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Abstract

Rationale & Objective: Infection prevention efforts in dialysis centers can avert patient 

morbidity and mortality but are challenging to implement. The objective of this study was to 
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better understand how the design of the work system might contribute to infection prevention in 

outpatient dialysis centers.

Study Design: Mixed methods, observational study.

Setting & Participants: Six dialysis facilities across the United States visited by a 

multidisciplinary team over 8 months.

Analytical Approach: At each facility, structured macroergonomic observations were 

undertaken by a multidisciplinary team using the SEIPS 1.0 model. Ethnographic observations 

were collected about staff encounters with dialysis patients including the content of staff 

conversations. Selective and axial coding were used for qualitative analysis and quantitative data 

were reported using descriptive statistics.

Results: Organizational and sociotechnical barriers and facilitators to infection prevention in the 

outpatient dialysis setting were identified. Features related to human performance, (eg, alarms, 

interruptions, and task stacking), work system design (eg, physical space, scheduling, leadership, 

and culture), and extrinsic factors (eg, patient-related characteristics) were identified.

Limitations: This was an exploratory evaluation with a small sample size.

Conclusions: This study used a systematic macroergonomic approach in multiple outpatient 

dialysis facilities to identify infection prevention barriers and facilitators related to human 

performance. Several features common across facilities were identified that may influence 

infection prevention in outpatient care and warrant further exploration.

Infections remain the second leading cause of mortality in patients receiving dialysis.1,2 

The Centers for Disease Control and Prevention (CDC) has provided evidence-based 

recommendations and best practices to prevent infections in dialysis patients.3 Staff 

adherence to recommended practices is often imperfect, and failure to adhere has been 

recognized as a contributing factor in the occurrence of dialysis-related infections.4–6

To better understand these departures from best practice and related barriers and facilitators 

to infection prevention, the CDC and the American Society of Nephrology (ASN) initiated 

a national taskforce, Nephrologists Transforming Dialysis Safety (NTDS), with the goal 

of “Targeting Zero Infections” within outpatient dialysis facilities.7 These groups further 

sought to understand the infection prevention-related behaviors of individuals within the 

dialysis work setting in order to develop more sustainable solutions.

Human factors engineering (HFE) focuses on understanding human capabilities and 

limitations, whether they be cognitive, interpersonal, or physical, and promotes use of 

that knowledge to inform the design of work, environment, or technology so that the 

work is designed to fit the human. There are 3 core elements of the field of HFE: (1) 

using a systems-oriented perspective (rather than individual or team-oriented), (2) focusing 

on the design of the system and its impact to human performance, and (3) seeking 

joint optimization of human performance and human well-being.8 The idea that larger 

organizational context and sociotechnical systems influence patient safety and quality of 

care has led to the integration of macroergonomics into health care quality and patient/

employee safety initiatives.9,10 The field of macroergonomics and systems science has 
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shown that there are significant, complex issues within the design of our systems of care that 

also influence human performance and outcomes.11–13 Macroergonomics, an area of study 

within the field of human factors, explores the organizational and sociotechnical context 

of work activities and processes to align with these core elements.14 A macroergonomic 

approach involves acknowledgment of specific problems while identifying system-level 

influences on lower-level phenomena.15

Different macroergonomic models, such as the Systems Engineering Initiative for Patient 

Safety11 (SEIPS) or SocioTechnical Systems (STS) model, have been widely used to explore 

the impact of systems factors on frondine health care work.11,16–19 To gain insight into the 

system influences on provider and patient performance, SEIPS evaluates 5 unique aspects 

of a system: organization, people, task, technology, and physical environment. Interactions 

of each of these aspects are evaluated as they relate to clinical care processes and outcome 

measures. Specifically, there has been work focused on applications of macroergonomic 

approaches within dialysis to show the feasibility of exploring infection prevention using 

this approach.20

A gap remains between the insights developed through systems-based approaches and actual 

practice change. In this exploratory evaluation, we sought to better understand how the 

design of the work system influences adherence to infection prevention standards in dialysis 

facilities. The overarching purpose of this work is to provide a qualitative foundation that 

could inform future interventions that might improve adherence to recommended infection 

prevention practices.

