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ABSTRACT

Objective To develop and evaluate the psychometric
properties of a scale measuring patient safety during the
intrahospital transport process for intensive care.

Design The scale was developed based on a theoretical
model of the work system and patient safety, and items
generated from participant observations. A Delphi study
with international experts was used to establish content
validity. Next, a cross-sectional study was undertaken to
inform item reduction and evaluate construct validity and
internal consistency.

Setting The questionnaire was distributed to healthcare
practitioners at 12 intensive care units in Sweden.
Participants A total of 315 questionnaires were
completed. Eligible participants were healthcare
practitioners in the included units that performed an
intrahospital transport during the study period. Inclusion
criteria were (1) transports of patients within the hospital
to undergo an examination or intervention, and (2)
transports performed by staff from the intensive care unit.
We excluded transports to a step-down unit or hospital
ward.

Outcome measures Psychometric evaluation, including
item analysis, validity and reliability testing.

Results Items were reduced from 55 to 24, informed by
distributional statistics, initial reliabilities, factor loadings
and communalities. The final factor model consisted of
five factors, accounting for 59% of variance. All items
loaded significantly on only one factor (>0.35). The original
conceptual model of teamwork, transport-related tasks,
tools and technologies, environment, and organisation was
maintained with regrouping of items. Cronbach’s alpha
ranged from 0.72 to 0.82 for each subscale (ie, factor).
Conclusions The present study provides a self-report
questionnaire to assess patient safety during intrahospital
transport of patients in intensive care. The results indicate
acceptable validity and reliability of the scale among a
sample of Swedish healthcare practitioners. If further
confirmatory testing supports the present results, this
scale could be a useful tool to better understand safety
prerequisites and improve clinical practice.

INTRODUCTION

During intensive care treatment, patients
frequently require examinations and inter-
ventions that cannot be undertaken in the
intensive care unit (ICU). Yet intrahospital
transport (IHT) is a potentially dangerous

," Wendy Chaboyer,> Monica Pettersson,'* Mona Ringdal'*

Strengths and limitations of this study

» This is the first study to evaluate the psychometric
properties of a newly developed instrument for mea-
suring patient safety during intrahospital transport
(IHT) of patients in intensive care.

» Development of the IHT Safety Scale was informed
by theory and previous research, and content validi-
ty was tested among a group of international experts
using modified Delphi techniques.

» Exploratory factor analysis was performed to
achieve a parsimonious set of items and identify the
underlying structure among the items.

» Internal consistency reliability of the IHT Safety
Scale was evaluated using interitem and item-to-
total correlations and Cronbach’s alpha.

» Future research is needed to test the IHT Safety Scale
using confirmatory factorial analytical approaches
and to assess additional aspects of reliability.

process for patients; respiratory, haemody-
namic and neurological alternations are
common.'™  International ~ observational
studies have reported adverse events rates
from 1.7% to 80% during THTs.! *° This wide
variation might be explained by discrepancies
in definitions of transportrelated adverse
events used across studies, but this also means
that the real safety risks faced by patients are
not clear. Thus, there is a need to standardise
and validate procedures regarding how safety
is measured and evaluated during IHTs to
better understand clinical risks and improve
practices. Furthermore, the IHT process has
been associated with system failures and safety
hazards. For example, several studies have
reported that equipment errors, lack of staff
resources, time pressure and environmental
disturbances during IHTs are factors contrib-
uting to adverse incidents, which may or may
not result in patient harm.™ Despite IHT-
related risks, to the best of our knowledge,
no instrument exists for measuring patient
safety during IHTs. The present study there-
fore aimed to develop a scale, informed by a
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human factors engineering model, as a new approach to
measure and evaluate IHT safety.

Most studies evaluating safety during IHT measure
either patientrelated outcomes (eg, physiological
changes, mortality and morbidity) or rates of adverse
incidents (ie, adverse events, mishaps and near misses)." °
However, acknowledging that most errors in healthcare
do not arise from the actions of individuals but rather
from conflicting, incomplete or suboptimal systems has
led to increased attention given to human factors engi-
neering approaches. Human factors engineering is a
scientific discipline concerned with understanding the
interactions among humans and other elements of a
system, to optimise human well-being and overall system
performance.'” Hence, increased understanding of how
the structure (ie, healthcare delivery system) influences
the IHT process might bring about important insights
regarding factors contributing to IHT-related patient
safety incidents.

