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Brief Reports 

Water flow between the 
upper esophagus and 
pharynx for the LMA 
and COPA in fresh 
cadavers J. Brimacombe MB CHB FRCA MD,* 

C. Keller MD 

Purpose: In this randomised, crossover cadaver study, we determine the esophageal pressure (EP) at which 
water flow occurs between the upper esophagus and pharynx for the laryngeal mask airway (LMA) and cuffed 
oropharyngeal airway (COPA). 
Methods:  Ten male and ten female cadavers were studied. The infusion set of a pressure controlled, continuous 
flow pump was inserted into the upper esophagus and ligated into place. The EP was increased in 2 cm H20 
increments. This was performed without an airway device (controls) and over a range of cuff volumes for the 
LMA (0-40 ml) and COPA (0-60 ml). Regurgitation pressure (RP) was the EP at which fluid was first seen with a 
fibreoptic scope in the hypopharynx (controls) and above or below the cuff (LMA and COPA). 
Results: The RP was higher for the LMA than for the COPA and controls (P < 0.0004), and RP was similar for 
COPA and controls. There was an increase in RP with increasing cuff volume for the LMA from 0 to I 0 ml (P < 
0.000 I). There were no increases in RP with increasing cuff volume for the COPA. The EP at which fluid leaked 
above and below the cuff was similar for the LMA at all cuff volumes. The EP at which fluid leaked above the cuff 
was higher than below the cuff for the COPA when the cuff volume was 40 ml (P < 0.0001 ). 
Conclusion: In fresh cadavers, the LMA provides better airway protection from fluid in the upper esophagus than 
the COPA. 
Ob jecdf :  DEterminer, par une Etude croisEe, randomis&, sur des cadavres, la pression cesophagienne (PO) 
laquelle I'eau s'&oule entre la partie sup&ieure de I'oesophage et le pharynx Iors de I'utilisation du masque laryn- 
gE (ML) et d'une sonde ~ baltonnet oropharyngienne (SBOP). 
M~.thode : Dix cadavres d'hommes et dix cadavres de femmes ont EtE &udi&. Le dispositif de perfusion, com- 
prenant une pompe ~ pression contr61& et ~ debit continu, a &E ins&Ee dans la pattie sup&ieure de rcesophage 
et ligature en place. La PO a &E augmentEe par paliers de 2 cm H20. Ce qui a &E rEalisE sans appareil d'intu- 
bation (pour le groupe tEmoin) et selon divers volumes de baflonnet pour le ML (0-40 ml) et la SBOP (0-60 ml). 
La pression de regurgitation (PR) &air la PO ~ laquelle le liquide ~tait vu pour la premi&e fois ~ I'aide du fibro- 
scope dans I'hypopharynx (tEmoins) et au-dessus ou au-dessous du ballonnet (ML et SBOP). 
R&sultats : La PR a ErE plus ElevEe avec le ML qu'avec la SBOP et les tEmoins (P < 0,0004), mais la PR a EtE 
semblable avec la SBOP et les tEmoins. La PR s'est accrue avec I'augmentation de volume du ballonnet de 0 ~ I 0 
ml, dans le cas du ML(P < 0,0001). II n'y a pas eu de hausse de la PR avec I'augmentation de volume du ballon- 
net dans le cas de la SBOR La PO ~ laquelle le liquide fuyait au-dessus et au-dessous du ballonnet a ~tE similaire 
pour le ML et tousles volumes de ballonnets. La PO ~ laquelle le liquide fuyait au-dessus du ballonnet a Et~ plus 
ElevEe que sous le ballonnet pour la SBOP quand te volume Etait 40 ml (P < 0,000 I). 
Conclusion : Sur des cadavres frais, le ML fournit une meifleure protection des voles a&iennes, que la SBOR 
contre le liquide present dans la partie sup&ieure de I'oesophage. 
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T 
H E  laryngeal mask airway (LMA) prevents 
water flow between the upper esophagus 
and pharynx in cadavers, probably by acting 
as a mechanical plug in the hypopharynx. I 

