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Abstract

Hospitals are complex environments that rely on clinicians working together to provide 

appropriate care to patients. These clinical teams adapt their interactions to meet changing 

situational needs. Venous thromboembolism (VTE) prophylaxis is a complex process that occurs 

throughout a patient’s hospitalisation, presenting five stages with different levels of complexity: 

admission, interruption, re-initiation, initiation, and transfer. The objective of our study is to 

understand how the VTE prophylaxis team adapts as the complexity in the process changes; we do 

this by using social network analysis (SNA) measures. We interviewed forty-five clinicians 

representing 9 different cases, creating 43 role networks. The role networks were analysed using 

SNA measures to understand team changes between low and high complexity stages. When 

comparing low and high complexity stages, we found two team adaptation mechanisms: (1) 

relative increase in the number of people, team activities, and interactions within the team, or (2) 

relative increase in discussion among the team, reflected by an increase in reciprocity.

Practitioner Summary

The reason for this study was to quantify team adaptation to complexity in a process using social 

network analysis (SNA). The VTE prophylaxis team adapted to complexity by two different 

mechanisms, by increasing the roles, activities, and interactions among the team or by increasing 

the two-way communication and discussion throughout the team. We demonstrated the ability for 

SNA to identify adaptation within a team.
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1 Introduction

Hospitals are complex sociotechnical systems that rely on multidisciplinary teams to provide 

appropriate, timely care to patients (Carayon et al. 2006; Mitchell and Golden 2012). In 

complex environments, such as hospitals, situational requirements and demands are often 

changing (Flach 2012). Teams adapt to complex environments (Hollnagel 2012) with 

changing situational requirements by adjusting their interactions and structure to coordinate 

their activities and effectively meet the demands of the situation (Baard et al. 2014; Burke et 
al. 2006; Salas et al. 2007). In this study, we examine healthcare team adaptation to complex 

situations related to venous thromboembolism (VTE) prophylaxis (i.e., prevention of VTE). 

The objective of the study is to quantitatively assess team adaptation in response to different 

levels of complexity in the VTE prophylaxis process throughout a patient’s hospital stay; we 

do this using social network analysis (SNA) measures.

1.1 Venous thromboembolism

VTE chemical prophylaxis (i.e., administering medication to prevent VTE) is a complex 

process that occurs throughout a patient’s hospital stay. VTE is made up of deep vein 

thrombosis (DVT) and pulmonary embolism (PE), which together account for 10% of in-

hospital mortality each year in the US (Heit et al. 2005). Approximately 900,000 VTE cases 

occur each year, with two-thirds of cases being hospital-acquired (Heit et al. 2005). VTE is a 

complex clinical condition due to the multiple factors that impact a patient’s risk of 

developing VTE, including age, medical condition, surgery type, duration of immobilization, 

and underlying hypercoaguable state (e.g., cancer) (Shojania et al. 2001). In an effort to 

reduce mortality and complications due to VTE, the American College of Physicians 

recommends all patients be prescribed chemical prophylaxis with blood thinning 

medications during hospitalisation unless contraindicated (Qaseem et al. 2011). Chemical 

prophylaxis is contraindicated when the risk of significant bleeding with administration of 

prophylaxis is assessed to outweigh the risk of developing VTE. These situations may be 

present on admission (i.e., a patient admitted for gastrointestinal bleeding) or may occur 

after admission (i.e., a patient needs to stop prophylaxis due to anticipated bleeding risk 

during a surgical procedure) (Qaseem et al. 2011). While VTE prophylaxis guidelines exist, 

the process of implementing the guidelines is complex and continues to be a concern for 

patient safety (Fiumara et al. 2010; Galanter et al. 2010; Mahan and Spyropoulos 2010; 

Piazza et al. 2009; Shojania et al. 2001). Significant effort has focused on the admission 

process where the VTE risk of a patient is evaluated and appropriate chemical prophylaxis is 

ordered, often through an electronic order set in the electronic health record (Haut et al. 
2012; Maynard and Stein 2008; Maynard et al. 2010; Streiff et al. 2012). These efforts have 

produced benefit in increasing the use of appropriate chemical prophylaxis and reducing 

VTE. However, less attention has been on the rest of the patient’s hospitalisation and how to 

ensure appropriate management of VTE prophylaxis during the entire hospital stay. Missed 

doses of VTE prophylaxis during hospitalisation occur for various types of patients (Popoola 
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et al. 2018), which increases the risk of developing VTE (Louis et al. 2014; Ramanathan et 
al. 2015). Through a better understanding of the work system associated with the VTE 

prophylaxis process, in particular the roles, activities and interactions involved in VTE 

prophylaxis during the entire hospitalisation, solutions can be developed to improve VTE 

prophylaxis management for hospitalised patients (Hundt et al. 2017).

1.2 The VTE prophylaxis process

Management of VTE prophylaxis is a dynamic, collaborative process involving multiple 

team members and activities throughout a patient’s hospitalisation. The VTE prophylaxis 

team is comprised of multiple individuals (e.g., physician, pharmacist, nurse) who interact 

interdependently, dynamically, and adaptively to make decisions about VTE prophylaxis and 

implement and monitor these decisions (Salas et al. 1992). The roles involved in the VTE 

prophylaxis team may change depending on the context (e.g., academic medical center with 

residents) and patient clinical situation (e.g., preparation for surgical procedure). The team 

members must coordinate their activities in the VTE prophylaxis process by communicating 

with one another in order to provide appropriate and timely VTE prophylaxis care to 

hospitalised patients (Salas et al. 2008).

