J Anesth (2013) 27:374-379
DOI 10.1007/s00540-012-1528-x

ORIGINAL ARTICLE

Analysis of prehospital endotracheal intubation performed
by emergency physicians: retrospective survey of a single

emergency medical center in Japan

Kei Kamiutsuri + Ryu Okutani - Shuichi Kozawa

Received: 19 April 2012/ Accepted: 18 November 2012 /Published online: 14 December 2012

© Japanese Society of Anesthesiologists 2012

Abstract

Objectives Advanced airway management in the prehos-
pital setting is a serious issue in Japan because emergency
medical technicians are not authorized to perform such
management, whereas physicians—who are authorized to
perform advanced airway management—do not usually
engage in prehospital emergency medical activity. The
purpose of this investigation was to investigate the success
rate for endotracheal intubation (ETI) procedures and other
methods of airway management employed by physicians in
the prehospital setting in a single institution, as well as to
examine the risk factors associated with difficult or failed
endotracheal intubation (D/F ETI).

Methods We performed a retrospective survey of patients
treated in the prehospital setting by emergency physicians of
the Hyogo Emergency Medical Center from 2004 to 2011.
Patients were divided into two groups: a cardiopulmonary
arrest (CPA) group and a non-CPA group. Data on cases of
D/F ETI were obtained, and risk factors for these two groups
were identified using univariate and statistical analysis.
Results  During the investigation period, ETI was attempted
in the prehospital setting on 742 eligible patients; in 30
(4.04 %) of these cases, the attempts at ETI proved difficult or
failed. Of those 30 patients, 13 patients received a surgical
airway (attempts to provide a surgical airway failed in two
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patients), a blind ETI was performed in four, a video-assisted
airway device was used in another four, and esophageal
intubation was performed in four patients. Bag-valve venti-
lation alone was performed in one patient. The incidence of
D/F ETI was higher in the non-CPA group than in the CPA
group (6.27 vs. 2.63 %: p < 0.05). Facial or neck injury was a
risk factor for D/F ETI in the prehospital setting in the CPA
group (odds ratio 7.855; 95 % CI 1.754-36.293: p = 0.042).
On the other hand, no risk factors for D/F ETI in the prehos-
pital setting in the non-CPA group were identified.
Conclusion The success rate for ETI performed by phy-
sicians in the prehospital setting at a single emergency
medical center was high, and the incidence of D/F ETI was
4.31 %. The success rate for ETI in the CPA group was
greater than that in the non-CPA group.

Keywords Difficult airway - Prehospital airway
management - Prehospital medical activity - Difficult
intubation

Introduction

Airway management is often required for patients in the
prehospital setting, and endotracheal intubation (ETI) is
widely accepted as the “gold standard” for advanced air-
way management. Difficult airway management is a major
concern for all emergency personnel engaged in prehos-
pital activities. The success rate of ETI performed in the
prehospital setting by physicians is reported to range from
96.8 to 100 % [1-4], which is higher than the corre-
sponding rate achieved by nonphysicians [5-7]. In Japan,
early and advanced medical intervention by physicians in
the prehospital setting is considered when there is a critical
airway problem to resolve, because physicians are able to
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perform various airway management techniques that non-
physicians are not authorized to attempt. Nevertheless,
prehospital medical activities are not usually performed by
physicians, and ETI is only performed by physicians in the
prehospital setting at a few restricted institutions. As a
result, there are no known reports on prehospital airway
management performed by physicians in Japan.

The aim of this investigation was to investigate suc-
cessful, difficult, and failed ETI (D/F ETI) procedures
performed in the prehospital setting by physicians affiliated
with a single emergency medical center in Japan. In
addition, we analyzed the risk factors related to D/F ETL
This is the first report to focus on ETI performed in the
prehospital setting by physicians in Japan.

