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The physiological heat and moisture balance of the human airway during normal conditions has been 

widely misunderstood in the past. The heated water-bath humidifier remains the most popular type 

of humidification apparatus used during mechanical ventilation， but this type of active humidifier adds 

an amount of water vapor to the inspirate that considerably exceeds the moisture content observed 

! during spontaneous breathing through the intact upper airway. It is not necessarily justifiable to 

blithely assume that the substantial degree of overhydration of inspired gases that occurs by employing 

active humidification of this type will be innocuous for all patients. Unfortunately， alternative types 

of humidification devices， such as the heat/moisture exchanging filter， have been unfavorably compar. 

ed to the heated water-bath by many clinicians who mistakenly considered the latter category of device 

to represent the “gold standard". The precise characterization of heat/water balance that has emer-

ged since the development of the heated water-bath humidifier has provided clinicians with a bench-

mark for humidifier performance that is referable to the most effective humidification device the world 

has ever knowl1、 Lhピ intacthuman airway. Fortuitously， passive humidification is appreciably less 

expensive than active humidification， which represents an additional induc巴mentto cost-conscious 

clinical Illanagers who Illight be contelllplating the use of the HMEF. If and when a contraindication 

for passive humidification exists， caregivers might be well advised to adjust the temperature of the i 
active humidifier within a cooler range than they have been accustomed to elllploy in the past. 

Heat and Humidity Status of the 

Human Respiratory Tract 

It has long been recognized that the gases 

residing in the human alveolus exist at so-called 

“body temperature and pressure， saturated" 

(BTPS) conditions. The term “saturated" indi-

cates that a gas is carrying the maximum 
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amount of water vapor possible at the prevail-

ing temperature and， at body temperature， or 

3TCentigrade， this translates to 44 milligrams 

of water vapor per liter of gas. Positive-pres-

sure mechanical ventilation was popularized in 

the 1950's， and the device that was developed 

for the humidification of inspired gases for that 

application was the heated water-bath humidi-

fier. Predictably enough， then， the manufac-

turers of these early-vintage humidifiers con-

figured them to deliver BTPS gases to the 

intubated airway during the inspiratory cycle 

The precise determination of the heat and 

water content of inspired gases during sponta-

neous ventilation would have to wait until the 
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rapid-response mass spectrometer was inven-

ted many years later. When that instrument 

was ultimately developed and applied to human 

respiration， biomedical engineers were able to 

position a catheter at the carina and withdraw 

gases through it in retrograde fashion throu-

ghout the entire breathing cycle1ト叫.This proc・

ess enabled researchers to determine that : 1) 

exhaled gases do indeed exhibit a temperature 

of 370C at the carina ; and 2) inspired gases at 

the carina exhibit a temperature that approxi-

mates 320C. Saturated gas at 320C contains 32 

mg/I of water vapor， a far cry from the 44mg/1 

that had initially been assumed. We now 

realize， in retrospect， that strenuous efforts to 

present BTPS inspired gases to the airway of 

the mechanically ventilated patient is an exer-

cise in overkill. Such gases considerably exceed 

the water vapor content of spontaneously in-

spired gases at the carina， the site at which the 

tip of an indwelling endotracheal or tracheos-

tomy tube customarily resides. 

“明TaterVapor Content" Data versus 

“Water Loss" Data 

We have already expressed the water vapor 

content of inspired gas in terms of its absolute 

humidity， in milligrams of water per liter of 

gas. As will be noted shortly， however， the 

specifications for heat/moisture exchangers 

(HMEs) and heat/moisture exchanging filters 

(HMEFs) commonly express their perfor-

mance in terms of “water loss'¥The use of the 

latter convention might be initially confusing， 

but the two concepts can be easily reconciled. 

Consider the Figure on the following page， 

excerpted from a Scientific & Technical 

Report5)， recently published by Pall Medical 

Corporation， portraying the performance of the 

Ultipor@ 100 HMEF. This Figure depicts the 

performance of the Ultipor@ in the form of 

water loss， in mg/I， at various tidal volumes. 
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These data are generated by ventilating a test 

apparatus， the configuration of which is rigidly 

specified by the International Standard Organi-

zation. The apparatus incorporates' a water 

bath， maintained at 3TC， that simulates the 

heat/moisture conditions of the human alveoli. 

