Upsala Journal of

UPSALA JOURNAL OF MEDICAL SCIENCES 2023, 128, €9212 . .
Medical Sciences

http://dx.doi.org/10.48101/ujms.v128.9212

ORIGINAL ARTICLE

Ventilation with the esophageal-tracheal Combitube during general anaesthesia:
assessing complications in 540 patients

Nicole Harrison?, Sahra Pajenda®, Lukasz Szarpak<, Anna-Maria Buschsieweke?, Mostafa Somri¢, Michael Frass?, Bern-
hard Panning’and Oliver Robak¢

2Department of Medicine |, Division of Infectious Diseases and Tropical Medicine, Medical University of Vienna, Vienna, Austria;
bDepartment of Medicine lll, Division of Nephrology, Medical University of Vienna, Vienna, Austria; ‘Department of Emergency
Medicine, Medical University of Warsaw, Poland; ‘Department of Medicine |, Intensive Care Unit, Medical University of Vienna, Vienna,
Austria; ©Department of Anaesthesiology, Bnai Zion Medical Centre, Haifa, Israel; Department of Anaesthesiology, Medical University
of Hannover, Hannover, Germany

ABSTRACT

Background: The esophageal-tracheal Combitube (ETC) was developed for the management of difficult
airways but can also be used for general anaesthesia.

Methods: This clinical study collected data from patients undergoing anaesthesia with the ETC in order to
assess the rate of complications.

Results: Five hundred forty patients were ventilated with the ETC. In 94.8% (512/540), insertion was per-
formed for the first time by the respective physician. The following minor complications were observed:
38.7% sore throat, 30.9% blood on tube as sign of mucosal lesions and 17.0% cyanotic tongue. Experience
decreased the risk of mucosal lesions (odds ratio [OR]: 2.3, 95% confidence interval [Cl]: 1.5-3.5). A higher
than recommended volume of the oropharyngeal cuff was associated with blood on the ETC (OR: 1.5, 95%
Cl: 1.0-2.3) and tongue cyanosis (OR: 2.3, 95% Cl: 1.4-3.7). Ventilation for more than 2 h was associated with
tongue cyanosis (OR: 2.2, 95% Cl: 1.6-3.1) and tongue protrusion (OR: 1.4, 95% Cl: 1.1-1.9).

Conclusion: We conclude that the Combitube may be used for short procedures requiring general anaes-
thesia, but the high rate of minor complications limits its value when other alternatives such as a laryngeal
mask airway are available. The tested method appears safe regarding major complications, but minor com-
plications are common. Adherence to recommended cuff volumes, experience with the ETC and limiting
its use to surgeries lasting less than 2 h might reduce the rate of complications.

ARTICLE HISTORY

Received 14 December 2022
Revised 16 March 2023
Accepted 16 March 2023
Published 21 April 2023

KEYWORDS
Combitube; ETC; general
anaesthesia; complications

Background that ventilation works equally well both in the tracheal and the

The Combitube (esophageal tracheal combitube, ETC; oesophageal position (2,15, 16).

Medtronic, Dublin, Ireland) was developed for the management
of difficult airway situations (1, 2). These are clinical situations in
which a trained anaesthesiologist experiences difficulties with
bag-mask ventilation, difficulties with endotracheal intubation
(ETI) or both (3). However, its ease of usage makes the ETC
applicable for utilisation in elective surgery, similar to the
laryngeal mask airway (LMA) (4). In contrast to the LMA (5-8),
there are only few studies for the use of the ETC during general
anaesthesia (9, 10).

Moreover, several authors recommended the use of the ETC
for elective surgery (9, 11-14).The advantages of the ETCinclude
inserting and securing an airway without the need for neck or
head positioning, minimised risk of aspiration, firm anchorage
of the device in the oropharynx after inflation of the respective
balloon, application of high respiratory pressures and the fact

Several smaller studies already evaluated the use of the ETC
during routine surgery with an overall of 524 patients (9, 10, 12,
17-20). Primary concerns are uncertainties about the
complication rate of the device, the difficulty of insertion and
the feasibility of utilisation during general anaesthesia. While
only few major complications are described in the literature,
Vezina et al. found that utilisation of the ETC during blind
insertion into the airway of critically ill emergency patients
resulted in a 4.3% incidence rate of major complications
(emphysema, tracheal injury, oesophageal perforation and
upper airway bleeding) (21). Similar complication rates are also
found after conventional ETI (22). However, several confounding
factors have to be considered when assessing the ETC in an
emergency setting. The traumatic impact of chest compressions
as well as trauma or illness leading to intubation can result in
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complications. Therefore, assessing the ETC as an airway device
in the standardised situation of an elective surgical procedure
allows for an elimination of these confounding factors and for
an evaluation of complications directly associated with ETC. We
therefore collected data from patients undergoing routine
anaesthesia with the ETC in order to assess the rate of
complications and whether the ETC can be used for mechanical
ventilation in daily practice. Insertion of an ETC is not a routine
strategy for airway management in elective surgery in our
institute. The reason for the application of this device for elective
surgery was that operators should be prepared for emergency
situations.