Over 50 years ago, Donabedian'' presented the struc-
ture, process and outcome model for evaluating the
quality of healthcare. These concepts remain the foun-
dation for quality assessment in healthcare today.'"
Building on Donabedian’s seminal work, the Systems
Engineering Initiative for Patient Safety (SEIPS) model
was published in 2006."'° It expands on the concept
of structure (referred to as the work system) to empha-
sise the system in which practitioners work rather than
their individual performance.13 The model describes the
specific work system components and their relationship.
A person (or team) performs several tasks using various
tools and technologies. These performances occur within a
specific physical environment influenced by organisational
conditions.'*!? Furthermore, design or redesign of the
work system components can contribute to acceptable or
unacceptable care processes. Thus, to inform a redesign
of the IHT process, there is a need to understand how the
work system components influence the care process and
outcomes (ie, patient safety).

Aims and questions

The aim of the present study was to develop and evaluate
the psychometric properties of a scale measuring patient
safety during the IHT process in intensive care. The study
addressed the following research questions: (1) To what
extent do the items in each of the subscales together
represent the underlying dimension of IHT safety? (2)
What is the construct validity of the IHT Safety Scale? (3)
Is the a priori hypothesised model of IHT safety appro-
priate for the scale? (4) What is the internal consistency
reliability of the IHT Safety Scale?

MATERIALS AND METHODS

Study design

This study included three phases informed by a frame-
work by Boateng et al'® for scale development in health-
care settings. Phase 1, item development, included

£ N

Conceptualisation of dimensions
A conceptualmodel of the |HT safety scale informed
bythe SEIPS model and previousresearch.

R 2

Item development
Itemsgenerated from participant observations of
IHTs resultinginan item pool of91 items.

L 2

Item refinement and content validation
Medified Delphistudy with 18 internaticnalexperts.

61 itemsretained.
\. J

;. 4

Translation and pre-testing
Translatedto Swedish (back transiation techniques).
Pre-tested among6 critical carenurses 55 items

\_ retained. Yy,

¥

Item reduction
Itemsreduced informed by distributional statistics,
initial itemcorrelaions, communalitiesand factor
loadings. 24 itemsretaned.

. 2

Factor extraction
EFA supported a 5 factor solution. Regrouping of
items accordingly to factor loadings.

. 2

Internal consistency
Cronbachalpharange0.72-0.82 for subscales
Inter-item and item-to-total correlations mostly in

& the desiredrange(0.3-0.7). )

Figure 1 Outline and main results in the development of
the IHT Safety Scale. EFA, exploratory factor analysis; IHT,
intrahospital transport; SEIPS, Systems Engineering Initiative
for Patient Safety.
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conceptualisation of dimensions and item identification.
Phase 2 involved scale development, including item refine-
ment and content validation using a modified Delphi
study with 18 international experts,17 subsequent transla-
tion into Swedish using back-translation techniques18 and
pretesting among six critical care nurses. Phase 3 involved
item reduction, and evaluation of construct validity and
internal consistency using a cross-sectional study design
among a sample of Swedish healthcare practitioners in
the ICU. Figure 1 shows each phase, including the activi-
ties undertaken and the main results.

Conceptual model

In the present study, patient safety is defined as an attri-
bute of the healthcare delivery system that minimises the
incidence and impact of adverse events and maximises
the recovery from such events.'”* The conceptual model
for the IHT Safety Scale was based on the SEIPS model’s
five components of the work system. Thus, we hypoth-
esised that the construct of patient safety during IHTs
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Table 1 Work system components, definitions and characteristics of each dimension in the IHT Safety Scale

Work system components in

Dimension in the

the SEIPS model Conceptual definition IHT Safety Scale Characteristics
Person(s) Individuals such as patients, clinicians or Teamwork. Team structure (ie, size, norms,
teams of healthcare professionals acting roles, status, cohesiveness).
and performing tasks. Knowledge, skills and attitudes
among team members.
Tasks Activities or actions performed duringa  Transport-related Task complexity, difficulty, ambiguity

process.

Tools and technologies Objects used to assist persons in

performing tasks.

Environment
performed that influences the care
process.

Organisation The structure that provides and

coordinates time, space, resources and

activities.

Physical work setting where tasks are

tasks. and sequence.
Perceived workload.
Tools and Usability, functionality, accessibility

technologies. and familiarity with objects.

Environment. Physical layout, available space and

workplace design.

Factors that might cause sensory
disruptions.
Organisation. Supervision and management
support.

Attitudes towards safety.