Dry gases are cyclically introduced into the 

apparatus in aliquots having the volumes listed， 

mimicking the tidal ventilation of a human 

subject. As these dry gases rapidly come into 

equilibrium within the apparatus， the “inspired" 

gases are brought to BTPS conditions. Then， as 

they are expelled from the apparatus， they 

carry moisture along with them in the form of 

water vapor. If this process were to proceed 

indefinitely， of course， the water initially pres-

ent in bulk within the water bath would be 

removed in its entirety. The rate at which 

water is thus eliminated is measured by observ-

ing the reduction in weight of the apparatus in 

milligrams per liter of gas introduced. In the 

actual tests conducted with this HMEF， the test 

run proceeded over a 48-hour period. For pur-

poses of explanation， we will consider a 100-

minute increment within this 48-hour test run. 

A weight loss of approximately 10.9 grams 

was observed to occur when the Ultipor 100 

was mounted in the inspiratory/expiratory cir-

cuit leading to/from the apparatus over a time 

interval of 100 minutes when a tidal volume of 

1，000 milliliters was cyclically delivered to the 

test rig at a respiratory frequency of ten cycles 

per minute. Therefore， 10.9 grams of water 

were carried away from the apparatus when a 

total of 1，000 liters (1.0 liter per breath times 

10 breaths per minute times 100 minutes) were 

used to ventilate the test rig. This converts to a 

water loss figure of 10.9 milligrams of water 

per liter， as noted by the height of the histo-

gram over the “10 I/min" label in the Figure 1. 

The water vapor content of the gas expelled 

from the water bath is， of course， known to be 
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What Level of Filtration is“Safe" 

for Patients/Caregivers? 

1n some hospitals， patients with active tuber-

culosis (TB) are frequently encountered. Con-

sequently， it is not unusual in an institution of 

this type for mechanically ventilated patients to 

harbor active TB. But even if its incidence is 

low among the patient population of a given 

institution， TB remains a worrisome pathogen 

This applies because patients afflicted with 

active TB are usually not identified at the time 

they are admitted or intubated. Thus， one often 

learns that a patient is suffering from active 

TB many days after s/he has been intubated. 

Obviously， it behooves us to proactively exer-

cise vigilance in this area， in a fashion reminis-

cent of the universal precautions that have 

become routine with respect to human im・

munodeficiency virus (H1V). 1n order to avoid 

the risk of exposing themselves to blood har 

boring HIV， caregivers don appropriate garb in 

order to protect themselves whenever exposure 

to blood is likely to occur. One could persua-

sively argue that the concept of universal pre 

cautions should likewise be uniformly invoked 

with respect to TB， especially in view of the 

resistant strains of that organism that are being 

reported with alarming frequency. Universal 

precautions as applied to the mechanical venti-

lation of TB patients would render the place-

ment of competent filters in the ventilator's 

expiratory limb imperative. 

The Centers for Disease Control and Preven-

tion (CDC) has promulgated guidelines6l man-

dating that caregivers don masks that conform 

to high-efficiency particulate aerosol (HEP A) 

specifications when administering care to non-

intubated patients who are known to harbor 

TB. Certainly， HEP A-grade filtration should 

prevail whenever these same patients 

required to be intubated and， because one can 

人工呼吸:2002年 4月

14 

10l/min 91/min 7.5l/min 51/min 
(1 OOOml vT) (750ml vT) (500ml vT) (250ml vT) 

vT=Tidal Volume 

12 

10 

o 

8 

6 

4 

2 

(
日

¥
O

E
)
回
目

O
」
』
由
窃
〉
〉

Water Loss vs. Tidal Volume (ISO 
9360-Draft 1998) 

* Average Water Loss over a 48-hour test 
period 

Fig_ 1* 

are 

44 mg/I， corresponding to BTPS conditions 

Much， but not all， of this water vapor will be 

sequestered within the Ultipor as it traverses 

that HMEF during the simlllated expiration. 