Methods

This clinical study was approved by the local Ethics Committee
of the Medical University of Hannover, Germany (No. 3846/2005).
Data were collected at the Department of Anaesthesiology at
the Medical University of Hannover. This was a clinical study
including patients with ETC used for airway management.
Patients were given oral and written information and signed
informed consent at least 2 days prior to intubation. Patients’
age, gender, body mass index (BMI) and type of planned
surgeries were recorded.

The patients’airways were classified according to Mallampati
(23). Patients were monitored by routine non-invasive measures
including electrocardiogram, pulse oxymetry, temperature,
non-invasive blood pressure measurement and capnography.
The patient’s mouth was opened with one hand, and the ETC
was inserted parallel to the patient’s chest, so as to facilitate
insertion until the black rings on the ETC were positioned at the
level of the patient’s maxillary teeth. Depending on the
preference of the respective physician, the ETC was either
positioned blindly and thereby usually entering the oesophagus
or by using a laryngoscope intentionally inserting it into the
esophagus.

The ETCis available in two different sizes: 37 F SA (small adult)
for patients up to 180 cm and 41 F for patients above 180 cm
(24). However, in literature, the 37 F version was used more often
because of its ease of insertion (9, 12, 17, 24-26), and the fact
that it was successfully used up to a patient’s height of 198 cm
(25, 27).

The volumes used to inflate the oropharyngeal and
oesophago-tracheal cuffs of the 37 F and the 41 F were 85 and
100 mL, respectively, for the proximal balloon (28) and 10 mL for
the distal balloon as recommended by the manufacturer. The
oropharyngeal and esophago-tracheal cuffs were inflated
successively one after another. Correct placement of the
respective device was confirmed by auscultation, oxymetry and
end-tidal CO2-concentration (EtCO2) measurements. In case of
failure to ventilate sufficiently or place the ETC correctly, a
conventional endotracheal airway was used as rescue device.

Block volumes of both cuffs were recorded.

With the ETC in place, tongue cyanosis and protrusion were
recorded if observed. Tongue protrusion measurement by help
of a measuring tape was part of the routine ETC use. After

removal, the ETC was inspected for traces of blood. Patients
were questioned about pain in the throat or oesophagus during
postoperative rounds. 24 h later, patients were asked again with
regard to potential discomfort. Minor complications were
defined as lasting for less than 24 h, while major complications
lasted for more than 24 h. Besides anesthesiologists, emergency
physicians and specialists in internal medicine inserted the ETC.

Statistical analysis

Data were tested for normal distribution, and analysis was
performed by univariate logistic regression; a P < 0.05 was
considered statistically significant. Results were presented as
odds ratios (ORs) with 95% confidence intervals. Descriptive
data were presented as mean with standard deviation (SD).
Analysis was done with SPSS version 23 (IBM, Armonk, NY, USA).

Results
General characteristics of study population

Five hundred forty patients underwent general anaesthesia for
an elective surgery and were ventilated with the ETC during the
entire procedure without switching to another airway device. To
ensure that the observed complications were associated with
ETC, only these patients were included in the final analysis. The
database contained a further 88 patients where the ETC was
initially used but then switched to another device. The reason
for switching was that surgery lasted for more than 2 h. As
observations as well as complications in these patients could
have been caused by both airways, those patients were excluded
from analysis.

In 94.8% (512/540), insertions of the ETC were performed for
the first time by the respective physician.

The characteristics of the study population (n = 540), the
medical procedures and the characteristics of the ETC are
summarised in Table 1.

Observations and complications with ETC during general
anaesthesia

Observations and minor complications were documented in
86% (464/540) of patients ventilated exclusively with ETC during
general anaesthesia. The most frequent observation was
protrusion of the tongue because of ETC in 50.4% of patients
(272/540). A significant protrusion of more than one centimetre
was observed in 10.64% (57/540). On average, the tongue
protruded 0.57 (SD £0.63) centimetres during the procedure.
The most often observed complication was sore throat occurring
in 38.7% (209/540) of patients after use of ETC with 5.2% (28/540)
of them complaining about severe pain. After removal of ETC, in
30.9% (167/540), blood was detected on the tube. In 24.1% of
patients (130/540), only traces of blood were noted; in 5.2%
(28/540), a moderate amount and in 1.7% (9/540), a significant
amount of blood was found on the tube. A cyanotic tongue was
observed in 17.0% (92/540) of patients. Only one case was



Table 1. General characteristics of study population, medical procedures,
and ETC.

