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Abstract. Patient throughput and the reduction of wait times for care are critical 
to improve patient outcomes in life-threatening emergencies. The concept of pa-
tient throughput underpins many wait time improvement techniques currently 
being implemented by healthcare providers across the industry as well as at In-
diana University (IU) Health. Without the ability to implement effective patient 
throughput process improvement solutions, healthcare providers will struggle to 
reduce wait times and meet strategic goals of improved patient outcomes. 

IU Health launched its first patient transfer program between intensive care 
units. A level 1 vascular emergency program in August 2009; the initiative was 
soon complemented by other patients transfer programs.  The success of the 
program showed a significant drop in median emergency department-to-
operating room time, reductions in time spent at referring hospitals and in tran-
sit.  Despite the successes, the program is left with increasing demand (volume 
& acuity) and a need for interactive care pathway or delivery of care solutions 
to streamline the patient throughput and to adequately measure impacts on pa-
tient outcomes and capacity management. 

The paper will present a preliminary analysis of (1) observations of current 
workflows and their complexity, and (2) based on the observations suggest pa-
tient throughput simulation in order to identify bottlenecks and test potential so-
lutions and protocols before actually implementing them in practice. 

1 Introduction 

Interfacility and intrafacility transfers can be immensely challenging, time-
consuming, and detrimental to patient safety if not managed properly.  According to 
Strickler et al. (2003), transfers can be a key piece of the overall hospital business 
process, employee and patient satisfaction, yet it is mostly an invisible aspect of hos-
pital work.  Traditionally, transfers were made on the basis of bed availability, not on 
service or patient acuity [1].  The arrival times were predominantly unknown and the 
patients’ needs were assessed upon arrival at the receiving hospital [2, 3].  This prob-
lematic and delayed process clearly endangers the welfare and outcomes of patients 
especially those with life-threatening emergencies. 
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Patient Transfer Centers were established in recent years due to the growing need 
to streamline inter-facility transfers.  One such center was instituted by Indiana Uni-
versity (IU) Health (then Clarian) in August of 2009 with its level 1 vascular emer-
gency program.  “The foundation of the transfer program is the one-call streamlined 
process for patient throughput “where upon an outside emergency department (ED) 
physician’s diagnoses of an emergency, the following factors are facilitated: transpor-
tation for the patient either by air or ground, activation of appropriate surgeon(s) and 
treatment team including the operating room (OR) charge nurse and accepting surge-
on, physician-to-physician communication and nursing report, and a guaranteed bed 
placement for the patient.  According to a report by the Society for Vascular Surgery 
[4], IU Health’s program dramatically decreased the overall door-to-treatment time 
from 183.5 minutes to 157 minutes, emergency department-to-operating room time 
from 35 minutes to 23 minutes, non-significant reductions in time spent at the refer-
ring hospital from 150.5 to 110 minutes and in transit times from 52 to 35 minutes. 

The IU Health transfer center’s success also brings with it many challenges.  Since 
this service in healthcare is fairly new, there are a negligent amount of studies in pub-
lished literature that researchers as well as health professionals can derive from as 
basis. Questions as “What type of staff, how many per call, staffing ratios at different 
times …” remain unanswered.   Then there is the issue of cost such as determining 
full-time employees (FTE) needed and cost allocation.  Other areas include bed man-
agement, transportation, education requirements, and quality assurance. How does an 
organization determine their activity and how many transfers do they facilitate a 
month/ week/day/year? How can you track for acuity or service line?  

Data and meaningful trends for such systems are prominently sparse. Calls were 
made to various transfer centers across the nation and found that benchmarks and 
standards do not exist.  Some facilities have registered nurses who are ICU and ED 
experienced and certified while others have non-clinical staff; transfer protocols are a 
concatenation of existing “provider preferences” to non-existing.  There are no stan-
dards or metrics for effective patient throughput so most of the facilities are hoping 
they are maintaining quality without even knowing the benchmarks for effectiveness 
and efficiency of the practices.   

The proposed study is collaboratively conducted by nurses in the 24/7 Patient 
Transfer Center and a research team of the School of Informatics.  The aims of this 
exploratory study presented are: 

• To describe observations and contextual inquiry into the current information and 
workflow in a large 24/7 transfer center  

• To identify current challenges in the workflow and information sharing between 
settings 

• To model the workflow and information of the transfer center’s activities using 
open source simulation software [5, 6]. 
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2 Research Design 

2.1 Methods 

The research design is a mixed-methods study using qualitative and quantitative ap-
proaches to develop and evaluate care coordination between care settings using prin-
ciples of sociotechnical design [7-9] and distributed cognition [10, 11]. 

These principles include: 

1. focusing on the users and tasks in context 
2. measuring care coordination and throughput empirically 
3. visualizing all processes, current and proposed. 

This approach brings attention to the end users, physical and cognitive resources, 
organizational policies, and institutional rules embed and surrounding the information 
system, as well as how these various elements interact and interface with one another.  
Our analysis will also involve evaluating the care coordination processes and identify-
ing areas for improvements in efficiency and effectiveness.  Figure 1 illustrates the 
analysis framework we will use, one that will place the user interaction within the 
complex, diverse health information systems.   

