Chapter 13. Identifying Issues and Investigating Incidents Case
Study

Biomedical technology professionals are often the first people to identify issues with
a technology. Sometimes they identify them proactively, during regular inspections, and
sometimes they find them retrospectively, when they are contacted by front line staff for
assistance. In both of these scenarios, biomedical technology professionals are well
positioned to apply human factors methods to identify human factors issues. This chapter
will use case studies to showcase two human factors informed methods that can be used to
help identify human factors issues with technology either retrospectively (HFRCA), or
prospectively (HFFMEA).

Section 13.1. Retrospective Incident Investigations: HFRCA

To illustrate how the biomedical technology professional can approach incident
investigations from a human factors perspective, the human factors informed root cause
analysis (HFRCA) framework will be applied to a case study (Case Study 3) that occurred in
Canada in 2006.

Chemotherapy Overdose Results in Patient Death

On July 31, 2006, a 43-year old woman underwent her first cycle of adjuvant
intravenous (IV) chemotherapy treatment to reduce the likelihood of recurrence of
nasopharyngeal cancer. Previously, she had received two months of combined
chemotherapy and radiation treatment, and although her cancer was advanced, the
planned treatment was expected to be effective.

On the morning of her first cycle of adjuvant treatment, she arrived at the cancer
centre and received hydration and anti-nausea medications intravenously, followed by the
intravenous chemotherapy drug, cisplatin. This drug was followed by a post-hydration
medication and another chemotherapy drug, fluorouracil. A high dose of fluorouracil was to
be given to the patient slowly, over the course of four days. So the patient would not have
to stay in the hospital for this infusion, the fluorouracil was to be given intravenously using
an ambulatory infusion pump.

The nurse calculated the required medication delivery rate for the fluorouracil,
programmed the ambulatory infusion pump, and asked a second nurse to double check her
calculation and that the pump had been programmed correctly. Both nurses signed off on
the required documentation, and the patient’s nurse connected the patient to the
ambulatory infusion pump and started the infusion. The nurse instructed the patient to
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return in four days, at which point she would be disconnected from the ambulatory
infusion pump.

The patient left the clinic, and about four hours later she heard the infusion pump
beeping. When she checked the pump she saw that the entire bag of fluorouracil was
already empty. Instead of infusing over four days, the medication had been delivered to the
patient in just four hours.

The patient returned to the cancer centre where the pump was disconnected and
her line was flushed. The physician on call was notified and he indicated that unfortunately
nothing could be done to reverse the overdose, as there was no antidote. Tragically, the
patient died on August 22, 2006 from “complex causes, including a failure of multiple
organs, as well as widespread internal bleeding”.

From: [SMP Canada Fluorouracil Incident Root Cause Analysis, May 2007. Available
at https://www.ismp-canada.org/download/reports/FluorouracilincidentMay2007.pdf

Case Study 3. Chemotherapy overdose resulting in patient death

Shortly after this tragic incident, ISMP Canada was asked to investigate and identify
underlying factors that could have contributed to the event, in the hope that other similar
events could be prevented in the future. Correspondingly, when a sentinel event occurs in
your own healthcare organization, it is highly recommended that an HFRCA be completed,
not only to fulfill legislative or accreditation requirements, but also to reduce the likelihood
of other similar events occurring again.

Prior to conducting an HFRCA, the biomedical technology professional should ensure
they have the support and buy-in of senior level management to increase the chance for
positive change as a result of the analysis. It may be helpful to share RCA reports from
other investigations, such as the ISMP Canada RCA cited in Case Study 4, to illustrate the
possible output and impact. In the case of the fluorouracil incident described above, the
Chief Medical Officer of the organization took immediate action by declaring the tragedy a
systems failure, apologizing to the family, and requesting that [SMP Canada conduct a
formal RCA. Senior management in this case was keenly aware of the importance of
managing risk at a systems level, rather than at a person level.

The ISMP Canada RCA [94] of the fluorouracil incident is an excellent example of
how to conduct a RCA. While ISMP Canada does not refer to it as an HFRCA, a human factors
specialist was asked to participate on the ISMP Canada RCA team, and he performed
several HF methods covered in this book including Observations (Chapter 4), Interviews
(Chapter 5) and Usability Testing (Chapter 8). The report, therefore, included a description
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of many human factors issues that were deemed to have contributed to the identified
systems failures.

Section 13.1.1. Determine Whether HFRCA is Required

To determine whether it is appropriate to conduct a RCA in this case (i.e., there are
systems issues that must be identified and addressed) the Incident Decision Tree (Figure
26) should be applied. It is clear in this case that conducting a HFRCA is appropriate
because: the nurse did not intend to cause harm, there was no evidence of ill health or
substance abuse, the nurse does not appear to have departed from agreed protocols or safe
procedures, and others in a similar situation could make the same mistake. Consequently,
this sentinel event is a systems failure rather than a person-centered issue and thus
requires an analysis of the risks in the system to identify mitigating strategies.

Section 13.1.2. Secure Items
Based on the description of the case, the items considered important to secure were:

¢ The ambulatory infusion pump

¢ The bag of chemotherapy

¢ The tubing sets used

¢ All medication labels

¢ The medication order

e The patient’s records

¢ Any notes or papers used for the calculation

After securing these items, photographs were taken, and lot numbers, serial
numbers, and expiration dates were recorded. Pump logs were saved for future review.

Section 13.1.3. Establish the Team

If a HFRCA were conducted by an internal team at the healthcare facility, it should
include a pharmacist, one or more oncology nurses, an oncologist, a risk manager, a
biomedical technology professional, and someone with human factors expertise (could be
the biomedical technology professional). The team should be assembled at the request of a
senior hospital administrator who will also receive reports on the activities of the team.

In the case of the RCA conducted by ISMP Canada, the team consisted of five health
care professionals: three pharmacists with expertise in medication safety; an oncology
nurse; and a physician who was also a human factors engineer.

A senior leadership representative from the healthcare institution would be an
excellent addition to the team. In the case of this incident, the Chief Medical Officer fully
supported the completion of this RCA. Support and awareness of RCA activities by senior
leadership is essential to realizing positive change at the healthcare organization following
a sentinel event.
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Section 13.1.4. Develop Initial Understanding of Incident
The initial understanding of the incident described in the [SMP Canada RCA [52] as
follows:

“A woman in her 40s died last week after she was mistakenly given a lethal overdose of a
standard chemotherapy drug while undergoing treatment at the XXXX Cancer Institute
Instead of receiving the intravenous drug continuously over four days, the woman received
the dose over four hours on July 31 from a pump that had been programmed in error. She
died Aug. 22 at the University of XXXX Hospital from complex causes, including a failure of
multiple organs, as well as widespread internal bleeding.”

From: XXXX. We cannot eliminate human error. XXXX Journal, Thursday, August 31, 2006.