Mean + SD or total
number and percentage

Characteristics of study population (n = 540)

Age (n =532), years 56.9+17
Sex (n = 540)

Male 430 (79.6%)
Female 110 (20.4%)
Weight (n = 502), kg 77.8+17.2
Size (n =502),cm 173.1+94
BMI (n =502) 258+49
ASA physical status (1 =517)

ASA | (healthy) 5(1%)
ASA Il (minor illness) 89 (17.2%)
ASA Il (severe iliness) 400 (77.4%)
ASA IV (life-threatening illness) 12 (2.3%)
ASAV (moribund) 11 (2.1%)
Type of surgery or medical procedure (n = 540) 200 (37.0%)
Pacemaker implantation 165 (30.6%)
Percutaneous ethanol injection 50 (9.3%)
Electroconvulsive therapy 17 (3.1%)
Magnetic resonance imaging 15 (2.8%)
Percutaneous transhepatic choledochal drainage 4(0.7%)
Endoscopic retrograde cholangiopancreatography 80 (14.8%)
Other surgeries 9(1.7)
Indication for ETC (n = 530)

Training 344 (64.9%)
Special indication* 63 (11.9%)
Anticipated difficult airway 57 (10.8%)
Difficult intubation 50 (9.4%)
Rapid-sequence induction 16 (3%)
Qualification of physician (n = 533)

Anaesthesiologist 396 (74.3%)
Other physicians 137 (25.7%)
Experience with ETC (n = 538)

Beginner (1-3 times ETC use) 210 (39%)
Experienced (>3 times ETC use) 328 (61%)
ETC size (n=508)

37F(SA) 459 (90.4%)
41F 49 (9.6%)
Insertion method (n=517)

Without laryngoscope 142 (27.5%)
With laryngoscope 375 (72.5%)
Number of number of attempts (n = 456)

Successful at first trial** 418 (91.7%)
More than one trial necessary 38 (8.3%)
Duration of ETC in situ (n=471)

<lh 175 (37.2%)
1to2h 191 (40.6%)
>2h 105 (22.3%)
Block volume oropharyngeal cuff (n = 452), mL

37 F (85 mL recommended) 925+ 19
41 F (100 mL recommended) 103.8+13
Block volume esophago-tracheal cuff (n =441), mL

37 F (10 mL recommended) 8.8+ 2.1
41 F (10 mL recommended) 11.9+3.8

ASA: American Society of Anesthesiologists Physical Status Classification
System; BMI: body mass index; ETC: esophageal-tracheal Combitube; SD:
standard deviation.

*Special indication: teeth assessment, vocal cord protection,
electroconvulsive therapy, MRI, avoiding movement of cervical spine;
**Successful ventilation assessed by lung auscultation.
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reported where severe tongue cyanosis prompted a change to a
different airway device. All complications disappeared within
24 h. No major complications or severe injuries (e.g. arterial
bleeding, stridor, fractures, etc.) were noted in any of the patients
ventilated with ETC.

Risk factors for complications with ETC

Using univariate logistic regression, risk factors were calculated for
the occurrence of the following complications: tongue cyanosis,
protrusion of tongue, blood on the tube and sore throat (see Table
2). Size and weight of the patient were significantly associated with
the risk for tongue cyanosis (OR: 0.96 and 0.98, respectively) or
protrusion (OR:0.95 and 0.98, respectively), but not the BMI. Female
patients showed a higher risk for protrusion of tongue (OR: 2.4) and
for suffering from sore throat (OR: 1.9). An American Society of
Anesthesiologists Physical Status Classification System (ASA) of llI
or higher, meaning that the patient was severely ill was significantly
associated with an increased risk for blood on the tube (OR: 2.0).
Experience with the use of ETC (more than three prior intubations
using this device) was associated with a decreased risk for mucosal
lesions (OR: 1.6). The use of ETC by a physician other than an
anaesthesiologist was associated with an increased risk for blood
on the tube (OR: 2.3). A longer duration of the ETC in situ showed
an increase for tongue cyanosis (OR: 2.2) and for tongue protrusion
(OR: 1.4). A block volume of the oropharyngeal cuff that exceeded
the recommended volume was associated with an increase of
tongue cyanosis (OR: 2.3) and of blood on the tube (OR: 1.5). On the
other side, a higher block volume for the esophago-tracheal cuff
(more than 10 mL) was associated with a decreased risk for tongue
cyanosis (OR: 0.5) and tongue protrusion (OR: 0.5).

Reasons for switching ETC to other airway device

The database contained 88 cases where the ETC was initially
used for airway management but then changed to another
airway device. ETC was changed for logistic reasons (e.g. long
duration of surgery, n = 24) or was just intended for bridging
before a tracheotomy or placement of a permanent airway
device (n = 8). In 46 cases out of the 88 mentioned above, ETC
had to be changed to another airway device because of
problems with the ETC (reason unknown, n = 10). The following
problems were noted: leakage of the ETC despite increase of the
cuff volume (n = 16), insufficient ventilation (n = 16), high
inspiratory ventilatory pressure (n = 10), hiatus hernia (n = 1),
minor injury of the soft palate (n = 1), severe gastric reflux (n = 1)
and severe tongue cyanosis (n = 1).

