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Obijective: To analyze the clinical course, outcomes, contributing factor, corrective and preventive strategies
of accidental endobroncheal intubation (EBI) in the Thai Anesthesia Incident Monitoring Study (Thai AIMS).
Material and Method: This was a prospective descriptive multicenter study of anesthesia-related adverse
incidents from 51 hospitals across Thailand from January to June 2007. Possible accidental EBI data were
extracted and analyzed using descriptive statistics by 3 reviewers.

Results: Thirty-two cases (1.6%) of EBI were reported from a total of 1,996 Thai AIMS incidents. EBI occurred
more often in females (71.9%). Most of the incidents happened in the operating theater (93.8%) and the
most common surgical specialties were general and gynecological surgery (20.6% each). Two cases had
hypoxemia and 1 case required respiratory supported postoperatively. Most incidents (65.6%) were first
recognized via monitoring equipment which was detected by pulse oximeter (71.4%) and airway pressure
measurement (4.8%). Ninety six percent of cases were considered preventable. Anesthetic factors and system
factors were found to involve in 62.5% and 11.8% of incidents respectively. The major contributing factors
were inexperience of the performers (84.4%), lack of knowledge (40.6%), haste (21.9%) and communication
failure (9.4%). The incident would be minimized by having prior experience of incident, high awareness and
experienced assistants available. Three main strategies to prevent the incident included additional training,
improvement supervision and established guideline practice.

Conclusion: Accidental endobronchial intubation was reported as 1.6% of anesthetic adverse event in Thai
AIMS. Majority of the incidents were contributed by anesthesia and system factors. High awareness, experience
of performers and additional training would decrease the incidents and improve anesthetic outcome.
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A major adverse event related to endotracheal
intubation is accidental endobronchial intubation (EBI),
which is the most common incident (42%) related to
tracheal tube problems®. The incident of desaturation
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from EBI is 13-17% which is the major cause of
desaturation during maintenance of anesthesia®?. If
unrecognized, EBI can lead to oxygen desaturation from
collapse of the contralateral lung and risk of tension
pneumothorax from hyperinflation of intubated lung®.

Although withdrawal endotracheal tube
position is a simple procedure to correct the EBI event,
the methods to detect EBI may be delayed, unreliable,
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nonspecific and require additional equipments. The
conventional chest auscultation is the most common
method for assessing endotracheal tube position, this
method is operator-dependent and limited reliability
especially in patients with underlying lung diseases®.
EBI could be detected by conventional breath sound
examination in only 2 from 8 events®. The standard
monitors such as pulse oximeter and end-tidal
capnogram may not change and not specific to EBI?®,
Most of the etiology of EBI events are preventable.
Recognition of the contributing factors and prompt
awareness are important to minimize the EBI incident.

The purpose of the present study was to
determine the frequency distribution, clinical courses,
outcomes, contributing factors and corrective strategies
of accidental endobronchial intubation from the 1996
incidents reported to the Thai Anesthesia Incident
Monitoring Study (Thai AIMS).

Material and Method

The present study is a part of Thai AIMS
which is a prospective descriptive multi-centered study
conducted by the Royal College of Anesthesiologists
of Thailand. The present study was conducted in
51 hospitals across Thailand ranging from primary
to tertiary hospitals. After being approved by each
institutional ethical committee, all the participants were
asked to fill out an incident reporting form of adverse
events occurred during 24 hours of anesthesia and
operation on voluntary and anonymous basis. The
details of Thai AIMS methodology and results have
been described®.

The definition of endobronchial intubation
was defined as unintentional insertion of endotracheal
tube that the tip of the tube was placed far beyond
carina to the right or left main bronchus. Detection
of EBI would be clinical (chest auscultation) or other
devices (such as fiberoptic bronchoscopy). The
possible EBI records were extracted from 1996 patients
and were discussed and analyzed by three reviewers
for the diagnostic methods, contributing factors, clinical
courses, factors minimizing incident and suggested
corrective strategies.

The data was analyzed by Descriptive statis-
tics using SPSS for Windows, version 12.

Results

There were 32 cases of accidental endobron-
chial intubation fitting the diagnostic definition from
a total 1996 records data of Thai AIMS (1.6%). EBI
occurred in 23 female (71.9%) and 9 male (28.1%)
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patients (Table 1). The highest incidence (56.3%) of
EBI was found in the 20-54 year old age group. Twenty
six cases (81.3%) of EBI patients were classified as
ASA physical status 1 and 2. EBI were found more
frequently in elective surgery (22 incidents or 68.8%)
than emergency surgery. General surgery and
gynecological surgery had the highest EBI incidents
(20.6%, 20.6% respectively) compared to other surgical
specialties.

