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ABSTRACT

Background Intra-hospital transportation (IHT) might
compromise patient safety because of different care
settings and higher demand on the human operation.
Reports regarding the incidence of IHT-related patient
safety events and human failures remain limited.
Objective To perform a retrospective analysis of IHT-
related events, human failures and unsafe acts.

Setting A hospital-wide process for the IHT and database
from the incident reporting system in a medical centre in
Taiwan.

Participants All eligible IHT-related patient safety
events between January 2010 to December 2015 were
included.

Main outcome measures Incidence rate of [HT-related
patient safety events, human failure modes, and types of
unsafe acts.

Results There were 206 patient safety events in 2 009
013 IHT sessions (102.5 per 1 000 000 sessions). Most
events (n=148, 71.8%) did not involve patient harm, and
process events (=146, 70.9%) were most common.
Events at the location of arrival (=101, 49.0%) were most
frequent; this location accounted for 61.0% and 44.2%

of events with patient harm and those without harm,
respectively (p<0.001). Of the events with human failures
(n=186), the most common related process step was the
preparation of the transportation team (n=91, 48.9%).
Contributing unsafe acts included perceptual errors (n=14,
7.5%), decision errors (n=56, 30.1%), skill-based errors
(n=48, 25.8%), and non-compliance (=68, 36.6%).
Multivariate analysis showed that human failure found in
the arrival and hand-off sub-process (OR 4.84, p<0.001)
was associated with increased patient harm, whereas the
presence of omission (OR 0.12, p<0.001) was associated
with less patient harm.

Conclusions This study shows a need to reduce human
failures to prevent patient harm during intra-hospital
transportation. We suggest that the transportation team
pay specific attention to the sub-process at the location of
arrival and prevent errors other than omissions. Long-term
monitoring of IHT-related events is also warranted.

Strengths and limitations of this study

» Hospital-wide estimation of the incident rate of
patient safety events related to intra-hospital
transportation.

» Use of standardised definitions for the classification
of human failures.

» Single-centre analysis, probably
generalisability of the study findings.

» Probable under-reporting, as commonly perceived in
real-world incident reporting.

» Probable under-detection of unsafe acts in the
reported incidents.

limiting the

INTRODUCTION

Intra-hospital transportation (IHT) is a
commonly performed process undertaken by
hospital staff during the provision of health-
care. In this situation, a patient is transported
to an alternate location to obtain additional
technical, cognitive or procedural care that
is not available at the existing location." The
need for IHT might be especially high for
patients who receive complex interventions.
This process might be challenging because
it temporarily displaces the patients to other
settings, such as hallways, elevators, and areas
for interventions, whereas some patients who
have the need for continuous medical care
might be managed by staff not associated with
the original care team.” Therefore, the subject
of patient safety during IHT has attracted
attention in the acute critical care setting as
reports have shown a variety of adverse events
related to this process.” * Moreover, patients
who are not critically ill might still have
similar safety risks and care needs regarding
equipment, staff, and process during THT.”
Studies have reported a variety of adverse
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events during transportation,' *® including acute dete-
rioration of the physiologic parameters, malfunctioning
of equipment and facilities, displacement and malfunc-
tioning of indwelling tubes and lines, and other technical
problems.” ' These reports have raised awareness of the
importance of maintaining safety during this high-volume
process in healthcare.

Despite this increased awareness, however, IHT-re-
lated events have appeared difficult to avoid even when
a specialised transport team has undertaken the trans-
portation.® Explanations have included factors related
to staff members'' and professional and organisational
cultures.'”” The intra-hospital transportation of patients
might be seen as an exceptional aspect of patient care
and management that almost invariably requires human
participation and collaboration. Any human factor that
compromises the safety barrier during the IHT process
might lead to the subsequent occurrence of adverse
events. Failures of a person's behaviour in relation to
the process of patient care (ie, human failures) play an
important part in the proximate cause of an adverse
event.”

