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Preface

This book is concerned with human factors and ergonomics in healthcare. The
utility of this area of research is to aid the design of systems and devices for
effective and safe healthcare delivery. New approaches are demonstrated for
improving healthcare devices such as portable ultrasound systems. Research find-
ings for improved work design, effective communications and systems support are
also included. Healthcare informatics for the public and usability for patient users
are considered separately but build on results from usability studies for medical
personnel.

Quality and safety are emphasized, and medical error is considered for risk
factors and information transfer in error reduction. Physical, cognitive and orga-
nizational aspects are considered in a more integrated manner so as to facilitate a
systems approach to implementation. New approaches to patient handling ergo-
nomics, emergency and operating rooms, healthcare, medical device design, human
factors and ergonomics measurement and model validation are included. Recent
research on special populations, collaboration and teams, as well as learning and
training, allows practitioners to gain a great deal of knowledge overall from this
book.

Explicitly, the book is organized into nine sections that contain the following
subject areas:

I. Human Factors and Ergonomics in Surgery
II. Healthcare Professionals
III. Healthcare Systems
IV. Healthcare Safety
V. Medical Device Design
VI. Healthcare Testing
VII. Environmental Design
VIII. Healthcare Communications and Logistics

vii
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Human Factors and Ergonomics
in Surgery



Analysis of Surgeons’ Muscle Activity
During the Use of a Handheld Robotic
Instrument in Laparoendoscopic
Single-Site Surgery

Francisco M. Sanchez-Margallo and Juan A. Sanchez-Margallo

Abstract The objective of this study is to assess the surgeon’s performance and
ergonomics during the use of a robotic-driven handheld laparoscopic instrument in
intracorporeal suturing tasks as well as in digestive and urological laparoscopic
procedures performed through single-site surgery, and comparing it with the use of
conventional instruments. Seven right-handed experienced surgeons took part in this
study. Four surgeons performed nine urethrovesical anastomoses on an ex vivo
porcine model and three surgeons a partial nephrectomy and a sigmoidectomy on an
in vivo animal model. Surgeons used both conventional laparoscopic instruments
and the robotic instrument. Execution times, leakage pressure for the anastomosis,
surgical complications and surgeons’ muscle activity were measured. Similar results
in surgical performance and ergonomics were obtained using conventional laparo-
scopic instruments and the robotic instrument. Muscle activity of the biceps was
significantly higher using the robotic instrument during both surgical procedures.

Keywords Laparoendoscopic single-site surgery - Handheld robotic instrument -
Ergonomics - Muscle activity

1 Introduction

Laparoscopic surgery has experienced rapid development in recent years, providing
multiple advantages for the patient such as the reduction in postoperative pain,
tissue trauma and infection rate, better aesthetic results, and shortened recovery
period [1-3]. In this sense, laparoendoscopic single-site surgery (LESS) is being

F.M. Sanchez-Margallo (D)
Jests Uson Minimally Invasive Surgical Centre, Caceres, Spain
e-mail: msanchez@ccmijesususon.com

J.A. Sanchez-Margallo

Department of Computer Systems and Telematics Engineering,
University of Extremadura, Badajoz, Spain

e-mail: jasmargallo@unex.es

© Springer International Publishing Switzerland 2017 3
V.G. Duffy and N. Lightner (eds.), Advances in Human Factors

and Ergonomics in Healthcare, Advances in Intelligent Systems

and Computing 482, DOI 10.1007/978-3-319-41652-6_1



4 F.M. Séanchez-Margallo and J.A. Sanchez-Margallo

consolidated as a real alternative to conventional laparoscopic surgery which further
reduces incision related complications and leads to better cosmetics results.
Numerous studies sustaining its feasibility, advantage in pain and recovery time
with respect to conventional surgery, and therapeutic safety [4-6]. In this surgical
approach, a multichannel surgical port is used to have access to the abdominal
cavity of the patient where articulated or prebent instruments are introduced.

LESS surgery as a new evolving surgical technique still represents a challenge
for surgeons, which requires surgical expertise [7]. This surgical approach presents
some technical difficulties such as the closer proximity of instruments and loss of
instruments triangulation, leading to clashing and crossing of the instruments both
inside and outside the patient [8]. These technical constraints lead to a restriction of
movements for the surgical instruments, which makes surgeons to adopt static
postures of head and torso and awkward body postures for long periods of time.
This could lead to deficient ergonomic conditions during surgery [9, 10], increasing
the possibilities of muscle fatigue and musculoskeletal injuries [11-13].

In order to overcome some of these technical difficulties in LESS, training is
necessary to become proficient in this new surgical approach as well as using its
specifically designed instruments. In addition, new handheld robotic systems have
been developed for laparoscopic surgery and single-site surgery [14-16]. They
provide precision-driven and articulating instrument tips, which increase the tri-
angulation, and therefore improve the performance of some surgical maneuvers.
One example of these systems is Kymerax™ (Terumo Europe NV, Leuven,
Belgium), which offers interchangeable articulating instruments controlled by its
handle interface.

Apart from dealing with some of the technical limitations of LESS, the use of
these handheld robotic systems could improve the ergonomic conditions as com-
pared to conventional instruments, reducing the risk of musculoskeletal injuries,
since they do not require adopting forced postures to perform certain maneuvers
within the abdominal cavity. The objective of this study is to assess the surgeon’s
performance and muscle activity during the use of a robotic-driven, handheld
articulating laparoscopic instrument in intracorporeal suturing tasks as well as in
digestive and urological LESS procedures, and comparing it with the use of con-
ventional instruments.

2 Materials and Methods

2.1 Participants

Seven right-handed surgeons took part in this study. Four experienced surgeons in
laparoscopy (>100 laparoscopic procedures) and with different experience in LESS
participated in the study with the training environment. Three experienced surgeons
in laparoscopy and LESS (>20 LESS procedures) and with experience using the
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robotic instrument participated in the study with the experimental animal model.
Participants used both conventional laparoscopic instruments (Conv) and the
handheld robotic instrument (Rob). The type of instrument (conventional or
robotic) to start the task or surgical procedure was randomly assigned to each
surgeon. All trials were performed at our centre’s experimental surgical theatres.
Participants gave informed consent and voluntarily agreed to participate in the
studies.

2.2 Handheld Robotic Instrument

The Kymerax™ system (Terumo Europe NV) is a handheld laparoscopic instru-
ment with articulating and interchangeable instruments (scissors, dissector, needle
holder and L-hook), which are driven by robotic technology. Surgeons control the
movements of the instrument tip through the manipulation of the handle interface.
The shaft diameter of its instruments is 8.8 mm.

2.3 Training Environment

The training environment consisted of a validated laparoscopic simulator
(SIMULAP®; JUMISC, Caceres, Spain), with a 10-mm, 30° rigid laparoscope (Karl
Storz GmbH & Co. KG, Tuttlingen, Germany) as vision system, and the
GelPOINT® Advanced Access Platform (Applied Medical, Rancho Santa
Margarita, CA, USA) as surgical access port. The laparoscope was fixed to prevent
movements and changes in the instruments. Surgeons hold an angled inline
laparoscopic dissector (Epix®; Applied Medical) on the left hand. On the right
hand, they hold a straight laparoscopic needle holder (Karl Storz GmbH & Co. KG)
or the robotic instrument in its needle holder configuration for the conventional and
robotic groups, respectively (Fig. 1). Participants were asked to performed nine
urethrovesical anastomoses on an ex vivo porcine model in a period of two months
using both types of laparoscopic instruments (Fig. 2). The anastomosis was per-
formed on an ex vivo porcine bladder using 8 simple interrupted sutures.

During the first (T1) and last (T9) repetitions, execution time, leakage pressure
and surgeons’ muscular activity were assessed. The leakage test was performed at
the end of the task to test the integrity of the anastomosis. This test consisted of
introducing a silicone tube connected to an insufflator (Karl Storz GmbH & Co.
KG) through the end of the bladder. While the bladder was immersed in water, the
pressure at which air leaked from the anastomosis was recorded. The maximum
pressure was set at 30 mmHg.
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Fig. 1 Setup for the study in the training environment using (leff) a conventional laparoscopic
needle holder and (right) the robotic instrument

Fig. 2 Use of the robotic
instrument during the
urethrovesical anastomosis

2.4 Experimental Animal Model

Participants performed a partial nephrectomy and a sigmoidectomy on an experi-
mental porcine model through LESS approach. For the partial nephrectomy, an
artificial pseudotumor was previously created on the upper renal pole of the left
kidney. A mixture of alginate and saline was percutaneously injected to reproduce
the tumor. This study was reviewed and approved by the Institutional Review
Board of the Jests Usoén Minimally Invasive Surgery Centre.

Suturing tasks were analyzed during both surgical procedures. Specifically,
measurements were obtained during the hemostasis in the case of partial
nephrectomy and during the anastomosis between the descending colon and rectum
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N

Fig. 3 Setup for the study with the animal model. The surgeon is using the robotic instrument
with the needle holder end-effector during the surgical procedure. Surface electromyography is
used to record the surgeon’s muscular activity

in the sigmoidectomy procedure. The GelPOINT® Advanced Access Platform
(Applied Medical) was used as surgical access port. In all cases, surgeons hold an
articulated laparoscopic dissector (Dissect SILS®; Covidien, Mansfield, MA, USA)
on the left hand. On the right hand, they hold a straight laparoscopic needle holder
(Karl Storz GmbH & Co. KG) or the robotic instrument with the needle holder
end-effector for the conventional and robotic groups, respectively. For each pro-
cedure, the surgery time, surgical complications and the surgeon’s muscular activity
were measure (Fig. 3).

2.5 Surface Electromyography Protocol

For the electromyography (EMG) analysis, we used the MP150 System (Biopac
Systems, Inc., Goleta, CA, USA) connected to a laptop (VAIO®; VAIO
Corporation, Nagano, Japan) equipped with the AcqKnowledge 3.7 acquisition
software (Biopac Systems, Inc.).

EMG signals were obtained from right biceps brachii, right triceps brachii, right
forearm flexors and extensors, and right trapezius muscles, through triple-surface
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electrodes. The electrodes were placed according to the SENIAM recommendations
for each muscle [17]. Before its placement, the skin was cleaned with alcohol to
eliminate dirt remnants, grease, and dead skin cells that could impair the acquisition
of EMG signals. To prevent movement of the electrodes, they were fixed using an
elastic band. Cables were also attached to the surgeon’s clothes to reduce potential
artifacts. The sample rate was established at 1000 Hz.

Once the electrodes were adequately positioned, the measurement of the max-
imal voluntary contraction (MVC) of each muscle was recorded for amplitude
normalization. MVC was recorded separately for each muscle group by asking the
subject to perform specific 8-s tractions against a fixed resistance. This was used as
a reference to normalize every EMG recording as a percentage of the MVC, which
allows for comparison between different subjects.