The VTE prophylaxis process exhibits dynamic complexity (Patterson et al. 2010; Woods 

1988) and occurs over five stages of a patient’s hospitalisation (see Figure 1): admission, 

interruption of VTE prophylaxis, re-initiation of VTE prophylaxis, initiation of VTE 

prophylaxis (if not started at admission), and re-evaluation at the time of transfer into a unit 

(Hundt et al. 2017). Complexity in a process such as VTE prophylaxis can be characterized 

by many factors, e.g. uncertainty, large problem spaces and disturbances (Carayon 2006; 

Vicente 1999). In the context of VTE prophylaxis, a major source of process complexity is 

related to uncertainty of action and decision-making. First, there has to be a ‘trigger’, i.e. an 

event or thing that causes the team to consider whether to put the patient on VTE 

prophylaxis or discontinue the treatment (Dix et al. 2004). Second, there needs to be a way 

for the team to use the new information from the trigger and make decisions about VTE 

prophylaxis. The complexity of the VTE prophylaxis stages is, therefore, based on two 

factors: (1) whether there is a clear trigger for action in evaluating VTE prophylaxis, and (2) 

if there is an organised decision-making process for the VTE prophylaxis stage. For 

example, on admission to the hospital, the patient workup process provides a clear trigger 

for considering VTE prophylaxis; clinicians know that they need to consider VTE 

prophylaxis as they complete the admission order set in the electronic health record (EHR). 

This organised process includes completing an admission order set and placing a medication 

order for VTE prophylaxis if it is clinically indicated. Similarly, when a patient is transferred 

into a unit, the physical movement of the patient serves as a trigger to consider VTE 

prophylaxis. The transfer process requires medication reconciliation, which includes 

reviewing VTE prophylaxis orders in the EHR. Unlike admission and transfer, the stages of 

interruption, re-initiation and initiation have limited physical triggers and no clear temporal 

triggers for action as they occur continuously throughout the patient’s stay (rather than at a 

discrete point in time such as admission or transfer). Therefore, these stages rely on the 

memory and vigilance of clinicians to recognise the need to interrupt, re-initiate or initiate 

VTE prophylaxis based on the patient’s clinical status and treatment plan. In addition, if a 
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team member recognises the need for a change in a patient’s VTE prophylaxis management 

plan, there is no clearly organised process to follow.

The two factors, trigger for action and organised decision-making process, characterise the 

complexity of the 5 stages of VTE prophylaxis. Based on these two factors and our above 

description of the 5 stages on these two factors, we grouped the 5 stages into (1) low-

uncertainty, less complex stages: admission and transfer, and (2) high-uncertainty, complex 

stages: interruption, re-initiation and initiation. Understanding the team’s response and 

ability to adapt to the complexity is clinically significant because dynamic complexity, such 

as in the VTE prophylaxis process, creates cognitive demands that increase clinicians’ 

workload and risks for error (Patterson et al. 2010; Salas et al. 2007).

1.3 Team adaptation and social network analysis

When faced with uncertain situations that have varying levels of complexity, teams, such as 

the VTE prophylaxis clinical team, adapt their communication and structure in order to meet 

changing situational needs (Hollnagel 2012; Salas et al. 2007). These team changes 

represent team adaptation, or “the innovation of new or modification of existing structures, 

capacities, and/or behavioural or cognitive goal-directed actions” (page 1190) (Burke et al. 
2006). In light of the Interactive Team Cognition approach (Cooke et al. 2013), team 

adaptation can be examined by evaluating interactions among team members. In our study, 

we look at interactions among roles that participate in the VTE prophylaxis team (not 

specific individuals in those roles). This interaction-focused perspective to team adaptation 

fits the “domain-specific approach” described in the performance adaptation taxonomy 

proposed by Baard et al. (2014). Team adaptation in the VTE prophylaxis process relies on 

interaction (and changes in interaction) in the team that responds to changing situational 

demands throughout a patient’s stay in the hospital. These domain-specific processes can be 

evaluated with quantitative measures such as SNA measures (Barth et al. 2015).

Team adaptation has been studied using multiple different methods including analysis of 

team performance in simulated environments (Burtscher et al. 2011), team cognitive work 

analysis (Ashoori et al. 2014; Pfautz and Pfautz 2009), and direct team observations utilizing 

questionnaires (Schraagen 2011). Social network analysis (SNA) is another method that can 

be used to measure team adaptation as the complexity of a situation changes (Baber et al. 
2013; Barth et al. 2015; Houghton et al. 2006; Schraagen and Post 2014). SNA, using social 

network metrics based on various data (e.g., survey, observation, interview)(Valente 2010; 

Wasserman and Faust 1994), provides a way to quantitatively evaluate team adaptation 

(Houghton et al. 2006).

SNA has been used in various fields such as public health, computer science, psychology 

and marketing (Valente 2010). Within human factors and ergonomics, SNA has been used to 

understand organisational and team processes, such as information sharing and coordination. 

For example, SNA was used to study command and control operations within military and 

emergency services (Baber et al. 2013; Houghton et al. 2006; Houghton et al. 2015; Roberts 

et al. 2018); to evaluate and characterise naval team readiness (Schraagen and Post 2014); to 

explore changes in the transportation system from the introduction of Connected and 

Autonomous Vehicles (Banks et al. 2018); to measure knowledge across a team and its effect 
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on cohesion and performance (Espinosa and Clark 2014); to measure interruptions 

(McCurdie et al. 2018) and influential team members (Fong et al. 2017) in intensive care 

units; and to demonstrate a positive relationship between the number of nurse-to-nurse 

advice-seeking interactions about safe patient handling and frequency of patient-handling 

equipment use (Hurtado et al. 2018). Euerby and Burns (2014) used SNA to measure 

information sharing in an online community comprised of university students, university 

faculty, community activists and members of local government, finding that human factors 

design changes to the website increased communication and connections between the 

website members. Various methods were used in these studies to collect SNA data including 

survey (Espinosa and Clark 2014; Fong et al. 2017; Hurtado et al. 2018), observations 

(Houghton et al. 2006; McCurdie et al. 2018; Roberts et al. 2018; Schraagen and Post 2014), 

cognitive work analysis (Houghton et al. 2015), review of documents (Baber et al. 2013), 

and website activity logs (Euerby and Burns 2014).

