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Abstract. This paper describes the Virtual Critical Care Unit (ViCCU®), a telemedicine system for diagnosis and treatment of patients in critical care. Here we briefly report on findings from a technical evaluation of ViCCU®, which was part of a 2 year trial, focusing on its effects on the work environment and practices of those who used it. While the technology was largely welcomed, the need for the design and negotiation of protocols surrounding its use were very apparent.
Introduction

Australia’s large distances and sparse population create significant problems for delivering health services, where health outcomes are negatively correlated with distance from major cities.  Improvements in communications infrastructure are creating opportunities for use of advanced technologies for delivering services, and healthcare providers are increasingly using telemedicine technologies for bringing medical expertise to regional, rural and remote communities.

This paper reports on the first working prototype and technical evaluation of the Virtual Critical Care Unit (ViCCU®), an advanced telemedicine system developed by Australia’s Commonwealth Scientific and Industrial Research Organization (CSIRO) in conjunction with Sydney West Area Health Service (SWAHS). SWAHS is obliged to provide a range of services through facilities which include major referral hospitals such as Nepean Hospital and smaller, community-based hospitals such as Blue Mountains Hospital (BMH), located about 60 km west of Nepean. BMH is an 85-bed hospital which was previously unable to attract emergency medicine specialists.  In emergency, where specialist services are required at very short notice, specialist advice was obtained by telephone, or the patient was transferred to Nepean Hospital, resulting in treatment delays. In emergency medicine, appropriate treatment in the “golden hour” after admission is regarded as more effective than delayed treatment, and transferring patient’s results in higher social costs (e.g. family disruption) as well as costs to the health care system. ViCCU® allows an emergency care specialist in a major referral hospital to remotely lead a team in a small rural hospital during the diagnosis and initial treatment of critically ill patients.

ViCCU® was designed using an iterative prototyping and user-centered approach that included expert evaluation and scenario-based analysis methods. A technical reference team (the CSIRO technical team and the hospital IT manager) and a clinical reference team (clinicians from both hospitals) were formed at the start of the project. The technical team made visits for field observations to the Nepean Hospital Emergency Department (ED) and Sydney Medical Simulation Centre to get an in-depth understanding of the complex, time-critical, team-driven working environment. The members of the clinical reference team were all actively involved in guiding the requirements and design. The technical team maintained communication with the clinical team about their requirements and feedback through weekly project management meetings (see Li et al, 2006a).
The ViCCU® system consists of a specialist station located in a major centre and a peripheral station located in a remote hospital.  Most of the equipment in the peripheral station is located on a trolley located at the end of the patient’s bed – where the specialist would stand if physically present.  Five channels of real-time video are available to the specialist: an overview of the patient and care team; a camera for documents and X-rays; the vital signs monitor; a ceiling camera; and a mobile camera (which can be head-mounted) for close-up views.  The specialist can select two camera views for full-screen display and control document camera settings.  The two hospitals are connected via a Gigabit ultra-broadband optical fiber network which provides near broadcast quality video and audio, with minimal latency (delay). Staff in the remote hospital view the specialist in a single large monitor.  A single directional microphone at each end provides good quality sound.

A formal trial of this pilot project took place in the ED’s of Nepean Hospital and BMH between December 2003 and December 2005. At the completion of the trial, clinical, economic and technical evaluations were carried out by three different parties. CSIRO was responsible for the technical evaluation, which explored whether ViCCU® met its users’ needs in terms of performance and design, identifying areas in need of improvement, and assessing clinicians experience using the system. A mixed method design was applied to the evaluation that included the use of questionnaires, interviews and observations. In general, staff at BMH and Nepean were satisfied with the overall design and the technical aspects of ViCCU®, with the exception of the trolley weight and portability (the majority of staff expressed a desire for the trolley to be lighter and more portable). This was evident in both the questionnaire and interview data (see Li et. al., 2006b, for a more detailed account of the results on technical aspects). 

However, issues and reflections emerged from the data that extended beyond technical. These issues were particularly relevant to clinicians, influencing their overall satisfaction with the system and were predominantly apparent in the interview data. Questionnaires were collected from all of the clinicians who had used ViCCU® at the time of the evaluation. In addition, half of the BMH staff, (14 of 38), and most of the Nepean specialists (12 of 14) were interviewed. Here we briefly report findings from our technical evaluation of ViCCU® focusing on its effects on the work environment and practices of those who used the system. 

Results

Our findings are divided into three sections – the experience of using ViCCU® relative to working in a shared physical space, its effects on work practice and collaboration. A selection of key findings are presented below.

Using ViCCU® Relative to a Shared Physical Space 
Half of BMH staff felt that using ViCCU® was the same as a specialist being there, and surprisingly a fifth felt that it was actually better. 