After the EMG data of each group of muscles was recorded for each activity, the
signal was visually inspected and filtered to remove possible artifacts. The root
mean square value of the signal was calculated for each muscle, expressing the final
results as a percentage of the corresponding MVC.

2.6 Statistical Analysis

For statistical analysis, the Wilcoxon signed rank test was used to compare mea-
surements of both study groups. All statistical analyses were carried out using R
version 3.2.2 (R Foundation for Statistical Computing, Vienna, Austria). The results
are shown as mean and standard deviation or notched box and whisker plots. For
the latter, the boxes whose notches do not overlap their medians are significantly
different with 95 % confidence. For all tests, p < 0.05 was considered statistically
significant.

3 Results

3.1 Training Environment

The average time required to perform an intracorporeal suture during the
urethrovesical anastomosis was similar using both instruments during T1 (Conv:
5.652 + 3.744 min; Rob: 5.909 + 2.384 min). However, during T9, the average
time was significantly less using the conventional needle holder than the robotic
instrument (Conv: 3.570 &£ 1.334 min; Rob: 4.174 £ 1.356 min; p = 0.015).
A reduction in the execution time was shown between T1 and T9 for both study
groups.
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Fig. 4 Results of the leakage test during T1 and T9. The leakage pressure was measured at the
end of the urethrovesical anastomosis performed by the conventional laparoscopic needle holder
(Conv) and the robotic instrument (Rob)

Muscle activity of the analyzed muscles was similar between the use of both
laparoscopic instruments for the urethrovesical anastomosis during T1 and T9
(Fig. 4). Muscle activity of biceps (T1: 22.448 £ 6.845 %MVC; T9: 7.867 +
1.743 %MVC) and flexor (T1: 31.804 £ 5.630 %MVC; T9: 9.202 £+ 6.074 %
MVC) muscles decreased significantly from the first (T1) to the last (T9) repetition
using the robotic instrument.

The leakage pressure for the anastomosis was similar during T1 and T9 for both
groups of laparoscopic instruments (Fig. 5). The pressure supported by the anas-
tomosis performed by the conventional laparoscopic needle holder increased sig-
nificantly from the first (T1) to the last (T9) repetition.

3.2 Experimental Animal Model

All surgical procedures were successfully performed and no complications were
registered (Fig. 6). Surgery time of both procedures was similar using the con-
ventional and the robotic laparoscopic instruments.
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Fig. 5 Muscle activity (%MVC) of each analyzed muscle using conventional instruments (Conv)
and the robotic instrument (Rob) during the first (T1) and last (T9) repetitions of the urethrovesical
anastomosis task
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Fig. 6 Surgical procedures on the experimental animal model. Left Partial nephrectomy using the
robotic instrument and Right sigmoidectomy with conventional laparoscopic instruments

Muscle activity of the biceps was significantly higher using the robotic instru-
ment during both partial nephrectomy (Conv: 4.366 £ 2.575 %MVC; Rob:
6.774 £ 0.620 %MVC) and sigmoidectomy (Conv: 2.086 + 0.306 %MVC; Rob:
6.254 £+ 0.705 %MVC) procedures (Fig. 7). No significant differences were
observed for the other analyzed muscles.

4 Discussion

LESS surgery is technically challenging for surgeons and its limited range of
movements for the surgical instruments inside the abdominal cavity could lead
them to adopt awkward postures for long periods of time, with the consequent
possible musculoskeletal injuries [9, 11, 12]. Several devices and prototypes with
articulating tip have been developed as a possible solution for these limitations [14,
16, 18]. These instruments enable surgeons to achieve movements not usually
possible with conventional instruments. In this study we analyzed the performance
and ergonomics using the Kymerax  system (Terumo Europe NV), a
robotic-driven handheld instrument with a flexible tip, during suturing tasks in a
training environment and during digestive and urologic surgical procedures on an
animal model.

Similar results in surgical performance and ergonomics were obtained using
conventional laparoscopic instruments and the handheld robotic instrument during
the urethrovesical anastomosis in the experimental environment and during the
partial nephrectomy and sigmoidectomy procedures on an animal model using a
LESS approach.

For the urethrovesical anastomosis in the training environment, there was a
remarkable improvement in execution time during the last repetition for both
laparoscopic instruments. In this repetition, the execution time using the conven-
tional needle holder was significantly lower than using the robotic instrument, which
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Fig. 7 Muscle activity (%MVC) of each analyzed muscle using conventional instruments (Conv)
and the robotic instrument (Rob) during partial nephrectomy and sigmoidectomy procedures

might be due to the previous experience of the surgeons with conventional laparo-
scopic instruments. In another study with basic suturing tasks, no differences in
execution time using conventional or the handheld robotic instrument were found
[15]. However, in this study participants only performed three repetitions of each
task. A longer training period with the robotic instrument could positively affect the
learning curve for this device, improving the performance in intracorporeal suturing.
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Muscular activity of both biceps and flexor muscles was reduced from the first to
the last repetition during the performance of the urethrovesical anastomosis using
the robotic instrument. It seems that training improves the ergonomics of surgeons
using the robotic instrument. However, during the surgical procedures, this
instrument demanded higher muscular activity for the biceps. This might be
because the robotic instrument is bigger and heavier than the conventional
laparoscopic instrument, leading to higher workload of the biceps muscle.

As was reported by Pérez-Lanzac et al. [19], the surgeons stated that the use of
the robotic instrument reduced the technical difficulty of the urethrovesical anas-
tomosis performed through LESS approach. Participants in the study with the
laparoscopic simulator considered that it should be necessary a previous training to
be familiarized with the controls on the device.

The use of this robotic instrument has been also proved to be feasible in other
laparoscopic procedures such as total laparoscopic hysterectomy and radical
prostatectomy [18, 20]. A study with sixty patients who underwent a robot-assisted
radical prostatectomy reported no differences between using conventional laparo-
scopic and robot-assisted procedures with regard to postoperative pain, blood loss
and length of recovery [20].

The main limitation of the presented study is the small sample size. Further
studies should be done including other handheld robotic laparoscopic instruments to
support the results obtained. Understanding how operation conditions, workplace
layout and surgical instruments influence surgeons’ ergonomic condition could
provide inspiration for new instrument designs, as well as more targeted training
methods.

In conclusion, results indicated a positive learning curve in performance and
ergonomics using the handheld robotic instrument for LESS urethrovesical anas-
tomosis. Besides, results showed that partial nephrectomy and sigmoidectomy
procedures performed through LESS approach and using the robotic instrument are
feasible and safe. There were no differences in surgery time and surgeon’s muscle
activity during both surgical procedures, except for the biceps muscle. We consider
that a period of adaptation should be required for this new technology.
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Assessing the Influence of Personal
and Organizational Factors
on Surgeon’s Performance:
A Study on Surgeons’ Perceptions

Rossella Onofrio and Paolo Trucco

Abstract In the emerging area of Human Reliability Analysis (HRA) applications
in healthcare, a critical issue is the suitability or proper application of the existing
taxonomies of Influencing Factors (IFs). The aim of the present study is twofold:
(i) providing surgeons’ views about the IFs to be implemented in HRA applications
to surgical procedures; (ii) assessing surgeons’ perception of the influence of per-
sonal and organizational factors on surgical performance in different surgical
contexts (open and MIS surgery). The study methodology involved focus group and
individual interviews for the former, a survey for the latter. Twenty IFs were
identified as relevant for the surgical context, among a preliminary list of categories
taken from extant literature. The difference of the perceived influence in the two
surgical contexts, i.e. open vs laparoscopic, resulted significant for five Ifs: verbal
interruptions; rude talk and disrespectful behaviors; unclear or failed communica-
tion; poor coordination; poor situation awareness.

Keywords Human factors - Performance shaping factors - Human reliability
analysis

1 Introduction

A key question facing surgical units relates to the identification of factors that can
influence surgical outcomes and, therefore, how knowledge of these factors can be
used to enhance surgical performance. Research efforts across the world have
sought to identify factors that may influence surgical performance, and with recent
advances in surgical technology, a number of studies have focused on the associ-
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ation between surgical outcomes, surgical technology, and the technical skills and
types of training of surgeons.

In the emerging field of Human Reliability Analysis (HRA) a critical issue in
healthcare applications [1—4], as currently debated in literature, is the proper
application or suitability of the existing taxonomies of Influencing Factors (IFs, also
labeled as Performance Shaping Factors or PSFs), since they were primarily
designed and developed for industrial contexts.

Within HRA, the choice of PFs/IFs refers to the identification of personal or
organizational factors that directly affect the human performance; their influence is
generally assessed by means of experts’ judgments and therefore is highly sub-
jective. In healthcare applications, the choice of these factors becomes even more
critical phase due to the high number of contingencies within a complex socio-
technical environment: wide spectrum of patient conditions, variety of procedures,
alternative technological settings and team configurations.

In the extant literature, many HR A methods modulate the Human Error Probability
(or Unreliability) with a set of factors that may affect human performance. The ter-
minology about context factors differs from one HRA technique to another.
Some HRA techniques label these factors as “Performance Shaping Factors”
(PSF) [5], “Performance Influencing Factors” (PIF), “Influencing Factors (IFs)” [6],
or “Error Promoting Conditions (EPC)” [7]. In fact, several different taxonomies of
contextual factors are proposed in industrial literature according to the different
methods.

When it comes with the application of HRA in the healthcare context, at least three
issues must be addressed for a proper integration of performance influencing factors.

Firstly, there is an open debate about which IFs should be used in HRA and what
is the appropriate number of PSFs to be included in the analysis. In fact, “There is
considerable range in the number of PSFs provided by individual HRA methods,
ranging from single factor models such as time-reliability curves, up to 50 or more
PSFs in some current HRA models.” [8]. For example: The US Nuclear Regulatory
Commission advocates 15 PSFs in its HRA Good Practices [9], while its SPAR-H
method [10] espouses the use of 8 PSFs and its ATHEANA method [11] features an
open-ended number of PSFs. The apparent differences in the optimal number of
PSFs can be partly explained referring to the level of detail of the human model or
the different functions of PSFs in HRA [8, 12].

Secondly, PSFs are conceived in terms of the negative effects they might induce
on human performance, even though a greater emphasis has been recently given to
ways of modeling PSFs taking into account also their potential influence on
enhancing human performance.

Thirdly, the terminology of the IFs is strictly connected to the meaning given in
a specific context. For this reason, the assessment results among analysts could be
different because they assess the factors with their subjective interpretations [12].

In healthcare there is need to design IFs taxonomy to be implemented in HRA
for surgery, dealing with these HRA issues. Accordingly, the aim of the present
study is twofold: (i) providing surgeons’ views about what are the IFs to be
implemented in HRA applications to surgical procedures; (ii) assessing surgeons’
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perception of the influence of personal and organizational factors on surgical per-
formance. To this end, the following Research Questions are posed:

RQ1: “What are the IFs to be included into a taxonomy for HRA applications in
surgery?”

