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BACKGROUND: Although the ICU is the most appropriate place to care for mechanically venti-
lated patients, a considerable number are ventilated in general medical care wards all over the
world. However, adverse events focusing on mechanically ventilated patients in general care have
not been explored. METHODS: Data from the Japan Council for Quality Health Care database
were analyzed. Patient safety incidents from January 2010 to November 2017 regarding mechanical
ventilation were collected, and comparisons of patient safety incidents between ICUs/high care units
(HCUs) and general care wards were made. RESULTS: We identified 261 adverse events (with at
least 20 adverse events resulting in death) and 702 near-miss events related to mechanical venti-
lation in Japan between 2010 and 2017. Furthermore, among all adverse events, 19% (49 of
261 events) caused serious harm (residual disability or death). Human-factor issues were most
frequent in both ICU/HCU and general care settings (55% and 53%, respectively), while knowl-
edge-based errors were higher in the general care setting. CONCLUSIONS: Human-factor issues
were the most frequent reasons in both settings, while knowledge-based error rates were higher in
general care. Our results suggest that proper education and training is needed to minimize patient
safety incidents in facilities without respiratory therapists. Key words: incident report; adverse event;
general ward; ICU; mechanical ventilation; Japan Council for Quality Health Care; patient safety.
[Respir Care 0;0(0):1–•. © 0 Daedalus Enterprises]

Introduction

Incident reporting systems are important in all medical
disciplines and health care systems, and such reporting
systems are now well established in many countries.1,2

These systems can provide important insights into how
and why patients can be harmed at the organizational level.
Many current health care policies have developed as a

result of reviewing errors and near-misses, which can lead
to the discovery of important root causes and thus policy
changes. Errors in the management of patients may occur
for various reasons. Among such errors, there is little room
for any error regarding mechanical ventilation because these
may lead to more serious problems.3,4

Several previous studies have investigated serious pa-
tient safety incidents related to mechanical ventilators.5-8

Pham et al5 performed a cross-sectional analysis of ven-
tilator-related adverse events from 3 incident reporting sys-
tems. They showed that ventilator-associated adverse
events were frequently associated with human factor is-
sues, airway/breathing circuit issues, and ventilator mal-
functions. However, ventilator-related adverse events in
the general care ward setting have not yet been explored.
This is an important topic to study because considerable
numbers of mechanically ventilated patients receive care
in general medical care wards due to shortages of ICU
beds or a prolonged need for mechanical ventilation.9-11

We therefore analyzed data on safety incident epi-
sodes, including near-misses, from a national collection
of safety incidents involving mechanical ventilated pa-
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tients in ICU/high care units (HCUs) and in general care
settings. The first aim of this study was to identify and
compare the number of adverse clinical incidents and
near-misses regarding mechanical ventilation in Japan
between ICUs/high care units (HCUs) and general care
wards. The second aim was to determine the risk factors
of serious harm as a result of adverse events.

Methods

Description of the Database

To prevent adverse medical events and to promote pa-
tient safety, the Division of Adverse Event Prevention of
Japan Council for Quality Health Care has conducted var-
ious activities and projects since 2004, including the col-
lection of information on medical near-miss and adverse
events, and the evaluation of the quality of medical ser-
vices provided at hospitals.12 As of September 30, 2017,
1,464 hospitals and health care facilities in Japan (�17%
of the total number of hospitals in Japan) were registered
with this project. From January to December 2015, the
project received 3,654 reports of medical adverse event
information, 3,374 of which were reported by the medical
institutions subject to the reporting requirements, with the
remaining 280 being reported by voluntarily participating
medical institutions.13

Medical adverse events subject to reporting fell into
3 categories: (1) apparent errors in the treatment or man-
agement resulting in death, mental or physical disabilities,
unexpected treatment, treatment to an unexpected extent,
or other medical procedure; (2) unapparent errors in treat-
ment or management resulting in death, mental or physical
disabilities, unexpected treatment, treatment to an unex-
pected extent, or other medical procedures (including events
possibly associated with the treatment or management pro-
vided, limited to unexpected events); and (3) other than
those described in (1) and (2), information conducive to
the prevention of medical adverse events and their recur-
rence at medical institutions.12