  …there’s that feeling that they’re in the room with you. So they’re like the fly on the wall… I feel that they may pick up things that we might not see because when you’re concentrating on a patient you might be looking at one specific area… I think it’s better than actually having them there because there might be the want to get in and touch and do things themselves rather than sitting back and directing – acting like a team leader should.

While staff at BMH liked the fact that specialists from Nepean could maintain an overview of the situation, specialists themselves did not necessarily appreciate this as much and wanted to be able to be active in the BMH space. Therefore the majority of Nepean specialists felt that using ViCCU® was worse than being there, approximately a third felt it was the same and one person felt it was better.

Effects on Work Practices

The introduction of ViCCU® significantly increased the workload of Nepean specialists. At one point, the trial was suspended for a month while workload issues for specialists were resolved.  As one Nepean specialist stated, “I think we just need to recognize that here we’re under-resourced and overloaded. We have to be realistic about to what extent we can support other centers unless we get some more staffing.”

Nurses at BMH felt that ViCCU® allowed them to have a more active role in patient care and management. Previously, specialist consultations were done by telephone and only typically involved the doctor and specialist. ViCCU® allowed a team of people to be involved. Nurses were given the authority to initiate a ViCCU® session themselves and were encouraged to ask the specialists at Nepean questions if they weren’t confident with the doctor’s decision locally. For example, “I’ve found personally that if I’m not happy with a doctor here, we’ve been encouraged to consult the doctors ourselves” (BMH nurse). However, not all nurses felt comfortable requesting advice from a specialist without the support of the local doctor, as this disrupted the traditional formal lines of authority.

While in general BMH doctors appreciated the support of specialists using ViCCU®, some doctors, particularly the more experienced doctors who were working at BMH, resented the mandatory nature of the use of ViCCU®. Their experience was one of loss of agency in the diagnosis and treatment of patients. 
Interestingly, ViCCU® served to attract emergency medicine specialists to BMH on weekends and public holidays, when they were previously unable to do so.

Collaboration

 ViCCU® provided the opportunity for staff at the two hospitals to get to know each other better socially and professionally and form relationships e.g., “That’s the other great thing about [ViCCU®]... [it] helps you introduce and get to know co-workers from Nepean Emergency Department"  (BMH nurse).

 ViCCU® allowed the staff at the two hospitals to work more effectively as a team, facilitating communication – “ . . . I could see from their face what they were trying to say.” – and making more effective use of their time – 

So I can be sitting here thinking for 15 seconds about one thing, whilst he’s taking 15 seconds thinking about another, and that’s going to be better than me taking 30 seconds to think about both. The more complicated [the situation] gets, the more useful that is.

ViCCU® was only available for use between 8am and midnight, as these were the hours that staff specialists were available at Nepean Hospital. It was felt by some staff at BMH that this was also when they needed the most support.
Discussion

The evaluation revealed almost unanimous support from specialists, nurses and doctors for the ViCCU® system. With the exception of the trolley weight and portability, criticisms of the system were primarily concerned with socio-technical aspects that accompanied ViCCU®, such as the increase in specialist workload and changes in the structural relationships between clinicians in the two hospitals.
The frustration expressed by specialists that contributed to the temporary suspension of ViCCU® highlights the importance of allocating appropriate resources to accommodate changes in workload that can result from introducing new technology. Yet even while expressing resentment about the additional workload ViCCU® created, specialists were very supportive of the contribution ViCCU® could make to patient care. Specialists sought organizational solutions to the management of workload, not a rejection of the technology.

A major impetus to create ViCCU® was the difficulty that BMH (in common with other small hospitals) had in attracting staff specialists. ViCCU® provided specialists at Nepean Hospital with a window into BMH, allowing them to develop relationships with the staff and revealing a surprisingly nice working environment. Some of the specialists then began accepting shifts at BMH. At the time of the evaluation Nepean specialists were onsite at BMH most weekends and public holidays. Ironically, it was the introduction of a technology to make up for a lack of staff specialists at BMH that attracted staff specialists there.
BMH had developed a very strict protocol that required the clinician to use ViCCU® under certain circumstances. When specialists from Nepean began working at BMH, this protocol was still enforced, requiring those specialists to use ViCCU® in the same way other BMH clinicians were required to. This caused some degree of frustration amongst specialists who felt that they were calling the equivalent of themselves and wasting time.

ViCCU® is still in use at BMH and Nepean Hospital and has been successfully embedded in emergency such that it has been rolled out recently to another small hospital that Nepean Hospital services. Learning’s from the design and evaluation of ViCCU® inspired and have contributed to the development of ECHONET, (Echo Cardiographic Healthcare Online Networking Expertise in Tasmania). ECHONET is a scaled down version of ViCCU aimed at facilitating the sharing of echocardiography expertise for patient diagnosis in Intensive Care Units in Tasmania. ECHONET is currently being trialed in two hospitals in Tasmania. 
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