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ABSTRACT

Introduction Foreign body airway obstruction (FBAO) is a
major public health issue worldwide. In 2017, there were
more than 5000 fatal choking cases in the USA alone,

and it was the fourth leading cause of preventable injury-
related death in the home and community. In Japan, FBAO
is the leading cause of accidental death and with almost
9000 fatalities annually. However, research on FBAQ is
limited, particularly on the impact of a foreign body (FB)
removal manoeuvres by bystanders. The primary objective
of this study is to determine the impact of bystander FB
removal manoeuvres on 1 month neurological outcome.
Our secondary objectives include (1) evaluating the
efficacy of a variety of FB removal manoeuvres; (2)
identifying risk factors for unsuccessful removal and (3)
evaluating the impact of time intervals from incidents of
FBAO to FB removal on neurological outcome.

Methods and analysis We will conduct a nationwide
multi-centre prospective cohort study of patients with FBAQ
who present to approximately 100 emergency departments
in both urban and rural areas in Japan. Research personnel
at each participating site will collect variables including
patient demographics, type of FB and prehospital variables,
such as bystander FB removal manoeuvres, medical
interventions by prehospital personnel, advanced airway
management and diagnostic findings. Our primary outcome
is 1 month favourable neurological outcome defined as
cerebral performance category 1 or 2. Our secondary
outcomes include success of FB removal manoeuvres and
complications from the manoeuvres. We hypothesise that
bystander FB removal manoeuvres improve patient survival
with a favourable neurological outcome.

Ethics and dissemination This study received research
ethics approval from Nippon Medical School Hospital
(B-2019-019). Research ethics approval will be obtained
from all participating sites before entering patients into the
registry. The study was registered at the University Hospital
Medical Information Network (UMIN) Clinical Trials Registry.
Trial registration number UMIN 000039907.

INTRODUCTION
Contrary to the belief that foreign-body
airway obstruction (FBAO) is a ‘rare’ cause
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Strengths and limitations of this study

» Our study will be the first large-scale prospective
study of patients with foreign-body airway obstruc-
tion (FBAQ).

» This study will evaluate the impact of bystander
foreign body (FB) removal manoeuvres on 1 month
favourable neurological and include enough cases
to adjust for prespecified confounders, such as pa-
tients’ age, witness of the event and type of FBAO.

» The study will also provide data on the effectiveness
of FB manoeuvres in the real world.

» Although this study will include multiple emergency
departments throughout Japan, the results of the
study might not be applicable to other countries
where the population and healthcare system are
different.

of cardiac arrest, FBAO is a major public
health issue worldwide. In 2017, there were
more than 5000 fatal cases due to choking in
the USA alone, and it was the fourth leading
cause of preventable injury-related death in
the home and community.' Similar to the
USA, death or morbidity from FBAO has
received increasing attention in many devel-
oped countries in Europe and Asia.*” In
Japan where life expectancy is the longest in
the world, FBAO has been the leading cause
of accidental death since 2006, with almost
9000 fatal cases reported every year in a
country with 126 million habitants.®

Since elderly people are at high risk of
FBAO, fatality due to FBAO will most likely
continue to increase in many countries.
Despite the need for further studies on
FBAO, research on FBAO is still limited. No
major changes on FBAO management have
been made for nearly 15years in the resusci-
tation guidelines from the American Heart

BM)

Norii T, et al. BMJ Open 2020;10:6039689. doi:10.1136/bmjopen-2020-039689 1


http://bmjopen.bmj.com/
http://orcid.org/0000-0001-7428-5625
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2020-039689&domain=pdf&date_stamp=2020-07-20
http://bmjopen.bmj.com/

Association and the International Liaison Committee on
Resuscitation.

