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Advisory Board Humidification During Invasive and Noninvasive Ventilation

By Ruben Restrepo, MD, RRT, FAARC and Brian Walsh, RRT-NPS, ACCS, FAARC

Humidification of inspired gases is a standard of care for patients receiving me-
chanical ventilation. However, several challenges exist regarding optimal delivery 
of humidification in the ventilated patient that include the type of humidification 
device used and issues external to the humidifier’s function. There are two broad 
categories of humidification used with mechanical ventilation; passive (unheated) 
and active (heated). Under normal conditions, most commonly available heated 
humidifiers (HH) follow the recommendations made by the AARC clinical practice 
guidelines. Ambient temperature, gas temperature (prior to the humidifier), the 
heater humidifier, the ventilator type, and the ventilator settings may adversely 
affect adequate warming and humidification of inspired gases. Continuous place-
ment and removal of aerosol generators during mechanical ventilation and the 
effects that humidification and heat have on aerosol delivery are important con-
siderations in the ICU setting. This review focuses on a number of frequently en-
countered situations that affect humidification in the clinical setting during the 
administration of invasive and noninvasive ventilation (NIV).

Panel Discussion: Humidification During Invasive  
and Noninvasive Ventilation

Moderator: Ruben Restrepo, MD, RRT, FAARC

Panelists: Robert Joyner, PhD, RRT, FAARC 
   Leo Wittnebel, PhD, RRT 
   Hui-Ling Lin, MSc, RRT, RN, FAARC 

Humidification is an essential component of patient ventilation. In this panel dis-
cussion, 3 experts discuss themes related to optimal humidification, including op-
timal humidity for invasive vs noninvasive humidification, means to detect wheth-
er humidification is working, where to place the aerosol generator to minimize 
the effect on aerosol deposition, where within the circuit to monitor temperature, 
whether it is advantageous to have a humidifier that allows adjustments to abso-
lute and relative humitidy, and other topics. 
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Humidification of inspired gases 
is a standard of care for pa-
tients receiving mechanical 
ventilation. However, several 

challenges exist regarding optimal deliv-
ery of humidification in the ventilated pa-
tient that include the type of humidifica-
tion device used and issues external to the 
humidifier’s function. Inadequate humid-
ification of medical gases could have very 
deleterious effects on airway mucosa.1 
There are two broad categories of humidi-
fication used with mechanical ventilation; 
passive (unheated) and active (heated). 
Under normal conditions, most com-
monly available heated humidifiers (HH) 
follow the recommendations made by the 
AARC clinical practice guidelines. They 
deliver absolute humidity (AH) that rang-
es from 33 mg H

2
O/L to 44 mg H

2
O/L at 

gas temperatures between 30°C and 37°C, 
respectively.2, 3 Ambient temperature, gas 
temperature (prior to the humidifier), the 
heater humidifier, the ventilator type, and 
the ventilator settings may adversely affect 
adequate warming and humidification 
of inspired gases. Continuous placement 
and removal of aerosol generators during 
mechanical ventilation and the effects that 
humidification and heat have on aerosol 
delivery are important considerations in 
the ICU setting. This review focuses on a 
number of frequently encountered situ-
ations that affect humidification in the 
clinical setting during the administration 
of invasive and noninvasive ventilation 
(NIV).

Delivery Of Heated Humidification 
During Invasive Ventilation 

Although HHs are considered the 
most efficient devices in providing the 
optimal conditions to the gas delivered to 
patients with an artificial airway,4,5 unde-
tected partial obstruction of the artificial 
airway may compromise the patient’s 
ability to wean off of mechanical ventila-

tion.6,7 Therefore, a good understanding 
of how HHs function and how they inter-
act with different mechanical ventilators 
at different settings and clinical condi-
tions is critical to those caring for patients 
receiving mechanical ventilation. 

First and foremost, it is very impor-
tant to remember that heated humidifi-
ers control temperature—not humidity 
levels. Although gas at the ventilator inlet 
may range from 22°C to 26°C,8 this tem-
perature may increase depending on the 
type of ventilator used. However, the gas 
temperature drops as it travels through 
the inspiratory limb between the ventila-
tor gas outlet and the heated humidifier 
inlet, also known as the dry part of the 
circuit. After gas enters the humidifier 
chamber, the heater warms to the preset 
humidifier chamber temperature. In the 
pass-over humidifier, the rate of evapora-
tion and humidity output increase as wa-
ter in the chamber increases in tempera-
ture. As more water vapor is produced, 
more energy from the heater is required 
to maintain the set temperature. A rou-
tine check of the heater humidifier and 
the breathing circuit may reveal visible 
signs of humidity production. The most 
common signs are the rate at which water 
is lost from the chamber and the amount 

of condensation formed in the breathing 
circuit. A small amount of condensation 
or “rainout” in the circuit typically en-
sures proper humidifier function while 
excessive condensation may indicate that 
a decrease in the temperature may be re-
quired. Heated wires are used to ensure a 
temperature gradient of 1°C to 3°C be-
tween the water source and the patient Y 
to reduce cooling of the gases and there-
fore condensation. 

Ambient Temperature. 
High ambient temperature influences 

HH performance.9 Inadequate air con-
ditioning, burn units, neonatal units10 or 
warm conditions proximal to the humidi-
fier can increase ambient air temperature. 
When ambient air temperatures exceed 
30°C, a greater reduction in humidity 
levels would be expected as the increased 
inlet temperature stops the heater plate 
from warming the water inside the cham-
ber. Similar conditions are seen during 
winter months when heated rooms may 
create higher-than-normal temperatures. 
During summer months excessive cool-
ing from air-conditioning outlets affects 
the gas temperature as it travels through 
the humidifier and the breathing circuit. 
Because a considerable amount of con-
densate may form, clinicians must exert 
extreme caution to avoid lavaging the pa-
tient’s airway as water accumulates in the 
breathing circuit near the endotracheal 
tube. If the room temperature cannot be 
changed, it may be necessary to lower the 
temperature setting to avoid uncontrol-
lable water condensation in the breathing 
circuit or increase the temperature gradi-
ent between the HH and the circuit. How-
ever, careful monitoring for signs of inad-
equate humidification must take place. 