Barth et al. (2015) used SNA to examine team adaptation to varying levels of task 

complexity during paediatric cardiac surgeries. Forty surgical team observations produced 

data on real-time communication throughout various surgeries and their different phases. 

SNA methods helped to characterise the team members’ communication and adaptation to 

phases of surgery for complex and non-complex procedures. Complexity of procedures was 

determined using the Aristotle® risk assessment scoring system, which is based on the 

difficulty of the procedure and the potential morbidity and mortality for the patient. 

Researchers used the following SNA measures: density (measure of the number of 

connections and information sharing in a network), reciprocity (measure of two-way 

communications and discussions in a network), degree of centralisation (measure of the 

variation in centrality in a network), betweenness centralisation (measure of cohesion in a 

network), and closeness centralisation (measure of how compact a network is). Researchers 

found higher density and reciprocity during more complex procedures and during more 

complex phases of surgeries such as transitional phases (e.g., when a patient is being put on 

or off cardio-pulmonary bypass). This provided confirmation that more discussion, two-way 

communication and information sharing occurred when the team was involved in complex 

procedures. The surgical teams became less centralised during complex procedures, 

therefore, producing a flatter team structure. Overall, this study showed that team structure 

changes and adapts with changing complexity; this adaptation can be observed with the use 

of SNA measures.

The studies used several different SNA measures: centrality and centralisation (degree, 

betweenenss, and closeness), density, diameter, hierarchy, isolation, reciprocity, and 

sociometric status. Degree centrality and density were the most commonly used SNA 

measures (Baber et al. 2013; Banks et al. 2018; Barth et al. 2015; Espinosa and Clark 2014; 

Euerby and Burns 2014; Houghton et al. 2006; Houghton et al. 2015; Hurtado et al. 2018; 

Roberts et al. 2018; Schraagen and Post 2014; Stanton and Roberts 2018). Since degree 

centrality focuses on individuals within a team rather than the team as a whole, we decided 

not to include this metric. Instead, we included the measure of degree centralisation, which 

provides information at the team level about the distribution of centrality and 

interdependence between team members. We decided to use degree centralisation instead of 

betweenness or closeness centralisation because it takes into account how connected a role is 
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regardless of the location or position of the role in the network; it is also the most commonly 

used centralisation metric (from now on referred to only as “centralisation”) (Valente 2010). 

In addition, we included the SNA measures of reciprocity and density, which provide insight 

into the level of discussion and interactions among the team, respectively, and have been 

shown to change as the complexity in a process increases (Barth et al. 2015). Finally, we 

included basic SNA measures on the number of roles (number of people actively involved in 

the VTE prophylaxis process), number of team activities (total number of activities 

performed jointly by two VTE prophylaxis team members), and number of interactions 

(total number of one-way and two-way interactions between members of the VTE 

prophylaxis team) to better understand each team.

1.4 Hypotheses

We propose using SNA as a method of assessing adaptation of clinical teams to different 

levels of complexity (i.e., stages) in the VTE prophylaxis process. To understand how the 

clinical team involved in VTE prophylaxis changes as the complexity in the process 

changes, we developed six hypotheses. According to Barth et al. (2015), teams in high-

uncertainty complex situations need more communication, more interaction and more people 

contributing to the discussion and decision. Therefore, we hypothesise that, as compared to 

low complexity stages (administration and transfer), in the high complexity stages of VTE 

prophylaxis (interruption, re-initiation, and initiation), there will be:

1. More expertise needed as reflected by an increase in the number of roles present 

on the team (Salas et al. 2007);

2. More activities requiring collaboration as reflected by an increase in team 

activities (Salas et al. 2007);

3. More communication between team members as reflected by an increase in the 

number of interactions (Marlow et al. 2018);

4. More discussion about the patient’s care plan as reflected by an increase in 

reciprocity (Barth et al. 2015);

5. Higher information sharing between all team members as reflected by an 

increase in density (Barth et al. 2015).

6. Increased teamwork and interdependence reflected by a decrease in 

centralisation (Barth et al. 2015).

2 Methods

This study was conducted as a part of a larger study with the aim of developing 

sociotechnical system design requirements to support VTE prophylaxis (https://

cqpi.wisc.edu/vte-and-health-it/). Our study used a multiple case study design: each hospital 

and service represented a case for a total of 9 cases (Table 1). For example, the critical care 

medicine service at hospital A represented one case.
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2.1 Sample and setting

Three hospitals were included in the study: two quaternary teaching hospitals and one 

community tertiary, teaching hospital. We collected data from 4 services that care for 

different types of patients: critical care medicine (CC-M) (in 3 hospitals), critical care 

surgery (CC-S) (in 2 hospitals), hospitalist (in 3 hospitals), and cardiology (in 1 hospital). 

We conducted 43 interviews with a total of 45 clinicians: 29 attending physicians, 1 fellow, 

14 residents, and 1 advanced practice provider (APP); two interviews were paired (2 

clinicians participated). We conducted one focus group with 7 residents. The study was 

approved by all associated institutional review boards.

