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Abstract 

The COVID-19 pandemic brought with it significant challenges for healthcare as well 

as some opportunities. The Prenatal Genetics Clinic at the Children’s Hospital of Eastern 

Ontario (CHEO) in Ottawa moved to virtual care at the outset of the pandemic. Herein, we 

conducted a quality improvement study focused on developing a better understanding of 

factors influencing the efficiency of prenatal Genetics Counsellors (GCs) to support virtual 

care and related patient activities, with the intent of developing strategies to improve 

workflow. Within the context of the pandemic, we used remote and field methods of 

quantitative and qualitative inquiry to develop a better understanding of clinical workflows 

after the implementation of virtual care. This included diary studies to track time on task and 

naturalistic observation sessions at the Clinic. The Lean Improvement Approach was used to 

assess barriers to efficient workflows and develop recommendations for improvement. The 

analysis of GC’s virtual and on-site workflows has increased our understanding of the work 

GCs perform, allowed us to define the challenges with virtual care experienced by GCs, and 

evaluate the existing processes to help identify systemic design problems and opportunities 

for improvement. The strategies suggested from this analysis fall within real-world project 

constraints, which included the inability to increase the number of GCs and inability to 

renovate the current clinic space. Our results show that GCs spend at least half of their time 

on patient-related tasks before and/or after the patient’s appointment. Therefore, looking at 

potential inefficiencies or bottlenecks during these phases of work may help improve their 

overall workflow and flow through of patients. The results and recommendations that 

emerged were captured in a framework that identifies 3 key areas for strategic improvement 

measures - digital accommodation, administration support, and clinical assistance. 
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Recommendations from the administrative and clinical assistance groups have already been 

implemented in the form of a new scheduling strategy and a new support staff role for clinical 

assistance. The remaining recommendations will support the on-going development of a 

strategic plan for improving work efficiency across the entire patient service unit of the 

Department of Genetics.  
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Chapter 1: Chapter 1: Introduction 

Patients being served by the Genetics Clinic at the Children’s Hospital of Eastern 

Ontario (CHEO) in Ottawa, Ontario, Canada, are currently experiencing long wait times for 

non-urgent visits (more than 1 year). Wait times have increased due to emergency closures and 

delays resulting from the Coronavirus Disease 2019 (COVID-19) pandemic caused by SARS-

CoV-2. From a patient’s perspective, long wait times in a clinic are undesirable and decrease 

patient satisfaction with the experience (Lin, Gavney, Ishman, & Cady-Reh, 2013). This 

highlights the need to optimize healthcare workers’ time in outpatient clinical settings. 

Key stakeholders on the Genetics Clinic team believe their wait time challenges are 

related, in part, to workflow inefficiencies. Historically, prenatal patients were seen by genetics 

counsellors (GCs) and supervised by one medical doctor (MD). As the MD team grew in size, 

more MDs became involved as part of their on-call duties, but without a formal strategy or 

plan. Subsequent creation of a prenatal care team (with MD and GC leads) improved patient 

care immensely with the development of standard-of-care protocols to harmonize clinical 

practice. However, the prenatal service delivery model has remained largely unchanged despite 

the many changes in the service context (e.g., reduced resources for care providers, increasing 

patient volumes and increasingly complex prenatal genetics practice). This is further 

compounded by a culture of accommodating patient schedules and care provider preferences 

over efficiency. 

The prenatal service delivery model at the time of our study during the pandemic 

lacked a formal structure to ensure that the necessary providers were available during the 

virtual prenatal patient consultations and related pre-consultation and post-consultation 

activities. This led to delays in dealing with urgent patient matters, and inefficient use of time 
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for providers. The GCs, for example, found themselves occupied with finding the MD to 

review cases, to meet the patient, and to ask triage questions. MDs were faced with 

unpredictable prenatal schedules and demands throughout the week. Providers expressed 

dissatisfaction with the inefficiency of their current pandemic adaptive model providing virtual 

care to 22 prenatal patient appointments spread out throughout the week. Patient care was 

impacted by delays when urgent matters arose, and the MD on-call was rarely available due to 

competing demands on their time with no notice regarding upcoming appointments. 

In 2018, the CHEO Genetics Clinic performed a study to estimate the time spent by 

GCs on direct and indirect patient care activities. The average time estimated on patient related 

activities for a routine patient was 120 minutes (2 hours), and 300 minutes (5 hours) for a 

complex patient. However, the clinic believes these estimated workload minutes are 

underestimates of the current reality. The clinic speculates that these estimates do not reflect 

the additional time required to support virtual workflows which were implemented during the 

pandemic and before this study was conducted.  

On March 16, 2020, virtual care was implemented due to the COVID-19 pandemic. 

The Genetics Clinic began working remotely through CHEO’s Electronic Medical Record 

(EMR) system called Epic, and more specifically, through the integrated Zoom 

(videoconferencing) platform which is part of the EMR software application. The introduction 

of virtual care brought about additional challenges but also opportunities related to workflow. 

For example, the clinic discussed the possibility of being able to see more patients because of 

the flexibility offered by virtual patient care. Stakeholders at the Genetics Clinic also wondered 

whether some of their prior challenges with the capacity limitations of their physical space 

could be reduced with a hybrid (in-person and virtual) model of care. They questioned whether 

leveraging virtual care opportunities could improve patient access to genetics services. Within 
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this context, the COVID-19 pandemic rapidly brought the opportunity to study hybrid models 

of care and identify challenges and develop solutions to ultimately deliver more efficient 

clinical care. 

1.1 Research Purpose, Question & Approach 

The goal of this study is to gain a better understanding of factors influencing the 

prenatal GCs efficiency to see patients virtually to develop strategies to improve their 

workflow using techniques from human factors and design. To achieve this goal, we studied 

how prenatal GCs performed virtual care from their homes and the hybrid model of care 

(virtual and on-site work within the clinic) to assess what tasks they were performing, potential 

challenges, as well as their time on tasks. We anticipated this would allow us to identify the 

‘artefacts’ (digital technologies, existing space design/layout) being used/not used in work, 

and related processes and interactions to assess how these elements may be impacting the 

team’s workflow, and by extension, patient wait times. With this understanding, our aim was 

then to identify challenging areas and develop recommendations to improve workflow so that 

GCs can increase their capacity to see patients. However, with this, came real world 

constraints. With any intervention proposed, the number of providers and support staff could 

not change (e.g., the clinic could not hire more GCs, create a new position or job role), and 

the space configuration could not change due to lack of infrastructure resources (e.g., there 

was not a budget for a future renovation). 

Although many factors may support or undermine workflow, this study focused 

specifically on documenting aspects of workflow that could be feasibly documented during 

the pandemic. This included time on task in both remote and on-site work, as well as on-site 

work processes and the potential impact of the physical space on workflow. Although this 
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study documents the time prenatal GCs spent on tasks working remotely from their homes, 

their virtual workflow processes could not be directly observed due to physical distancing 

measures, and to protect the privacy of staff working from their homes. However, our team 

tracked the types of tasks being performed virtually by GCs, and the amount of time 

performed on tasks to help us better understand their workflows.  

Human factors design methods can help research teams develop a better 

understanding about people and their behaviours in work settings (National Research Council, 

2011). By applying such methods in healthcare, researchers and practitioners aim to support 

staff deliver safe, high-quality care through the design of clinical environments, equipment, 

workspace, workflow, safety procedures and training (Chartered Institute of Ergonomics and 

Human Factors, 2015). Methods can vary from highly controlled experiments to less 

controlled observational studies in real-world contexts, with this study fitting the latter 

category of study design. The study also falls under ‘research for design’, a category of research 

used by practitioners and researchers within the field of design to support design development 

and the implementation of successful design outcomes (Frankel & Racine, 2010). 

1.2 Overview of Thesis 

This thesis begins with a background on the Prenatal Genetics Clinic and service 

delivery model at the outset of the study (Chapter 2: Background), followed by a literature 

review which provides: a discussion on efficiency in genetics clinics; potential tools to improve 

workflow and efficiency in healthcare; and the application of human factors design in the 

healthcare sector to support this work (Chapter 3: Literature Review). An overview of the 

human factors/design methods that were selected and applied to work with unit stakeholders, 

participants and collect and analyze data are discussed in Chapter 4: Participants & Methods. 
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The analysis of the data I collected allowed me to define the challenges GCs are experiencing 

and evaluate the existing process to help identify systemic design problems and opportunities 

for improvement (Chapter 5: Study Findings and Results). Although the recommendations 

that emerged from this analysis were constrained by contextual considerations (e.g., the 

number of providers and current space configuration could not change), the study provided a 

glimpse of the rapid uptake of a hybrid care model - a snapshot which could be further 

leveraged as part of a comprehensive strategy to improve the quality of services in the clinic. 

In Chapter 6: Study Analysis/Discussion, I discuss the findings and results relative to previous 

workflow/time efficiency studies in genetics clinics as well as more recent studies that were 

conducted on virtual genetics workflows during the pandemic. I also reflect on the application 

of the Lean Improvement process in this study, as well as study limitations and future work. 

The thesis is then summarized in Chapter 7: Conclusion. 
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Chapter 2: Chapter 2: Background 

The Genetics Clinic team at CHEO consists of medical doctors (geneticists), genetic 

counsellors (GCs), and support staff. The clinic sees patients who are referred for suspected 

or diagnosed genetic disorders, a family history of a genetic condition, or other genetic 

considerations (CHEO, 2020). Geneticists oversee all aspects of clinical care and are ultimately 

responsible for the patient’s medical assessment. Genetic counsellors have advanced training 

in human genetics and counselling, and work with the geneticists to assess patients (CHEO, 

2020).  The support staff at the clinic consists of patient service clerks and administrative 

assistants. The main responsibility of the patient service clerk involves booking new patients 

and any other activities related to a patient’s pre-consultation. The administrative assistant is a 

new addition to the Genetics Clinic since the summer of 2020, and they are responsible for 

managing post-consultation activities. 

 

FIGURE 2 KEY HEALTHCARE WORKERS AT THE GENETICS CLINIC AT CHEO 

 
The Prenatal Genetics Clinic at CHEO serves pregnant individuals from a large 

catchment area in Eastern Ontario who require a genetics consultation due to an increased 

genetic risk identified in their pregnancy. Almost all of the referrals seen by this clinic are 

considered urgent, and most must be seen within 2 weeks of referral. These patients are 

primarily seen by GCs, with the supervision of the geneticists. Four GCs participate in the 

Prenatal Genetics Clinic for a full time equivalent (FTE) of 2.3 individuals. One GC is 

identified as ‘on-call’ every day and is dedicated to being physically in the clinic for urgent tasks 
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such as triaging incoming referrals. Seven geneticists rotate on-call to supervise and cover the 

prenatal service for pre-clinic, during clinic and post-clinic activities. The Prenatal Genetics 

Clinic sees an average of 57 new patients per month. At the outset of this study, these patients 

were seen at appointment times spread out throughout the week, without a holistic view to 

coordinating the direct and indirect patient care activities, resulting in sometimes chaotic and 

unpredictable demands on the care providers and support staff involved.  

Historically, prenatal patients were seen by GCs and supervised by one MD. Over 

time, more MDs became involved as part of their on-call duties, but the change occurred 

without a formal strategy or plan. The creation of a Prenatal Genetics Clinic team (with MD 

and GC leads) has improved patient care immensely. The leads manage changes in standard-

of-care protocols, changes to procedures of available testing and other system changes. For 

example, CHEO adopted the use of Epic, an Electronic Medical Record system, in 2016 which 

has led to changes in the clinic’s workflow.  However, the prenatal service delivery model has 

remained largely unchanged despite the many changes that have occurred within the context 

of service providers, patient volume, and increasingly complex prenatal genetics practice. In 

April of 2020, the COVID-19 pandemic dramatically changed the clinic’s workflow, and a 

number of ‘temporary solutions’ were rapidly developed and deployed to provide virtual care 

in order to avoid patients having to come to CHEO for their consultation.  This study was 

conducted to capture the impact of virtual care on GCs tasks (type and time of task) and 

aspects of their workflow that could be improved to potentially increase efficiency and clinical 

capacity.  
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Chapter 4: Chapter 3: Literature Review 

3.1 About Genetics Clinics 

Genetic service providers focus on the diagnosis and management of hereditary 

disorders. The profession of genetic counselling began in 1971 (National Society of Genetics 

Counsellors, 2020) with counsellors working in a variety of practice settings, providing 

different services. Most GCs in Canada work in a clinic or hospital and are part of a clinical 

care team with doctors like geneticists, obstetricians, and oncologists (Attard, Carmany, & 

Trepanier, 2018). Genetic testing is one of the most complicated aspects of the field as test 

options are rapidly expanding, which requires professionals to invest time to remain current 

with emerging practice and testing procedures (Attard, Carmany, & Trepanier, 2018). As the 

field of genetics has advanced, it has become evident that there is a need for professionals who 

understand genetics and can guide and support patients as they make decisions about genetic 

testing and their healthcare (Attard, Carmany, & Trepanier, 2018).  This has placed pressure 

on GCs and the service delivery model to increase efficiency so that more patients can be seen. 

By reducing the time spent on the tasks performed before and after a genetic counselling 

encounter, GCs can improve access to their services by increasing the number of patients seen 

per week (Attard, Carmany, & Trepanier, 2018). While much has been written about informed 

consent for protocols for predictive genetic testing, and the integration of genetics into the 

practice of primary care, very little has been published describing the actual practice of medical 

genetics or the increasing demand for genetic services (Pletcher et al., 2002). 
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3.2 Time and Workflow Studies in Genetics Clinics 

Few studies on workflow in genetics clinics have looked at how GCs spend their 

service time to identify potential areas to enhance efficiency (Table1). An early study by 

Bernhardt et al. (1987) set out to review the evolution of the medical genetics specialty and 

evaluate the time and costs spent on genetic services provided to patients at Johns Hopkins 

Hospital. The study found that the average time spent by attending geneticists to evaluate, 

counsel and discuss the diagnosis and treatment plan for newly referred families was 7.1 hours 

and 4.1 hours for returning families. The study identified the need for more in-depth time 

assessments of the services provided in genetics clinics (Bernhardt et al., 1987). A follow-up 

study published by Bernhardt & Pyeritz (1989) expanded the scope to include diverse clinical 

genetics services, including a paediatric genetics clinic. The study found that the services 

provided in the genetics clinics were time consuming, with at least half of the total time 

dedicated to a patient’s care being spent on tasks performed before and after the patient’s 

appointment (Bernhardt & Pyeritz, 1989). Another time-related study conducted by Pletcher 

et al. (2002) showed that genetic practice needs more time commitment per patient than any 

other specialty, with a weekly average of 3.1 hours for new patients and 1.7 hours for follow-

up patients. This time was significantly less than the Bernhardt et al., (1987) study, however 

this may have been due to changes that occurred over a decade of learning and improvement 

in clinical practice.  

A 2005 study by Cooksey et al. found that the geneticists’ work setting can play a major 

role in the way that individual geneticists spend their professional time (Cooksey et al., 2006). 

Geneticists in this study reported a small number of follow-up visits because they were able 

to complete a consultation in one visit. They also reported a limited ability to expand their 

capacity to take on new patients. This implies that additional geneticists or increasing the 
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number of genetic service providers/clinics would be required to meet the substantial growth 

in the demand for genetic services (Cooksey et al., 2006). Aside from studies focused 

specifically on time, other studies have examined factors affecting clinical workload in genetics 

clinics. An early study by Surh, et al. (1995) suggested that clinical workload in these settings 

may be affected by the size of the patient’s family, the health status of the patient, the type of 

counselling required, access to genetic tests, and the nature of the inherited disease. Identifying 

factors influencing the time spent before, during and after patient consultations may reveal 

insights to reduce patient wait times.  