Considering the characteristics of these 46 patients, there
were no major differences concerning age, sex, weight or size
compared to patients with successful use of ETC (data not
shown). However, the majority of patients was classified as ASA
physical status Il (95.7%, n = 44). Most elective procedures in
this group were pacemaker implantations (65.1%, n = 28) or
percutaneous ethanol injections of malignancies (27.9%,
n = 12). The experience of the physician, the experience with
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Table 2. Risk factors for complications with ETC.

Risk factor for Tongue cyanosis Protrusion of tongue Blood on tube Sore throat
complication Total OR 95% Cl Total OR 95% Cl Total OR 95% Cl Total OR 95% Cl
n n n n
Age 428 1.0 0.99-1.0 421 1.0 0.99-1.0 433 1.0 1.0-1.03 384 1.0 0.99-1.0
Sex (female) 431 1.5 0.9-2.6 425 24 1.4-4.2 434 1.1 0.7-1.7 385 1.9 1.1-3.1
Size 425 0.96 0.94-0.99 418 0.95 0.93-0.98 425 1.0 0.98-1.0 377 1.0 0.98-1.0
Weight 425 0.98 0.96-0.99 418 0.98 0.97-0.99 425 1.0 0.99-1.0 377 1.0 0.98-1.0
BMI 425 0.95 0.9-1.0 418 0.97 0.93-1.0 425 1.0 0.96-1.1 377 0.97 0.93-1.0
ASA 417 1.5 0.8-2.9 411 0.7 0.4-1.2 418 2.0 1.1-3.5 372 1.2 0.7-2.1
ETC size 403 1.6 0.6-4.0 397 0.7 0.3-1.5 407 0.6 0.2-1.5 361 0.6 0.3-1.5
Insertion method 423 1.1 0.7-1.9 417 1.1 0.7-1.7 426 1.0 0.6-1.5 377 1.0 0.6-1.6
Number of insertion 384 0.9 0.4-2.4 378 1.1 0.5-2.5 382 1.1 0.5-2.5 340 1.5 0.7-34
attempts
Qualification of 430 0.7 0.4-1.2 424 0.8 0.5-1.2 433 23 1.5-3.5 383 1.2 0.8-1.9
physician
Experience with ETC 431 0.9 0.5-1.4 425 0.9 0.6-1.3 434 1.6 1.1-2.3 385 1.0 0.7-1.5
Duration of ETC in situ 412 2.2 1.6-3.1 405 1.4 1.1-1.9 412 0.9 0.7-1.2 361 1.2 0.9-1.6
Block volume 419 2.3 1.4-3.7 410 1.1 0.7-1.7 420 1.5 1.0-2.3 364 1.3 0.9-2.1
oropharyngeal cuff
Block volume 414 0.5 0.2-0.9 406 0.5 0.3-0.8 416 0.9 0.6-1.4 356 0.6 0.3-1.0

esoph.-trach. Cuff

ASA: American Society of Anesthesiologists Physical Status Classification System; BMI: body mass index; Cl: confidence interval; ETC: esophageal-tracheal

Combitube; OR: odds ratio; SD: standard deviation.

ASA: I-l (healthy or minor illness) versus III-V (very ill to moribund); ETC size: 37F versus 41F; Insertion method: with versus without laryngoscope; number of
number of attempts: one attempt versus more than one attempt; Qualification: anaesthesiologist versus other physicians; Experience: Beginner (1-3) versus
Experienced (>3); Duration of ETC in situ: <1 h, 1-2 h, >2 h; Block volume oropharyngeal cuff: recommended volume versus more than recommended (>85
mL for 37F, >100 mL for 41F); Block volume esophago-tracheal cuff: recommended volume versus more than recommended (>10 mL).

Bold values = Statistically significant data.

ETC or the insertion method did not have a significant impact on
having to change ETC to another airway device.

Discussion

Overall, this study proved that ETC is a safe device for ventilation
during general anaesthesia in minor elective procedures.
Although minor complications like protrusion of the tongue or
sore throat occurred frequently, major complications like
symptoms lasting for more than 24 h or even rupture of the
oesophagus, as reported previously (22, 29), had not been
observed. The success rate for ventilation with ETC was about
92% taking into account that a change to another airway device
was necessary in 46 cases (46/540). Furthermore, one should
keep in mind that in 94.8% (512/540), insertion of the ETC was
performed for the first time by the respective physician.

This success rate was slightly lower than reported by other
studies, where ventilation was achieved in 97% (9) or even 99%
(17) of patients with ETC. Major reasons for not maintaining
ventilation with the ETC were leakage despite increase of the
cuff volume (n = 16), insufficient ventilation (n = 10) or high
inspiratory ventilation pressure (n = 10).