 

Fig. 1. Framework for conducting cognitive-socio-technical analysis at three levels of a system 
(adopted from E.H. Borycki et al 2010) 

2.2 Setting 

The setting for this pilot study is the 24/7 Patient Transfer Center at a Midwest teach-
ing hospital system.  The transfer center originally is established in 2009 as part of a 
protocol for Level 1 vascular emergencies requiring transport (LifeLine) services. It is 
currently evolving to manage all inter- and intrafacility transfers within its six core 
hospitals and ambulatory services. 
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The transfer center is staffed with nurses with extensive critical care experience 
providing the following functionality for patient flow: 

• • Providing interfacility transfers among its healthcare system, from any location 
• • Providing intrafacility transfers within its healthcare system 
• • Additional services include transport (air and ground) 

2.3 Preliminary Findings 

Observations and a Contextual Inquiry into the Current Information and  
Workflow  
In healthcare organizations, many complex, non-trivial processes and workflows, of 
various duration and objectives, are performed to help achieve the goal of providing 
quality care to patients. Over a period of five months our team visited the center five 
times for a total of 14 hours.  The observed workflows are dissimilar, flexible and 
often involve several medical and non-medical departments such as bed-management 
as well as clinical and non-clinical staff.  The workflows observed consist of a range 
of tasks using specific resources (e.g., Cerner EHR, Teletracking XT, IM, AmCom 
paging,..) , technology (2 displays, notebook, phone,..) and tools (“flow” flip book, 
phone book, transfer worksheet), within a physical environment (part of room)  and 
within organizational conditions and goals of optimal care coordination.  

The transfer process and its supporting tasks are fragmented, composed of separate 
but inter-twined cycles running at different speeds and as thus prone to several worka-
rounds such as the phone “chain problem” or bypassing electronic bed requests. 

Adding to the complexity of this activity is that much of the transfer processes are 
tacit; the individual mind is the locus of knowledge, problem solving, and information 
processing ultimately responsible for (intelligent) actions.  So understanding the 
workflow means identifying, ordering and prioritizing the different tasks involved in 
the transfer process, as well as defining the information and communication patterns 
needed by transfer center nurses in achieving their care coordination goals through 
repeated observations and think-aloud using the naturalistic inquiry approach. 

Feasibility of Unobtrusive Technology Integration into the Workflow  
As part of our initial study our team investigated the use of technology with minimal 
or no impact on the workflow.  Our team evaluated the smart pen technology for its 
(1) efficiency and accuracy in capturing written text and (2) its fit into the workflow 
of transfer center. The smart pen is a paper-based mobile computing solution that 
bridges the gap between paper and digital note taking.  The smart-pen can automati-
cally capture entries on the paper transfer worksheets used by Transfer Call Nurses.  
Real time electronic capture will benefit the transfer center tasks by (1) decreasing the 
workload as the need to transcribe data by hand into the systems is removed through 
the auto-population of the captured electronic data (2) increasing the currency and 
availability of clinical data captured in clinical information systems, and (3) allow for 
the development of HIT solutions tied to real-time transfer data.  
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The preliminary findings on the smart pen are promising:  

• Use of the pen is intuitive and needs minimal or no training 
• Dot paper expensive but can be easily reproduced with 600dpi printer 
• Apps needed to convert the written text to Word, Excel, etc .are inexpensive desk-

top applications and  
─ Creation of tables are easy yet each record need separate paper  
─ Conversion written text to electronic documents is straight forward. 

The accuracy of capturing of numeric characters ranges from .49 to .98; for alpha 
numeric characters the range is from .80 to .87. Yet for special characters the accura-
cy only reaches .50 (table 1) 

Table 1. Accuracy of Conversion 

 

 
In addition to the smart pen, the research team also evaluated how to better utilize 

existing technologies (functionality within their current EHR) or adopt innovative 
mobile applications (Diagnotes™) supporting the coordination of care across settings.  
Diagnotes™ (http://www.diagnotes.net/) facilitates communication among providers 
via secure text messaging and supports immediate encounter documentation and pro-
vider follow-up actions decreasing the transcription task but more importantly making 
the documents available real time. 

Implement through Simulations, Solutions to the Challenges Identified, and  
Information and Workflow Modeling 
After investigating several open source models for workflow simulation and re-
engineering, we propose to model the processes using Petri-Nets (with additional 
rules) that model patient throughput and flow  process behavior [12], While these 
process-nets (PNs) may be syntactically correct, PNs have shown not always to pro-
vide meaningful models of how organizations (i.e., 24/7 Transfer Center) conduct 
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their processes [13].  Moreover, the processes represented by these nets may not be 
feasible to execute or reach the transfer centers goals when executed. Therefore we 
propose to use the approach by Soffer et al. (2010) for mapping the “understanding of 
patient throughputs and flows” derived by attaching ontological semantics to the 
process-net models (figure 2). These rules guide the construction of process-nets, 
which are meaningful in that their nodes and transitions are directly related to the 
modeled patient throughputs. Furthermore, the proposed semantics imposed on the 
process models constraints that guide the development of valid process models, name-
ly, models that assure that the process can accomplish its goal when executed [13]. 

 

Fig. 2. Framework for Assigning Ontological Semantics to Process Net (Soffer et al. ,2010) 

3 Discussion 

This study presented provided an understanding of how patient throughput and flow is 
a key piece of the overall hospital business process, clinician satisfaction [14], and 
patient satisfaction, yet it is mostly an invisible aspect of hospital work.  The aim of 
our study was an understanding of the complexity of the workflow, improving 
processes and predicting potential bottlenecks in transfer processes by creating ac-
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tionable models of transfer center activities. Findings regarding technologies and 
processes to best coordinate patient flow among and within health care systems can be 
modeled and tested prior to implementation. Additionally the simulations suggest 
standards and metrics for care coordination in terms of patient outcomes and capacity 
management compliant with Meaningful Use quality objectives. 
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