To help create this succinct statement, a process flow diagram was created to
support the development of the initial understanding of the incident (Figure 43). The
information used to create this type of process flow diagram is usually generated by
conducting observations of the work environments responsible for all tasks related to
ordering, preparing and administering ambulatory intravenous chemotherapy and
conducting interviews with staff about what happened on the day of the incident.
Conducting interviews following an incident can be difficult, both for the interviewer and
especially for the interviewees. Careful consideration should be given to who conducts the
interviews, where the interviews take place, the specific questions that are asked, and how
the interview is positioned to the interviewee.

214



Patient Nurse N ;
disconnected requests A3 COMTECH Oncologist

: ¥ i Patient returns 1 |
from cisplatin double check patient to pump S onnoar i informs patient
infusion no antidote

2nd nurse Nurse tells

calculates patient to return
rate in 4 days for

A disconnect Patient condition

Nurse deteriorates
calculates m =
rate for 5FU
— verifies AIP

Patient leaves
programming clinic
a “

Nurse

rograms
P Oi"; Both nurses X

sign off
documentation
L 0
(Pumpsans ) | Peentcontact
beeping

Patient checks
pump

N S

Patient
identifies 5FU
empty

s
€
@
g
m
g
=]
£
5
o
8
&
Q

Patient death

-
c
5]

2
3]

£

E
&
g

=

w

Community

Figure 43. Process flow diagram based on the teams’ initial understanding of the incident

Creating this diagram was just the first step in understanding the incident. Once
created, it was enhanced iteratively through subsequent interviews, an examination of the
physical environment, usability testing, and a search for information about other similar
incidents.

In the case of the RCA conducted by ISMP Canada, the initial understanding of the
incident was informed by:

¢ Interviews with:
e (Corporate executive team members
e Senior leadership
¢ Pharmacy administrators
¢ Internal critical incident review team members
¢ Nursing and medical staff directly involved in the incident
¢ Nursing and medical staff indirectly involved in the incident
¢ Nursing and medical staff knowledgeable about the typical care
process
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¢ Front line staff

¢ Biomedical engineering manager

e Medical staff from the Intensive Care Unit where the patient was
transferred following the incident

e Staff from the patient residence in the community, where the patient
had stayed during the ambulatory portion of her chemotherapy
treatment

e A representative from the provincial Health Quality Council, who also
conducted an external review of the incident

¢ An examination of the physical environment where the incident took place

e Observations of typical work processes in the Medical Clinic, Treatment Area,
and Pharmacy

e A usability test of the tasks associated with setting up and programming the
ambulatory infusion pump.

e A search for information about similar incidents that may have occurred
nationally, or internationally.

In addition to incorporating information from these data collection exercises, other
contextual information was included in the process flow diagram such as notes about
artefacts, timing, and a comparison of the actual, typical and expected workflows (Figure
44). In this case, one of the many factors identified as contributing to the incident was a
missed step in the calculation resulting in the programming of a medication delivery rate
that was 24 times too fast. Figure 44 shows this missed calculation step on the diagram, but
does not tie it in with the actual events. Time data indicated on the process flow diagram in
Figure 44 are not accurate, and have been included for illustrative purposes only.
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Figure 44. Updated process flow diagram based on data collected through interviews,
observations, usability testing, and information searches.

In addition to a process flow diagram, a factual description of the events leading to
the incident should then be created. These descriptions are useful to aid in systematically
thinking through potential failure modes across the entire workflow. The following list
provides an abridged summary of the events leading to the adverse event, with a more
complete summary available in the ISMP RCA report [94].

¢ The patient received her pre-hydration, pre-medications, cisplatin, and post-
hydration according to the typical prescribed protocol.
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Following the post-hydration infusion, nurse #1 calculated the required
medication delivery rate for the patient’s fluorouracil infusion. To do so, she
used the dose ordered over four days (5,250 mg), the total duration of the
infusion (4 days), and the final concentration (45.57 mg/mL). A rate of 28.8
mL/h was calculated, and was observed to match a number printed on the
pharmacy drug label. The calculation was done using a calculator available
on a computer.

Nurse #1 entered the rate of 28.8 mL/h into the ambulatory infusion pump.

Nurse #1 requested a second check to verify the correctly calculated rate of
drug delivery and pump programming.

Nurse #2 came to do the check but could not find a calculator, so she did the
calculation both mentally and on paper. Nurse #2 confirmed the calculation
and pump programming before locking the pump.

Nurses #1 and #2 each signed the handwritten medication administration
record, documenting the total dose of fluorouracil as 5,250 mg.

Nurse #1 signed off electronically on the total dose in the computer.

Nurse #1 started the infusion, reviewed the pump functionality with the
patient, and instructed her to return to the cancer centre in 4 days.

About four hours after the patient left the cancer centre the pump started
beeping because the bag of fluorouracil was empty.

The patient contacted the cancer centre, and later returned to the cancer
centre, where the evening shift Nursing Supervisor disconnected the pump
and flushed the patient’s line.

The Nursing Supervisor contacted the physician on call, who advised that
nothing could be done. The Nursing Supervisor completed a paper incident
report and submitted it, with the pump, to the Chemotherapy Treatment
Clinic.

The following morning, the Unit Manager and Nurse #1 reviewed the pump
history and verified that the pump had been programmed at the incorrect
rate. The pump should have been programmed at a rate of 1.2mL/h, but was
programmed at 28.8mL/h - a rate that was 24 times higher than intended.
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Section 13.1.5. Identify Contributing Factors

The factual description of events highlights that several contributing factors across
the system led to the occurrence of this incident. The human factors framework adapted
from Reason’s Swiss Cheese Model and Vicente’s Human-tech ladder (Section 10.6.5.1) is
helpful for identifying and documenting contributing factors across the levels of the
system. The Swiss Cheese/Human-tech illustration for this incident is included in Figure
45.

Practice - No available electronic ambulatory infusion pump with built in safeguards to support correct
o pump programming on the market
@ C “—| - Information about previous incidents with fluorouracil were not shared across the community,
G and difficult to find through targeted searches
EG : - No known antidote to this type of overdose

Manaqe1|n7rf:"/ . . - > 8.1 M s
Organizational - Two ambulatory infusion pumps used at hospital with one requiring programming rate in mL/

h and the other in mL/24 h

-Checking responsibilities were not clear or standardized

-Checking process was not “truly” independent

- Limited standardization between cancer centre sites makes creating standard order sets and
information systems difficult

- Expected course and treatment for patient following incident were not documented making a
team approach to providing proper care difficult

- Nurses were used to recalculating rate even though information was available on label
- No standardized process in place to ensure double checks were done independently

AL
?
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e
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—T - Calculated rate was similar to that of many other chemotherapy medications
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) LI - Complex calculation required

Figure 45. Using Reason’s Swiss Cheese Model and Vicente’s Human-tech ladder to identify
contributing factors to a sentinel event.