RQ2: “What is the perceived influence of the IFs on surgeon’s performance? Does
the perceived strength of the influence vary under different surgical contexts (e.g.
open vs laparoscopic)?

The rest of the paper is organized as follows: Sect. 2 provides the research
method used; Sect. 3 presents and discusses the main results; Sect. 4 draws the
conclusion and suggests directions for future research.

2 Study Methodology

The study builds on results of a previous study involving a literature review of
influencing factors in surgery and an observational study [13]. The present study is
divided into two parts, the first involving focus group and individual interviews
undertaken with Danish and Italian surgeons and anesthetists, and the second a
survey, undertaken with Italian surgeons.

2.1 Qualitative Study: Focus Group and Individual
Interview

The design of IFS taxonomy items, to be implemented in the final taxonomy of IFs
for HRA applications in surgery, was performed in Italy and Denmark between
February and June 2015. We applied the focus group methodology [14], and indi-
vidual semi structured interviews. This first phase of the study was aimed at cap-
turing the ways in which surgeons conceptualize, cluster and articulate influencing
factors.

In particular, the focus group held in Denmark (in March 2015) involved sur-
geons only (n = 7), whereas the individual semi structured interviews involved both
surgeons (n = 3) and anaesthetists (n =9); in Italy semi structured interviews
involved only surgeons (n = 5). The size of our focus group (7 participants) obeys
to the common standard of four (minimum) to twelve (maximum) participants per
group [14]. The participants were selected through consultation with the manager of
the surgical department of the Hillerad Hospital. The informal nature of this
methodology facilitated an interactive discussion and reflection about the surgeons’
perception of factors that shape surgical performance.

We created an interview guide for both the focus group interview and individual
semi structured interviews. It focuses on a brief presentation of the study and shows
the participants an A4 paper including a table with the list of the macro categories
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of factors identified from a previous literature review study [13]. A set of IFs items
was developed and turned into a checklist to gather data from surgeons about each
factor category and assure the traceability of answers.

The discussion was primarily focused on labels, definitions, meanings of the
factors to validate items and descriptors of influencing factors. To understand the
relevant IFs items, when an interviewee was referring to the specific IFs item, the
interviewers marked the checklist. When some IFs items were not mentioned, the
interviewers asked additional questions about the missing ones. The ending of each
interviews occurred when the participants had no further thoughts on IFs.

The focus group session lasted about one hour and half and was led by two
moderators, who covered each of the IFs categories in the interview guide. Each of
the individual semi structured interviews lasted around 30 min of discussion. All
the interviews were audio-recorded and subsequently transcribed verbatim. Data
analysis steps were discussed continuously among the authors, and when possible,
with other scholars, ensuring the reliability of data analysis.

2.2 Survey Method

The results of the focus group and individual interviews in Italy and Denmark were
used to design a questionnaire to assess surgeons’ perceptions about the influence
of IFs on surgical outcome. Survey method was chosen to elicit experts’ judgments.
The questionnaire was divided into three sections: the first one was dedicated to the
instructions, the second one was dedicated to provide the perception about the
influence of each of the IFs on their performance and the third one was dedicated to
the collection of demographic information, in order to successively make com-
parisons among results. In detail, the question repeated for each of the twenty
influencing factors (X) was:

Please provide your subjective estimate of how often the factor X has had a negative
influence on your own performance and the risk of adverse patient outcome in the oper-
ations in which you have participated during the last year?

Please indicate your estimate by a number from 0 and 10 where:
0 = the factor has had no influence at all, if present;

10 = the factors has had a negative influence in every operation, if present.

The demographic information we collected from surgeons were: the prevalent
surgical technique used in the past year (with distinction among open, laparoscopic
and robotic surgery); position/title of the surgeon; surgical speciality; years of
experience; the surgical role during the last year of surgical activity, if in robotic
surgery (i.e. first operator in console, or second operator at the operating table);
number of surgical interventions performed (approximate number). Finally, two
open questions were included; one about possible suggestion of additional factors
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not listed in the questionnaire, and a second one dedicated to other general com-
ments, if any.

The questionnaire was designed in both paper and online versions. The software
used to implement the online version of the questionnaire is “Typeform”. Once the
draft questionnaire has been designed we tested the questionnaire with a group of
surgeons of the Urology Department of an Italian hospital, Ospedale Niguarda Ca’
Granda in Milan.

A convenience sample of Italian surgeons, as members of the Italian Society of
Surgery, was reached through emails, inviting them to answer the online ques-
tionnaire. The first email included a cover letter and a link to the questionnaire. The
completion of the survey was estimated to take between 10 and 15 min. Two email
reminders were sent to non-respondents.

Data was recorded in MS Excel, and subsequently statistical analysis has been
done through the Statistical Package for the Social Sciences (Stata®13).

3 Results

3.1 Focus Group and Individual Interviews

Twenty IFs resulted from the selection operated through the focus group and
individual semi-structured interviews. Table 1 provides the list of IFs and respec-
tive descriptions.

3.2  Survey Results

In this paper, we limited the description of the results to the descriptive statistics of
the perceived influence of IFs on surgeons’ performance. Firstly, we made a
cumulative analysis of the entire sample, considering the surgical context as
homogenous; secondly, we investigated if there is significant difference of sur-
geons’ perception of the influence of IFs on their performance in the two surgical
contexts under analysis (open and MIS surgery).

Respondents Characteristics. A convenience sample of 93 surgeons, belonging
to the Italian Society of Surgery, provided anonymous answers to the questionnaire
administered online. Table 2 summarizes the demographic characteristics of the
surveyed surgeons. Of the 93 responders, 56 are surgeons active in open surgery
(60 %), 37 predominantly operate in laparoscopic surgery (40 %).

Descriptive Profiles. Figure 1 shows the cumulative descriptive profiles about
the perceived influence of IFs considering the surgical context as homogeneous
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Table 1 Validated list of IFs for HRA applications in surgery

1 Noise and ambient talk. Continuous or sudden noise; team members talking in the
background or coming and going and moving around in a noisy way

2 Music. Presence of background music in operating room

3 Noisy use of social media. Team members talking about and obtrusively sharing social
media content
Verbal interruptions. Verbal Interruptions that are either untimely or not patient relevant

5 Poor management of errors and threats to patient safety. Failure to share information
promptly and openly about errors and threats to patient safety

6 Poor guidelines, procedures or checklists. Guidelines, procedures or checklists are
inadequate: lacking, too complex, or not at right level

7 Rude talk and disrespectful behaviors. Derogatory remarks, behaviors showing lack of
respect of OR team members, shouting and harsh tones of voice.

8 Improper use of procedures and checklists. The improper use, or non-use, of the WHO
checklist (or similar), protocols and procedures

9 Unclear or failed communication. Communication that should have been given wasn’t
or was inadequate or was misunderstood and not corrected

10 Poor coordination. Failure in coordinating team activities; failure to anticipate the needs
of the lead surgeon or lead anesthetist (surgeon at the console in robotic surgery)

11 Poor decision making. Failure to consider, select and communicate options; inadequacy
or delay in implementing and reviewing decisions

12 Poor situation awareness. Failure to gather and/or to integrate information or failure to
use information to anticipate future tasks, problems and states of the operation

13a Lack of experience of surgical team colleagues. Lack of experience of within surgical
team, with the surgical procedure or technology

13b | Lack of experience of anesthetics team colleagues. Lack of experience of within
anesthetic team, with the anesthetic procedure or technology

14 Fatigue. Mental fatigue or physical fatigue

15 Time pressure. Psychological stress resulting from experiencing a need to get things
done in less time than is required or desired

16 Perioperative Emotional Stress. Stress induced by factors not directly related to the
team, or to the characteristics and evolution of the intervention, e.g. responsibility for
the budget and for other hospital objectives, organizational problems of the department,
other critical patients, lawsuits

17 Poor leadership. Failure to set and maintain standards or to support others in coping
with pressure

18 Team member familiarity. Team members unfamiliar with each other and each other’s
competencies

19 Poor use of technology. Lack of ability to use relevant technology

20 Inadequate ergonomics of equipment and work place. Equipment and workplace not

designed to optimize usability and reduce operator fatigue and discomfort

(93 respondents). The perceived influence of IFs with mean ratings 24 concern:
noisy use of social media (4.00); poor management of errors and threats to
patient safety (4.06); rude talk and disrespectful behaviors (5.26); unclear or
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Table 2 Characteristics of

Number of respondents: 93
respondents

Age of respondents: from 29 to 81

Years of experience: from 1 to 52

Total number of surgical interventions: from 10 to 20,000

Surgical setting:

Open surgery: 60 %
Laparoscopic surgery: 40 %

failed communication (4.04); lack of experience of surgical team colleagues (4.05);
lack of experience of anesthetics team colleagues (4.47); fatigue (4.21); time
pressure (4.48); poor use of technology (4.00). In Fig. 1, the arrows indicate the IFs
with the median 24.00. In particular: noise and ambient talk (mdn = 4.00); rude
talk and disrespectful behaviors (mdn = 5.00); improper use of procedure and
checklists (mdn = 4.00); unclear or failed communication (mdn = 4.00); poor
coordination (med = 4.00); Lack of experience of surgical team colleagues
(mdn = 4.00); Lack of experience of anesthetics team colleagues (mdn = 4.00);
time pressure (mdn = 5.00).

To investigate if the perceived influence of the IFs is significantly different under
different surgical contexts (open vs laparoscopic surgery), Mann-Whitney
Wilcoxon test (nonparametric test) was used. The difference of the perceived
influence in the two surgical contexts resulted significant (threshold of significance,
p < 0.05) for five IFs: (i) verbal interruptions (p = 0.0210); (ii) rude talk and dis-
respectful behaviors (p = 0.0339); (iii)) unclear or failed communication
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Fig. 1 Descriptive profiles of the perceived influence of each IF in a generic surgical setting
(unique sample: 93 responses)
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Oplll nrgery Cbs Hean Std. Dev. Min Max

Verbal interruptions 56 3 2.522625 ] 9

Rude talk and disrespectful behaviors 56 4.660714 3.41801 ] 10
Unclear or failed communication 56 3.446429 2.853512 1] 10
Poor coordination 56 3.392857 3.049164 o 0

Poor situation awareness 56 3.232143 3.056981 ] 10
Laparoscopic surgery Obs Mean Std. Dev. Min Max
Verbal interruptions 37 4.297297 2.644332 o 10

Rude talk and disrespectful behaviors 37 6€.189189 2.923448 o 10
Unclear or failed communication 37 4.945946 3.2993717 o 10
Poor coordination 37 4.864865 3.425088 ] 10

Poor situation awareness 36 5.055556 3.430489 ] 10

Fig. 2 Descriptive statistics about the perceived influence of IFs resulted significantly different in
the two surgical contexts

(p = 0.0290); (iv) poor coordination (p = 0.0385); (v) poor situation awareness
(p = 0.0086). The descriptive statistics are reported in Fig. 2, which presents the
number of the respondents (obs), mean ratings, standard deviation, the minimum
and maximum values in open and laparoscopic surgery. The descriptive profiles of
the two study groups are also shown through box plots representation (Fig. 3).
Surgeons perceive the influence of these five IFs as higher in laparoscopic
surgery than in open surgery. Despite the maximum and minimum values similar
(with the exception of IF 4, namely ‘verbal interruptions’, where the maximum
value is higher for the laparoscopic setting), the medians are dramatically different:
values in laparoscopic surgery are higher (either by 2 or 3 points) than in open

Open surgery Laparoscopic surgery
b l =] TTL l
= 0 7] o
[E] veralinterruptions Rude talk and disrespectful behaviors

El Unclear or failed communication @ Poor coordination
[GZ7] Poor situation awareness

Fig. 3 Descriptive profiles of the perceived influence of IFs resulted significantly different in the
two surgical context (the numbers refer to the corresponding number of the IFx shown in the
Table 1)
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surgery. In particular ‘rude talk and disrespectful behaviors’ and ‘poor situation
awareness’ are those factors whose perceived influence present the medians 3 point
higher in laparoscopic surgery than in open surgery.