Methods and subjects

Hyogo Medical Emergency Center (Kobe City, Hyogo Pre-
fecture, Japan) has a prehospital medical service termed the
“DC” (“Doctor Car®) system, which is organized by a med-
ical service team consisting of emergency physicians, nurses,
emergency medical technicians, and drivers. In Japan, ETI can
only be performed by emergency medical technicians on
cardiopulmonary arrest patients following authorization by a
physician. When emergency medical technicians in the pre-
hospital setting determine that the patient is very critical and
needs immediate medical treatment, including ETI, they
request the DC prehospital medical service. Requesting the
DC provides the option of more advanced medical interven-
tions that are unacceptable for emergency medical technicians
to perform, such as ETT on patients other than those who have
suffered cardiopulmonary arrest, chest tube insertion, intra-
venous drug use, and ultrasonography. The background
information for the case is recorded in a medical chart at
Hyogo Medical Emergency Center, including the date, patient
information (name, age, sex, past history, etc.), the names of
the medical team members in the DC, location, the emergency
medical service that requested the DC, the clinical course,
assessment, and treatment of the patient, the pharmaceutical
agent used in the prehospital setting, and the infusion volume
used in the prehospital setting. This information is self-
reported, and the diagnosis and condition are discussed later in
a conference, when detailed information about the mission is
added to the chart. All physicians that board the DC belong to
the Hyogo Medical Emergency Center and are professionally
engaged in emergency medicine and critical care.

Definition of difficult or failed endotracheal intubation
(D/F ETI) in this investigation

For the present investigation, the definition of D/F ETI was
standard orotracheal or nasotracheal intubation requiring

multiple attempts (more than three trials) with a laryngo-
scope, the use of blind orotracheal or nasotracheal intu-
bation (ETI performed without a clear view of the vocal
cords) due to difficult laryngoscopy, the application of a
video-assisted airway device (Airway Scope®, Pentax,
Tokyo, Japan) or a supraglottic airway device due to dif-
ficult laryngoscopy, the implemention of surgical airway
access (such as a tracheostomy or cricothyroidotomy)
because a standard ETI was found to be difficult or
impossible, esophageal intubation that was identified dur-
ing transportation to or upon arrival at hospital, or bag-
valve ventilation due to failed ETL.

Data collection

We retrospectively screened all patients over 18 years old
who were treated in the prehospital setting using the DC
charts from April 2004 to March 2011. We analyzed all
cases in which the physicians attempted to intubate in the
prehospital setting, and surveyed the usage of ETI and
alternative airway management, cases of failed ETI, and
complications. We also assessed risk factors related to D/F
ETTI in the prehospital setting. First, we divided the patients
into two groups: cardiopulmonary arrest (CPA) and non-
CPA patients. This was done because rapid sequence
intubation is often necessary for non-CPA patients but is
never necessary for CPA patients. Secondly, we assessed
risk factors related to D/F ETI in the prehospital setting for
these two groups. The risk factors were: (1) traumatic
diagnosis, such as that caused by a traffic accident or
crushing; (2) facial or neck injury; (3) intraoral hemor-
rhage, foreign body, vomitus; (4) rapid sequence intubation
with muscle relaxants (this factor only applied to the non-
cardiopulmonary arrest patient group).

Qualitative data are expressed as the number of patients
and the corresponding percentage. Comparisons were per-
formed using ¢ tests and chi-squared tests. Explanatory
variables are presented as odds ratios, with p values and
95 % confidence intervals. A p value of <0.05 was regar-
ded as significant.

Results

From April 2004 to March 2011, 3719 patients were treated
in the prehospital setting by the DC team. Of those 3719
patients, ETI was attempted in 809 patients. Forty-nine
patients were younger than 18 years old, the ages of twelve
patients were unknown, the medical charts in the DC
records were insufficient for three patients, and ETI was
performed though permanent tracheal stoma in three
patients. These 67 patients were excluded, meaning that
742 patients were finally eligible for this investigation. ETI
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Fig. 1 Patient selection in this
study

All patients that DC treated in prehospital setting
n=3719

l

Patients attempted ETI

n=_809
Patients exclude from this study
n= 67
+ Ageunder 18 yearsold  n =49
« Unidentified age n=12
« Insufficientrecord n=3
« ETI through tracheal stoma n =3

