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Laboratory Investigation

Tracheobronchial con-
Flora Margarida Barra Bisinotto MD,* SCquenCCS Of thC UsScC Of

José Reinaldo Cerqueira Braz MD PhD,* .
Regina Helena Garcia Martins MD Pho, heat and moisture

Elisa Aparecida Gregério MD PhD,}

Tania Mara Vilela Abud Mp* exchangers in dogs

Purpose: To determine the effect of heat and moisture exchange (HME) on the tracheobronchial tree (TBT) using
a unidirectional anesthesic circuit with or without CO, absorber and high or low fresh gas flow (FGF), in dogs.
Methods: Thirty-two dogs were randomly aflocated to four groups: GI (n=8) valvular circuit without CO,
absorber and high FGF (5 L'min™"); G2 (n=8) as G| with HME; G3 (n=8) circuit with CO, absorber with a low
FGF (I L'min™'), G4 (n=8) as G3 with HME. Anesthesia was induced and maintained with pentobarbital.
Tympanic temperature (TT), inhaled gas temperature (IGT), relative (RH) and absolute humidity (AH) of inhaled
gas were measured at |5 (control), 60, 120 and 180 min of controlled ventilation. Dogs were euthanized and
biopsies in the areas of TBT were performed by scanning electron microscopy.

Results: The G2 and G4 groups showed the highest AH (>20 mgH,O-L™'yand G| the lowest (< 10 mgH,O-L™)
and G3 was intermediate (< 20 mgH,O-L™") (P < 0.01). There was no difference of TT and IGT among groups.
Alterations of the mucociliary system were greatest in G|, least in G2 and G4, and intermediate in G3.
Conclusion: In dogs, introduction of HME to a unidirectional anesthetic circuit with/without CO, absorber and
high or low FGF preserved humidity of inspired gases. HME attenuated but did not prevent alterations of the
mucociliary system of the TBT.

Objectif : Déterminer, chez des chiens, I'effet de 'échange de chaleur et d’humidité (ECH) sur Farbre trachéo-
bronchique (ATB) en utilisant un circuit anesthésique unidirectionnel avec ou sans absorption de CO, et un haut
ou bas débit de gaz frais (OGF).

Méthode : Trente-deux chiens ont été répartis au hasard en quatre groupes : G| (n=8), un circuit 3 valve sans
absorption de CO, et avec un haut DGF (5 L'min™'); G2 (n=8), comme G| avec ECH; G3 (n=8), un circuit
avec absorption de CO, et un bas DGF (I L'min~"); G4 (n=8), comme G3 avec ECH. Lanesthésie a été induite
et maintenue avec du pentobarbital. La température tympanique (TT), la température des gaz inhalés (TGI), I'hu-
midité relative (HR) et absolue (HA) des gaz inhalés ont été mesurées aprés |5 (témoin), 60, 120 et |80 min de
ventilation contrélée. Les chiens ont été sacrifiés et des biopsies de 'ATB ont été réalisées par microscopie élec-
tronique a balayage.

Résultats : Les groupes G2 et G4 ont affiché les plus hauts taux d'HA (>20 mgH,O-L"), G1 avait le plus bas
taux (< 10 mgH,O'L™") et G3 était intermédiaire (< 20 mgH,O-L") (P < 0,01). Il n'y a pas eu de différence
intergroupe concernant la TT et la TGI. Les modifications du systéme mucociliaire ont été plus importantes dans
te GI, moindres dans les G2 et G4 et intermédiaires dans le G3.

Conclusion : Lintroduction, chez des chiens, d'un ECH & un circuit anesthésique avec ou sans absorption de
CO, et avec un haut ou bas DGF a préservé I'humidité des gaz inhalés. LECH a diminué, mais n'a pas empéché,
les modifications du systéme mucociliaire de I'ATB.
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URING respiration, inhaled air is heated
and humidified when passing through the
nose and upper airway, reaching the alveoli
at body temperature (37°C) with 100%
relative humidity and approximately 44 mgH,O-L™!
absolute humidity. During expiration, heat and mois-
ture are conserved by the upper airway and nose to
minimize these losses from the lower airways.!»