A variety of safety domains, including health-
care,”” ! has promoted the analysis of human failures
as well as unsafe acts, the factors proximate to the adverse
events."” However, reports regarding human failures
in IHT have remained limited. Difficulties underlying
the scarcity of knowledge in this domain might include
the temporary nature of the transportation process,
the non-uniform composition of human participation,
and variations in the process based on practice need. One
possible solution to a deeper understanding of human
failures might be the exploration of the occurrence of
patient safety events through a reporting system that
collects the relevant descriptive information. The objec-
tive of this study was to determine the incidence rate of
IHT-related patient safety events and to investigate the
modes of human failures in IHT-related events identified
from the institutional incident reporting system (IRS).

14-18

METHODS

Study design

We conducted this retrospective observational study to
analyse the reported IHT-associated patient safety events
from January 2010 to December 2015 at the National
Taiwan University Hospital (NTUH), a main university-af-
filiated tertiary referral medical centre in Taiwan. The
Research Ethical Committee B of NTUH approved this
study and waived the need for informed consent from the
patients.

Setting

The NTUH is a 2300-bed, university-affiliated medical
centre. The institutional IRS, established in 2000,
adopted electronic reporting in 2005. The IRS provided
structured data fill-in to capture necessary information
as well as text entry to describe the event in detail. The

staff members of the Centre for Quality Management of
this hospital then performed further possible verifica-
tion, information collection, and initiation of necessary
improvement activities.

There was an institutional policy for IHT and a specific
checklist to determine the makeup of the transportation
team and equipment. When a patient needed transpor-
tation to an alternate location in the same hospital to
obtain additional technical, cognitive or procedural care
that was not available at the existing location,' the staff
members from the location of departure were required
to complete a checklist to verify the patient's condition.
Patients who had at least one of the following conditions
within 8hours before transportation were considered
unstable for transportation: (1) peripheral capillary
oxygen saturation (SpO,) <90% shown by pulse oximetry,
or apparent cyanosis if SpO* was not available; (2) heart
rate >120/min or <50/min; (3) respiratory rate >30/min
or <6/min; (4) systolic blood pressure <90mm Hg or
>220mm Hg; (5) loss of consciousness not responding to
stimulation, regardless of duration; (6) any seizures; (7)
cardiac arrhythmia; (8) chest pain with cold sweats; (9)
patients from the intensive care unit; (10) use of life-sup-
porting devices such as a mechanical ventilator or cardiac
support device. This was adopted from our established
process of the Clinical Alert System to screen patients
for unstable inpatients.”* For patients with an unstable
condition defined as above, the physician at the location
of departure specified the needed disciplines of the staff
and the types of equipment for transportation on the list.
Otherwise, the nursing staff arranged the transportation
of stable patients.

The staff members then informed the staff at the loca-
tion of arrival to confirm the timing for transportation.
After preparation based on the checklist had been under-
taken, the transportation team was assembled and the
patient was transported by the team along with equip-
ment as planned. The team needed to inform the staff of
the arrival for hand-off before the procedure or interven-
tion was performed, or before further care was provided.
If the patient was transported back to the original care
venue, the staff members would repeat the same process
for transportation.

Participants

The investigators screened all of the reported cases to the
institutional IRS during the study period for eligibility
for inclusion in the analysis. Patient safety events which
were associated with the IHT for patients who were at
least 20 years of age were included. Based on the defini-
tions previously described in the literature, a patient safety
event was an unexpected or unintended event, which
could have led to or did result in harm of the involved
person. An adverse event was an injury caused during the
healthcare process rather than by the underlying disease
or condition of the patient. A no-harm event was an event
which resulted in no harm to the person, or the effect was
so minor that the person could not even feel it. A near-miss
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event was an event that may have caused accident, injury,
or illness, but did not happen because of unintentional
or timely intervention.”>*® Reports were excluded from
the analysis if they involved transportation in a paediatric
or outpatient setting, were not related to the healthcare
service process, or the healthcare environment provided
for the care.