Additionally, the Joint Commission RCA Action Plan Tool helps to systematically
identify contributing factors by asking a series of questions. A brief excerpt of the analysis
questions from the Joint Commission RCA Action Plan Tool that were used to help identify
additional contributing factors are included below in Table 28.
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Table 28. Excerpt of analysis questions from the Joint Commission RCA Action Plan Tool for
the fluorouracil incident

- Analysis Question Description based on incident

2 Were there any steps in the process Nurse #2 looked for a calculator to do
that did not occur as intended her calculation, but could not find one
3 What human factors were relevant to Confirmation bias:

the outcome? .
Information about rate per hour and

rate per 24 hours was available on
label, and matched what both nurses
calculated

Other tools that are helpful for analyzing and document contributing factors include
an Ishikawa diagram, a tree diagram, or a constellation diagram (Section 10.6.5.2).

In this case, the ISMP Canada RCA team also created a number of causal statements
to summarize the contributing factors leading to the incident. A selection of the most
critical factors that contributed to (1) the miscalculation, (2) the false confirmation of the
information on the label and (3) the pump being programmed in accordance with the
miscalculation, are included here.

(1) Factors contributing to the miscalculation

e Nurses were used to performing complex calculations involving multiple
dimensions, even though the information was available on the medication label. The
nurses at this institution did this calculation as a double check to catch any issues
that might have been introduced upstream.

e Nurse #1 had never administered fluorouracil in this way before and so was not
suspicious of the calculated value; this was the first time the nurse had ever
administered this protocol.

o The calculated rate of 28.8 mL was not unusual for other intravenous infusions
administered in the chemotherapy treatment clinic.
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Nurse #1 did not verify the calculated rate with a mental approximation (e.g., if the
total volume in the bag was 130 mL, and the infusion was to be given at a rate of
approximately 30 mL/h, the infusion would only last for about 4 hours rather than
the intended 96 hours).

(2) Factors contributing to a false confirmation of the miscalculation

The medication label (Figure 46) contained information about two different rates,
including a rate per hour and a rate per 24-hours, increasing the opportunity for a
false confirmation of the miscalculated rate.

Ambulatory infusion pumps used previously at the institution were programmed in
mL/24 h.

Figure 46. Medication label for fluorouracil infusion containing two
different rates

The double-checking process was not standardized to support an independent
check by Nurse #2, and there was no checklist or documentation required to
support the calculation.

The double-checking process was not truly independent with documentation of
independent mathematical calculations.

Nurse #2 did not verify the calculated rate with a mental approximation. (e.g, if the
total volume in the bag was 130 mL, and the infusion was to be given at a rate of
approximately 30 mL/h, the infusion would only last for about 4 hours rather than
the intended 96 hours).

There was no calculator readily available to Nurse #2, so the calculation was done
on a scrap piece of paper.
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¢ The format of the medication label reflected pharmacy’s interpretation of the legal
requirements and professional guidelines for labeling medications. Human factors
principles were not taken into account to ensure the contents reflected pump
programming requirements and that other factors, such as optimal font size, style,
appropriate use of white space, etc., were incorporated.

(3) Factors contributing to the pump’s inability to detect the calculation error

e The pump used at the cancer centre did not have built-in safeguards to prevent
users from programming a rate exceeding a specified maximum value for a
particular drug. This was true of all electronic ambulatory infusion pumps
available on the market at the time.

Section 13.1.6. Develop Mitigating Strategies

Once the contributing factors are identified, mitigating strategies to address those
factors must be identified. There is no single approach for developing mitigating strategies,
and often this is an iterative process, and one that requires careful consideration of
resources, feasibility, accountability and, most importantly, effectiveness. Section 10.6.6
describes several approaches to developing mitigating strategies and potential pitfalls
associated with this task.

Several recommendations were put forth to address the contributing factors
identified through the HFRCA. For a complete listing of the recommendations identified by
ISMP Canada, see the ISMP _Canada RCA [69]. One such recommendation was that in the
absence of “smart pump” technology for ambulatory infusion pumps, other safeguards
should be put in place to ensure that programming parameters fell within a safe range for
high-risk medications. Since no electronic pumps on the marketplace had this capability at
the time, another option was to migrate to the use of elastomeric, rather than electronic
pumps. When this solution was considered in the context of the Hierarchy of Effectiveness
(Chapter 3) it was determined to be a systems-focused solution, and so likely to be more
effective than some of the other person-focused solutions the team had identified. It turned
out, however, to be less of a fail-safe solution than anticipated, as is discussed in the FMEA
case study in the next section.

In a typical RCA, a list of prioritized RCA action items (Table 28) is captured with
progress being tracked using a spreadsheet outlining necessary follow through actions and
timing (Table 29).
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Table 29. Excerpt of prioritized list of HFRCA actions

Predictors of

Hierarchy of
. 1era.1 chy o Success Evidence . Order of
Recommended Risk Effectiveness : System : Confirm ..
: : : (alignment, Available? o Priority
Action (severity (high, i Level Validity, :
. existing What N or Time
(category) assessment) | medium, low : Targeted Feasibility
mechanisms, Type? Frame
leverage) : :
quick wins)
Migrate from Medium High Recent pump  Unit-wide  Little Talk with  Inter-
electronic AIPs procurement  rather evidence other mediate
to elastomeric project in than found hospitals
AlPs another unit organizat- using
could be used ion wide elastomer

as a basis for -ics

evaluation

Table 30. Excerpt of follow through actions and timing for HFRCA

. source Date Progress B Target Risk Individual
# Recommendation | and ID e (end :
Entered Status Area Level Responsible
# date)
1 Migrate from 1A 09/09/06 03/01/07 Chemo Medium  Peter
electronic AIPs to Treatment
elastomeric AIPs Area

A report is created to summarize the process, findings, and action items stemming
from the HFRCA. The final ISMP Canada RCA report [94] is an excellent resource that
contains further detail.

Section 13.2.
(HFFMEA)
Following a retrospective analysis such as an HFRCA, it can be beneficial to conduct a

prospective analysis using HFFMEA. When a prospective technique is applied following a

retrospective analysis, the opportunity to identify general risks, not directly involved in the

incident, is presented. Further, a prospective analysis method like HFFMEA can be applied
following an HFRCA to examine the potential for new risks to be introduced into the system
as a result of planned changes and mitigating strategies. Case Study 4 expands on Case

Study 3 and will be used to illustrate how the biomedical technology professional can use

HFFMEA to conduct a prospective risk analysis.

Proactive Systems Improvement Following an Incident
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Implementing Elastomeric Ambulatory Infusion Pumps

Following the incident described in Case Study 3(Chemotherapy Overdose), a
retrospective analysis was conducted using HFRCA (Chapter 10). One of the root causes
identified through the analysis was that the electronic ambulatory infusion pumps in use at
the time of the incident did not have built-in safeguards to prevent programming errors
from occurring. Based on this issue, a recommendation was put forth that the healthcare
organization should start using pumps with built-in safeguards to prevent programming
errors.

At the time of the incident, there were no electronic ambulatory infusion pumps
with built in safeguards available on the market. Consequently, the healthcare organization
considered other options, such as elastomeric pumps (Figure 47). Unlike electronic pumps,
elastomeric pumps are mechanical and do not require any pump programming. However,
prior to moving from electronic to elastomeric ambulatory infusion pumps, the healthcare
organization wanted to understand what risks were associated with the use of these
devices, and so an HFFMEA was to be undertaken at the healthcare organization.