In contrast to the well-studied impact of bystander
cardiopulmonary resuscitation (CPR) on survival and
neurological outcomes in patients with out-of-hospital
cardiac arrest,7 8 little is known about the effectiveness of
bystander attempts of airway foreign body (FB) removal
manoeuvres, such as a back blow, the abdominal thrust
(ie, Heimlich manoeuvre) and how these attempts affect
outcomes in patients with FBAO. Additionally, these
manoeuvres occasionally cause a major injury, and the
incidence of complications has not been well studied.’
Thus, a large-scale registry of FBAO that includes timing
and type of FB removal attempts, their successes and
complications is warranted.

OBJECTIVES

The primary objective of this study is to determine the
impact of bystander FB removal manoeuvres on 1 month
favourable neurological outcome defined as Cerebral
Performance Category (CPC) 1 (good recovery) or 2
(moderate disability) among patients with FBAO.' Our
secondary objectives include (1,) evaluating the efficacy
of a variety of FB removal manoeuvres; (2,) identifying
risk factors for unsuccessful removal and (3,) evaluating
the impact of time intervals from incidents of FBAO to FB
removal on favourable neurological outcome.

METHODS AND ANALYSIS

Study design

The MOCHI (Multi-center Observational CHoking Inves-
tigation) registry is a prospective, nationwide, observa-
tional study that consists of all patients who presented
to emergency departments (EDs) with FBAO in Japan.
We define FBAO as life-threatening mechanical airway
obstruction caused by FB in the airway. We will include
all (adult and paediatric) patients who present to the
ED with FBAO from April 2020 to March 2023. We will
exclude patients who present with the aspiration of
sputum or gastric contents, choking with gas, drowning,
unwitnessed cardiac arrest, loss of consciousness before
FBAO, strangulation or a neck tumour that caused suffo-
cation. Research ethics approval will be obtained from
all participating sites before entering patients into the
registry. The requirement of written informed consent
was waived.

Study setting

In Japan, emergency medical dispatchers typically instruct
bystanders to perform basic FB removal procedures via
phone."" There is some variation among emergency
medical system (EMS) protocols on how to instruct FB
removal procedures to a layperson. However, dispatchers
typically instruct callers to attempt a back blow and the
abdominal thrust manoeuvre, or combinations of these
manoeuvres. In the field, protocols recommend EMS

personnel encourage a patient to cough, perform a
back blow and the abdominal thrust manoeuvre. When
a patient becomes unresponsive or suffers from cardiac
arrest, EMS personnel perform chest compressions and
attempt to remove the FB. Advanced airway manage-
ment, including supraglottic airway device placement
or endotracheal intubation, is performed by specially
trained EMS personnel. Depending on the severity of
incidents and availability, doctor-staffed ambulances are
also dispatched and emergency physicians provide imme-
diate procedures for critically ill patients at the scene.
Because of the very strict criteria for discontinuation of
resuscitation efforts in the field, it is extremely rare for
EMS to not transport patients to the ED.

Data collection and quality control

Research personnel at each participating site will collect
variables including patient demographics, type of FB,
prehospital variables such as FB removal manoeuvres
performed by bystanders, other medical interventions by
prehospital personnel such as advanced airway manage-
ment, and in-hospital diagnostic findings and treatments
including core body temperature management and extra-
corporeal membrane oxygenation. We will also record
timing of key events, such as the onset of FBAO, attempts
of rescue procedures, EMS arrival on the scene, advanced
airway management, resolution of obstruction and the
onset of cardiac arrest (if any). In regards to FB removal
manoeuvres, a patient’s body position (eg, a prone or
head-down position) will also be recorded since several
studies have shown the effectiveness of certain posi-
tions."* "

The registry will also record the type of airway FBs and
their locations. Most of the previous large-scale studies
on FBAO retrospectively analysed cardiac arrest regis-
tries, which often lack key variables for FBAO, such as
bystanders’ efforts to remove FB, type of FB and loca-
tions of FBs. For this reason, there has previously been no
formal classification system available for FBAO. Due to the
heterogeneity of FBAO victims and absence of classifica-
tions of FBAO, we developed a new classification system,
called MOCHI classification in 2018 and published the
proposal in 2019."