Reported items on medical adverse events include month,
year, and time period of occurrence; severity of event;
overview of the event; the number of patients involved;
the age, sex and indication for mechanical ventilation for
each patient involved; the responsible party; and details of
the event, including background, causal factors, and im-
provement measures. Moreover, the reports must, as a
general rule, be made within 2 weeks of either the adverse
event in question occurring or the medical institution be-
coming aware of the adverse event. Reports on adverse
events are submitted via the Internet (SSL-encrypted com-
munication) using the dedicated online reporting portal.
Information is made available to interested parties and the
general public via the project Website. Medical adverse

event information and medical near-miss event informa-
tion can be perused on this Website, and users can down-
load the selected events in any of 3 file formats: XML,
PDF, or CSV. At the time when this manuscript was pre-
pared, the database search enabled users to search for de-
tails of 24,139 medical adverse events and 53,526 medical
near-miss events. As part of the Project to Collect Medical
Near-miss/Adverse Event Information, an English-
language version of the annual report has been created each
year since 2005. Reports and additional information are avail-
able at the project Website (www.med-safe.jp/contents/
english/index.html, Accessed May 9, 2018).

This study was approved by the Institutional Review
Board at the Jichi Medical University Saitama Medical
Center. We used anonymized data from the database with
no link to individual patient information. Due to the ano-
nymity of the data, the hospital review committees waived
the need to review this study.

Database Search Methods

The events extracted from the database for use in this
study included only ventilator-specific near-miss and ad-
verse events reported between January 2010 and Novem-
ber 2017. Because this database is only available in
Japanese, Japanesewordsmeaningmechanicalventilatorwere
used for data extraction. The database was searched for all
events related to mechanical ventilator, and a free-text
search was conducted to identify ventilator-specific events,
such as equipment events, self- or unplanned extubation,

QUICK LOOK

Current knowledge

The ICU is the most appropriate place to care for me-
chanically ventilated patients, yet a considerable num-
bers of patients are cared for in the general care ward.
Comparisons of the number of safety incidents reported
as adverse clinical incidents and near-misses between
ICUs/high care units (HCUs) and general care wards
had not been explored.

What this paper contributes to our knowledge

From a national collection of safety incidents in the
Japan Council for Quality Health Care database involv-
ing mechanically ventilated patients, most adverse
events were identified as occurring in the general care
setting rather than in the ICU/HCU setting. Human-
factor issues were most frequent in both settings, while
knowledge-based errors occurred more frequently in
the general care setting.
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and ventilator setting issues. We classified near-miss and
adverse events reported from ICUs, HCUs, and emergency
departments as occurring in the ICU/HCU setting, and all
other events were classified as occurring in the general
care setting. Near-miss and adverse events regarding op-
erating theater equipment, ventilation in the operating room,
neonatal ICU settings, and ventilator-associated pneumo-
nia were excluded because the search criteria only focused
on near-miss and adverse events occurring in ICU/HCU
and general care settings. Near-miss and adverse events
regarding noninvasive ventilation, which is frequently used
in regular hospital wards,14 were also excluded in the pres-
ent study.

We collected the following data from the database: pa-
tient sex, age, and location (ICU/HCU or general care
wards); time and day of the week when the incident oc-
curred; and the reporter’s assessment regarding the possi-
bility of residual disability. Based on the level of harm
according to the reporter’s assessment regarding the pos-
sibility of disabilities, the incidents were then classified
into 5 groups: the patient experienced the event, but the
event did not cause harm; low potential of residual dis-
ability; high potential of residual disability; event resulted
in death; and unknown. Near-miss and adverse events were
also identified and classified by reviewing the free-text
description submitted at the time of the incident. Based on
a previous study,5 we classified the near-miss and adverse
events into 6 groups: ventilator malfunction, equipment
damage, airway/breathing circuit issue, power source is-
sue, human factor issues, and unknown or other.

James Reason, who proposed the image of Swiss cheese
to explain the occurrence of system failures, classified
human errors into 3 categories: knowledge-based (errors
due to a lack of knowledge or experience with a particular
process or situation); rule-based (misinterpretation or mis-
use of relevant data or applying the wrong rule); and skill-
based (attention and memory failures, including omitted
tasks).15-17 Based on this classification, we similarly clas-
sified human factor issues into 3 categories.

Analysis of the Data

We first performed analyses to compare the differences
between the 2 settings (ICU/HCU and general care) for the
following variables: time and day of the week when the
incident occurred, the possibility of disabilities, presence
of patient harm, and classification of ventilator events.
Observed and expected numbers of events in the 2 groups
were compared using the Pearson chi-square or Fisher
exact tests (when the sample numbers are � 20 events).
Data were analyzed with JMP Pro12 (SAS Institute, Cary,
North Carolina). All tests were 2-sided, and P values � .05
were considered statistically significant.