 SUMMARY OF THE PREVIOUS STUDIES ON CLINICAL GENETICS WORKFLOW  

Study Time Spent on Newly Referred 
Families (in hours/week) 

Time Spent on Returning 
Families (in hours/week) 

Bernhardt et al. (1987) 7.1 4.1 
Bernhardt & Pyeritz (1989) 9.1 6.1 

Pletcher et al. (2002) 3.1 1.4 
Cooksey et al. (2006) 2.5 1.5 

McPherson et al. (2008)  7 3.5 
 
Workflows in genetics services have been studied by McPherson et al. (2008), where 

all the genetic staff used electronic tools to record their activities. The study tracked staff 

workflow in this genetics clinic and included physicians and GCs, but not activities and time 

spent by secretarial and administrative support staff (McPherson et al., 2008). Their study 

revealed lower face-to-face time with patients versus more time spent on patient-related-

activities before and after the visit. The study also showed the total time spent on clinical 

activity was 7 hours for new patients and 3.5 hours for follow-up patients, again similar to 

what was found by Bernhardt et al. in 1987. A more recent study by Attard, Carmany and 

Trepanier (2018) examined the workflow of GCs in multiple clinics and specialties, also using 

electronic data collection tools. Genetics counsellors in the study reported spending about 

20% of the appointment time on face-to-face interactions with patients, and about 64% of the 
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time on patient-related-activities, where the patient was not involved (Attard, Carmany & 

Trepanier, 2018). The clinic saw an average of 9 paediatric patients per week, an average of 56 

minutes per session, and an average of 3.5 hours spent on patient-related-activities per patient 

(Attard, Carmany & Trepanier, 2018). 

Genetic counselling traditionally has been a time-intensive process while the need for 

genetic counselling services has grown recently (Stoll, Kubendran & Cohen, 2018). Traditional 

genetic counselling, which involves an in-person, one-on-one pre- and post-test model of 

counselling may not be the most efficient method to scale up services to reach a large 

population (Stoll, Kubendran & Cohen, 2018). Therefore, new service delivery models to 

increase efficiency and access to genetic counselling services are being implemented in a 

growing number of clinics (Stoll, Kubendran & Cohen, 2018). 

These studies reported to date (Table 1) show that genetics service providers spend a 

significant proportion of their work on tasks before and after the patient’s appointment, with 

a large variation evident across the studies. They highlight the importance of studying non-

patient-facing-related activities as well as the challenges facing genetics service providers to 

reduce time on patient-related activities before and after patient encounters. This is particularly 

important considering government policies which prescribe the time that should be spent on 

patient related activities. As per our discussion with the QIT (Quality Improvement Team) at 

CHEO, the Ontario Ministry of Health and Long-Term Care prescribes that 70% of clinical 

time be spent on patient related activities which includes direct and indirect care. Although 

the studies in this area of health service delivery are limited, what the existing studies 

demonstrate is the need to study efficiency in genetics clinics to improve patient access to 

genetics services. However, to the best of our knowledge, no research has been published to 

date describing a viable or exemplar service delivery model for genetics clinics. 
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3.3 Issues with Clinical Workflow, Healthcare Environments & Wait 

Times 

Bottlenecks in patient care within genetics clinics are a growing concern in healthcare 

delivery (Lohmann & Klein, 2014). Bottlenecks are defined as any step within a patient 

pathway that slows the overall rate of a patient’s progress, normally through reduced capacity 

of availability (Lohmann & Klein, 2014). Balancing patient quality of care and efficiency is a 

rising issue in healthcare, where clinic workflow continues to be problematic for a variety of 

reasons. This may include workflows impacted by poor or inadequate space or layout and 

excessive workloads resulting from inefficiencies in work processes, all of which impact 

patient wait times and may lead to burnout (Lohmann & Klein, 2014). 

Wait time is defined as the time it takes one patient from time of referral (start of wait 

time) to attending their appointment (end of wait time) (Sampalli et al., 2015). Currently, these 

appointments are scheduled based on prioritization, where faster access is provided for urgent 

referrals, balanced with allowable wait times for others (McIyntyre & Chow, 2020). Many of 

these appointments are for new diagnoses that require careful assessment (Parkash, Eble, & 

Dhar, 2018). Longer wait times suggest there is a need to improve the care pathway from 

primary care providers to genetics clinics. In addition to how wait time is defined above, wait 

time also includes ‘on-site wait time’, which is the time a patient spends at the clinic from 

check-in to the time they exit the clinic. Studies suggest that overcrowding in clinics is related 

to long wait times and may result from shortages of healthcare providers, and lengthy patient 

admissions occurring in triage areas (McIyntyre & Chow, 2020). From the patient’s 

perspective, long wait times in the clinic are undesirable and decrease patient satisfaction with 

the experience (Lin et al., 2013). The consequences of increased wait times include patient 
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dissatisfaction, delayed access to treatments, poorer clinical outcomes, inequality, patient 

anxiety (McIyntyre & Chow, 2020) and the risk that patients may experience medical 

complications due to long wait times (Parkash, Eble, & Dhar, 2018).  These factors point to 

the need to optimize the efficient use of a clinician’s time in the outpatient clinical setting to 

decrease patient lead times (the total time from arrival to exam start) during a scheduled 

appointment (Lin et al., 2013). 

3.4 Role of EMR & Virtual Platforms in Care Delivery 

The introduction and implementation of the Electronic Medical Record (EMR) in 

healthcare delivery is intended to support Quality Improvement. The digitization of patient 

records allows medical professionals to promptly access and process patient data, provide 

automated reminders to avoid medication errors, improve sharing of information across the 

medical team, and increased transparency by ensuring both complete and legible 

documentation of the patient’s condition (Atasoy, Greenwood & Mccullough, 2019). The 

complex environment of hospitals naturally creates the possibility for error or inefficiency. 

The EMR can support clinical decision-making through a variety of functions including 

recommendations for tests and screenings, as well as medications and treatments based on the 

diagnosis. The objective of EMR designs focus on improving the performance of healthcare 

providers by changing the way patient information is entered and organized to make it easier 

for other healthcare providers to access this information (Boonstra, Versluis & Vos, 2014). 

The use of health information technologies has been slowly increasing in different 

Canadian provinces and territories. In 2007, Ontario began its journey to implement a fully 

integrated EMR system (Riahi et al., 2017). Apart from the introduction of EMRs, virtual care 

has also been recently introduced in Canada, with accelerated implementation during the 
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COVID-19 pandemic. With the unique challenges posed by physical distancing, there has been 

a rapid change in how medical care is delivered to keep the workforce and patients safe (Pereira 

& Chung, 2020). The web-based video conference tool, Zoom, is integrated with EMR 

systems like Epic to facilitate seamless virtual care sessions. 

3.5 Common Approaches to Improve Clinical Workflow 

Supporting a quality visit in genetics clinics can be challenging, influenced by the 

clinic’s efficiency and throughput. These challenges may be due to different factors such as 

the variability in the number of patients seen and care provided, the documentation of 

regulatory and compliance issues, and the computerization of patient care systems and 

limitations within these systems. Pletcher et al. (2002) identified opportunities and strategies 

to increase appropriate clinical referrals and patient volume in genetic clinics which include: 

• educating healthcare stakeholders about the types of patients and their conditions, and 

the circumstances that require referrals to genetic services; and 

• dividing patient care into shorter sessions where a) a GC meets with the patient to 

obtain the family and medical history; b) a physician provides medical evaluation; and 

c) the GC or physician alone provides diagnostic information and a follow-up plan. 

Quality Improvement (QI) work focused on clinical efficiency can takes many forms. 

Some QI methods that have been used to increase efficiency and reduce wait times include 

eliminating automatic rebooking or overbooking, adjusting the ratio of new patient visits to 

follow-up visits, and increasing the use of physician assistants (Flanary et al., 2020). The 

concept of Quality Improvement using structured methods began in the manufacturing 

industry and are now being applied to in healthcare (Lin et al., 2013). Another approach that’s 

been used to improve clinical workflow is called the Lean Improvement process. Lean was 
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pioneered by Toyota in the 1970s, where it emphasized the creation of stable, standardized 

processes to support efficiency and the best quality by eliminating waste/unnecessary steps in 

production (Flanary et al., 2020; Lin et al., 2013).  

Lean Improvement projects use the Define-Measure-Analyze-Improve-Control 

(DMAIC) methodology (Gijo & Antony, 2013). The purpose of the ‘Define Phase’ is to 

identify the problem by conducting process walks/ workflows. The second step is the 

‘Measure Phase’ which involves the evaluation of the baseline performance of the system that 

exists prior to any suggested changes. Identifying the root causes that create variation or lags 

in the system occur during the ‘Analyze Phase’. After that, potential solutions can be identified 

for the root causes during the ‘Improve Phase’. Lean methodology is intended to improve 

processes and performance in the immediate term but is also focused on ensuring 

sustainability of the results in the long run, which is the last step in the cycle called the ‘Control 

Phase’. 

 
FIGURE 3 OVERVIEW OF THE LEAN IMPROVEMENT PROCESS ‘DMAIC’ METHODOLOGY 

 

Define Phase
Identify the problem with the 

timeliness of care. The critical to 
quality characteristics defined as 
the “patient waiting time at the 

clinic” measured in minutes

Measure Phase
Evaluate the baseline 

performance of the system that 
exists prior to any suggested 

changes 

Analyze Phase
Identify the root causes that 

create variation in the process. 

Improve Phase
Identify solutions for the root 

causes to identify the ideal states

Control Phase
Ensure sustainability of the 
results in the long run by 
discussing the status of 

implementation. 
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As an extension and commercialization of Lean Improvement process, Six Sigma was 

developed by Motorola in the 1980s, to emphasize improvement by employing statistical rigor 

to reduce process variability of critical quality characteristics to reduce errors (Lin et al., 2013). 

According to Gijo & Antony (2013), Lean Six Sigma (LSS) is the latest generation of 

improvement approaches that aim to maximize stakeholder value by improving quality, speed, 

customer satisfaction, and costs. This methodology permits small incremental changes to a 

process that, over time, can have an enormous effect on an enterprise as a whole and can have 

an immediate effect on smaller groups within the institution (Waldhausen et al., 2010). One of 

the basic tenets of this methodology includes 5S (Sort, Stabilize, Shine, Standardize and 

Sustain). This allows one to clean, organize and standardize a workplace so that the right 

equipment is where it is needed, whenever it is needed (Waldhausen et al., 2010). This method 

can decrease the number of times the care provider has to leave the room looking for supplies 

and thus markedly decrease the distance travelled during one clinic (Waldhausen et al., 2010). 

Just the decrease in walking alone can decrease the amount of time it takes a clinician to 

complete a patient visit. Lean Six Sigma uses tracking data and quantitative methods to 

document progress towards a quality-improvement goal (Lin, Gavney, Ishman, & Cady-Reh, 

2013).  

There are studies that reviewed the use of ‘Lean’ in healthcare, reporting 

improvements in staff and patient satisfaction, and decreases in errors and mortality rates 

(Mazzocato et al., 2010).  Another study found that although Lean-based redesigns were 

intended to reduce workload and burnout and increase teamwork, stress and exhaustion 

among healthcare staff were not alleviated (Hung et al., 2018). The study suggested that the 

‘redesigns’ had not reduced the growing challenges in healthcare that go beyond redesigning 

workplaces to more systemic concerns such as shortages of clinical and support staff and a 
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growing population of patients. There have also been several concerns reported regarding the 

validity of ‘Lean’ results. Concerns were related to systematic bias, imprecision and limitations 

in the methods applied, which made it harder to statistically evaluate and interpret the 

independent effect of Lean on patient satisfaction and patient safety (Kaltenbrunner et al., 

2019). To overcome these limitations, a study found that when staff are involved in the process 

of decision-making and problem-solving, they can facilitate the adoption and implementation 

of Lean and enhance positive outcomes (Kaltenbrunne et al., 2019). Having staff as 

participants of the study can be seen as a strength because they know their circumstances 

better than anyone. However, their involvement can be seen as a limitation because they may 

be biased by attitudes toward their workplace. 

3.6 Human Factors Design in Healthcare 

Human factors (or ergonomics) is a scientific discipline that studies the interaction 

between humans and elements of the system in which they work, with the goal of improving 

resilience and overall system performance, and minimizing errors (International Ergonomics 

Association, 2020). The human factors approach has historically been used in complex and 

high-risk fields such as nuclear power and aviation and has had uptake in healthcare starting 

in the late 1990s (IOM, 2018). 

Health care providers work hard to deliver the best care possible to their patients; 

however, they can be set up for mistakes by poorly designed medical devices, uncoordinated 

care processes, and fragmented systems. Usually, these systems are designed in a way that does 

not account for how people interact with their work environment (Gurses, Ozok & 

Pronovost, 2011). People who practice in this area are focused on creating solutions that make 

it easier for people to do their job right and hard for them to do things wrong. The use of 



18 

human factors design in healthcare is intended to improve human-system interactions (e.g., 

healthcare worker-technology interaction), but more typically complex multi-stakeholder 

interactions which include healthcare providers, patients, and their families. 

It is common for people who support human factors design to approach their work 

from a human-centered design approach (ISO, 2010; Maguire, 2013). Human-centered design 

has been shown to increase the safety of all stakeholders involved in a system, efficiency, 

stakeholder satisfaction, effectiveness, performance, and cost-effectiveness. In general, 

human-centered design includes an understanding of the user’s needs, tasks, activity flows and 

environments. The human-centered design approach focuses on the users and other 

stakeholders in the system, on principles of human behaviour, including usability testing, 

empirical measurement, and participatory design where users are actively involved (Wickens 

et al., 2004). A literature review of human factors methods was conducted as part of planning 

of this study and is discussed relative to the description of the methods in Chapter 4.  This 

quality improvement study focused on developing an understanding of factors influencing the 

ability of Prenatal GCs to efficiently see patients during the COVID-19 pandemic and 

strategies to improve their workflow using techniques from human factors and design. 

Genetics counsellors can improve access to their services by reducing the time spent on the 

tasks performed before and after a genetic counselling encounter, thereby increasing the 

number of patients they see. Despite the growth of human factors in healthcare design, and 

to the best of my knowledge, I believe this may be the first HF/E study focused specifically 

on the design of genetics services. 
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Chapter 5: Chapter 4: Participants & Methods 

4.1 The Pre-Research/Planning 

The purpose of this study is to evaluate the virtual as well as hybrid (virtual and on-

site) workflow at the CHEO Prenatal Genetics Clinic, identify potential bottlenecks which 

may be impacting the efficiency of GCs, and develop strategies for improvement to support 

the goal of increasing capacity and reducing patient wait times. The early stages of the study 

involved a literature review of workflow studies in other genetics clinics. This was followed by 

a review of the previous studies from the Genetics Clinic which tracked workload minutes 

prior to the pandemic for routine and complex prenatal patients, the expected number of new 

patients per full-time GC, and the target number of new patients per fiscal year, among other 

archival information. Informal discussions and feedback sessions were held with the Quality 

Improvement Team (QIT) at the Genetics Clinic to gain a preliminary understanding of the 

current workflow, and the impact of the pandemic. The QIT consists of a Lead who manages 

the service delivery model work with the prenatal team; a Research Coordinator who provides 

clinical input on workflows and roles of GCs and clinical assistants; the Chair of the 

Department of Genetics who is also a physician; and an Ergonomics Professional.  