Data clearly shows a strong influence of relational and communication issues on
surgeon’s performance (and surgical outcome as a consequence) under laparoscopic
settings. These factors are perceived less influential by surgeons when referred to an
open surgery context.

4 Conclusion

The study represents the first step towards a quantitative analysis of human and
organizational factors affecting surgeon’s performance, surgical outcome and
patient safety.

Providing a comprehensive taxonomy of influencing factors and relative per-
ceived influence on surgeons’ performance is both theoretically and managerially
relevant. Theoretically, the study contributes to the validation of a taxonomy of IFs
specifically designed for the healthcare sector, and surgery in particular. Moreover,
to the best of authors’ knowledge, the study is also the first documented attempt to
estimate the strength of the influence (weight) of IFs on surgeon’s performance; in
this regard, the results of the study foster the application of quantitative Human
Reliability Analysis (HRA) in surgery, which is an emerging research stream in
patient safety literature. Finally, further research effort can be directed towards a
better understanding of the underlying cognitive mechanisms that make the
laparoscopic setting (or MIS in general) more vulnerable to poor relational and
communication factors. Further research is also needed to expand the evidence base
to the identification and assessment of the relevant IFs for robotic surgery.

The results of the present study can be also a useful reference for designing and
implementing effective actions targeting patient safety improvements in surgery.
Indeed, by focusing on the most influential human and organisational factors in dif-
ferent surgical contexts, risk managers can provide useful and precise inputs to orga-
nizational development, surgical training and other safety interventions programs.
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Human Reliability Analysis
(HRA) for Surgery: A Modified HEART
Application to Robotic Surgery

Paolo Trucco, Rossella Onofrio and Antonio Galfano

Abstract HRA studies in healthcare highlight that PSF (or Influencing Factors—
IFs) taxonomies in HRA techniques have been developed and validated in indus-
trial contexts, and as such are not fully applicable to healthcare contexts. In this
paper, a modified version of Human Error Assessment and Reduction Technique
(HEART), has been developed and tested through an application to the robotic
surgical Radical Prostatectomy procedure. Personal and organizational factors were
modeled and assessed through an IFs taxonomy validated in the surgical domain,
and then systematically translated into the corresponding Error Producing
Conditions (EPCs), typical of the HEART method. The results confirmed the
importance of adapting HRA methods to the healthcare sector, and added detailed
information on what are the most relevant factors that should be captured by an
HRA method when applied to surgery. Additionally, the analysis revealed that team
related factors have the highest influence on surgeons’ performance (i.e. increase of
Human Unreliability Rate) in the context of different surgical tasks.

Keywords Human reliability analysis - HRA - Surgery - Influencing factors

1 Introduction

The benefits of transferring and applying to healthcare the most important proactive
risk analysis methods traditionally implemented in industry are fully recognized in
patient safety literature [1-4]. Literature findings highlight the lack of knowledge
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about the reach spectrum of HRA techniques and methodologies that are applicable
to the healthcare sector [1-4]. On the other side, an emerging and increasing interest
in HRA applications has been pointed out, especially in surgery [5-9]. Therefore,
there seems to be a growing need of fostering theoretical knowledge and practical
expertise on HRA application in healthcare, to achieve higher safety performance
under increasing environmental complexity and technological innovation, such as
in the case of mini-invasive surgery. One of the critical aspects come up from extant
HRA applications in healthcare concerns the limited adoption or misuse of
Performance Shaping Factors (PSF), i.e. aspects of behavior and context that impact
human performance [10]. On the contrary, in HRA theory and applications in
industry, contextual and organizational factors play a relevant role, and the attempt
to incorporate them into new and more advanced HRA techniques represents a hot
research line in this discipline since a long time.

A closer look to the few papers describing HRA applications in healthcare where
human and organizational factors are included reveals that all the authors dedicated
particular attention to the choice of the most appropriate influencing factors. This
modeling effort generally culminated in the decision to take into account only some
of the factors covered by the selected HRA technique. Nevertheless, almost all the
authors highlight that PSF (or Influencing Factors—IFs) taxonomies in HRA
techniques have been developed and validated in industrial contexts, and as such
are not fully applicable to the healthcare contexts [5].

In order to foster the diffusion of HRA in healthcare it is not enough applying
and adapting existing HRA techniques to the healthcare context. A proper trans-
lation of these techniques to healthcare environment has to be undertaken [11, 12].
To this end, particular attention should be addressed to the role of those human and
organizational factors that could shape the performance of the operator (e.g. sur-
geon or anesthetists) under different contexts.

In this paper, a modified version of Human Error Assessment and Reduction
Technique [13], has been developed and tested through an application to the robotic
surgical Radical Prostatectomy procedure, that is the most widespread robotic
surgical procedure.

2 Method

In line with much part of the worldwide technological evolution in surgery, Italy
represents one of the leading countries in Europe for the implementation of robotic
surgery, as one of the most sophisticated new frontier of Minimally Invasive
Surgery. Robotic Surgery has established itself as the best technique for the surgical
treatment of prostate cancer. Today, in the US, over 80 % of prostatectomies are
performed with the aid of the DaVinci Surgical System. Although robotic surgery,
or robot-assisted surgery, allows doctors to perform many types of complex pro-
cedures with more precision, flexibility and control [14], the advanced technology
may introduce new error pathways due to the high degree of human-machine
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interaction, in fact the assessment of safety, feasibility and clinical efficacy is still at
an early stage of study and analysis. This is the reason why we chose to apply
HEART methodology on the most widespread robotic surgical procedure, i.e.
radical prostatectomy. In particular, the study focuses on the analysis of a recent
robotic prostatectomy technique performed with DaVinci robot, which allows to
obtain excellent results both in oncological and functional terms [15, 16].

2.1 Modified HEART for Integration with a New Taxonomy
of IFs in Surgery

Starting from a literature review on the applications of HRA techniques in
healthcare, and HEART in particular, the need for some methodological modifi-
cations was identified to make the traditional HEART more suitable for applications
in surgery.

Firstly, to capture the surgical environment peculiarities, personal and organi-
zational factors were modeled and assessed through a specific IFs taxonomy,
designed and validated ad hoc for the surgical context [17] and then systematically
translated into the weights of corresponding Error Producing Conditions (EPC),
typical of the traditional HEART method [13]. The proposed taxonomy is com-
posed by 20 Influencing Factors (IFs) and it is well-designed for surgical procedure
and operating room environment. Secondly, a participative team approach was
adopted rather than a single external expert assessor, required from the traditional
HEART, in line with previous studies in healthcare [5].

2.2 Study Methodology

This study took place at the Urology Department of one of the largest Italian
hospitals. The starting point of the study was the development and validation of the
BA-RARP task-analysis [15]. Once the task analysis was validated by the team of
surgeons, the two most critical tasks were finally identified: “Isolation of lateral
peduncles and of posterior prostate surface” (task 1), and “Anastomosis” (task 2).
This decision came up from a preliminary focused literature review, further direct
observational sessions, and experts’ judgments elicitation (three surgeons were
involved).

As previously mentioned, the modified HEART technique was applied with the
aim of understanding what are the most relevant IFs and the degree of coverage
with EPCs (Error Promoting Conditions) considered by the standard HEART
technique. To achieve this aim, three surgeons, considered fully trained in the
procedure, were asked to answer a specific questionnaire. In particular, referring
separately to the first and second critical tasks, they had to identify which
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TASK 1
PoA PoA*
IF PoA1 PoA2 PoA3 average |EPC* PoA*1 PoA*2 PoA*3 average
1 Noise&ambient talk 920 80 60 76.67[ 3 Low signal to noise ratio 60 56 60 58.67
5 Poor management of errors 70 70 70 70.00[ 2 Shortage of ime for errors detection 50 56 70 58.67
10 Poor coordination 40 70 70 60.00) 10 Transfert knoledge from task to task 10 63 70 47.67
TASK 2
PoA PoA*
IF PoA1 PoA2 PoA3 average |EPC* PoA*1 PoA*2 PoA*3 average
1 Noise&ambient talk 80 70 60 70.00[ 3 Low signal to noise ratio 40 63 60 54.33
5 Poor management of errors 80 80 70 76.67| 2 Shortage of time for errors detection 50 64 70 61.33
9 Poor communication 80 80 70 76.67| 8 Capacity overload 10 48 70 42.66
10 Poor coordination 90 100 80 90.00| 10 Transfert knoledge from task to task 20 50 80 50.00

Fig. 1 Final IFs selection for task 1 and task 2

Influencing Factors exert a major influence on surgeon’s performance. They were
also asked to assess PoA and PoA* (percentage of PoA of the IFs attributable to the
main corresponding EPC, estimated by the surgeons involved in this study) for each
of the chosen IFs (see Fig. 1).

Afterwards, it was possible to identify the corresponding EPCs, calculate total
PoA for each of them and the corresponding Assessed EPC Affect to proceed with
HEART calculations about the Assessed Nominal Likelihood of Unreliability
(ANLU). Subsequently, the %CUs (contribution of unreliability) were calculated,
in order to identify which are the IFs to be considered as the most critical ones,
hence those requiring imperative remedial measures.

Finally, a Scenario Analysis was carried out to understand how ANLU may vary
by mitigating the negative influence of different categories of Influencing Factors.
In particular, personal, team, and organizational related factors were investigated by
setting up three specific scenarios, for which new ANLU values were calculated by
considering the impact of only the IFs relevant for the scenario.