When tracheal intubation or tracheostomy is per-
formed, this counter-current mechanism is partly
bypassed and ventilation with dry (i.e. < 5% relative
humidity) and cold medical gases produces loss of
water from the respiratory tract, unless appropriate
means of humidification and heating are used.?3
Failure to achieve and maintain adequate humidifica-
tion may predispose patients to airway damage, such
as destruction of cilia and mucus glands, decrease in
surfactant and ciliary transport.>®

During anesthesia, ventilator systems are frequent-
ly equipped with circle systems with carbon dioxide
absorbers, that have inherent humidifying properties
as a result of rebreathing of expired humidity and of
the production of water in the CO, absorber, but data
concerning the level of absolute humidity from stud-
ies with rebreathing system are contradictory.”1?

Heat and moisture exchangers (HME) placed
between the endotracheal tube and the ventilation cir-
cuit conserve heat and moisture during expiration,
mixing expired air with the cool, dry gases inspired by
the patient.10:!1

The aim of the present investigation, in dogs, was to
determine the effect of HME on the tracheobronchial
tree assessed by scanning electron microscopy, using a
unidirectional anesthetic circuit with or without CO,
absorber and high or low fresh gas flow.

Methods

The study was approved by the University Ethics
Commission for Research in Animals. Thirty-two
mongrel dogs, of both sexes, weighing 15 - 20 kg
were used. They were considered healthy after clinical
examination and normal red blood cell count. Before
induction of anesthesia, the dogs were randomly allo-
cated, by opening a sealed envelope, to one of four
groups, as follows: G1 (n=8) a unidirectional anesthe-
sia system without CO, absorber with a high fresh gas
flow of 5 L:-min™! (2 L-min™' O, and 3 L-min™ air);
G2 (n=8) as Gl with an HME; G3 (n=8) a circuit
with CO, absorber was used with a low fresh gas flow
of 1 L-min™ (0.4 L-min™! O, and 0.6 L-min! air); G4
(n=8) as G3 with an HME. In G2, the hydrophobic
HME (Hygrobac §, from DAR, Italy) was placed
between the tracheal tube and the unidirectional
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valve, and in G4, between the tracheal tube and the T
piece of the breathing system.

After starvation of 12 hr, a 20 G catheter was placed
in the cephalic vein. The dogs received an initial dose of
25 mg-kg™! pentobarbital, followed by an intravenous
infusion maintenance at 5 mg-kg™!-hr!, using an infu-
sion pump (Anne, Abbott, Chicago, USA). The dogs
were placed in dorsal recumbency and the tracheas intu-
bated with a tracheal tube 8.5 - 9.0 mm internal diam-
eter. A 20 G catheter was placed in the right femoral
artery for blood pressure measurement (AS 3, Datex -
Engstrom, Helsinki, Finland). An 18 G catheter was
placed in the right jugular vein for infusion of 5
ml-kg™-hr! lactated Ringer’s solution.

The dogs were maintained under controlled venti-
lation according to the group, using a pneumatic ven-
tilator, generating a continuous input in the
inspiratory phase with pressure cycling from inspirato-
ry to expiratory, and volume limited (K.Takaoka,
model Nikkei, S0 Paulo, Brazil), converted to low-
flow anesthesia. In groups G3 and G4, the capacity of
the circuit, including the CO, absorber, was about
5.12 L, the volume of the soda lime in the absorber
was about 1 L. Before each anesthesia, the circuit was
replaced with clean, dry corrugated tubes of the same
length, and the soda lime was changed (Wilson, USA).
Neuromuscular block was performed with an initial
dose of 0.1 mg-kg™ pancuronium and maintenance
doses of 0.03 mg-kg™! every 45 min.

The tidal volume was set at 20 ml-kg™ and the ven-
tilator frequency was adjusted to provide a P.,.CO,
between 30-35 mmHg. Pulse rate and pulse oximeter
arterial O, saturation were measured using a sensor
placed on the tongue (4700 Oxicap, Ohmeda, USA).
The P,CO,, respiratory rate and O, inspired fraction
were measured with a sidestream capnometer (4700
Oxicap, Ohmeda, USA). Tidal volume was measured
using a Mark 8 Wright respirometer (Ferraris,
England). The tympanic temperature was measured at
the external auditory conduct using an electrical ther-
mometer (Yellow Springs Instruments Co, model
4000 A, China). The temperature and relative humid-
ity of the inspired gas was measured using a thermo-
hygrometer (Gulton, Sio Paulo, Brazil) attached
between the tracheal tube and the unidirectional valve
(G1), or HME (G2 and G4) or the Y piece of the
breathing system (G3). The relative humidity sensor
operated on a capacitative principle. The stated system
accuracy is = 2% for relative humidity and + 0.5°C for
temperature. The rise times are 1.5 sec for 90% rela-
tive humidity response and < 150 msec for a 90% tem-
perature response. The highest values of temperature
and relative humidity were collected over four respira-
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tory cycles for statistical analysis. Absolute humidity
was calculated using the formulae:

AH = RH.MH, in which AH = absolute humidity
(mgH,0-L);

RH = relative humidity (percent);

MH = maximum humidity (mgH,O-L™).