Analysis of the IHT process and exploration of human failures

and unsafe acts

We reviewed all available cases of incident reports in
the IRS during the study period to confirm the pres-
ence of patient safety events based on the definition as
described above. We then broke down the IHT process
into multiple sub-process steps based on the time, loca-
tion and personnel of the tasks. After that, the inves-
tigators identified and classified the modes of human
failures as well as non-human failures in the events based
on the report descriptions, with further classification of
unsafe acts based on the definitions adopted from the
literature.'® Perceptual errors were errors that occurred
when faced with acting on imperfect or incomplete infor-
mation. Decision errors were intended behaviours that
proceeded as designed, yet the plan proved inadequate
for the situation. Skill-based errorswere errors that occurred
as a result of little thought being shown during highly
practised behaviour. Routine non-compliances were viola-
tions habitual by nature and often enabled by manage-
ment that tolerated departures from the rules. Exceptional
non-compliances were departures from authority, neither
typical of the individual nor condoned by management.
Stips were failures to properly adjust well-practised tasks
that required little conscious attention to the characteris-
tics of a new situation. Lapses were failures of memory that
caused tasks not to be done. Mistakes were the selection of
incorrect actions caused by misclassifying a situation or
failing to take into account all of the relevant factors in a
decision.”*' ¥’

Data source and collection of data

Source of the IHT-related events was from the IRS of the
hospital. We retrieved the relevant data from this system
regarding the location, types and detailed descriptions of
the reported events to screen for IHT-related events. After
the case review, the investigators collected the following
data for the cases included in the analysis: date and
timing of the incidents; condition of the patient based
on whether the patient was stable or not on assessment
before departure; the venue for patient care, departure
and arrival for IHT; escort team composition; types, classi-
fications, and outcomes of safety-related events; modes of
human and non-human failures; and type of unsafe acts.
For the number of transportations, we retrieved informa-
tion from the registration databases from the contract
worker system for intra-hospital transportation, which
had recorded every session of transportation about the
locations of departure and arrival, as well as the timing,
but without the pertinent data for the patients.

Bias

To reduce bias, we applied a team reviewing process to
analyse the incident reports in the IRS during the study
period. The review team consisted of a nurse (SHY) and
a doctor (JS]) from the clinical departments and two staff
members (LCC and YIL) from the Centre for Quality
Management of the hospital. All of the team members
had knowledge of how care was provided and how the
managing processes were carried out. The reviewers inde-
pendently selected the reports related to IHT and indi-
cated its type based on the classification described below.
They then determined the case selection and type classi-
fication of the incidents after reaching a consensus. The
rest of the investigators then together authenticated the
consensus results.

Study size

The preliminary investigation showed that the number
of IHT-related events was small relative to the very large
number of THT sessions, at a frequency of about 0.01%.
For the purpose of statistical process control (SPC) 2 the
optimal period for the denominator was determined as a
quarter (3 months), and this required at least 3 years to
contain at least 12 data points for adequate SPC moni-
toring. We did not have the registered number of IHT
sessions before 2010 and decided that a 6-year study
period would be sufficient for this study.

Quantitative variables

In this study, we collected only categorical and nominal
variables based on the entry data in the IRS. We did not
choose any scaling variable for analysis. Otherwise, we
chose the variables for analysis based on the investigators’
consideration of the potential association between the
dependent variable, such as patient harm, and possible
contributing factors, such as the location of events, trans-
portation setting, type of human failures, and type of
unsafe act.

Statistical analyses

We first performed a descriptive analysis of the reported
patient safety incidents during intra-hospital transport
regarding the care settings, the severity of event outcomes,
the types of events, modes of human failure, and the types
of unsafe acts found in the IHT-related events. We then
performed analyses to compare the difference for the
variables regarding the presence of patient harm, phys-
iologic change, and other relevant dependent variables.

For events with missing data in the original reporting,
the investigator reviewed the detailed descriptions
of the events provided by the reporters and assigned
an attribute to the variables. After this review process,
there were no missing data in the cases finally included
in the analysis.

Results of the descriptive analysis are summarised and
expressed as counts and percentage as indicated. We
applied the Pearson’s X? test to compare across charac-
teristics of the care settings. We used the SPSS 22 Software
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(SPSS Corp, Chicago, IL, USA) to perform statistical
analysis. A value of p<0.05 was considered statistically
significant.