3 Results

3.1 Selection of Generic Task Category

The choice of the category could represent an issue for HEART application in
healthcare, as underlined by previous studies [S] since some elements of the
HEART task categories don’t match the healthcare task under analysis. Since the
focus of this analysis concerns the investigation of the most relevant IFs and the
degree of coverage with HEART EPCs, we chose Category G for both tasks, i.e.
“completely familiar, well-designed, highly practiced, routine task occurring sev-
eral times per hour, performed to highest possible standards by highly-motivated,
highly-trained and experienced person, totally aware of implications of failure, with
time to correct potential error, but without the benefit of significant job aids” [13].
Its Nominal Human Unreliability is 0.0004.
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3.2 Correspondence Between EPCs and IF's

The comparison between the two taxonomies was performed consulting the list of
the EPCs proposed by Williams in his original document paper [13]. Some of them
are not applicable to the surgical context, e.g. because they fit only with the nuclear
context, and were excluded from the analysis (corresponding to EPCs code num-
bers 27, 28, 30, 31, 34, 38).

On the other hand, some of the IFs included in the new taxonomy describe recent
phenomena, e.g. the use of digital devices and mobile phones in the operating room.
Hence, only few of the factors resulted in a perfect matching, with a unique (one to
one) clear link; for example “operator inexperience” and “stress” are conditions
directly taken into account by both taxonomies. Many IFs of the surgical taxonomy
are only partly captured by grouping more than one EPCs of the original Williams’
taxonomy, so we assigned weights to each of them, by estimating to what extent a
specific EPC describes the effect of each Influencing Factor. Table 1 shows a
synthesis of the full spectrum of coverage and matching between Williams’ tax-
onomy of EPCs and the proposed taxonomy of IFs in surgery.

According to the findings of the present study, the EPCs traditionally used in
HEART method are not able to fully capture and explain the relevant organizational
and personal IFs in a surgical context. This result confirms the importance of
adapting HRA methods to the healthcare sector, and adds original detailed infor-
mation on what are the most relevant factors that should be captured by an HRA
method when applied to surgery in particular.

3.3 Identification and Assessment of IFs Through HEART
Calculation

To identify the influencing factors to be considered in HEART application we
chose, as first selection criterion, the inclusion of those factors that were commonly
identified by all the surgeons involved in the study and, as second criterion, those
factors with no controversial assessment among surgeons. By averaging assessors
PoA and PoA* values—for each IF—it was possible to balance surgeons’ judge-
ments, preventing overly optimistic or pessimistic results of the individual team
member. The adoption of the average criterion is in accordance with previous
HEART applications [5]. The selected Influencing Factors and their corresponding
PoA and PoA* values, are shown in Fig. 1 for Task 1 and Task 2, whereas Fig. 2
summarize the results of HEART application to the same tasks.

As for Task 1, the three selected IFs were translated into seven EPCs showed in
Fig. 2. The most significant Influencing Factor is “Poor management of errors”
(IF 5), which has a total %CU of 0.49 (see Fig. 2). In particular, EPC 2 “Shortage
of time available for error detection and correction” is the corresponding EPC with
the highest contribution to %CU, having the greatest Multiplier (EPC
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Table 1 Matching and degree of coverage between the taxonomy of IFs in surgery and Williams’

EPCs

Williams” EPCs

EPC Category

Organisation

Man

Technology

EPC code number [13]*

2,3,4,7,8,9, 11, 14,
17, 18, 21, 26, 32, 36, 37

1, 5,10, 12, 13, 15,
16, 22, 24, 25, 29, 35

23,19, 20,
33,6

Taxonomy of influencing
factors (in surgery)

7

11

2

1-Noise and ambient talk

2-Music

3-Noise

5-Poor management of errors
and threats to patient safety

6-Poor guidelines,
procedures and checklist

8-Improper use of
procedures and checklists

15-Time pressure

87.2 %°

4-Verbal interruptions

7-Rude talk and disrespectful
behaviours

9-Unclear of failed
communication

10-Poor or lacking
coordination

11-Poor decision making

12-Poor situation awareness

13-Lack of experience

14-Fatigue

16-Poor leadership

17-Team member familiarity

20-Emotional perioperative
stress

83.2 %

18-Poor use of technology

19-Inadequate ergonomics of
equipment and workplace

100.0 %

“EPCs n. 27, 28, 30, 31, 34, 38 are not applicable to the healthcare context
"Organization-related EPCs (15) capture the 87.2 % of the scope of IFs of the same type (7)

Multiplier = 11), and the largest value of Assessed EPC Affect. The second rele-
vant IF is “Noise and Ambient Talk”, which is linked to EPC 3 “Low signal to
noise ratio”. This EPC has the same value of PoA of the most significant one
(PoA = 58.67), but its Multiplier is slightly lower than the previous one. The last IF
considered is “Poor coordination” (IF 10), with correspondence to EPC 10, which
has the lowest Assessed EPC Affect and %CU values (see Fig. 2).
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TASK 1
EPC Assessed o
IF EPC Multiplier POA  Epc Affect °CY|%CUIF
2 Shortage of time for errors detection 11 58.67 6.867 0.33
7 No means reversing unintended actions 8 2.83 1.198 0.058
5 Poor management of errors 0.49
12 Mismatch: perceived & real risks 4 5.665 1.170 0.056
18 Conflict: long &immediate objectives 25 28.325 1.042 0.05
1 Noise & Ambient talk 3 Low signal to noise ratio 10 58.67 6.280 0.302 0.3
10 Transfer knowledge from task to task 55 47.67 3.145 0.151
10 Poor coordination 0.2
25 Unclear allocation of responsibilities 1.6 12.33 1.074 0.052
TASK 2
EPC Assessed
IF EPC PoA %CU |%CU IF|
Multiplier O EPC Affect =" |
2 Shortage of time for errors detection 11 61.33 7.133 0.259
7 No means reversing unintended actions 8 3.84 1.268 0.046
5 Poor management of errors 0.39
12 Mismatch: perceived & real risks 4 7.67 1.230 0.045
18 Conflict: long &immediate objectives 25 3.84 1.058 0.038
o 5 No means of conveying info 8 34 3.380 0.123
9 Poor communication 0.24
8 Capacity overload 6 42.67 3.133 0.114
1 Noise & Ambient talk 3 Low signal to noise ratio 10 54.33 5.890 0.214 0.21
10 Transfer knowledge from task to task 55 50 3.250 0.118
10 Poor coordination 0.16
25 Unclear allocation of responsibilities 1.6 40 1.240 0.045

Fig. 2 Results of HEART application to the task “Isolation of lateral peduncles and of posterior
prostate surface” (task 1 and task 2)

The four IFs selected for Task 2 were translated into nine EPCs, as showed in
Fig. 2. Also in this case, IF 5 “Poor management of errors”, primarily referred to
EPC 2 (“Shortage of time available for error detection and correction”) resulted to
be the most critical one, having the greatest value of Assessed EPC Affect and
Percentage Contribution to Unreliability (%CU = 0.39) (see Fig. 2). The second IF
is “Unclear communication”, which is an IF that was considered as not relevant for
Task 1 by the surgical team. This IF is partly captured by EPC 5 and EPC 8 (see
Fig. 2); they both have medium EPC Multiplier and PoA values and contribute to a
%CU value of 0.24 (see Fig. 2). Third and fourth positions are covered by IF 1
(%CU = 0.21) and IF 10 (%CU = 0.16), respectively (see Fig. 2).

Starting from the same task category (G), the final ANLU (Assessed Nominal
Likelihood of Unreliability) value for task 2 resulted to be greater than task 1, since
the former is subject to a larger number of IFs. Furthermore, the two tasks under
analysis share the same most critical IF, i.e. “Shortage of time available for error
detection and correction” (EPC 2_IF 5), as demonstrated by the corresponding EPC
Percentage Contribution to Unreliability of 0.33 % for Task 1 and 0.26 % for Task 2.

3.4 Sensitivity Analysis on Single IFs and Reference
Scenarios

A Scenario Analysis was finally performed to investigate the sensitivity of critical
tasks to different conditions. To this end, the maximum variations of the ANLU was
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Table 2 Range of variation of ANLU due to the effect of relevant IFs

Noise and Poor management Unclear Poor

ambient Talk of errors (IF 5) communication coordination

(IF 1) (IF 9) (IF 10)
Range of 0.00040-0.00250 | 0.00040-0.00400 Not relevant 0.00040-0.00135
ANLU for task 1
Range of 0.00040-0.00240 | 0.00040-0.00470 0.00040-0.00420 | 0.00040-0.00160
ANLU for task 2

estimated under different combinations of IFs and finally compared to the Nominal
Human Unreliability for the chosen Generic Task (NHU_G = 0.0004).

A first level analysis dealt with the sensitivity of ANLU to the IFs deemed as the
most relevant according to surgeons’ perception. ANLU values for each IF was
estimated for both Task 1 and Task 2, using surgeons’ averaged assessment of PoA
values (Fig. 2). The greatest range of ANLU variation results from ‘“Poor man-
agement of errors” (IF 5) for both Task 1 and Task 2 (Table 2).

A second level of analysis was performed with reference to three different
scenarios. A scenario corresponds to the selection of a meaningful combination of
relevant IFs, considering three main categories of factors: personal, team and
organizational related (Table 3). The Reference Scenarios represent a way of
modelling with HEART plausible situations in the operating room. In the following,
the three scenarios are briefly described by making use of the information obtained
from direct observations and interviews with surgeons.

The first scenario considered is related to personal factors that occur during the
execution of a surgical procedure. “Unclear Communication” (IF 9) and “Poor
Coordination” (IF 10) were identified by the surgeons as the IFs having a strong
impact on surgeon’s performance, and widely detected during the observational

Table 3 Characteristics of the three reference scenarios as combination of relevant IFs taken into
consideration

Influencing factors Reference scenarios
Poor personal Poor team Poor organizational
conditions conditions conditions
1 Noise and ambient X
talk
5 Poor management X
of errors
9 Unclear X X
communication
10 Poor coordination X X
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0.00471
B 0.003014

0.1005

Il o.00848

0.0171
| 0.00135

0 0.02 0.04 0.06 0.08 0.1 0.12

Human Unreliability rate

Fig. 3 Scenario analysis

phase of the study. According to surgeons’ judgements, “Unclear Communication”
(IF 9) was selected for Task 2 only. The new value of ANLU for Task 1 is 0.00135,
which corresponds to 98.4 % reduction from the starting condition of the case study
(ANLU = 0.0851) and increase of two order of magnitude from the NHU (0.0004).
The new value of ANLU for Task 2 is 0.0171, corresponding to 98.3 % reduction
from the reference case and increase of three orders of magnitude from the NHU
(0.0004). Figure 3 shows the Human Unreliability Rate when poor personal factors
influence the surgeon’s performance; it also highlights that the reliability of Task 2
is more sensitive to poor personal conditions than Task 1.