Absolute humidity was calculated from relative
humidity and temperature according to a specific
table.!? Room temperature was maintained between
22-25°C.

The following parameters were evaluated: tympan-
ic temperature (TT) (°C), inspired gas temperature
(IGT), relative humidity (RH) (%), and absolute
humidity (AH) (mgH,O-L™). Anesthesia was main-
tained for three hours and the measurements were
performed 15 min after the beginning of controlled
ventilation (control - M1) and 60 (M2), 120 (M3)
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and 180 (M4) min afterwards. In G2 and G4, an
HME was installed 10 min after the beginning of con-
trolled ventilation and 5 min before M1.

At the end of the study, the animals were eutha-
nized. Thoracotomy and removal of the tracheo-
bronchial tree were performed and biopsies (1 x 1 cm)
in pre-determined areas of the trachea (below the
endotracheal tube cuff and carina), primary and sec-
ondary bronchi were performed. The specimens were
fixed in glutaraldehyde 2.5% in an 0.1 M sodium
phosphate buffer solution (pH 7.3) for at least 24 hr
for scanning electron microscopy (SEM). They were
then fixed in osmium tetroxide 2% solution with the
same buffer for one hour and dehydrated in a graded
concentration of ethanol. The samples were dried to a
critical point, placed on a metal stub, spatter coated
with gold and examined in a scanning electron micro-
scope (515 Philips, Holland). The SEM was accom-

TABLE I Tympanic temperature (TT) and inspired gas temperature (IGT) in the groups. Values are given in mean + SD.

15 min 60 min 120 min 180 min
FGF: 5L-min™! (control)
Without HME (G1) TT (°C) 377+ 0.6 37.0 £ 0.8* 36.5+1.1* 36.0 £ 1.5*
With HME (G2) TT (°C) 38112 37.7 = 1.4t 375z 1.51 37.3+ 171
Without HME (G1) IGT (°C) 255+2.0 25416 253+1.7 257zx14
With HME (G2) IGT (°C) 26.1+1.3 265=x1.1 26.5+1.3 266 1.7
15 min 60 min 120 min 180 min
FGF: 1L-min™ (control)
Without HME (G3) TT (°C) 36714 36512 36.0 £ 1.2* 354 +£1.2*
With HME (G4) TT (°C) 37809 374+ 1.2¢% 37.2 + 1.4% 37.1 + 1.5¢
Without HME (G3) IGT (°C) 246:1.7 25519 247+ 15 254+1.6
With HME (G4) IGT (°C) 258 +1.7 270138 267 +1.6 26.8+14

* P < 0.01 in the groups, compared with control (M1)
1 P < 0.05 in the groups compared with control (M1)

TABLE II Relative (RH) and absolute (AH) humidity of the inspired

gas in the studied groups. Means & SD.

15 min 60 min 120 min 180 min
FGF: 5L-mint (control)
Without HME (G1) RH (%) 39.3+11.6 37.0+13.6 37.3+16.2 37.7 +13.7
With HME (G2) RH (%) 89.2 +13.9* 89.9 + 10.6* 94.1 + 5.6* 93.2 £+ 59*
Without HME (G1) AH (mgH,0-17") 9224 85x26 8.5+3.3 9.0+3.3
With HME (G2) AH (mgH,0-17") 22.3+4.0¢ 22.6 +3.4¢ 235220 ¢ 23.3+2.5¢
15 min 60 min 120 min 180 min
FGF: 5L-min™! (Control)
Without HME (G3) RH (%) 70.2 + 8.0* 62.5 £ 10.5* 71.8 + 5.9* 752 + 4.2*
With HME (G4) RH (%) 91.3 + 4.7* 88.4 £ 12.2* 94.1+9.2* 93.5 + 11.3*
Without HME (G3) AH (mgH,0-1") 157 £ 1.9* 15.7 £ 1.7* 16.3 + 1.8*¢ 17.8 + 2.3%¢
With HME (G4) AH (mgH,0-17) 22.1 £ 2.5* 22.7 + 3.5* 23.8 £2.9* 23.8+3.2°

* P < 0.01 in the comparison of the groups: G1<G3<(G2=G4)
1 P < 0.01 in the groups, compared with the control moment (M1)
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plished without knowledge of the groups and by the
same physician.