The cuffed oropharyngeal airway (COPA) forms a 
mechanical plug in the proximal pharynx, 2 exerts sub- 
stantial pressures against the pharyngeal mucosa 3 and 
displaces pharyngeal structures. 4 We postulated that 
the COPA would promote water flow by stretching 
pharyngeal muscles attached to the upper esophageal 
sphincter. In this randomised, controlled, crossover 
study, we determine the esophageal pressure (EP) at 
which water flows between the upper esophagus and 
pharynx for the LMA and COPA. 

Methods 
Ten male and ten female supine cadavers (6-24 hr post- 
mortem) were studied. Ethical committee approval and 
appropriate consent was obtained. Cadavers with 
esophageal or laryngo-pharyngeal pathology were 
excluded. After removal of  the anterior chest wall, the 
esophagus was incised 10 cm below the level of  the 
cricoid cartilage. The infusion set of  a calibrated, pres- 
sure controlled, continuous flow pump (AR-6450, 
Arthrex, Innsbruck, Austria); accurate to 2 cm H 2 0  
was inserted through the esophageal stump and ligated 
into position, 5 cm below the cricoid cartilage. An 
esophageal pouch was created to prevent water flowing 
distally. A fibreoptic scope was positioned in the laryn- 
gopharynx to provide a view of  the hypopharynx. The 
EP was increased from 0 cm H 2 0  in 2 cm H 2 0  incre- 
ments every 15 sec and the EP noted when water first 
became visible (controls). An experienced 
L M A / C O P A  user then inserted/fixed the LMA or 
COPA into each patient in random order. A #10 COPA 
and #4 LMA were used for females; a #11 COPA and 
#5 LMA were used for males. Two fibreoptic scopes 
were inserted: one was positioned in the oropharynx to 
provide a view of  the proximal cuff (supracuff); anoth- 
er was passed through the LMA/COPA tube and posi- 
tioned to provide a view below the cuff (infracuff). The 
EP was increased as in the control group and the EP 
noted when water first appeared above and below the 
cuff. This was performed at zero cuff volume and 
repeated after each additional 10 ml up to 40 ml for the 
LMA and 60 ml for the COPA. Measurements for the 
LMA were made with the head/neck in the neutral 
position, and for the COPA and controls with chin lift 
applied. Between each measurement, the water was 
removed from the pharynx and lungs and the infusion 
set opened and all fluid drained from the upper esoph- 
agus. The accuracy of  the fibreoptic detection of  fluid 
was confirmed by noting fluid dripping from the bag of  

the infusion set. Regurgitation pressure (RP) was 
defined as the EP at which fluid was first seen in the 
hypopharynx for the controls and above or below the 
cuff for the COPA and LMA. 

Statistical analysis was with paired t test, Friedman's 
two-way analysis of  variance and Chi squared test. 
Significance was taken as P < 0.05. 

Results 
The mean (range) age, height and weight were 74 (59- 
83) yr, 167 (150-188) cm and 71 (57-87) kg respec- 
tively. The EP at which fluid was seen without any 
airway device was 9 (8-10) cm H 2 0  and the EP at 
which fluid was seen below the cuff over the inflation 
range was higher for the LMA than the COPA (P < 
0.0001) (Table). The EP at which fluid was seen above 
the cuff over the inflation range was higher for the 
LMA than the COPA (P < 0.0001). The RP was high- 
er for the LMA than for the COPA at all cuff volumes 
(P  < 0.0004), but was similar for the COPA and the 
control measurements. There was an increase in RP 
with increasing cuff volume for the LMA from 0 to 10 
rnl (P < 0.0001), but no changes thereafter. There were 
no increases in RP with increasing cuff volume for the 
COPA. The EP at which fluid was seen above and 
below the cuff was similar for the LMA at all cuff vol- 
umes. The EP at which fluid was seen above the cuff 
was higher than below the cuff for the COPA when the 
cuff volume was 40 ml or higher (P  < 0.0001). 