This study used multiple qualitative and quantitative methods to support stages of the 

Lean Improvement process to: 1) understand the overall context and workflow of the Prenatal 

Genetics Clinic at CHEO; 2) identify inefficiencies; and, 3) develop strategies to improve the 

workflow of GCs to increase their capacity to see more patients. First, stakeholder meetings 

and mapping were used to identify the prenatal genetics team and their roles. A brainstorming 

session was then held with the prenatal GCs to learn about their thoughts, concerns, and ideas 

regarding virtual care. At the time, there was little known about the indirect time that GCs 
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were spending on virtual care (including pre- and post-consultation activities). Therefore, all 

prenatal GCs were asked to report time-on-task in a diary study to understand the potential 

for time-intensive challenges to provide virtual care. This was followed by naturalistic 

observation sessions which included following a GC on-site at the clinic through a patient care 

workflow, observing counsellors as they perform tasks, and documenting these steps to 

identify their activities, general tasks performed in the clinic, as well as paths and spaces used 

to perform these tasks. A task analysis was developed to map the on-site workflow at the 

Prenatal Genetics Clinic to identify efficiency issues related to the design of the space, process, 

and the use of artefacts (paper-based work, equipment, digital platforms, etc.). This 

information was then analyzed for bottlenecks and potential opportunities to reduce the time 

it takes to perform a task related to patient flow through. 

4.2 Study Safety and Ethics Approval 

There were no anticipated risks in this study, and no personal health information was 

collected. The Tri-Council Policy Statement 2 (TCPS2) provides guidance on research ethics 

in Canada; however, a study on program evaluation and quality improvement (QI), which this 

study fit, did not fall under the auspices of the TCPS2 or Institutional Research Ethics Boards 

(REBs). TCPS2, Article 2.5: “Quality assurance and quality improvement studies, program evaluation 

activities, and performance reviews, or testing within normal educational requirements when used exclusively for 

assessment, the management or improvement purposes, do not constitute research for the purposes of this Policy, 

and do not fall within the scope of REB review” (TCPS2, 2018, p. 26). 

Although considered a QI study, the proposed work was still reviewed by CHEO’s 

Department of Genetics and Carleton University’s Research Ethics Board (see appendices 

A.1.1 and A.1.2). In line with Carleton’s COVID-19 protocols related to research and site 
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work, I completed the online training course from Carleton’s Environmental Health and 

Safety (EH&S) department to provide information regarding the health and safety practices 

and considerations required for conducting research on-site during the COVID-19 pandemic 

and complied with CHEO’s COVID-19 protocols for field research at the hospital.  

4.3 Participants 

All board-certified Prenatal Genetics Counsellors at CHEO (4 in total) participated in 

this study. The 4 participants had different workloads: 2 were full-time, 1 worked part-time, 

and 1 other staff member had an 80% workload. A full-time workload (1.0 FTE) consists of 

37.5 hours per week, and anything less than that is considered part-time and pro-rated using 

7.5 hours per day (e.g., 0.8 FTE is equivalent to 30 hours per week). In addition to working 

with the GCs, I interviewed MDs, service patient clerks and administrative assistants.  

4.4 Methodology 

Within the context of the COVID-19 pandemic, I was limited to certain methods to 

document the virtual and hybrid (on-site and virtual) workflows. 

FIGURE 4 OVERVIEW OF THE METHODS USED IN THE STUDY 
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4.4.1 Archival Analysis 

The genetics team conducted two activities prior to the pandemic which I reviewed, 

analyzed, and used in later stages of our study. The first activity involved a clinic-wide 

brainstorming exercise that took place in 2018. Participation included all of the staff in the 

Genetics Clinic (e.g., genetics staff in both the Prenatal and Cancer Genetics Clinics, the 

genetics lab technologists, support staff, managers). In this session, staff discussed challenges 

around capacity and wait time and identified possible strategies to address these barriers. The 

second activity involved examining some of the data that was generated from the clinic’s EMR 

system Epic in 2018, where on-call teams in the Genetics Clinic were asked to enter the 

estimated time required for direct and indirect patient care. The limitation of this prior work 

centred on a short time frame for data collection.   

The second activity was a workshop that was held in the Genetics Clinic in 2019. GCs 

tracked their workload (in minutes) for workflows related to routine and complex prenatal 

patients, and the target number of new patients per fiscal year. In addition to tracking care 

related to routine and complex patients, the archival analysis provided an understanding of the 

number of minutes GCs on-call spent on direct patient care (from the start to the end time of 

the in-person consultation). However, there was still little known about the indirect time that 

GCs spent on patient care (e.g., preparing for the consultation, sending requisitions, writing 

reports), specifically with virtual care during the pandemic. 

4.4.2 Stakeholder Mapping 

As I began the study, it was important to identify the key stakeholders invested in the 

study objectives and proposed outcomes. Stakeholder mapping helped us identify all the clinic 

team members involved and a high-level overview of their interactions. The challenge with 
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stakeholder mapping is that it can be subjective depending on the people involved in 

developing the map (Kumar, 2013). I therefore started by identifying all the stakeholders 

involved in the Prenatal Genetics Clinic which included GCs, MDs, administrative assistants, 

and patient service clerks. Phone call interviews (15 min.) with representatives from the key 

stakeholder groups were conducted to identify their roles and relationships with other 

stakeholders. This included discussions with a MD, patient service clerk, and administrative 

assistant to understand these roles in the Prenatal Genetics Clinic and with patient care.  

4.4.3 Brainstorming Session 

After creating the stakeholder map, a brainstorming session was held with the prenatal 

team at CHEO to learn about their views on virtual care, any overall barriers they may be 

facing in their current workflow, and any delays they had experienced in seeing and processing 

patients. At this point, the prenatal team had been conducting virtual care since the pandemic 

had been declared for approximately 6 months, and there was a need to understand the 

Prenatal Clinic’s experience with both virtual and in-person care. The brainstorming session 

was facilitated virtually through the web-based video conference tool, Zoom.  There were 9 

participants in this session including 4 GCs, 5 MDs ,1 Administrative Staff Member, 1 

Genetics Clinic Director, and 1 QIT member. 

One of the QIT sent staff an introductory email with the following questions followed 

by a virtual 1-hour brainstorming session during the prenatal bi-weekly meetings: 

1- What do you think is working well with the virtual care service? 

2- What do you think is not working with the virtual care service? 

3- What are the opportunities you see for change? 
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To help prompt the participants, I asked them to speak about what was working and 

not working so well in terms of the different categories: triage, booking, pre-consultation 

activities, actual consultation activities, post-consultation activities, and follow-up 

consultations. I was introduced to these categories prior to the session by the QIT. The data 

collection included taking notes of all the points GCs and MDs shared during the session, and 

I then analyzed these comments to fit the different categories mentioned above.  Through this 

session I was able to determine the potential root causes of problems from their perspective 

and identified system issues that may be contributing to these problems as well as early 

opportunities for improvement. The technique helped generate ideas from clinic stakeholders 

for possible further evaluation in the study. 

4.4.4 Diary Study 

From the archival analysis, I learned that there was no data reported on the real-time 

GCs spent on tasks and activities. At the time, and due to the novelty of the pandemic 

situation, there was also little known about the indirect time that GCs were spending on virtual 

care (e.g., preparing for the consultation, sending requisitions, writing reports, consulting with 

the patient on-line, etc.). To address this gap in our knowledge, prenatal GCs (4 in total) were 

asked to report their time-on-task in a diary study to understand the potential for time-

intensive challenges in providing virtual care.  

Diaries are guiding artifacts that allow people to convey personal details conveniently 

and expressively about their daily work. It is a useful tool in exploratory research, preparing 

the designer for further research by contributing to an understanding of participant user 

groups. While dairy studies are typically conducted with a relatively small sample, common 

themes and patterns can emerge (Waddington, 2005). The use of technology in collecting the 
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data was limited to encourage genetics counsellors to complete the task in a short time 

alongside whatever work they were doing. A Microsoft Excel spreadsheet was created for GCs 

to print and fill out. The GCs were introduced to the diary study at the end of the 

brainstorming session. The design of the spreadsheet was based on a previous study that was 

done at the Genetics Clinic looking at the activities done by a GC on-call, but more tasks were 

added based on the type of work that GCs were doing from home. The form was designed 

with the help of clinic stakeholders, and I conducted a pilot study to assess the diary’s validity 

and ease of use before carrying on with the actual study. 

The initial diary study form consisted of a 2-sided page (one side where GCs could 

document their own patient activities and the other for work GCs might do for other 

colleagues) and tested 2 versions (coloured and grey-scale) (see appendices A.3.1 and A.3.2). 

The forms contained the following information: date of the activity; whether they were 

working on-call the day of the activity; shift start and end times; 11 task categories (see Figure 

5-A); the duration of each sub-task; 5 columns for (duration) for each time a GC performs the 

task during that one day; and a notes section to add comments on the task. 

The pilot period was held over 2 days to test both forms. A detailed email with all the 

instructions was sent out to all the prenatal GCs through the QIT. The GCs favoured the 

grey-scale form for ease of printing and had comments on the order and sub-divisions of tasks 

to match the order of their daily routine. Figure 5-B illustrates the revisions made to the Diary 

Study. The revised diary study framework was then sent to GCs for any final comments. The 

GCs preferred the form to be one page to print and fill-out without flipping through the pages 

while performing tasks. Therefore, I kept the 5 columns of time spent on a task ‘for yourself’ 

and replaced the ‘Notes’ column with 2 columns to document duration on tasks (for 

colleagues). I instructed the GCs that any notes and other comments could be written in the 
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margins or other empty spaces on the page.  The final diary study form was sent to the GCs 

to formally collect the ‘task-on-time’ data with a goal to collect data for 5 ‘full-time’ days. The 

‘time on task’ reported by GCs in the diary study is the total time it took them to perform the 

task. For example, GCs reported the time they spent on ‘triage’ as the total time it took them 

to work on this general activity, not the time it took them to review 1 chart as part of this 

activity. For this reason, I documented the actual time it takes to perform the review of 1 chart 

during the naturalistic observation sessions to provide more granular data about such subtasks. 

 
FIGURE 5 OVERVIEW OF THE DIARY STUDY AND THE CHANGES MADE AFTER THE PILOT STUDY 

The data provided by GCs in the diary study was divided into 2 categories: 1) data 

collected reflecting the time on task GCs work to support their own patients; and 2) data 

collected reflecting the time on task GCs do work to support other colleagues. Genetic 

Counsellors printed out the form and filled out 1 sheet per day. I received scanned copies of 

the completed diary study forms, which I then transferred to Excel, with one spreadsheet per 
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GC. Since not all GCs have the same workload (two are full time, one works 80% of a FTE, 

and one works 50% of a FTE), and some data collected reflected overtime hours and other 

data reflected half days, I had to find a way to normalize the data to be able to compare the 

data gathered from all GCs. First, I combined all the data reflecting the first category, (GC’s 

own patient) time on task for direct and indirect virtual care for all the GCs. Then, I calculated 

the frequency of each task (how many times that task was done across all GCs) to calculate 

the average time per task. The same steps were done separately for the category (other 

colleagues).  

4.4.5 Naturalistic Observations 

A common method used in human factors design consists of recording people’s 

behaviours and utterances during tasks performed under a variety of circumstances. In 

planning observational studies, the researcher identifies the variables to be observed or 

measured, the methods to be employed for observing and recording each variable, the 

conditions under which observation will occur, and the observational timeframe (Reason, 

1990). Observations are more valuable than interviews or focus groups because what people 

say does not always match what they do. Also, people may omit critical details of their work, 

they may find it difficult to imagine new technologies or new ways of doing things, and they 

may distort their description to avoid appearing in a negative light. During observations, 

people’s working conditions can be observed directly, and they may be asked to imagine and 

describe how they would perform a given task or activity within their real-world context 

(Wicknes et al., 2014). Due to the complexity of healthcare environments, observational 

studies are useful for gathering data in these contexts. Naturalistic observation is a 

nonexperimental research method where an individual can analyze a system in its natural 
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setting, where data includes detailed information on the user, process, and contextual 

information (Robson & McCartan, 2016). However, gathering information through an 

observation method has associated limitations, since the errors noted may be natural and 

spontaneous and perhaps not frequent or representative of daily work (Reason, 1990). The 

potential implications of “observer effect”, in which there may be changes in a person’s 

behaviour due to the presence of an observer, is referred to as the Hawthorne effect. Using 

new technology in time-stamp studies may potentially diminish the Hawthorne effect; for 

example, the use of wireless tags for location determination in real-time locating systems 

(RTLS) to track patients and staff removes the presence of a human observer (Lin et al., 2013). 

For our study, RTLS was not a desirable option because of the expense and potential ethical 

considerations, and I did not feel this level of automation or granularity was needed since the 

observations were focused on a small sample of GCs. 

During this method, I followed a GC on-call for a day to collect information on their 

hybrid (on-site and virtual) workflow, to follow a patient care path, observe how they 

use/move through the system, and identify their activities or general tasks performed in the 

clinic, while asking questions as needed (Wickens et al., 2014). The QIT put together the 

schedules for 3-hour blocks of in-person observation and informed 3 out of 4 prenatal GCs 

of the day and time they would be observed. One of the prenatal GCs was under training 

during the time of observation; thus, she was not part of this activity. The observations took 

place over 2 weeks to cover 2 different shifts for a total of 6 sessions or 18 hours in total 

(Week 1 covered morning shifts from 09:00 am - 12:00 pm and Week 2 covered afternoon 

shifts from 01:00 pm - 04:00 pm). The collection of qualitative data during the observation 

sessions was done by taking handwritten notes on the interactions between the stakeholders 

at the Genetics Clinic, their activities, workflows, the location of the activity, and the duration 
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of the task performed. During the observations, I asked questions to clarify and get deeper 

insight on the GCs activities and workflows. The observation sessions took place in different 

locations at the Genetics Clinic where GCs travel for different purposes, such as the GC’s 

office, communication room, reception, administrative assistant’s office, and Genetics Lab. 

The notes taken during the observations, were reviewed after each session to add post-

observation notes and to edit the notes taken during the sessions. A floor map of the Genetics 

Clinic was obtained from the QIT to visually track the path and touchpoints of GCs through 

the clinic while performing their work, document the activities they were performing, and the 

time it took to perform tasks at specific locations. The post-observation notes included tracing 

the Genetics Clinic path to create ‘spaghetti maps’ of the clinic, and the knowledge I developed 

during the session. In tracking the path and touchpoints GCs experience through the clinic 

while performing their work, I was able to document the type of activity they were performing, 

and the time it took to perform the task at specific locations. 