Case Study 4. Identifying Risks Associated with Elastomeric Ambulatory Infusions Pumps

Figure 47. An elastomeric ambulatory infusion pump

Section 13.2.1. Select a Process

The chosen process for this particular **FMEA was administering chemotherapy
using an elastomeric ambulatory infusion pump. This process was chosen because from the
fluorouracil incident it was known that the electronic ambulatory infusion pumps in use at
the time did not contain any built-in safeguards to ensure the parameters entered for pump
programming fell within acceptable ranges. The reason the institution was considering
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switching to an elastomeric pump was to prevent these types of pump programming errors
from occurring as chemotherapy was set up and administered using the pump.

Consequently, the starting point for the process was chosen to be as the nurse
received the pump filled with chemotherapy from pharmacy, and the ending point for the
process was chosen to be as the patient left the chemotherapy treatment chair.

To keep the analysis focused and scope manageable, the following inclusion and
exclusion criteria were defined (Table 31):

Table 31. Inclusion and exclusion criteria to define process scope
Patient Population
Inclusions: Adult patients receiving chemotherapy

Exclusions: Adult patients not receiving chemotherapy, paediatric patients, clinical trials
patients, and other special cases

Location/Environment:
Inclusions: Outpatient treatment clinic of cancer centre

Exclusions: Inpatient cancer treatment areas, pharmacy, physician’s clinics, community,
home

Staff Population:
Inclusions: Chemotherapy nurses working in the outpatient treatment clinic

Exclusions: Chemotherapy nurses not working in the outpatient treatment clinic,
pharmacists, physicians/oncologists, community health care workers, home care workers

Tasks:

Inclusions: Receive filled elastomeric pump from pharmacy, check five rights, connect
pump to patient, start infusion, check the pump is infusing

Exclusions: Ordering chemotherapy, checking order, picking supplies to make chemo order,
mixing chemotherapy order, checking chemotherapy mix

Equipment:
Inclusions: Elastomeric ambulatory infusion pumps and associated tubing/supplies

Exclusions: Large volume infusion pumps, electronic ambulatory infusion pumps
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Thus, the process scope was to include adult patients receiving chemotherapy
treatment at the outpatient treatment clinic of the cancer centre, from the time the nurse
receives the mixed chemotherapy and elastomeric ambulatory infusion pump from the
pharmacy to the point at which the patient leaves the treatment chair with the infusion
running.

Section 13.2.2. Assemble a Team

Although the process scope only included chemotherapy nurses and processes
contained within the chemotherapy treatment clinic, it was essential that people from
outside of this process scope were included as part of the HFFMEA team.

To complete this HFFMEA, the following team members were chosen and recruited:

Work Team:

¢ Frontline chemotherapy nurse
¢ Biomedical technology professional
¢ Human factors specialist

Advisory Team:

¢ Nursing manager for outpatient chemotherapy treatment clinic
¢ Asecond front line chemotherapy nurse

¢ Oncology pharmacist

¢ Pharmacy technician

¢ Oncologist

e (linic nurse

e (lerk

¢ Risk manager

e (Cancer centre chief nursing officer

Team Meeting # 1:

Attendees: work and advisory teams

Purpose: meet and greet; review the process scope
Date: May 2, 2007

Time: 12:00-14:00

Meeting Notes:

-Roundtable introductions
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-Decided on responsibilities including: team leader (biomedical technology professional),
scribe (front line chemotherapy nurse), and facilitator (human factors expert)

-Explained the difference between the work and advisory groups and set expectations for
frequency of meetings for advisory group (about 7 meetings of varied length over
the course of the analysis)

-Gave overview of planned process scope, start/end points, and inclusion and exclusion
criteria

-Had a group discussion about whether the scope should be expanded to include pharmacy;
decided to keep it the same for now, but to revisit this at next meeting once the
work team has conducted observations and created a draft of the process flow
diagram

Section 13.2.3. Document the Process

An initial process flow diagram was created based on an understanding of the tasks
that would be required to administer chemotherapy to an adult patient using an
elastomeric ambulatory infusion pump (Figure 48).

Receive i
: Right
chemo mix
and pump
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route

Patient

. leaves
Right
'{ dEJ; treatment
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patency of

4 [ Right access site 1
Take chemo Verify five dose
and pump rights of m ot —
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administration time fo patient clamp on
By | tubing set

Chemotherapy Treatment Clinic

Figure 48. Initial process flow diagram for administering chemotherapy to an adult patient
with an elastomeric ambulatory infusion pump

After creating the initial process flow diagram, several questions and areas of
uncertainty remained. Work team members raised questions about how to control the rate
of medication delivery, what type of tubing to use, and whether there were any special
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considerations for nursing for the elastomeric pump. Since these devices were not
currently being used at the healthcare organization, the work team contacted the vendor to
get more information about the devices. The vendor agreed to provide samples of the
elastomeric pump to the healthcare organization so they could better determine how they
might fit with the in-house workflow.

The work team also decided to contact another local organization that was using the
elastomeric pumps to see if they could come and observe staff, to see how the pumps fit
into their workflow. The work team planned a visit to this institution and learned through
observations and interviews of nurses that the stated flow rate of the pump seemed to
depend on a number of physical factors including a patient’s temperature, the head height
between the pump and the infusion port, and the patient’s catheter size. They also learned
that several models of elastomeric ambulatory infusion pump had to be purchased and
stocked because each model of pump delivered medication to the patient at a different flow
rate.

Based on this information, the work team decided to schedule a second visit to the
local institution to learn how the pumps were stored, and how the pharmacy made sure the
proper elastomeric pump model was chosen for a particular patient’s chemotherapy.

During this second visit, the work team learned through observations and
interviews in the pharmacy that pump storage and selection was sometimes challenging
because there were many models that looked similar, with the only differences being a
small printed label on the device, and differently coloured plastic top. One pharmacist also
mentioned that the flow rate stated on the side of the pump could be affected depending on
the diluent that was used by the pharmacy technician when mixing a patient’s
chemotherapy.

The work team updated the initial process flow diagram based on the information
learned through observations and interviews (Figure 49). Through the visits to the field, it
also became apparent to the team that it would be important to expand the scope of the
analyzed process to include: (1) tasks in pharmacy related to picking the right pump, and
(2) mixing with the correct diluent to ensure chemotherapy is delivered to the patient at
the intended rate.
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Figure 49. Updated process flow diagram based on information learned through
observations and interviews in the field
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Team Meeting # 2:

Attendees: work and advisory teams
Purpose: review process flow diagram
Date: May 25, 2007

Time: 8:00-12:00

Meeting Notes:

-Asked team members to help themselves to coffee and snacks

-Verified that all team members received a copy of the updated process flow diagram for
review

-Updated advisory team on what the work team has been doing since the last meeting.
Work team created an initial process flow diagram, contacted the manufacturer of the
elastomeric ambulatory infusion pump to get more information and samples, and
contacted another local institution using elastomeric pumps. Work team conducted two
field visits where observations and interviews were conducted. Learned that several
factors affect the flow rate of these pumps and that many models of pumps need to be
purchased and stored as each model delivers medication at a different rate.