Impact of Gas Chamber Temperature. 
A key element of proper humidifier 

functioning is the inlet chamber gas tem-
perature. If it is very high, the heater may 
simply stop warming up without major 
generation of kinetic energy as the pre-
set temperature is reached, since there is 
a strong inverse correlation between the 
inlet chamber temperature and heater 
temperature.9 Higher gas inlet tempera-
tures may be associated with an evident 
decrease in humidity production, from 
approximately 36 mg H

2
O/L at a humidi-

fier inlet gas temperature of 18°C (82% 
relative humidity at 37°C) to 26 mg H

2
O/L 

Humidification During 
Invasive And Noninvasive 
Ventilation
By Ruben Restrepo, MD, RRT, FAARC and Brian Walsh, RRT-NPS, ACCS, FAARC
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temperature—not humidity 

levels. 
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at a humidifier inlet gas temperature of 
32°C (59% relative humidity at 37°C).8 
These humidity changes visibly translate 
to the amount of condensate present in 
the breathing circuit. On average, at a set-
ting of 37 ± 2°C at the patient Y adapter 
approximately 14 g of condensate forms 
in the breathing circuit over 4 hours. At 40 
± 3° the amount of condensate dramati-
cally drops to 3 g.8 Even under the best 
ambient conditions and after following 
manufacturers’ recommendations regard-
ing temperature settings, AH may range 
from 19 mg H

2
O/L to 36 mg H

2
O/L.9 

Under constant flow conditions, the pres-
ence of inlet gas temperatures >26°C may 
be associated with humidity levels <30 
mg H

2
O/L (68% RH at 37°C), which does 

not meet the recommended level of hu-
midification for mechanically ventilated 
patients.11

Impact of Ventilator Outlet Gas  
Temperature. 

It is well known that some mechanical 
ventilators utilized within the ICUs warm 
inlet oxygen and air.8,9 The high speeds 
of turbine or blower-powered ventilators 
generate the highest outlet temperatures. 
This effect can be confirmed by measur-
ing the mean change in temperature be-
tween the ventilator’s gas inlet and outlet. 
This temperature gradient could be as 
low as 1.7°C or as high as 7.9°C. These 
temperature gradients may create inlet 
chamber temperatures between 27.4°C 
and 29.8°C when ventilators run under 
normal ambient air temperature (23°C) 
and low minute volumes (10 L/min), and 
temperatures between 33.4°C and 37.9°C 
when ambient temperature is high (29°C) 
and minute volumes are high (20 L/min).9 

When using a ventilator with a high gas 
outlet temperature, keep the following in 
mind: when the chamber’s water loss rate 
is higher than expected and less conden-
sation is formed in the breathing circuit, 
extending the length of the inspiratory 
tubing prior to the heating chamber may 
offset the high temperatures at the gas 
outlet and allow the temperatures at the 
humidifier inlet to reach a lower level. 

Impact of Ventilator Settings. 
As the mechanical load increases, the 

operating temperature of most flow en-
gines increase. High VE reduces the time 
gas stays in the water reservoir, thus sig-
nificantly decreasing HH performance.12 

Volumes derived from adding the inspira-
tory circuit plus the chamber or column 
of the humidifier plus the water added to 
the humidifier vary considerably among 
humidification devices. If the gas in the 
inspiratory circuit is saturated with va-
por during the expiratory phase, inhaled 
gas may be humidified sufficiently even 
at high inspiratory flow. Increasing the 
tidal volume forces more dry gas to pass 
through the humidifying chamber or col-
umn.13 

Humidification And Aerosol Delivery
The effects of humidification on 

aerosol delivery and lung deposition may 
differ according to the type of system 
used, dose and its placement in the cir-
cuit. Aerosol administration may require 
interruptions in mechanical ventilation 
that are detrimental to the patient. To 
ensure circuit integrity over the course of 
the prescribed aerosol therapy, a one-way 
valved T-piece adapter or a pMDI spacer 
are routinely left in the circuit. However, 
moisture generated from HH has a ten-
dency to accumulate in the spacer as it 
mimics the function of a water trap. Ac-
cumulation can be as high as 5 mL after 
just few hours.14 The presence of high 
relative humidity and temperature within 
the ventilator circuit is associated with 
40 to 50% reductions in lung deposition 
with in vitro adult models15 -19 and up to 
85% with in vitro pediatric models.20-22 
This massive reduction in aerosol delivery 
has prompted clinicians to routinely turn 
the HH off before administering the aero-
sol treatment. Since turning the heater off 
prior to aerosol treatment does not re-
sult in greater aerosol drug delivery, this 
practice should be abandoned.23,24,26 The 
positive effect of a higher gas temperature 
on aerosol efficiency is countered by the 

more drastic effects of increased water va-
por in the delivered gas.25,26 As tempera-
ture and humidity may not be routinely 
separated to improve aerosol drug deliv-
ery, correct dosing (2-3 times higher than 
normal) and placement of the aerosol 
generator can be more efficient than any 
changes made on the humidification de-
vice to simulate normal ambient humid-
ity conditions.25 