Most of the EBI cases were detected during
anesthesia (93.8%). There were 2 cases that EBI
occurred in the post anesthesia care unit both of which
were pediatric patients that had undergone plastic
surgical operations. Table 2 shows the immediate and
long term outcomes after the incident happened. One
pediatric patient (3.1%) was unintentionally admitted
in the intensive care unit (unplanned ICU admission)

Table 1. Characteristic of patients and types of surgery
(n=32)

Characteristics Number of incidents

Gender:
Male 9 (28.1%)
Female 23 (71.9%)
Age range (years):
<5 4 (12.5%)
5-9 1(3.1%)
10-19 4 (12.5%)
20-54 18 (56.3%)
55-65 5 (15.6%)
ASA physical status:
ASA1 11 (34.4%)
ASA?2 15 (46.9%)
ASA3 4 (12.5%)
ASA4 2 (6.3%)
Emergency state:
Elective surgery 22 (68.8%)
Emergency surgery 10 (31.3%)
Type of surgery:
General surgery 7 (20.6%)
Gynecological surgery 7 (20.6%)
Plastic surgery 4 (11.8%)
Obstetrical surgery 3 (8.8%)
Orthopedic suregery 3 (8.8%)
Otolaryngological surgery 3 (8.8%)
Neurosurgical surgery 2 (5.9%)
Endoscopic procedure 1 (2.9%)
Urological surgery 1 (2.9%)
Others 3 (8.8%)
Place of incidents happened
In operating room 30 (93.8%)
Recovery room 2 (6.3%)
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due to aspiration pnumonitis and was discharged from
the ICU on the next 2 days. Two patients (6.2%) had
major physiological change on respiratory system
(hypoxemia) postoperatively. The first patient was a
one-year old pediatric patient who underwent palato-
plasty and had postoperative hypoxemia from pulmo-
nary aspiration. The other patient was a 2-year old child
who presented with respiratory distress syndrome
(secondary from corrosive esophagitis) undergone
revised tracheostomy tube. This patient died after 24
hours in the ICU after operation from multiple organ
failure. The long-term adverse outcomes from prolonged
ventilator support were found only in one patient that
had pulmonary aspiration as mentioned. None of all 32
EBI patients had other long term adverse outcomes
(such as prolonged hospital stay, psychic trauma,
disability, vegetative stage and death).

Among all 32 EBI incidents, only 11 incidents
(34.4%) could be detected by clinical evaluation (chest
auscultation).21 EBI incidents (65.6%) were detected
by monitoring equipment. Pulse oximeter was the
major clinical monitor equipment that detected EBI
(71.4%). Other monitor equipment were airway pressure
measurement and chest radiography (Table 3).

Almost all of EBI incidents (31 cases) were
concluded to be preventable and resulted from human

Table 2. Major outcomes after incidents (n = 34)

Outcomes Number of
incidents
Immediate outcome (within 24 hours)
Unplanned ICU admission 1 (2.9%)
Major physiological changes - hypoxia 2 (5.8%)
Death 1 (2.9%)
Long term outcome
Prolong ventilatory support 1 (2.9%)

Table 3. Detection methods of incidents (n = 32)

Detection method Number of
incidents
Clinical detection before monitors 11 (34.4%)
Clinical detection after monitors 21 (65.6%)
Monitors detection of incidents (21 cases)
Oxygen saturation 15 (71.4%)
Airway pressure 1 (4.8%)
Oxygen saturation plus airway pressure 4 (19%)
Oxygen saturation plus chest radiography 1 (4.8%)

1856

error. The major cause of human error was knowledge-
based error (20 cases or 62.5%) followed by skill-based
error (7 cases or 20.6%) and rule-based error (6 cases or
18.8%) respectively. Table 4 shows the factors that were
related to EBI events of which 62.5% of all incidents
related to anesthesia factors. Experience of anesthesia
personnel was the major cause of anesthesia factors.
For patient factors, the EBI related to the infant’s age
group and morbid obesity patients. For surgical factors,
EBI related to airway surgery, laparoscopic surgery and
Trendelenburg position. The system factors related to
EBI lacked communication and confirmed endotracheal
tubes position while transferring patients to the
operating room. There were 2 EBI incidents which were
intubated in the recovery room by non-anesthesia
personnel (under-supervision of anesthesia staff in
the recovery room).