-Reviewed updated process flow diagram with the advisory team

-Discussed and came to consensus that process scope should be expanded to include
pharmacy based on observations and interviews

-Reviewed membership of work and advisory team to ensure pharmacy expertise was
accounted for; since pharmacist and pharmacy technician are already part of team, agreed
that no new members are required at this point

-Feedback acquired from the advisory team about updated process flow diagram steps;
several minor modifications were agreed upon based on subject matter expert input

-Next steps: work team will update process flow diagram based on feedback from today’s
meeting and will recirculate within two weeks for independent review and approval by
advisory team members.

Section 13.2.4. Identify Failure Modes and Effects
The work team converted the final process flow diagram approved by the advisory
team into a spreadsheet format, a portion of which is shown in Table 32.
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Table 32. Part of the spreadsheet created based on the approved process flow diagram

Task #
Description

Gather supplies for

L mixing

11 Select drug

1.2  Select diluent

Select elastomeric
AlP

1.0

1.3

Failure Mode (FM)  Effect

Scoring

. 1o o
# Description SE\;;}rrty Pmtt':?'ht\" Score

Key Failure Mode (KFM)

Single Paint

Weakness
(SPW)

Hazard KEM

Al Controlled Detectable
(Hs)

1.4 Select supplies

| Send supplies into

2.0

1~ clean room |

1.0 Pharmacy check of
| supplies

Bring supplies into
4.0 biological safety
| cabinet |
5.0 Create chemo mix
e Pharmaqucheck of
mix

Pharmacy
7.0 documentation and
sign off

Handoff chemo mix
to nursing

Receive chemo mix
9.0 and pump from
pharmacy

The work team then met to systematically identify failure modes and effects for each
task step and sub-step as shown in Table 33.

Table 33. Portion of the spreadsheet showing failure modes and effects based on the process

flow diagram
Task # Failure Mode (FM) Effect Scoring Key Failure Mode (KFM)
. ... Hazard Single Point
m
# Description #  Description Sm(r:;‘ﬂ:y Prol:;:l]nlltv Score A Controlled Detectable Weakness kst
(Hs) “ (sPw)
Gather Incorrect e
3 2 Mix prepared
1.0 supplies for | 1 supplies 3
S incorrectly
mixing gathered
Incomplete .
2 supplies T(-zlx:rztd
- - gathered ik 1
Wrong drug Patient receives
1.1 Selectdrug | 3 selected wrong drug
. Wrong diluent  Infusion rate
1.2‘Sele|:t dijuent, & selected  too fast or slow
ot . Wrong : Infusion rate
1.3 elastomeric | 5 elastomeric 100 fast or slow
AP ~ selected |
5 Elastomeric not Mix not
selected  prepared
Select Wrong supplies Mix prepared
supplies selected incorrectly
Send supplies Supplies not .
2.0 intoclean | 8 senttoclean Mixnot
prepared
room room
Pharma Patient receives
i Pharmacy does  wrong drug
3.0 checkof |9
g not check and/or wrong
supplies B
supplies rate

231



After coming up with a preliminary list of failure modes and effects, the work team
developed rating scales for review at the next advisory team meeting. The severity and
probability rating scales are shown in Table 34 and Table 35, respectively.

Table 34. Severity rating scale developed by work team for this H*FMEA

Severity

Rating Description Definition

1 Minor Patient unlikely to be harmed

2 Moderate Patient could be temporarily

harmed

3 Severe Patient could be permanently
harmed

4 Critical Patient could die

Table 35. Probability rating scale developed by work team for this HFFMEA

Probability
Rating Description Definition
1 Remote Unlikely to loccur (may happen
once in 5-30 years)
) risraiian Possible to c.)ccur (may happen
once in 2-5 years)
3 T Probable to occu r-(may happen
more than once in 1-2 years)
Likely to occur (may happen
* Rrequent several times within the year)
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Team Meeting # 3:

Attendees: work and advisory teams

Purpose: review and expand upon potential failure modes and effects
Date: June 15, 2007

Time: 8:00-16:00

Meeting Notes:

-Reviewed agenda including scheduled breaks and lunch.

-Confirmed team members received a copy of the spreadsheet containing failure modes
and effects for the approved process flow diagram.

-Facilitator led the group through the process steps and associated failure modes and
effects row-by-row and asked for input from the group. The facilitator reminded the group
that with this type of analysis, even if a failure mode seems unlikely or has not happened
previously, it could happen and should be included on the spreadsheet.

-Group discussions about many of the listed failure modes, with several new failure modes
being added by the team. The scribe documented this discussion in real-time so the team
could see edits that will be made to the spreadsheet. Team members brought forth several
causes, but this was not the focus of this meeting. So the scribe captured these in a separate
file for later review.

-Some changes to the approved process flow diagram were suggested; these will be made
by the work team following the meeting.

-Once the failure modes and effects were reviewed, the facilitator share the severity and
probability scoring matrices with the group for discussion. The group agreed the scoring
matrices did not need further modifications.

-Next steps: work team to update the process flow diagram and failure modes and effects
spreadsheets and send both documents to the advisory team for review.

Section 13.2.5. Rate Failure Mode Effects and Determine Key Failure Modes

Using the severity and probability scoring matrices agreed upon by the advisory
team, the work team rated each failure mode and effect (Table 36). Whenever there were
disagreements about how an item should be scored, they were discussed until a consensus
was reached.
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Table 36. Portion of the spreadsheet showing scores assigned for severity and probability

Task # Failure Mode (FM) Effect Scoring Key Failure Mode (KFM)
. ... Hazard © Single Point
o
# Description #  Description Se\g)r i Pral:;:ll:ullty Score n~ M Controlled Detectable Weakness KE?M
(H) © T (SPW)
Gather Incorrect Mix prepared
1.0 supplies for | 1 supplies s
i incorrectly
mixing gathered
Incomplete .
2 supplies l\rﬂ;x :rr::tj
gathered RHER |
11 Select drug | 3 Wrongdrug Patient receives
selected wrong drug
: Wrong diluent | Infusion rate
.1.2I5elect dfifent 4 selected  toofast orslow
Sulct : wione : Infusion rate
1.3 elastomeric | 5  elastomeric oo Rt cbslati
AlP .~ selected |
5 Elastomeric not Mix not
selected prepared
Select Wrong supplies | Mix prepared
1.4 E 74 t
7 supplies .~ selected incorrectly
Send supplies Supplies not 5
2.0 intoclean | 8 senttoclean ficnos
prepared
room room
Patient receives
Pharmacy
Pharmacy does | wrong drug
30 checkof |9
. not check and/or wrong
supplies L
supplies rate
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Team Meeting # 4:

Attendees: work and advisory teams

Purpose: reach consensus about severity and probability ratings for failure modes and
effects

Date: June 26, 2007
Time: 14:00-17:00

Meeting Notes:

-Asked team members to help themselves to coffee and muffins

-Confirmed team members received a copy of the HFFMEA spreadsheet containing severity
and probability scores and copies of the severity and probability scoring matrices

-Facilitator reminded the team to think about human limitations including cognitive bias,
and limitations in memory and attention when scoring severity and probability of each
failure mode. The facilitator made the point that staff have the best of intentions when they
come to work, but they can’t be expected to be superhuman.