Three other dogs (GO-control) were euthanized
with excessive doses of pentobarbital and thoracotomy
and removal of the tracheobronchial tree was per-
formed immediately. Preparation of the specimens was
performed as in other groups and they were consid-
ered as a normal standard for the SEM.,

The Kruskal-Wallis test was used for analysis of dif-
ferences of weight. Continuous data were compared
using analysis of variance for repeated measures fol-
lowed by Tukey’s test, to investigate differences over
time. A descriptive analysis was used for the scanning
electron microscopy. Data are reported as means = SD.
Probability levels < 0.05 were considered significant.

Results

There was no difference in the weight of the dogs
among groups: G1 (17.6 + 2.0 kg), G2 (17.3 + 2.0
kg), G3 (18.2 + 2.0 kg) and G4 (18.3 + 1.0 kg). The
tympanic temperature decreased to a similar extent in
all groups compared with control (P < 0.05) but there
was no difference among groups in relation to the
inspired gas temperature (P > 0.05) (Table I).

The non-rebreathing circuit with a high fresh gas
flow group {G1l) showed lower relative and absolute
humidity than the other groups (P < 0.01). The groups
with HME (G2 and G4) had the highest values (P <
0.01) but with no difference between them. The CO,
absorber group (G3) showed intermediate values,
which increased during the study (P < 0.01) (Table II).

Specimens from control animals (GO) were lined
with a ciliary epithelium in a “wheat field” pattern
projecting into the lumen of the trachea, primary and
secondary bronchi. The cilia were “loose” with no
adherence among them (Figure 0a). No areas of
absence of cilia were observed. Spherical mucus
droplets were present at the tips of the cilia in a diffuse
pattern, giving an impression of being floating above
them (Figure Ob).

In all specimens from animals from G1, trachea, pri-
mary and secondary bronchi showed mucus droplets
with considerable changes in size and shape, surface
rough and wrinkly. Occasionally, they were completely
desiccated and strawberry-shaped (Figure 1a). The
mucus droplets were mostly grouped, losing the char-
acteristic of floating over the cilia. The cilia showed a
tendency to be grouped, adhering to cach other, and
losing their characteristic of regular array (Figure 1b).
Focal areas with absence of cilia or cilial rarefication
covered with defective cilia were observed.

In all specimens from G3, and in 75% and 62.5%,
respectively, from G2 and G4 showed less alteration of
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FIGURE 0A Electron microscopic scanning of normal epithelial
surface of the wracheobronchial tree of animals of a control dog.
The cilia show a regular array. (x 5280}

" FIGURE 0B Electron microscopic scanning of normal epithelial

surface of the tracheobronchial tree of a control dog. Spherical
mucus droplets are present at the tips of the cilia (x 4500).

the mucociliary system of the tracheobronchial tree
than did specimens from G1. They showed formation
of groups of cilia and focal arcas with absence of cilia
or cilial rarefication covered with defective cilia, but
less than in G1. The mucus droplets were of irregular
size, showing rough ridges in their surface, but they
were more superficial and not as rough as in Gl
(Figures 3). Some specimens from G2 (25%) and G4
(37,5%) showed no pathological changes in the ciliary
epithelium or mucus.
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FIGURE 1A Electron microscopic scanning of epithelial surface
of the tracheobronchial tree of animals in G1. Mucus droplets
show marked variation in size and shape, and some are broken
into picces with irregular surface. (x 7800)

FIGURE 1B Electron microscopic scanning of epithelial surface
of the tracheobronchial tree of animals in G). Cilia forming
groups. {(x 5500)

Discussion

The addition of HME in the respiratory circuit of G2
and G4 increased the humidity of inhaled gas, with
relative humidity reaching 90%-94% and absolute
humidity 22 to 24 mgH,O-L™! (Table II), without an
increase in the temperature of the inhaled gas (Table
I). Thus, absolute humidity increased by 150% com-
pared with the system without CO, absorber (G2),
and by about 33% compared with the system with
CO, absorber (G3) (Table II). These findings are

FIGURE 3 Electron microscopic scanning of epithelial surface of
the tracheobronchial tree of animals in G3.The mucus droplets

with wrinkling on the surface, but always more superficial and not
so rough as in G1 (x 5700)

within the recommended lower limit for absolute
humidity during anesthesia, (>20 mgH,O-L™" ) to
reduce dehydration of the respiratory tract.51°
However, these levels of humidity were insufficient to
avoid morphological alterations of the cilia and mucus
of the tracheobronchial surface.