IHT, intrahospital transport; SEIPS, Systems Engineering Initiative for Patient Safety.

has five dimensions: teamwork, transportrelated tasks,
tools and technologies, environment, and organisation.
Each of these dimensions was conceptualised for the IHT
Safety Scale based on research in human factors engi-
neering,m_15 21-26 patient safety literature from related
healthcare settings (such as ICU and anaesthesia),?’ %
and previous conceptual work on teamwork and team
processes.”’™* Table 1 presents the work system compo-
nents in the SEIPS model, conceptual definitions and
characteristics of each dimension of the IHT Safety Scale.

Item development

Items in the IHT Safety Scale were generated from
participant observations of the IHT process (n=5l)7 and
were informed by previous research aiming to measure
aspects of patient safety in hospital settings.29 357 The
initial item pool, which was written in English, was crit-
ically assessed by members in the research group prior
to content validity testing. The item pool consisted of 91
items according to the five domains, as follows: 27 team-
work items, 12 transportrelated task items, 19 tools and
technologies items, 13 environment items, and 20 organ-
isation items.

Item refinement and content validation

A modified Delphi study was conducted to refine items
and evaluate content validity of the IHT Safety Scale.
The Delphi technique collects experts’ opinions to
achieve consensus on the relevance of items and clarity of
wording.17 A total of 18 international experts in intensive
care from Europe, North America and Australasia partic-
ipated in the first Delphi round. Of these, 15 experts
completed the second round. The group of experts
included critical care nurses, physicians and researchers
with an average of 22 years of previous experience in

intensive and/or acute care. Data were collected from
February to April 2019 using an online questionnaire
(Webropol Oy, Linképing, Sweden). The experts were
asked to rate each item’s relevance (not relevant to highly
relevant) and clarity of wording (very unclear to very
clear) on a 4-point scale. They were also asked to provide
comments and/or suggest additional items to ensure
that the items covered the construct. The proportion of
agreement was assessed using a content validity index
(CVI), where the criteria of item-CVI >0.78 was used to
retain items.” The overall scale content validity was calcu-
lated using the average method, where =0.9 provides
evidence of strong content Vallidity.38 Items were revised
and new items were added based on experts’ comments
and item-CVI values for clarity of wording. Items that did
not meet the predetermined criteria of item-CVI 20.78
for relevance were omitted. In the first Delphi round,
27 items were accepted for the final item set, 35 items
revised, 4 new items added and 29 items omitted. After the
second Delphi round, 13 additional items were accepted,
20 items revised and accepted, 1 new item added and 6
items omitted. Thus, the English item set consisted of 61
items.

Translation and pretesting of the Swedish version

The IHT Safety Scale was developed and items gener-
ated in English. The English version of the IHT Safety
Scale was thereafter translated into Swedish using back-
translation techniques.18 First, one professional translator
translated the items from English into Swedish. Second,
another professional translator independently trans-
lated the Swedish version back into English. Third, the
two English versions were compared by the researchers
to establish accuracy of the translation. Thereafter, the
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Swedish version of the IHT Safety Scale was pretested
among six experienced critical care nurses to assess
clarity of wording, accuracy and appropriateness. Minor
revisions of the item set were made to adapt the scale to a
Swedish context. This included omission of six additional
items from the English item set.

Questionnaire

The questionnaire had two components: (1) the IHT
Safety Scale and (2) generic safety and demographic
questions. The IHT Safety Scale was constructed as a
self-reported paper-and-pencil questionnaire including
55 items reflecting the five domains of the work system,
as follows: 16 teamwork items, 9 transportrelated tasks
items, 12 tools and technologies items, 9 environ-
ment items, and 9 organisation items. The IHT Safety
Scale used a bipolar Likert rating scale with descriptors
measuring five levels of agreement (strongly disagree to
strongly agree). Participants were instructed to reflect on
their own IHT experience in answering each statement
(item), with higher scores indicating higher agreement
on patient safety. In addition, four single generic ques-
tions measuring the usability of the checklist and IHT
protocol, adverse incidents and patient complications, as
well as seven questions regarding participant and trans-
port characteristics, were added to the questionnaire.
These questions were added to collect information about
existing safety routines and complication rates in our
sample.