and this water will be returned to the simlllated 

inspirate dllring the sllbsequcnt cycle. The 

water vapor content of that inspirate (33.1 

mg/ l) is easily calculated as the arithmetic 

difference between 44 mg/l and the water loss 

figure 00.9 mg/ l) shown. Hence， we can eas-

ily convert between “water loss" data and 

“water vapor content" data by simple subtrac-

tion. Average water loss values at the tidal 

volumes listed were found to be : 10.9 mg/l at 

a tidal volume of 1，000 ml ; 9.8 mg/I at a tidal 

volume of 750 ml ; 7.0 mg/l at a tidal volume 

of 500 ml ; and 5.4 mg/I at a tidal volume of 

250 ml. With reference to Figure 1， the water 

vapor content of inspired gas at tidal volumes 

of 1，000 ml， 750 ml， 500 ml， and 250 ml is 33.1， 

34.2， 37.0， and 38. 6 mg/ 1， respecti vely. These 

water vapor content figures are slightly to 

appreciably higher than the physiologic levels 

of moisture in the inspirate observed in the 

intact airway of normal man. 
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almost never be sure that a given patient is free 

from TB， HEPA-grade filtration should be 

considered routine. Amazingly， most breathing 

circuit filters and HMEFs designed to be inter-

faced to mechanical ventilator circuits fall far 

short of the HEPA standard7)， exhibiting effi-

ciencies that range between 1/4 7th and 1/20th of 

that level ! On the other hand， the performance 

of the resin-bonded ceramic fiber type of filter 

has been shown to exceed HEPA-grade filtra-

tion by more than thirty-fold4l • Hence， car-

egivers can provide a greatly enhanced level of 

protection to patients， and themselves， by inter-

posing this type of filter medium within the 

ventilator circuit. 

Unfortunately， HMEFs cannot be interfaced 

to every category of patient， because certain 

contraindications apply to their use. The proto-

col appearing on the following page7l identifies 

situations wherein the use of an HMEF might 

be contraindicated. In such scenarios， one wiII 

be obliged to employ a heated water-bath 

humidifier in lieu of an HMEF. However， it 

remains very important to ensure that an ade-

quate level of filtration prevails under these 

circumstances， in order to continue to protect 

patients and caregivers who find themselves in 

the vicinity of mechanical ventilators. In these 

instances， a competent filter should be placed in 

the ventilator's expiratory limb before the 

patient is interfaced to the machine. Respira-

tory therapists， who might otherwise assume 

that the multiple-use filters incorporated within 

the circuitry of certain brands/models of venti-

lators (such as the Omni@ filter manufactured 

by Mal1inckrodt) are competent， should be 

aware that these devices faII short of the HEPA 

standard. 

Thermo・andHydrodynamics of the 

Respiratory Tract 

Many clinicians seem to harbor the subjective 
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impression that the employment of a heat/ 

moisture exchanger， in lieu of a heated water 

bath humidifier， imposes a water deficit upon 

the respiratory tract as compared to normal. 

Actually， precisely the opposite is true. 

As was noted earlier， the Ultipor delivers 

inspired gases to the vicinity of the carina that 

have a water vapor content approximating the 

normal level of 32 mg/I. When we inhale gases 

under most conditions， the ambient air has a 

water vapor content that is substantially lower 

than 32 mg/I. Consider the situation that pre-

vails when we are spontaneously breathing air 

that is saturated with water vapor at a temper-

ature of 720F ahrenheit through the intact upper 

airway ; the water vapor content of such air is 

about 20 mg/I. In its passage from the environ-

ment to the carina， this gas will be supplied 

with about 12 mg/I of additional water， bring-

ing it to the level cited earlier. Hence， that 

portion of the respiratory tract (the naso・and/

or oropharynx， hypopharynx， larynx， and tra-

chea) lying proximal to the carina will undergo 

a water loss sufficient to compensate for the 

moisture deficit that prevails between ambient 

air and normal inspirate at the carinallevel. An 

intubated patient fitted with an HMEF， such as 

the Ultipor， that bypasses the upper airway will 

not be required to supply additional moisture 

from the upper respiratory tract， however， 

because the device succeeds in doing this. 