Aerosol delivery efficiency also de-
pends on the aerosol generator device 
placement in humidified and nonhumidi-
fied ventilator circuits. Placing a spacer 15 
cm from the Y piece of a vibrating-mesh 
nebulizer, ultrasonic nebulizer, and pMDI 
Y piece is associated with the highest aero-
sol delivery efficiency under dry ambient 
conditions (25–27°C and <10% RH). The 
jet nebulizer may be most efficient when 
placed 15 cm from the ventilator outlet 
of both humidified and non-humidified 
ventilator circuits. Incorporation of heat-
ed wires prevents placement of aerosol 
devices halfway between the humidifier 
and the Y piece, as advocated in the past. 
If a jet nebulizer is placed at the humidi-
fier outlet chamber, the introduction of 
cold gas may cause humidifier overheat-
ing, because the temperature registered at 
the thermistor will be lower and the heat-
ing element will add more energy to keep 
the set temperature. Placement of the 
nebulizer at the inlet of the HH chamber 
will prevent overheating, as the aerosol 
and gas from the ventilator are heated be-
fore exiting the humidifier and potentially 
improve drug deposition. 

While HMEs have become routine 
practice in many ICUs, they are contra-
indicated when routine aerosol therapy is 
required during mechanical ventilation.11 
Placing the aerosol generator between the 
HME and the Y piece is a common prac-
tice to administer aerosolized treatments 
to patients receiving mechanical ventila-
tion that may be associated with up to 
35% greater airway resistance.27 When 
HMEs become saturated with humid-
ity from the patient and drug, resistance 
may potentially increase to the point of 
affecting patient-ventilator synchrony 
and the weaning process. In response to 
these concerns, manufacturers have de-
signed HMEs that allow aerosol bypass 
by simply rotating a collar or valve on the 
device—without transferring rotational 
movement to the corrugated tubing of 
the ventilator circuit attached to the HME. 

Aerosol administration may 

require interruptions in 

mechanical ventilation that are 

detrimental to the patient.
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Humidification During Noninvasive 
Ventilation

In both acute and chronic care set-
tings, noninvasive ventilation (NIV) is ef-
ficacious in treating a variety of diseases 
including chronic obstructive pulmonary 
disease (COPD), pulmonary edema, and 
obstructive sleep apnea.28,29 Defined as the 
application of assisted positive pressure 
breaths without the use of an artificial air-
way (such as an endotracheal or tracheos-
tomy tube), NIV has proven clinical util-
ity both as a first-line treatment and as an 
alternative to conventional invasive me-
chanical ventilation.30 Although invasive 
mechanical ventilation may be lifesaving, 
it also carries several potentially deleteri-
ous consequences, including nosocomial 
pneumonia, airway trauma, and increased 
need for sedation. In addition to avoid-
ing these complications, NIV offers the 
advantages of preserving natural airway 
defense mechanisms, speech, and swal-
lowing capability. In addition, the selec-
tions of an appropriate patient interface, 
adequate ventilator settings, and optimal 
humidification are critical to the success 
of NIV.31

Short-term NIV use is typically lim-
ited to the acute care setting for treating 
disease processes including COPD exac-
erbations, cardiogenic pulmonary edema, 
hypoxemic respiratory failure, and post-
operative respiratory failure. The main 
goal is to avoid endotracheal intubation 
or reintubation.32,33 Recommendations 
vary as to whether or not humidification 
is absolutely necessary. Quite often the 
need for humidification is associated with 
the length of time the patient is expected 
to be on NIV, the nature of the underly-
ing disease, and patient tolerance. Because 
NIV is commonly administered via oral or 
nasal mask, the upper airway theoretically 
is still capable of warming and humidify-
ing delivered gas to acceptable levels. De-
spite this, NIV may deliver air at a rate far 
in excess of normal physiologic inspirato-
ry flow, compromising the airway’s ability 
to adequately humidify the delivered gas. 
Heated humidification improves patient 
comfort and avoids some of the potential 
complications associated with breathing 
inadequately humidified gas, such as im-
paired mucocilary function and airway 
mucosa inflammation.29, 34-36 The most 
common complaint during NIV is nose, 
mouth or throat dryness; thus, NIV with-
out supplemental humidification may ad-
versely affect patient comfort, potentially 

causing inspissation, subsequent reten-
tion of secretions, and increased airway 
resistance. In an acute event, these changes 
may be very deleterious for the patient.37 
Recent studies indicate that devices com-
monly used to administer NIV operating 
from a piped-in wall medical gas system 
deliver medical gas at a humidity level 
of 5 mg H

2
O/L—far below that of ambi-

ent air. This is a significant deficit for the 
natural upper airway to overcome alone.38 
When patient intolerance and discomfort 

with NIV prompt consideration of inva-
sive ventilation, it seems counterintuitive 
that adequate humidification during NIV 
administration would increase the likeli-
hood of patient tolerance and avert pro-
ceeding to invasive mechanical ventilation.

Despite the success of NIV in treating 
obstructive sleep apnea (OSA), patient 
compliance remains the biggest obstacle 
to treatment. Thirty to 66% of the pa-
tients with OSA complain of oral, nasal, 
and throat dryness that greatly contrib-
ute to the estimated 40% noncompliance 
rate.29,37-40 Other common complaints 
include nasal congestion, claustrophobia, 
and pressure ulceration. In response to 
these common complaints, most manu-
facturers of NIV machines that are de-
signed for domiciliary treatment of OSA 
include an integrated heated humidi-
fication system in their units. This hu-
midification system compensates for the 
unidirectional airflow that occurs in the 
presence of leaks that are responsible for 
drying the nasal and oral mucosa. In addi-
tion, this flow also stimulates local nerves 
and releases inflammatory mediator cells, 
further complicating breathing for these 
patients.37 Administration of heated hu-
midification during NIV is associated 
with increased patient satisfaction and 
compliance and decreased prehumidifica-
tion symptoms.37,39

Active Humidification and NIV. The 
benefits of humidification during NIV 
are clear. A plethora of heated humidifiers 
are available on the market, all capable of 
being utilized with invasive and NIV ma-
chines; and all have the advantage of being 
able to maintain a relatively constant tem-

Defined as the application 

of assisted positive pressure 

breaths without the use of 

an artificial airway, NIV has 

proven clinical utility both as 

a first-line treatment and as 

an alternative to conventional 

invasive mechanical ventilation.