Setting and sample

The main study (phase 3) used a two-stage sampling
approach.® First, every ICU in the region of Vistra
Gotaland and Stockholms Lans Landsting in Sweden
was invited to participate (n=26). The ICU leaders and
directors received written and verbal information about
the study and its purpose. An invitation to participate was
sent via email and followed up by two reminders. A total
of 12 ICUs accepted the invitation and were enrolled in
the study. University, tertiary and regional hospitals were
represented. The included ICUs had the capability of
providing full spectrum of monitoring and life support
technologies and had between 5 and 14 beds.

Second, a consecutive sampling approach was used
by inviting all staff performing an IHT in the included
units to participate during a predetermined time interval.
Eligible participants were healthcare practitioners (ie,
critical care nurses, physicians, assistant nurses or regis-
tered nurses undertaking their specialisation in the ICU)
who performed an IHT during the study period. Inclu-
sion criteria were (1) IHTs for a patient undergoing
examination and/or intervention within the hospital
(such as to the MRI or radiology department, or the
operation theatre) and (2) IHTs performed by staff from
the ICU. We excluded (1) IHTs to a step-down unit or
hospital ward. These transfers were excluded because
patients transported to a step-down or hospital ward are
no longer critically ill and would not require the same

level of surveillance, equipment and therapies and they
are not routinely performed by personnel from the ICU.
That is, patient and transport characteristics differ from
ICU IHTs. Potential participants (ie, staff at the included
units) received information about the study design,
including that participation was voluntary, prior to data
collection. Data were collected anonymously and the
return of a completed questionnaire implied consent.
Sample calculation using the recommended five partic-
ipants per item (5x55=275) and a minimum number
needed to support factor analysis yielded a target sample
size of 300."

Data collection

Data were collected for 6 weeks (from May to the end of
June 2019). At each participating ICU, a research assistant
was responsible for recruitment and data collection. The
questionnaire was available for participants at the units
to complete after they had performed an IHT during the
study period. All members of the transport team were
invited to participate, and thus multiple questionnaires
could be filled in from the same IHT. Also, staff at the
included units could participate more than once if they
performed several IHTs during the data collection period.
To avoid recall bias, participants were asked to complete
the questionnaire within 72hours of performing an IHT.
Data on IHTs performed during the study period were
collected from the Swedish Intensive Care Registry."! In
total, 325 healthcare practitioners completed the ques-
tionnaire regarding their IHT experience. However, 10
questionnaires were excluded on the basis that they did
not meet the inclusion criteria (n=4) or were unusable
surveys (n=6).

Data analysis
Item analysis was performed with the aim to achieve
a parsimonious set of items for each dimension of the
IHT Safety Scale. The decision for item reduction was
informed by (1) poor distributional statistics, thatis, items
did not have full variance, were endorsed for extreme
values (criteria <75% endorsement of extreme options),
were extremely skewed (criteria >2.0) and missing data
(criteria <5%); (2) demonstrated redundancy or had
low corrected item-to-total correlations; and (3) items
with non-significant factor loadings or cross loadings,
and communalities <0.5.22 % However, if an item did not
meet all of the predetermined criteria, the items’ theo-
retical contribution to the construct being measured was
further evaluated, informed by the conceptual definition
presented in table 1. The selection of items was an iter-
ative process performed by the researchers.” ** Missing
data were imputed using linear interpolation.
Exploratory factor analysis (EFA) was performed using
common factor analysis (principal axis rotation) to
further inform item reduction and to identify the factor
structure.” A Pearson product-moment correlation
matrix was used as the basis for the factor analysis. The
choice of using Pearson correlation was based on that
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data from rating scales can be treated as interval without
introducing severe bias and that Pearson correlation is
robust in respect of ordinal measurements and non-
normality.***> Appropriateness of the data set for factor
analysis was assessed using the Kaiser-Meyer-Olkin (KMO)
index (criteria >0.8) and Bartlett’s test of sphericity
(p<0.05). Factor extraction was informed by the latent
root criterion (eigenvalue >1), total variance explained
(>60%) and visual examination of the scree plot.40 The
factor solution was rotated using oblique rotation as
correlations between factors were expected.*’ A variety of
EFAs were performed to identify the final factor solution
explaining the highest percentage of variance and that
had a clear interpretation. Subsequently, factor loadings
of each item were reviewed. Factor loadings of >0.35 were
considered significant based on the sample size.*’

Internal consistency reliability of each subscale was eval-
uated with Cronbach’s alpha (criterion >0.70). Further,
interitem correlations and corrected item-to-total correla-
tions (criterion >0.3, with >0.7 indicating possible redun-
dancy) were assessed. Finally, distributional statistics
for each dimension, including floor and ceiling effects
(criteria 215%), were calculated.” ** Statistical analysis
was performed using IBM SPSS V.25 /26.

