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Abstract. In recent years the use o f  devices called Heat  
and Moisture Exchangers (HME)  has become widespread 
as gas condit ioners for I C U  patients requiring mechani-  
cal ventilation. As an impor tan t  variat ion o f  the resistive 
properties o f  the H M E ,  related to flow and durat ion o f  
use, has recently been pointed out  during "in vitro" stud- 
ies, the use o f  these devices in C O P D  patients could in- 
crease the levels o f  auto P E E P  and dynamic  hyperinfla- 
tion. In  this s tudy we have compared  the levels o f  auto 
P E E P  and difference in funct ional  residual capaci ty (A 
FRC) in a group o f  C O P D  patients, requiring controlled 
mechanical  ventilation (CMV), at basal condit ions and 
after the insertion into the circuit o f  three HMEs  (Dar 
Hygrobac,  Pall Ultipor, Engs t rom Edith) at random: the 
results obtained excluded a significant increase o f  auto 
P E E P  and A (FRC) both  with "new" H M E s  and after 
12 h o f  cont inuous  use. 
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The administrat ion o f  poor ly  condi t ioned (i.e. unwarmed 
and dry) gases to mechanical ly ventilated patients can 
produce a cont inuous  loss o f  moisture and temperature 
inducing impor tan t  changes such as hypothermia  [1] and 
airways surface damage  [2, 3]. In the past, this problem 
has generally been solved using hot  water humidifiers. 
However, the use o f  these systems is expensive and in- 
creases nurses '  workload;  moreover  the presence o f  hot  
water increases the risk o f  bacterial contamina t ion  o f  the 
circuit [4]. 

In recent years the use o f  devices called Heat-Mois-  
ture Exchangers (HME)  or  "artificial noses" has become 
widespread. The H M E  funct ion is based upon  the preser- 
vation o f  pat ient 's  heat and water, t rapped during exhala- 
t ion and returned to the administered gases in the next in- 
halation.  The efficacy o f  these devices has been demon-  
strated in large series o f  studies, bo th  "in vivo" and "in 
vitro" [ 5 - 9 ]  and their clinical use is increasing both  dur- 

ing anesthesia and in the ICU. Al though  the thermal  and 
hygroscopic performances  o f  the H M E s  are well known, 
few data  are available about  possible interferences with 
pu lmonary  mechanics.  

A recent "in vitro" study has pointed out  an impor-  
tant variat ion o f  the resistive properties o f  these devices, 
related both  to the flow and to the durat ion o f  con- 
t inuous usage [10]. I f  conf i rmed "in vivo ' ,  these results 
should be particularly impor tan t  for the use in C O P D  pa- 
tients, in which pu lmonary  hyperinflat ion is produced 
during controlled mechanical  ventilation when the pas- 
sive expiration time o f  the respiratory system is longer 
than the expiratory time setted on the machine [11 -13 ]  
and an increase o f  the resistances opposed to the expira- 
tory  flow could be dangerous.  Therefore, in the present 
investigation, we have analyzed the effects o f  the use o f  
three H M E s  on dynamic  hyperinflat ion and lung me- 
chanics in mechanical ly ventilated C O P D  patients. 

Patients and methods 

The aim of this study was to evaluate the effects of various HMEs on 
pulmonary mechanics of mechanically ventilated COPD patients: in the 
first phase of this study we evaluated the effects of 3 different HMEs, 
on pulmonary mechanics after 60 min of use (checking after each HME 
change the constancy of basal conditions); in the second phase we ana- 
lyzed the HME effects after 12h of continuous use, controlling at each 
HME change the basal condition stability of pulmonary mechanics. A 
total of 13 patients with an acute exacerbation of COPD entered this 
protocol but 3 of them did not complete the study because of variations 
greater than 10% of basal pulmonary mechanics during the trial period; 
they were excluded from analysis. The main clinical data of the 10 pa- 
tients who completed the protocol are listed in Table 1. 

All patients suffered from COPD confirmed by anamnestic data, 
clinical examination and functional tests showing, in stable conditions, 
mean values higher than 180~ of the predicted values of residual vol- 
ume (RV) and a decrease of the forced expiratory volume at 1 second 
(FEV~) to values lower than 30% of the predicted. Their basal blood 
gas analysis showed hypercapnia and hypoxemia (PaCO 2 
56.5_+9 mmHg; PaO z 59_+7 mmHg). When this study was performed, 
all patients were intubated with nasotraehaI tubes (individual values in 
Table 1) and mechanically ventilated with a Servo 900C (Siemens 
Elema-Sweden) ventilator in controlled mechanical ventilation (CMV) 
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Table 1. Patients characteristics 
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Pt.  Sex Age Cause Tube Vmi n (1) Raw Static compliance outcome 
(cm H20.1-1 .  s) (ml" cm HzO ) 

1 M 71 Infection 8.5 10 18 61 S 
2 M 73 Infection 8.5 9.6 19 56 S 
3 M 69 Infection 8.5 8.4 21 110 S 
4 F 84 Infection 8 7.2 17 55 S 
5 M 72 Infection 8.5 10.1 26 58 S 
6 M 61 Infection 8.5 7.8 31 45 D 
7 F 70 Infection 8 7.8 28 52 D 
8 F 69 Post-op. ARF 8 7.4 21 54 S 
9 M 78 Infection 8.5 8.5 12 49 S 

10 F 72 Post-op. ARF 8 8 19 58 S 

with the following parameters: V t =  lOml kg-1; respiratory rate 
(RR) = 12 cycles min-1; I : E ratio 1 : 2, square wave; ZEEP; FiO 2 rang- 
ing from 0.3 to 0.4. The study was performed during the first 36 h of 
mechanical ventilation; informed consent was obtained by the patients 
legal guardians. 