Heated humidifier in use for a patient on high flow nasal cannula therapy                           



Clinical Foundations

www.clinicalfoundations.org 5

perature and humidity over a wide range 
of flows.41 Recommendations for mini-
mum acceptable levels at the nose and 
mouth during NIV range from 20 to 22°C 
with a relative humidity (RH) of 50% and 
an AH of 10 mg H

2
O/L, with patient com-

fort being achieved typically at tempera-
tures of 25–30°C and an AH of at least 15 
mg H

2
O/L.33,38 Studies have shown that, 

without humidification, AH in NIV can 
be as low as 5 mg H

2
O/L. Although impli-

cations for this low AH level during short-
term NIV use are yet to be studied, AH 
data provide compelling evidence regard-
ing the need for supplemental humidifi-
cation, particularly when the duration 
of NIV use is unpredictable.42 In regard 
to ventilator parameters, any manipula-
tion of flow can change the efficiency of 
the humidifier. Interestingly, when heated 
humidification is added to the system, RH 
continues to be influenced by inspiratory 
positive airway pressure (IPAP) changes, 
despite substantial increases in RH deliv-
ered during NIV.35 Implications of these 
findings mean that, in particular, patients 
requiring higher levels of IPAP during 
NIV would benefit from the addition of 
heated humidification to the system; and 
the highest available tolerable heater set-
ting would provide the most adequate 
humidification in the face of uncontrol-
lable ambient temperatures. Adjusting 
the patient airway temperature (which 
impacts AH) and temperature gradient 
between the HH outlet and the patient 
(which influences RH) can address chang-
ing humidification needs while enhancing 
patient comfort and tolerance. 

Passive Humidification and NIV. 
A passive humidification strategy 

consists of the use of a variety of devices, 
known as heat-and-moisture exchang-
ers (HMEs) or artificial noses, designed 
to trap and recycle the patient’s own heat 
and moisture upon exhalation and utilize 
it on subsequent inhalation. Their ben-
efits include their low cost, the ability to 
provide adequate humidification under 
certain circumstances, and utility with 
certain patient populations.43 Some clini-
cians limit their use strictly to postopera-
tive patients, while others use them across 
the board for all invasively ventilated pa-
tients.44 Although HMEs are seemingly 
redundant considering the single-limb 
circuit design of modern-day NIV ma-
chines and the need for the HME to serve 
as a conduit for both inspiration and ex-

piration, several studies have investigated 
the possibility of HMEs as a low-cost 
alternative to active humidification. Lel-
louche et al.38 compared the use of heated 
humidification, HME, and no humidifi-
cation during NIV on healthy volunteers. 
Considering the unidirectional flow in-
herent in a single-limb circuit, the results 
were surprising: under relatively normal 
breathing conditions, the HME provided 
close to 30 mg H

2
O/L in the absence of 

significant leak. However, that value de-
clined 30% in the presence of a mask leak, 
which is a common occurrence during 
NIV administration. Even when the pres-
ence of leaks resulted in AH levels of 15 
mg H

2
O/L, no differences in patient toler-

ance were detected. When delivering NIV 
with no humidification, the absolute hu-
midity of the anhydrous medical gas was 
only 5 mg H

2
O/L, resulting in significant 

reduction in patient tolerance.38 It is im-
portant to remember that this study uti-
lized healthy test subjects and examined 
subjective comfort levels, as opposed to 

the airway concerns particularly valid to 
treating patients with pulmonary disease. 

Conclusions And Recommendations
Humidification devices that can con-

trol the humidifier outlet independent of 
ambient air temperature, ventilator gas 
output, or ventilator settings appear to 
be the logical approach to optimizing hu-
midifier function. An adequate tempera-
ture gradient between the humidifier inlet 
temperature and the set patient tempera-
ture is conducive to generating the right 
amount of water vapor to meet the mini-
mum recommended levels of humidity. 
Performance of heated humidifiers can be 
affected greatly by numerous conditions 
external to the humidifier’s function. 

Substantial evidence supports the 
dramatic reduction of aerosol delivery in 
humidified conditions. Thus, conditions 
that facilitate the accumulation of con-
densate in the ventilator circuit and the 
spacer may adversely affect aerosol lung 
delivery and patients’ clinical response 
to aerosol therapy. When using passive 
humidification on patients requiring fre-
quent aerosol treatments, it is imperative 
that the HME is equipped with a “bypass” 
option to optimize aerosol drug delivery 
and avoid the potential for increased air-
way resistance associated with a saturated 
HME.

The AARC has made the following 
recommendations:
1. Humidification is recommended on 

every patient receiving invasive me-
chanical ventilation.

2. When providing active humidifica-
tion to patients who are invasively 
ventilated, it is suggested that the de-
vice provide a humidity level between 
33 mg H

2
O/L and 44 mg H

2
O/L and 

gas temperature between 34°C and 
41°C at the circuit Y-piece, with a 
relative humidity of 100%.

3. When providing humidification to 
patients with low tidal volumes, such 
as when lung-protective ventilation 
strategies are used, HMEs are not 
recommended because they contrib-
ute additional dead space, which can 
increase the ventilation requirement 
and PaCO

2
. 