-Facilitator worked through each failure mode, starting by sharing the work teams’
scoring assignments and then invited discussion from the advisory team.

-Advisory team members agreed with many of the pre-assigned scores, however, some
changes were requested and discussed by the group, with the scribe editing scores in real
time.

-Advisory team reviewed the scores for failure modes and effects and discussed cut-off
thresholds for severity and hazard scores; decided on a severity threshold of 3 or higher
and a hazard score threshold of 8 or higher.

Once the advisory team had agreed upon severity and probability scores, the work
team met again and applied the Three Tests (Section 9.5.6.1) to determine whether each
failure mode was a key failure mode (Table 37).
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Table 37. Portion of the spreadsheet showing determination of key failure modes

Task # Failure Mode (FM) Effect Scoring Key Failure Mode (KFM)
: ... Hazard Single Point
# Description #  Description Se\;;)r i Pml::?"'w Score Controlled Detectable Weakness K':;M
(HS) (SPW)
Gather Incorrect Mi d
1.0 supplies for | 1 supplies P 3 3 9 Y | Y X
4 incorrectly
mixing | = gathered
Incomplete .
2 supplies s 2 2 4 N N N Y N
prepared
| | gathered | |
1.1 Select drug | 3 Wrong drug |Patient receives 4 3 12 vy Y
I |~ selected | wrongdrug |
EEiast ditieny )| Wiroscient. | Infisionats | 3 12 Y Y v ||
| | selected  too fast or slow | | I . [
Select Wrong .
1.3 elastomeric | 5  elastomeric Infusion cate 4 4 16 Y | Y Y:
too fast or slow
AlP | selected | |
6 Elastomeric not Mix not 3 5 5 Y N v
|~ selected | prepared | |
Select Wrong supplies | Mix prepared
| supplies | selected | incorrectly 2 . 2 | u | " r
Send supplies Supplies not ’
2.0 intoclean | 8 senttoclean o 2 2 4 N N N X N
prepared
room | room | |
Patient receives
s Pharmacy does | wrongdru
30 checkof |9 Y siins 3 12 Y ¥ Y
1 not check and/or wrong
supplies :
supplies | rate

The work team created a new spreadsheet that included only those failure modes
considered to be key failure modes. These failure modes carried with them a risk that was
higher than the risk threshold that was predefined by the advisory team. These became the
failure modes that required further consideration in the event the healthcare organization

decided to move forward with implementing elastomeric pumps.

Section 13.2.6. Identify Causes

For those failure modes determined to be key failure modes, the work team met to
discuss possible root causes and contributing factors. Causes that were brought up during
past advisory team meetings, and kept track of by the work team member in the scribe role,
were re-examined to determine whether they might be contributing factors to any of the
key failure modes. A selection of key failure modes and possible causes are included in
Table 38.
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Table 38. Portion of the updated HFFMEA spreadsheet showing possible causes of key failure
modes

Task # Failure Mode (FM) Mitigating Strategies

Description # Description

Gather supplies for 1 Incorrect supplies

1.(]_ mixing . . gathered . Mix prepared incorrectly . No pick list for supplies .
Batch gathering of
supplies can lead to mix-
| | | | ups
Wi d . . Look alik d alik
1.1 Select drug 3 e Patient receives wrong drug A S e e
| | selected | | drugs
Drug storage and
organization
Batch gathering of
supplies can lead to mix-
| ups |
z ; Storage makes it possible
1.2 Select diluent 4 Wsnedilient Inkusionirate tog fastior for wrong diluent to be
selected slow
| . | | selected
Select elastomeric Wrong elastomeric  Infusion rate too fast or Elastomeric pumps all
1.3 5 R
1™ AIP L7 selected | slow _ look similar

Rate information is not
. obvious on pump |
Several models to choose
_ from |
Lack of awareness about
different pumps having
different rates

|

As part of the HFFMEA, the work team was careful to think beyond factors like
compliance with established protocols and procedures, and other more human-centric
causes. Instead, the work team focused on system-level causes and contributing factors,

knowing that only when the system factors were addressed would meaningful
improvements to patient and staff safety be achieved.
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Team Meeting # 5:

Attendees: work and advisory teams

Purpose: finalize root causes for each key failure mode
Date: July 20, 2007

Time: 9:00-12:00

Meeting Notes:

-Asked team members to help themselves to coffee and muffins
-Confirmed team members received a copy of the HFFMEA spreadsheet containing causes

-Facilitator reminded the group not to focus on human-centric causes and a failure to
follow procedures as root causes. Instead, group should be thinking about system level
causes contributing to potential failure modes.

-Facilitator walked the group through each key failure mode and the potential causes that
had been identified by the work team. The group discussed these and other potential
causes for each key failure mode. The scribe captured the discussion in real time so all
advisory team members could follow along.

-A number of system level causes that could contribute to several key failure modes were
identified during the discussion. These types of contributing factors may be good to focus
on when it comes to developing mitigating strategies as fixing even just one of these
contributing factors would have the potential to mitigate several key failure modes.

Next Steps: The work team will meet to update and refine the list of causes based on this
meeting. The updated spreadsheet will be circulated to the advisory team within the next
three weeks for review and feedback.

Section 13.2.7. Develop and Implement Mitigating Strategies

Based on the causes identified by the advisory team, the work team met and
brainstormed a number of possible mitigating strategies to address system issues at the
root of each key failure mode. The work team referred to the Hierarchy of Effectiveness
(Chapter 3) while developing potential mitigating strategies to ensure solutions addressed
system-level, rather than person-level factors.

If the healthcare organization decided to implement elastomeric pumps, in parallel
they would also want to consider implementing a number of the identified mitigating
strategies to proactively prevent any potential errors as identified through the analysis,
from occurring.
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Team Meeting # 6:

Attendees: work and advisory teams

Purpose: develop mitigating strategies to address root causes for each key failure mode
Date: August 17, 2007

Time: 13:00-16:00

Meeting Notes:

-Asked team members to help themselves to coffee and muffins

-Confirmed team members received a copy of the HFFMEA spreadsheet containing finalized
causes, and preliminary ideas for mitigating strategies.

-Facilitator circulated copies of the Hierarchy of Effectiveness (Chapter 11) to each
advisory team member and described the model to help ensure recommendations
generated were more systems focused rather than person focused.

-Ideas for how to mitigate root causes for each failure mode were discussed by the team
and the Hierarchy of Effectiveness was referred to throughout the discussion.