2.2 Data collection

The 43 semi-structured interviews and one focus group lasted a total of 33 hours (http://

cqpi.wisc.edu/wp-uploads/2016/07/VTE-prophylaxis-VTE-Interview-Guide.pdf). The 

average interview time was 45 minutes with standard deviation of 12 minutes and a range 

from 24 minutes to 81 minutes. The focus group was 95 minutes long. Two human factors 

engineers conducted each interview, one leading the interview and the other helping with 

logistics; three human factors engineers facilitated the focus group. We asked interviewees 

about the activities they perform temporally throughout a patient’s stay: first asking about 

admission, then during stay activities including interruption, re-initiation, and initiation, and 

finally activities relating to a patient’s transfer. We audio-recorded, transcribed and coded 

the interview and focus group data using a qualitative data analysis software, Dedoose®. 

After coding the qualitative data, one researcher created summaries of the coded excerpts 

according to the work system model (Carayon 2009; Carayon et al.2006; Carayon et al. 
2014; Smith and Carayon-Sainfort 1989), including information on the role of the 

interviewee, the VTE prophylaxis activity, the tool(s) and technology(ies) being used, the 

physical environment, and any other organisational, locational, or service-specific 

information relevant to the excerpt.

2.3 Development of role networks

Using the interview data summaries, we created a total of 43 role networks for the nine 

cases/services and the associated VTE prophylaxis stages at the three hospitals (Hundt et al. 
2017). We are missing two role networks: the transfer stage in hospital B, critical care 

surgery and the initiation stage in hospital A, cardiology. Patient transfer does not exist for 

critical care surgical patients in hospital B because the surgeon follows their patients 

throughout their hospital stay. Initiation is not relevant for cardiology patients since all 

patients are either already on blood thinning medications or are prescribed VTE prophylaxis 

medications on admission. Throughout the interview analysis, we relied on multiple 

clinicians and iterations to develop the role networks. After the role networks were 

developed, we validated them using member checking in an iterative, reliable process 

(Hundt et al. 2017); this helps to finalize the role networks that accurately reflected standard 

practice in the VTE prophylaxis process. The use of analyst triangulation and member 

checking contributes to the credibility and validity of our analysis (Devers 1999). We built 

the role networks in Lucidchart®, a diagramming software. We standardised the location of 
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each role on the role networks to facilitate comparison between role networks; for example, 

the resident was always located in the upper left hand corner of the network.

Each role network contains information on the 5 elements of the work system (Carayon 

2009; Carayon et al.2006; Smith and Carayon-Sainfort 1989): people, tasks, tools/

technologies, physical environment, and organisation (Table 2). Figure 2 shows an example 

of a role network from the VTE prophylaxis stage of transfer for one service at one hospital.

2.4 Description of SNA measures

To evaluate each role network, we used 6 SNA measures: number of roles, number of team 

activities, number of interactions, reciprocity, density, and centralisation. These dependent 

variables are network-level measures as they represent SNA data for the entire network 

rather than the individual roles (represented by circles) in the network. The number of roles 

is defined as the number of people actively involved in the VTE prophylaxis process for the 

stage and is calculated by counting how many roles are present per role network (i.e., 

pharmacist, resident, nurse). A team activity is defined as an activity performed jointly by 

two members of the team (represented by a description preceded by a bullet above or below 

a line connecting roles); the number of team activities in the role network is a sum of the 

team activities in the role network. The number of interactions is calculated by adding the 

number of one-way and two-way interactions between the roles in the network. As an 

example, the role network in figure 2 contains 4 roles, 7 team activities and 6 interactions (3 

one-way interactions and 3 two-way interactions).

Reciprocity, density, and centralisation are measured on a scale from 0 (low) to 1 (high). 

Reciprocity is a measure of the two-way communications within the network and is 

calculated by dividing the number of two-way interactions per network by the sum of one-

way and two-way interactions in that network (Valente 2010). A high reciprocity score 

indicates there is a lot of communication and discussion among the team members. Density 

is a measure of the connectedness in the network and is calculated by dividing the total 

interactions in the network by the total possible interactions between all roles (Valente 

2010). A high density score indicates that there is a large amount of information sharing 

between all team members. Centralisation is the degree with which one or a few nodes 

(roles) hold power in the network and is calculated by comparing the highest role centrality 

score in the network to all the other centrality scores. A low centralisation score indicates 

there is a lot of interdependence between team members, whereas a high centralisation 

indicates that one or a few roles are central to the team. As an example, the role network in 

figure 2 has a reciprocity score of 0.50 (3/6), a density score of 1.0 (6/6), and a centralisation 

score of 0 (0/6).

2.5 Data analysis of SNA measures

We entered data from each role network into an Excel spreadsheet and grouped the data by 

service, hospital, and complexity (low or high) of the VTE prophylaxis stage (admission and 

transfer were grouped together as low complexity stages; interruption, re-initiation and 

initiation were grouped together as high complexity stages) (Tables 3–6). We did not 
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aggregate the data across hospital and service in order to maintain role network contextual 

information.

We compared the SNA measures’ values between the low and high complexity stages. Then, 

for each hospital, service and SNA measure, we calculated the proportion of cases 

supporting our hypotheses; this is summarised in table 7. For example, within one hospital 

and service (i.e., a case), if the VTE prophylaxis low-complexity stages of admission and 

transfer had fewer team activities compared to the high-complexity stages of interruption, re-

initiation and initiation, the hypothesis was supported in 6/6 cases, or 100% (e.g., hospital A 

in critical care medicine service; Tables 3 and 7). On the other hand, if admission 

consistently had more team activities involved, compared to the stages of interruption, re-

initiation and initiation, but transfer always had fewer team activities, the hypothesis was 

supported in 3/6 cases, or 50% (e.g., hospital C in hospitalist service; Tables 5 and 7). If the 

SNA measures’ values were the same between low and high complexity stages, they were 

not counted as supporting the hypothesis. Therefore, if, for example, the number of 

interactions was the same for all stages in a hospital and service, the hypothesis was 

supported in 0/6 cases or 0% (e.g., hospital B in critical care medicine service; Tables 3 and 

7). Using a cut-off level agreed upon by the research team, we evaluated the cases when the 

hypothesis was supported by at least 2/3 or 67% of the cases as supporting our hypothesis 

for the hospital and service (table 7).