4. It is suggested that HMEs are not 
used as a prevention strategy for ven-
tilator-associated pneumonia.

5. Noninvasive active humidification is 
suggested for noninvasive mechani-
cal ventilation, as it may improve ad-

Patients requiring higher levels 

of IPAP during NIV would 

benefit from the addition of 

heated humidification to the 

system.

Heat and Moisture Exchanger in use for patient during 
mechanical ventilation
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herence and comfort.
6. Passive humidification is not recom-

mended for noninvasive mechanical 
ventilation. 
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Panel Discussion

Clinical
Foundations

What would you consider optimal hu-
midity for patients undergoing invasive 
and noninvasive ventilation?
Joyner: Optimal humidity would pro-
vide sufficient heat and humidity to 
reestablish or maintain mucus to its 
ideal state of viscosity and promote its 
homeostatic function. This would “posi-
tion” mucus to work optimally with the 
components of the mucociliary escala-
tor. Invasive ventilation would normally 
require more heat and water to meet the 
demand created by bypassing the airway 
when compared to noninvasive ventila-
tion, but physiological components of 
proper mucus function do exist outside 
of the airway and must also be managed 
(e.g. hydration status of the patient).
 
Lin: Physiologically, as indoor air passes 
through the nose and upper airway, it is 
warmed and moistened to 44 mg H

2
O/L 

of absolute humidity at the carina1. When 
a patient is intubated, the natural mecha-
nism of humidifying gas is bypassed. 
Inadequate airway humidification can 
result in a series of issues, such as atel-
ectatsis and increased airway resistance, 
resulting an increased work of breathing. 
Optimal humidity to an intubated pa-
tient undergoing mechanical ventilation 
provides an absolute humidity >33 mg 
H

2
O/L2. Yet, providing humidity to a pa-

tient with noninvasive ventilation (NIV) 
remains controversial, since delivered gas 

passes through the upper airways and 
is exposed to the normal humidifying 
system of the body. However, provid-
ing heated humidification is suggested 
for the patient’s comfort when they are 
receiving cool, anhydrous gas from com-
pressed air and liquid oxygen systems. 
The use of a heat and moisture exchanger 
should be avoided due to increased resis-
tance and dead space when undergoing 
noninvasive mechanical ventilation.3

Wittnebel: One could argue that opti-
mal humidification levels for patients re-

main the same, regardless of the selection 
of invasive or noninvasive ventilation; 
and in fact the American Association for 
Respiratory Care (AARC) clearly advo-
cates for the practice.2 In either instance, 
you are essentially providing cool, anhy-
drous medical gas to the patient. In doing 
so, the isothermic saturation boundary is 
essentially shifted deeper into the lungs, 
making it difficult to maintain the nor-
mal physiologic function of the airway 
and causing patient discomfort.4 Meth-
ods that maintain or come closest to 
maintaining the normal position of the 
isothermic saturation boundary 5 cm be-
low the carina are going to have the least 
negative impact on airway characteris-
tics such as ciliary motility and secretion 
clearance. Devices that provide as close 
to physiologic normal as possible are go-
ing to result in fewer complications due 
to therapy. Consider that most abnormal 
pulmonary pathologies are associated 
with abnormal secretion characteristics 
and/or difficulty with airway clearance, 
even in spontaneously breathing patients. 
Now, couple that with the need to pro-
vide assisted ventilation, and peripheral 
issues such as patient comfort and com-
pliance to therapy during an exacerba-
tion and the role of adequate humidifi-
cation becomes more important.4,5  The 
AARC currently advocates for the use of 
active humidification for invasively ven-
tilated patients at a level between 33 mg 
H

2
O/L and 44 mgH

2
O/L, measured at the 

ventilator circuit Y-piece with a relative 
humidity of 100%. Their recommenda-
tions for passive strategies such as the use 
of hygroscopic heat moisture exchangers 
(HMEs) include heat devices capable of 
providing at 30 mg H

2
O/L.2 

How should the RT tell if the humidifier, 
active or passive, is working, other than 
secretion trends?
Joyner: Certainly a start would be to as-
sure the device is turned on and for all 
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purposes assure it looks and feels (warmth) 
like it is working correctly with sufficient 
water feed and temperature probes placed 
in the correct places. Beyond those setup 
items, there are few identifiers of proper 
humidifier function other than exami-
nation and mucus status. Evaluating the 
vapor trail during inspiration can be a 
useful tool. During inspiration the vapor 
trail should be visible and represents water 
vapor being laid down on the artificial air-
way and presumably hydrating secretions 
within the patient’s airway. A vapor trail 
present on expiration and disappearing 
during inspiration would represent reab-
sorption of water from the artificial air-
way and secretions. This would result in 
the desiccation of secretions and possibly 
cause dried inspissated secretions that are 
difficult to mobilize.

Lin: Mucociliary transport is the most sen-
sitive to changes in inspired humidity. Op-
timal mucociliary transport is dependent 
on the successful relationship between 
cilia, mucus, and periciliary fluid, which 
all are optimized under core temperature 
and 100% relative humidity. Assessing the 
secretion trends of patients receiving hu-
midification therapy is the key to ensure 
adequate/optimal therapy benefit. 