Three commonly used HMEs were tested: Pall Ultipor BBs0 T (UK), 
Dar Hygrobac (Italy) and Engstrom Edith (Sweden). The HMEs were 
positioned between the Y-piece and the patient, without humidifiers and 
water traps; the inspiratory and expiratory circuits were 1 m of standard 
ICU ventilator circuit (Dar., Italy). During the "basal" measurement, 
the empty "box" of the HME was inserted to maintain a constant cir- 
cuit volume. 

Airway pressure was measured at the proximal end of  the tracheal 
catheter with a statham P50 pressure transducer connected via air filled 
uncompliant tubes (~1.65 mm) to a Kontron Roche (Switzerland) re- 
corder. Flow was measured both with the Servo C flow transducer and 
with a pneumotachograph (Fleish no. 2) positioned at level of the Y 
piece. All patients were sedated and paralyzed with flunitrazepam and 
pancuronium bromide. In each patient we evaluated, in random se- 
quence, the levels of auto PEEP and dynamic hyperinflation (expressed 
as A FRC) in basal condition (i.e. without HME), after 60' and after 
12 h of  continuous use for each HME. Moreover, in each patient we re- 
corded the basal total static inflation compliance value; the expiratory 
flow resistances were controlled at every change of  HME. 

The static inflation compliance was evaluated, as proposed by Rossi 
[13], as the ratio between V t and the difference between the end-in- 
spiratory and end-expiratory plateau pressure. The resistances of  the re- 
spiratory system (RRs) were analyzed, as proposed by Rossi [13] and 
Broseghini [14] by dividing Pmax-P1 by V (where Pmax is peak in- 
spiratory pressure; P~ is the immediate pressure drop after end-in- 
spiratory airway occlusion and ~" is the inspiratory constant flow pro- 
vided by the ventilator). Pmax-P1 was always corrected for the 
theoretic resistance of the tracheal tube. 

The auto PEEP value was evaluated by tele-expiratory occlusion of  
the expiratory line: with this manoeuvre the auto PEEP level can be eas- 
ily recorded as a PAW increase followed by a plateau. The A FRC was 
then easily evaluated from a passive spirogram (Fleish no. 2): with this 
technique we were able to evaluate the volume represented by the differ- 
ence between the "basal" FRC and the FRC level during the interposi- 
tion of the HME in the circuit, i.e. the basal level of dynamic hyperinfla- 
tion caused by mechanical ventilation and the modifications of this pa- 
rameter produced by the use of HME. The above mentioned parameters 
were evaluated in all the patients changing the HME in random se- 
quence, after 60' of use (HME60,) and after 12 h of continuous use for 
each device (HME12h). During this second part of the study the basal 
levels of auto PEEP (i.e. without HME) and the RRs values were evalu- 
ated at each change of  HME, in order to detect any modification of the 
basal mechanics during the course of the study. 

Heart rate, arterial blood pressure, central venous pressure (Sirecust 
404, Siemens Elema-Sweden) and pulse oximetry (Ohmeda Biox, 
France) were continuously monitored during the study. All the measure- 
ments were performed in triplicate; data are presented as mean•  
During the whole study no change was made to the machine parame- 
ters; theophylline or other bronchodilators were not administered dur- 

ing the study. Our results have been statistically evaluated using the two 
way Anova; a p<0 .05  has been considered as significant. 

Results 

Our results are shown in Table 1 (data obtained after 60' 
of  HME use) and Table 2 (data obtained after 12 h of 
H ME use). At basal observation, all patients exhibited 
the presence of auto PEEP levels ranging from 5 to 
11 cmH20 (~ • SD = 8 • 2 cmH20 ). The different HMEs 
did not cause significant modifications either in the auto 
PEEP level or in A FRC values analyzed after 60' of use: 
auto PEEP varied from 8+2 cmH20 (Basal) to 8.3+_1.7 
(Dar), 8.8• 1.7 (Pall), 8.1 • 1.8 (Edith) while dynamic 
hyperinflation changed from 363•  (Basal) to 
362 + 88 (Dar), 366_+ 78 (Pall), 364 + 80 (Edith). The study 
was then continued and each HME was continously used 
for 12 h. The data obtained after 12 hours of use did not 
show any significant variation of auto-PEEP and A FRC 
values, compared with basal data (Table 2). 