The Genetics Clinic hired a clinical assistant in late November 2020, 3 months into 

this study. The second week of our observation sessions aligned with the second week of the 

clinical assistant working in the clinic. I observed that the clinical assistant was involved in the 

post-consultation activities such as helping prenatal GCs working from home to fill out their 

requisitions and send them by fax or checking prenatal GCs’ in-baskets for any results and/or 

mail. Because of this new addition to the prenatal genetics team, I modified the data collection 

tools for the observation sessions, so that the clinical assistant could also track her work 

around the clinic, including the activities performed, location of where the task was performed, 

and the duration of the tasks. The results of the clinical assistant’s activities have been added 

to the results of the activities for the observations of GCs on-call. 
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4.5 Use of Lean Improvement Process 

This study used the DMAIC methodology of the Lean Improvement Process to 

identify potential issues, the root causes that may be creating lags or variation in the service 

delivery model at the Prenatal Genetics Clinic, and identify potential solutions for 

improvement. The Define Phase started with identifying the problem and the research question 

of this study (see Chapter 1). In the Measure Phase, I reviewed the literature related to the design 

of genetics services from other studies to develop a better understanding of the current system 

in general, reviewed the existing archival data from the CHEO genetics clinic and designed 

methods to answer the research question (see Chapters 3 & 4). All the data collected was 

analyzed in the Analyze Phase to identify potential bottlenecks (see Section 5.5.1), followed by 

the Improve Phase, where I suggested strategies to improve the Prenatal Genetics Clinic capacity 

(see Section 5.5.2). Finally, to ensure the sustainability of the results in the long run, I suggested 

future work and study in the Control Phase (see Section 6.4).  
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Chapter 6: Chapter 5: Study Findings & Results of Analysis 

In this chapter, I report the findings of the data collected using the methods described 

in Chapter 4, and synthesize the data reported in the diary study and the naturalistic 

observations to identify the bottlenecks and suggest strategies for improvement.  

5.1 Findings from Archival Analysis 

In 2018, all staff (including GCs, MDs, lab technicians, and support staff) in the 

Genetics Clinic (includes the Prenatal Genetics Clinic and the Cancer Genetics Clinic) were 

asked to estimate the time spent on direct and indirect patient care activities. Direct time was 

defined as the duration of a face-to-face encounter with the patient. Indirect time includes pre-

encounter activities (e.g., chart review, literature review, consultation with the medical 

geneticist) as well as post-encounter activities (e.g., documentation in the EMR, completing 

laboratory requisitions and other paperwork, reviewing, and calling patients for their results). 

Stakeholders believed the complexity of Prenatal Genetics Care at CHEO had increased 

significantly within the past 2 years, in terms of genetic counselling and case management, 

where genetic counselling refers to the activities GCs perform during the patient’s 

appointment time, and case management refers to the activities GCs perform before and after 

the patient’s appointment.  According to the team, the estimated workload minutes were 

underestimates of the current reality. In addition, the documentation of time spent on direct 

and indirect care did not reflect the time required to provide virtual care since this study had 

occurred before the pandemic. 

From this prior work, the average time that was estimated for a routine patient was 

120 minutes and 300 minutes for a complex patient. But it was unclear to what extent the GCs 

were appropriately documenting all their direct and indirect workload minutes. According to 
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the Ministry of Health, GCs should spend a total of 70% of their time on patient-related 

activities, whether it is direct care or indirect care. The 120 minutes and 300 minutes account 

for time spent on patient-related activities, including direct care (consultations) or indirect care 

(requisitions, results, and follow-up, writing reports, etc.). 

The second activity that was documented in the clinic’s archives and analysed as part of 

this study was a clinic-wide brainstorming exercise that took place in 2019, where all GCs, 

MDs, and support staff in the Genetics Clinic participated. The workshop examined the 

challenges with GC’s and MD’s capacity to see patients and resulting wait times, followed by 

identifying possible strategies to address these issues.  The workshop activity consisted of 3 

main questions (below) and the summary of the output activity is shown in Table 2. 

1- How can we increase our efficiency so that we can see more patients? 

2- How can we see more patients within our clinic given our current space allocation? 

3- What mechanisms could the clinical department use to respond to changes in patient volumes in 

different areas? 

Most of the outcomes from this activity were put ‘on hold’ because of the pandemic, 

however, the shift in patient care service from being in-person to virtual, forced the rapid 

implementation and exploration of telemedicine. 

The data collected from these activities prior to the pandemic demonstrated the need to 

change the service delivery model at the Genetics Clinic. What I learned from the archival 

analysis helped scope our study more tightly to a targeted clinical service (Prenatal Genetics), 

which could be later applied to improvements for other genetics team workflows. The analysis 

also highlighted the importance of documenting the types of tasks and times on task more 

systematically to improve our understanding of time intensive aspects of GC work. 
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 POSSIBLE STRATEGIES TO IMPROVE CAPACITY AND WAIT-TIME FROM THE GENETICS CLINIC 
BRAINSTORMING EXERCISE, IN 2019 
Engage Extra Staff 

• Clinical Assistants 
• GC Assistants 
• Co-op Students 

Change Appointment Times 

• Create shorter appointment times 
• Extend clinic hours 

Improve Scheduling/Booking 

• Streamline the booking process 
• Automate scheduling 
• Implement a telephone reminder 

system 
• Blitz bookings 
• Create a self-booking app for 

patients 

Use Technology to Assist 

• Develop online modules for common 
indications of genetic disorders 

• Implement home video follow-up visits and 
telemedicine when no exam is required 

Educate Primary Care Providers 

• Educate primary care providers to 
order tests in their practice 

• Mainstreaming – seeing patients 
with positive results 

Develop a More Integrated Care Model 

• Create a more integrated MD/GC clinic 
• Cross train providers 
• GC on-call test line – primary care providers 

call to see if testing is appropriate 

Optimize Use of Space 

• Use off-site CHEO space for some clinics 
• Maximize the use of clinic time/space when providers cancel/not in the office 
• GCs office-share to free up additional clinical space/less personal office  
• Redesign key areas of current space - reception, communication/file room 

 

5.2 Findings from Stakeholder Mapping  

Stakeholders in the Prenatal Genetics Clinic were identified in a stakeholder map to 

understand their roles in patient care. During brief phone call interviews, stakeholders 

identified their roles and main tasks at the clinic (general and specific), as well as how they 

interact with each other. The main stakeholders at the Prenatal Genetics Clinic include prenatal 

GCs, MDs, patient service clerks, and administrative assistants. 

Prenatal GCs see most of the patients and run the prenatal service. They are involved 

in all the patient consultations, case review, case preparation, documentation, inputting data 

in patient charts, writing letters to the referring physician about the findings from patient 

encounters, and submitting billing for consultations. In addition, GCs are involved in case 
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management, testing, tracking the test, and tracking the results. Currently, the prenatal team 

has 4 GCs. 

Physicians supervise the prenatal service, medical supervision, signing off on 

documentation and letters to patients who have been referred. For routine cases, MDs do not 

review the case with the GCs but normally try to meet the routine patients at the end of the 

consultation process for billing purposes if available. For complex cases, GCs and MDs work 

together to review the cases. MDs perform physical exams, and communicate medical 

diagnoses or management options (e.g., recommendations on medication, surgery). MDs are 

not dedicated only to the Prenatal Genetics Clinic and mainly see general patients in the 

Genetics Clinic. Currently, the Genetics Clinic has 8 MDs. 

The main responsibility of the patient service clerk involves booking new patients and 

working on creating a patient's file on the EMR platform which typically consists of 

documents related to their referral, medical records sent with the referral, consent forms, and 

any other relevant documentation related to pre-consultation activities. If any additional 

documentation is needed before seeing a patient, patient service clerks are responsible for 

sending a fax to the referring doctor’s office to get the information. Currently, the Genetics 

Clinic (Prenatal and Cancer) has 3 patient service clerks. 

Administrative assistants are a new addition to the genetics team since the summer of 

2020. They are responsible for managing post-consultation activities such as sending letters to 

the referring doctors, scanning results, requesting approvals for specialized genetic tests from 

the Ministry of Health and booking follow-up appointments. 
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FIGURE 6 INTERACTIONS AMONG THE STAKEHOLDERS OF THE PRENATAL GENETICS CLINIC 

5.3 Findings from Brainstorming Session 

Genetics services have always been delivered in-person, but with the current changes 

due to the pandemic, genetics services moved to virtual platforms to deliver services. Since 

the clinic was not prepared for this change, the genetics team faced many challenges to adapt 

to these circumstances. Through a 1-hour virtual meeting with 9 participants (including 4 GCs, 

5 MDs ,1 Administrative staff, 1 Genetics Clinic Director, and 1 QIT member), I developed 

a basic understanding of the challenges they are facing providing virtual care for a variety of 

patient care activities. The following questions were asked. 
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FIGURE 7 RESULTS FROM THE BRAINSTORMING SESSION WITH CLINICIANS RELATIVE TO DIFFERENT TASKS PERFORMED AT THE 

CLINIC 

 
Question 1: What do you think is working well with the virtual care service? 

With the virtual care model, GCs were asked to do triage virtually. Triage is the activity 

of reviewing referrals from primary healthcare providers to assess if the patient should be seen 

at the Genetics Clinic and to determine the level of urgency. Participants explained that they 

could see all the documents needed in triage through Epic, that they could review most patient 

referrals relatively quickly and that the process was clearer compared to the paper-based 

method used before the pandemic.  

Participants reported that patients expressed their gratitude that their partners could 

attend the call with them because during the pandemic, partners were not permitted during 

in-person appointments. Staff also explained that patients appreciated being able to join the 

Zoom from a preferred location rather than having to be physically in the clinic. 

Participants explained that medical students and MDs on-call could easily join a Zoom 

call because there was no limit to the number of participants on the call. Another benefit that 
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was shared in the brainstorming session, was that MDs had time to review the cases before 

seeing the patients, and that it was easier to move from one patient to another through Zoom. 

Virtual communication between the MDs and GCs to review cases could also be done in a 

variety of ways such as sending an in-basket through Epic, phone calls, sending emails, and 

text messages. 

Question 2: What do you think is not working with the virtual care service? 

“All the little things take more time with virtual care” is how one participant described the 

challenges they face with providing virtual care service. Another noted that “The number of 

patients might be stable, but the workload increased”. First, GCs who were not used to the different 

tools in Epic had to rapidly learn how to use it.  Clinicians reported that there were occasionally 

some technical issues with Zoom (e.g., clinicians and patients may not have a reliable internet 

connection). Staff reported that some appointments were booked at the last minute not giving 

GCs and MDs enough time to review the case before the appointment. On busy days where 

appointments were scheduled back-to-back, there was no option to put patients in a ‘waiting 

room’ to allow for a 5 min delay between appointments. Additional challenges that were noted 

by GCs and MDs included the use of their personal devices to provide patient care. For 

example, they had to use their personal cell phones to communicate with patients and labs in 

Canada and the United States. Participants also reported difficulties with work-life balance 

while working from home. 

Another challenge the team shared about virtual care was the paperwork required for 

lab requisitions and/or approvals from the Ministry of Health for tests done outside of the 

province. The approval process involves confirming that the Ministry of Health will pay for 

the test before sending the requisition. Otherwise, the Genetics Clinic or the patient will 

receive a bill for the cost of the test. Some GCs would prepare the documents ahead of the 
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appointment (e.g., when reviewing the case) during their on-call duty so that it would be ready 

to send out after the appointment, and others would ask the GC on-call to fill-out the papers 

for them. 

Question 3: What are the opportunities you see for change? 

Wait time windows and pre-booking appointments were identified as an opportunity 

for change to support service. MDs stated that their patients were instructed to wait for 15 

minutes after their appointment time for the appointment to occur and call an administrative 

assistant if the MD was more than 15 minutes late. This was implemented to reduce the stress 

levels of MDs and their patients if the MD was not on time to the appointment, or if a patient 

happened to be late to the appointment, or if they both faced technical difficulties. Participants 

noted that the same technique could be applied to GCs and their patients. Booking 

appointments ahead of time (3 days), instead of 1 day, was also seen as a positive change since 

it allowed GCs to review cases with MDs ahead of the appointment.  

Regarding the struggles with completing paperwork in virtual care, the team suggested 

this could be improved with additional support from a clinical assistant. This assistant could 

be physically in the office to complete the forms and fax them to the labs. The clinic hired an 

assistant in November 2020 to support this strategy. 

5.4 Findings from Diary Study 

Based on our archival analysis of the clinic’s quality improvement work conducted 

prior to this study, I suspected that the real time spent on indirect patient care activities was 

being under-reported because GCs are focused more on delivering patient care than 

documenting the real time spent performing activities. Further, with the onset of the 

pandemic, there was an additional need to document direct and indirect care in virtual care. A 
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diary study form was created in Excel to study direct and indirect care in virtual workflows 

and was sent to the prenatal GCs to formally collect this ‘time-on-task’ data for 5 full-time 

workdays.  

Upon receiving the completed forms from GCs through one of the QIT members, I 

combined all the data reflecting GC’s own patient ‘time-on-task’ for direct and indirect virtual 

care for all the GCs in the 2 categories (work done for own patients & other colleagues). Then, 

I calculated the frequency and duration of each task (how many times that task was done 

across all GCs) to calculate the average time per task per category. 

As illustrated in Figure 8, the total average per time for the work done for the GC’s 

own patients in descending order are: training activities (181.3 minutes), patient encounters 

(84.1 minutes), on-call activities (73.6 minutes), documentation (65.6 minutes), requisitions 

(65.3 minutes), meetings (47.8 minutes), results & follow-up activities (46.4 minutes), other 

activities (44.3 minutes), case preparation/review (41.5 minutes), daily administration tasks 

(41.2 minutes), and triage (21.6 minutes). 

 
FIGURE 8 TOTAL AVERAGE TIME PER TASK FOR WORK DONE UNDER ‘GC’S OWN PATIENT’ CATEGORY  
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The picture looks different for the total average time GCs spend on tasks for other 

colleagues (Figure 9): triage (40.0 minutes), case preparation/ review (30.0 minutes), 

requisitions (27.7 minutes), results and follow-up activities (25.0 minutes), documentation 

(20.0 minutes), daily administration tasks (15.0 minutes), and on-call activities (5 minutes). 

 
 
 
 
 
 

 

FIGURE 9 TOTAL AVERAGE TIME PER TASK FOR WORK DONE UNDER ‘OTHER COLLEAGUES’ CATEGORY’ 

I then analyzed the data to determine what was taking most of the GC’s time in 

providing combined patient care (direct and indirect). The diary study revealed that the 2 

activities where GCs spent the most total average time working to support the care of their 

own patients (i.e., the time reported under the ‘Own Patient’ category), was on training 

activities (25%) and patient encounters (12%). The 2 activities where GCs spent the most total 

average time per task to support their colleagues (i.e., the time reported under the ‘Other 

Colleagues’ category) was on triage (25%) and case preparation (18%). 

As already mentioned, the Ministry of Health suggests GCs should spend 70% of their 

time on patient related activities. These activities include all the activities performed for the 

patient care, whether it is direct care (consultations) or indirect care (requisitions, results, and 
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follow-up, writing reports, etc.). From the data collected from the Genetics Clinic in this study 

(Table 3), the prenatal GCs spent around 55.85% of their time on patient related activities, 

and 44.15% on non-patient related activities. 