Therefore， the water loss that would otherwise 

occur in the proximal airway will be abolished. 

Consequently， net water loss will be less than 

would have been the case had the patient been 

breathing through the intact airway. Caregivers 

might be prompted to compare an HME or 

HMEF unfavorably with a heated water-bath 

humidifier， which conveys visibly more water 

to the respiratory tract than do those devices. 

But， as noted earlier， clinicians should not be 

misled that the water-bath humidifier is creat-
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secretion production， a reduction/ 
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Fig. 2 A Protocol for Selecting the Appropriate 

Humidification/Filtration System for a Mechanically Ventilated Patient 
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ing a situation that even remotely resembles the 

normal physiologic thermo-and hydrodynamic 

state. As previously discussed， water-bath 

humidifiers overhydrate inspired gases by an 

appreciable degree， and we should resist the 

tendency to regard them as anything resem-

bling “normal" or“physiologic" in terms of 

water or heat balance. In other words， the 

heated water-bath humidifier is i11suited to be 

considered a standard for comparison with any 

other device， because its performance diverges 

so markedly from the normal physiologic state. 

The heat loss that occurs at the mucosal 

surface of the airway relates not only to that 

membrane's conduction of heat to the relatively 

cool inspired gases， but much more so to the 

evaporation taking place there. The heat of 

vaporization of water is considerable : 540 cal-

ories per gram. Over one hour's time， a normal 

subject will inhale about 360 liters of air. If this 

air were to exhibit the absolute humidity level 

used in the preceding example， 20 mg/I， the 

respiratory tract will be obliged to supply an 

additional 24 mg/I to the inspirate in its jour-

ney from the atmosphere to the alveolus. Half 

of that amount wi11 be supplied proximal to the 

carina， and the remainder wi11 be added 

between the carina and the alveoli， bringing 

alveolar gas to a level of 44 mg/I at 98.6。

(3TC). Hence， the total water loss from the 

tracheobronchial tree over this time interval 

will be (24 mg/I x 360 1 =) 8，640 milligrams or 

8.64 grams. The thermal energy supplied by the 

body in the process of evaporating this amount 

of water wi1l be (540 ca1/gX8.64 g=) 4，666 

calories， or 4.67 kilocalories. It is for this 

reason that an appreciable amount of the body's 

evaporative cooling can occur within the respi-

ratory tract even when inhaling hot air， pro-

vided that that air is relatively dry. Fortunately 

for desert dwellers， the high ambient tempera-

tures associated with that environment almost 
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always coexist with very low humidity levels. 

Under certain climatic conditions， the heat/ 

moisture exchange function of the upper air-

way can be rendered inoperable. Consider， for 

example， the conditions that might prevail in a 

location such as New Orleans， Louisiana on a 

hot August day. Suppose that the afternoon 

temperature were to cIimb to 100"F， with a 

relative humidity of 66% ; the absolute humid-

ity of such air is approximately 32 mg/I. Inha-

ling this air would not necessitate the addition 

of any water whatsoever enroute to the carina， 

because the water vapor content of this inspir-

ate is already equivalent to that normally pre-

vailing at that leve1. Hence， the moisture 

exchange role of the upper airway is rendered 

superf1uous here. 

Indeed， we can sometimes encounter condi-

tions in tropical cIimes wherein the heat and 

moisture content of ambient air actually 

exceeds BTPS conditions. Imagine slogging 

through a tropical rain forest where the prevail-

ing temperature is 100"F and the relative humid-

ity is 100%. Under these conditions (that are， 

mercifully， seldom encountered!)， heat and 

moisture will actually be extracted from the 

gases traversing the respiratory tract during 

inspiration. Neither heat nor moisture will be 

donated to inspired air under such conditions， 

either in the upper or the lower airway. Stated 

another way， condensation， and not evapora-

tion， might occur within the airway during 

inspiration while slogging through the equato-

rial jungle. The evaporative cooling that ordi-

narily attends inspiration will be sorely lacking 

here， which will only add to the sensation of 

sweltering heat perceived by those exposed to 

these rigorous conditions. 
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