Protrusion or cyanosis of the tongue was observed in 50.4 and
17.0% of patients, respectively. The pressure exerted by the
oropharyngeal cuff might impair venous blood flow from the
tongue leading to cyanosis. In line with this, in the present study,
we found that a higher than recommended cuff volume was
associated with a higher risk for tongue cyanosis. Interestingly, a
higher than recommended volume (>10 mL) of the oesophago-

tracheal cuff reduced the risk for tongue cyanosis significantly.
We do not have a verisimilar explanation for this observation.
Another important factor influencing tongue cyanosis and
protrusion was the duration the ETC was left in situ. The ETC is
recommended for procedures lasting up to 8 h (30). A longer
duration necessitates a change of the ETC to another airway
device, especially because tracheal secretion cannot be removed
by suction if placed in the oesophageal position. Theoretically,
compression and cyanosis of the tongue could theoretically lead
to postoperative oedema and subsequent airway compromise.
However, out of 540 patients, only one case of severe tongue
cyanosis was observed that led to removal of the ETC.

The most common minor complication described by other
studies is superficial mucosal lesions (17, 19, 31). In previous
studies, the incidence of traces of blood on the ETC after removal
ranged from 10% (12) to 47% (9, 10, 32). Compared to the LMA
or ETI, the ETC causes slightly more lesions (19). Most plausible
reasons for this comprise laceration during insertion of the ETC,
over-inflation of the pharyngeal cuff causing mucosal lesions
and rigidity and anterior flexion of the ETC during insertion
(Lipp manoeuvre) (21, 33-35).

Most comparisons to LMA were done in the prehospital
setting. In a series of 470 patients reported by Rumball and
colleagues (36), the ETC was rated best when compared with the
pharyngeal tracheal lumen airway (PTLA), the LMA and bag-
valve ventilation with mask and oral airway. The study was
performed by emergency medical technicians (EMTs) in patients
with cardiorespiratory arrest. Successful insertion rate was
significantly higher (P < 0.01) with the ETC (86% vs. 73% LMA)



despite the fact that some of the EMTs had been previously
trained to use the LMA in the operating room. Mean PaO, and
mean exhaled volume were highest with ETC confirming
previous studies. No aspiration with the ETC was noted in
autopsies (36). Tanigawa et al. have studied emergency
intubation of 12,020 cases of prehospital cardiac arrest (31).
Successful insertion rates on the first attempt were 82.7% with
the oesophageal gastric tube airway (EGTA), 82.4% with the ETC
and 72.5% with the LMA (P < 0.0001). The rate of failed insertions
was 8.2% with the EGTA; 6.9% with the ETC and 10.5% with the
LMA (P < 0.0001). Successful ventilation could be achieved in
71% with the EGTA; in 78.9% with the ETC and 71.5% with the
LMA (P < 0.0004). Six cases of aspiration were reported in the
LMA group, whereas nine cases of soft-tissue injuries, including
oesophageal perforation, were reported in the ETC group (31).
The authors conclude that the ETC appears to be the most
appropriate choice among the airway devices examined.

In this study, we noted blood on the tube as a sign for
mucosal trauma in 30.9% of patients. This is a higher rate than
reported by other studies (9, 12) although a laryngoscope was
used for insertion in the majority of cases (72.5%). The
qualification or the experience of the physician conducting the
intubation decreased the risk of mucosal lesions. Experience
with the ETC of at least three prior intubations was associated
with a decreased risk for blood on the ETC. An increased volume
of the oropharyngeal cuff was associated with a higher risk for
blood on the ETC as a higher volume can cause more injury to
the mucosa. Patients with an ASA physical status of Ill or higher
had also an increased risk for bleeding as a result of mucosal
lesions. Only one case was observed with an injury of the soft
palate prompting removal of the ETC.

Interestingly, women were at higher risk for tongue
protrusion and for sore throat after use of ETC. This might be
related to the female anatomy of the pharynx; however, we do
not have sufficient data to support this claim. Complications
might often occur because of the individual anatomy of the
patient, which was not evaluated in this study. Overall, sore
throat occurred in 54.3% of patients and was therefore the
second most common complication associated with the ETC.

A major strength of this study is the large cohort of patients.
During the primary analysis, only patients who were ventilated with
the ETC during the entire procedure were evaluated in order to
ensure that all observed complications were directly associated with
the ETC. A total of 540 patients were included, which is a considerably
higher sample size than in other studies (9, 10, 12, 17, 20).

Another advantage is the controlled setting of an elective
surgery with standardised procedures compared to an
emergency setting with several confounding factors. Many
complications described in such studies (21) can be attributed to
the associated risks of cardio-pulmonary resuscitation including
chest compressions or trauma.