Discussion 
We found that the LMA was a more effective barrier 
to water flow between the esophagus and pharynx 
than the COPA. The mean EPs at which fluid entered 
the pharynx with the LMA and COPA were 40 and 9 
cm H 2 0  respectively. During spontaneous gastro- 

TABLE Esophageal pressures at which fluid first appeared above 
(supracuff) or below (infracuff) the cuff for the laryngeal mask air- 
way (LMA) and cuffed oropharyngeal airway (COPA) with 
increasing cuff volume. Data are mean (95% CI). Pressures are in 
cm H20. 

Cuff 
rot (too 

LMA COPA 
Supracuff Infracuff Suprar Infracuff 

0 15 (12-17) 14 (12-I7) 9 (8-11) 9 (8-11) 
10 43 (35-50) 42 (33-50) 10 (8-11) 9 (7-12) 
20 47 (39-54) 47 (39-54) 10 (9-12) 9 (8-11) 
30 49 (42-56) 47 (39:55) 11 (9-12) 9 (8-10) 
40 49 (41-56) 48 (40-56) 13 (11-16) 9 (8-10) 
50 20 (19-22) 9 (8-11) 
60 23 (21-25) 9 (8-11) 
Overall 40 (37-44) 40 (36-44) 14 (13-15) 9 (9-10) 
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esophageal reflux or vomiting, intragastric pressure 
equals EP with the creation of a common cavity. 
Intragasttic pressure in the starved human is 10-30 cm 
H20,s but exceeds 60 cm H20 during vomiting. 6 
This suggests that the LMA, but not the COPA, will 
protect the airway from gastro-esophageal reflux and 
that neither device will protect the airway from vom- 
iting. For the LMA, this provides a possible explana- 
tion for the low incidence of clinically detected 
aspiration (2:10,000). 7 Large scale data about aspira- 
tion is lacking for the COPA, but one study reported 
that the incidence was 1:300. 2 

We found that the COPA did not promote water 
flow between the esophagus and pharynx compared 
with controls. This suggests that the upper esophageal 
sphincter is unaffected by the forces generated in the 
proximal pharynx when the COPA cuff is inflated. We 
also found that the EP at which fluid appeared above 
and below the cuff was similar for the LMA, but that 
fluid appeared above the cuff at higher EP for the 
COPA. This suggests that regurgitation will be detect- 
ed earlier with the LMA than with the COPA. 

Our study was conducted in cadavers and the 
applicability of our findings to the anesthetised patient 
is uncertain. However, cadavers have been used exten- 
sively in cricoid pressure research s and a recent study 
showed that pharyngeal compliance was similar in 
fresh cadavers and paralysed anesthetised patients. 9 

We conclude that in fresh cadavers, the LMA pro- 
vides better airway protection from fluid in the upper 
esophagus than the COPA. 

6 Marchand P. A study of the forces productive of gas- 
tro-esophageal regurgitation and herniation through 
the diaphragmatic hiatus. Thorax 1957; 12: 189. 

7 BrimacombeJ. The advantages of the LMA over the 
tracheal tube or facemask: a meta-analysis. Can J 
Anaesth 1995; 42: 1017-23. 

8 BrimacombeJR, Berry AM. Cricoid pressure. Can J 
Anaesth 1997; 44: 414-25. 

9 BrimacombeJ, Keller C, Gunkel AR, Piihringer F. The 
influence of the tonsillar gag on efficacy of seal, 
anatomic position, airway patency and airway protec- 
tion with the flexible laryngeal mask airway: a random- 
ized, crossover study of fresh, adult cadavers. Anesth 
Analg 1999; 89: 181-6. 
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