3 Results

Across all hospitals and services, the values of the SNA measures varied. The number of 

roles ranged from 3 to 8, the number of team activities ranged from 3 to 28, and the number 

of interactions ranged from 3 to 22 per role network. Reciprocity scores ranged from the 

lowest possible score of 0 (e.g., transfer for hospital B in hospitalist service) to the highest 

possible score of 1 (e.g., initiation for hospital B in critical care surgery service), with the 

mean reciprocity of 0.69 (standard deviation 0.25). Density had a smaller range than 

reciprocity, from 0.40 to 1, with a similar mean of 0.67 (standard deviation 0.17). The 

centralisation scores were low ranging from 0 to 0.21, with a mean of 0.10 (standard 

deviation 0.05). The remaining results are organised by service: first discussing critical care 

medicine, then critical care surgery, next, hospitalist, and finally, cardiology.

3.1 SNA measure values

As shown in table 3, the critical care medicine services demonstrated an increase in the 

number of roles, number of team activities and number of interactions from the low-

complexity stages of admission and transfer, to the high-complexity stages of interruption, 

re-initiation and initiation. In low-complexity stages, there were 4 to 6 roles involved, 

compared to high-complexity stages that had 6 to 8 roles. The number of team activities 

increased from low-complexity, ranging from 7 to 12, to high-complexity stages, ranging 

from 10 to 28. In low-complexity stages, there were 6 to 11 interactions. In comparison, 

high-complexity stages had 10 to 22 interactions. The proportion of two-way interactions, 

indicated by the reciprocity values, did not increase from low compared to high complexity 

stages. For hospital A, reciprocity increased, compared to the low-complexity stages, for one 
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of the high-complexity stages, interruption. In hospitals B and C, the reciprocity values 

either stayed the same (i.e., 1) or decreased to 0.71 or 0.82 from low to high complexity 

stages. The density values decreased from low to high complexity stages. Centralisation 

decreased from low (0.08) to high (0.04 or 0.07) complexity stages for one hospital, C, but 

increased in hospitals A and B.

Within the critical care surgery services (table 4), there were fewer increases in the number 

of roles, number of team activities or number of interactions from low to high complexity 

stages. In hospital B, the number of roles increased from admission (4 roles) to interruption 

(6 roles); however, the number of roles did not increase in the stages of re-initiation (3 roles) 

and initiation (4 roles). In hospital C, the number of roles stayed the same or decreased from 

low to high-complexity stages, changing from 6 to 5 or 6 roles. Hospital B had 6 team 

activities and interactions during the low-complexity stages compared to 3 to 8 team 

activities and interactions during the high-complexity stages. Hospital C had 14 team 

activities and 10 interactions during admission and transfer with 7 to 13 team activities and 

interactions during interruption, re-initiation and initiation. Unlike the critical care medicine 

services, reciprocity increased from low (0.33–0.50) compared to high (0.50–1) complexity 

stages for hospitals B and C. Density varied from low (0.67–1) to high complexity stages 

(0.47–1). Similar to critical care medicine, the centralisation scores did not decrease, ranging 

from 0–0.10 in the low-complexity stages to 0–0.16 in high-complexity stages.

In the hospitalist services (table 5), the number of roles ranged from 4 to 5 during admission 

and transfer and ranged from 4 to 6 roles during interruption, re-initiation and initiation. The 

number of team activities increased from the low-complexity stage of transfer (3–4 team 

activities) compared to the high-complexity stages of interruption, re-initiation and initiation 

(5–8 team activities); for all three hospitals, there were a large number of team activities (9 

or 10) during the stage of admission. The number of interactions increased from low (3–6 

interactions) compared to high (6–7 interactions) complexity stages for hospitals A and C. 

The number of interactions did not increase for hospital B between low (4 and 7 

interactions) and high (5 and 7 interactions) complexity stages. Reciprocity decreased for 

hospital A between low and high-complexity stages, changing from 0.80 to 0.67; density 

also decreased from low compared to high complexity stages (0.50 to 0.40), except for the 

stage of initiation where there was an increase in density (0.60). Reciprocity and density 

both increased for hospital B from the low-complexity stages of admission (0.43; 0.70) and 

transfer (0; 0.67) to the high-complexity stages of interruption (0.60; 0.83), re-initiation 

(0.29; 0.70) and initiation (0.43; 0.70). For hospital C, reciprocity increased from admission 

(0.50) to the more complex stages (0.57 to 0.83), but reciprocity was the highest for transfer 

(1); density decreased from the low-complexity stages (0.50 and 0.60) to the high-

complexity stages (0.40 and 0.47). The centralisation scores stayed about the same between 

low and high complexity stages ranging from 0.11–0.21 in hospital A, 0–0.13 in hospital B, 

and 0.11–0.18 in hospital C.

In the cardiology service, the number of roles was the same for the stages of admission, 

interruption and re-initiation (5 roles), with the stage of transfer having one fewer role 

present on the team (4 roles). The number of team activities and interactions changed from 8 

and 5 during low-complexity stages to 8 and 7 during high-complexity stages. The 
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reciprocity values increased from the low complexity stage of admission (0.63) to the high-

complexity stages of interruption (1) and re-initiation (0.71). The low-complexity stage of 

transfer had a high reciprocity value of 1. The density and centralisation values did not vary 

much from low to high complexity stages, ranging between 0.70–0.83 and 0.08–0.13, 

respectively.