A further outstanding difference of this study as compared to
other studies about ETC in elective surgery is the heterogeneity
of the study population as well as the variety of elective
procedures where ETC was used for ventilation. In contrast to
other studies, the majority of patients (82%) suffered from
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severe illnesses and co-morbidities (ASA physical status Ill or
higher). This might partly explain the slightly lower success rate
as well as the higher rate of minor complications.

As a possible limitation, it can be argued that a true prospective
study with a more strict protocol would have been ideal. However,
this study deals with complications primarily. In this way, it
appears even more objective since there was no danger of bias at
the time of documentation in regard to correctly reporting
complications, as the investigators had not been involved in the
process of airway management. Furthermore, there are several
prospective studies published so far with the use of the ETC in
elective cases.

Overall, the evaluation of ETC in general anaesthesia is limited
by the fact, that ETC was developed primarily for use in emergency
situations. Of course, emergency situations are associated with
different complications than elective surgeries; therefore, this
study can only evaluate the ETC in this specific context.

Considering this large cohort of patients including severely ill
persons, this study showed that the ETC is a safe airway device for
a broad range of minor elective surgeries reporting no major
complications and a 92% success rate for maintaining ventilation
during the entire procedure. We conclude that the Combitube
may be used for short procedures requiring general anaesthesia
but the high rate of minor complications limits its value when
other alternatives such as a LMA are available. The tested method
appears safe regarding major complications but minor
complications are common. Adherence to recommended cuff
volumes, experience with the ETC and limiting its use to surgeries
lasting less than 2 h might reduce the rate of complications.
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Michael Frass has received royalties for the invention of the
Combitube.

Notes on contributors

OR, BP, NH, SP, LS and MF designed the study and drafted the
manuscript. OR, MF and BP developed the theory and performed
the statistical analyses. MS, SP, NH and OR verified the analytical
methods. MF and LS supervised the findings of this work. All
authors discussed the results and contributed to the final
manuscript.

ORCID

Nicole Harrison
Lukasz Szarpak
Mostafa Somri
Michael Frass
Oliver Robak

http://orcid.org/0000-0001-5971-0662
http://orcid.org/0000-0002-0973-5455
http://orcid.org/0000-0002-3814-1402
http://orcid.org/0000-0003-4140-4258
http://orcid.org/0000-0002-3238-194X

References

1. Frass M, Frenzer R, Zdrahal F, Hoflehner G, Porges P, Lackner F.The esoph-
ageal tracheal combitube: preliminary results with a new airway for CPR.
Ann Emerg Med. 1987;16:768-72. doi: 10.1016/50196-0644(87)80571-1


http://orcid.org/0000-0001-5971-0662
http://orcid.org/0000-0001-5971-0662
http://orcid.org/0000-0002-0973-5455
http://orcid.org/0000-0002-0973-5455
http://orcid.org/0000-0002-3814-1402
http://orcid.org/0000-0002-3814-1402
http://orcid.org/0000-0003-4140-4258
http://orcid.org/0000-0003-4140-4258
http://orcid.org/0000-0002-3238-194X
http://orcid.org/0000-0002-3238-194X
https://doi.org/10.1016/S0196-0644(87)80571-1

N. HARRISON ET AL.

10.

. Frass M, Frenzer R, Rauscha F, Schuster E, Glogar D. Ventilation with

the esophageal tracheal combitube in cardiopulmonary resuscitation.
Promptness and effectiveness. Chest. 1988;93:781-4. doi: 10.1378/
chest.93.4.781

. Apfelbaum JL, Hagberg CA, Caplan RA, Blitt CD, Connis RT, Nickinovich

DG, et al. Practice guidelines for management of the difficult airway:
an updated report by the American Society of Anesthesiologists Task
Force on Management of the Difficult Airway. Anesthesiology. 2013;118:
251-70. doi: 10.1097/ALN.0b013e31827773b2

. Baidya DK, Chandralekha, Darlong V, Pandey R, Maitra S, Khanna P.

Comparative efficacy and safety of the Ambu((R)) AuraOnce() laryn-
geal mask airway during general anaesthesia in adults: a systematic
review and meta-analysis. Anaesthesia. 2014;69:1023-32. doi: 10.1111/
anae.12682

. Wong DT, Yang JJ, Jagannathan N. Brief review: the LMA supreme

supraglottic airway. Can J Anaesth. 2012;59:483-93. doi: 10.1007/
$12630-012-9673-0

. Chen X, Jiao J, Cong X, Liu L, Wu X. A comparison of the performance of the

I-gel vs. the LMA-S during anesthesia: a meta-analysis of randomized con-
trolled trials. PLoS One. 2013;8:e71910. doi: 10.1371/journal.pone.0071910

. Hosseinzadeh H, Golzari SE, Torabi E, Dehdilani M. hemodynamic

changes following anesthesia induction and LMA insertion with propo-
fol, etomidate, and propofol + etomidate. J Cardiovasc Thorac Res.
2013;5:109-12.