Patient and public involvement
There was no patient or public involvement in the present
study.

RESULTS

Demographics of the sample

A total of 315 questionnaires were included in the anal-
ysis. Table 2 presents the characteristics of participants
and IHTs. We were unable to determine the response
rate owing to an unknown number of (1) questionnaires
distributed, (2) IHTs performed on the included units
during the study period and (3) staff involved in each
IHT.

For seven of the participating units, data on IHTs
performed during the study period were available (either
provided by the unit or collected from the Swedish Inten-
sive Care Registry). During the study period, 298 IHTs
were performed at these seven units. Based on the time,
day and destination of the completed questionnaire, we
estimated that our questionnaire was completed by at
least one participant in 132 of 298 THTs (44%).

Content validity of the item set

The English set of 61 items had a scale-CVI/average of
0.90 for relevance (range 0.78-1.00) and scale-CV1/
average of 0.88 for clarity of wording (range 0.60-1.00).

Item reduction

All items had missing values less than <5% (range 0.3%—
3.2%). The iterative process of assessing the contribution
of each item to the scale led to identification of a final
factor model consisting of 24 items. The items omitted,

Table 2 Participant and transport characteristics (N=315)

Characteristics Frequency %

Profession
Critical care nurse 217 69
Nurse assistant 86 27
Physician 8 3
Other 4

Number of members on the transport team
1-2 persons 75 24
3-4 persons 231 73
5 or more 9 3

Transport destination

CT 219 69
MRI 27 9
Operating theatre 22
Other 46 15
Missing 1
Time of day
Day 204 65
Afternoon 86 27
Night 22 7
Missing 3 1
Day of the week
Monday-Friday 249 79
Saturday, Sunday (or public holiday) 59 19
Missing 7 2
Median IQR
Years of experience of intensive care 8 3-19
Years employed at current intensive 5 2-12
care unit

including the reasons for deletion, are presented in
online supplemental table 1. Distributional statistics for
the original 55-item version of the IHT Safety Scale are
presented in online supplemental table 2.

Factor extraction

The revised 24-item scale data set met the assumptions
for EFA with a KMO index value 0.860 and a significant
Bartlett’s test of sphericity (p<0.001). A five-factor solu-
tion was extracted based on the latent root criterion
(eigenvalue >1), accounting for 59% of the variance. The
rotated solution revealed a discrepancy between how the
items performed in the a priori hypothesised structure
of the IHT Safety Scale and the final factor solution.
Hence, items initially identified for each dimension of
the IHT Safety Scale loaded together differently than
expected. However, the original conceptual model with
the five dimensions of organisation (factor 1), tools and
technologies (factor 2), transportrelated tasks (factor

Bergman L, et al. BMJ Open 2020;10:¢038424. doi:10.1136/bmjopen-2020-038424

5


https://dx.doi.org/10.1136/bmjopen-2020-038424
https://dx.doi.org/10.1136/bmjopen-2020-038424

3), environment (factor 4), and teamwork (factor 5) was
maintained with regrouping of some items.

The first factor (organisation) accounted for 29% of
the total variance and included six items. These items had
factor loadings ranging from 0.488 to 0.780 and commu-
nalities ranging from 0.338 to 0.580. The second factor
(tools and technologies) explained 10% of the total vari-
ance. It consisted of five items with factor loadings of
0.473-0.792 and communalities of 0.350-581. The third
factor (transportrelated tasks) had four items, explaining

8% of total variance, with factor loading from 0.483 to
0.901 and communalities between 0.341 and 0.693. The
fourth factor (environment) accounted for 7% of variance
and consisted of five items. The items had factor loadings
ranging from 0.374 to 0.887 and communalities ranging
from 0.318 to 649. Finally, the fifth factor (teamwork)
explained 5% of the total variance. It comprised four
items with factor loadings of 0.513-0.713 and commu-
nalities of 0.320-0.682. Table 3 shows the rotated factor
matrix for the 24-item version of the IHT Safety Scale.

Table 3 Rotated factor matrix for common factor analysis of the 24-item IHT Safety Scale (promax rotation; N=315)

Dimension Item

Factor loadings

Organisation We had sufficient staff resources to prepare for the transport. 0.780

We had enough time to prepare for the IHT.

We had sufficient staff resources to settle the patient back in

the ICU.

| was able to perform IHT-related tasks without being

interrupted.