Patients eligible for this study
n="742

Table 1 Characteristics of the patients in whom ETI was attempted

CPA (n = 455) Non-CPA (n = 287) p value
Age (years) 61.8 £ 20.9 (18-98) 50.7 £ 20.4 (18-93) <0.01*
Male sex (%) 305 (67 %) 197 (68.6 %) 0.648
Trauma diagnosis (%) 46 (32 %) 248 (86.4 %) <0.01*
D/F ETI (%) 12 (2.63 %) 18 (6.27 %) 0.0143%*

Continuous values are presented as the mean =+ standard deviation (SD); categorical variables are presented as the number of patients

(percentage)

Table 2 Classification of D/F ETI cases in this study

Classification of D/F ETI (n = 30) (CPA/non-CPA)

Surgical airway implemented n = 13 (6/7),
successful = 11/13

Blind ETI performed due to difficult ETI n = 8 (2/6)

Airway Scope used due to difficult ETI n=4(2/2)

Esophageal intubation performed n =4 (0/4)

Only bag-valve ventilation used n =1 (1/0)

was attempted in these 742 patients by total of 47 DC
physicians (Fig. 1). Thirty of the 742 patients underwent
D/F ETI (4.04 %). Among the 742 patients, there were 455
CPA patients and 287 non-CPA patients. The mean age of
the CPA group was older than that of the non-CPA group,
and the rate of traumatic diagnosis in the CPA group was
much lower than the corresponding rate in the non-CPA
group. The incidence of D/F ETI was significantly lower
(2.63 %, 12/455) in the CPA group than in the non-CPA
group (6.27 %, 18/287; p = 0.0143), as shown in Table 1.
Among the 30 patients that underwent D/F ETI, 13 patients
received a surgical airway (attempts to create such an
airway in two patients failed), four underwent blind ETI, a
video-assisted airway device was utilized in another four,
esophageal intubation was realized in four patients, and
bag-valve ventilation alone was performed in one patient
(Table 2). Facial or neck injury was found to be a risk
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factor for D/F ETI in the CPA group, as shown in Table 3
(odds ratio 7.855; 95 % CI 1.754-36.293; p = 0.042).
However, no risk factors were identified for D/F ETI in the
non-CPA group (see Table 4).

Discussion

ETTis often required as an advanced life support technique for
critical and severely injured patients in the prehospital setting.
Although ETT is standard practice in the prehospital setting in
many countries, ETI by emergency medical technicians in
Japan is only permitted in cases of cardiopulmonary arrest
following authorization from a physician, and it is unusual for
physicians to perform prehospital activities in Japan, except
in some restricted institutions. Furthermore, the advanced
airway management techniques available to emergency
medical technicians are limited to supraglottic airway devices
(laryngeal mask, esophageal-tracheal double-lumen airway)
and orotracheal intubation with a standard laryngoscope. The
greatest difference in the airway management techniques that
can be implemented by physicians and emergency techni-
cians in Japan is that physicians, but not emergency techni-
cians, are able to perform various advanced airway
management techniques for non-CPA patients using intra-
venous drugs. This state of affairs in Japanese emergency
medical services means that advanced airway management
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Table 3 Risk factors for D/F ETI in the CPA group (n = 455)

Successful ETI n = 433 D/F ETI n =12 Odds ratio (95 % confidence interval) p value
Age 58.5 + 223 61.9 + 20.9 0.6617
Sex (male) 294 (66.3) 11 (91.6) 5.575 (0.03-1.095) 0.066
Traumatic diagnosis 140 (31.6) 6 (50) 2.164 (0.722-6.486) 0.178
Facial or neck injury 11 (2.4) 2 (16.6) 7.855 (1.754-36.293) 0.0427%
Intraoral hemorrhage, foreign body, vomitus 47 (10.6) 2 (16.6) 1.685 (0.404-7.094) 1.685
Categorical variables are presented as the number of patients (percentage)
Table 4 Risk factors for D/F ETI in the non-CPA group (n = 287)