. Sinha A, Jayaraman L, Punhani D. ProSeal LMA increases safe apnea

period in morbidly obese patients undergoing surgery under general
anesthesia. Obes Surg. 2013;23:580-4. doi: 10.1007/511695-012-0833-7

. Gaitini LA, Vaida SJ, Mostafa S, Yanovski B, Croitoru M, Capdevila MD, et al.

The Combitubein elective surgery:areport of 200 cases. Anesthesiology.
2001;94:79-82. doi: 10.1097/00000542-200101000-00016

Gaitini LA, Yanovsky B, Somri M, Tome R, Mora PC, Frass M, et al. Prospective
randomized comparison of the EasyTube and the esophageal-tracheal
Combitube airway devices during general anesthesia with mechanical ven-
tilation. J Clin Anesth. 2011;23:475-81. doi: 10.1016/j.jclinane.2011.01.007

. Agro F, Frass M, Benumof J, Krafft P, Urtubia R, Gaitini L, et al. The esoph-

ageal tracheal combitube as a non-invasive alternative to endotracheal
intubation. A review. Minerva Anestesiol. 2001;67:863-74.

Hartmann T, Krenn CG, Zoeggeler A, Hoerauf K, Benumof JL, Krafft
P. The oesophageal-tracheal Combitube small adult. Anaesthesia.
2000;55:670-5. doi: 10.1046/j.1365-2044.2000.01376.x

Bishop MJ, Kharasch ED. Is the Combitube a useful emergency air-
way device for anesthesiologists? Anesth Analg. 1998;86:1141-2. doi:
10.1213/00000539-199805000-00045

Gaitini LA, Vaida SJ, Somri M, Fradis M, Ben-David B. Fiberoptic-guided
airway exchange of the esophageal-tracheal Combitube in sponta-
neously breathing versus mechanically ventilated patients. Anesth
Analg. 1999;88:193-6. doi: 10.1213/00000539-199901000-00036

Frass M, Johnson JC, Atherton GL, Fruhwald FX, Traindl O, Schwaighofer
B, et al. Esophageal tracheal combitube (ETC) for emergency intubation:
anatomical evaluation of ETC placement by radiography. Resuscitation.
1989;18:95-102. doi: 10.1016/0300-9572(89)90116-0

Frass M, Salem MR, Vaida S, Hagberg C. Esophageal-tracheal double-
lumen airways. In:Hagberg C, Gabel J, eds. Benumof and Hagberg’s airway
management. 3rd ed. Amsterdam: Elsevier Saunders; 2013, pp. 569-91.
Rabitsch W, Krafft P, Lackner FX, Frenzer R, Hofbauer R, Sherif C,
et al. Evaluation of the oesophageal-tracheal double-lumen tube
(Combitube) during general anaesthesia. Wien Klin Wochenschr.
2004;116:90-3. doi: 10.1007/BF03040702

Bein B, Carstensen S, Gleim M, Claus L, Tonner PH, Steinfath M, et al. Acom-
parison of the proseal laryngeal mask airway, the laryngeal tube S and the

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

oesophageal-tracheal combitube during routine surgical procedures. Eur
J Anaesthesiol. 2005;22:341-6. doi: 10.1017/5026502150500058X
Oczenski W, Krenn H, Dahaba AA, Binder M, El-Schahawi-Kienzl |,
Kohout S, et al. Complications following the use of the Combitube, tra-
cheal tube and laryngeal mask airway. Anaesthesia. 1999;54:1161-5.
doi: 10.1046/j.1365-2044.1999.01107.x

Sethi AK, Desai M, Tyagi A, Kumar S. Comparison of combitube, easy
tube and tracheal tube for general anesthesia. J Anaesthesiol Clin
Pharmacol. 2014;30:526-32. doi: 10.4103/0970-9185.142849

Vezina MC, Trepanier CA, Nicole PC, Lessard MR. Complications associ-
ated with the Esophageal-Tracheal Combitube in the pre-hospital set-
ting. Can J Anaesth. 2007;54:124-8. doi: 10.1007/BF03022008

Eldor J, Ofek B, Abramowitz HB. Perforation of oesophagus by tracheal
tube during resuscitation. Anaesthesia. 1990;45:70-1. doi: 10.1111/
j.1365-2044.1990.tb14539.x

Mallampati SR, Gatt SP, Gugino LD, Desai SP, Waraksa B, Freiberger D, et
al. A clinical sign to predict difficult tracheal intubation: a prospective
study. Can Anaesth Soc J. 1985;32:429-34. doi: 10.1007/BF03011357
Urtubia RM, Aguila CM, Cumsille MA. Combitube: a study for proper use.
Anesth Analg. 2000;90:958-62. doi: 10.1213/00000539-200004000-00034
Walz R, Davis S, Panning B. Is the Combitube a useful emergency air-
way device for anesthesiologists? Anesth Analg. 1999;88:233. doi:
10.1213/00000539-199901000-00056

Krafft P, Nikolic A, Frass M. Esophageal rupture associated with
the use of the Combitube. Anesth Analg. 1998;87:1457. doi:
10.1213/00000539-199812000-00059

Levitan RM, Frass M. The Combitube as rescue device: recommended
use of the small adult size for all patients six feet tall or shorter.
Ann Emerg Med. 2004;44:92; author reply 92-3. doi: 10.1016/j.
annemergmed.2003.12.034

Frass M, Urtubia RM, Hagberg CA. The Combitube: Esophageal-Tracheal
Double-Lumen Airway. In Benumof’s Airway Management. Elsevier;
2007, pp. 594-615.