Wittnebel: While trends in secretion char-
acteristics may reveal inadequate humidi-
fication to the RT, it is likely that soon after 
a negative trend has started, deleterious 
changes in airway function have already 
occurred.6 Trending secretion clearance 
may in fact represent a later stage in the 
process of airway injury as it relates to hu-
midification levels. While some would say 
that the presence of observable conden-
sate in the endotracheal tube is evidence 
enough for evaluating humidification, 
current methods limit the RT in deter-
mining the actual airway temperature and 
humidity as most devices simply measure 
proximal to the patient Y-piece and at the 
humidification outlet chamber. These 
temperatures are a reflection of the gas as 
it is entering the airway. Short of inserting 
a hygrometer into the actual airway itself, 
inferences are then made regarding the 
actual temperature and the humidity of 
the inhaled gas. It goes without saying that 
the higher the temperature of the gas, the 
higher the carrying capacity of the gas as it 
relates to humidification, but heaters that 
fail to limit temperature hold the poten-
tial to cause inhalation injury.7  Walking 

the line between too much and too little 
airway humidification makes it easy to see 
why so much research and effort has been 
placed into determining optimal levels.

Where should the RT place aerosol genera-
tors to minimize the effects of humidifi-
cation on aerosol deposition? Should the 
heater be turned off during the treatment?
Joyner: Positioning of the aerosol gen-
erator within the ventilator circuit is still 
somewhat controversial with some au-
thors advocating placement at least 30 
cm away from the airway to allow for the 
circuit to act as a reservoir,8 and other au-
thors suggesting aerosol generator posi-
tion within the ventilation circuit does not 
matter.9 The vast majority of clinical sites 
I am involved with provide some separa-
tion between the position of the aerosol 
generator and artificial airway, but the 
true effect on outcome is difficult to as-
sess because aerosolized bronchodilators 
are ordered almost ubiquitously making 
therapeutic effect difficult to assess. 

The status of the heater being on or off is 
of theoretical importance to the delivery 
of aerosolized medications. Delivery of 
aerosolized medications through a venti-
lator circuit that is being actively humidi-

fied can cause up to a 40% reduction in 
deposition. This has some practitioners re-
questing to turn off the humidifier during 
medication delivery. Under most circum-
stances this may be acceptable because the 
treatment will last only 8-10 minutes, but 
some medications can require 30 minutes 
or more to deliver. Delivering dry gas to 
the patient over that period of time could 
be problematic and is not recommended.8 

Lin: Numerous studies have identified a 
reduction of aerosol delivery efficiency 
during mechanical ventilation with heat-
ed humidification, often with a 40-50% 
reduction from ambient conditions.,10-12 

Lange and colleagues found that the de-
crease in inhaled drug mass was directly 
related to the mole fraction of water va-
por in the ventilator, rather than to the 
relative humidity and the temperature. 
Clinicians try to reduce the influence of 
humidity on aerosol delivery by turning 
the heated humidifier (HH) off. Lin in-
vestigated pressured metered-dose inhaler 
delivery after the HH was turned on at 1, 
2, 3 hours and immediate after turning 
the HH off. Aerosol delivered distal to the 
endotracheal tube remained similar after 
the HH was fully situated and when the 
HH was turned off.13 Generally, the HH 
requires 20-30 minutes to cool down to 
room temperature before minimizing the 
influence of humidity on aerosol delivery. 
Administered aerosol immediately after 
the HH was turned off did not improve its 
efficiency. Ari et al compared aerosol de-
livery with different devices and locations 
through mechanical ventilation in an in 
vitro model.14 They found that a vibrat-
ing-mesh nebulizer, an ultrasonic nebu-
lizer, and a pressurized metered-dose in-
haler delivered higher inhaled drug mass 
at 15 cm from the Y-piece. The jet nebu-
lizer delivered a higher dose at 15 cm from 
the ventilator. Yet, Moraine et al evaluated 
the effect of position, either at the end of 
the inspiratory limb or before the HH, on 
pulmonary bioavailability of nebulized ip-
ratropium in ventilated patients, and the 
result showed no statistically significant 
differences between the 2 groups.9 The 
optimal placement of an aerosol generator 
depends on the devices, and further clini-
cal trials are required to verify the in vitro 
data. 

Wittnebel: The placement of the aerosol 
generator has been a point of contention 
amongst researchers, with even the AARC 

Numerous studies have 

identified a reduction of 

aerosol delivery efficiency 

during mechanical ventilation 

with heated humidification, 

often with a 40-50% reduction 

from ambient conditions.  
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currently lacking a clinical practice guide-
line. Despite this, recent research seems 
to suggest that 15 cm from the Y piece on 
the inspiratory limb is optimal in regard 
to particle deposition, with active hu-
midification actually negatively impact-
ing aerosol therapy. The various avail-
able modalities including small volume 
nebulizers (SVNs) metered dose inhalers 
(MDIs) and vibrating mesh nebulizers 
have spawned research evaluating particle 
deposition efficacy under a variety of con-
ditions, both with and without humidi-
fication. The use of HMEs which neces-
sitate placement proximal to the patient 
airway result in the need to (1) remove 
the HME prior to each aerosol treatment 
or (2) modify the ventilator circuit-HME-
aerosol adaptor set up. Recent improve-
ments in HME design allow for the con-
densate trapping mechanism to be shifted 
away from the flow of gas, allowing for the 
delivery of aerosolized medications with-
out the need to break the circuit as seen in 
earlier HMEs. Two predominant methods 
of modification appear to choose to either 
sacrifice potential circuit contamination 
in favor of optimal particle deposition or 
vice versa, as depicted below, while a third 
option may represent the middle ground:

Set-up 1: Optimizing Particle Deposition.
Involves the use of passive (HME) hu-
midification or the placement of a spring-
loaded t-piece on the inspiratory portion 
of the patient Y-Piece, significantly closer 
than the 15 cm advocated for in previous 
research.
Set-up 2: Reducing Potential for Circuit 
Contamination and VAP.
Involves the placement of the HME at the 
patient Y-piece, followed by the spring 
loaded or MDI adaptor, six inches of large 
bore tubing, and an inline suction cath-
eter.
Set-up 3: Avoiding Circuit Contamination 
and VAP potential while facilitating the de-
livery of aerosol therapy.
This requires the use of specialty HMEs 
which allow for the removal of the con-
densate trapping mechanism without 
the need to break the circuit and remove 
the HME device in its entirety. It is note-
worthy that while these devices are more 
costly than traditional HMEs, they may 
represent an adequate amalgamation of 
adequate airway humidification, a reduc-
tion in VAP acquisition, and improve-
ments in the ability to administer aero-
solized medications without the risks 

inherent in the other two common device 
set-ups.