Results

During the study period, we identified 1,244 adverse
events that were potentially relevant to this study. Figure
1 shows the results of the article screening and selection
process. We identified 300 accident reports by reviewing
the free-text description, and data on 261 events were
included in the final analysis in this study. Of the 261 events
regarding mechanical ventilation, we identified 79 and
182 events from the ICU/HCU and general care settings,
respectively. Table 1 shows the characteristics of the in-
cidents and the comparison of the number of incidents
by the day and time the incident occurred between the
ICU/HCU and the general care settings. The number of
patients who required mechanical ventilation secondary to
neurological disease was greater in the general care setting
than in the ICU/HCU setting, while the number of patients
who required mechanical ventilation secondary to sepsis
and trauma were greater in the ICU/HCU setting. In both
the ICU/HCU and the general care settings, nurses were
the most frequently involved responsible party in these
incidents. Findings from our data analysis showed that
there were no statistically significant differences regarding
time and day of the week between incidents occurring in
either care setting. However, accident rates tended to in-
crease on the weekends compared to the weekdays.

A comparison of the causes of ventilator-related adverse
events between the ICU/HCU and general care settings is
shown in Table 2. In 261 events, 10 (4%), 13 (5%), 97 (37%),
1 (�1%), 0, and 141 (54%) events occurred due to ven-
tilator malfunction, equipment damage, airway/breathing
circuit issues, power source issues, gas supply issues, and

Eligible accident
reports screened

1,244

Accidents not related
to mechanical
ventilation

NICU setting: 33
OR setting: 6

Full-text review
300

Reports included
261

ICU/HCU settings
79

General ward setting
182

Excluded
944

Excluded
39

Fig. 1. Flow chart. NICU � neonatal ICU; HCU � high care unit.
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human factor issues, respectively. However, the compari-
son of each cause between the ICU/HCU and the general
care settings showed no significant difference. Table 3
shows the comparison of incident numbers of the degree of
harm due to adverse events between the ICU/HCU and gen-
eral care settings. In 261 accidents that could be classified
by the level of harm, 161 (62%), 47 (18%), 29 (11%), and
20 (8%) were classified as causing no obvious harm, re-
sulting in low or high potential of residual disability, or
resulting in death, respectively. Lack of harm was signif-
icantly higher in the ICU/HCU than in general care (P �
.002). Although there were no significant differences be-
tween the ICU/HCU and general care settings, the rate of
accidents that could cause serious harm (ie, high potential
for residual disability and death) were greater in the gen-
eral care setting.

We identified 702 near-miss events regarding mechan-
ical ventilation in the ICU/HCU and general care settings.
Table 4 summarizes the number of near-miss events ac-
cording to ventilator-event classifications and the compar-

Table 2. Comparison of Causes of Ventilator-Related Adverse
Events

Total ICU/HCU
General

Care
Ward

P

Ventilator malfunction 10 (4) 4 (5) 6 (3) .49*
Equipment damage 13 (5) 6 (8) 7 (4) .22*
Airway/breathing

circuit issue
97 (37) 25 (32) 72 (40) .22†

Power source issue 1 (� 1) 0 1 (� 1) .99*
Gas supply issue 0 0 0
Human factor issue 141 (54) 44 (55) 96 (53) .66†
Others 0 0 0

Data shown as no. (%). There were 261 total events; 79 ICU/HCU events, and 182 general
care ward events.
* P value from the Fisher exact test.
† P value from the chi-square test.
HCU � high care unit

Table 1. Characteristics and Comparisons of Day and Time of Incidents

Total ICU/HCU General Care Ward P

Patient age, y
0–9 31 (12) 7 (9) 24 (13) .40*
10–19 6 (2) 3 (4) 3 (2) .37*
20–69 110 (42) 39 (49) 71 (39) .13†
70–79 61 (23) 14 (18) 47 (26) .16*
�80 53 (20) 16 (20) 37 (20) .99*

