness correlated 

within the patients (r = 0.39, p = .04) Oral breathing was associated with reduced oral moistness 

(p = .001) and increased NRS (p = .002).   

Conclusions: AH varied among patients and some complained of oral dryness even with HH. 

Oral breathing decreased oral moistness and worsened feelings of dryness.  
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Introduction 

 

Widely used for patients with acute and chronic respiratory failure, noninvasive 

ventilation (NIV) delivers ventilatory support through a noninvasive interface (face mask, nasal 

mask, or nasal plugs)
1
. Especially when the NIV ventilator uses dry, medical gas for air and 

oxygen, it supplies dry, cold gas through the upper airway and causes mucosal dryness and 

airway dysfunction. The leak compensation applied by NIV ventilators creates high flow 

throughout the respiratory cycle, which contributes to loss of heat and moisture
2
. About 

40%–60% of nasal continuous positive airway pressure (nCPAP) users with obstructive sleep 

apnea (OSA) report nasal congestion, oral dryness, and throat soreness after breathing dry, cold 

gases
3, 4

. Lack of humidification during NIV is related to greater mucosal viscosity and secretion 

retention, conditions that increase the risk of upper airway obstruction
5
. Although there are no 

general recommendations or guidelines concerning humidification during NIV, humidifying 

devices are commonly applied when NIV continues for more than 24 hrs, if pipeline or cylinder 

gas is supplied as inspiratory gas, and if patients frequently experience difficulty in expelling 

secretions or report dryness and discomfort
6, 7

.  

Heated humidifiers (HH) add water vapor to inspiratory gas during NIV
8
. For patients 

with OSA, the use of HHs ameliorates nasal congestion, mouth dryness, and improves 

satisfaction
9, 10

. The humidification performance of HHs, however, varies according to minute 

ventilation, fraction of inspired oxygen, and leakage around the interface
11

. High environmental 
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temperature and high temperature of ventilator output also reduced the HH performance
12

. Even 

when a HH is used, some patients with acute respiratory failure (ARF) still report oral dryness 

and discomfort under noninvasive ventilation
13

 or high flow oxygen therapy via a facemask
14

.  

Although manufacturers recommend the gas temperature be set at 31°C in the HH 

chamber and 34°C at the Y-piece for NPPV use
15

, there are few available data on HH 

performance or the optimal humidity level of inspired gas during NPPV. It has been reported that 

HH provides gas with an appropriate water content (approximately 25 to 30 mgH2O/L of absolute 

humidity) and is well tolerated during high flow CPAP, but these evaluations were performed for 

only a few hours
15, 16

. Using the recommended settings, we often experienced patient discomfort 

and no condensation on the inner wall of the full face mask. These episodes seemed to be 

associated with inadequate humidification and may lead to oral dryness during NPPV. There is a 

lack of studies addressing the long term effects of HH on hygrometric conditions inside full face 

masks. In addition, the relationship between absolute humidity (AH) and oral dryness or patient 

discomfort in patients with ARF is unknown. 

 The purpose of this study was to investigate the long term effects of HH on hygrometric 

properties of inspired gas and oral dryness during NIV. To investigate factors affecting AH during 

NIV, we measured AH inside full face masks with HH for 24 hrs. We also assessed the oral 

dryness and discomfort of patients with ARF during NIV. 
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Patients and methods 

 

Patients 

The study was conducted at the intensive care unit of Tokushima University Hospital. 

Adult patients who had suffered from ARF and were expected to receive NIV for at least 24 hrs 

were enrolled in the study. Exclusion criteria were presence of psychiatric illness or suspected 

encephalopathy (drug overdose or hepatic failure) that might cause difficulty in scoring feelings 

of dryness, and severe respiratory or hemodynamic instability that would preclude removal of the 

NIV mask to evaluate oral dryness. The study protocol was approved by the ethical committee of 

Tokushima University Hospital (Institutional Review Board number: 1034) and written informed 

consent was obtained from all participating patients and their families. 