Methods

A mixed-method exploratory evaluation was conducted with a convenience sample of 6 

outpatient dialysis centers across the United States from August 2018 to April 2019. A 

separate initial pilot-facility visit was conducted to test the data collection tools and help 

better understand the logistical issues of a dialysis center (eg, where in a dialysis facility to 

stand to conduct observations but not interrupt patient care). The initial pilot facility data 

were not included in the analysis. The centers were recruited through ASN representatives 

(K.A.L., A.S.K., R.E.G., and others) via an online sign-up portal. The online sign-up 

asked about patient population, location, and willingness to host the team. Our goal was 

to include large dialysis organizations (LDOs), small dialysis organizations, for-profit and 

not-for-profit facilities, academic and nonacademic, and adult and pediatric units. If a center 

expressed interest, ASN representatives worked directly with leadership from each site and 

then with legal representatives and others to ensure that all concerns were addressed.

At all facility visits, the team included 3 human factors engineers, and a minimum of 

1 expert in dialysis infection prevention, 1 nephrologist, and 1 nephrology nurse. The 

facilities included both pediatric and adult outpatient dialysis centers, those owned by large 

for-profit and not-for-profit dialysis organizations, and an academic center. For most of the 

participating sites, NTDS leaders volunteered their own facility; for some of the facilities, 

the NTDS member was also a dialysis organization leader and connected us with a facility 

within their organization. A connection was made with the nurse manager and medical 

Parker et al. Page 3

Am J Kidney Dis. Author manuscript; available in PMC 2024 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



director of the facility in advance of the visit, and ASN staff collaborated on details of the 

visit with the nurse manager. The facilities were notified in advance, and dates were planned 

with the facilities.

Structured observations were obtained using the SEIPS 1.0 model. We chose SEIPS because 

of its health care origins, and chose 1.0 as the simplest representation of the interconnected 

macroergonomic factors. Encounters were defined as a staff member entering the patient’s 

dialysis station to perform a task with the dialysis patient or with the associated equipment 

in the patient station. The “patient dialysis station” was defined as the immediate vicinity 

of the dialysis chair, chairside table, dialysis machine, and/or adjacent computer station. 

Definitions of the terms used in this approach are described in Table 1.

Several types of data were collected. First, structured and unstructured ethnographic 

observations were conducted on the treatment floor. Ethnography is a method used in 

social and behavioral sciences in which observations of individuals are gathered in their 

natural environment rather than in a laboratory. The goal of an ethnographic approach is to 

gain insight into how individuals interact in their natural environment. Second, qualitative 

information was gathered from staff conversations as a group or individually.

Finally, direct environmental data (eg, quantitative measurements of noise and lighting 

using consumer apps) were captured. The data collection focused on 4 infection prevention 

processes: environmental disinfection of the dialysis station, hand hygiene, injection safety 

(ie, injectable medication preparation and administration), and central venous catheter 

(CVC) and arteriovenous vascular access (fistulae/graft) care. These processes have been 

identified as central to infection prevention.21

During observations of these processes, we assessed and identified system components such 

as human factors, work system factors, and extrinsic factors (Table 2). Human factors are 

those issues that are intrinsic to humans and impact their performance. Here we highlight 

distractions (ie, interruptions, alarms), task stacking, and perceived differences between what 

items are considered “clean” and what are “dirty” and when. Work system factors are those 

that impact human performance but are not intrinsic to individuals. These factors are part 

of the design of the work system, including contributions of the physical environment, 

workflow scheduling, and policies and procedures. Extrinsic factors are those that are 

outside the control of the individual or work system.