Successful ETI 269 D/F ETI 18 Odds ratio (95 % confidence p value

(n =269) (n = 18) interval)
Age 50.6 + 20.4 483 £ 17.6 0.4857
Sex (male) 184 (68.4) 13 (72.2) 1.21 (0.431-3.337) 0.7351
Traumatic diagnosis 231 (85.8) 17 (94.4) 2.797 (0.458-16.847) 0.304
Facial or neck injury 27 (10) 3 (16.6) 1.793 (0.525-6.200) 0.373
Intraoral hemorrhage, foreign body, vomitus 54 (20) 5@27.7) 1.531 (0.545-4.321) 0.433
Rapid sequence intubation with muscle 106 (39) 11 (61.1) 2.416 (0.935-6.233) 0.07

relaxants

Categorical variables are presented as the number of patients (percentage)

for critical patients in the prehospital setting is not provided
often enough, and it is expected that early intervention by
physicians in the prehospital setting improves the outcome of
critical patients. However, other than the present report, there
are no known reports on airway management performed by
physicians in the prehospital setting in Japan.

We found that the incidence of D/F ETI was 4.04 % (30/
742), while 95.96 % (712/742) of the patients underwent ETI
without difficulty. These results are quite similar to those in
other reports [1-4], and the success rate of ETI in the pre-
hospital setting by physicians in our investigation was as high
as has been reported in other countries. All physicians who
boarded the DC were professionally engaged in emergency
medicine and critical care at the Hyogo Emergency Medical
Center. They had experienced many cases with difficult air-
ways in their routine clinical experience, and applied various
approaches to those difficult airways. These factors may be
associated with the high success rate of ETI observed in our
investigation. The incidence of D/F ETI in the non-CPA group
was higher than that in the CPA group in this investigation
(p = 0.0143). Non-CPA patients have spontaneous respira-
tion, trismus, clenched jaw, and muscle tightness, which often
disturb direct laryngoscopy. On the other hand, unstable
respiratory and circulatory conditions discourage the use of
sedative agents, analgesic agents, and muscle relaxants to
abate these symptoms. Therefore, ETT must be implemented
in a more careful and complex manner for non-CPA patients
than for CPA patients, which can make ETI in non-CPA
patients more difficult and thus lower the incidence of ETI.

The surgical airway technique is recommended as an
optional method in cases with difficult airway management
according to guidelines for difficult airways [8, 9]. How-
ever, it is rarely performed in general. The incidence of the
surgical airway technique was reported to be 0-10.9 % [2,
10, 11] in previous reports. We found that the incidence of
the surgical airway technique was 1.75 % (13/742), which
is within the range of values stated in those previous
reports. The surgical airway technique aside, there are
several noninvasive airway management techniques, and
situations in which physicians must perform the surgical
airway technique are extremely rare and limited. Therefore,
the incidence of the surgical airway technique should be as
low as seen in this investigation.

The availability of a video-assisted airway device in the
prehospital setting has been reported [12, 13]. The alternative
device used in the DC is the Airway Scope® video-assisted
airway device, which is one of the alternative airway devices
most frequently used in Japan for difficult airway cases.
Although four difficult airway cases were successfully res-
cued using the video-assisted airway device, we could not
draw any conclusions about the availability of a video-assisted
airway device for difficult airways in the prehospital setting
because it was only rarely used and because there is no
established algorithm to follow when using this device.
Another randomized prospective study will be necessary to
prove the availability of a video-assisted airway device.