 

Study protocol 

NIV was provided using a bi-level positive airway pressure (BiPAP) ventilator support 

device, a single limb turbine ventilator (BiPAP Vision; Respironics, Murrysville, PA) and a full 

face mask with a swivel exhalation port (Comfort Full
TM

2; Respironics, Murrysville, PA). A HH 

(MR850 Humidifier, Fisher and Paykel, New Zealand) with a heater chamber (MR290; Fisher 

and Paykel, Breakfast Creek, Australia) was connected in series with the BiPAP device. The HH 

was connected to the NIV mask via a standard smooth cylindrical tube with a heater-wire. NIV 

was set in spontaneous/timed mode. The levels of inspiratory positive airway pressure 

(IPAP)/expiratory positive airway pressure (EPAP), fraction of inspired oxygen (FIO2), 
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respiratory rate (RR), and inspiratory time were adjusted by attending physicians. The HH was 

set at NIV mode with compensation algorithm; its temperature settings at the humidification 

chamber and at the Y-piece were given at 31/34 ˚C. Full face mask internal AH was continuously 

monitored for 24 hrs using a capacitive polymer-humidity sensor (Hygrocron
®

, KN Laboratories, 

Inc., Osaka, Japan)
17

. This hygrometer has stainless steel housing and incorporates a hydrophobic 

filter. The humidity sensor is thus protected against environmental hazards such as dirt, 

condensation, and impact. In an operating range for relative humidity of 0% to 100%, 

measurements were taken every minute. The response time of this humidity sensor is 30 seconds 

for a 40% relative humidity (RH) to 90% RH at 25˚C, 5L/min airflow. After commencement of 

AH monitoring, when the patient’s respiratory status was stable, oral moistness was measured at 

the buccal mucosa (the surface of the buccal mucosa 10 mm behind the labial angle) using an oral 

moisture-checking device (Moisture Checker Mucus
®

; Scalar, Tokyo, Japan)
18

. The moisture 

checking device is designed to measure percent weight of water content in the oral mucosal 

epithelium. Weight of water is measured by translation from capacitance from the dielectric 

constant of the substance. Water content and the dielectric constant are positively correlated and 

as the dielectric constant of water is markedly higher than that of other substances, the percentage 

of water in the substance can be determined by measuring the dielectric constant of the substance. 

The usefulness and ease of use of this device for measuring oral moistness within 2 seconds has 

been reported
19, 20

. Following the manufacturer’s definitions, expressed as percentages, oral 

moistness over 29% was considered normal, 25%–29% as dry, and less than 25% as severely dry. 

Each measurement was performed in triplicate and median values were used in subsequent 
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analysis. At this time, the feeling of oral dryness was assessed by asking the patients to rate 

dryness on a numerical rating scale (NRS) from 0 (normal) to 10 (most severe dryness) at that 

point in time. NRS values of 1–3 were defined as mild, 4–6 as moderate, and 7–10 as severe. For 

each patient, oral moistness measurements and scoring of dryness were recorded at the beginning, 

intermediate, and the end of the study, with intervals of 8 to 12 hrs. NIV ventilator settings, 

including IPAP/EPAP, FIO2, inspired gas leakage, minute ventilation, respiratory rate, presence of 

oral breathing, and the levels of condensation on the inside wall of the full-face mask were also 

recorded at these times. Oral breathing was defined as breathing with the mouth open during both 

inhalation and exhalation. The levels of condensation on the inside walls of full-face masks were 

assessed by visual inspection and recorded as follows: 1, dry; 2, patches of vapor on mask wall; 3, 

vapor over entire mask wall; 4, vapor with droplets; 5, numerous droplets. 

 

Statistical analysis 

Data are presented as mean ± standard deviation or, if not normally distributed, as 

median values (inter-quartile range: IQR). Mann-Whitney’s U test was used to evaluate 

non-paired measurements. Analysis of variance was performed using the Friedman test with 

Bonferroni correction. To determine the factors associated with AH, oral moistness, and the 

feeling of oral dryness (NRS), we used the correlation coefficients of variance within patients 

using the analysis of covariance and the correlation coefficients of variance between patients 

using the mean for repeated observations. Both correlation coefficients were calculated according 

to the methods of Bland and Altman
21, 22

. The relationship between AH and visual evaluation of 
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condensation was determined by correlation coefficient using the mean for repeated observations. 