Indication of mechanical ventilation
Cardiovascular 31 (12) 12 (15) 19 (10) .27*
Stroke 6 (2) 4 (5) 2 (1) .07*
Neurological 67 (26) 7 (9) 60 (33) .002*
Postsurgical 37 (14) 10 (13) 27 (15) .70*
Respiratory 75 (29) 24 (30) 51 (28) .70†
Post cardiac arrest 7 (3) 3 (4) 4 (2) .43*
Trauma 11 (4) 7 (9) 4 (2) .02*
Sepsis 17 (7) 11 (14) 6 (3) .004*
Others or Unknown 10 (4) 1 (1) 9 (5) .29*

Responsible party
Nurse 212 (81) 60 (76) 152 (84) .15†
Physician 43 (17) 17 (21) 26 (14) .15*
Physical therapist 3 (1) 1 (1) 2 (1) .99*
Biomedical equipment technician 3 (1) 1 (1) 2 (1) .99*

Day the incident occurred
Weekday 81 (31) 26 (33) 55 (30) .67†
Weekend 180 (69) 53 (67) 127 (70)

Time the incident occurred
Daytime (8 AM–8 PM) 160 (61) 50 (63) 110 (60) .66†
Nighttime (8 PM–8 AM) 101 (39) 29 (37) 72 (40)

Data shown as no. (%). There were 261 total events; 79 ICU/HCU events, and 182 general care ward events.
* P value from the Fisher exact test.
† P value from the chi-square test.
HCU � high care unit
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isons between the ICU/HCU and general care settings.
Among the near-miss events, human factor issues were the
most frequent in both settings, although there were no
significant differences regarding all issues between the
2 settings. Table 5 shows the comparison of the different
categories of human factor issues related to mechanical
ventilation between the ICU/HCU and the general care
settings. In the near-miss events, the knowledge-based er-
ror rate was significantly higher in the general care setting
(P � .02). However, in the ICU/HCU setting, skill-based
error rates were significantly higher (P � .004 and .02,
respectively).

Discussion

In this study, we identified 261 adverse events and
702 near-miss events relating to mechanical ventilation

from the Japan Council for Quality Health Care open da-
tabase. Our analysis revealed at least 20 adverse events
resulted in death in Japan between 2010 and 2017. More-
over, among all adverse events, 19% (49 of 261 events)
caused serious harm (ie, residual disability or death). Of
all adverse events, 54% were due to human factor issues,
while 76% of near-miss events were due to human factor
issues. Human factor issues were reported most frequently
in both the ICU/HCU and the general care settings, while
knowledge-based error rates were significantly higher in
the general care settings.

Our study has several notable strengths. This is the first
study to analyze data on adverse events regarding mechan-
ical ventilation, with a focus on the comparison between
the ICU/HCU setting and the general care setting. In ad-
dition, this is the first report to analyze data on incident
reports from a national collection of patient safety inci-
dents involving mechanical ventilated individuals in Ja-
pan. Finally, we classified human errors into 3 categories
to describe the causes of incidents in detail. We believe
that our results are very important additions to the accu-
mulated body of evidence related to these areas.

Accidents involving medical devices have occurred and
will continue to occur for many reasons, including device
design, lack of knowledge, and human error. Due to the
small number of mechanical ventilator-related factors, we
did not examine this aspect in detail; however, our find-
ings showed that the most commonly reported ventilator-
related adverse events were human factor issues and air-
way/breathing circuit issues, which is consistent with a
previous study on ventilator-related adverse events.5 More-
over, we revealed that the knowledge-based error rates
were significantly higher in general care settings. Respi-
ratory therapists are specialized health care practitioners
trained in pulmonary medicine; however, aside from the
United States and Canada, very few countries have a ded-
icated professional role for respiratory health. Because there
are no respiratory therapists in Japan, nurses were respon-
sible for a greater proportion of care of mechanically ven-
tilated patients,18 and the same may apply for practice in
other countries. Li et al19 reported that variable clinical
practices in ICU respiratory care exist and are provided
mostly by nurses and physicians because of the lack of
respiratory therapists. Experience-based knowledge was
indicated by nurses as one of the categories of their sources
of knowledge in practice.20 However, nurses working in
general care wards experience challenges when dealing
with patients who are mechanically ventilated due to a
lack of experience and skill. This lack of knowledge and
experience might have led to the reported rates of acci-
dents with serious harm, which tend to be higher in the
general care setting. Indeed, caring for patients on me-
chanical ventilation in the general ward causes dissatisfac-
tion among staff, thereby putting patients at more risk.21