Figure 1 summarises the MOCHI classification system.
In the classification system, FBAO cases are classified into
three types based on anatomical and physiological char-
acteristics: type 1, upper airway obstruction by a large FB
that cannot pass through the vocal cord or a large amount
of residue that completely obstructs the airway; type 2,
trachea or bilateral main bronchus obstruction by an FB
or a large amount of residue and type 3, unilateral bron-
chus or distal bronchus obstruction by an FB, residue or
liquid."* This classification system allows researchers to
report FBAO cases more consistently, and the system has
already been cited by an article on FBAO.'” Variables for
FB characteristics would be helpful to examine whether
certain characteristics are associated with unsuccessful FB
removal or not. For example, some food materials, such
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Anatomy Physiology Definition
Oral cavity, . . .
Upper airway obstruction by a large foreign body that
pharynx, or
| cannot pass through the vocal cord or a large amount of
arynx
(b:y ) Possible residue that completely obstructs the airway.
ue
complete

Trachea obstruction
above Trachea and/or bilateral main bronchus obstruction by a
carina foreign body or a large amount of residue.
(light blue)

: Bronchi,

: bronchioles, | Partial Unilateral bronchus and/or distal bronchus obstruction
and lungs | obstruction | by a foreign body, residue, or liquid.
(white)

Figure 1
CHoking Investigation.

as a sticky rice cake or others might be associated with
better or worse outcomes.'® For this reason, type of FB,
including the type of food material, will be recorded. In
order to assist classification consistency and accuracy, we
developed a MOCHI classification algorithm (figure 2)
and provided bronchoscopic and CT images that demon-
strated classic examples (figures 3-6).

We are also interested in the incidence and severity
of complications from rescue procedures for FBAO.
Although rare, multiple case reports have described
severe and sometimes fatal injuries that were caused by the
Heimlich manoeuvre.'”" van der Ham et al" published a
report describing a list of cases who had severe complica-
tions from abdominal thrust manoeuvre. The listincluded
several cases who died due to the complications (eg, peri-
tonitis after gastric perforation). However, due to the lack

Large FB (> 2cm) in YES
oropharyngeal cavity?

NO (or unknown)

Was a large FB visualised YES
with a laryngoscope?

Type 1

Type 1

NO (or unknown)

. YES
Was able to ventilate? Type 3
NO (or unknown)
Unilateral bronchus
Where was FB found with or distal bronchus
diagnostic test(s)? Type 3

Trachea or
bilateral main bronchus

Type 2

Figure 2 MOCHI algorithm. FB, foreign body; MOCHI,
Multi-center Observational CHoking Investigation.

‘MOCHYI’ classification of the location of foreign bodies in airway obstruction. MOCHI, Multi-center Observational

of large-scale studies for FBAO, complication rates from
rescue manoeuvres are still largely unknown. To begin to
address this gap, our registry includes potential complica-
tions that are found with diagnostic tests, such as CT scan,
postmortem imaging study and autopsy.

Our primary outcome is I month favourable neuro-
logical outcome defined as CPC 1 (good recovery) or 2
(moderate disability).'” Our secondary outcomes include
the success of FB removal manoeuvres and complications
from the manoeuvres. We hypothesise that bystander
FB removal manoeuvres improve patient survival with a
favourable neurological outcome.

Figure 3 An example of type 3 MOCHI airway foreign body.
A bronchoscopic image demonstrates that a food material is
completely obstructing left main bronchus (arrow). MOCHI,
Multi-center Observational CHoking Investigation.
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Figure 4 An example of type 3 MOCHI airway foreign body.
A bronchoscopic image demonstrates pieces of food material
(arrow) in one of the peripheral bronchioles. MOCHI, Multi-
center Observational CHoking Investigation.

Statistical analysis

Sample size estimation

Based on our previous retrospective study of eight EDs
that included 385 cases over 5 years (9.6 cases/site/year
as average), we plan to recruit a minimum of 30 EDs to
collect data on approximately 10 cases per site per year
for a total of at least 1000 cases across all sites in 3years.