Objective, quantitative observations, such as time on task, were recorded in the TimeCaT 

3.9 application (HICAPPS SpA). Structured observations were also conducted specifically 

on the task of environmental disinfection using link analysis, which is a method to track the 

time and motion of staff. Unstructured ethnographic observations were manually recorded 

with paper and pencil.11,16‘18 Routine care was observed at patient stations (such as catheter 

care). If observed, tasks not directly related to the 4 process areas of focus were also 

recorded (eg, adjusting dialysis machine settings, gathering supplies, completing routine 

patient assessments, documenting in the electronic medical record, silencing an alarm, or 

visualizing a patient’s blood lines). Observers identified system design factors that might 

influence staff performance on infection prevention tasks, thereby mitigating or escalating 
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the risk of an avoidable infection. The observations were not intended to assess for “errors” 

per se but rather to gather objective and subjective information regarding the work-system of 

the facility.

To assess staff perceptions of safety and infection prevention, facility staff were engaged 

in semistructured conversations. Open-ended questions were posed to elicit system or work 

culture challenges and facilitators perceived by staff. During observations on the treatment 

floor, brief inquiries to the staff may have been made. These inquiries were semistructured 

and focused on staff-reported challenges or facilitators related to infection prevention.

The team conducted exit discussions with facility leadership and issued each a follow-up 

summary of our observations and the opportunity to discuss the report with the research 

team. These conversations were led by individuals with experience in quality improvement 

and patient safety (S.H.P., L.D.W.), with significant attention paid to how the feedback was 

framed and might he received. Facility reports were not binding in any way to participation 

in this study, did not include individual staff or patient identifying information, and were not 

shared publicly.

This activity was reviewed by CDC and was conducted consistent with applicable federal 

law and CDC policy (45 C.F.R. part 46, 21 C.F.R. part 56; 42 U.S.C. §241 (d); 5 U.S.C. 

§552a; 44 U.S.C. §3501 et seq.). Virginia Tech’s institutional review board determined this 

work to be not human subjects research (18–911).

Analysis

TimeCaT 3.9 data included time stamps and task information that were analyzed using 

descriptive statistics. Hand hygiene, alarm, and interruption occurrences (per minute) were 

calculated where appropriate to facilitate comparison. Standard link analyses to objectively 

track and describe the interactions between the staff and the physical layout of their working 

environment were performed at each facility. Qualitative data from staff conversations were 

analyzed using selective and axial coding.22 We did not conduct statistical analyses to 

determine the significance of the components; rather, we report observations as high-level, 

qualitative results.

Results

Over the course of approximately 2.5 days per facility, a total of 157.5 hours of facility 

observations were conducted. Observations occurred across hours of facility operations, 

including early morning start and evening shift (Table 3).

Human Factors

Interruptions—Of all encounters observed (n = 479), 92 encounters (19%) had 1 or more 

interruptions. Of the 92 encounters with an interruption, 42 encounters (45.7%) had 2 or 

more interruptions. Examples of interruptions included a coworker requesting assistance or a 

phone call that took the caregiver away from the primary task.
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Alarms—The average time for a patient to be connected to start treatment was 14 minutes; 

the mean number of alarms that occurred during that interval was 1.95 ± 2.49 SD. Of all 

encounters observed (N = 479), 243 encounters (50.7%) had 1 or more alarms occur. Staff 

comments reinforced the notion that alarms were prevalent and disruptive. One staff member 

identified that “the machine at the next station [alarms, which] causes you to grab a glove 

and poke at the machine, but then you have to change the glove.” Another individual stated, 

“The machine alarms before we have time to prep catheter ports during disconnection,” 

suggesting a misalignment between machine programs and corresponding work processes. A 

technician observed, “It’s like babysitting a child, you’ve got to calm it down and then ask 

nicely” when referring to the alarm frequency and utility.

Table 4 describes interruption events (alarms and interruptions) during connection, 

disconnection, medication administration, and disinfection of the station.

Task Stacking—When staff were performing 1 task, they were also simultaneously 

performing 1 or more additional tasks (task stacking) about 76% of the time (Fig 1). 

Individuals performed a single task just 24% of the time across all observed encounters.