 LIST OF PATIENT RELATED ACTIVITIES AND NON-PATIENT RELATED ACTIVITIES, AND THE AVERAGE 
TIME ON TASK (IN MIN.) FOR ‘OWN PATIENT’ CATEGORY 

Patient Related  
Activities 

Non-Patient Related  
Activities 

Patient Encounters 
(84.09) 

Training Activities 
(181.3) 

On-call Activities 
(73.58) 

Meetings  
(47.84) 

Documentation 
(65.61) 

Other Activities 
(44.33) 

Requisitions 
(65.30) 

Daily Administration Tasks 
(41.19) 

Results and Follow-up 
(46.42) 

 

Case Preparation/ Review 
(41.46) 
Triage 
(21.64)  

5.5 Findings from Naturalistic Observation  

Figure 10 shows the combined movements of all prenatal GCs that participated in this 

part of the study. These observations show challenges associated with both ‘time’ and 

‘bottlenecks’ in clinical workflows. What is evident is that the path to travel across the clinic 

takes time, although this may be healthy depending on the frequency of travel, it was important 

to understand the time it adds to the Genetics Counsellor’s workload. This reveals some 

potential adjacency issues with touch points in the layout used during workflow to complete 

tasks. 
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FIGURE 10 MAP GENERATED FROM THE OVERALL MOVEMENT OF GCS AROUND THE CLINIC 

 
The rationale for allocating offices to GCs and MDs and the location of these offices 

relative to other touchpoints was also explained by our key stakeholder representatives. All the 

GCs offices are around the core area for providing care since prior to the pandemic they saw 

their patients in their offices. The MDs offices are located outside of the core clinical area 

because they see their patients in the exam rooms.  All prenatal GCs have their own offices, 

where they spend most of their ‘on-call’ time. They use this space to prepare cases, check their 

emails, hold their virtual appointments, receive calls, and conduct follow-up phone calls with 

labs, patients, and other healthcare providers. The next space most used by GCs at the 

Genetics Clinic is the ‘Communication Room’ or ‘Files Room’. All GCs use the 

‘Communication Room’ to get a pager which is connected to a CHEO community number 

used to reach the GC on-call; print out and obtain forms/requisitions and lab results; check 

the in-basket for their work that was covered by other colleagues who were on-call; and to get 
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labels/stickers of the MD on-call to be included in the requisitions/forms being sent out on 

that day. 

The GCs use the ‘Reception’ space to write their names on the Genetics Clinic board, 

which shows the staff who are physically in the clinic; obtain hard copies of the lab order 

requisitions; and pick up printed patient stickers/labels which contain the patient’s 

information which needs to be added to the requisitions. In addition, GCs travel to the labs 

(the Genetics Lab and the CHEO Lab) to drop off the requisitions for urgent cases, and to 

have discussions with the lab coordinator on certain cases. Sometimes the GCs make trips to 

the ‘Administrative Assistant’s Office’ to obtain pre-signed forms related to Ministry of Health 

approvals, and to provide completed forms that are urgent and need to be faxed immediately. 

Our findings start by presenting the ‘time-on-task’ for key on-site activities followed 

by a task analysis which shows a step-by-step picture of what GCs do on site.  

5.5.1 Time on Task for Site Work 

The data collected during the observation sessions included the time it takes prenatal 

GCs to perform tasks, and most of these tasks are similar to the list of tasks in the diary study. 

The main difference is there is additional work that the on-call GC must do to support the 

GCs working virtually from home, namely with tasks that are difficult to perform from home 

as they involve physical artefacts, equipment and spaces to perform the work. These ‘physical’ 

tasks included: obtaining, filling out and faxing requisitions by hand; obtaining and printing 

the patient’s, GC’s, and MD’s label information; and receiving results and any requisitions 

from a referring physician. 

The results from the observation sessions were compared to the data reported in the 

diary study by comparing the time it takes GCs to perform tasks virtually (diary study) and in-
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person (observation session) to help us develop a better understanding of what activities may 

be occupying a GC’s time and strategies to overcome these challenges. The time-on-tasks 

reported by GCs in the diary study were very similar to the time I observed GCs performing 

tasks on-site, with the exception of requisitions and follow-up consultations, as shown in Table 

4. 

 OVERVIEW OF THE AVERAGE TIME TO PERFORM TASKS FROM THE DATA COLLECTED DURING THE 
OBSERVATION SESSIONS VERSUS THE TIME REPORTED TO PERFORM TASKS IN THE DIARY STUDY. 

Task Observation Sessions 
(in min.) 

Diary Study 
(in min.) 

Triage 18.5 21.6 
Case Preparation 24.2 27.8 

Requisitions 
(Filling out forms) 30.8 19.25 

Results & Follow-Up 15.6 26.4 
Follow-Up Consultations 53 29.9 

Writing Reports 30.5 33.4* 
 

* In the Diary Study, the category ‘Documentation’ included documenting on Epic and Writing Reports. 
 
Figure 11 illustrates the main tasks prenatal GCs perform that are related to patient 

care (directly and indirectly). Below we present the time on task documented for each category. 

These tasks are then described in more detail in the next major section, 5.5.2 Task 

Analysis/Work Process Diagrams. 
 

FIGURE 11 OVERVIEW OF THE PATIENT RELATED TASKS PERFORMED AT THE PRENATAL GENETICS CLINIC 
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5.5.1.1 Triage 

Triage is the activity of reviewing the referrals sent by the primary care providers and 

determining if the case falls within the specialty of the clinic. Prenatal GCs review cases triaged 

to both the General Clinic (includes cardiology, neurology, etc.) and the Prenatal Clinic. The 

reason for this comprehensive review, is that sometimes it not clear if the patient is pregnant 

or if the referral is for a patient whose partner is pregnant, and therefore a diagnosis that might 

impact the fetus. Such referrals are re-directed to prenatal triage. 

 TIME SPENT BY PRENATAL GCS ON ‘TRIAGE’ (ON AVERAGE – 2.6 MIN. PER REFERRAL) 
Observation 

Day 
# Prenatal 
Referrals  

# General 
Referrals 

Total Time Spent 
on Triage (in min.) 

Average Time Spent 
on Triage (in min.) 

Day 1 2 0 4 2 
Day 2 2 7 32 3.5 
Day 3 5 5 22 2.2 
Day 4 3 6 30 3.3 
Day 5 0 3 6 2 
Day 6 0 6 17 2.8 
 
Triage includes reviewing all the lab results and tests that have been completed to-date, 

approving or declining the case, and determining the urgency to see the patient. During our 

observations, prenatal GCs spent time reviewing hand-written referrals to understand the 

diagnosis by the primary care provider and reviewing if all the required documents were 

included with the referral. When documents were missing, GCs asked the patient service clerk 

to request them from the patient and/or referring doctor. 

5.5.1.2 Case Preparation/ Case Review 

After accepting a referral and prior to the patient’s consultation, prenatal GCs review 

the medical and family history information provided. Case preparation involved: reviewing the 

referral letter; reviewing ultrasound results and other previous tests; checking the patient’s 

consent forms to allow virtual care; and reading the literature on the case. I unfortunately was 

not able to collect detailed data on case preparation due to the limited amount of this specific 
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work currently taking place at the clinic during the pandemic. Table 6 presents the results I do 

have on this activity. 

 TIME SPENT BY PRENATAL GCS ON ‘CASE PREPARATION/CASE REVIEW’ (ON AVERAGE – 19.2 MIN 
PER CASE) 

Observation Day 

# Cases Reviewed  Total Time Spent 
on Case 

Preparation/ 
Review (in min.) 

Average Time Spent Per 
Case Preparation/ Case 

Review (in min.) 

Day 1 3 95 (58+22+15) 31.7 
Day 2 1 15 15 
Day 3 0 0 0 
Day 4 0 0 0 
Day 5 0 0 0 
Day 6 1 11 11 

5.5.1.3 Requisitions 

Prenatal GCs fill out requisitions by hand, and they feel it is easier to do it this way 

due to the need to apply labels/stickers with patient information to each requisition. Patient’s 

labels/stickers are generated directly from Epic, and it contains the patient’s name, date of 

birth, contact information, address, and health card number. Using labels ensures the patient’s 

information is accurate when reviewed by other stakeholders and laboratory personnel. During 

pandemic working conditions, prenatal GCs working from home (not on-call) are struggling 

to prepare the requisition forms since they are not on-site to physically fill them out and adhere 

the patient labels to these forms.  

The workflow of requisition changed during our two-week observation sessions. In 

the first week, some prenatal GCs spent time during their on-call shifts to prepare the 

necessary requisitions for their future consultations when they were reviewing the patient’s 

case. They would then leave the completed forms in their in-basket in the ‘Communication 

Room’ until their patient consultation day. Filling out the requisition included determining the 

date the test should be conducted depending on the gestational age of the pregnancy. After 

the patient’s consultation, and if the patient wished to proceed with the tests, they would then 
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ask the GC on-call to put the patient’s labels on the prepared requisitions and send them to 

the required labs. The observations took place over 2 weeks, where during the second week a 

clinical assistant was hired and was given the task of completing the requisitions on-site.  Table 

7 shows the results of the time spent by GCs on-call preparing requisitions. 

 TIME SPENT BY PRENATAL GCS ON ‘PREPARING REQUISITIONS’ FOR ONE PATIENT (ON AVERAGE – 
15.6 MIN. PER PATIENT) 

Observation Day 

# of Requisition 
Forms for 1 

Patient 

Total Time Spent 
on Preparing 
Requisitions  

(in min.) 

Average Time Spent Per 
Patient* (in min.) 

Day 1 1 15 15 
Day 2 1 16 16 
Day 3 5 79 

(50+12+3+7+18) 
15.8 

Day 4 1 18 18 
Day 5 1 16 16 
Day 6 2 26 (10+16) 13 

* GCs fill-out more than one lab requisition at the same time. The exact time it takes one GC 
to fill-out one requisition was challenging to document during the observation session.  
 

5.5.1.4 Results and Follow-up 

The Genetics Clinic receives results from labs outside CHEO by fax, and the ones 

ordered within CHEO are uploaded directly into Epic. Prenatal GCs then review the results 

and consult the MDs to discuss the patient’s plan of care. Prenatal GCs determine if the patient 

needs a follow-up appointment or a phone call to inform the patient of the results. Table 8 

shows the time spent on results and follow-up activities. 

 TIME SPENT BY PRENATAL GCS ON ‘RESULTS FOLLOW-UP’ FOR ONE PATIENT (ON AVERAGE – 6.4 
MIN. PER RESULT) 

Observation Day # Results Total Time 
(in min.) 

Average Time Spent Per 
Result (in min.) 

Day 1 2 13 (4+9) 6.5 
Day 2 5 42 (9+4+7+14+8) 8.4 
Day 3 3 9 (3+3+3) 3 
Day 4 1 10 10 
Day 5 0 0 0 
Day 6 1 4 4 
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5.5.1.5 Writing Reports 

The final step in providing service in the Genetics Clinic involves writing back to the 

referring doctor with all the lab results, a conclusion and future care plan. The prenatal GCs 

write reports on Epic, which has a tool to write a report. However, this tool does not allow 

the GCs to attach a lab result. To overcome this obstacle, prenatal GCs take a screen shot of 

the results and paste it at the end of the report as a picture. The MD then reviews the report 

and signs off and the report is then sent by fax to the referring doctor. I did not observe an 

adequate number of ‘writing reports’ activities because the GCs on-call try to dedicate their 

time at the office on activities that are difficult to perform virtually (e.g., administrative tasks, 

requisitions, and results and follow-up). Table 9 outlines the limited results from this 

observation. 

 TIME SPENT BY PRENATAL GCS ON ‘WRITING REPORTS’ FOR ONE PATIENT (ON AVERAGE – 19.9 
MIN. PER REPORT) 

Observation Day # Reports Total Time  
(in min.) 

Average Time Per Results  
(in min.) 

Day 1 0 0 0 
Day 2 1 29 29 
Day 3 0 0 0 
Day 4 0 0 0 
Day 5 3 32 (12+10+10) 10.7 
Day 6 0 0 0 

5.5.1.6 Summary of Time on Task 

Our results of virtual and on-site workflows, summarized in Table 10, show that GCs 

spend at least half of their time on tasks before and/or after the patient’s consultation. The 

results highlight the potential challenges prenatal GCs face to reduce patient wait times 

considering ‘work as done in reality’ versus ‘work as imagined’. Therefore, looking at potential 

inefficiencies or bottlenecks in workflows before and after a patient’s consultation may help 

improve patient access to genetics services. The collection and analysis of these results 

combined with a basic Lean analysis of bottlenecks and opportunities for improvement, and 
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clinic feedback on these findings is informing the on-going development of a strategic plan 

for improving the work efficiency at the Prenatal Genetics Clinic. 

 COMPARISON OF THE RESULTS FROM THE DIARY STUDY AND OBSERVATION SESSIONS ON THE TIME 
GCS SPEND ON ACTIVITIES PERFORMED BEFORE PATIENT’S CONSULTATION, AND AFTER PATIENT’S 
CONSULTATION  

Time of Task Task Data from  
Diary Study  

(in min.) 

Data from 
Observation  

(in min.) 

Average Time 
(in min.) 

Before 
Patient’s 

Consultation 

Triage 21.6 18.5 20.05 
Case Preparation/ 

Review 
27.8 24.2 26 

After 
Patient’s 

Consultation 

Requisitions 
(filling out forms) 

19.25 30.8 25.03 

Results Follow-Up 26.4 15.6 21 
Writing Reports 33.4 30.5 31.95 

 

5.5.2 Task Analysis/Work Process Diagrams 

A visual task analysis was developed to map the key steps in on-site workflows at the 

Prenatal Genetics Clinic to identify efficiency issues related to the design of the space, process, 

and the use of artefacts (e.g., paper-based work, equipment, digital platforms) – issues that 

may be influencing serving patients in a timely manner. Task analysis is a fundamental method 

in human factors design to make existing systems explicit and help identify design problems 

(The Human Factors, 2011). The basic elements of task analysis include defining the task or 

activities performed, dividing these activities into subtasks/steps, and specifying the 

tools/technology involved in the performance of these activities (The Human Factors, 2011).  

5.5.2.1 Triage Workflow 

The triage workflow includes 2 stakeholders: patient service clerks and GCs. Patient 

service clerks receive the referral by fax, open a patient encounter, and decide the specialty of 

the referral (e.g., prenatal, general). Then, GCs review the referral assigned to them and decide 
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whether to accept or reject the referral, and the urgency of the case. When accepting the 

referral, GCs note any missing documents to be requested by patient service clerks when 

contacting the patient to book their first appointment. Figure 12 illustrates the triage workflow 

during the time of observations. 

 

 
 

 

 
 
 
 

 
 

 
FIGURE 12 WORKFLOW OF ‘TRIAGE’ AT THE CLINIC  

 

5.5.2.2 Case Preparation / Case Review Workflow 

The second step in prenatal patient care is case preparation/case review, which takes 

place 2-3 days prior to the appointment. The workflow includes 3 stakeholders: patient service 

clerks, GCs, and MDs. Patient service clerks book the appointment and request any missing 

documents requested during triage. Next, the GC reviews the patient’s referrals, previous tests, 

consent forms, and the literature on the diagnosis. During the observations, I noticed the 

patient’s file was missing the consent form from the patient, so the GC had to email the patient 
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service clerk to request these documents and that they be received before the appointment. 

After that, GCs consulted with the MDs on the complex cases. Also, GCs booked the MD 

on-call on the day of the appointment to attend the session where possible. Finally, the last 

step of the case preparation task involved GCs documenting in Epic what had been done for 

the patient and adding notes to be reviewed at the time of the appointment. Figure 13 

illustrates the case preparation/case review workflow during the time of observations. 

 
FIGURE 13 WORKFLOW OF ‘CASE PREPARATION/CASE REVIEW’ AT CLINIC  

 

5.5.2.3 New Patient Consultation Workflow 

Due to the pandemic and the limited work permitted at the Genetics Clinic during the 

time of the observations, I did not observe any new patient consultations (either virtually or 

in-person) during the on-call days. Therefore, I have no results to report on this activity. 
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5.5.2.4 Requisitions Workflow 

The Prenatal Genetics Clinic sees patients from the provinces of Ontario and Quebec. 