-Advisory team discussed possible criteria that could be used to highlight those mitigating
strategies likely to be the most feasible. Considered several different aspects such as (1)
how effective (Hierarchy of Effectiveness), (2) required resources, (3) available resources.
The team agreed that it would be preferred to implement fewer high-impact mitigating
strategies, than many lower-impact mitigating strategies.

-Advisory team looked for and identified possible areas of overlap where implementing a
single recommendation would address more than one cause.

-Scribe recorded discussion in real time so team members could see and follow along.

-Next Steps: work team to circulate cleaned version of HFFMEA spreadsheet containing
ideas about mitigating strategies

Based on the preliminary ideas for mitigating strategies, and discussion during
Team Meeting #6, the work team updated the HFFMEA spreadsheet (Table 39), and
circulated it to the advisory team for review and feedback.
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Table 39. Part of the updated HFFMEA spreadsheet showing ideas for possible mitigating
strategies

Task # Failure Mode (FM) Causes Mitigating Strategies
Description # Description
Gather supplies for Incorrect supplies . . o . Use IT system to generate
1.0 mix?npg 1 gathere?ﬂp | Mix prepared incorrectly | No pick list for supplies ‘electronic I\;st basedgon protocol
" Change process so supplies for
sup?;?it::cgaﬂ:ar::lntgoo:n ix- one patient-‘s mix are picked
ups before moving on to the next
| | patient’s mix
1.1 Select drug 3 W;;:Et:';’ug Patient receives wrong drug Lagk aI|I:jer32:nd ke Implement TALLman lettering
Drug storage and Store look alike sound alike
organization | drugs apart from one another
. Change process so supplies for
supl:::it::cgaﬂ:arcl:lntgoo:n ix- one patient-‘s mix are picked
ups before moving on to the next
| | patient’s mix
19 select diluent 4 Wrong diluent Infusion rate too fast or Sgg:ﬁreo:;:;i: n‘:ﬁsﬂe Store NS and D5W in different
selected slow zones of the anteroom
selected
13 Select elastomeric 5 Wrong elastomeric = Infusion rate too fast or Elastomeric pumps all Store pumps so different
[ AlIP selected | slow | look similar . coloured tops are visible
. - Add labels to storage shelf so
Rate information is not 5 B 3
obvious on pump rate mformatlon.ls f::aSler to see
| when picking
Contact manufacturer to see
whether rate information can
be made more salient
Several models to choose Consider dose banding so only a
from - few models are required
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Team Meeting # 7:

Attendees: work and advisory teams

Purpose: prioritize mitigating strategies, create implementation plans, conclude HFFMEA
Date: August 31, 2007

Time: 8:00-12:00

Meeting Notes:

-Asked team members to help themselves to coffee and muffins

-Confirmed team members received a copy of the updated HFFMEA spreadsheet containing
mitigating strategies

-Facilitator reminded the advisory team to refer to the Hierarchy of Effectiveness during
the discussion, and reviewed the criteria discussed during the previous meeting for
highlighting those mitigating strategies likely to be the most feasible.

-Facilitator presented the work groups’ thoughts about which mitigating strategies would
be most feasible and have the highest impact based on criteria chosen.

-Discussion took place among advisory group members about the pros and cons of
eventually trying to implement the proposed mitigating strategies, and the discussion was
opened up to consider whether other strategies should also be considered in more detail.

-The advisory team prioritized mitigating strategies considering the criteria chosen to
determine (1) how effective, (2) the resources likely to be required, and (3) the resources
likely to be available.

-Based on the long list of possible mitigating strategies, the advisory team chose the top 10
priority strategies and developed an implementation plan for each (Section 9.6, What to Do
With a Completed HFFMEA). In the event the healthcare organization decides to move to
elastomeric pumps, each implementation plan will be assigned to a staff member who will
see the plan through so the associated key failure modes can be mitigated before causing
harm.

-The team leader concluded the meeting by thanking everyone for their participation as
part of the HFFMEA advisory team. Although implementation work would continue if the
organization decided to go ahead with elastomeric pumps, this was the last official meeting
of the HFFMEA team.

Following the final HFFMEA meeting, the work group met to create a summary
document outlining (1) the HFFMEA process followed, (2) team members on both the work
and advisory groups, (3) key decisions made, (4) lessons learned, (5) implementation
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strategies developed, and (6) an appendix containing the key failure modes, their causes
and effects. Before providing the report to upper management, it was shared with the
advisory team for feedback.

The report was shared with management at the healthcare organization in a timely
manner so that information about key failure modes and potential means of mitigating
risks associated with implementing elastomeric pumps could be integrated with the
healthcare organizations’ decision-making process. This resource provided insight to
potential risks associated with implementing elastomeric pumps, which could then be
compared with the inherent risks associated with keeping the electronic ambulatory
infusion pumps uncovered as part of the HFRCA. In this way, management was able to make
a more informed decision by weighing the residual risk associated with keeping the
existing electronic pumps versus implementing the new elastomeric pumps.
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Human Factors Resources

HumanEra

This book is based on the collective experience of the team members of HumanEra.
HumanEra is a healthcare human factors research team based out of the Centre for Global
eHealth Innovation in Toronto, Canada with over a decade of experience conducting
applied research and implementation projects to improve healthcare system safety. To
contact or learn more about HumankEra visit our website at www.HumanEra.ca.

Human Factors Books

There is no shortage of books and texts on the subject of human factors, its methods,
and specific applications across individual domains, but the following two books provide
an excellent primer on the topic and are filled with relevant examples.

1. Kim ]. Vicente. The human factor: Revolutionizing the way we live with
technology: Vintage Canada; 2004.

2. Steven M. Casey. Set phasers on stun: And other true tales of design,
technology, and human error: Aegean Publishing Co.; 1998.

Human Factors Organizations/Events

¢ The Human Factors and Ergonomics Society (HFES); www.hfes.org.

This American organization hosts an annual conference (produces published
proceedings) and publishes the journals Human Factors, Ergonomics in Design
and the jJournal of Cognitive Engineering and Decision Making. HFES has a
Healthcare Technical Group (http://hctg.wordpress.com) and organizes an
annual Symposium on Human Factors and Ergonomics in Healthcare. HFES also
has a European Chapter.

e SIGCHI; www.sigchi.org.

This international organization hosts an annual conference (produces published
proceedings and publishes the journal TOCHI (ACM Transactions on Computer-
Human Interaction).

¢ The Institute of Ergonomics and Human Factors; http://iehf.org.

This UK-based organization hosts an annual conference, accredits professionals,
and has a Healthcare special interest group.

¢ The International Conference on Applied Human Factors and Ergonomics
and the Affiliated Conferences; www.ahfe2014.org.
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Held concurrently as part of this event is an International Conference on Human
Factors and Ergonomics in Healthcare. AHFE publishes post-conference edited
books with accepted and peer reviewed papers.