RESULTS

Incidence rate of IHT-related events

During the study period, there were 489395 admissions
consisting of 3 791 349 patient-days for the in-patients,
and 2 009 013 sessions of IHT performed in the hospital.
Of the 17029 events reported to the IRS during the same
period, we found 258 transportation-related events. We
further excluded 52 cases, including 19 paediatric trans-
portations, 18 outpatient transportations, and 15 double
reporting of the same events by different employees.
Therefore, we finally identified 206 IHT-related patient
safety events, accounting for 1.2% of the reported inci-
dents. The incidence rate of IHT-related patient safety
events was 102.5 per 1 000 000 sessions of intra-hospital
transportation. Available data from the report contents
showed that the age of patients (n=185) was 59.9+18.3
years, and 60.3% were male. Table 1 summarises the clin-
ical setting of these 206 events. Of the cases with safety
events, the most common location of departure was the
general ward (122 cases, 59.2%), followed by the emer-
gency room (51 cases, 24.8%). There were 53 (25.7%)
unstable patients transported based on the in-hospital
process, including 11 (5.3%) patients in the intensive
care unit.

In 58 (28.2%) cases, the events were associated with
patient harm, including mild harm in 35 (17.0%) and
moderate harm in 23 (11.2%). Events with moderate
harm were typically an acute change of physiological
status. There was no death or any cardiopulmonary resus-
citation event related to the IHT process. In the events
with patient harm, 62.1% occurred at the location of
arrival; this was in contrast to 43.9% of the 148 events
without patient harm noted at the location of arrival
(p<0.001). In the 32 events with physiologic changes
of the patients, 21 (65.6%) occurred at the location of
arrival, nine (28.1%) at halfway, and only two (6.3%) was
at the location of departure.

Human failures and unsafe acts for the IHT-related events

Table 2 summarises the modes of human failure found
in the report contents for the 186 (90.3%) of the 206
IHT-related events. The process step ‘prepare the trans-
port team’ had most (n=91, 48.9%) of the human fail-
ures, whereas the sub-processes ‘assess patient condition’
(41, 22.0%) and ‘assemble transport team’ (32, 17.2%)
were the most frequent sub-processes with human fail-
ures. Omissions (n=91) during the operations, including
‘sub-process not performed’ (n=41), ‘checklist fill-in not
completed’ (n=15), ‘checklist sheet not provided’ (n=14),
‘equipment preparation not completed’ (n=7), ‘team
assembly not completed’ (n=7), ‘equipment checking
not completed’ (n=3), ‘communication not performed’
(n=2), ‘document preparation not completed’ (n=1), and

‘re-contact for change not performed’ (n=1), accounted
for the most common (48.9%) domain of human failures.

We further explored the unsafe acts in the 186 events
with human failures and typed them according to classi-
fication, as shown in table 3. All types of unsafe acts were
present in the 186 cases, the most common being an
unsafe act of non-compliance (n=68, 36.5%).

Analyses of care setting and safety outcomes

We performed univariate and multivariate analyses for
possible factors related to human failures and unsafe acts
that might be associated with patient harm. Table 4 shows
the results of multivariate analysis for the variable with
significant difference in univariate analysis. We found
that human failure found in arrival and hand-off sub-pro-
cess (OR 4.84, p<0.001) was associated with increased
patient harm, whereas the presence of omission (OR0.12,
p<0.001) was associated with less patient harm. In the 60
reported IHT-related events of the process step of arrival
and hand-off, human failures were found in 45 (756%)
events, including 20 omission and 25 non-omission
errors. Non-omission errors (n=25) in this process step
included 11 cases of inadvertent removal of line, tube or
device, four cases of wrong procedure or examination
performed, three cases of prolonged waiting for proce-
dure after arrival, three cases of unexpected physiologic
change, three cases of patient trauma, and one case of
wrong patient transported.

We performed univariate and multivariate analyses for
possible factors related to human failures and unsafe acts
that might be associated with physiologic changes of the
patients. Table 5 shows the results of multivariate anal-
ysis for the variable with significant difference in univar-
iate analysis. We found that human failure occurring in
the arrival and hand-off sub-process (OR 5.73, p<0.001)
and the requirement for professionals in the transpor-
tation team (OR 3.31, p=0.011) were associated with an
increase in the physiologic changes of the patients; the
presence of skill-based error (OR 0.10, p=0.001) and the
presence of omission (OR 0.21, p=0.002) were associated
with fewer physiologic change events.