After the patient’s appointment and diagnosis, GCs request genetic testing to further 

investigate the diagnosis. GCs fill out 2 types of requisitions: Ministry of Health’s approvals 

to run tests outside the provinces of Ontario or Quebec, and lab orders within CHEO and/or 

outside CHEO but within the province. During the first week of observations, the GC on-call 

prepared the forms for their own patients and for the other GCs working from home. 

However, this was changed with the introduction of the clinical assistant who became 

responsible for this task. This did not change the outcomes of the study as it was used to 

determine how the help of a clinical assistant at that time improved the workflow for GCs.  

For the first type of requisitions (Ministry of Health’s approvals), the Prenatal Genetics 

Clinic has pre-signed forms that are stored in the ‘Administrative Assistant’s Office’. If there 

are not any pre-signed copies, GCs ask the MD on-call to sign an empty form, make copies 

and leave these forms at the administrative assistant’s desk. Next, GCs fill out the form (by 

hand) and print out the patient’s sticker/label with the patient’s information. Along with the 

patient’s label, GCs add their own label and the on-call MD’s label.  After that, GCs make a 

copy of the forms, scan a copy to their emails or to their colleagues’ email, and ask an 

administrative assistant to fax the forms to the Ministry of Health either in Ontario or Quebec 

depending on the residential address of the patient. Finally, GCs set reminders in Epic to 

follow-up on the approval, which is within 2 weeks from sending the forms. After they obtain 

the approval, they fill out the second type of requisition - lab orders. Figure 15 illustrates the 

Ministry of Health’s approvals requisitions workflow. 
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FIGURE 14 WORKFLOW OF ‘MINISTRY APPROVAL REQUISITIONS’ AT THE CLINIC  

 
For the second type of requisitions (lab orders), GCs obtain the requisition form from 

either the ‘Reception Desk’, ‘Communication Room’, or they print it out from the lab offering 

the testing. Second, GCs fill out the form (by hand) and determine the day of the tests 

depending on the gestational age. Next, GCs print out the patient’s sticker/label which 

contains the patient’s information. Along with the patient’s label, GCs add their own label and 

the on-call MD’s label. After that, GCs make copies of the forms at the ‘Communication 

Room’, scan a copy to their email address or to their colleagues’ email address, and send the 

completed forms to the lab and the patient. If the test is done outside CHEO, GCs ask an 

administrative assistant to send it to the requested lab by fax. If the test is done at the Genetics 

Department Lab, GCs take the forms in-person to the lab and send an email to the lab to 

confirm receipt of the forms and provide any necessary instructions. If the test is done at the 

CHEO Blood Lab, GCs ask an administrative assistant to send the forms to the lab, or they 

take the forms in-person for urgent cases. In addition, GCs send the forms to the patient with 
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instructions on where and when to do the test in a detailed email. Finally, GCs set reminders 

in Epic to follow-up on the results, which is usually within 2 weeks from the test day.  

 
FIGURE 15 WORKFLOW OF ‘LAB ORDERS REQUISITIONS’ AT THE PRENATAL GENETICS CLINIC AT THE TIME OF OBSERVATIONS 

 

5.5.2.5 Results Follow-Up Workflow 

After the patient has had the testing initiated, the results are received within 2 weeks. 

For the tests requested from labs inside CHEO, the results are uploaded on Epic by the lab 

staff and Epic notifies the GCs of the new uploaded results, which can be accessed by the GC 

working from home. For the tests requested from labs outside CHEO, the Prenatal Genetics 

Clinic requests that results are sent by fax to the clinic. Administrative assistants print a copy 

of the results, find the patient’s information, and assigned GC on Epic, place the patient’s label 

on the results, and then place the results in the GC’s basket in the ‘Communication Room’. 

The GC on-call then scans the results to their email address (if the patient is their own) or to 

their colleague’s email address (if the patient is assigned to another GC). After that, GCs 

consult with the MD to discuss the next steps in the treatment plan, which includes booking 
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for a follow-up appointment and/or requesting more tests. If a follow-up appointment is 

needed, the GC asks an administrative assistant to contact the patient and book their 

appointment. Then, the GC adds the appointment time to the Microsoft Outlook Calendar of 

the MD on-call so they are aware of the appointment and can join. Figure 16 illustrates the 

results follow-up workflow. However, this workflow changed after the clinical assistant was 

introduced as she managed scanning and emailing the results to the GCs working from home. 

 

FIGURE 16 WORKFLOW OF ‘RESULTS FOLLOW-UP’ AT THE PRENATAL GENETICS CLINIC AT THE TIME OF OBSERVATIONS 

 
During the time of observations, the Prenatal Genetics Clinic received requests from 

the referring doctor requesting a copy of the results for their patient, if they did not receive it 

from the lab. The requests are received by fax, an administrative assistant prints it out, puts 

the patient’s label on the request and then places the request in the GC’s basket in the 

‘Communication Room’. As mentioned in the previous workflow, the GC on-call reviews 

these letters and faxes the doctor’s office the results. Figure 17 illustrates the workflow for 

responding to referring physician requests for lab results. 
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FIGURE 17 WORKFLOW OF ‘REPLYING TO THE REFERRING DOCTOR’S REQUEST’ AT THE CLINIC  

 

5.5.2.6 Patient’s Follow-Up Consultation Workflow 

 Due to the pandemic and the limited work permitted at the Genetics Clinic during 

the time of the observations, I observed one virtual follow-up consultation with a patient. At 

the time of the appointment, the GC opened the patient’s file on Epic, started the Zoom call 

and welcomed the patient and their partner. The GC discussed the results and the next steps. 

Near the end of the appointment, the GC sent a text message to the MD on-call to join the 

appointment. Both, MD, and GC answered the patient’s questions and ended the Zoom call. 

After that, the GC documented on Epic what was done for the patient. Figure 18 illustrates 

the follow-up consultation workflow I observed. 

 
FIGURE 18 WORKFLOW OF ‘FOLLOW-UP APPOINTMENT’ AT THE PRENATAL GENETICS CLINIC AT THE TIME OF OBSERVATIONS 
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5.5.2.7 Writing Reports Workflow 

The last step in patient care before closing the patient encounter is to write a report to 

the referring doctor with the final outcome of the genetics assessment. Genetic Counsellors 

use Epic tools to generate the report, where they can fill in pre-defined sections. Genetic 

Counsellors mentioned that Epic does not support attaching files to the report, so they must 

take a screenshot of the results which they then paste as a picture at the end of the generated 

report. After this is complete, the GC determines which MD should co-sign the report. Finally, 

the GC sends the report to the referring doctor by email through Epic or by fax, updates the 

patient’s file on Epic and closes the patient encounter. Figure 19 illustrates the workflow for 

writing reports. 

 

 
 

 
 
 
 
 
FIGURE 19 WORKFLOW OF ‘WRITING REPORTS’ AT THE CLINIC  

5.6 Results from Lean Improvement Process & Clinic Feedback 

All the workflows generated in the task analysis were reviewed to determine the 

bottlenecks in the system and the root causes of these bottlenecks using the Lean 

Improvement process. Clinical flow is the process by which a patient moves through his/her 
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clinical flow. The Lean Define-Measure-Analyze-Improve-Control (DMAIC) approach 

(Figure 3) aims to eliminate waste (time, energy, or resources), and improve clinical flow to 

maximize patient satisfaction. The process involves identifying the steps, processes, and 

services that are of value to support patient care paths. This principle can increase efficiency 

and may help reduce wait times at the clinic and increase time for patient care.  

Using the DMAIC approach, I first identified potential issues through the ‘Define’ 

phase, by conducting process walks/ workflows. Then, I evaluated the baseline performance 

of the system that existed prior to any suggested changes through the ‘Measure’ phase. The 

objective of the ‘Analyze’ phase is to identify the root causes that may be creating lags or 

variation in the service delivery model at the Prenatal Genetics Clinic. Since the aim of this 

study is to identify ways to increase capacity and decrease patient wait times, I analyzed the 

processes documented during our observations to identify any non-value added (NVA) steps, 

bottlenecks, and inefficiencies. During the ‘Improve’ phase, I identified potential solutions to 

address these root causes. I categorized these proposals to improve workflows into three 

groups: digital accommodation, administration support, and clinical assistance. The Lean 

Improvement methodology is also focused on ensuring the sustainability of the results in the 

long run. To support this ‘Control’ phase I suggested the prenatal team engage in a monthly 

review to discuss the status of implementing and evaluating these proposals and potential 

impact within the Prenatal Genetics Clinic. The next sections show in detail the results of the 

‘Analyze’ and ‘Improve’ phases through an analysis of workflow/process diagrams that were 

generated from the task analysis. 

The Lean workflow analysis was developed for all the workflows and then shared with 

the QIT team to refine the documentation of the workflows (i.e., were there any errors in our 

understanding of workflows?) and to assess whether and how the proposed solutions 
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resonated with the clinic in terms of feasibility or the desire to make the changes. Some of the 

workflow charts are presented in the next section, and please refer to Appendix B.2 for the 

complete package of Lean workflow diagrams.  

5.6.1 Triage Workflow 

Analyze Phase: GCs spend time on reviewing handwritten referrals from the primary care 

provider/referring doctor which may be difficult to read. The other bottleneck in triage occurs 

when a referral is received that is not for a pregnant individual but for their spouse which takes 

time to carefully sort out. In this case, the partner must be referred, not the prenatal patient 

(see Appendix B.2 for workflow diagram). 

Improve Phase: To improve the process of complete referrals, I discussed the use of fillable 

PDF forms which the Prenatal Genetics Clinic could ask all referring doctors to complete. 

Also, I suggested that the patient service clerk reviews the referrals to ensure they are not 

handwritten. This would result in clear referral forms and reduce the amount of time GCs 

spend time on second guessing the content of the letter. To overcome the second challenge, 

I suggested the help of a clinical assistant to review referrals during triage instead of GCs (see 

Appendix B.2 for workflow diagram).  

QIT Feedback: The Genetics Clinic submitted a request to Epic technicians to activate the 

forms on Epic, a process that takes time to implement. As for our suggestion that a clinical 

assistant reviews the referrals during triage, the QIT mentioned that triage is a medical task 

and requires a medical health provider to perform the task (see Appendix B.2 for workflow 

diagram). 
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5.6.2 Case Preparation/ Review Workflow 

Analyze Phase: I observed only a few case preparations, which take place 1-2 days before the 

appointment day, and documented the steps where GCs spend most of their time when 

reviewing cases. First, GCs spend time on reviewing the consent form and other necessary 

information in the patient’s chart followed by asking the patient service clerk to obtain any 

missing documents. The other bottleneck with case preparation is where GC’s spend time 

coordinating and adding appointments to the MD on-call’s calendar on Outlook, summarizing 

the case and including the Zoom link (see Appendix B.2 for workflow diagram). 

Improve Phase: To overcome the first challenge, I suggested the clinical assistant follow up 

with the patient service clerk to request and receive the missing documents before the 

appointment. To address the second challenge, I suggested that the Prenatal Clinic be run at 

specific times when the MD on-call is committed to being available every week. The review 

of cases can happen before the clinic starts and the MD’s appointments can be set up such 

that they overlap with the GC provider. The MD can then move from call to call to meet the 

routine patients and counsel the complex patients with the GC (see Appendix B.2 for 

workflow diagram). 

QIT Feedback: The QIT showed their interest in including the clinical assistant in activities 

before the patient’s visit, as the clinical assistant is only assigned tasks related to post-

consultations. As for booking MDs, the Genetics Clinic changed their service care model to 

include specific dates and times dedicated for patient consultations. These times are now clear 

in the GCs and MDs calendars and patient service clerks and administrative assistants can 

easily view these calendars to book consultations accordingly (see Appendix B.2 for workflow 

diagram). 
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5.6.3 Requisitions Workflow 

5.6.3.1 Ministry’s Approval Requisitions 

Analyze Phase: GCs expressed concerns about completing requisitions during the pandemic 

where the service care model is mostly virtual. GCs on call spend time finding pre-signed 

forms, filling out the forms by hand, and printing-out the patients’ stickers. Some of this 

work was accelerated with the addition of the clinical assistant. 

 
FIGURE 20 BOTTLENECKS OBSERVED WITH ‘MINISTRY’S APPROVAL REQUISITIONS’ WORKFLOW AT THE CLINIC 

 
Improve Phase: The solutions suggested to overcome the challenges listed above involved 

further investigating the use of Epic to move the requisition process to an electronic format 

to create fillable digital forms, where signatures and labels could be added to digital forms. The 

availability of tools in Epic was beyond the scope of this project, but nevertheless was 

recommended for further investigation to assist requisition workflows. Since this time, the 

Ministry of Health has moved to an on-line digital platform for submission of forms and 
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faxing is no longer an option; this modernization of the process will improve the management 

of this workflow for the clinical assistants working with the GCs. 

 
FIGURE 21 SUGGESTIONS TO IMPROVE ‘MINISTRY’S APPROVAL REQUISITIONS’ WORKFLOW AT THE CLINIC 

 
5.6.3.2 Lab Orders Requisitions 

Analyze Phase: Similarly, GCs faced challenges/bottlenecks with completing lab order 

requisitions. First, GCs spend time to obtain/print out a hard copy of the requisition form. 

Then, they spend time on filling out the forms by hand and printing out the patient’s labels. 

Upon completion, they make copies of the completed forms for their record. Also, GCs spend 

time on writing emails with instructions to their patients and to provide them with a copy of 

the requisition forms. From our observations, GCs used the ‘Smart Phrases’ tool in Epic to 

save any repeated phrases and instructions they use frequently to save them time from re-

typing the same information. However, for some GCs it took them time to recall the title of 

the saved phrases. Epic’s ‘Smart Phrases’ tool is a feature of the interface designed to help 

users recall previously used phrases where they begin by typing a few characters to initiate the 
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expansion of the larger, previously used phrase (Nitkin, 2019). However, recalling key 

characters/words to even recall the saved phrases seems to be a challenge and requires further 

investigation on possible usability issues with this specific feature in Epic. As a redundancy, 

the Prenatal Genetics Clinic also has a centralized file on a shared drive listing all the collective 

smart phrases, and the GCs also have their own phrases they use in drafting emails.  

 
FIGURE 22 BOTTLENECKS OBSERVED WITH ‘LAB ORDER REQUISITIONS’ WORKFLOW AT THE CLINIC 

 
Improve Phase: There could be advantages in further investigating Epic tools for e-

requisitions to create fillable forms and adding electronic signatures. In addition, Epic tools 

may allow GCs to save copies of the generated requisitions to the patient file and send these 

requisitions to the labs whether inside or outside CHEO through Epic. However, requesting 

changes related to Epic software takes time to be studied and implemented. Therefore, I 

suggested an alternative, interim solution, namely, to make the frequently used forms PDF 

fillable, where GCs could fill them out electronically, and add e-signatures as well as e-labels. 

To overcome the last challenge with sending instruction emails to patients, I suggested that 
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clinical assistants reduce GC’s workload by preparing these emails and sending them to 

patients, where they can save typical or standardized instructions in Outlook (e.g., instructions 

could be saved as part of a unique Outlook signature). 

