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Respiratory mechanical 
properties during 
fentanyl and alfentanil 
anaesthesia P.P. Ruiz Neto MD PhO,* J.O.C Auler Jr. MI~ PhDt 

The purpose o f  this study was to assess the effects on respiratory 

mechanics o f  fentanyl and alfentanil in 20 subjects to be sub- 

mitted to coronary artery bypass grafting. Using the end 
inflation occlusion method ( EI OM ) we obtained the elastance ( E ) 

and resistance (R) o f  the total respiratory system (rs)' thoracic 

wall (w) and lungs (t). The total respiratory system was divided 
into thoracic wall and lungs by using an oesophageal catheter. 

The data were recorded before, immediately after, and two, f ive 

and ten minutes after fentanyl and alfentanil iv bolus, at doses of  

30 and 120 i~g �9 kg -I, respectively. The Ers increased at two, f ive 

and ten minutes and the E L at ten minutes after drug administra- 

tion. The Rrs, min and RLmin increased at two, f ive and ten minutes 

and the Rt, max at five and ten minutes. Both drugs provoked no 

change in Ew or Rw. It is concluded that the increases in Rrs.mtn 

and RLmin could be explained by opioid bronchoconstriction. No 

differences were found between the effects o f  fentanyl and 
alfentanil on respiratory mechanics. 

Le but de la pr#sente dtude est d'#valuer les effets du fentanyl 

et de l'alfentanil sur la m~canique ventUatoire de patients 

devant subir un pontage aorto-coronarien sous anesthdsie 
gdn~rale. Les patients sont distribuds de fa fon  aldatoire en un 

groupe fentanyl (n = 10) et un groupe alfentanil (n = 10). 

L'~lastance (E) et la r~sistance (R) des poumons (L), de la 

cage thoracique (W) et de tout le syst~me mdcanique yen, 

tilatoire (rs) sont ddtermin~s par des mesures faites en fin 
d'inspiration apr~s occlusion des voies a#riennes. Un cathdter 
oesophagien branchd ~ un manom~tre est utilisd pour dvaluer 

la pression pleurale, afin de permettre le calcul des param~tres 
de chacune des composantes du syst~me m~canique ven- 
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tilatoire. Les mesures sont faites avant, immddiatement aprds, 

puis 2, 5 et 10 minutes apr~s l'injection rapide de fentanyl 30 
txg "kg -t ou d' alfentani1120 tzg �9 kg -I. Les r~sultats d~montrent 

que Ers, Rrs, min et RLmin augmentent 2, 5 et 10 minutes apr~s 
l' administration de fentanyl ou d' alfentanil. Les deux narcoti- 

ques causent une augmentation similaire de EL 10 minutes 

apr~s leur injection et de Rt~ma x fi partir de 5 minutes suivant 

leur administration. Les deux agents sont d~pourvus d' effet sur 

E we t  R w. En conclusion: 1) le fentanyl et l'alfentanil ont des 

effets comparables sur la mdcanique ventilatoire;2) les 

augmentations de Rrs, min et RLmin sont probablement dues ?t un 
effet constrictif des narcotiques sur les muscles lisses bronchi- 

ques. 

Milic-Emili et al. I have suggested that the use of the end 
inflation airway occlusion method (EIOM) during con- 
stant-flow inflation allows a comprehensive understanding 
of the actions of general anaesthetics on static elastance 
(Ers) and resistance (Rrs) of the respiratory system. 

Taeger et al. 2 reported that a high percentage of fentanyl 
and alfentanil was sequestrated in the lung after iv admin- 
istration. They suggested that the binding sites could be 
located in alveolar surfactant. On the other hand the action 
of opioids on smooth bronchial muscles is to cause bron- 
choconstriction. 3 

Although the actions of opioids on the cardiovascular 
system are well described, little information is available on 
their effects on respiratory mechanics. Considering the 
pulmonary kinetics of opioids and their possible effects on 
bronchial smooth muscle, we investigated the effects of iv 

fentanyl and alfentanil on respiratory mechanics in patients 
submitted to cardiac surgery. 