DISCUSSION

Key results

In this study, we estimated the incidence rate of
reported patient safety events during IHT and provided
the observed modes of human failure for these cases.
Unlike measurements with a definition of incidence
rates such as patient fall,® drug dispensing error,” and
unintended tube removal,”! reports on the incidence
rate of IHT-related safety events remain scarce. Here,
we recommend a standardised monitoring of the event
incidence and analysis of human failures contributing to
the events to better measure and improve safety for the
process of IHT.
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Care setting characteristics Number (%)

Inpatient Internal medicine 56 (27.2)

Intensive care 14 (6.8)

Other 58 (28.2)

Outpatient department Outpatients 2 (1.0

Emergency room 51 (24.8)

Radiology 9 (4.4)

Other locations 8(3.9)

General ward 35 (17.0)

Sonography 18 (8.7)

MRI 6 (2.9)

Other locations 15 (7.3)

Delayed departure 27 (13.1)

Prolonged waiting after arrival 19(9.2)

Standard sub-process not 15 (7.3)
performed

Wrong destination 8 (3.9)

Wrong procedure performed 6 (2.9)

Transporting personnel inadequate 3(1.5)

Lack of notification for transport 2(1.0)

Physiologic changes 32 (15.5)

Consciousness disturbance 6 (2.9)

Seizures 4(1.9)

Continued

(3]
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Table 1 Continued

Care setting characteristics Number (%)
Adverse reaction to medication 1(0.5)
Equipment events 17 (8.3)
Tube and line removal 12 (5.8)
Equipment malfunction 1(0.5)
Equipment fall 1(0.5)
Facility malfunction 1(0.5)
Ventilator not prepared 1(0.5)
Oxygen supply not sufficient 1(0.5)
Other events 10 (4.9)
Contusion trauma of the patient 8 (3.9)
Patient fall 1(0.5)
Patient elopement 1(0.5)
Outcome of the events Severity
Near miss 7 (3.4)
No harm 141 (68.4)
Mild 35 (17.0)
Moderate 23 (11.2)

Limitations

This study had some limitations. First, the study was
retrospective, and the IRS provided anonymity and did
not allow the reporter to access information on patient
identity. By performing content analyses of the report
descriptions about the events, we could not validate the
presence or absence of human failures. Nevertheless, this
limitation appeared universal to the whole IRS, which
should promote reporting by providing anonymity, which
might encourage the reporters to describe the event in
further detail as well as provide opinions and suggestions.
Second, there might be a probability of underreporting
of the IHT-related events, because this category might not
be the usual ones the staff members feel familiar with,
especially for the staff who were not at the original care
venue. This situation might require education for the
staff members to engage them in event reporting. Since
prospective auditing can be performed only in a selective
manner, we believe that the IRS remains a valuable tool
to detect and manage the problems during IHT. Third,
the denominator—that is, the number of IHT sessions—
was so large that the assessment of unsafe acts based on
the occurrence of patient safety events during IHT might
not be enough. Case-sensitive analysis might be useful
instead. Fourth, we did not know if the human failure
found in the reporting content was the only failure mode
contributing to the event. Fifth, this was a single-centre
study; thus, the generalisation of our findings requires
further reports from more institutions regarding the vari-
ation of the incidence of IHT-related events and human
failures depending on the definition, reporting compli-
ance and method of analysis.

Interpretations

As technologies have advanced and the evolving patient
care has become more complex, we expect an expanding
number of IHTs as well as an increase of IHT-related
events in the future. A standardised process for more effi-
cient systemic reporting, monitoring, and analysis of the
transportations and events are critical. Previous reports
from prospective studies have shown that the incidence
of adverse events during IHT of critically ill patients
varied widely,”® and were nearly 80% in a recent prospec-
tive study.‘%2 However, information on the incidence of
adverse events during IHT of all situations was lacking.
The quality and safety of non-emergency transport was
discussed but mainly for the inter-hospital setting.” Our
report might provide a reference value for these purposes.
Standardisation of this measurement might provide the
advantages of long-term tracking within hospitals and
comparisons between hospitals, as has already been seen
with other commonly measured events such as falls, medi-
cation events, indwelling medical device-related events,
and cardiopulmonary resuscitations.