We had enough time to settle the patient back in the ICU.
IHT preparation in the ICU was well coordinated.

Tools and
technologies perform the transport safely.

The transport equipment was reliable.

It was easy to monitor the patient throughout the IHT.
Audible alarms supported my work in monitoring the patient.
Medical tools (IV lines, tubes, cords and so on) were suited

to the intended purpose.

Transport-
related tasks that work could be shared when necessary.

Individual team members knew what tasks they had to

perform.

We had a shared understanding of the task sequence during

the IHT.
| felt supported by the other team members.

Environment Hallways were free from obstacles.

The physical layout of the hospital facilitated safe

performance of the transport.

Rooms at the destination sites were designed for ICU

patients.

The physical layout of the ICU facilitated preparation for the

transport.

We were able to maintain the patient’s privacy during the

transport.

Teamwork  We confirmed each other’s responsibilities.

We gave each other feedback throughout the transport.

A team leader was clearly recognised.

All team members were present when transfer information

was shared.

The transport equipment met the requirements needed to

The skills of staff on our IHT team overlapped sufficiently so

1 2 3 4 5
-0.022 0.104 -0.029 -0.147
0.770 -0.063 -0.052 -0.060 -0.020
0.666 0.034 -0.100 0.054 0.088
0.593 0.151 0.075 -0.119 0.008
0.540 -0.041 -0.035 0.015 0.136
0.488 -0.109 0.291 0.158 0.030
-0.127 0.792 0.111 0.002 -0.069
-0.059 0.764 0.068 -0.024 -0.090
0.116 0.670 -0.012 0.009 0.029
0.195 0.483 -0.174 0.005 0.139
-0.035 0.473 -0.019 0.081 0.190
-0.097 0.131 0.901 -0.020 -0.112
0.043 -0.050 0.722 0.038 0.108
0.111  -0.073 0.646 -0.024 0.140
0.118 0.024 0.483 -0.076 0.077
0.004 -0.167 0.011 0.887 -0.102
-0.003 0.068 -0.189 0.727 0.120
-0.133 0.171 0.095 0.564 -0.067
0.268 0.143 0.130 0.380 -0.138
-0.021 0.148 0.027 0.374 0.186
-0.188 -0.097 0.317 0.009 0.713
0.022 -0.050 -0.065 0.093 0.655
0.097 0.108 -0.014 -0.157 0.521
0.070 0.112 0.036 -0.034 0.513

Bold values: items loading significant to a factor.
ICU, intensive care unit; IHT, intrahospital transport.

Bergman L, et al. BMJ Open 2020;10:6038424. doi:10.1136/bmjopen-2020-038424



3

Open access

Table 4 Descriptive and reliability statistics of the 24-item version of the IHT Safety Scale (N=315)

Tools and Transport-

Organisation  technologies related tasks Environment Teamwork Total scale
Number of items 6 5 4 5 4 24
Number of subscale levels 24 20 16 20 16 96
Theoretical range 6-30 5-25 4-20 5-25 4-20 24-120
Observed range 8-30 9-25 8-20 5-25 5-20 49-120
Mean (SD) 26.0 (4.5) 22.0 (3.4) 18.5 (2.3) 18.7 (4.9) 16.1 (3.5) 101.2 (13.4)
Skewness -1.31 -1.40 -2.25 -0.58 -0.74 -0.93
Floor effect (% lowest score) 0.0 0.0 0.0 0.3 0.0 0.0
Ceiling effect (% highest score) 30.2 30.5 49.2 10.2 21.3 2.2
Corrected item-to-total correlations 0.51-0.68 0.51-0.66 0.51-0.73 0.46-0.62 0.47-0.62 n/a
Interitem correlations 0.31-0.58 0.34-0.63 0.43-0.66 0.30-0.57 0.28-0.57 n/a
Cronbach’s alpha 0.82 0.79 0.82 0.77 0.72 0.88

IHT, intrahospital transport; n/a, not applicable.

Internal consistency and scale properties

The Cronbach’s alpha for each dimension ranged from
0.72 to 0.82. Interitem and item-to-total correlations
were mostly within the desired range (0.3-0.7). All items
had corrected item-to-total correlations >0.3. No signif-
icant improvement in Cronbach’s alpha was detected if
any additional item had been deleted. Table 4 shows the
descriptive and reliability statistics of the 24-item version
of the IHT Safety Scale.