Methods 
After approval by our hospital ethics committee and pa- 
tients' informed consent, we studied 20 randomly selected 
patients scheduled for elective coronary artery bypass 
surgery. Patients aged less than 60 yr, without previous 
thoracic surgery or deformity, with no acute or chronic 
pulmonary disease, and in absence of obesity assessed by 
the mass body index, who belonged to Group I or II of the 
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FIGURE 1 Detail of the tracings obtained from one patient. From 
top to bottom: tracings of oesophageal pressure (P~), flow (V), tra- 
cheal pressure (Ptr)" Ptr,max tracheal pressure immediately before end- 
inspiration airway occlusion. Ptr.i indicates the end of the rapid drop of 
tracheal pressure. Ptr.el indicates the plateau of the tracheal pressure. 

New York Heart Association and the Canadian Cardiovas- 
cular Society were entered into the study. 

Patients were randomly divided into two groups of ten 
subjects according to the opioid to be studied. Preme- 
dication consisted of midazolam 15 mg po ,  one hour 
before surgery. Monitoring consisted of invasive arterial 
and central venous blood pressure measures and ECG. 
After midazolam 0.3-0.4 mg. kg -I iv, tracheal intubation 
was facilitated by pancuronium bromide 0.12 mg- kg -l iv. 

The lungs were ventilated using a Bear 5 ventilator (Bear 
Med. Systems, Inc. Riverside, CA, USA) set to provide a 
tidal volume of 12 ml, kg -l and a respiratory rate of 10 
cycles, min -j with an F I t  2 of 1.0. Arterial blood samples 
were withdrawn to measure P a t  2 and P a C t  2, which 
remained within normal limits. Pleural pressure (Ppl) was 
estimated from oesophageal pressure (Pes). A polyethylene 
catheter (ID 1.4 mm, length 100 cm) with a multiperfor- 
ated extremity sealed by a 12 cm • 4.0 cm latex balloon 
was placed in the oesophageal lumen. The oesophageal 
catheter was fixed at the point where the maximal varia- 
tion of oesophageal pressure was achieved, and a constant 
rate of rise in oesophageal pressure was recorded during 
positive-pressure ventilation. 

The balloon was filled with 0.5 to 1.0 ml of air and 
oesophageal pressure was measured by a Hewlett-Packard 
1280C pressure transducer. The volume-pressure curve of 
the balloon was flat between 0.2-5.0 ml. Once Pes was 
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measured, the respiratory system was divided into two 
components, chest wall and lungs, as described by 
Behrakis et al. 4 Signals of tracheal pressure and flow were 
obtained on line from the ventilator and recorded on a 
Hewlett-Packard HP 7700 pen recorder. Tidal volume 
(VT) was obtained by electronic integration of the flow 
(V) signal (see Figure 1). 

Airway occlusion at end-inspiration was performed 
setting an inspiratory pause of two seconds to the ventila- 
tor. Inspiration always began from the elastic equilibrium 
point of the respiratory system with all pressure and flow 
tracings returning to the base line. 

Elastance of the respiratory system (Ers) was calculated 
by dividing the end-inspiratory plateau pressure (respira- 
tory system elastic recoil pressure - Pel,rs) by tidal vol- 
ume, or  Pel,rs/VT. Similarly, chest wall elastance (Ew) was 
obtained from Pel,esPCr. Lung elastance (EL) was obtained 
subtracting E w from Ers. 

The respiratory system resistance (Rrs,max) was calculat- 
ed from the analysis of EIOM, 5 by dividing the difference 
of peak tracheal pressure (Ptr,max) and Pel,rs by the flow 
('V) immediately before occlusion. Chest wall resistance 
Rw,ma x was equal to Pes,max - Pel,es/~/" Lung resistance 
RL,ma x was calculated by subtracting Rw,ma x from Rrs,max. 

The EIOM allows the respiratory resistance to be 
studied by dividing it into two subcomponents. The 
homogeneous subcomponent, R~,~n o r  Rint,rs I is associated 
with frictional forces developed during gas flow in the 
central airway. It can be calculated from the first of the 
two-step decrease in pressure observed after end- 
inspiratory airway occlusion, or  (Ptr, max - Ptr,i)/~/" From 
Ptr,i, tracheal pressure decay decreases until Pel,rs is 
reached. This second step results from stress relaxation 
and pendelluft, which are mechanisms existing within the 
lung parenchyma. They are associated with non-homoge- 
neous respiratory resistance, Rrs,, or ARts.  I Rrs,u is ex- 
pressed by (Ptr, i - Pel,rs) P~/" The same mathematical treat- 
ment was performed with oesophageal pressure, obtaining 
resistance values for chest wall (Rw.mi n and Rw,u). Subtract- 
ing the resistance subcomponents of the chest wall from 
respiratory system subcomponents, values of lung resist- 
ances (RL,mi n and RL,u) can be obtained. 