The second scenario is the one concerning the influence of team factors on
surgeon’s performance. “Noise and Ambient Talk” (IF 1), “Unclear
Communication” (IF 9), and “Poor Coordination” (IF 10) were included in this
second scenario. Team members are key elements of the system. Poor coordination
and unclear communication can either occur explicitly or implicitly. Team members
can intentionally communicate or they can anticipate, assist and adjust without
verbal instructions, relying on a shared understanding of the task and of the situ-
ation. Team members are continuously involved in reciprocal process to
send/receive information that shapes and re-shapes team’s attitudes, behaviors, and
situational awareness. The new value of ANLU for Task 1 is 0.00848, which
corresponds to 90 % reduction from the starting condition of the case study and the
2021 % increase from NHU (0.0004). The new value of ANLU for Task 2 is
0.1005, which corresponds to 89.9 % reduction from the reference case and four
orders of magnitude increase from the NHU (0.0004).

According to surgeons’ perception of the most relevant IFs for the considered
surgical procedure and tasks, the third scenario is described by “Poor management
of errors” (IF 5) only. It refers to the scenario in which procedures to share
information promptly and openly about errors are compromised. The new ANLU
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value for Task 1 is 0.00401, which corresponds to 95.3 % reduction from the
starting condition of the case study (ANLU = 0.0851) and the increase of one order
of magnitude from the NHU (0.0004). The new ANLU value for Task 2 equals to
0.00471, which corresponds to 99.5 % reduction of ANLU and 1077 % increase
from the NHU (0.0004). The graph reported in Fig. 3 shows that the case of poor
organizational conditions is the scenario with the lowest impact on surgeons’
performance (measured by HEART as Human Unreliability rate), whereas the case
of poor team conditions represents the worst scenario for both tasks.

4 Conclusions

This study aimed at contributing to the development of HRA methodologies in
healthcare, and surgery in particular, as a quantitative approach to the identification
of risk factors and appropriate mitigation measure against surgical adverse events.

Furthermore, although the study confirms the value of adopting HEART tech-
nique in the context of Clinical Risk Management, results support the argument in
favor of a deep adaptation and translation of HRA techniques to the healthcare
context. In this regard, the present study offers a systematic approach to matching
and quantification of the correspondence between a taxonomy of IFs in surgery [17]
and the Williams’ taxonomy of EPCs normally used in HEART applications [13].
The assessment of surgeon’s reliability/unreliability in robotic surgery was assumed
as a significant case study, since it is an increasing innovative mini-invasive sur-
gical approach, whose advanced technology needs to be managed in order to limit
the possible new error pathways due to the complexity of human-machine inter-
actions. The major role of team related factors in determining surgical performance,
when compared to other personal or organizational factors, is another original
contribution of the present study. Further developments of this research may con-
cern: (i) the investigation of an entire surgical procedure, so as to also consider task
dependencies and error recovery procedures; (ii) the adoption of HRA techniques in
the context of surgeons training and proficiency assessment.
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Prospects and Problems of Smart Glasses
as Tools for Surgery

Kazuhiko Shinohara

Abstract The feasibility and problems of using smart glasses (SMG) in surgery
were investigated in this study. The prospects and challenges of SMG in surgery are
as follows. The advantages of SMG are that various kinds of medical information
can be provided, including surgical navigation and consultation with other physi-
cians. Since SMG are hands-free, they are clean and safe to use in surgical practice.
The challenges and unresolved problems of SMG are ergonomic problems such as
eyestrain and fatigue, and technical problems such as Internet security and elec-
tromagnetic interference. Further collaborative investigation and development of
the technology and ergonomics of SMG are important for their successful appli-
cation in surgery.

Keywords Smart glass - Clinical surgery - Ergonomics

1 Introduction

As hands-free interactive computing devices, smart glasses (SMG) and other
wearable devices are expected to play valuable roles in various human activities.
These hands-free and voice-controlled systems that allow users to obtain infor-
mation and videos through the Internet could be useful in the field of surgery. The
feasibility and problems of the application of SMG in surgery were investigated in
this study (Fig. 1).
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Fig. 1 A smart glass (Epson Co.)

2 Materials and Methods

Possible uses of SMG in surgery were investigated at sites including the operating
room, ambulatory care, intensive care units, and patient wards (Figs. 2 and 3)
Prospects and problems of SMG as a tool for surgery were analyzed from the
perspective of technology and ergonomics.

Fig. 2 A scene of conventional endoscopic surgery
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Fig. 3 Conventional computer terminals for clinical records such as medical history, vital signs,
laboratory data and medical images

3 Results

Possible uses of SMG in surgery were revealed and are listed below.

1. As a display for medical information such as laboratory data and medical
images.

2. As a display for the real-time navigation system during the operation.

3. As a display for the user’s manual of medical devices and drug information
during surgical practice.
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4. As an interface for remote guidance for consulting physicians and specialists.
5. As a display for a live streaming video of a patient’s status for surgeons while
they are performing surgery or caring for another patient.

The following problems of SMG in surgery were identified.

. Eye strain and fatigue, and instability when wearing SMG over eyeglasses.
. Cognitive confliction between SMG images and real images.

. Image quality.

. Electromagnetic interference from high-powered medical devices.

. Privacy and Internet security.

[ I SRS I S R

4 Discussion

Interest in and the range of applications for SMG and other similar wearable devices
are rapidly increasing, as they can provide different kinds of information, including
interactive computing through the Internet to users during other human activities
such as walking and working. Wearable and hands-free uses are great advantages of
SMG. Since SMG are hand-free, they are cleaner and safer to use in surgical
practice compared with tablet PCs and smartphones. These advantages are
promising and are useful peri-operatively.

Surgeons and anesthesiologists can check patient information such as laboratory
data and medical images during the operation without having to move and read the
medical records on paper or on computer terminals. Recent advances in
computer-aided surgery have made intra-operational navigation possible by
superimposing three-dimensional anatomy onto real images acquired by endoscopy.
These navigation images had been shown on external displays or tablet computing
terminals. By using SMG as a provider of intra-operational navigation images, the
surgeons can check the navigation information with minimal eye movement. Thus,
SMG can be an optimal human-computer interface for the intra-operational navi-
gation system (Figs. 4 and 5).

Due to the rapid development of medical devices and drugs, surgeons and nurses
encounter new medical devices and drugs in the operating room. Surgeons and
nurses have to check the manuals to answer questions and resolve unknown points
during surgery. SMG are useful as a hands-free display for manuals of medical
devices and drug information during clinical practice and patient care.

By using SMG, surgeons and medical students can consult with other physicians
and specialists and share information during the operation. Also, nurses can consult
with other technicians and receive guidance for difficulties in the operation of
medical devices during the operation via SMG.

SMG is useful as a tele-monitoring device for monitoring a patient’s status and
vital signs. Surgeons and nurses can treat and care for other patients by watching a
live streaming video that is focused on the patient’s symptoms and vital signs, such
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Fig. 4 Computed tomography (CT) images for cholecystectomy a conventional horizontal scan
of gallbladder. b—d 3-D navigation images of bile duct and gallbladder reconstructed from original
CT images

Fig. 5 CT images for pancreas surgery. a Conventional horizontal scan. b Sagital view
reconstruction. ¢ 3-D angiographic reconstruction. d Lateral view of 3-D angiographic
reconstruction
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Fig. 6 A display of central patient monitoring system. 5 patients’ vital signs such as blood
pressure, heart rate, respiration rate, electrocardiogram and pulse-oximetry are displayed

as tracings of an electrocardiograph (Fig. 6). The ease of sharing of patient’s signs
and symptoms between nurses and consulting physicians is an advantage that can
be applied to home-care medicine and disaster medicine. The provision of video
streaming and images to attending physicians can assist their diagnosis and
decision-making regarding prescriptions and emergency medical care outside the
hospital.

On the other hand, there are some problems in the surgical application of SMG.
Surgeons have to wear SMG for several hours during the operation. For example,
standard laparoscopic cholecystectomy can be performed within 1 h, but laparo-
scopic colectomy needs about 2-3 h. Other major surgeries such as
hepato-pancreatic surgery need 5-6 h. So ergonomic problems such as eyestrain
and fatigue, and instability when wearing SMG over eyeglasses are significant
concerns that should be addressed. Surgeons watch the actual image of the surgical
field and SMG images simultaneously, so ergonomic and psychological investi-
gations of the problems of cognitive confliction between SMG images and real
images are essential. Preceding research and achievements of the head-mounted
display for pilots may be useful. Medical images from endoscopy and computed
tomography are of high-quality with a high volume of data, so technical consid-
erations should be taken into account when displaying these images on SMG. There
are high-powered energy devices such as electro-surgical units, X-ray fluoroscopy,
and magnetic resonance imaging in the operating room. So countermeasures for
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electro-magnetic interferences from these medical devices should be considered.
Also, ethical and technological issues of privacy and Internet security should be
considered [1, 2].

5 Conclusion

The feasibility and problems of the application of SMG in surgery were investi-
gated in this study. As SMG is wearable and provides a hands-free
human-computer interface, they are clean and safe to use in surgical practice.
Application of SMG in various fields of surgery is promising and useful.
Unresolved problems in the surgical application of SMG are related to ergonomic
and technical problems such as eyestrain, Internet security, and electromagnetic
interference. For the successful application of SMG in surgery, ergonomic and
technological problems should be resolved through further analysis of the workflow
of the medical devices and surgical staff involved.
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A New Elderly Clothing Design Reduces
Nurse Aides’ Occupational Injury
in Nursing Homes

Wen-Yu Yang, Fong-Gong Wu and Adam Book

Abstract Nurse aids assist the elderly to dress for a long time, they always get
work-related musculoskeletal disorders (WMSDs) owing to inappropriate applica-
tion of force. The purpose of this study is to design a new elderly clothing to reduce
the cumulative damage of nurse aids from assisting the elderly dressing effectively.
We designed two new elderly clothes with two different methods, one is
Morphological Analysis (design A) and the other is Co-design (design B). Design A
uses Velcro to join fabric to reduce the time nurse aids spend on finding cords.
Design B is a one-piece cloth which wear from front in order to reduce unnecessary
rotate of joint. Results showed that design B spend the least time. The shortage of
design A is it will take time to separate Velcro when they stick together. Design B
should care more about elderly’s perception, sense of security and exposure,
especially for the heavy elderly.