Distributional statistics showed that the observed range
for the environment dimension covered the theoretical
range. For this dimension, 0.3% of scores were at the floor
and 10.2% of scores were at the ceiling. Thus, this dimen-
sion meets the predetermined criteria of <15% propor-
tion of scores at extreme endpoints of the scale. For the
four remaining dimensions (ie, organisation, tools and
technologies, transport-related tasks, and teamwork), the
observed range did not fully cover the theoretical range.
Further, ceiling effects were detected, with the subscale of
transportrelated task showing the highest effect; 49.2%
of the scores were at the ceiling. Results also showed that
the scores for all five dimensions were negatively skewed.
For the total scale, the observed range did not fully cover
the theoretical range, but no floor or ceiling effects were
observed (0% respectively; 2.2% proportion of scores at
extreme endpoints of the total scale).

DISCUSSION

The present study aimed to develop an instrument
informed by a theoretical model from human factors engi-
neering as a new approach to measure and evaluate IHT
safety. To date, there is increasing evidence suggesting
that THTs are a dangerous process for ICU patients.' °
Yet factors contributing to adverse incidents are known
to be multifactorial.*® Therefore, an understanding of
how system factors influence the IHT process is needed.
Our findings provide evidence of construct validity and

internal consistency for the IHT Safety Scale. Thus, the
present study provides a preliminary instrument that
can be used to assess safety prerequisites during the IHT
process for ICU patients.

The IHT Safety Scale was developed based on the SEIPS
model framework of the structure of the work system'*™'”
and comprised the five dimensions of organisation, tools
and technologies, transportrelated tasks, environment,
and teamwork. Organisation refers to the structure that
provides resources and coordinates activities (ie, supervi-
sion and management support).'*** This dimension high-
lights the importance of time and staff resources in order
to perform the transfer safely. Limited resources, time
pressure and workload are known to compromise patient
safety in intensive care settings,47 and it has previously
been acknowledged that IHTs require time and resources
and are perceived as a stressful and demanding activity.*®
Our findings show that organisational characteristics
such as availability of resources were an important safety
prerequisite, especially during the pretransport phase as
well as when resettling the patient back in the ICU.

Second, the dimension of tool and technologies refers
to objects used to assist task performance and is dependent
of characteristics such as usability and functionality."** In
terms of IHT safety, the dimension encompasses aspects
of the transport equipment used. Importantly, our study
findings showed that IHT equipment needs to be reliable
and meet the requirements needed for safe task perfor-
mance. These findings concur with previous research
finding that technical errors are a common contributing
factor to IHTrelated adverse events.”

The third dimension of the IHT Safety Scale is
transportrelated tasks. Tasks refer to activities and
actions performed during the IHT process. Profes-
sional skills and attributes during IHTs have previously
been described and include knowledge and experience
in performing transportrelated tasks and appropriate
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level of competence among team members.* * To facil-
itate safe task performance, our findings identified that
technical skills and knowledge about task performance
and sequence were important. Furthermore, task perfor-
mance was enhanced by a shared understanding and
support among team members.

The fourth dimension of the IHT Safety Scale, the
IHT environment, refers to the physical work setting.*
Environmental safety hazards during IHTs have previ-
ously been described.” However, we suggest that environ-
mental deficiencies might be under-reported in the IHT
literature as healthcare practitioners tend to adapt their
work to cope with system design flaws.”’ Importantly, our
findings show that the physical layout and design of the
hospital setting, including the ICU setting and rooms and
the destination site, were important to perform transfers
safely. Finally, teamwork includes attributes such as knowl-
edge, skills and attitudes among team members and the
team structure.”’ This dimension encapsulates important
aspects of teamwork, such as team leadership, information
transfer, confirmation of team roles and feedback among
team members. Notably, the association between effective
teamwork and clinical performance has previously been
described.” Moreover, research has demonstrated posi-
tive effects of [HT-related teamwork on patient safety.”” >