Bagheri SC, Stockmaster N, Delgado G, Kademani D, Carter TG, Ramzy
A, et al. Esophageal rupture with the use of the Combitube: report of a
case and review of the literature. J Oral Maxillofac Surg. 2008;66:1041-4.
doi: 10.1016/j.joms.2007.08.009

Frass M, Frenzer R, Mayer G, Popovic R, Leithner C. Mechanical ventila-
tion with the esophageal tracheal combitube (ETC) in the intensive care
unit. Arch Emerg Med. 1987;4:219-25. doi: 10.1136/em;j.4.4.219
Tanigawa K, Shigematsu A. Choice of airway devices for 12,020 cases
of nontraumatic cardiac arrest in Japan. Prehospital Emerg Care.
1998;2:96-100. doi: 10.1080/10903129808958850

Mercer MH, Gabbott DA. The influence of neck position on ventila-
tion using the Combitube airway. Anaesthesia. 1998;53:146-50. doi:
10.1046/j.1365-2044.1998.00302.x

Keller C, Brimacombe J, Boehler M, Loeckinger A, Puehringer F. The influ-
ence of cuff volume and anatomic location on pharyngeal, esophageal,
and tracheal mucosal pressures with the esophageal tracheal combitube.
Anesthesiology.2002;96:1074-7.doi: 10.1097/00000542-200205000-00008
UrtubiaRM, MedinaJ.The Combitube should beredesigned foranaesthetic
use. Anaesthesia. 2001;56:275. doi: 10.1046/j.1365-2044.2001.01918-5.x
Vezina D, Trepanier CA, Lessard MR, Bussieres J. Esophageal and tracheal
distortion by the esophageal-tracheal Combitube: a cadaver study. Can
J Anaesth. 1999;46:393-7. doi: 10.1007/BF03013236

Rumball CJ, MacDonald D. The PTL, Combitube, laryngeal mask, and
oral airway: a randomized prehospital comparative study of ven-
tilatory device effectiveness and cost-effectiveness in 470 cases
of cardiorespiratory arrest. Prehosp Emerg Care. 1997;1:1-10. doi:
10.1080/10903129708958776


https://doi.org/10.1378/chest.93.4.781
https://doi.org/10.1378/chest.93.4.781
https://doi.org/10.1097/ALN.0b013e31827773b2
https://doi.org/10.1111/anae.12682
https://doi.org/10.1111/anae.12682
https://doi.org/10.1007/s12630-012-9673-0
https://doi.org/10.1007/s12630-012-9673-0
https://doi.org/10.1371/journal.pone.0071910
https://doi.org/10.1007/s11695-012-0833-7
https://doi.org/10.1097/00000542-200101000-00016
https://doi.org/10.1016/j.jclinane.2011.01.007
https://doi.org/10.1046/j.1365-2044.2000.01376.x
https://doi.org/10.1213/00000539-199805000-00045
https://doi.org/10.1213/00000539-199901000-00036
https://doi.org/10.1016/0300-9572(89)90116-0
https://doi.org/10.1007/BF03040702
https://doi.org/10.1017/S026502150500058X
https://doi.org/10.1046/j.1365-2044.1999.01107.x
https://doi.org/10.4103/0970-9185.142849
https://doi.org/10.1007/BF03022008
https://doi.org/10.1111/j.1365-2044.1990.tb14539.x
https://doi.org/10.1111/j.1365-2044.1990.tb14539.x
https://doi.org/10.1007/BF03011357
https://doi.org/10.1213/00000539-200004000-00034
https://doi.org/10.1213/00000539-199901000-00056
https://doi.org/10.1213/00000539-199812000-00059
https://doi.org/10.1016/j.annemergmed.2003.12.034
https://doi.org/10.1016/j.annemergmed.2003.12.034
https://doi.org/10.1016/j.joms.2007.08.009
https://doi.org/10.1136/emj.4.4.219
https://doi.org/10.1080/10903129808958850
https://doi.org/10.1046/j.1365-2044.1998.00302.x
https://doi.org/10.1097/00000542-200205000-00008
https://doi.org/10.1046/j.1365-2044.2001.01918-5.x
https://doi.org/10.1007/BF03013236
https://doi.org/10.1080/10903129708958776