 
FIGURE 23 SUGGESTIONS TO IMPROVE ‘LAB ORDER REQUISITIONS’ WORKFLOW AT THE CLINIC 

 
QIT Feedback on Both Requisition Processes: Our discussions with the QIT on the suggested 

solutions to improve requisitions workflow focused on the content design of the requisition 

forms, which differ from each other depending on the medical assessment required and the 

lab performing the testing. Also, they identified a need to centralize the hard copy of 

requisitions to be in a workstation made specifically for the Prenatal Genetics Clinic instead 

of being in different locations (currently they are in both the ‘Reception’ and ‘Communication 

Room’). This suggests the need to look at the design of the ‘Communication Room’ (current 

workstation for all the Genetics Clinic GCs and MDs) and plan it to meet the GCs needs. The 

other strategy discussed, which has now occurred, was to convert an office into the prenatal 
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on-call office and co-localize all necessary requisitions there. In addition, the Genetics Clinic 

has requested Epic technicians to activate e-requisitions, where GCs can fill out and submit 

requisitions directly through Epic. This way, GCs do not need to print out the patient’s label, 

as Epic would include the information on the form. As for our suggestion of assigning the 

sending of requisitions and instruction emails to patients, the clinical assistant is now preparing 

these emails and sending them to patients with the new changes in the clinics’ service model. 

 

 
FIGURE 24 SUGGESTED ‘TEST APPROVALS/ LAB ORDERS’ WORKFLOW AT THE CLINIC 

 
The discussion with the QIT revealed other underlying issues GCs face when 

completing requisitions. A significant problem they are facing involves the fetal record and 

mother’s record. On the system, the fetus has a different chart than the mother; however, the 

lab refers to the sample as a fetal sample instead of adding the sample to the mother’s file. 

Unfortunately, the QIT stated that the Genetics Lab does not want to change the process.  
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5.6.4 Results Follow-Up Workflow 

5.6.4.1 GCs Following Up on Results 

Analyze Phase: When GCs receive results from labs outside CHEO they transfer the faxed 

results into Epic. This process takes a long time and degrades the resolution of the results. 

Also, GCs spend time adding the follow-up appointment time and Zoom link to the MD on-

call’s calendar on Outlook and summarizing the case in the calendar invite. 

 
FIGURE 25 BOTTLENECKS OBSERVED WITH ‘RESULTS FOLLOW-UP’ WORKFLOW AT THE CLINIC 

 
Improve Phase: As discussed in the requisitions workflow, Epic tools may offer opportunities 

to reduce the steps and lags in these processes while improving the quality of information 

transfer. If CHEO staff are able to send requisitions to labs outside the hospital, then it may 

be able to receive results through the system. However, requesting changes to Epic software 

takes time to be implemented as already noted. Therefore, I suggested an alternative solution 
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- to ask administrative assistants to upload a high-resolution file of the results into the patient’s 

file on Epic, which can be accessed by the GC who is working remotely. 

 
FIGURE 26 SUGGESTIONS TO IMPROVE ‘RESULTS FOLLOW-UP’ WORKFLOW AT THE CLINIC 

 
QIT Feedback: Historically, the prenatal results were considered urgent, and there were delays 

in scanning them into Epic, which explains the reason the clinic requested labs outside CHEO 

to fax the results directly to the Prenatal Genetics Clinic. Now all results are uploaded directly 

into Epic, which validates our suggestions to utilize the Epic ‘Results’ tool. With the new 

service model implemented in early 2021, the Genetics Lab has modified the process of 

external lab results to reduce duplication and confusion caused by the number of copies of 

results being received, to ensure that the lab can meet its accreditation requirements by 

matching a result to every order, and to minimize the number of documents they receive by 

fax. The new process includes GCs placing the lab order, the result being faxed to the 

‘Administrative Assistant’s Office’ and entered from this office into Epic. 
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FIGURE 27 SUGGESTED ‘RESULTS FOLLOW-UP’ WORKFLOW AT THE CLINIC 

 
5.6.4.2 Referring Doctor Following-Up on Results 

Analyze Phase: When an administrative assistant receives a request from the referring doctor 

requesting a copy of the results for their patient, they send the request to the GCs to complete 

the task. GCs print out the requested documents and then fax them to the doctor, where the 

resolution of the document is degraded in the process (see Appendix B.2 for workflow 

diagram). 

Improve Phase: During the first week of observations, the GC on-call was responsible for 

completing this task. However, the clinical assistant took over this task in the second week of 

observations. To overcome these challenges, I suggested that the administrative assistant take 

over the task, since they have access to the patient’s file and can reply back to the referring 

doctor, when the doctor’s request is solely about missing results (see Appendix B.2 for 

workflow diagram). 

QIT Feedback: The QIT clarified that the task of providing results to referring physicians 

requires a medical staff member to look into the requests and make a clinical decision on what 
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to send to the doctor. Therefore, an administrative assistant could not support this task. In 

addition, the view of Epic to the stakeholders at the clinic is different, depending on the 

permission and functionalities given to them, so certain medical staff may not be authorized 

to do this task. Going forward, the clinical assistant will work with the GC to send the GC-

approved documents to the requesting physician (see Appendix B.2 for workflow diagram).  

5.6.5 Patient Follow-Up Visit Workflow 

Analyze Phase: I only observed one follow-up session during the observation sessions. The 

challenge I observed is that the MD took a long time to join the Zoom call, since they had 

booked patient consultations close to one another, rather than allowing time between 

consultations (see Appendix B.2 for workflow diagram). 

Improve Phase: To overcome the challenge noted above, I suggested that the design of the 

Prenatal Clinic schedule ensure that MDs have enough time between the patients to transition 

to the consult. (see Appendix B.2 for workflow diagram). 

QIT Feedback: The MD on the QIT confirmed the struggle I observed with MDs attending 

patient consultations as their calendars are closely booked with other obligations. The 

suggestion to dedicate the on-call MD time to the Prenatal Clinic was implemented and has 

largely alleviated this issue (see Appendix B.2 for workflow diagram). 

5.6.6 Writing Reports Workflow 

Analyze Phase: The challenge with writing reports on Epic is that the GCs can’t upload a file 

to the report, and their way to resolve this issue is to take a screenshot of the results, a process 

which may degrade the resolution of the results. 
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FIGURE 28 BOTTLENECKS OBSERVED WITH ‘WRITING REPORTS’ WORKFLOW AT THE CLINIC 

 
Improve Phase: As discussed in previous sections, there is a need to further investigate the 

capabilities of Epic tools to upload/attach documents to the final report. 

 
FIGURE 29 SUGGESTIONS TO IMPROVE ‘WRITING REPORTS’ WORKFLOW AT THE CLINIC 

 
QIT Feedback: The QIT corrected the workflow generated from our results. After GCs 

complete the form and determine the co-signing MD, the system routes the report to the MD 

to sign the report. The report gets faxed to the referring doctor through Epic ‘Auto-Fax’, and 

the patient can view it instantly through their personal health record on ‘MyChart’.  
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The QIT indicated that Epic does not allow users to download a document from the patient’s 

chart and attach it to the report feature. The copy-and-paste option that GCs are currently 

using is a workaround to overcome this challenge and complete the report task. They identified 

a risk associated with this work-around, namely a lapse in copying the required results to the 

final report. Also, they noted that long reports may crash the system. Further work with Epic 

tools may improve this workflow.  

 
FIGURE 30 SUGGESTED ‘WRITING REPORTS’ WORKFLOW AT THE CLINIC 

 

5.7 Summary of Results 

The archival analysis of previous studies from the clinic estimated time required for 

direct and indirect patient care prior to virtual care. However, there was a need for more robust 

data on the time spent on different tasks, particularly in the context of virtual care. Prenatal 

GCs shared their thoughts, concerns, and ideas regarding virtual care during a brainstorming 

session. They felt that time spent on tasks of the virtual care model was not reflective of the 

hours that had been previously documented. There was little known about the indirect time 

that GCs were spending on virtual care, such as preparing for the visit, sending requisitions, 

and writing reports. The results of the diary study revealed that prenatal GCs spend 55.85% 

of their clinic time on patient care, and 44.15% of their time on non-patient care, mainly on 

training activities. The main bottleneck identified for GCs working remotely was completing 
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paper-based tasks such as requisitions for procedures and tests performed at external sites, so 

these could proceed without delay (as they are of prime importance in the prenatal setting). 

The results and recommendations for improvements were categorized into a framework of 

three groups: digital accommodation, administration support, and clinical assistance. In the 

first group digital accommodations, I suggested exploring and utilizing the tools provided by Epic 

to complete pre- and post-consultation activities. For example, there may be potential offered 

by e-referrals, e-requisitions, and receiving results through the system. I observed interface 

design issues that caused the prenatal GCs to have difficulties using the system, and I suggest 

engaging with the CHEO Epic team to address some of these challenges. The second set of 

recommendations revolve around potential design opportunities in administrative support and 

clinical assistance, where re-defining the roles of patient service clerks and administrative 

assistants, and bringing in a new role, namely that of the clinical assistant (pre- and post-

consultation non-medical activities), in the patient delivery model could reduce the workload 

of GCs. This includes activities such as scheduling Prenatal Genetics Clinics with the MD on-

call to ensure availability for review of cases and for new and follow-up patient consultations. 

Recommendations from the administrative and clinical assistance groups have already been 

implemented in the form of a new scheduling strategy and a new support staff role focused 

on clinical assistance. The remaining recommendations will support the on-going 

development of a strategic plan for improving work efficiency across the patient service unit 

of the Department of Genetics.  
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Chapter 7: Chapter 6: Discussion 

The demand for Prenatal Genetics clinical care is rising which has increased pressure 

for GCs to become more efficient (Attard, Carmany, & Trepanier, 2019). Genetic Counsellors 

can improve access to their services by reducing the time spent on the tasks performed before 

and after a genetic counselling encounter, thereby increasing the number of patients they see 

(Attard, Carmany, & Trepanier, 2019). Genetic counselling traditionally has been a time-

intensive process while the need for genetic counselling services has grown recently (Stoll, 

Kubendran & Cohen, 2018). Traditional genetic counselling, which involves an in-person, 

one-on-one pre- and post-test model of counselling may not be the most efficient method to 

scale up services to reach an expanding patient population (Stoll, Kubendran & Cohen, 2018). 

Therefore, new service delivery models to increase efficiency and access to genetic counselling 

services are being implemented in a growing number of clinics (Stoll, Kubendran & Cohen, 

2018).  

Bottlenecks in patient care within genetics clinics are a growing concern in the 

healthcare field. Bottlenecks are defined as any step within a patient pathway that slows the 

overall rate of a patient’s progress, normally through a reduced capacity of availability 

(Lohmann & Klein, 2014). Balancing patient quality of care and efficiency is a rising issue in 

healthcare, where clinic workflow continues to be problematic for a variety of reasons, 

including factors such as limited or inefficient space design or unsustainable workload 

conditions - factors that may negatively impact patient wait times and lead to healthcare worker 

burnout (Flanary et al., 2020).  

The service delivery model of the Prenatal Genetics Clinic at the time of our study 

lacked a formal structure to ensure that the necessary providers were available during prenatal 

patient consultations and related pre- and post-consultation activities. This led to delays in 
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dealing with urgent patient matters or inefficiencies in providing care. Examples of time that 

could potentially be recouped to support the clinic include GCs spending time to find MDs 

to review cases, meet the patient, or ask triage questions; and MDs being pulled in 

unmanageable directions due to unpredictable schedule demands throughout the week.  

To support the on-going restructuring efforts of the clinic, our analysis included 

defining the activities performed at the Prenatal Genetics Clinic through archival analysis and 

stakeholder mapping, timing virtual care activities performed from home by GCs and 

observing on-site activities performed by the GC on call. I divided on-site tasks into subtasks 

to identify the artefacts, tools, techniques, and spaces involved in performing these activities. 

Using the Lean Improvement process has increased our understanding of the subtasks and 

bottlenecks in GC’s workflow to better inform strategies for improving workflows. In 

addition, I was able to identify tasks that non-medical staff of the Prenatal Genetics Clinic can 

perhaps perform to support GCs.  

Studies reviewed of genetics services show that providers spend a significant 

proportion of their work on tasks before and after the patient’s appointment, with a large 

variation evident across the studies – see Table 1 on page 10 (Bernhard et al., 1987; Bernhardt 

& Pyerit, 1989; Pletcher et al., 2002; Cooksey et al., 2006; & McPherson et al., 2008). The 

results of this study cannot be compared to the results in Table 1 because I observed fragments 

of the work done for different patients whether routine or complex, not a complete set of 

activities done for one patient. The studies reviewed highlight the importance of studying non-

patient-facing-related activities as well as the challenges facing genetics service providers to 

reduce time on patient-related activities before and after patient encounters. Although the 

studies in this area of health service delivery are limited, there are no published research 

describing a viable exemplar service delivery model for genetics clinics. The results of the diary 
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study and observation sessions provided us with a baseline to better understand the work 

being performed during pandemic conditions and through first ventures into virtual care. This 

study helped us highlight the potential challenges prenatal GCs face to reduce patient wait 

times in light of ‘work as done in reality’ under these conditions versus ‘work as imagined’. 

As per our discussion with the QIT, the Ontario Ministry of Health and Long-Term 

Care prescribes that 70% of clinical time be spent on patient related activities which includes 

direct and indirect care, and our study revealed that GCs spend 55.85% of their time (6 hours 

and 38.1 minutes average time per task), less than this recommendation. On the other hand, 

the data showed that prenatal GCs spent 44.15% of their time (5 hours and 14.66 minutes) on 

non-patient related activities, mainly on training activities, which accounted for 57.61% of 

non-patient related activity time, and 25% of the total activity time at the clinic.  

This approach should be applied within the context of other prenatal genetics clinics 

in Ontario to understand whether the 70% patient-care time is indeed attainable within the 

context of a tertiary care centre, where professional development is critical for sustaining 

knowledge and best practice in a rapidly changing field. Couple this with the high demand for 

genetics services, and it is reasonable to anticipate the need to train staff to manage their service 

to patients well and responsibly. In addition to learning new hospital-wide technologies and 

EMR systems, genetic staff must also learn the new tools and testing approaches developed 

in the genomics field. The diary study showed that Prenatal GCs spend around 181.3 minutes 

on training activities that includes supervising trainees and training new staff. Our data raises 

the question of how the need for training in tertiary care centres is reflected in the policies 

from the Ministry on Health, training which ultimately supports patient care. This study also 

points to the need to study non-patient care activities in more detail to understand how and 

why they are time intensive to support improvement. 
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6.1  Implementation and Impact of Virtualizing Genetics Service 

During COVID-19  

Before the COVID-19 pandemic, all staff at the Prenatal Genetics Clinic at CHEO 

worked on-site full-time providing an in-person service delivery model. The pandemic led to 

the rapid adoption of virtual care in healthcare delivery to maintain physical distancing 

measures and keep healthcare providers and patients safe. Recent studies have also examined 

the impact of virtualizing the service model of genetics services during pandemic conditions. 

A study from Columbia University Irving Medical Center (CUIMC) examined the impact of 

virtual care on staff and patient satisfaction. Like CHEO, the CUIMC conducted all outpatient 

appointments via video visits through their electronic health record (EHR) using Zoom since 

it allows for team-based care and multiple video conferencing participants, such as GCs, MDs, 

and other healthcare providers (Pereira & Chung, 2020). The results of the study showed the 

advantage of using video consultation in paediatric genetics care to observe patients in 

naturalistic settings, and that patients were able to invite extended family members to the 

consultation to translate, and provide accurate family history (Pereira & Chung, 2020). 

However, the study did not provide information on the pre- and post-clinical encounter 

workflows and how these were impacted by the pandemic.  