Understanding of “Clean” and “Dirty”—The terms “clean” and “dirty” are used by 

staff to describe a wide array of different items, surfaces, and areas within the facility (eg, 

the handwashing sink is labeled “dean sink” while sinks used to soak hemostat damps 

are labeled “dirty sink”). The delineation between dean versus dirty spaces and items was 

noted by many staff to be inconsistent, process dependent, and temporally driven, making 

infection prevention and hand hygiene policies and procedures difficult to understand and 

follow. For example, during one observation, a staff member asked, “How is it possible that 

the computer between patient stations is dean? It’s not—it could be cross contaminated. 

Is it considered dean? I don’t know.” Staff repeatedly expressed that it was not dear 

why something was considered dean or dirty. “[Going from] patient [contact] to machine 

[contact] is considered dirty to dirty; however, [going from] machine [contact] to patient 

[contact] is considered dean to dirty.” “[You] can’t set up the dialysis machine until patient 

in the station leaves, but there’s another patient sitting on the other side [equidistant away], 

so why is that different?” When some staff were asked, “What are your triggers to know 

when to do hand hygiene?” the responses were inconsistent and nonspecific: “Whenever I 

feel like I need to,” or “Whenever I enter or leave the station.”

Work System Factors

Physical Environment—Link analysis showed wide variation in work practices; for 

example, a staff member in one facility required 24 links (physical motions between 

equipment) while a staff member at another facility required 12 links to complete 

environmental disinfection of the dialysis station (Fig 2). Differences such as these could be 

the result of variation in the facility policies, layout, equipment, interruptions, preferences of 

the individual staff performing the procedures, and/or other factors. No judgment about the 

quality of cleanliness (thoroughness or completeness) can be inferred because no measure of 

cleanliness was assessed.
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Several elements of the physical design were identified as possible barriers or facilitators 

to infection prevention. At one facility, a staff member was observed to be unable to open 

the dialysis chair sections to perform environmental disinfection due to the arms of the 

chair being too close to an adjacent wall. As a result, the staff member could not physically 

reach interior-facing surfaces of the chair. Another example of the influence of the physical 

space design is the use of clocks during catheter hub disinfection. Easily visible clocks were 

available at some facilities, and the team observed staff using them to time disinfection of 

the catheter hub during CVC care.

Several staff members described machine alarms and facility noise as “disruptive” and as 

“a distraction” from the task at hand. Sometimes organizational factors combine to make 

it difficult to achieve hand hygiene goals. For example, a technician’s ability to perform 

hand hygiene is influenced by organization-level constraints such as how many patients that 

individual is assigned to care for and the location of the hand sanitizer in accordance with 

workflows.

Workflow Scheduling—Staff described a lack of alignment between the workflows 

anticipated in facility policies and the “real time” workflows of the facility. Patient 

scheduling was observed to be very rigidly timed, and limited flexibility in turnover 

time was identified at multiple centers. Although intervening events such as transportation 

delays, treatment interruptions for patients’ needs, difficulty with access cannulation and/or 

delayed hemostasis were routinely observed, extra time was not routinely allotted for such 

occurrences.

As shown in Figure 3, patient disconnection and connection activities often overlapped. Five 

patients were scheduled for disconnection at the same time by 3 staff members in 3 different 

pods. When scheduling overlaps, staff ability to assist coworkers is limited. Staff commented 

that the “acuity of the patient is not accounted for in the time allotment” and “cleaning has 

to begin before the patient leaves; it allows us more time between patients” and “[there are] 

several steps with a CVC, but we are not given enough time to complete [the steps].”

Policies and Procedures—We observed variability in policies and procedures among 

facilities and in strategies individual staff used to complete tasks even within the same 

facility. Sometimes work as performed included more steps in practice than were included 

in facility policy; for example, there may have been more opportunities for hand hygiene in 

practice than was described in the policy for catheter connection.

Culture/Leadership Engagement and Other Facilitators—Staff members at several 

facilities stated that their colleagues and team were facilitators of supportive work culture. 