3.2 Hypothesis checking

We hypothesised that the number of roles, number of team activities, number of interactions, 

reciprocity and density would increase from low compared to high complexity stages of 

VTE prophylaxis, with centralisation decreasing. Based on a group consensus, we decided 

that any instance with at least 2/3 (i.e., 67%) of cases increasing from low to high 

complexity would indicate support for the hypothesis. As shown in table 7, our data show 

varying levels of support for the 6 hypotheses.

In the critical care medicine services, 3 of the 6 hypotheses were supported. We found 100% 

support for hypothesis 1 that there would be more roles involved in the high complexity 

stages of VTE prophylaxis. Additionally, hypothesis 2 regarding an increase in team 

activities was supported at all three hospitals (67–100%). Hypothesis 3 was almost always 

supported, except for hospital B (0% support) where the number of interactions remained 

unchanged between low and high complexity stages. Reciprocity (hypothesis 4) and density 

(hypothesis 5) did not increase as the complexity in the process increased in the critical care 

medicine services (0–33% support). Only one hospital, hospital C, supported hypothesis 6 

(100%) that the centralisation would decrease from low to high complexity.

Unlike critical care medicine, data in the critical care surgery services did not support our 

hypotheses that there would be more roles, activities and interactions in the high-complexity 

stages of VTE prophylaxis (0–33% support). On the other hand, our hypothesis that there 

would be increased two-way communications (i.e., reciprocity) was supported (67–100%). 

Our hypothesis that the density would increase (0–33%) and that centralisation would 

decrease (0%) in more complex stages was not supported.

Data in the hospitalist service of hospitals A and C supported our first and third hypotheses 

that there would be an increase in the number of roles (83–100% support) and the number of 

interactions (67–100% support) from low to high complexity stages. Data in hospital B 

supported hypothesis 4 (67%) and 5 (67%), reflecting an increase in reciprocity and density 

from low to high complexity stages. The other hypotheses demonstrated low and varying 

levels of support (0–50%) in the hospitalist services of the 3 hospitals.

In the cardiology service of hospital A, there was 50% support for hypotheses 1 through 4 

showing an increase in the number of roles, team activities, interactions and reciprocity in 

the more complex VTE prophylaxis stages. There was 0% support for hypothesis 5 that 

there would be an increase in density from low to high complexity stages of VTE 

prophylaxis. Our hypothesis that centralisation would decrease was supported 25%.
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4 Discussion

In this study, we expanded on research using SNA to study teams and team adaptation 

(Baber et al. 2013; Barth et al. 2015; Espinosa and Clark 2014; Houghton et al. 2006; 

Houghton et al. 2015; Hurtado et al. 2018; McCurdie et al. 2018; Schraagen and Post 2014). 

We used SNA to quantitatively measure team adaptation to changes in complexity in the 

VTE prophylaxis process. The VTE prophylaxis process occurs over five stages during a 

patient’s stay in the hospital that represent low complexity (admission and transfer) or high 

complexity (interruption, re-initiation and initiation). The complexity of each stage is based 

on whether there is a clear trigger for action and whether there is an organised decision-
making process for the patient’s VTE prophylaxis plan. To evaluate the VTE prophylaxis 

team’s adaptation to stages with varying complexity, we suggested 6 hypotheses regarding 

number of roles, number of team activities, number of interactions, reciprocity, density, and 

centralisation during high complexity stages of the VTE prophylaxis process compared to 

the low complexity stages. Similar to Barth et al. (2015), we found changes in those SNA 

measures in response to changes in complexity. Whereas Barth and colleagues (2015) 

conducted an in-depth analysis of communication activities within one type of team 

(paediatric surgical team) in one hospital, we collected data on multiple cases, i.e. 9 different 

contexts and services. This allowed us to identify patterns of team adaptation across 

contexts. We found that VTE prophylaxis teams adapted to changes in complexity in the 

VTE prophylaxis process through two mechanisms, either by increasing the number of roles 

actively involved in the VTE prophylaxis process, the number of team activities and the 

number of interactions in the team or by increasing the number of two-way communications 

between team members (i.e., reciprocity) as compared to the low-complexity stages. Figure 

3 illustrates the two adaptation mechanisms. Adaptation mechanism #1 occurred in the 

critical care medicine services and two hospitalist services, and adaptation mechanism #2 

occurred in the critical care surgery services and one hospitalist service.

4.1 Team adaptation to process complexity

We found that the critical care medicine teams adapted by increasing the number of roles, 

number of team activities, and number of interactions in response to an increase in 

complexity in the VTE prophylaxis process (adaptation mechanism 1). Contrary to Barth et 

al. (2015), these critical care medicine teams did not increase reciprocity (i.e., the proportion 

of two-way communications), density (i.e., the proportion of connections between roles), or 

decrease centralisation (i.e., the difference in centrality between roles) in response to the 

increase in complexity. As a patient’s clinical status changed regarding the VTE prophylaxis 

plan, the team relied on additional people, expertise and interactions in order to assess the 

patient and determine the appropriate care plan. In all 3 hospitals, the nurse was added to the 

team when the situation changed from low to high complexity. Two of the critical care 

medicine services also added a specialist (e.g., neurosurgeon) during the high-complexity 

stages. As the complexity in the process increased, the critical care medicine teams adapted 

by adding expertise to the team, by performing more patient care activities together, and by 

increasing interactions between the team in order to respond to a patient’s changing clinical 

status and provide appropriate VTE prophylaxis care.
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Alternatively, we found that in the critical care surgery services, the teams adapted to an 

increase in complexity in the VTE prophylaxis process by increasing their two-way 