Previous investigations have found that the incidence of
esophageal intubation by physicians in the prehospital

@ Springer



378

J Anesth (2013) 27:374-379

setting is 6.7-12 % [11, 14]. In our investigation, esopha-
geal intubation occured in 4 of 809 patients (0.5 %), a
lower rate than stated in those previous reports. However, it
is difficult to pinpoint the reason for the low incidence of
esophageal intubation in our investigation because the
patient characteristics, definition of esophageal intubation,
and method used to detect esophageal intubation in our
study were all different from those employed in the pre-
vious works. Moreover, our findings showed that esopha-
geal intubation was an inevitable complication, and it was
sometimes difficult to find esophageal intubation per-
formed in the prehospital setting. The conditions needed to
perform ETI are not always present in the prehospital
setting; for example, there may be a noisy environment, a
lack of illumination, limited time, and so on. Furthermore,
the differential diagnosis of low oxygen saturation and
abnormal ventilation is sometimes difficult under these
conditions. Our results indicate the importance of avoiding
and identifying esophageal intubation, as have previous
reports.

Various risk factors related to ETI performed by phy-
sicians in the prehospital setting have been reported,
including a short neck [1], face and neck injury [1, 15],
trismus and clenched jaw [1, 16], obesity [1, 15, 16], his-
tory of ear, nose, or throat neoplasia or surgery [15], gag
reflex [16], and operator status and position [15]. Face and
neck injury was also a risk factor for D/F ETI in CPA
patients in our investigation (2.4 vs. 16.5 %, odds ratio
7.855, CI 1.754-36.293, p < 0.042). Anatomical changes
around the face and neck often disturb the intraoral view,
making ETI difficult. Severe face and neck injury linked
directly to CPA may worsen the conditions in which ETI is
attempted, due to substantial anatomical changes. On the
other hand, face, and neck injury in non-CPA patients was
not a risk factor for D/F ETI. Face and neck injury that is
not linked directly with CPA may cause only a slight or
moderate anatomical change, and such slight or moderate
changes may have little influence on ETI performed by a
physician.

Although rapid sequence intubation with muscle relax-
ants has been shown to optimize situations requiring intu-
bation [17, 18], and high success rates of ETI with rapid
sequence intubation have been reported [19, 20], the use of
muscle relaxants in ETI is still controversial. One reason to
avoid using muscle relaxants is that diminishing sponta-
neous respiration may cause critical hypoxemia in the
“can’t intubate, can’t ventilate” situation. In the non-CPA
group of our investigation, rapid sequence intubation with
muscle relaxants was administered to 117 patients, D/F ETI
was encountered in eleven patients (9.4 %), and the inci-
dence rate of D/F ETI without muscle relaxants was 8/170
(4.1 %). ETI with muscle relaxants was not identified as a
risk factor for D/F ETI (odds ratio 2.416; 95 % CI
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0.935-6.233, p = 0.07). However, this means that the use
of muscle relaxants did not always improve the success rate
of ETI. Our results suggest that the use of muscle relaxants
does not always permit successful ETI, and that muscle
relaxants should be administered following careful
assessment.

Our investigation has several limitations. First, it was
performed in a retrospective manner and only a single
center was surveyed, so the results may not be applicable to
all emergency prehospital units. In addition, we did not
investigate the uniformity of the airway management
algorithms used. The criteria for ETI and the airway
management technique used in the prehospital setting were
dependent on the physicians onboard the DC. Moreover,
the backgrounds, careers, and subspecialties of the partic-
ipating physicians were different. Physicians working at
the Hyogo Emergency Medical Center include surgeons,
orthopedists, cardiologists, anesthesiologists, and radiolo-
gists, which may have influenced the success rate of ETI
and airway management technique used. Finally, the
information on the patients was insufficient, especially in
relation to obesity, which has been reported to be a risk
factor for difficult intubation [1, 15, 16]. Exact body weight
was not obtained at the first medical examination because it
is difficult to measure the body weight of a critical patient
upon arrival, and it is uncommon to measure the body
weight of a patient who is not successfully resuscitated. If
we had been able to consider obesity as a risk factor for
D/F ETI, the results of our analysis might have been
different.

In spite of these limitations, our findings showed a high
success rate for ETI performed in the prehospital setting by
physicians from a Japanese emergency medical center
(which agrees with the results of previous reports), and that
ETI tended to be more difficult in non-CPA than in CPA
patients. Further studies and more investigations are nee-
ded to examine airway management by physicians in the
prehospital setting.
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