Keywords Occupant injury - Elderly clothing - Ergonomics design - Nursing
home - Dressing

1 Introduction

According to the American population reference bureau estimate, the number of
world’s population aged 65 and over is about 580 million people in 2014, and it
will grow to 1.5 billion people in 2050 [1]. More and more elderly live in nursing
homes to get better care. The more complete care of the elderly get in nursing
homes, the more occupational injury nurses’ aides are affected, such as work-related

W.-Y. Yang (<) - F.-G. Wu - A. Book
National Cheng Kung University, Tainan, Taiwan
e-mail: Fonggong@mail.ncku.edu.tw

F.-G. Wu
e-mail: Wenyu79 @gmail.com

A. Book
e-mail: Abook.ncku@gmail.com

© Springer International Publishing Switzerland 2017 49
V.G. Duffy and N. Lightner (eds.), Advances in Human Factors

and Ergonomics in Healthcare, Advances in Intelligent Systems

and Computing 482, DOI 10.1007/978-3-319-41652-6_5



50 W.-Y. Yang et al.

musculoskeletal disorders (WMSDs) [2]. Helping the elderly to dress is a hard task,
and it has been ranked as one of the most difficult tasks of daily life in the nursing
home. In nursing homes [3], most of the elderly need to change clothes with the
help of nurse aides [4]. Under normal circumstances, one nurses’ aide needs to care
for many patients and usually spends 4-9 min to change an elderly clothing [5]. In
order to reduce the pressure on nurse aides, nursing homes often using different
types of dressing aides though some of the elderly think existing equipment are too
bulky [6].

There are few researches about reduce nurse aids’ occupational injury by
designed clothing. Clothes are very important items that people wear and are used
to offer dignity and comfort [7-9]. Clothes wore by the elderly who live in nursing
homes are not specifically designed for the elderly and they need nurse aides’ help
to wear. Both the elderly and nurse aids are often injured during the dressing
process [2]. According to records of health care claims, it was found that back
injuries among nurses were one of the five most common occupational injuries [10].
These problems make nurse aides’ psychological pressure become worse and worse
in the low-paid care industry [11].

The purpose is to reduce nurses’ occupational injuries and increase efficiency.
To analyze the interaction during changing clothes between the elderly who live in
nursing homes and nurses’ aides. By observing and analyzing the process of
changing clothes, find the main reasons why nurse aides get injuries and pain under
long-term work, and track the movements that the elderly cannot accomplish by
themselves because of physiology degradation. Based on the above points of view,
in-depth exploration of the impact of physiological degradation and of nurses’
aides, find the key parameters of design and follow the suggestion of
Rosenblad-Wallin and Karlsson [8]. Standing on the perspective of ergonomics to
find the best solution, provide users comprehensively designed elderly clothing.
Consider the behavior of nurse aides and the elderly to design elderly clothing,
make the new elderly clothing that can more directly reduce nurse aides’ injuries
because of dressing.

2 Research Methods

2.1 Preliminary Investigation

Interview. Interviews three experts of the elderly to find out nurse aides’ daily
work, the difficulties during dressing assistance, the injuries received from occu-
pation and the degree of pain experienced, questions for elderly dressing’s
expansibility were also asked, including the detail of nurse aides’ helping the actual
situation and the injuries and pressure received from caring and the interaction
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between nurses’ aides and the elderly. Based on the position of the nurse aide, the
whole process was analyzed.

Observation. Observations were conducted to find out the interactions between
nurse aids and the elderly, nurse aides’ daily work, the difficulties during dressing
assistance, the injuries received from occupation and the degree of pain experi-
enced. We observed the nursing home under Kaohsiung Veterans General Hospital
Tainan Branch, Taiwan.

2.2 Design Clothing

Morphological Analysis. Morphology is the method that concerned with structure
and arrangement of all parts of factors, and create a whole or Gestalt suit [12].
Invited two experts from Industrial Design to conduct Morphological Analysis.

Co-design. Use the co-design method with six people (two medical experts and
four designers), a free and interactive discussion was had for the elderly clothing.
By interaction with the participants, information was quickly gathered and more
in-depth views and opinions were obtained. The possibility of the elderly clothing
design features will develop to new clothing.

Experimental Equipment and Environment Planning. To avoid the participants’
interference, experiments were held in a classroom without any noise. Let each
participant discuss together, in order to avoid interruption of recording, incomplete,
and effectively record the participants’ thoughts on various ways, a video recorder
was set up to record.

Protocols.

(a) Use fixed video recorder to record all the process in same angle: In case has
wrong record by myself.

(b) Introduce this project is to explore the elderly clothing to reduce nurse aides’
occupational injury and enhance the efficiency.

(¢c) Share the information:
Including existing status, goal, target, observation, efficiency, existing
clothing.

(d) Discussion.
Allow participants to write down their ideas.

(e) Let participants exchange ideas.

(f) Let participants draw or talk about the ability of the elderly clothing.
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3 Result

3.1 Preliminary Investigation

Interview.

1. First expert of the elderly care:
According to law, a nurse aide can only care for 15 elderly people, but in
actuality, manpower shortage results in caring for more than 15 people. It shows
a shortage of human resources, and also cause a lot of body burden to nurse
aides. There are daily dressing routines, bathing, pain testing, distributing drugs,
etc. Dressing is usually in bed; this is also used for wheelchair patients. Expert
believes that Velcro is designed for nurses’ aides to easily and quickly use. But
for the elderly, buttons can be used to promote their autonomy and hand
movements.

2. Second expert of the elderly care:
A nurse from the United States indicated that a nurse will take care of 44-56
older patients, and there are 6 nurses’ aides to help the nurse. Each nurse aide
has to take care of about 7-10 elderlies. Nurse aides usually have knee and hand
arthritis. Body temperature can easily be lost, causing poor blood circulation and
dry skin because of clothing. The elderly need exercise in daily life, no matter
how small of an activity or limbs movement exercises. Both need to concern
about avoiding cramping and falling.
Another very important point is efficiency, because a nurse aide needs to take
care of numbers elderlies. Due to elderlies’ muscle recession, slow dressing
often spends a lot of time and increases the degree of difficulty; this affects
breakfast time in the nursing home. So how can nurse aides be more efficient?
By reducing the pressure and time burden in helping the elderly to dress; this is
very important. Experts also suggest that the physiological condition and
warming mechanism need to be concerned.

3. Third expert of the elderly care:
When nurse aides care for the elderly, the prolonged actions of raising hands
easily causes scapula pain and waist injury because of moving the elderly.
During the dressing process, nurse aide will let the elderly raise their hands first,
then put the clothing on. If there is disordered limb, they will put on disordered
limb first. After putting on clothing, let the elderly fasten buttons. Zippers are
too small for elderly to use. Some advice was stated for elderly clothing:
(1) pre-opened clothing should be used as much as possible (2) flexible (3) big
buttons (4) avoid big stretching to cause damage (5) Velcro can’t suit the elderly
to take care of themselves, but there is also fear that it will be opened when
lifting or moving accidentally.

The following findings were obtained from the expert interviews:

e Nurse aides really need to have efficient dressing solutions.
e Nurse aides really get occupational injuries while helping the elderly dress.
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Fig. 1 Interaction between nurse aide and the elderly

e Because of the elderly’s lower flexibility, they need an easier way to dress.
e The elderly clothes need to consider physiology.

Observation.

Dressing Process. When putting on clothing, nurses will dress the disordered
limb first, then dress healthy limbs; but when taking off, nurses will undress healthy
limbs, then undress disordered limbs. The main idea is to try to avoid moving
disordered limb, causing unnecessary harm. About the clothing styles, shirt better to
be loose, flexibility and front opened. But consider winter, front opened have poor
thermal effect. Paints better to use elastic. About the choice of clothing materials,
breathable, elastic and low friction coefficient of the fabric will be better, such as
cotton, but avoid such as denim material.

Interaction between Nurse Aide and the Elderly. The elderly living long-term in
nursing home, the relationship between nurse-aides the elderly are as close as
family. During the dressing process, nurse aide give the elderly many opportunities
to accomplish some simple actions, such as lifting arms, putting hands into the
sleeves, feet and waist elevation. Through the process of changing clothes, the
elderly practice seldom-used areas of focus (Fig. 1).

Nurse Aide Injury Condition. After interviewing nurse aides, finding the most
difficult work in nursing home is helping the elderly to bathe, second is helping the
elderly to dress. During the process of helping the elderly dressing, nurse aides
should avoid using hand and wrist strength to move the elderly by tensile force.
They need to use the power from their back and shoulder for their hands, use the
power from waist to move the elderly, but it always causes to occupational injury.
However, in the case of long-term accumulation, more than half of nurse aides are
suffering from neck pain, back pain, shoulder pain and waist problems.

3.2 Design Clothing

Morphological Analysis. After interview and observation, the following table was
arranged (Table 1).



54

Table 1 The result from morphological analysis

W.-Y. Yang et al.

Clothing type Way of opened Fabric type Fastener type Sleeve length
Shirt Front strait” Cotton® Velcro® 0 (Tank)
Front cross® Polyester Button 2 (Standard)
Side Blend® Cord 5 (Half)
Top Zip 7 (3/4)
Snap button 10 (Full)*
Pants Front Cotton® Velcro Short
Side Polyester Button Long?
None® Blend® Cord
Zip
Elastic

“This study selected these items as design element

Design based on the table, can achieved the following suit (Design A) (Fig. 2).
Design A was made from blended fabric. About shirt, keep the same opening way
of original clothing. Adjust cords into Velcro, increasing efficiency. About the
Velcro, special design can save time in aligning, also can adjust with different size
of the elderly. About paints, outlook is almost the same with the original one.
Adjust cords into elastic, it cannot only save the time in tying, but also adjust can
with different size of the elderly. Also feel comfortable.

Followings are the points came out with co-design (Fig. 3).

4

Fig. 2 Design from morphological analysis

Fig. 3 Co-design
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Fig. 4 The design from
co-design

(a) Good to nurse aid-reduce occupational injury.

1. Loose.
2. About dressing direction: Avoid from bottom to top.
3. About working plane: Suit nurse aide height.

(b) Good to nurse aid: Efficiency.

1. Two pieces transfer into one piece.
2. Wear both hands together.
3. About junction: Velcro.

(c) Good to the elderly.

1. About length of sleeve: Long. Reasons: Warm, collision avoidance (slow
recovery), prevents sunburn (the elderly have thin skin).
2. About clothes opening: Front. The reason is the elderly’s sense of security.

Follow the points, we design a new cloth (Design B) (Fig. 4).

4 Discussion

4.1 Interview

By interview to the expert of elderly care can get following.

Design A. The used of Velcro is much better than the clothing nursing home
used now, because nurse aides spend lots of time finding cords. The arrangement of
Velcro is good, nurse aides don’t need to align and can adjust with the waistline of
the elderly easily. But the shortage of Velcro is that they will stick together. It will
take time to separate them, if the cloth can improve it, it will be better.

Design B. First, one-piece really save a lot more time than two-pieces. Wearing
one-piece cloth is no problem to female, but there are some problems for men.
Should care more about elderly’s perception. Second, because it may break free and
they wear nothing in their lower body, the elderly will feel strange. Care should be
taken about the elderly’s sense of security. Third, holding both hands together in
front of them can give the elderly comfort and also save time. Forth, because the
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opening is in the back, it is important to avoid exposure, especially for the heavy
elderly. Fifth, the way for wearing is much better than others. The elderly only need
to raise their hands in the front. It reduces the rotary the elderly need to do.

