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Location and Internal Pressure of Esophageal Cuffs for
Alternative Airways in Humans
—Combitube vs. SUMIWAY-WB®—
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Abstract : Alternative airways, such as the esophageal-tracheal combitube (ECT), are as impor-
tant as endotracheal intubation for airway management in prehospital care. Following our ex-
perience of an esophageal rupture that occurred during cardiac massage with intubation of a
Sengstaken—Blakemore tube (SBT) in a patient with cardiopulmonary arrest due to a gastric
varicose vein rupture, we investigated the pressure in the esophageal cuffs of alternative airways
in cases undergoing cardiac massage under similar conditions. Furthermore, we investigated
the location and esophageal cuff pressure of ECT and an esophageal obturator airway, SUMI-
WAY-WB® (WB), which are alternative airways approved in prehospital care in Ja-
pan. [Methods] The esophageal cuffs of 3 devices, esophageal gastric tube airway (EGTA),
ECT, and WB, were filled with a specified volume of air and the internal pressures were
measured. ECT and WB were inserted in cases of unsuccessful resuscitation for CPA after con-
firmation of death. The esophageal cuff pressure was measured during cardiac massage, and
the location of the cuff was confirmed by chest X-ray and CT. [Results] The mean esophageal
cuff pressures were 52.4, 122, and 219.2 mmHg for ECT, EGTA, and WB, respectively, thus dem-
onstrating that the highest pressure was obtained with WB. The cuff pressure of the ECT did
not change during cardiac massage, but the pressure in the WB was affected by cardiac massage:
212 and over 280 mmHg, with and without compression, respectively. On imaging with the tube
inserted, the ECT was located in the suprasternal notch, but the WB was located on the caudal
side of the bifurcation of the trachea. [Conclusions] Compression injury of the esophagus and
surrounding tissues may occur during the application of WB due to the high pressure of the eso-
phageal cuff, and the fact that the cuff is located immediately below the sternal compression
site. A large—scale clinical survey is needed, and modification of such tubes should be considered
depending on the results.
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during prehospital first aid has been reported to be

Introduction

In July 2004, the application of endotracheal in-
tubation by paramedics was approved as a specified
procedure in Japan, due to the fact that prehospi-
tal first aid depends on these individuals.? How-

ever, the failure rate of endotracheal intubation

up to 50% in emergency care service systems that
encounter few cases that require intubation.??®
The success rates of intubation with the laryngeal
mask airway (LMA) and esophageal-tracheal com-
bitube (ECT), which are alternative airways that
have been approved for application by paramedics

in Japan since 1991, have been reported as being
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higher than that of endotracheal intubation, and
ventilation through these devices may be compara-
ble to that through endotracheal intubation.? Fu-
rthermore, the latest guidelines, AHA G2005, have
evaluated LAM and ECT as advanced airway de-
vices that are comparable to endotracheal in-
tubation.” LMA and ECT are thus considered to
be as important as endotracheal intubation as
methods of airway management in prehospital
care. Following our experience of an esophageal
rupture during cardiac massage with the intuba-
tion of a Sengstaken-Blakemore tube (SBT) in a
patient with cardiopulmonary arrest due to a gas-
tric varicose vein rupture,® we investigated the
pressure in the esophageal cuffs of alternative air-
ways in cases undergoing cardiac massage under
similar conditions. We also paid attention to the
influence of chest compression by cardiac massage
using ECT and an esophageal obturator airway de-
veloped in Japan, SUMIWAY-WB® (WB),7®
which are alternative airways frequently used in
prehospital care in Japan.

Subjects and Methods

Using these 3 types of alternative airway that

have been approved for application by paramedics
in Japan as of April 2006, esophageal gastric tube
airway (EGTA), ECT, and WB (Fig. 1), a specified
volume (20 ml for EGTA, 12ml for ECT, 20 ml for
WB) of air was infused into the esophageal cuff in
order to evaluate any changes in the elasticity of
the cuff material. After the cuffs were stable for
5 minutes, the internal pressure was then meas-
ured using a cuff manometer. The pressure was
measured 5 times in each device, and the mean was
regarded as the measured value.

Alternative airways (ECT and WB) are fre-
quently used at emergency sites in Japan in con-
junction with cardiac massage. Considering that
the measurement of esophageal cuff pressure in hu-
man subjects is necessary, we inserted ECT and
WB into 2 cases of an unsuccessful resuscitation
for CPA after confirmation of death and obtaining
consent from the family. The esophageal cuff
pressure was measured during cardiac massage by
connecting a blood pressure manometer to the pilot
balloon of the esophageal cuff. Case 1 was a 75—
year—old male, 163 cm in height and 70 kg in body
weight, and Case 2 was a 67-year—old male, 170 cm
in height and 70 kg in body weight. The cause of
CPA was endogenous disease in each case. The

Fig. 1. Photograph of the alternative airways and Sengstaken—Blake-
more tube

ECT : esophageal-tracheal combitube,

WB : SUMIWAY-WB® (esophageal obturator airway)
EGTA : esophageal gastric tube airway

SBT : Sengstaken—Blakemore tube
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maximum esophageal cuff pressure was measured
in the presence and absence of chest compres-
sion. The locations of the esophageal cuffs were
confirmed by plain chest X-ray and CT.