At what location within the ventilator 
circuit is it most important to monitor 
temperature: at the water source or at the 
patient interface?
Joyner: The practitioner needs to know 
the temperature at both ends of the ven-
tilator circuit. The change in temperature 
between the source of humidification 
and the patient’s airway is what dictates 
what will happen to the water contained 
in the gas being delivered to the patient, 
and the patient’s secretions within the 
airway. Altering the temperature between 
the source and the airways even a few de-
grees can dramatically affect the relative 
humidity of the gas being delivered to the 
patient. An excessive drop in temperature 
within the ventilator circuit can cause 
large amounts of condensate to develop 
within the ventilator circuit and place the 
patient at risk of an unintentional air-
way lavage and possible increase the risk 
of VAP. A small increase in temperature 
as the gas travels through the ventilator 
circuit toward the patient can result in a 
significant reduction in relative humidity 
resulting in the desiccation of secretions 
in the airway, making them difficult to re-
move and possibly placing the patient at 
risk for an obstructed airway.15

Lin: Temperature measurement may be a 
poor indicator of humidity. There is inad-
equate humidification of mechanical ven-
tilation when minute ventilation greater 
than 6 L/min.16 Additionally, a humidifi-
cation system’s performance depends on 
environmental temperature and ventila-
tory settings. Schena et al investigated 

the performance of a heated humidifier 
system and confirmed that single-point 
(at the Y-piece) temperature control was 
weak.17 The temperature should be mea-
sured both at the water source and at the 
patient interface, and adjust accordingly 
to ensure adequate humidity. 

Wittnebel: Beyond a shadow of a doubt, 
it is more important to monitor the tem-
perature at the patient interface, regard-
less of invasive or noninvasive modality. 
There are too many potentially confound-
ing variables such as improper set-up, 
room temperature, and equipment failure, 
to name a few, to risk patient injury. This 
coupled with the variability seen between 
different ventilators makes things all the 
more unclear while simultaneously all the 
more important.18,19 

When observing for beading in the circuit, 
do the water droplets need to be through-
out the entire ventilator circuit or just at 
the visible part of the ETT and the 6-inch 
flex tube closest to the patient?
Joyner: Visual inspection of the 6-inch 
flex tube for water droplets has been 
shown to be sensitive to the amount of 
humidification being provided to the pa-
tient.20 Water droplets do not need to be 
visible throughout the circuit and when 
they are present they present a risk to the 
patient as they collect and increase the 
quantity of condensate within the ven-
tilator tubing. Prevention of aspirating 
these condensate droplets is important in  
preventing ventilator-associated pneumo-
nia. 21

Lin: Condensation can interfere with gas 
flow through the circuit, and may increase 
the risk of aspiration and contamination 
within hours.2,22  Therefore, the conden-
sation in the circuit should be emptied 
regularly. 

Wittenbel: As previously mentioned, in 
respiratory care, if condensate was visible 
in the endotracheal tube then one could 
assume that adequate humidification 
was being provided. With the heightened 
emphasis on ventilator-associated pneu-
monia and the reluctance to do anything 
to the circuit that would contribute to its 
occurrence (including water build-up), it 
is not unreasonable to speculate that hos-
pitals gladly pay the higher cost of heated 
wire and other specialty ventilator circuits 
with the explicit attempt to prevent bead-

The practitioner needs to know 

the temperature at both ends 

of the ventilator circuit.  

- Joyner -
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ing anywhere along the path between the 
ventilator and the artificial airway, wheth-
er it be in the neonatal intensive care unit 
via an oscillator or the adult side with con-
ventional ventilation. 23

Is there any evidence that humidity deliv-
ery to the patient in excess of 44 mg/L has 
a negative effect?
Joyner: First and because this is a discus-
sion on humidity, the only way I can think 
of that will result in an excess of 44 mg/L 
is to increase the temperature of the gas 
in the presence of sufficient water. Also 
I do not believe there are any current 
guidelines that define overhumidification. 
Certainly at some point (likely beyond 41 
degrees C) this will become a detriment 
to airway physiology. Other theoreti-
cal issues can arise from a positive water 
balance for an extended period of time, 
including excessive pulmonary secre-
tions, pulmonary and generalized edema, 
weight gain, hyponatremia, decreased 
pulmonary compliance, reduced vital ca-
pacity, and increased A-a gradient.3   

Lin: Currently, there are no criteria for 
overhumidification. When the inspired 
humidity is higher than core temperature 
and 100% relative humidity, condensa-
tion occurs, causing decreased mucus vis-
cosity and possibly increasing periciliary 
transport rate. Therefore, overhumidifica-
tion reduces mucus viscosity and dilutes 
surfactant, resulting in secretion reten-
tionand increased work of breathing.24

Wittnebel: Current evidence as advocat-
ed by the AARC clinical practice guideline 
for airway humidification supports the 
provision of 44 mg/L as the maximum 
allowable level, which in turn is based on 
expert panel consensus.2 As such, further 
review and stronger multicenter random-
ized control center trials are needed to 
determine definitively the upper limits of 
the safe range.2 