4.2 Test

A test was made to measure how much time nurses’ aides spend on helping the
elderly dressing in different clothing. The nurse aide helped the elderly put on and
take off three different clothing, every clothing will be put on and put off three times
(Fig. 5).

Result. After testing, the following results were obtained: (Tables 2 and 3;
Figs. 6 and 7).

Based on the results, putting on clothing took much more time than taking them
off. It’s likely due to a more detailed dressing process. On average, Design A is
much more efficient than the original one. Reasons may be attributable to: shirt,

Fig. 5 Test condition

Table 2 Result from testing—put on

Style Put on 1 2 3 |4 5 6 |7 Average | Set

Original clothing—pink (s) | Top 161 | 110 |97 | 164 |131 |99 |143 | 129 256
Paints 99 | 87 |95 | 183 | 173 |91 |161 |127

Design A—blue (s) Top 54 | 63 |58 | 112 | 104 |60 | 93 | 78 174
Paints 63 | 55 |64 | 171 | 140 |61 |148 | 96

Design B—dark green (s) |One piece | 34 | 30 |29 | 68 | 59 [34 | 70 | 46 46
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Table 3 Result from testing—take off
Style Take off 1 |2 |3 |4 |5 |6 |7 |Average |Set
Original clothing—pink (s) | Top 89 |32 |29 |96 |64 |30 |67 |58 112
Paints 75 |32 |34 |82 |60 |33 |59 |54
Design A—blue (s) Top 63 |23 |24 |72 |52 |25 |50 |44 85
Paints 64 |17 |19 |69 |57 |18 |40 |41
Design B—dark green (s) | One piece |42 |15 |11 |49 |29 |12 |22 |26 26
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Fig. 6 Result from testing—put on

Velcro takes the place of cords and save lots of time in finding cords and tying.
Pants elastic takes place of cords and save the time of tying. Design B shows the
best efficiency. The reasons save more than half of time than others are following:
First, combining two pieces to one piece. Second, dressing with both hands

together.
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Fig. 7 Result from testing—take off

5

Conclusion

Though Design B not only shows the more efficiency in wearing but also has the
less rotary, it doesn’t consider a lot of the elderly psychology. Despite Design A
doesn’t show the best in efficiency, it does consider about the elderly. In the future,

if

there is chance to do more research on the elderly clothing; more care should be

given to psychology. Also, recruiting the help of professional clothing designers
would be helpful for higher quality samples. It is advised that those who are interest

in this area should learn how to make clothing before beginning the process.
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Bedside Dialysis and the Occupational
Safety and Health Impact

on the Healthcare Worker

in an Acute Hospital

Wai Kuen Kam, Mohd Fahmy bin Abdul Kader Alkaff
and Paige Geek Pei Tan

Abstract In an acute hospital, staff from the Renal Dialysis Centre
(RDC) transported haemodialysis machines to patients in various wards to enable
bedside dialysis. The bedside service was provided for patients who were not
suitable for transfer to the RDC due to their medical condition. The haemodialysis
machines, together with the Reverse Osmosis (RO) water machines were trans-
ported from the RDC to the wards on a daily basis. The objectives of the study were
to evaluate the ergonomic stress on the staff transporting the machines; and any
other occupational safety concerns that may arise from the transfers.

Keywords Healthcare - Healthcare worker - Occupational safety - Push/pull
force « Transporting - Haemodialysis machine - Hospital

1 Introduction

The Renal Dialysis Centre (RDC) provided haemodialysis treatments to inpatients at
the main Centre with 20 dialysis stations. In addition there were inpatients that were
unsuitable for transfer to the RDC and for that group, 10 haemodialysis machines
with the accompanying RO water machines would be transported from the RDC to
the bed-side to enable bed-side dialysis. Those patients would include inpatients

(a) in intensive care units;
(b) in intermediate care units;
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(c) in isolation wards due to their medical condition; and
(d) who were newly diagnosed with end-stage renal failure.

The machines were transported out of the RDC daily by the healthcare workers
(HCW). Wherever possible, 2 HCW would transport the set of 2 machines. There
were occasions when one HCW was observed to be pulling the haemodialysis
machine while pushing the RO machine.

2 Methodology

1. The workload of out-centre dialysis was evaluated for a typical month taking the
number of cases requiring bed-side dialysis, distance travelled and time taken by
the HCW transporting the machines.

2. The initial and sustained push and pull forces required to move the
haemodialysis machines and the accompanying RO water machines were taken
for movement on a flat vinyl floor, movement into and out of the lift. The results
were evaluated using the Snook tables of push/pull forces as used by the hos-
pital’s Occupational Therapy department Ergonomics experts.

3 Results
3.1 Workload

In a typical month, bedside dialysis for a typical month showed the following:

(a) 409 cases

(b) total distance travelled to transport the machines was 67 km

(c) total travel time taken was 133 h (5 days and 13 h)

(d) inpatient wards requiring the highest number of bedside dialysis were the
Infectious Disease (130 sessions per month), Renal Medicine (94) and
Respiratory and Critical Care Medicine (44) wards.

3.2 Machine Dimensions and Load

Data was taken for 3 models of haemodialysis machines that were in use and the
RO water machine that was housed in its own trolley (Table 1).
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Table 1 Machine dimensions and load

Machine Dimensions Reagent load Height of | Wheel
mmH X mmW X mmD handlebar | diameter

(mm) (mm)

Fresenius 4008 | 1370 X 480 X 480 2 X 10 L conc. 950 70

haemodialysis haemodialysis solution

machine

Fresenius 5008 | 1620 X 480 X 720 No load 1180 70

haemodialysis

machine

Gambro 96 1305 X 620 X 585 720 g sodium 1050 75

haemodialysis bicarbonate + 3500 ml

machine SoftPac

RO water 900 X 610 X 860 2 X 10 L conc. 1060 100

machine in hemodialysis solution

trolley

3.3 Force Measurements

During the trial, the following were observed and taken into consideration for the
measurements shown in Table 2:

(a)
(b)
(c)
(d)

()

®

The sustained push/pull force for moving the machines were insignificant,
therefore the study focused on the initial push/pull forces.

Where possible, pushing was the preferred mode of action. Pulling action was
only evaluated when pushing was not possible.

The activity of entering and exiting the lift were significantly more difficult
and therefore the measurements were taken for these activities.

The Fresenius 4008 and Gambro 96 haemodialysis machines could be trans-
ported with or without additional loads of

i. 2 X 10 L of HD-1B Liquid Concentrate Bicarbonate reagents (A)
ii. 720 g Sodium bicarbonate (Bicart) and 350 ml SoftPac (B).

The RO water machine was installed in a trolley and always transported with
an additional load of 2 X 10 L of HD-1B Liquid Concentrate Bicarbonate
reagents.

Push/pull forces were compared with tables of maximum acceptable push/pull
forces (psychophysical limits) by Snook and Ciriello [1].

i. The frequency of push for the haemodialysis machines was at the average
of 5.5 initiation pushes per hour over a distance of 290 m per day.

ii. As the readings exceeded the Snook table, we took the maximum distance
and the maximum frequency. Thus, for pushing/pulling task to be safely
done by 90 % female for 61.0 m travel at one push every 8 h over flat
floor, the initial force should not exceed 16 kgf.
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Table 2 Measurement of initiation force to move haemodialysis machines and RO water machine
trolley

Equipment | Movement | With | Force Force Snook table limit @ | Acceptable?
load? | direction | measured |90 percentile for
A/B (kgf) females (kgf)
Fresenius | Flat floor | A Push 16.9 16 No
4008 - Push 9.5 16 Yes
Into lift A Push 20.5 16 No
- Push 19.1 16 No
Out of lift | A Push a 16 a
- Push a 16 #
A Pull 27.1 16 No
- Pull 23.6 16 No
Fresenius | Flat floor |- Push 11.8 16 Yes
5008" Into lift | — Push | 164 16 No
Out of lift |- Push . 16 a
- Pull 22.7 16 No
Gambro Flat floor |B Push 10.55 16 Yes
96 - Push 6.92 16 Yes
Into lift B Push 12.3 16 Yes
- Push 7.94 16 Yes
Out of lift |B Push a 16 a
- Push a 16 #
B Pull 23.6 16 No
- Pull 22.8 16 No
RO water |Flat floor | A Push 8.73 16 Yes
machine in | fneo lift | A Push 17.6 16 No
wolley” oy of it |A | Push |18 16 No

“Not recorded as attempts to move out of lift failed for both push conditions i.e. with and without
load due to wheels getting trapped in the gap between lift car and lift landing. Continued pushing
would lead to toppling. Recoveries made were by pulling the equipment out of the lift
"Fresenius 5008 was always transported without additional reagent load

“The RO water machine trolley was always transported with load A

When the machines were pushed out of the lift car onto the landing the following
were observed which required the staff to exert extra effort overcome the resistance.

(a) There was a very small gap of approximately 28 mm between the lift car and
the landing.

(b) The lift car floor was also observed to stop just very slightly below the
landing.
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4 Conclusion

With reference to the Snook Table Limit for 90 % of the female healthcare staff
performing the task, the forces required to push the following machines in the
following manner were within the recommended safe limit

(a) Fresenius 4008 without load on flat floor;

(b) Fresenius 5008 without load on flat floor;

(¢) Gambro 96 with and without load, on flat floor and into the lift; and
(d) The RO water machine trolley with load on flat floor.

All other pushing activities with the machines exceeded the recommended safe
push force limit with reference to the Snook Table Limit for 90 % of the female
healthcare staff performing the task.

All pushing of the haemodialysis machines out of the lift was unsafe due to an
incidental risk of the haemodialysis machines toppling.

The push forces for the haemodialysis machines (with or without load) exiting
the lift car were not taken. For these machines, the pull forces were taken instead.

(a) The 28 mm gap between the lift car and the landing proved too challenging to
safely push the machines out of the lift as the wheels of the haemodialysis
machines (70 and 75 mm diameter) were consistently trapped. An extra push
was required to overcome that.

(b) There was a risk of the slim and tall haemodialysis machines toppling over. It
was not possible to measure the centre of gravity of the machines but the
broadest side of the base to the height of the machines ratios were less than 1:2
(refer to Table 1). The in-built pumps, detectors and monitors were located on
the upper half of the machines. The handles were also located near the top of
the machines for ease of handling.

The RO water machine trolley’s wheels were 100 mm in diameter and did not
face the same problem. As the RO machine was much shorter than the
haemodialysis machines, it was also easier to push it over the gap without the fear
of toppling.

5 Discussion

The push/pull forces required to push all the portable haemodialysis machines and
RO water machine trolleys out of the lift exceeded the recommended safe limit for