After orotracheal intubation, manual pulmonary hyper- 
expansion was performed to avoid atelectasis before 
commencing the investigation. The values of the equip- 
ment resistance were subtracted and the results represent 
patients' intrinsic values for resistance and elastance, 
excluding the upper airways. To calculate the elastance of 
the equipment, the breathing circuit was occluded and a 
known amount of air was injected into the system. The 
increasing pressure of the breathing system, Pequip' w a s  
recorded. The ratio between Pequip and the volume injected 
provided the elastance of the equipment. 
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TABLE 1 Coefficients of the function relating Pros and flow and 
values of resistive pressure to be subtracted from the tracheal tubes 
plus connectors used 

Tracheal tube F 
(ram) a b r (cm H20 ) 

8.0 0.83 1.65 0.996 6.44 
8.5 0.80 1.63 0.997 6.02 
9.0 0.79 1.61 0.997 5.88 

r - Coefficient of correlation of the function relating Pm and flow. 
F - Value of the resistive pressure at 1.0 L- sec -l to be subtracted. 
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TABLE II Demographic data 

Sex 
Age Weight Height BM! 
(yr) M F (kg) (cm) (kg.m -2) 

Fentanyl 49.9 10 0 73.2 168 25.2 
(7.5) (5.7) (0) (0.9) 

Alfentanil 49.6 9 1 68.3 167 24.5 
(8.7) (5.7) (0) (2.2) 

Mean (SD). 
BMI: Body Mass Index. 

The flow resistive properties of the equipment (tracheal 
tubes plus connectors) were calculated using experimental  
inspiratory flow of  1 L . s  -1 and 100% oxygen, as 

described previously. 4 The relationship between resistive 
pressure (Pres) and flow (~/) was always curvilinear and 
best fitted by the function Pros = a - Q  b, where a is the 
equipment resistive pressure at "~/of 1 L .  sec -1 and b is a 

dimensionless index that describes the shape of  the curve. 
The coefficients a and b obtained for the different tracheal 
tubes used in the study are described in Table I. 

The accuracy of  the flow signal was tested by compar- 
ing different volumes provided by the ventilator (elec- 
tronically integrated flow signal) with volumes simulta- 
neously measured by a dry spirometer, within the range of  
tidal volume (VT) used in the study. 

The transducers that measured Ptr and Pes were cali- 
brated by applying 5-sec PEEP plateaus of  5, 10, 15, 20 
cm H20 during the ventilation of  a rubber balloon. The 
values provided by the electronic display were compared 
with those measured by the aneroid manometer  of  the 
ventilator and with a calibrated pressure transducer 
Hewlett-Packard 270. Values of  flow, Ptr and Pes provided 
differed less than 1% from those measured by the refer- 

ence equipment. 
Measurements were taken before administration of  the 

opioids, and immediately (0), two, five and ten minutes 
after injection of  fentanyl, 30 I~g" kg -l  or alfentanil, 120 
I~g' kg -1. Both drugs were administered via a central 
venous line. Mean values of  three measurements were 

FIGURE 2 Mean values of respiratory system resistances before and 
after (O) fentanyl and (@) alfentanil. Upper, middle, and lower panels 
correspond, respectively, to total (max), homogeneous (min) and non- 
homogeneous (u) resistances. Bars represent SD. 

TABLE III Mean values (SD) of respiratory system resistances 
before and after (FG) fentanyl and (AG) alfentanil. 