Results

1) Measurement of esophageal cuff pressure

The mean of the 5 measurements of esophageal
cuff pressure was 52.4, 122 and 219.2 mmHg for
ECT, EGTA, and WB, respectively, thus demon-
strating that the pressure exceeded the specified
esophageal balloon pressure of SBT (30~40 mmHg)
in all cuffs (Table 1). After death was confirmed,
the ECT and WB were inserted into the body, and
cardiac massage was performed, and the maximum
esophageal cuff pressure was measured. The re-
sults are shown in Table 2.

In ECT, the esophageal cuff pressure in the ab-
sence of chest compression was 100 mmHg in Case
1 and 90 mmHg in Case 2, thus indicating that the
pressure increased after insertion. However, the
pressures in the presence of sternal compression
were 102 and 94 mmHg, respectively, thus demon-
strating no marked changes in the maximum eso-
phageal cuff pressure. In contrast, for WB, the
pressure in the absence of compression was 212
mmHg in Case 1 and 250 mmHg in Case 2, and it in-
creased to greater than 280 and 300 mmHg, respec-
tively, in the presence of chest compression, thus
indicating that cardiac massage markedly in-

creased the esophageal cuff pressure.

2) Location of the esophageal cuff
In Case 1, the ECT and WB were inserted, con-

Table 1. Esophageal cuff pressure

Mean of 5 measurements
ECT EGTA WB SBT
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trast medium was infused into the esophageal cuff,
and a chest X-ray was taken to confirm the actual
location of the esophageal cuff (Fig. 2). The eso-
phageal cuff of the ECT was located in the su-
prasternal notch level, but that of the WB was
located on the caudal side of the bifurcation of the
trachea. The WB was also inserted in Case 2 after
confirmation of death. Contrast medium was in-
fused into the esophageal cuff, and posterior tho-
racic CT was performed (Fig. 3). The esophageal
cuff of the WB was inserted on the caudal side of
the bifurcation of the trachea.

Discussion

The AHA guidelines 2000 recommended the use
of the LMA and ECT as alternative airways for en-
dotracheal intubation. However, the guidelines
2005 (G2005) classified them as advanced airway
devices, similar to endotracheal intubation. G2005
provided more information on the use of LMA and
ECT, and limited their use only to paramedics who
had undergone sufficient training and actual
practice.” This indicates that LMA and ECT are
thus considered to be airway devices that are com-
parable to or more useful than endotracheal intuba-
tion, and LMA, ECT, and WB will undoubtedly
remain important airway devices for prehospital
care. However, complications may occur in the us-
age of these airway devices. The misplacement of
ECT into the trachea and esophageal injury remain
serious complications.?!® To our knowledge,
there has been no report of complications with WB,
which has been developed and used only in Japan,?®
during prehospital care.

The esophageal cuff pressure was far higher in
WB than in ECT, thus demonstrating that the eso-
phageal cuff of WB is very stiff. ECT was not af-
fected by chest compression, but the esophageal

52.4mmHeg 122 mmHg  219.2 mmHg 30-40 mmHg* cuff pressure in WB was markedly elevated by
*specified SBT esophageal cuff pressure chest compression. When contrast medium was in-
Table 2. Esophageal cuff pressure during cardiac massage
ECT WB
Case Without compression With compression Without compression With compression
No.1 75—1’32{; old 100 mmHg 102 mmHg 212 mmHg over 280 mmHg
No.2 67-year-old 90 mmHg 94 mmHg 250 mmHg over 300 mmHg

male
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Fig. 2.

Fig. 3.

A B

A chest X-ray radiograph of case No. 1 with the intubation of the ECT and
WB

A ECT

B:WB

arrow . esophageal cuff

The esophageal cuff of the ECT was located in the suprasternal notch level,
but that of the WB was located on the caudal side of the bifurcation of the
trachea.

A B

Chest X-ray and thoracic CT radiographs of case No. 2 with the intubation of
the WB

arrow . esophageal cuff

The esophageal cuff of the WB was located just under the sternum.

A @ Chest X-ray

B : Thoracic CT
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fused into the esophageal cuff, and the actual loca-
tion of the esophageal cuff was investigated, then
the cuff of the ECT was located in the suprasternal
notch level, but that of WB was located just under
the sternum where the chest compression is applied
The loca-

tion of the WB esophageal cuff was also confirmed

during cardiopulmonary resuscitation.

on CT, thus revealing that it was placed immedi-
ately below the region directly compressed by car-
diac massage. Based on these findings, compre-
ssion injury of the esophagus and surrounding tis-
sues may occur during the application of WB due
to the high esophageal cuff pressure. Injury may
also occur during the placement of such a hard cuff
in the esophagus immediately below the site of the
chest compressed. It is essential that the compres-
sion site during cardiac massage is accurate, and
paramedics should be well trained. A large-scale
clinical survey is needed, and modification of the
tube may be necessary depending on the findings
of such a study.

We expect that the WB, an advanced airway de-
vice unique to Japan, will be as useful as the ECT
in prehospital care. However, to date, there is in-
sufficient evidence to support the widespread use
of WB. As a matter of fact, our own regional fire
station does not yet employ WB. We hope that
this report will lead to a large—scale clinical survey

in regions where paramedics routinely use WB.
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