Another study from the Familial Cancer Clinic at the University Health Network in 

Toronto examined the impact of virtualising genetics services. The study showed that the rapid 

virtualisation of genetic services allowed the cancer genetics clinic to navigate the COVID-19 

pandemic without compromising clinical volumes or access to genetic testing (Norman et al., 

2020). However, the results of the study revealed a decrease in referral volumes and an uptake 

of genetic testing, which may be attributable to pandemic-related clinical restrictions and 
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decreased demand for tertiary care services (Norman et al., 2020). The study suggests that 

there were longer wait time for results as there was significant longer time for patients to have 

their blood drawn for testing (Norman et al., 2020). This was not observed at the Prenatal 

Genetics Clinic at CHEO and was not a concern that was discussed by the QIT. This may be 

because the Prenatal Genetics Clinic provides blood lab services at CHEO, not requiring 

prenatal patients to conduct their tests at external laboratories, or the urgency of the clinical 

situation in the prenatal setting.    

6.2  Thoughts on the Lean Improvement Process 

In the literature I reviewed on the implementation of Lean, one of the main barriers 

that was discussed was stakeholders’ resistance to change (Kaltenbrunne et al., 2019). I did not 

experience this issue with the QIT nor frontline stakeholders, possibly because: I did not rely 

solely on applying Lean methods, but rather, created a tailored strategy with stakeholders to 

suit the nature of pandemic conditions drawing on fundamental and appropriate research 

methods from human factors design with an emphasis on participatory research practice; I 

involved the Genetics Clinic leaders (the QIT) and front-line stakeholders in dialogue and in 

the process of decision-making/planning/designing the study and changes or refinements to 

the suggested tools (e.g., the diary) and solutions (e.g., the work diagram proposals). At front 

of mind throughout the study was that the QIT and front-line stakeholders know best their 

culture, conditions, and the goals they are trying to achieve to support continuous 

improvement at the Genetics Clinic. The role of the QIT in this study helped in encouraging 

the different stakeholders at the Genetics Clinic to take part in the study. However, the 

solutions suggested in the study through Lean are specific to segments of the workflow at the 

Prenatal Genetics Clinic and associations with space design. This may be a limitation of Lean 
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as it does not propose to study larger systems and their potential external impact, but rather, 

work arrangements or parts of the system. I saw, for example, the need to study Epic in more 

depth to support a more comprehensive understanding of the potential influence of the larger 

system and opportunity for more systemic improvements. 

6.3  Limitations and Challenges 

The study took place at a single clinic; therefore, the results may not be generalized to 

other genetics clinics. With the current pandemic, I faced a challenge observing typical clinical 

flows due to physical distancing restrictions and the limited amount of work that is currently 

taking place at the clinic. In addition, improvements suggested through this analysis were 

constrained to not increase the number of providers and support staff and avoid 

reconfiguration of the space. However, the study conditions offered an unprecedented 

opportunity given the rapid uptake of virtual care to study virtual care in its infancy. This study 

provided the systematic collection of detailed information on how a team adapted to novel, 

and presumably stressful sociotechnical conditions to inform future improvement projects. 

Many of the challenges facing the Prenatal Genetics Clinic are technical issues and related to 

utilizing the resources available in Epic. This study lacks the knowledge of Epic’s role and the 

tools and services that may be available to support a more comprehensive strategic plan for 

improvement. 

6.4  Future Work & Study 

It is necessary to keep evaluating the lasting effect of the pandemic on the models of 

genetics services at the Prenatal Genetics Clinic at CHEO and monitoring the modified 

process to study the changes that have been implemented for improving patient wait times. 
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This includes training all staff on the new processes to ensure no staff revert back to the 

previous methods.  As I have already noted, I also suggest the need to further explore Epic 

and the tools provided to improve efficiency in referrals, requisitions and writing reports.  

Our results suggest the need to further explore the non-patient related activities, in 

general, that are performed at the Prenatal Genetics Clinic which takes up to 44.15% of GCs’ 

time, especially training activities which take 181.3 minutes (or 57.61%) as an average time per 

task performed by GCs. Similar studies should also be conducted at other genetics clinics in 

Ontario and at the policy level to understand whether the provincial recommendations for 

time spent on patient care align with how these clinics work in reality.  
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Chapter 8: Chapter 7: Conclusion  

This study examined the efficiency of virtual care in the Prenatal Genetics Clinic 6 

months post implementation and to develop recommendations to improve clinical workflows 

for Genetic Counsellors (GCs) using human factors design methods. Our findings over 2 

weeks of observations show that prenatal GCs spend around 55.85% of their time on direct 

and indirect patient care, which is less than the guidelines provided by the Ontario Ministry of 

Health and Long-Term Care which prescribes that 70% of time be spent on patient related 

activities. With respect to the time GCs spend on patient related activities, GCs spend an 

average of 21.12% of this time on direct patient related activities (i.e., patient clinical 

encounter), an average of 15.85% of this time on indirect patient-related activities before 

patient consultation (i.e., case preparation and review, and triage), and 63.03% of this time on 

indirect patient-related activities after a patient consultation (i.e., on-call activities, 

documentation on Epic, requisitions, and results & follow-up).  

FIGURE 31 OVERALL AVERAGE TIME PER TASK SPENT BY GCS AT THE CLINIC 

Improving the availability and scheduling of Medical Doctors (MDs) and supporting 

patient-related activities with the addition of a GC clinical assistant are both strategies the 

Quality Improvement Team (QIT) have implemented and are currently being assessed. On 
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the other hand, the data reported showed that prenatal GCs spent 44.15% of their time over 

the course of 5 working days (1 work week) on non-patient related activities, mainly on training 

activities (57.61%) (i.e., supervising trainees, training new staff, teaching, and education 

rounds).  

Future studies focused on the non-patient related activities performed by prenatal GCs 

will be necessary to strategically facilitate a viable redistribution of their time to support patient 

flow through and wait times. This project provides a Lean Improvement toolkit to be used by 

any other division within the Genetics Clinic at CHEO. Some of these strategies were currently 

implemented at the Prenatal Genetics Clinic.  

Despite the growth of human factors in healthcare design and to the best of my 

knowledge, I believe this may be the first human factor/ ergonomics study focused specifically 

on the design of genetics services. This study provides a documentation of the time on tasks 

at the Prenatal Genetics Clinic, which the Clinic can compare with the Ministry’s 

recommendations. In addition, this study provides rigorous documentation of the small steps/ 

subtasks to process patients, which are visualized through 22 workflows along with 

recommendations for improvements. Some of these strategies are currently being 

implemented at the Prenatal Genetics Clinic. Finally, this project provides a Lean 

Improvement toolkit to be used by any other division within the Genetics Clinic at CHEO to 

assist the clinic improve the design of their services.  
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Appendix A.1.1 Departmant of Genetics - CHEO Approval 
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Appendix A.1.2 Carleton’s Research Ethics Board Approval  
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Appendix A.2 Diary Study Method 

Appendix A.2.1 1st Coloured Diary Study – Pilot Study  
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Appendix A.2.2 1st Grey-Scale Diary Study – Pilot Study  
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Appendix A.2.3 2nd Grey-Scale Diary Study – Pilot Study  
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Appendix A.2.4 Final Grey-Scale Diary Study  
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Appendix B Supportive Documents to Chapter 5 

Appendix B.1 Findings from Diary Study 
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Appendix B.1.1 Diary Study completed Excel sheets for each GC 
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Appendix B.1.2 Calculated Frequency and Average time per task per category 

Appendix B.1.2 A – Combined Data ‘Own Patient’ Category 

  

Task Category Task Performed TOTAL AVERAGE FREQUENCY Total per Task Category

Routine cases prep 890 27.8125 32 41.45535714

Case review with MD 191 13.64285714 14

Duration of NEW encounters 1300 54.16666667 24 84.08939394

Duration of results and follow-up encounters 493 24.65 20
Extra time for MD joining the encounter 58 5.272727273 11

3. Documentation Documenting in Epic 1801 33.35185185 54 66.82133059

Completing requistions, faxing 231 19.25 12 65.30128205

Emailing requisitions to patient with instructions 187 14.38461538 13

Taking papwework to GDL, patient blood lab 70 11.66666667 6

Taking MOH/RAMQ approvals to admin 20 20 1

Following-up on results (checking, tracking, calling labs) 237 11.28571429 21 46.42207792

Reviewing results, reviewing chart (+/- review with MD) 333 15.13636364 22

Booking a follow-up (yourself or request to admin) 40 20 2

Triaging routine referrals 238 21.63636364 11 21.63636364

Triaging referrals that require consultation with MD 0 0 0

Monitoring referrals and open spots 40 10 4 73.58333333

Liaising with clerk and admin 25 8.333333333 3

Responding to calls, pages 25 6.25 4

Answering questions from GDL, others 30 10 3

Checking mail boxes in the communications room and determine urgency 45 9 5

Review physical chart for providers for upcoming patients with charts on-site 30 30 1

Emails (reading and responding) 733 15.27083333 48 41.1910014

Voicemails 174 6.214285714 28

Communication with team 165 9.705882353 17
Other activity - Specify                                                                                                                                                                                                                                                                                                                                                                                   20 10 2

Supervising trainees 456 30.4 15 181.3

Training new staff 177 35.4 5

Teaching 60 60 1

Education (rounds) 111 55.5 2

10.  Meetings Meetings 909 47.84210526 19 47.84210526

Meeting action items 30 30 1 44.33333333

Conferences 0 0 0

Research 0 0 0

Special projects 86 14.33333333 6

Combined Data - Own Patient

11. Other activities

7. Other on-call 
activities

8. Daily Admin Tasks

9. Training Activities

1. Case Prep/ Case 
Review

2. Patient Encounters 
(Direct time virtual, in-
person and telephone)

4. Requisiting/ 
Completing 

Requisitions/Faxing

5. Results and follow-up 
Activities

6. Triage
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Appendix B.1.2 B – Combined Data ‘Other Colleagues’ Category 
  

Task Category Task Performed TOTAL AVERAGE FREQUENCY Total per Task Category

Routine cases prep 30 30 1 30

Case review with MD 0 0 0
3. Documentation Documenting in Epic 20 20 1 20

Completing requistions, faxing 30 15 2 27.7

Emailing requisitions to patient with instructions 0 0 0

Taking papwework to GDL, patient blood lab 15 7.5 2

Taking MOH/RAMQ approvals to admin 5 5 1

Following-up on results (checking, tracking, calling labs) 30 15 2 25

Reviewing results, reviewing chart (+/- review with MD) 10 10 1

Booking a follow-up (yourself or request to admin) 0 0 0

Triaging routine referrals 10 10 1 40

Triaging referrals that require consultation with MD 30 30 1

Monitoring referrals and open spots 5 5 1 5

Liaising with clerk and admin 0 0 0

Responding to calls, pages 0 0 0

Answering questions from GDL, others 0 0 0

Checking mail boxes in the communications room and determine urgency 40 10 4

Review physical chart for providers for upcoming patients with charts on-site 0 0 0

Emails (reading and responding) 0 0 0 15

Voicemails 15 15 1

Communication with team 0 0 0
Other activity - Specify                                                                                                                                                                                                                                                                                                                                                                                   0 0 0

Supervising trainees 0 0 0 0

Training new staff 0 0 0

Teaching 0 0 0

Education (rounds) 0 0 0
10. Meeting Meetings 0 0 0 0

Meeting action items 0 0 0 0

Conferences 0 0 0

Research 0 0 0

Special projects 0 0 0
Grand Rounds 0 0 0

Wellness Break 0 0 0

Coffee Break 0 0 0

BORN Entry 0 0 0
Triage Docuemnt for training 0 0 0

GC Social 0 0 0

Set-up voicemail to email 0 0 0

Creation Epic smart phrases 0 0 0

Combined Data - Other Colleagues Updated 

11. Other activities

9. Training Activities

1. Case Prep/ Case 
Review

4. Requisiting/ 
Completing 

Requisitions/Faxing

5. Results and follow-up 
Activities

6. Triage

7. Other on-call 
activities

8. Daily Admin Tasks
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Appendix B.2 Results from Lean Improvement process 

B.3.1 Triage Workflows 

Bottlenecks 
observed 
with ‘Triage’ 
workflow at 
the Prenatal 
Genetics 
Clinic 

 

 

 

 

 

 

 

Suggested 
solutions to 
improve 
‘Triage’ 

workflow at 
the Prenatal 
Genetics 
Clinic 
 

 

Handwritten
Referrals

Referral for 
prenatal but the 

genetics condition 
is from the 

spouse’s side

Create a fillable 
PDF form and 
ask referees to 
fill them out

Clerk reviews 
the referrals and 
make sure they 

are not 
handwritten

Clinical Assistant 
take over Triage 

activity

Handwritten
Referrals

Referral for 
prenatal but the 

genetics condition 
is from the 

spouse’s side

Digital Accommodation
Administration

Clinical Assistance
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Suggested 
‘Triage’ 

workflow at 
the Prenatal 
Genetics 
Clinic 
 

 

 
B.3.2 Case Preparation/ Case Review Workflows 

Bottlenecks 
observed 
with ‘Case 
Preparation
/ Review’ 
workflow at 
the Prenatal 
Genetics 
Clinic 

 

 

Consent forms 
were missing, found 
about when when 
preparing for the 

case (1-2 days before 
the 

appointment 
day)

GC writes a note 
when inviting the MD 

to the visit, 
summarize the case 
and including the 
zoom link .. No 
patient info 
included in 
the email
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Suggested 
solutions to 
improve 
‘Case 

Preparation
/ Review’ 
workflow at 
the Prenatal 
Genetics 
Clinic 
 

 

Suggested 
‘’Case 

Preparation
/ Review’ 
workflow at 
the Prenatal 
Genetics 
Clinic 
 

 

 
  

Consent forms 
were missing, found 
about when when 
preparing for the 

case (1-2 days before 
the 

appointment 
day)

GC writes a note 
when inviting the MD 

to the visit, 
summarize the case 
and including the 
zoom link .. No 
patient info 
included in 
the email

Clinical Assistant 
follows up with 
Clerk to receive 

missing 
documents before 

appointment

Clerk adds the 
appointment to the 
MD’s calendar when 

booking the 
appointment and 
add the zoom 

link

Utilize Epic to use its 
Calendar to be 

viewed by GCs and 
MDs

Digital Accommodation
Administration

Clinical Assistance
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B.3.3 Referring Doctor Following-Up on Results Workflows 
 

Bottlenecks 
observed with 
‘Referring 

Doctor Follow-
up’ workflow at 
the Prenatal 
Genetics Clinic 

 

Suggested 
solutions to 
improve 
‘Referring 

Doctor Follow-
up’ workflow at 
the Prenatal 
Genetics Clinic 

 

 
 
 
  

Lose the 
resolution 
along the 
process 

Admin has 
access to Epic, 
why leave it to 

GCs?

Lose the 
resolution 
along the 
process 

Admin has 
access to Epic, 
why leave it to 

GCs?

Admin  uploads 
a high-resolution
file of the results 
into Epic when 
receive them

Admin  obtains 
the requested 

reports from Epic

Digital Accommodation
Administration

Clinical Assistance
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B.3.4 Patient Follow-Up Consultation Workflows 

Bottlenecks 
observed 
with ‘Patient 
Follow-up 
Consultation
’ workflow 
at the 
Prenatal 
Genetics 
Clinic 

 

 

Suggested 
solutions to 
improve 
‘Patient 
Follow-up 
Consultation
’ workflow 
at the 
Prenatal 
Genetics 
Clinic 
 

 

 

 

 
 
 
 

Took MD 14 
min from the 
first message 
the GC sent to 
join the call

done

Digital Accommodation
Administration

Clinical Assistance

Took MD 14 
min from the 
first message 
the GC sent to 
join the call

Admin makes 
sure MD’s 

calendar has time 
between 

appointments

done