Rrs, max Rrs, min Rrs, u 

FG AG FG AG FG AG 

Before 5.87 6.07 3.61 3.98 2.25 2.08 
(1.42) (2 .43)  (0 .90)  (2 .41)  (0 .66)  (0.74) 

0' 6.21 6.44 3.47 4.45 2.46 1.98 
(1.25) (2 .82)  (0 .66)  (2 .58)  (0 .84)  (0.54) 

2' 6.39 6.95 3.97 4.86 2.41 1.98 
(1.33) (2 .87)  (0 .80)  (2 .88)  (0.73) 0.47) 

5' 6.68 6.87 4.16 4.85 2.52 2.01 
(1.45) (3 .14)  (0 .72)  (2 .86)  (0 .86)  (0.65) 

10' 6.85 7.11 4.30 4.93 2.54 2.17 
(I.50) (3 .64)  (0 .82)  (3 .18)  (0 .81)  (0.84) 
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FIGURE 3 Mean values of pulmonary resistances before and after 
(O) fentanyl and (0) alfentanil. Upper, middle, and lower panels 
correspond, respectively, to total (max), homogeneous (min) and non- 
homogeneous (u) resistances. Bars represent SD. 

FIGURE 4 Mean values of chest wall resistances before and after 
(O) fentanyl and (@) alfentanil. Upper, middle, and lower panels 
correspond, respectively, to total (max), homogeneous (min) and non- 
homogeneous (u) resistances. Bars represent SD. 

made at each of the five sampling times and were analysed 
by profile analysis. 6 For this purpose we employed the 
statistical software SAS - statistical analysis system. 7 The 
significance level was established at 0.05. 

Results 
Table II describes the subjects studied. Figures 2, 3, 4 
and Tables III, IV, V show values (mean ___ SD) of  
resistance for respiratory system (R~,ma x, Rrs,min and 
Rrs,u), lungs (RL,max, RL, min and RL,u) and chest wall 
(Rw,ma x, Rw,mi n and Rw,u). Figure 5 and Table VI show 
values (mean _ SD) of  E~s, E w and E L. 

No differences between the effects of  fentanyl and 
alfentanil upon mechanical properties of  the respiratory 
system, lungs and chest wall were demonstrated. Both 
drugs produced an increase in homogeneous respiratory 

TABLE IV Mean values (SD) of pulmonary resistances before and 
after (FG) fentanyl and (AG) alfentanil 

RLmax RLmin RLu 

FG AG FG AG FG AG 

Before 4.67 5.05 3.21 3.59 1.47 1.45 
(1.35) (2 .55)  (0 .91)  (2 .45)  (0 .80)  (0.73) 

0' 5.01 5.38 3.34 4.09 1.68 1.29 
(1.12) (3 .02)  (0 .59)  (2 .62)  (0 .90)  (0.66) 

2' 5.26 5.84 3.62 4.53 1.64 1.31 
(1.25) (3 .15)  (0 .80)  (2 .96)  (0 .79)  (0.46) 

5' 5.57 5.89 3.77 4.49 1.80 1.40 
(1.38) (3 .32)  (0 .75)  (2 .94)  (0 .91)  (0.71) 

10' 5.73 6.08 3.97 4.62 1.75 1.45 
(1.48) (3 .79)  (0 .81)  (3 .22)  (0 .91)  (0.91) 
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TABLE V Mean values (SD) of chest wall resistances before and 
after (FG) fentanyl and (AG) alfentanil 

Rw, max Rw, min Rw, u 

FG AG FG AG FG AG 

Before 1.18 1.02 0.40 0.39 0.78 0.63 
(0.57) (0.46) (0.21) (0.14) (0.48) (0.35) 

O' 1.17 1.06 0.39 0.36 0.78 0.69 
(0.52) (0.42) (0.16) (0.14) (0.46) (0.32) 

2' 1.12 1.01 0.35 0.34 0.76 0.63 
(0.55) (0.39) (0.15) (0.14) (0.48) (O.28) 

5' 1.11 0.97 0.35 0.36 0.76 0.61 
(0.51) (0.36) (0.14) (0.15) (0.48) (0.25) 

10' 1.12 1.03 0.33 0.33 0.79 0.71 
(0.55) (0.39) (0.09) (0.13) (0.50) (0.30) 

FIGURE 5 Mean values of elastances before and after (O) fentanyl 
and (O) alfentanil. Upper, middle, and lower panels correspond, 
respectively, to respiratory system (is), pulmonary (L) and chest wall 
(w) elastances. Bars represent SD. 

system resistance (Rrs,min) at two, five and ten minutes, 
compared with control. Fentanyl and alfentanil also 
produced increases in homogeneous pulmonary resistance 
(RL,min) and in respiratory system elastance (Ers) at two, 
five and ten minutes. For both drugs, increases in pulmo- 
nary resistance (RL,rnax) occurred at five and ten minutes, 
and in pulmonary elastance (EL) at ten minutes. 