Table 3. Comparison of Degree of Harm Due to Adverse Events

Total ICU/HCU
General

Care
Ward

P

Events that did not cause
patient harm

161 (62) 60 (76) 101 (56) .002†

Low potential of residual
disability

47 (18) 8 (10) 39 (21) .035*

High potential of residual
disability

29 (11) 7 (9) 22 (12) .53*

Event resulted in death 20 (8) 3 (4) 17 (9) .13*
Unknown 4 (1) 1 (1) 3 (2) .99*

Data shown as no. (%). There were 261 total events; 79 ICU/HCU events, and 182 general
care ward events.
* P value from the Fisher exact test.
† P value from the chi-square test.
HCU � high care unit

Table 4. Comparison of Causes of Ventilator-Related Near-Miss
Events

Total ICU/HCU
General

Care
Ward

P

Ventilator malfunction 51 (7) 22 (9) 29 (6) .19†
Equipment damage 45 (6) 11 (5) 34 (7) .15*
Airway/breathing

circuit issue
56 (8) 16 (6) 40 (9) .38*

Power source issue 17 (2) 4 (2) 13 (3) .44*
Gas supply issue 7 (1) 2 (1) 5 (1) .99*
Human factor issue 522 (74) 188 (77) 334 (73) .23†
Others 4 (1) 1 (� 1) 3 (1) .99*

Data shown as no. (%). There were 702 total events; 244 ICU/HCU events, and 458 general
care ward events.
* P value from the Fisher exact test.
† P value from the chi-square test.
HCU � high care unit
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Although there were no significant differences between
the ICU/HCU and general care settings, the rate of inci-
dents that could cause serious harm were greater in general
care, which should not be ignored.

Because ventilators play a crucial safety role, patients
should be treated in a safe environment, protected from
avoidable harm. Therefore, the Society of Critical Care
Medicine’s guidelines for ICU admissions recommend me-
chanical ventilation as the highest priority indication for
admission to ICUs.22 It has been reported that the general
care ward offers poorer monitoring, is associated with more
endotracheal tube-related complications, and provides less
active ventilator management.23 In Japan, a tracheostomy
tube is usually placed for patients requiring mechanical
ventilation in the wards; however, there are no explicit
rules for the use of ward beds for these patients. Moreover,
ICU bed resources in Japan are limited in number when
compared to the United States.18 Therefore, if prolonged
mechanical ventilation patients are stable enough to be
transferred to a general care ward, they often continue to
receive care in those wards. Although it is unusual that
invasive mechanical ventilation is delivered in a general
care ward in the United States, our report might provide a
reference value for the incidence of adverse events for
patients receiving ventilator support in general care wards,
and it may also attract attention to similar information for
patients on home ventilation.24,25

Our study had several limitations. First, this was a ret-
rospective analysis of an existing database. Despite using
a uniform method of data collection, the quality of the data
in this database varied because the data were submitted by
the staff of individual facilities. Although there was no
validation of this database, an English-language version of
the Annual Report has been created each year since 2005,
and the Quarterly and Annual Reports contain large vol-
umes of information. When this manuscript was prepared,
the database search function enabled users to access de-
tails of 24,139 medical adverse events and 53,526 medical
near-miss events. Preliminary analyses provide insight into
the potential value of the early detection of risks to patient
safety before serious harm can occur. Second, � 1,000

hospitals and health care facilities in Japan have joined
this national health database; however, the reporting of
adverse events is dependent on each health care profes-
sional, and adverse events may thus be underreported. Be-
cause error-reporting systems may only capture a fraction
of the actual errors, the true error frequency may be many
times greater than what is actually reported. The types of
errors that are reported will differ not just on the actual
number and type of true errors occurring, but also on the
ability to recognize and report them in the first place.
Therefore, our results may underestimate the actual occur-
rence of safety incidents. However, we extracted all data
from the database and conducted a free-text search to ob-
tain even more precise information. Third, as we described
previously, two authors (TK, KM) categorized all reports.
Although the professor of the department of biomedical
engineering (KM) supervised this analysis, subjective bias
of categorization might exist.

Conclusion

We identified at least 20 adverse events that resulted in
death in Japan between 2010 and 2017 from the Japan
Council for Quality Health Care open database. Moreover,
we found that human factor issues were the most frequent
issues in both ICU/HCU and general care settings, and
knowledge-based error rates were significantly higher in
the general care ward. Our findings suggest that proper
education and training is needed to minimize patient safety
incidents in facilities without respiratory therapists.
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