There have been reports calling for optimisation of
management during IHT to reduce patient harm.”
Examples include recommendations for patients under
mechanical Ventilation,?’4 routine and thorough equip-
ment check and reassessment,35 written protocol,36 check-
list,”” teamwork approach,' and other combinations.*
Taking these together, a comprehensive, proactive
approach such as the Failure Modes and Effects Analysis
(FMEA) might be of value.” This kind of approach has
been reported to be beneficial to improve safety in some
fields, such as commercial aviation.* Although FMEA has
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Process step Sub-process step Mode of human failure Number (%)

Confirm the need to transport Communication not performed 1(0.5)

Arrange transportation 34 (18.3)

Task error 10 (5.4)

Communication not performed 1(0.5)

Prepare transport team 91 (48.9)

Checklist sheet not provided 14 (7.5)

Patient assessment error 5(2.7)

Prepare documents Document preparation error 2(1.1)

Prepare equipment Equipment preparation not completed 7 (3.8)

Equipment checking not completed 3(1.6)

Sub-process not performed 1(0.5)

Team assembly not completed 7 (3.8)

Patient identification error 3(1.6)

Transport the patient Task error 8 (4.3)

Arrival and hand-off 45 (24.2)

Hand-off Sub-process not performed 16 (8.6)

Patient care and intervention Task error 15 (8.1)

Total 186

been considered useful in the understanding of the care
process, some authors have raised concerns about its
validity and suggested that this methodology might need
different sources of information besides the personal
experience and knowledge.” Based on our findings, we
suggest that the healthcare sector might also apply this
approach to investigate thoroughly the real-world human
factors that might contribute to the occurrence of adverse
events during IHT. The analysers might need to know

the cumulative failure modes in the incident reports to
understand the risks in IHT. Our findings on the failure
modes of the reported cases might provide better clues
for searching for the potential errors.

We addressed the importance of human failures in
this study based on the premise that this realm of fail-
ures cannot be totally avoided. Human errors are to
be expected, even in the best performing organisa-
tions,”" especially when staff members are nowadays
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Table 3 Unsafe acts predisposing the human failures in the
186 patient safety events during intra-hospital transportation

Unsafe act

category Unsafe act type Number (%)

Perceptual error Perceptual error 14 (7.5)

Decision error  Rule-based mistake 28 (15.1)
Knowledge-based mistake 28 (15.1)

Skill-based error Slip 4 (7.5)
Lapse 34 (18.3)

Non-compliance Routine non-compliance 62 (33.3)
Exceptional non- 6 (3.2)
compliance

faced with the challenges posed by rapidly paced
and complex healthcare environments, typically
present in the IHT process. As human factors play
an important part in the healthcare system,? 2 20 414
our identification of all types of unsafe acts in IHT
suggests the need for deeper understanding of the
human-related risks during the transportation of
patients. Furthermore, while a prospective observa-
tion reported that complications and adverse events
during THT for critically ill patients was high,*® our
study also included events occurring in the transpor-
tation of patients who were not critically ill because
these patients might have needs similar to those of
emergency patients and might have similar risks,
especially when they have arrived at a different loca-
tion for further care and intervention.*” A report
showed that human factors contributed to 54% of
the underlying causes of incidents found during IHT
of critically ill patients.*® This failure might include

8

problem recognition and judgement, adherence to
protocols, patient preparation, and adequate atten-
tion, with most related to decision errors (mistake),
including knowledge-based mistake and rule-based
mistake. While decision errors were the most common
human error in the events in our study, we also found
that non-compliance accounted for a substantial
proportion of these unsafe acts. This finding is compa-
rable with a previous report that non-compliance with
policies and procedures might also be important as it
resulted in problems during IHT due to poor commu-
nication, inappropriate transport setting or inappro-
priate accompanying staff."” Nevertheless, differences
in definitions of contributing factors might provide
variations of observations, but our findings suggested
that these error failures might compromise patient
safety during IHT.