The use of HME in human beings during anesthe-
sia has increased recently, because it may reduce the
loss of water!®-!7 and offers other advantages, such as
low cost, facility of use, microbiological filter!® and
does not need an energy source. The limited data
available regarding the efficiency of HME in humidi-
fying inspired gas of anesthetized patients has shown
favourable results, achieving humidification between
25-32 mgH,0.11.1043.19-21

The circuit with CO, absorption and low fresh gas
flow of 1 L-min! produced maximum absolute humid-
ity of inspired gas of 17.8 + 2.3 mgH,O-L? after three
hours (Table II). These results are similar to those
obtained by other authors.®?? However, the levels are
lower than the lowest absolute humidity of the recom-
mended inspired gas.>!® This may explain the alter-
ations in the tracheobronchial mucosa observed during
SEM in group G3, with relative desiccating effect in the
areas of the cilia and mucus droplets (Figure 3). The
levels of absolute humidity and the time needed to
reach the high levels of humidity with a rebreathing sys-
tem, depend on the anesthesia machine, the volume of
fresh gas flow and the inspired gas temperature.®-1022

Previous studies have recommended absolute
humidity of inspired gas between 20-33 mgH,0-L™! to
reduce the risk of dehydration of the respiratory
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tract.>1023-25 The accepted lower limit of absolute
humidity during prolonged ventilation is 30
mgH,0-L"1* but, in our opinion, the lower limit of
humidification during anesthesia is difficult to deter-
mine, because it depends on the duration of anesthe-
sia, previous pulmonary conditions of the patient, and
on the anesthetic circuit. Humidification requirements
are based mainly on animal studies.?$71525
Investigations in man are limited by the small number
of patients and lack of data on the patients involved.?1
There is little new data on upper airway function,® and
even less data on changes in disease states and none on
advances in measurement techniques.

Inhaled gases and tympanic temperatures showed no
alterations although, in G2 and G4, there was a ten-
dency to higher values of temperature (Table I}. The
lack of a difference in these temperatures may have been
due to the small number of animals in each group.

The use of a neuromuscular blocking drug such as
pancuronium, with vagolytic properties in the experi-
mental groups but not in the control animals, may
have contributed to the relative dryness of the
mucociliary system of the experimental groups when
compared with control. However, the dose-response
curve for the vagolytic property of pancuronium lies
to the right of the neuromuscular blocking effect, so
it is probably only partially vagolytic in clinical prac-
tice?% and the vagolytic effect is limited to receptors in
the sinus node. Other muscarinic sites in the parasym-
pathetic nervous system such as bowel, bladder,
bronchi and pupils, are not affected.?

In conclusion, under these experimental condi-
tions, the introduction of HME in a unidirectional
anesthetic circuit with or without CO, absorber, with
high or low fresh gas flow in dogs, increased absolute
humidity of inhaled gas, without altering the inhaled
gas temperature. The HME attenuated, but did not
prevent alterations of the mucociliary system of the
tracheobronchial tree, as observed by the scanning
electron microscopy, particularly in the group without
the CO, absorber.

Acknowledgment
This study was financed by a grant from “Fundagdo de
Amparo & Pesquisa do Estado de Sio Paulo (FAPESP)”.

References
1 McFadden ER, Pichurko BM, Bowman HF, et al.
Thermal mapping of the airways in humans. J Appl
Physiol 1985; 58: 564-70.
2 Noguchi H, Takumi Y, Aochi O. A study of humidifica-
tion in tracheostomized dogs. Br ] Anaesth 1973; 45:
844-8.

10

11

12

13

14

15

16

17

CANADIAN JOURNAL OF ANESTHESIA

van Qostdam JC, Walker DC, Knudson K, Dirks P,
Dahlby RW, Hogy JC. Effect of breathing dry air on
structure and function of airways. J Appl Physiol 1986;
61: 312-7.

Shelly MP, Lloyd GM, Park GR. A review of the mecha-
nisms and methods of humidification of inspired gases.
Intensive Care Med 1988; 14: 1-9.