The effects of oral breathing on oral moistness and oral dryness (NRS) were analyzed by 

unpaired t-test using a mean for repeated observations. NRS and visual evaluation of 

condensation were treated as continuous data. To evaluate the relationship between AH, which 

was measured every minute, and other variables, which were measured every 8–12 hrs, we used 

the AH values recorded immediately before the other measurements. Statistical analysis was 

performed using a statistical software package (PASW Statistic 18; SPSS; Chicago, IL). All 

statistical tests were two-sided and a p value < .05 was considered to be statistically significant. 
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Results 

 

 A total of 16 patients, 9 males and 7 females, were enrolled. Six patients required 

intubation after NIV and two died during ICU admission. All other patients were successfully 

weaned from NIV. Table 1 summarizes patient data for age, gender, reason for NIV application, 

acute physiology and chronic health evaluation (APACHE) II scores, duration of NIV, duration of 

NIV prior to study, and respiratory status. 

 

Hygrometric conditions within the face mask 

 At the beginning of the study, externally, ambient air temperature ranged from 24.3°C to 

28.2°C (median 27.6°C), relative humidity (RH) was 18.2% to 61.1% (median 41.3%), and AH 

was 4.0 mgH2O/L to 14.7 mgH2O/L (median 10.7 mgH2O/L). Inside the full face mask, AH was 

30.0±2.6 mgH2O/L (range 23.1–33.3 mgH2O/L), RH 79.4±6.9% (range 62.4–89.3%) and 

temperature 33.9±0.6 °C (range 32.9–34.9 °C). Figure 1A shows a typical time course for RH and 

temperature inside the full face mask. Except when the mask was removed for nursing care or 

assessing dryness, RH was maintained at 85%–90% and temperature at 32°–35°C. However, for 

some patients RH values were lower despite the temperature being maintained at 32°–35°C 

(Figure 1 B). AH and amount of gas leakage correlated inversely within the patients (correlation 

coefficient: r = –0.56, p < .001) and between the patients (r = –0.58, p = .02) (Figure 2). AH was 

not associated with minute ventilation, respiratory rate, IPAP, EPAP, or FIO2 (data not shown). 

Visual evaluation of condensation inside the full face mask and AH was closely correlated 
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between the patients (r = 0.82, p < .001) (Figure 3). 

 

Oral moistness and feeling of dryness 

 Because two patients had multiple oral mucosal ulcers, measurements for oral moistness 

were taken from 14 of 16 patients, data being collected at a total of 42 time points. NRS were 

scored by all 16 patients at a total of 48 time points. Oral moistness was 19.2% (inter-quartile 

range: IQR 4.4%–24%) and NRS 5.5 (IQR 4–7). Oral moistness and NRS remained the same 

throughout the study period (Table 2). Twelve of 14 patients were found to have severe dryness 

(oral moistness < 25%) and 8 of 16 patients reported feeling severe oral dryness (NRS 7–10) at 

least once. AH and oral moistness correlated within the patients (r = 0.39, p = .04) but not 

between the patients (r = 0.45, p = .11). The relationship between AH and oral dryness (NRS) did 

not reach statistical significance within the patients (r = –0.26, p = .14) or between the patients (r 

= –0.35, p = .19). For patients with oral breathing, oral moistness was significantly lower (p 

= .001) and NRS significantly higher (p = .002) than for patients without oral breathing (Figure 

4). There were no significant differences in AH between patients with and without oral breathing 

(28.5±2.6 mgH2O/L with oral breathing vs. 29.9±3.8 mgH2O/L without oral breathing, p = .46). 

Neither the values for oral moistness nor for NRS correlated with minute ventilation, respiratory 

rate, IPAP, EPAP, or FIO2 (data not shown). 
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Discussion 

 

This study is the first to continuously evaluate hygrometric conditions inside full face 

masks during 24 hrs of NIV. We found that even with the same HH settings, AH varied among the 

patients. As inspiratory gas leakage increased, AH decreased. AH inside the full face mask 

correlated with oral moistness within the patients. Oral breathing decreased oral moistness and 

worsened feelings of dryness. Visual evaluation of condensation on the inside walls of full face 

masks correlated with AH. 

We evaluated the hygrometric conditions inside full face masks used for administering 

gas conditioned by servo-controlled HH in NIV mode, with temperature set in the humidification 

chamber at 31°C and in the Y-piece at 34°C. When gas in the chamber is fully saturated with 

vapor, AH should be 32.2 mgH2O/L and RH 85% at the Y-piece (31°C with 100% RH = 32.2 

mgH2O/L; 34°C with 100% RH = 37.9 mgH2O/L). Although the temperature inside the full face 

mask was 33.9°C, AH and RH were lower (AH 30 mgH2O/L; RH 79.4%) than the theoretical 

values. Humidity inside the full face mask depends on both the amount of vapor in the expired 