Our analysis showed that professional participation in
IHT was independently associated with increased risk of
physiological change in patients during IHT. However, as
the presence of professionals in the transportation team
might reflect the unstable condition of the patient being
transported, this finding did not imply an increased risk
of physiologic change simply because of the participation
of professionals in the transportation.

Generalisability

The generalisability of the study might be due to
its application of process-specific risk analysis to
generate failure modes. Investigators from other insti-
tutions might first examine their IHT process and
break this down into sub-process steps to define the
failure modes. With an IRS under proper use, the
reporting contents might provide useful information

Table 4 Multivariate analyses of human factors associated with patient harm

Univariate Multivariate

Variable Harm (-) Harm (+) p value p value OR (95% Cl)

Unstable patient
Yes 32 (60.4%) 1 (39.6) 0.035 0.170 2.41 (0.69 to 8.49)
No 116 (75.8%) 37 (24.2)

Human failure found in arrival and hand-off
Yes 30 (50.0%) 30 (50.0%) <0.001 <0.001 4.84 (2.21 to 10.63)
No 118 (80.8%) 28 (19.2%)

Omission
Yes 84 (92.3%) 7 (7.7%) <0.001 <0.001 0.12 (0.05 to 0.30)
No 64 (55.7%) 51 (44.3%)

Skill-based error
Yes 26 (54.2%) 22 (45.8%) 0.003 0.359 1.47 (0.64 to 3.38)
No 123 (77.2%) 36 (22.8%)

Transported by medical professionals
Yes 44 (60.3%) 9 (39.7%) 0.009 0.438 1.57 (0.50 to 4.91)
No 104 (78.2%) 9 (21.8%)
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Table 5 Multivariate analyses of human factors associated with physiologic changes of the patients

Physiologic Physiologic  Univariate = Multivariate
Variable change (-) change (+) p value p value Odds ratio (95% Cl)
Unstable patient
Yes 41 (77.4%) 12 (22.6%) 0.123
No 133 (86.9%) 20 (13.1%)
Human failure found in arrival and hand-off
Yes 43 (71.7%) 17 (28.3%) 0.002 <0.001 5.73 (2.20 to 15.00)
No 131 (89.7%) 15 (10.3%)
Omission
Yes 85 (93.4%) 6 (6.6%) 0.002 0.002 0.21 (0.08 to 0.58)
No 89 (77.4%) 26 (22.6%)
Skill-based error
Yes 45 (93.8%) 3 (6.3%) 0.043 0.001 0.10 (0.02 to 0.40)
No 129 (81.6%) 29 (18.4%)
Transported by medical professionals
Yes 55 (75.3%) 18 (24.7%) 0.009 0.011 3.31 (1.31 t0 8.34)
No 119 (89.5%) 14 (10.5%)

to detect the failure modes, especially the human
failure underlying the events. Furthermore, the calcu-
lation of the number of IHT sessions might not be
difficult in healthcare systems applying IT into the
care practices. We suggest that once the number of
hospitals reporting the incidence rate has increased,
we might have a clearer picture about the occurrence
of IHT-related events and process-specific human
failures, providing inter-hospital comparison for
improvement. As we found that the process step of
arrival and hand-off carried a higher risk, while omis-
sion as human failure had a lower risk of harm, we
suggest that the transportation team stress the tasks
after patient arrival in relation to risk management
measures. These measures might include a structured
and standardised hand-off process, increased team-
work to assure safe patient displacement from the
transportation vehicle, maintenance of the same level
of patient care as possible, enhancement of the patient
identification system, and checklist-based IHT.*’

CONCLUSIONS

In conclusion, although the overall reported incidence of
IHT-related patient safety events may be low, we believe
that the healthcare system should apply a long-term
monitoring mechanism of the incidence of these events.
This study shows a need for the reduction of human fail-
ures to prevent harm to patients during IHT. We suggest
that the transportation team pay specific attention to the
sub-process at the location of arrival and prevent errors
other than omissions.
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