Table 4. Factors related to accidental endobronchial intuba-

tion (n = 32)*
Related factor Number of
incidents
Anesthesia factor only 20 (62.5%)

Surgical factor only 0

Patient factor only 1(3.1%)
System factor only 4 (11.8%)
Combined anesthesia and system 2 (6.3%)
Combined anesthesia and surgical 3(9.4%)
Combined anesthesia and patient 1(3.1%)
Combined system and patient 1(3.1%)
Anesthesia factor (26 cases)
Inexperience personnel 20 (62.5%)
Lack of knowledge 4 (11.8%)
Urgency 1 (2.9%)
Endotracheal tube migration during 1 (2.9%)
anesthesia
Surgical factor (3 cases)
Tracheal operation 1(2.9%)
Trendelenburg position 1(2.9%)
Laparoscopic surgery plus trendelenburg 1(2.9%)
position
Patient factor (2 cases)
Infant age group 1(2.9%)
Morbid obesity 1 (2.9%)
System factor (7 cases)
Not confirm ET tube position from ICU 3 (8.8%)
to OR
Under supervision of anesthesiologists 2 (5.8%)
Lack of personnel 1(2.9%)
Inadequate equipments check up 1(2.9%)

* Not mutually exclusive
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Inexperience of the performers was the
major contributing factors of EBI events (84.4%).
Other contributing factors were lack of knowledge,
haste, communication failure and emergency situation
(Table 5). Having prior experience of EBI and high
awareness of EBI events were the highest suggestive

Table 5. Contributory factors that may related to the inci-

dents*
Contributory factors Number of
incidents
Inexperience 27 (84.4%)
Lack of knowledge 13 (40.6%)
Haste 7 (21.9%)
Communication failure 3 (9.4%)
Emergency situation 2 (6.3%)
Poor preoperative preparation 2 (6.3%)
Long working hour 1(3.1%)
Inadequate staff 1(3.1%)
Inadequate equipments 1(3.1%)

* Not mutually exclusive

Table 6. Suggested factors for minimizing the incidents*

(n=32)
Factor minimizing incidents Numbers
Prior experience 27 (84.4%)
High awareness 21 (65.6%)
Experienced assistant 11 (34.4%)
Comply to guidelines 2 (6.3%)
Training system improvement 1(3.1%)
Adequate instruments 1(3.1%)

* Not mutually exclusive

Table 7. Suggested corrective strategies for prevention
incidents* (n = 32)

Suggested corrective strategies Numbers

Additional training
Improvement of supervision
Guideline practice

18 (56.3%)
17 (53.1%)
13 (40.6%)

Quality assurance activity 6 (18.8%)
Communication improvement 3 (9.4%)
More manpower 1(3.1%)
More equipments 1(3.1%)

* Not mutually exclusive
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strategies to minimize the incidents (Table 6). The
major strategies to prevent the EBI incidents were
additional training (56.3%), improvement supervision
(53.1%) and established practice guidelines (40.6%) as
shown in Table 7.

Discussion

Patient safety has received increased atten-
tion in recent years. Accidental EBI is a major cause of
oxygen desaturation during anesthesia®. The inci-
dence of EBI were varied among many studies. There
was a higher incidence of EBI in emergency and
intensive care unit than during anesthesia. Dronen
et al reported 28% of EBI incidence among 64 cardiac
arrest patients who were intubated by ACLS-certified
physicians®V, Taryle et al found that 6 of 13 patients
who underwent endotracheal intubation in the emer-
gency room were actually intubated endobronchially®?,
The incidence of EBI in the intensive care unit has
been reported as 2.4%% and 5%@4. During anesthesia,
McCoy reported 3.7% EBI incidence in an Australian
incident monitoring study®®. From the present study,
the authors found 1.6% EBI incidents from overall 1,996
Thai AIMS incidents which was lower than McCoy’s
study. This may be due to under-estimation from
misdiagnosis or unrecognized the incidents of the
present study.