The items developed for the IHT Safety Scale showed
good content validity among a group of international
experts. Furthermore, we hypothesised that the construct
of IHT patient safety was multidimensional, consisting
of five independent but related dimensions accordingly
to the SEIPS models work system.””™" Because this was
a newly developed instrument, we used an exploratory
approach to identify the factor structure as a first step to
assess construct validity. This was because we had no prior
empirical knowledge of which items would load to each
factor and whether (or to what extent) the factors would
be interrelated.” We applied common factor analysis for
factor extraction.”” Common factor analysis is recom-
mended when developing new scales and when little
previous knowledge exists about specific and error vari-
ance among items.*’ ®® Moreover, the complex interrela-
tionships among the above-described dimensions have
previously been highlighted.'* Therefore, we assumed
that our dimensions would be correlated and oblique
rotational method was applied.*” The findings from the
EFA resulted in a parsimonious set of items measuring
patient safety during IHTs and yielded a five-factor model
with each item significantly loading (>0.35) on only one
factor. These findings need to be confirmed and cross-
validated in future evaluation studies. Furthermore, our
results showed that the IHT Safety Scale was reliable
(ie, internally consistent) in our sample, with interitem
and item-to-total correlations mostly within the desired
range of 0.3-0.7 and Cronbach’s alpha ranging from
0.72 to 0.82 for subscales. An alpha coefficient of 0.70
is considered acceptable for newly developed scales and
indicates that items on each subscale fit together concep-
tually.”® However, our findings showed ceiling effects for

all subscales except for the environment subscale. More-
over, subscale scores were negatively skewed, indicating
that the healthcare practitioners in our sample agreed
on statements concerning patient safety. Interestingly,
these findings indicate that safety prerequisites were satis-
factory. Yet previous research highlights IHTs as a risky
and demanding process.' ® ** The discrepancy between
the present findings and previous research might be
attributed to response bias in our sample using the 55-item
questionnaire, and the 24-item version of the IHT Safety
Scale therefore needs further testing. Further work is also
needed to assess whether the IHT Safety Scale can predict
other patient safety outcomes, such as adverse events or
incidents (ie, criterion validity). Nevertheless, the IHT
Safety Scale offers an easy to administer paper-and-pencil
questionnaire to collect healthcare professionals’ percep-
tions about patient safety during the IHT process.

The scale may be used as an indicator of healthcare
practitioners’ perceptions of safety; low scores indicate
system deficits in relation to safe practices. Further, using
subscale scores, safety improvements can be targeted to
specific areas of the work system. Thus, the IHT Safety
Scale might be a useful tool to identify system strength
and limitations, which could further inform safety
improvements.

Strengths and limitations

The present study has several methodological strengths.
First, we used an existing theory and empirical research
(participant observations) for identification of items.
Second, international experts from North America,
Europe and Australia assessed the content validity using
modified Delphi techniques. This resulted in a set of items
applicable in different countries and settings. Third, in
translating the instrument to Swedish, professional trans-
lators performed translation and back translation inde-
pendent of each other. To further ensure accuracy of the
translated questionnaire, it was pretested among a sample
of nurses experienced in critical care.

However, there were also some limitations to the
present study. First, the questionnaire was not pilot-tested
among a sample of the relevant population. This might
have resulted in items that were perceived as difficult to
interpret, that is, resulting in poor distributional statis-
tics. Second, the questionnaires in our study were not
coded. Therefore, we were unable to assess inter-rater
reliability or calculate an accurate response rate. This
was a pragmatic choice enabling the questionnaires to be
easily distributed and completed right after participants
performed an IHT (ie, avoiding recall bias) and allowing
the data to be collected completely anonymously. Because
the questionnaires were anonymous, the same partici-
pant may have completed more than one questionnaire
during the data collection period. However, as the ques-
tionnaires reflect different IHTs, each with differing IHT
staff, different experiences would be expected. Third, we
achieved a sample size just above the minimum recom-
mended ratio of 1:5 for EFA. Although our sample was
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appropriate for psychometrical evaluation, we were
unable to apply split-sample techniques and thus test the
dimensionality of our exploratory identified structure by
confirmatory factor analysis. Fourth, our cross-sectional
study design did not enable us to assess test-retest reli-
ability (ie, stability over time). Hence, some aspects of
validity and reliability were not addressed in the present
study; the IHT Safety Scale therefore needs to be further
psychometrically evaluated.

CONCLUSION

The present study offers a self-report questionnaire to
assess patient safety during IHTs of patients in intensive
care. The results provide evidence of acceptable initial
psychometric properties of the IHT Safety Scale among
a sample of Swedish healthcare practitioners. In our
study, EFA yielded evidence of construct validity for a five-
factor model of the IHT Safety Scale, including organ-
isation, tools and technologies, transportrelated tasks,
environment, and teamwork. Further work is needed to
validate our exploratory factor structure using confirma-
tory factor analysis approaches. Nevertheless, the findings
from the present study offer a preliminary instrument to
measure patient safety during IHTs that can be used to
better understand and improve clinical practice.
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