In order to compare patients who receive bystander
FB removal manoeuvres to those who do not, we
will use multiple logistic regression analyses for our
primary statistical analysis, adjusting for the following
seven prespecified covariates, including age (years),
sex (male/female), activity of daily life (independent/
dependent), incident in a public location (public/
private residence), witness (yes/no), MOCHI classifica-
tion (type 1/2/3) and EMS response time (time from
call to dispatch centre to EMS arrival on the scene in
minutes). Age and EMS response time will be treated as
continuous variables, and the rest of the variables will be
treated as dichotomous.

Sample size was calculated based on a similar previous
study® and the general rule that a model must fit no more
than m/15 parameters to allow for proper multivariable
analysis and to be generalisable to future patients, where
m is the effective sample size. Therefore, the minimum
number of cases required for the model will be 135 with
9df (2 df for continuous variables, 1df for dichotomous).
A multivariable model with a complexity of 9df can be
reliably fitted when the effective sample size is at least
9x15=135 subjects.

Figure 5 An example of type 2 MOCHI airway foreign
body. A coronal CT image demonstrates a large airway
foreign body in trachea (arrow). Note that the foreign body is
pushing an endotracheal tube to side. MOCHI, Multi-center
Observational CHoking Investigation.

Strengths and limitations of the study design

Our study will be the first large-scale prospective study of
patients with FBAO. This study will characterise patients
with FBAO. We aim to evaluate the impact of bystander
FB removal manoeuvres on survival with a favourable
neurological outcome among patients who suffer from
FBAO. Since this study is an observational study, we can
examine the correlation but not causality. However, our

g

Figure 6 An example of type 2 MOCHI airway foreign
body. A large foreign body (a piece of tuna fish) was found
in the trachea and removed together with the endotracheal
tube due to the size of the piece that was larger than the
diameter of intubation tube (7.5 mm). MOCHI, Multi-center
Observational CHoking Investigation.

4

Norii T, et al. BMJ Open 2020;10:6039689. doi:10.1136/bmjopen-2020-039689

y6uAdod Aq pajosiold 1senb Ag 0202 ‘2z AIne uo /wod fwg uadolwigy/:dny woly pspeojumod "020Z AINC 02 U0 6896£0-0202-uadolwa/oeTT 0T se paysiignd 1siy :uado CNG


http://bmjopen.bmj.com/

study will include enough cases to adjust for pre-specified
confounders, such as patients’ age, the witness of the
event and type of FBAO. Although this study will include
multiple EDs throughout Japan, the results of the study
might not be applicable to other countries where the
population and healthcare systems are different.

Patient and public involvement
No patient or public involvement.

DISCUSSION

Bystander CPR and defibrillation using an automated
external defibrillator (AED) play a significant role, if not
the most important, in out-of-hospital cardiac arrest. The
recent study conducted by Riva et al in Sweden revealed
that there has been a significant increase of bystander
CPR since 2010 and the chance of survival was almost
doubled with bystander CPR compared with no CPR
before EMS arrival.?! In contrast, the association between
bystander attempts at FB removal and FBAO victim
survival and neurological outcomes has not been well
studied. In the MOCHI study, we seek to determine the
impact of bystander’s FB removal manoeuvres on survival
and favourable neurological outcomes. We hypothesise
that a bystander FB manoeuvre is associated with survival
and a favourable neurological outcome compared with
no FB removal attempt before EMS arrival.

FBAO and drowning share similar pathophysiology.
In both conditions, the central problem is asphyxia (ie,
sudden loss of oxygen supply that is followed by hypoxia
in major organs, including the brain). Unless the condi-
tion is treated immediately and adequately, brain damage
from prolonged hypoxemia causes severe neurological
sequelae. The chance of favourable neurological outcome
(defined as CPC of 1 or 2) is less than 3% for patients
who suffer from out-of-hospital cardiac arrest due to
FBAO.?* These patients tend to have a lower chance of
favourable neurological outcome compared with cardiac
arrest patients from other causes.