communication and discussion, indicated by an increase in reciprocity (adaptation 

mechanism 2). Unlike the critical care medicine services, these teams did not adapt by 

increasing the number of roles involved on the team, the number of team activities 

performed, or their total interactions. The nurse was always involved in the low complexity 

stages within the critical care surgery services, however the nurse was not always involved in 

the high complexity stages. Additionally, the pharmacist and surgeon were sometimes 

involved in the critical care surgery team, but not consistently between low and high 

complexity stages. Compared to critical care medicine, the critical care surgery teams are 

less structured, as team members may be in the operating room, preparing for or completing 

a surgical case. Due to the variability in the team members involved throughout low and high 

complexity stages, the critical care surgery teams did not respond to an increase in 

complexity by adding members to the team. Instead, the team responded by increasing the 

number of two-way communications in the network (i.e., between the resident and APP) and 

by decreasing the number of one-way communications between the team (i.e., between the 

nurse and fellow). This allows for more information sharing across the team so an 

appropriate decision can be made regarding the patient’s VTE prophylaxis plan. These 

results are similar to those of Barth et al. (2015): when the size of the team is relatively fixed 

(8–9 team members), such as the paediatric surgical team (Barth study) and the critical care 

surgery team in our study, teams adapt to increases in complexity by increasing their 

discussion and two-way communications, reflected by an increase in reciprocity.

In the hospitalist services, the teams at hospitals A and C adapted according to mechanism 1 

(by increasing the number of roles, number of team activities, and number of interactions) 

whereas the VTE prophylaxis team at hospital B adapted through mechanism 2 (by 

increasing reciprocity). Hospitals A and C are both academic, teaching hospitals, and 

therefore, the hospitalist service uses a more structured team similar to a critical care 

medicine service. Like the critical care medicine teams, the hospitalist teams from hospitals 

A and C often involved the nurse and a specialist as the complexity in the process increased. 

These teams involved more people and performed more activities together to handle the 

increasing complexity in the VTE prophylaxis process. Hospital B is a community hospital 

that does not have as many roles to rely on and, therefore, did not add team members as the 

complexity increased. Instead, the team increased two-way communication among team 

members and increased how many people on the team participated in the communication to 

adjust to increasing situational demands. This resulted in increases in reciprocity and density 

during high complexity stages of VTE prophylaxis. The hospitalist service in hospital B is 

the only case that supported hypothesis 5 that the density of the team will increase as 

complexity in the VTE prophylaxis stage increases. Overall, the hospitalist service differed 

from the other services as the teams all had a large number of team activities in the low 

complexity stage, admission. This is likely because patients in the hospitalist service have 

shorter overall lengths of stay and therefore, the majority of activities relating to the patient, 

including their VTE prophylaxis plan, plus their hospital and discharge care plans occur 

during admission, even though it is a low-complexity stage.
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The cardiology team did not follow either of the adaptation mechanisms found in the other 3 

services. The team did not significantly vary as the complexity in the stages of VTE 

prophylaxis changed. The main difference in the team between the stages of VTE 

prophylaxis is that the pharmacist was not present in the team during the transfer of patients 

into the cardiology unit. Unlike other services, VTE prophylaxis treatment for cardiology 

patients is typically determined on admission, and will only be interrupted, re-initiated or 

initiated for very specific patient situations. Therefore, the team may not need to adapt like 

other services in the hospital, given the unique (compared to other services) patient 

population.

4.2 Research and practical implications

We identified two adaptation mechanisms that teams use to respond to changing complexity 

in the VTE prophylaxis process: either the team adapted by increasing the number of roles, 

activities, and interactions involved or the team adapted by increasing reciprocity. Unlike the 

work of Barth et al. (2015), most of the teams we studied changed in size from low to high 

complexity stages of the VTE prophylaxis process. Many SNA measures, such as density, 

are dependent on the number of people in the team (Valente 2010); therefore, if the team size 

changes, it is difficult to compare SNA values between teams (Schraagen and Post 2014). 

For example, the density in a network is related to how many roles are in the network and 

how many people in that network are connected to each other. In a network of 3 people, it is 

more likely that all people will be connected, resulting in a high density score, compared to 

a network of 10 people. In our study, with increasing complexity we found an almost 

mutually exclusive relationship between an increase in the number of people on the team 

and an increase in reciprocity and density. Researchers need to be careful using SNA 

measures when the team size varies and should carefully consider what SNA measures to 

use when comparing teams.

Our findings provide insight for design of health information technology (IT) to support the 

VTE prophylaxis process. Not only does the VTE prophylaxis team vary between different 

hospitals and services, but the teams also vary in how they adapt throughout the different 

stages of VTE prophylaxis care. This shows the importance of understanding the context 

when designing health IT to support the VTE prophylaxis process. A technology designed to 

support a low-complexity stage such as admission will not have the same design 

requirements as a technology designed for a high-complexity stage such as interruption, as 

the team members involved, activities, interactions, and communication between team 

members vary as the complexity in the process changes. In addition, the VTE prophylaxis 

process relies heavily on team activities and interactions to provide appropriate VTE 

prophylaxis care to patients. A technology to support the VTE prophylaxis process, 

especially for high-complexity stages, should be designed to support the work of teams 

rather than only supporting tasks performed by individuals. This is consistent with the 

challenge posed by Walker and Carayon (2009) to go beyond individual tasks and consider 

processes and teams when designing health IT. For instance, health IT could be designed to 

send messages to the team about an imminent surgical procedure, which may require 

interruption of VTE prophylaxis. Upon completion of the surgical procedure, the health IT 

could alert the team and remind them to re-initiate VTE prophylaxis.
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Previous studies have used SNA to quantitatively evaluate team structure (Baber et al., 2013; 