gases and the amount in the medical gases delivered into the mask. During spontaneous breathing, 

air drawn into the body is heated to 37°C and fully humidified by evaporation of water from the 

airway mucosa
4, 23

. The high internal gas volume of the full face mask should facilitate transfer of 

expired heat and humidity to fresh incoming gas
24, 25

. One possible reason why servo-controlled 

HH provided lower-than-expected AH and RH value is leakage: the amount of leakage inversely 

correlated with AH. Any leakage from the mask during NIV increases the gas flow delivered by 
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the NIV ventilator, which operates to maintain a set level of positive pressure and so supplies an 

increased proportion of dry fresh gas for mixing with the expired gases
2, 4

.  

In the present study, AH correlated with oral moistness within the patients, but not 

between the patients. Although we maintained higher AH than in previous reports, 50% of the 

patients complained at least once during the study of severe dryness (NRS ≥ 7). These results 

indicate that a high AH improves oral moistness to some extent, but does not always maintain the 

appropriate oral moistness levels or reduce feeling of oral dryness. Little has been published 

about optimal levels of humidification during NIV. It has been reported that ambient AH (below 

10 mgH2O/L) is associated with upper airway dryness that, with the application of humidification, 

could be reduced during nCPAP for OSA
3, 4, 25

. In healthy volunteers, while there was no 

difference in tolerance of AH 15 and 30 mgH2O/L during high flow CPAP, dry gases (5 

mgH2O/L) were less well tolerated than humidified gases
14

. We enrolled patients with ARF, the 

majority of whom received NIV for more than 24 hrs prior to the study. The causes of oral 

dryness in patients with ARF are multifactorial and include high minute ventilation, oral 

breathing, withholding oral intake, and dehydration
26

. Whereas in previous studies AH was 

measured in the tube system, which is not affected by expired gas, we measured AH inside the 

mask: the intermingling of delivered and expired gases in the anatomical dead space of the face 

mask resulted in higher AH than in previous studies
15, 23

.  

Oral breathing decreased oral moistness and worsened feelings of dryness even though 

AH did not differ for patients with and without oral breathing. It is generally understood that oral 

breathing frequently causes oral dryness owing to fluid loss by evaporation
27

. In particular, the 
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high rate of flow of dry, cold gases contributes to the evaporation of oral mucosal fluid. To 

prevent oral dryness and discomfort during NIV, integrated strategies may be needed for orally 

breathing patients. 

Results of visual evaluation of condensation were closely associated with AH inside the 

full face mask. In clinical practice, hygrometric measurements are not taken during NIV and 

physicians remain uncertain how best to ensure that humidification is adequate. During invasive 

ventilation, visual inspection of the condensation in the flex-tube has been shown to be a good 

means of judging the adequacy of humidification
12

. Heated inspiratory gas, however, is cooled as 

it passes, without further heating, through the tube or face mask, resulting in condensation during 

NIV
28

. Our results suggest that condensation inside the full face mask may be a useful clinical 

marker for confirming whether humidification is adequate during NIV. 

Our study has several limitations. First, we evaluated only one HH setting, so we could 

not address the question of how much humidification is needed to prevent oral dryness. To 

evaluate the appropriate AH levels that would prevent oral dryness, it is necessary to measure AH 

using a larger range of humidification settings than were applied in the present study, including 

without a HH and with the HH set to a higher temperature. Second, we chose a single limb 

turbine ventilator, with a mask with continuous leak through the exhalation port. Part of the gas 

came from the ambient air through a compressor. In addition, we used a moderate FIO2 from 0.4 

to 0.5. Our results should be different from those of NIV with ICU ventilators using cold medical 

dry gases (decreasing AH on the one hand) and a mask of minimal leakage (limiting the 

decreased AH on the other hand). Different ventilators, different masks, or application of higher 
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FIO2 might produce different results. Third, the response time of the humidity sensor which we 

used in this study was 30 seconds. This hygrometer was unable to respond quickly enough to 

detect the minimum values of inspiratory humidity when considering the respiratory cycle time. 

This hygrometer may have detected the nearly average values of humidity inside the full face 

mask. Because we investigated the long term effects of HH on hygrometric properties of inside 

the full face mask during NIV for 24 hrs, it was reasonable to measure the average values of 

humidity inside the full face mask for our primary purpose. 

In conclusion, we evaluated full face mask hygrometric conditions during NIV for 24 hrs. 