Healthcare Human Factors Guidance Documents
1. The FDA has developed a draft guidance document to assist industry in
conducting appropriate human factors testing and identifying device features
that manufacturers should optimize throughout the total product life cycle.
Available at:

http://www.fda.gov/medicaldevices/deviceregulationandguidance /guidancedo
cuments/ucm259748.htm

2. The World Health Organization has produced a document that reviews ten
topic areas related to organizational and human factors influencing patient
safety. Available at:

http://www.who.int/patientsafety/research/methods measures/human factor

s/human factors review.pdf?ua=1

3. The clinical human factors group (www.chfg.org) has influenced the first
volume and produced the second volume of a document titled Implementing
Human Factors in healthcare.

Volume 1 (published by Patient Safety First) available at:

http://www.patientsafetyfirst.nhs.uk/ashx/Asset.ashx?path=/Intervention-
support/Human%20Factors%20How-t0%20Guide%20v1.2.pdf

Volume 2 available at:

Http://www.chfg.org/wp-content/uploads/2013/05/Implementing-human-
factors-in-healthcare-How-to-guide-volume-2-FINAL-2013_05_16.pdf
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Appendix A: Confidentiality and Anonymity

Most of the human factors methods presented in this book require the time and
participation of the end-users of the technology. It is important that information gathered
using these methods be treated as confidential and anonymous, to protect the reputation
and credibility of participants, and respondents are usually more honest under these
conditions. Those responsible for carrying out human factors methods should get
agreement from clinical managers, and all members of the team or committee involved in
reviewing the human factors data, that all data gathered will be kept confidential and will
not be used in any way to evaluate clinical competence or expose them to professional risk.
No disciplinary action should ever result from participation in human factors testing.

Best practice is to not collect or record any unnecessary participant information that
is identifying (e.g, names of participants). Participant numbers can be assigned for
comparison and reference purposes. Additionally, to help communicate your commitment
to confidentiality and/or anonymity, it is important to get informed consent. This purpose
of informed consent is to ensure that participants understand [95]:

¢ the aims and methods of the study/project;

e that their participation is voluntary, and they can withdraw at any time
without any consequences (and how their data will be handled);

¢ any risks and benefits of their participation;
e that their data will be anonymized and kept confidential;

¢ how the results of the study/project will be used and shared (e.g., to
make a procurement decision);

A sample consent form is provided at the end of this section for you to use as a
template.

The process of obtaining informed consent usually involves ensuring the participant
understands the points listed above by reading through a consent document that explains
each of the points and allowing the participant as much time as they need to review the
document and ask questions before deciding whether or not to participate. If they choose
to participate, they must sign the consent document.

If you are conducting an internal project that involves participants and it is not part
of a research study and there are no plans to disseminate the findings outside of the
organization, it is likely sufficient to use a consent form that covers the points described
above without requiring research ethics approval. However, it is recommended that you
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investigate whether ethics approval is required for the work you are undertaking prior to
collecting any data to ensure the data can be used for its intended purpose, and without
any restrictions, as a result of not obtaining research ethics approval. Generally speaking,
research ethics approval is required if:

¢ the data being collected is part of a research study.
e there is a possibility that the data will be used for research at a later date.

However, even quality improvement initiatives can present ethical risks and should
be managed by a formal research ethics process. To help determine whether this is indeed
the case, you can use the online ARECCI Ethics Screening Tool found at
http://www.aihealthsolutions.ca/arecci/screening/30863/6d62b234cf1570caeb290708c
af72dd3, or inquire directly to your organization’s research ethics committee.

A detailed discussion of the research ethics approval process in healthcare as it
relates specifically to conducting human factors studies is covered in the book Fieldwork
for Healthcare: Guidance for investigation human factors in computing systems[95]. A free
chapter of the book, containing the sections related to research ethics approval and
informed consent is available at:

http://www.morganclaypool.com/doi/suppl/10.2200/S00606ED1V02Y201410ARH007 /s
uppl_file/Furniss_Ch1.pdf.
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Sample Consent Form

CONSENT TO PARTICIPATE IN A USABILITY STUDY

Introduction

You are being asked to take part in a usability study. Please read this explanation about the study and its
risks and benefits before you decide if you would like to take part. You should take as much time as you
need to make your decision. You should ask the study staff to explain anything that you do not
understand and make sure that all of your questions have been answered before signing this consent
form. Before you make your decision, feel free to talk about this study with anyone you wish. Participation
in this study is voluntary.

Purpose

The purpose of this project is to [insert purpose here]. Your participation helps us to determine [insert
benefit here such as “identify which product is the safest for your unit”].

Procedures

If you agree to participate in the study your demographic information (e.g., age, sex, years nursing
experience) will be collected and you will be asked to complete a series of clinical tasks in a simulated
clinical environment. In other words, you will be in a room with clinical equipment and scenarios but no
real patients or patient care. You will be taught how to use the devices not in routine use on your unit prior
to starting the simulations. After training you will be oriented to the simulated environment, and asked to
perform various tasks to a simulated patient (mannequin and/or actor). After each scenario, we will ask
you for your feedback based on our observations to further understand the risks and benefits of the
devices being tested. The session will last no more than 3 hours, and will be videotaped for later analysis.
Your performance/competency is NOT being evaluated in a way that will impact your employment, but
rather the results of this study will be used to better understand issues relating to the devices we are
evaluating.

Risks

There are no anticipated or known medical risks associated with this study. You may experience
discomfort in sharing your opinions with the researchers. You only have to share as much about your
opinions as you wish. Your participation will have NO impact on your employment.

Benefits

You may or may not receive direct benefit from participating in this study. Information from this study may
help to increase your knowledge about [insert the type of device here].

Voluntary Participation

Your participation in this study is voluntary. You can choose not to participate or you may withdraw at
any time. Whether you choose to participate or not has no impact on your employment. In no way does
signing this consent form waive your legal rights nor does it relieve the investigators, sponsors or involved



institutions from their legal and professional responsibilities. You do not give up any of your legal rights by
signing this consent form.

Confidentiality

All information obtained during the study will be held in strict confidence. You will be identified with a
subject number only. No names or identifying information will be used in any reports, publication or
presentations that may come from this study. No information identifying you will be transferred outside
the investigators of this study. If the videos from the research are shown outside the research team, your
face will be blurred and all identifying information will be made anonymous. However, despite best
efforts, there is a very small possibility that you may still be identified. Data from the study (e.g.,
videotapes, paper records) will be kept for a minimum of two years, and a maximum of seven years, after
the completion of the study. Any personal identifiable information will be stored and protected on secured
servers or kept in a locked filing cabinet and then destroyed by shredding of paper or erasing of digital
information.

Reimbursement
You will not receive any financial reimbursement for your participation.
Questions

If you have any questions, concerns or would like to speak to the study team for any reason, please
contact [insert contact name and information of person responsible for the study.

Consent

This study has been explained to me and any questions | had have been answered. | know that | may
leave the study at any time. | agree to take part in this study.

Study participant’s name (please print) Participant’s Signature Date

(You will be given a signed copy of this consent form)

My signature means that | have explained the study to the participant named above. | have answered all
questions.

Name of person obtaining consent Signature Date
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