Williams R, Rankin N, Smith T, Galler D, Seakins P.
Relationship between the humidity and temperature of
inspired gas and function of the airway mucosa. Crit
Care Med 1996; 24: 1920-9.

Tsuda T, Noguchi H, Takumi Y, Aochi O. Optimum
humidification of air administred to a tracheostomy in
dogs. Scanning electron microscopy and surfactant
studies. Br J Anaesth 1977; 49: 965-77.

Chalon ], Loew DAY, Malebranche J. Effects of dry
anesthetic gases on tracheobronchial ciliated epitheli-
um. Anesthesiology 1972; 37: 338—43.

Hirsch JA, Tokayer JL, Robinson M], Sackner MA.
Effects of dry air and subsequent humidification on
tracheal mucous velocity in dogs. J Appl Physiol 1975;
39: 242-6.

Kleemann PP. Humidity of anaesthetic gases with
respect to low flow anaesthesia. Anaesth Intensive Care
1994, 22: 396408.

Henviksson B-A, Sundling ], Hellman A. The effect of a
heat and moisture exchanger on humidity in a low-flow
anaesthesia system. Anaesthesia 1997; 52: 144-9.

Déry R. The evolution of heat and moisture in the res-
piratory tract during anaesthesia with a non- rebreath-
ing system. Can Anaesth Soc ] 1973; 20: 296-309.
Tubelis A, Do Nascimento FJL. Umidade do ar. In:
Metereologia Descritiva: Fundamentos e Aplicagdes
Brasileiras. S3o Paulo: Editora Distribuidora Brasil
1980: 94-127.

Chazalet J-J, Eurin B. Utlisation des filtres et des
échangeurs de chaleur et d’humidité en anesthésiolo-
gie. Encycl Méd Chir, Anesth Réanim, 36180 A%,
1991: 1-4.

Bickler PE, Sessler DI. Efficiency of airway heat and
moisture exchangers in anesthetized humans. Anesth
Analg 1990; 71: 415-8.

Eckerbom B, Lindbolm C-E, Mannting F. Mucociliary
transport with and without the use of a heat and mois-
ture exchanger. An animal study. Acta Anaesthesiol
Scand 1991; 35: 297-301.

Deviaz H, Fiez N, Lienbhart A. Comparative effects of a
hygrophobic filter and a heated humidifier on intraop-
erative hypothermia. (French) Ann Fr Anesth Réanim
1992; 11: 145-9.

Huslam KR, Nielsen CH. Do passive heat and moisture
exchangers keep the patient warm? Anesthesiology
1986; 64: 379-81.



Barra Bisinotto et al.: HEAT & MOISTURE EXCHANGERS

18 Lleyd G, Howells J, Liddle C, Klinebery PL. Barriers to
hepatitis C transmission within breathing systems: effi-
cacy of a pleated hydrophobic filter. Anaesth Intensive
Care 1997; 25: 235-8.

19 Chalon J, Markham JP, Ali MM, Ramanathan S,
Turndorf H. The pall ultipor breathing circuit filter -
an efficient heat and moisture exchanger. Anesth Analg
1984; 63: 566~70.

20 Turtle M], Ilsley AH, Rutten AJ, Runciman WB. An
evaluation of six disposable heat and moisture exchang-
ers. Anaesth Intensive Care 1987; 15: 317-22.

21 Cornaggin G, Chidini G, Stella 1. Clinical evaluation
on four HMEs during general anaesthesia. (Italian)
Minerva Anestesiol 1994; 60: 649-55.

22 Aldrete JA, Cubillos P, Shervill D. Humidity and tem-
perature changes during low flow and closed system
anaesthesia. Acta Anaesthesiol Scand 1981; 25: 3124,

23 Chalon ], Ali M, Ramanathan S, Turndorf H. The
humidification of anaesthetic gases. Its importance and
control. Can Anaesth Soc J 1979; 26: 361-6.

24 Mebius C. A comparative evaluation of disposable
humidifiers. Acta Anaesthesiol Scand 1983; 27: 403-9.

25 Martins RHG, Braz JRC, Defaveri J, Curi PR. Study
of humidification and heating of inspired gases during
mechanical ventilation in dogs. (Portuguese) Rev Bras
Otorrinolaringol 1996, 62: 206-18.

26 Savarese ], Miller RD, Lien CA, Caldwell JE.
Pharmacology of muscle relaxants and their antago-
nists. In: Miller RD. (Ed.). Anesthesia, 4th ed, New
York: Churchill Livingstone Inc., 1994: 417-87.

903