Even when the same HH settings are applied, AH varied among patients. Inspiratory gas leak 

affected the humidification performance of the HH, and AH correlated with oral moistness within 

the patients and visually-based ratings of condensation inside full face masks. Oral breathing 

decreased oral moistness and worsened feelings of dryness. Clinicians should ensure that proper 

humidification is supplied by the HH when patients complain of oral dryness or when little 

condensation is observed inside the full face mask. 
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Figure legends 

 

Figure 1. Two different typical time courses of hygrometric conditions during non-invasive 

ventilation for two different patients. 

(A) Patient No. 1: During the study period, RH values were maintained in the range of 

85%–90% and temperature in the range of 32°–35°C, except for when the mask was removed 

for dryness measurements (under arrows). 

(B) Patient No. 2: RH values were lower than 80% despite the temperature being maintained 

at 32°–35°C. 

RH, relative humidity. 

 

Figure 2. Relationship between absolute humidity and air leak between the patients. 

AH and amount of gas leakage correlated inversely between the patients.  

r, correlation coefficient; AH, absolute humidity. 

 

Figure 3. Relationship between absolute humidity and visual rating of condensation on the 

inner walls of full face masks between the patients. 

Visual evaluation of condensation inside the full face mask and absolute humidity was closely 

correlated between the patients. 

r, correlation coefficient ; AH, absolute humidity. 
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Figure 4. Effects of oral breathing on oral moistness and feeling of dryness. 

(A) Patients with oral breathing presented less oral moistness than patients without oral 

breathing.  

(B) Patients with oral breathing reported statistically significantly greater oral dryness than 

patients without oral breathing. 

The histogram bars show mean ± standard deviation. 

NRS, numerical rating scale. 
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Table 1 Patient profiles 

Number of patients 16 

Age (year)       75 (61–77) 

Gender (M/F) 9/7 

Body Mass Index 24.1 (22.5–27.1) 

APACHE II score 21 (18–29) 

Duration of NIV (h) 75 (62–132) 

Time from NIV start to study (h) 28 (13–42) 

Causes of NIV, n (%)  

Congestive heart failure 5 (31) 

Pneumonia 4 (25) 

Postoperative respiratory failure 3 (19) 

Sepsis 2 (13) 

Others 2 (13) 

Body temperature (˚C) 37.1 (36.6–37.4) 

P/F ratio (mmHg) 222 (150–270) 

PaCO2 (mmHg) 39 (31–46) 

pH 7.48 (7.44–7.50) 

Data are presented as median (quartile) values or number (%) 

APACHE II score, Acute physiology and chronic health evaluation score; NIV, noninvasive 

ventilation; bpm, breaths per minute; P/F ratio, the ratio of arterial oxygen concentration to the 

fraction of inspired oxygen. 

 

 

. 
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Table 2. Oral dryness, ventilator setting and respiratory status at each measurement point 

Measurement point Beginning of the study Intermediate End of the study p value
**

 

Oral moistness (%)
*
 16.0 (4.2–24.9) 18.5 (4.6–23.6) 22.0 (10.7–23.4) .86 

Numerical rating scale 5.5 (4.0–7.3) 6.5 (4.5–7.3) 5.0 (4.0–7.0) .98 

NIV settings  

  IPAP (cmH2O) 8 (8–9) 8 (8–9) 8 (8–8) .72 

  EPAP (cmH2O) 7 (6–8) 8 (6–8) 8 (6–8) .36 

  FIO2 (cmH2O) 0.5 (0.5–0.5) 0.5 (0.4–0.5) 0.5 (0.4–0.5) .62 

Minute volume (L/min) 9.5 (7.5–11.0) 9.0 (7.8–10.3) 8.0 (6.8–10.0) .51 

Respiratory rate (/min) 21 (20–29) 21 (18–26) 20 (18–24) .18 

Leakage (L/min) 41 (28–70) 58 (37–79) 47 (34–82) .75 

Oral breathing, n (%) 6 (38) 6 (38) 5 (31) > .99 

Data are presented as median (inter-quartile range) values or number (%) 

*
Data were collected from 14 of 16 patients.  

** 
Statistical analysis was performed using Friedman test with Bonferroni correction. 

NIV, noninvasive ventilation; IPAP, inspiratory positive airway pressure; EPAP, expiratory positive 

airway pressure; FIO2, fraction of inspired oxygen ratio. 
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