The elastic-resistive properties of chest wall did not 
present significant changes after injection of both drugs. 

Discussion 
The changes in respiratory mechanics induced by specific 
intravenous anaesthetic drugs have received little attention. 
In this study the values of Ers before the opioids were 
similar to those described in studies performed in anaes- 
thetized subjects. 8-t~ The E~s was 12.46 _ 2.26 and 12.16 

_ 2.80 cmH20 �9 L -1 for the fentanyl and alfentanil groups 
respectively. Higher values for Ers have been described 
elsewhere although some studies assessed patients with 
pulmonary or valvular diseases. 8'11,12 Factors such as body 
weight, position and type of ventilation also influence 
respiratory mechanics. 8 

Muscle relaxants have no influence on mechanical 
respiratory properties, provided they do not increase 
plasma histamine concentration. 4'8'9 

There are few reports of E w in anaesthetized subjects 
but values of E w of 0.63, 2.06 and 6.06 cmH20" L -I have 
been reported. 9'13'14 In the present investigation E w was 
2.11 _ 0.43 cmH20 �9 L -1 and 3.2 _ 1.04 cmH20.  L -I for 
the fentanyl and alfentanil groups, respectively. The 
groups were statistically different before the use of the 
opioid and this can be explained by the individual variance 
of E w. For subsequent statistical analysis of the effects of 
both drugs on E w, the E w measured before each opioid was 
considered as a covariable. 

Values of Ers, E L and E w after anaesthetic induction and 
before opioid administration were already higher than 
those obtained from conscious subjects. 8'1~ Elastance 
can be increased during anaesthesia by many mechanisms, 
such as decrease of functional residual capacity and 
subsequent development of atelectasis, pulmonary vascu- 
lar congestion and accumulation of interstitial fluid, 
changes in inspired gas distribution, disfunction in 
surfactant substance and by the action of anaesthetic 
agents upon airway smooth muscles or even a combination 
of these. 8 

The fact E L increased only ten minutes after opioid 
administration makes it difficult to believe that the opioid 
lung sequestration provoked changes in the elastic prop- 
erties of the respiratory system. As both drugs present an 
immediate period of lung sequestration after iv injection, 2 
earlier changes in lung elastance would be expected. On 
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TABLE VI Mean values (SD) ofelastances before and after (FG) 
fentanyl and (AG) alfentanil 

FG AG FG AG FG AG 

Before 12.46 12.16 2.11 3.2 10.35 8.96 
(2.26) (2.80) (0.43) (1.04) (2.22) (3.14) 

0' 12.52 12.45 2.18 3.44 10.33 9.0 
(2.56) (2.76) (0.43) (1.07) (2.50) (3.20) 

2' 12.78 12.72 2.24 3.50 10.54 9.22 
(2.42) (2.79) (0.50) (1.07) (2.38) (3.29) 

5' 12.69 12.77 2.24 3.48 10.45 9.29 
(2.42) (2.74) (0.55) (1.14) (2.45) (3.30) 

10' 13.20 13.19 2.23 3.36 10.97 9.83 
(2.83) (3.05) (0.51) (1.13) (2.77) (3.61) 

the other hand, fentanyl has a longer period of sequestra- 
tion in lung tissue 2 and we were not able to find a differ- 
ence between both opioids in respect to effects over 
mechanical respiratory properties. This supports the idea 
that lung sequestration is not a determining factor for the 
changes in elastic properties of the respiratory system. We 
were unable to explain why Ers changed two, five and ten 
minutes after drug administration while E L changed only 
at ten minutes despite no change in E w during the study. 