The authors found that women had a higher
incidence of EBI than men (71.9% versus 28.1%) which
was compatible with the study by Brunel® and
Schwartz et al®®. Kim et al*” explained the higher risk
of accidental EBI in women may be from the shorter
tracheal length in women than men, because the dis-
tance between the distal end of the adult endotracheal
tube to the proximal end of endotracheal tube cuff
is about 6 cm. Then the large proportion of female
patients whose trachea is shorter than 12 cm should
have a small margin of safety of optimal tracheal tube
position. The authors also found major incidents of
EBI occurred in general surgery and gynecological
surgery (14 incidents, 41.2%). Four cases of general
and gynecological were associated with the use of
laparoscopy and abdominal carbon dioxide insufflation.
The laparoscopic surgery has a significant association
with endobronchial intubation during maintenance of
anesthesia from cephalad movement of the carina®®.
Kim et al found tracheal length shortening by 0.42 +
0.19 cm in laparoscopic gynecological surgery with
the Trendelenburg position®”. Therefore, anesthesia
providers should pay more attention to prevent acci-
dental EBI during laparoscopic surgery.
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In the present study, the authors found
that 65.6% of EBI incidents could be detected from
monitors before clinical detection (chest auscultation).
Clinical detection by chest auscultation of bronchial
migration of endotracheal tube could be missed. Brunel
et al found that 60% of mainstem intubation occurred
despite the presence of equal breath sound on exami-
nation®, This may come from transmission of breath
sound to the contralateral side of lung®?. Sugiyama et
al found that unilateral breath sound change was not
observed until the endotracheal tube tip was advanced
beyond the carina and inserted 2 + 0.4 cm into the right
main bronchus when the Murphy tube was used®?,
For the monitoring equipment, 71.4% EBI could be
detected from the pulse oximeter. This is comparable
to the study of McCoy that reported 65.5% of EBI
events detected via desaturation alone®®. However,
oxygen desaturation is not specific to EBI and may be
caused by other incidents such as airway obstruction,
hypoventilation, aspiration, atelectasis and pulmonary
edema®. Prompt awareness, realizing the causes of
desaturation and immediate treatments are the major
keys for patient safety and prevention of serious
morbidity.

The high peak airway pressure is also another
manifestation of endobronchial intubation but may
also be caused by several other complications such as
obstructed airway, bronchospasm and stiff chest
wall. Peak airway pressure may not be changed during
endobronchial intubation®. Chest x-ray is a very
accurate and reliable method for detect the EBI event®
but not practical during anesthesia. There are many
novel methods developed to detect correct endotra-
cheal tube placement such as acoustic reflextometry@?,
electronic stethoscope®?, lung compliance and resis-
tance model®@, fiberoptic bronchoscopy, Rapiscope®.
Anyway these equipments would add more cost, not
widely available and need more skill to operate. In the
present study the authors found that both clinical
signs and information of standard monitors are
adequate for detection of nearly all EBI events if there
is high alert on EBI event during anesthesia.

The main involving factors contributed to
EBI in the present study were anesthesia related for 26
of a total of 32 cases or 81.6% which was comparable
to the study of McCoy et al®®. Inexperience of the
performers and lack of knowledge were the major causes
of anesthesia-related factors. All of the anesthesia
factors were related to human error and supposed to
be preventable. System factor was the second most
common involving factor of EBI (21%). Lack of com-
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munication and confirmation of endotracheal tube
depth while transferring from the patient’s ward to the
operating room were noted as the cause of EBI in 3
incidents. There were 2 cases of EBI performed by an
internist in the recovery room without supervision
of anesthesia staff. In summary, the present study
showed that the major contributing factors were
inexperience of the performers, lack of knowledge
about EBI risk, haste and communication failure.
Therefore, all anesthesia providers should be fully
aware of the potential risk of EBI during anesthesia
care.

The major factors to minimize the incidents in
the present study were prior experience (84.4%), high
awareness of incident (65.6%) and presence of an
experienced assistant (34.4%). Many studies have
been designed to prevent the EBI incident such as
estimate the airway length and formula for predicting
proper length of orotracheal intubation®-2", McCoy
et al suggested tracheal tube marking at 28-32 mm
above the upper edge of the cuff in both 5 vertical and
5 horizontal lines®® and found that this marking of
tubes would prevent the EBI incidents in 46.6%. Chong
et al® suggested the tracheal tube manufacturers
to reduce the risk of EBI by 1) tracheal tubes cuff
should be colored for easy identification 2) marking
on proximal edge of the cuff 3) marking on 2 and 4 cm
from proximal end of the cuff 4) shorten the tracheal
cuff and 5) shorten post cuff distance while still
including the “Murphy eye”. From the present study
there was not any single method that could prevent
the EBI incident. The authors found that additional
training, improved supervision and following guide-
line-practices were the most frequent recommendations
for prevention of EBI. Quality assurance activity and
improved communication between colleagues would
also improve anesthesia care and reduce adverse
anesthetic incidents.

Conclusion

The present study was the prospective
incident reports study of accidental endobronchial
intubation in anesthesia service in multicenter repre-
sentation. The incidence of EBI was 1.6% from the total
of 1,996 incidents of Thai AIMS. The complication was
detected in most cases by pulse oximeter, high peak
airway pressure and chest auscultation. Mostly the
incidents were contributed by anesthesia and system
factors. High awareness, experience of anesthetic
personnel and additional training would help minimize
the EBI incidents and improve anesthetic care.
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