No clinical or technical problem was observed: all pa- 
tients showed cardio-respiratory stability during the 
whole study; all were successfully discharged from our 
ICU after 7 - 2 1  days from the study, except patient no. 
6 who was weaned but died three weeks after the study 
from brain haemorrhage, and patient no. 7 who died 
from septic shock. 

Discussion 

The HMEs are easy to use, simple and cheap: for these 
reasons their use is rapidly increasing, becoming more 
"popular"  both in patients mechanically ventilated dur- 
ing general anesthesia and in patients receiving CMV iia 
the ICU. 

However, although the thermal and hygroscopic per- 
formances have been relatively well investigated [2, 5, 6, 
8] less data are known about mechanical interactions and 

Table 2. Levels of auto PEEP in basal conditions, after 60 rain and 
after 12h of use of the HME (T60= 60rain, T12h = 12h) ( n =  10; 
~+SD)  

Basal (T60) 8 • 2cmH20 Basal (Tl2h) 8 .3+2.2 
Pall (T6o) 8.8 • 1.7 cmH20 Pall (T12h) 8.7 +_ 1.7 
Dar (T60) 8.3• 1.7cmH20 Dar (T12h) 8.4_+2 
Edith (T60) 8.1_+ 1.8cmH20 Edith (Tlzh) 8 .5+2 
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Table 3. Levels of dynamic hyperinflation, expressed as A FRC, in 
basal conditions, after 60min and after 12h of use of the HME 
(n = 10; X_+SD) 

Basal (T60) 363 + 73 ml Basal (T12h) 367 _+ 64 ml 
Pall (T60) 366_+ 78 ml Pail (T12h) 380 +_ 106 ml 
Dar (T60) 363_+88 ml Dar (Tlzh) 367_+ 86ml 
Edith (T60) 364 _+ 80 ml Edith (Tlzh) 365 +_ 75 ml 

flow resistance in basal condition and in relation to the 
duration of  use: in fact, the cycle of  use of  the HME 
should theoretically increase the water content, thus in- 
creasing resistance to breathing; Ploysongsang have re- 
cently reported that the flow resistance of various HMEs 
can considerably increase with increasing flow rates: 
moreover, with the same flow pattern, resistance to flow 
increases with increasing duration of continuous use [10] 
suggesting the possibility of interferences with the respi- 
ratory mechanics of  critically ill patients. 

COPD patients are characterized by the coexistence 
of increased lung compliance and airway resistances: par- 
ticularly the presence of an expiratory "flow limitation", 
can produce a passive expiratory flow so slow that the V t 
administered by the ventilator is not fully exhaled before 
the administration of  the next VL; in other words, the 
passive relaxation time is longer than the expiratory time 
setted on the ventilator: this can produce air trapping at 
alveolar level, with a consequent increase in alveolar pres- 
sure. 

This pressure, called "auto PEEP",  can easily be de- 
tected with a tele-expiratory airway occlusion manoeuvre 
[11]. However, the presence of the HME should cause an 
additive increase of  the air-trapping phenomena, increas- 
ing the level of auto PEER 

The first aim of  this study was to analyze the modifi- 
cations of auto PEEP and A FRC caused by the use of 
three different HMEs: as the HME needs a small period 
for heat and water "charge", we waited for 60 min to per- 
form our first series of  measurements. Nevertheless, the 
simple measurements at T60 do not completely represent 
the real clinical conditions of  use, as the duration of use 
is known to influence the HME flow resistance: therefore 
we performed the measurements again after 12 h of  use 
for each HME. We chose this delay for two reasons: (1) 
The resistance increase has been motivated with an in- 
crease of the amount  of water trapped in the HME: our 
unpublished data have shown how the weight increase of  
the three tested HME declines after 2 -  8 h of continuous 
use and (2) adopting 12 h of  continuous use for each 
HME, the study takes longer than 36 h; in this period the 
basal conditions of RAW and auto PEEP can significant- 
ly vary, making it impossible to continue the study; if we 
had used a time of 24 h (i.e. the maximal duty time of  the 
HME), no patient would have concluded the study. Our 
results have shown how the use of  HMEs do not produce 
significant variations of auto PEEP and A FRC in 
COPD patients mechanically ventilated in CMV with 
V m i n ~  10 l: this stability is observed either with a "new" 
H ME (T60) or after 12 h of  use. 

This observation needs to be discussed, because it is 
probably different from what one would expect; in the 
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conditions observed during our study, the HME acts as 
a flow resistance below a greater flow limitation repre- 
sented by the small airways; therefore the expiratory flow 
through the HME is low, and this can explain the absence 
of significant alterations in terms of dynamic hyperinfla- 
tion and auto PEER The problem should be different 
during the weaning phase as, with the return of a sponta- 
neous breathing activity, the resistive load represented by 
the HME could increase the work of  breathing and ag- 
gravate respiratory muscle fatigue: more studies are need- 
ed in this sense. 

In conclusion, this study has not shown significant 
modifications, related to the use of  HME, in auto PEEP 
and A FRC values of COPD patients mechanically venti- 
lated during acute respiratory failure. 
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