Barth et al., 2015; Espinosa & Clark, 2014; Houghton et al., 2006; Houghton et al., 2015; 

Hurtado et al., 2018; McCurdie et al., 2018; Schraagen & Post, 2014). Our study expands 

upon this work by using SNA to measure team adaptation as the complexity in a situation 

changes. Teams adapt to situations with changing complexity by adjusting their interactions 

and structure to meet situational demands (Burke et al. 2006; Hollnagel 2012). Our study as 

well as the work of Barth et al. (2015) show that SNA can be used to identify team 

adaptation mechanisms in response to changes in complexity. While we believe the changes 

observed in the team are due to adaptations to complexity, it is worth mentioning two 

alternative explanations: (1) the SNA measures may actually be measuring the complexity of 

the clinical VTE prophylaxis process rather than measuring adaptations to complexity, and 

(2) the larger number of roles involved on the team during high-complexity stages is what 

makes the process complex. Despite these alternatives, we believe our results reflect the 

team’s adaptation to changes in complexity since there are inherent differences in 

complexity in the VTE prophylaxis process between admission and transfer, and 

interruption, re-initiation, and initiation due to the trigger for action and organised decision-

making process at each stage (see figure 1).

4.3 Study limitations

One limitation in our study is that the role networks only represent activities and interactions 

relating to the VTE prophylaxis process, and, therefore, the data do not necessarily represent 

how the team adapts to specific clinical processes or patient scenarios. Another limitation is 

that the data only come from three hospitals, with a limited number of services, and 

therefore results may not apply for VTE prophylaxis teams in other settings. Because of the 

small (but diverse) number of services, we had to define a cut-off level for our hypotheses, 

which was set at 67% based on group consensus. A different level would have led to slightly 

different conclusions. Future research can use SNA to understand if different types of 

healthcare teams or if other hospitals and services adapt according to similar mechanisms as 

these VTE prophylaxis teams when facing situations that change in complexity.

5 Conclusion

Teams adapt to situations with varying levels of complexity. SNA is a method that can be 

used to study team structure and adaptation as the complexity in a process changes. In our 

study, we found that VTE prophylaxis care teams adapted according to two mechanisms 

based on the stages of VTE prophylaxis representing different levels of complexity: either 

by increasing the roles, activities, and interactions among the team or by increasing two-way 

communication and discussion between team members. Caution is needed when using SNA 

measures to compare team adaptation to complex situations, especially when the team size 

varies.
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Figure 1. 
Stages of the VTE prophylaxis process.
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Figure 2. 
Example of role network – Transfer stage of VTE prophylaxis in the critical care medicine 

service at hospital A.
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Figure 3. 
Team adaptation to increase in complexity in the VTE prophylaxis process.
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Table 1.

Description of 9 cases.

Hospital A B C

Hospital type Quaternary, teaching Community tertiary, teaching Quaternary, teaching

Location Rural Urban Urban

Service CC-M Hospitalist Cardiology CC-M CC-S Hospitalist CC-M CC-S Hospitalist

Number of beds 24 58 60 41 41 87 24 24 110

Average length of stay 3.5 days 5.3 days 3.4 days 4.3 days 6.5 days 4.8 days 6.1 days 8.2 days 5.1 days

Annual admissions 5,548 4,314 399 3,303 491 4,867 943 1,255 2,652

Nurse to patient ratio 1:2 1:5 1:3 1:2 1:2 1:5 1:2 1:2 1:4

EHR-based VTE risk 
assessment tool Yes Yes Yes Yes Yes Yes No No No

EHR-based order set Yes Yes No Yes Yes Yes Yes Yes Yes
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Table 2.

Work system elements represented on role networks.
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Table 4.

SNA data for the critical care surgery services.

Hospital B C

Stage 
complexity Low High Low High

SNA 
measure Admission Transfer Interruption Re-

initiation Initiation Admission Transfer Interruption Re-
initiation Initiation

Number of 
roles 4 - 6 3 4 6 6 6 5 6

Number of 
team 
activities

6 - 8 3 5 14 14 8 8 13

Number of 
interactions 6 - 8 3 5 10 10 7 7 10

Reciprocity 0.33 - 0.63 1 1 0.50 0.50 0.57 0.57 0.50

Density 1 - 0.53 1 0.83 0.67 0.67 0.47 0.70 0.67

Centralisation 0 - 0.08 0 0.11 0.10 0.10 0.16 0.13 0.10
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Table 6.

SNA data for the cardiology service.

Hospital A

Stage complexity Low High

SNA measure Admission Transfer Interruption Re-initiation Initiation

Number of roles 5 4 5 5 -

Number of team activities 8 5 8 7 -

Number of interactions 8 5 8 7 -

Reciprocity 0.63 1 1 0.71 -

Density 0.80 0.83 0.80 0.70 -

Centralisation 0.80 0.11 0.08 0.13 -

Ergonomics. Author manuscript; available in PMC 2020 July 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Salwei et al. Page 28

Table 7.

Percent of cases supporting hypotheses.

Service Critical care medicine Critical care surgery Hospitalist Cardiology

SNA measure Hospital 
A

Hospital 
B

Hospital 
C

Hospital 
B

Hospital 
C

Hospital 
A

Hospital 
B

Hospital 
C Hospital A

Number of 
roles 100 100 100 33 0 83 33 100 50

Number of 
team activities 100 100 67 33 0 50 50 50 50

Number of 
interactions 100 0 67 33 0 100 50 67 50

Reciprocity 33 0 0 100 67 0 67 50 50

Density 0 0 33 0 33 33 67 0 0

Centralisation 0 0 100 0 0 50 17 17 25

% Supports hypothesis
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