At 2 facilities, we observed morning team meetings led by the center director, which 

included the plan for the day and any updates to available resources or possible challenges 

during the day. We observed the leaders running the meeting and engaging in the work 

of their staff (eg, presence on the floor during opening hours). We observed facilitators 

for adherence to infection prevention that were facility specific. For example, one facility 

had easy access to bleach solution for disinfection. This facility has a secondary tap 

that proportions and dispenses a continuous supply of bleach solution in 2 available 
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concentrations (1:10 and 1:100 dilutions). Another facility had a skilled staff member in 

a support role rather than being assigned to specific patient care tasks. This staff member 

was available to assist with various tasks, including gathering supplies and cleaning.

Extrinsic Factors

Patient Factors—A number of staff members noted that extrinsic factors related to patient 

hygiene, transportation, access cannulation, and hemostasis can randomly and unpredictably 

disrupt the flow of care and compromise compliance with infection control procedures. 

Although these issues are not within the control of a dialysis facility, they certainly influence 

the work occurring within the facility.

Discussion

Infection prevention in outpatient hemodialysis is highly related to staff behavior, 

specifically adherence to recommended hand hygiene, environmental disinfection, injection 

safety, and catheter care practices.6 This study does not offer tested solutions but a better 

understanding of how the system design influences normal infection prevention-related 

work.

Our findings suggest that there are many macroergonomic factors influencing human 

performance. This type of assessment can help to identify barriers and facilitators 

of infection prevention practices within dialysis facilities. System level observations 

demonstrated that interruptions, alarms, and task stacking occur commonly and can be 

barriers to the timely and thorough execution of infection control processes. The impact of a 

disruption is determined by the duration of the interruption, the complexity of the task being 

interrupted, the complexity of the distracting task, and the moment of interruption.23–25 

Distractions related to machine alarms and those related to task interruptions, which are 

pauses in the original task, have been previously described. These types of interruptions are 

known to increase errors.26 Nuisance alarms can increase staff stress, unnecessarily increase 

the need for machine interaction and hand hygiene tasks, lead to alarm fatigue, and can harm 

patients by delaying the time to alarm response.27 Task stacking may require substantial 

cognitive resources (visual, auditory, tactile, verbal, or spatial), which compounds the 

difficulty of the focused clinical task, especially if the task is being performed under 

pressure of time.28

Dialysis-related infection prevention procedures require rigorous attention to complex tasks, 

manual dexterity, and attention to patient-related factors. Patient and dialysis shift turnover 

time was observed to be particularly busy, and time pressure was a common theme among 

staff comments. In this instance, the sheer volume of tasks and the perception of feeling 

rushed could influence individual caregivers’ ability to adhere to infection prevention tasks. 

Our observations suggest that there may be a mismatch between the time available and 

expectations for performance. One expert told us, “[This is] an ICU-type procedure, that 

would ideally be conducted in an inpatient sterile setting, being done outpatient with 

providers who often have much less training and expertise.” Human/system factors may 

be inadvertently aligned to test human limitations and thereby challenge compliance with the 

processes of infection prevention.
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The study also showed differences in the design of the physical layout and the steps taken 

during our link analysis data collection. The difference could be the result of facility 

policies, layout, individual staff performing the procedures or other features. We caution 

over-interpretation of this finding as “optimal” or “suboptimal.” Rather, the result is that 

there are simply observed differences in practices across facilities.

System level observations and staff conversations also highlighted that external patient-

related factors such as transportation issues and late arrivals (“Patients are slow to leave 

because of clotting or other things, and others arrive early. Some have to get taken off 

[dialysis] early … for transportation”), and internal in-center factors, such as scheduling, 

workflow, and facility design can exert pressures on strict compliance with infection control 

procedures. For example, although the time allotments between patients may appear to be 

adequate, they may be insufficient when viewed in the context of facility workflow, which in 

turn can inadvertently lead to staff workarounds that bypass infection prevention procedures. 

Future studies should further consider the benefits of patient and clinician stories, which 

might provide further insight into how work is performed on a daily basis.