Changes in airway resistance could explain the variation 
in elastance. After anaesthetic induction and before opioid 
administration, we found values for respiratory system 
resistance (Rrs.max) of 5.87 --- 1.42 and 6.07 - 2.43 
cmH20 �9 L -~ �9 sec for the fentanyl and alfentanil groups. 
These findings are very similar to other investigations that 
studied anaesthetized subjectsJ 6-2~ Some authors found 
values of Rrs.max as 7.9 and 8.8 cmH20. L -1. sec, 21-22 
which were larger than in the present study, although they 
did not discuss the resistance of the equipment or the level 
of hypocarbia obtained for establishment of apnoea. Both 
factors could change R~,ma x. Behrakis eta/ .  4'23 employing 
a method similar to the present study observed smaller 
values for Rrs,max. The presence of lung disease in subjects 
studied and different ventilatory settings of the ventilator 
may also explain discrepancies described in literature. 24 

Pulmonary resistances RL,ma x of 4.67 +_ 1.35 and 5.05 
+-- 2.55 cmH20-L- l - sec  for fentanyl and alfentanil 
groups, assessed after induction and before opioids, were 
also similar to those described in literature, which ranged 
from 4.9 to 5.2 cmH20. L - l .  sec. 8'25 Values of RL,ma x 
slightly larger 6.1 cmH20 �9 L -l-  sec and smaller, 3.9 and 
3.7 cmH20. L-l .sec have also been described, s In the 
first study equipment resistance was not considered and in 
the second study the use of a bronchodilating anaesthetic 
agent, 1% and 2% isoflurane may again explain the 
discrepancies found. Behrakis et al. 4 found even smaller 

values for RL,max, 0.8 cmH20 �9 L -I" sec, and they had diffi- 
culties in explaining their results. Factors such as age, use 
of atropine or halogenated anaesthetics, and the methods 
employed were suggested but no clear explanation was 
found. 

Our findings for Rw,ma x after induction and before 
opioids were similar to the only investigation found where 
this variable was studied during anaesthesia. 4 No other 
study has assessed the effects of general anaesthetics on 
the two subcomponents of resistance chest wall, Rw,mi n and 
Rw, u �9 

In our patients, the relationship between Rrs,u and Rrs,min 
before opioids was around 30% which is acceptable for 
normal subjects. Patients with ARDS present higher values 
for Rrs,u, which increases the relationship. 24 

Similarly in studying the respiratory elastic properties, 
there were no differences between fentanyl and alfentanil, 
concerning the flow resistive properties of the respiratory 
system, lungs and chest wall. 

Pulmonary resistance (RL.max) increased at five and ten 
minutes after both drugs. This may explain the higher 
values of pulmonary elastance observed at ten minutes. 
The non-homogeneous subcomponent of respiratory 
system and pulmonary resistances (Rrs,min and RL,min) pre- 
sented similar variation of E~s, or showed increases at two, 
five and ten minutes. The increase of this subcomponent 
of resistance may explain the variation of Ers. Based upon 
previous studies 5'26 the homogeneous subcomponent of 
resistance (R, min ) is associated to the central portion of 
airways, or those where there are smooth muscles. Any 
drug promoting contraction of those muscles may increase 
Rrs,min or RL,min, and consequently Ers. 

Parasympathetic pathways play an important role on the 
tone of respiratory smooth muscles. 27 Opioids used in 
moderate to large doses, as in the present study, may 
decrease the amount of circulating catecholamines making 
the autonomic nervous system balance tend to cholinergic 
influence. Opioid cholinergic action can increase bronchial 
smooth muscle tone, 2'28 even when small doses of opioids 
are used. 29 Opioid histamine release could also explain the 
increase of Rrs, although histamine liberation has not been 
demonstrated for fentanyl and alfentanil. 

Both the non-homogeneous subcomponent of respira- 
tory (R~,,) and pulmonary (RL.,) resistances, associated 
with mechanisms occurring within lung tissue, did not 
change after either opioid. Thus, the opioids did not act at 
the lung tissue level, and the lung sequestration did not 
affect flow-resistive characteristics of the respiratory 
system. Chest wall resistances did not change after either 
opioid and, in the conditions of the present investigation, 
they do not contribute to the variation of respiratory 
resistance and elastance. 

We concluded that there is no difference between 
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fentanyl and alfentanil with regard to the effects on 
mechanical properties of respiratory system. The changes 
observed in elastance and resistance of  the respiratory 
system and lungs might have originated by opioid action 
or bronchial smooth muscle. 

Although we were able to observe changes in some 
respiratory mechanical properties, they did not cause 
clinical effects in the patients studied. This might be 
because we investigated patients with normal lung func- 
tion. Subjects with pulmonary disease may present differ- 
ent behaviour. It would be helpful to perform further 
investigations to assess the effects of  opioids on the 
respiratory mechanics of  patients with lung disease using 
the EIOM. 
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