Is it advantageous to have a humidifier 
that allows adjustments to absolute and 
relative humidity?
Joyner: When heated-wire circuits were 
first introduced in the clinical environ-
ment back in the early 1990’s there were 
manageable settings that would allow a 
practitioner to adjust the proximal and 
distal temperature within the circuit in-
dependently, thereby affecting the abso-
lute and relative humidity being provided 

to the patient’s airway.25 Today, some of 
these humidifiers allow the adjustment 
of the circuit temperature under different 
ambient conditions to prevent accumula-
tion of condensate and the need to drain 
the condensate from the ventilator cir-
cuit.26  Under certain circumstances, the 
temperature of the heated wires within 
the ventilator circuit can be unintention-
ally set in a manner that allows inspiratory 
gas with very low relative humidity to be 
delivered to the patient’s airway. This will 
result in the desiccation of the respira-
tory secretions within the artificial air-
way causing a time-dependent reduction 
in artificial airway diameter. Dynamic 
changes in artificial airway diameter can 
be difficult to differentiate from changes 
in patient pulmonary mechanics.27 There-
fore, while heated-wire circuits may be ex-
tremely useful, a well-informed clinician 
is required to take full advantage of their 
adjustability while simultaneously avoid-
ing iatrogenic complications. Sophisticat-
ed automated servo-controlled humidifi-
ers emanating data from thermistors and 
hygrometers within the circuit would be 
ideal to assure targeted humidity delivery 
under different ambient conditions. For-
tunately, both fixed and adjustable sys-
tems currently available meet nationally 
recommended standards.

Lin: Solomita et al assessed Y-piece tem-
perature and water-vapor delivery with 
a different heated humidification set up 
and a wide range of minute volumes.17 
Their results showed that heated wired 
humidification inadequately humidi-
fied the gas when VE>6 L/min. Setting 

a temperature at 35℃ at the Y-piece does 
not provide equivalent water-vapor de-
livery with heated-wire and non-heated-
wire humidification, nor does it achieve 
the recommended physiologic humidi-
fication target. Furthermore, Pelosi et al 
found that, depending on the manufac-
turer of the heated wire humidification 
system, the relative humidity depends on 
the set temperature gradient between the 
water chamber and the Y-piece.28 There-
fore active measurement and adjustment 
of a humidification system can ensure ad-
equate humidification to patients under-
going mechanical ventilation. 

Wittnebel: Considering the myriad num-
ber of variables that impact effective 
humidification therapy, it is almost un-
fathomable that such a device would be 
welcomed across the spectrum of care and 
incorporated into all devices delivering 
medical gas therapy. Countless research 
has been conducted that has demonstrat-
ed time and time again that humidifica-
tion therapy and external variables are not 
mutually exclusive and thus, not a single 
device exists. Absolute and relative hu-
midity in the environment play critical 
roles in what is occurring in the “closed” 
environment of the patient circuit and as 
such, a device that could account and con-
trol for all situations would optimize the 
goals and eliminate most of the hazards 
associated with humidification therapy. 
While research under a variety of condi-
tions is currently being conducted, such a 
method of therapy has yet to be discov-
ered.
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1. Under normal conditions, what is the range of 
absolute humidity delivered by most heated 
humidifiers available today?
A. 26 mg H2O/L to 36 mg H2O/L
B. 26 mg H2O/L to 44 mg H2O/L
C. 33 mg H2O/L to 44 mg H2O/L
D. 40 mg H2O/L to 44 mg H2O/L

2. Most heated humidifiers available today allow 
the operator to control the humidity level
A. True 
B. False

3. The respiratory therapist is evaluating the hu-
midification system and the ventilator circuit 
of a patient undergoing invasive mechani-
cal ventilation and notices a small amount of 

“rainout” in the inspiratory limb of the circuit. 
What should be the best course of action at 
this point?
A. Replace the heated-wired circuit as it is 

malfunctioning
B. Increase the heater temperature
C. Lower the temperature of the heater
D. Document that the humidifier function is 

normal

4. The presence of abnormally high room ambi-
ent temperatures can result in which of the 
following changes in humidification?
A. A reduction in the humidity level as a result 

of a decrease in the temperature of the 
heating source

B. An increase in the humidity level as a result 
of a higher carrying capacity for water 
through the ventilator circuit

C. A reduction in the humidity level as a result 
of an increase in the temperature of the 
heating source and higher rate of water 
consumption

D. An increase in the humidity level as a result 
of a decrease in the temperature of the 
heating source

5. When using a mechanical ventilator known 
to have a high outlet gas temperature, what 
could the respiratory therapist do to offset it 
to prevent changes in humidity levels?
A. Avoid using a heated-wired circuit 
B. Change the ventilator
C. Lower the temperature of the heater
D. Extend the length of the tubing prior to the 

heating chamber 

6. The presence of high relative humidity and 
temperature within the ventilator circuit is as-
sociated with what percent reductions in lung 
deposition with in vitro adult models?
A. 10%
B. 20%
C. 30-35%
D. 40-50%

7. What appears to be the most efficient place-
ment of a jet nebulizer under humidified and 
nonhumidified condition?
A. Before the heater
B. 6 inches away from the “Y” adapter in the 

inspiratory limb of the ventilator circuit
C. 6 inches away from the “Y” adapter in the 

expiratory limb of the ventilator circuit
D. Between the “Y” adapter and the 

endotracheal tube

8. In order to minimize the reduction of aerosol 
deposited in the lungs under humidified con-
ditions, the humidifier should be turned off 
for the duration of the treatment.
A. True 
B. False

9. HMEs are contraindicated when routine aero-
sol therapy is required during mechanical ven-
tilation.
A. True 
B. False

10. During the administration of NIV, the lack of 
humidification is frequently associated with 
which of the following clinical conditions?
A. Hypercapnia
B. Poor compliance
C. Infection 
D. Skin irritation