Several of the facilitators for infection prevention identified in this study were related to 

teamwork and leadership. Although not measured here, previous work has highlighted the 

importance of frontline leadership’s engagement in safety-related behaviors and the resulting 

increase in follower safety behavior.28 In addition, a culture of safety is highly related 

to daily engagement and communication, and leaders asking the frontline staff to discuss 

ongoing issues.6–16 We did not observe these behaviors occurring consistently across all 

facilities in our exploratory sample. All units were made aware of the dates of the site visits. 

Although this is imperative for planning purposes, it also may have resulted in changes to 

staffing or additional training before our visit.

The data here represent a very small subset of hemodialysis centers across the United States. 

Our design was descriptive, so statistical comparisons are not available or appropriate. The 

results presented here should be interpreted with caution. Further validation of use of the 

SEIPS model in a follow-up study is necessary. We chose to use the most basic SEIPS 

model, version 1.0, but there are other, more nuanced versions of the model available in the 

literature, which could and should be considered for future studies. Although our coding was 

overall consistent and we used a structured coding system, we did not measure interrater 

reliability, and unintentional bias was not assessed.

Our study is exploratory and our conclusions meant to be hypothesis-generating. 

Nonetheless, the consistency of our findings across several geographies and types of dialysis 

facilities does raise important considerations about the relationship of macroergonomic 

factors for infection prevention. One major limitation of our work is the Hawthorne effect, 

which is likely inevitable when an unfamiliar group comes to visit. In addition, despite 

significant effort to ensure the sites and frontline workers were aware that the visits were not 

“audits,” some of the comments from the staff made it very clear that they were concerned 

about our presence and doing “the correct procedure.” This is an inherent limitation of 

observation methods, but we attempted to mitigate it by showing our notes to the staff 

if they asked to see them and by conducting briefings and out-briefings with leadership. 
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Scheduled visits (rather than unannounced) were necessary for this study. It is difficult to 

interpret, as a short-term visitor, whether a unit is doing work as usual, but our assumption 

is that it is unlikely. Even so, we observed challenges, particularly germane if the unit was 

overstaffed for our benefit. Future studies should attempt to alleviate the obtrusiveness and 

disruptiveness of these kinds of visits; however, this would take significant organizational 

engagement and trust at a high level.

The data from our evaluation suggest that the complex constellation of human skills required 

for the optimal completion of infection prevention tasks within dialysis may be significantly 

affected (both positively and negatively) by the design of our systems of care. Dialysis 

operators and facility medical directors may find that an assessment of human factors in 

their dialysis unit will shed light on facilitators and barriers to infection prevention and other 

safety procedures, and lead to better facility workflow design. Further studies should explore 

how to incorporate these concepts into our risk-reduction strategies to help mitigate infection 

risks to patients and staff.
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Figure 1. 
Percent of encounters by maximum number of overlapping tasks performed by the staff 

member (N = 479). During 76% of encounters observed, staff performed 2 or more tasks 

simultaneously (task stacking).
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Figure 2. 
Link analysis visually capturing staff motion through the facility to complete environmental 

disinfection of the dialysis station in 2 facilities. Differences such as these could be the result 

of variation in the facility policies, layout, interruptions, and/or preferences of the individual 

staff performing the procedures.
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Figure 3. 
Patient arrival and treatment times for 24 patients treated in 12 dialysis stations on 1 day in a 

single facility. A pod is defined as a group of patient stations. The graph depicts 3 pods with 

4 patients with staggered arrival times. Circles indicate 5 patients had treatments scheduled 

to end at the exact same time. One dialysis technician is assigned to each pod.
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Table 3.

Facility Visit Information and Observation Data

Observation Data

Facilitya

B C D E F G Total

Days at facility 3 2 3 3 3 3 17

Hours of observation 23 23 28 30 35 19 158

No. of encounters 74 61 104 72 86 82 479

No. of link analyses 10 5 8 6 7 6 42

a
Facility A was a pilot facility and was intentionally left out of the analysis data set.
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