The priorities of resuscitation efforts are also similar
in both conditions. Removal of mechanical obstructions
that prohibit oxygen from flowing to lungs (ie, water in
submersion, FB in FBAO) is the most important step for
both conditions. In drowning victims, multiple studies
have shown the impact of duration of submersion and
water temperature on outcomes.”* ™ Risk of death or
severe neurological sequelae is only 10% in drowning
victims if the duration of submersion is less than 5min.
The risk of poor outcome increases to 56%, 88% and
nearly 100% if the duration is 5-10min, 11-25min and
>25min, respectively.”” However, little is known about
the association between duration of FBAO (ie, the time
interval between the onset of choking and successful
removal of FB) and survival and neurological outcomes.

We investigated the association between the duration of
FBAO and outcomes in two previous retrospective cohort
studies. The first study was a single-centre retrospective

cohort study that included 137 patients over a period
of 7years. This study showed a significant relationship
between FB removal by a bystander and favourable
neurological outcome.?” Our more recent study included
386 patients in eight EDs showed that almost half of the
patients had favourable neurological outcome (CPC 1
or 2) if FBAO was resolved less than 5min, but the rate
dropped to 28% if FBAO was not successfully treated until
6-10min. However, the studies included a relatively small
number of patients, and there was also a large number of
patients with missing time data due to the retrospective
design. Therefore, the association between duration of
FBAO and survival and neurological outcomes still need
to be further investigated with a large-scale, multi-centre,
prospective study.

Although multiple methods of bystander FB removal
in FBAO victims have been described in the literature,
there is little evidence showing that one way is better
than the others in the real world. Most of the previous
studies were simulation-based and examined the efficacy
of FB removal manoeuvres performed by non-elderly
healthy volunteers on recently deceased persons or
manikins.”* However, the majority of FBAO victims are
elderly patients, witnesses to these events are likely elderly
family members or friends and efficacy of FB removal
manoeuvres performed by elderly individuals need to be
investigated. In this study, we collect basic demographic
information for bystanders to examine the efficacy of the
FB removal manoeuvres.

In addition to the efficacy of the manoeuvres, we will
investigate potential complications from these manoeu-
vres. Unfortunately, studies on complications from FB
removal manoeuvres are scarce and mainly limited to case
series and case reports.' Due to the absence of a large
cohort study of FBAO that documents removal manoeu-
vres, the exact incidence of complications is unknown. As
described above, it is extremely rare for EMS personnel
to terminate resuscitation efforts in the field and patients
are typically transported to the ED even when resuscita-
tions seem futile (eg, asystole in the field).” Also, autopsy
imaging is often performed in the ED when patients die in
the ED.” These unique situations in Japan will provide us
with the opportunity to describe a more comprehensive
set of characteristics of complications from FB removal
manoeuvres.

Our results will be meaningful for not only emergency
physicians and emergency medical services but also for
public health policymakers. If bystander FB removal
has a critical role in the prognosis of FBAO victims
and at the same time, there is a significant barrier for a
bystander to perform FB removal successfully (eg, age
of the bystander), an alternative method of bystander
FB removal might need to be developed and taught in
the future. For out-of-hospital cardiac arrest, the use of
publicly accessible AEDs significantly improved survival
and neurological outcomes. A similar approach, thatis, to
introduce a publicly accessible FB removal device might
also need to be considered.
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ETHICS AND DISSEMINATION

The study will be conducted in accordance with the
Declaration of Helsinki. This study received research
ethics approval from Nippon Medical School Hospital
(B-2019-019). Research ethics approval will be obtained
from all participating sites before entering patients into
the registry. The study was registered at the University
Hospital Medical Information Network (UMIN) Clinical
Trials Registry. The results will be disseminated through
publications in peer-reviewed journals and presentations
at scientific conferences.
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