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An Agent Based Model of Patient Velocity through the Medical ICU
I plan to design and implement a NetLogo model of patient !ow through Intensive Care Unit 
(ICU) system. My goal is to explore the dynamics behind patient velocity through the ICU. I 
plan to explore the dynamics by trying to understand the underlying mechanisms by which the 
ICU over!ows. ICU over!ow leads to a great deal of logistic overhead and cost. erefore, the 
model will explore how equipment, personnel, patient acuity, room cleaning, and departmental 
communication lead to over!ow situations in the ICU. 

Motivation
ICU care is costly. Many studies suggest that 11-30% of hospital costs and .4-2% of GDP result 
from delivering ICU care. Further, the number of beds in the ICU has increased by 26% since the  
1980’s.1In addition, the complexity of care delivered in the ICU suggests a high variability in 
patient throughput. 

Fluctuating, uncontrolled throughput is also costly. In an interview with an ICU third year 
fellow at Northwestern Memorial Hospital (NMH), the cost of one ICU day without procedures 
can be anywhere from $2500-$3000. is high economic cost suggests that the ICU may be an 
opportunistic place to analyze and re-engineer process bottlenecks that slow patient velocity. 

Patient over!ow causes hospital wide issues. First, a patient over!ow in the MICU causes 
potential harm to the patient because they are not being cared for in the right environment. 
Second, it reduces the number of nurses in the MICU because a single nurse has to be !oated to 
the location of the over!owed patient. ird, it takes time away from the patient throughput 
coordinator and and charge nurse to coordinate where the patient is and the strategy to get the 
patient back to the MICU. Fourth, it requires that physicians travel further to see the patient 
increasing non-productive time. Fifth, the patient occupies a room in a different ICU which can 
cause logistical issues for the other ICU. Sixth, I observed that over!ow caused nurse morale 
issues because they felt uncomfortable being in a different ICU.  Because of these issues, I am 
considering patient over!ow to be a surrogate metric for system breakdown. 

One example of a process affecting patient velocity is the patient discharge process. Attending 
rounds begin at 7 or 8 am and patients are visited based on arbitrary heuristics such as 
alphabetical ordering by last name or physician proximity to patient. For a patient to be 
released, the attending physician must observe and sign off that the patient is in good enough 
condition to be released to another location. e release process happens during attending 
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physician rounds. Most often, the patient is released to the medical !oor or a long term care 
facility. Appropriate considerations must be made for the intake of these patients at the 
receiving department once released from the ICU.

Speci$cally, if the patient has been released to the medical !oor, the patient’s record must be 
viewed by the intake physician on the medical !oor. For transport to take place, there must be 
an available bed in the receiving unit. In addition, transport of the patient depends on the 
availability of a transporter. Long term care facilities must also be pre-arranged so the patient 
can be transported. However, I am not as familiar with the procedure in place to transport to a 
long term care facility. is requires more investigation.

What Can we Learn
With this model, we hope to learn more about how patients move through the ICU and to 
identify and optimize key variables in preventing over!ow and increase patient velocity.

More succinctly the guiding question is as follows:  how might we reduce patient over!ow 
while increasing patient velocity through the MICU.

I plan to uncover the key properties of patient velocity so that we can understand how we 
might reduce systemic breakdown and optimize velocity.

I plan to initially set up the model in general fashion so the results may be externally valid to 
other ICU settings. 

A Guide to Implementation
Who are the Agents(Properties | Actions): 

1. Physicians (Experience |See patient, Release patient)
2. Patients (Age, acuity points, family?, Transfer Type, time-to-live |)
3. Patient Transporters (time-to-ready, | transport)
4. Nurse (experience | see patient)
5. Medical Floor Physician (Record Review Speed, Open Bed? | Admit patient)
6. Long Term Care Facilities (Open Bed? | Admit patient)

System Parameters
1. Number of patients or patients per day in!ow
2. Transporter busyness
3. Codes (adverse events) per day
4. Janitorial busyness
5. Patients per day out!ow

1. To where the patients !ow % (death, medical !oor, long-term, care)
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6. Cost per day (whole days 1,2,3 etc.)
7. Patient Acuity
8. Number of beds open, dirty, occupied

Time-Step ( Day )
1. Doctor sees patient - reduces acuity points based on experience
2. Nurse sees patient - reduces acuity points based on experience
3.  If my acuity points are 0, I am ready for release
3. If my acuity points > 0 and TTL = 0 [ I die]

 Measures
1. Patient release time distribution
2. Average patient release time
3. Average cost per day
4. Bed Utilization 1- (total empty bed time / total elapsed time)
5. Patient roughput (total patients out / # of days)
6. Number of over!ows
7. Patient wait time (# of hours spent waiting to be put in ICU or sent out of ICU)

Analysis - Using Behavior Space
1. Vary system parameters to see how it affects the various measures.

Questions
1. What would be the best method of decomposing the proposed question? In other words, 

does it make sense to split up the phenomena into multiple models or keep it as one?
2. What might be useful visualization method for this process?

Rationale for Choices
ABM is an effective modeling choice for this application because it provides “an object to think 
with” as well as a heterogeneous and uncertain environment of interest. e ICU has many 
independent, interacting actors that engage on an individual level. We are primarily concerned 
with how individual agent “micro-motives” correspond to the observed “macro-behavior” in the 
ICU. 

I plan for this model to provide insights into the underlying mechanisms of patient release 
times in conjunction with physician rounds. is is helpful because this model can serve as a 
glass box where every involved stakeholder can question the assumptions. Health care often 
exhibits what some call system inertia because of the necessary coordination of all involved 
stakeholders. I plan to be able to present my model in a few minutes inviting feedback and 
improvement from all stakeholders including: top management, MICU director, MICU staff, 
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Medical Floor staff and Medical Floor Physician. e transparency and ease of understanding of 
the model will provide all empower all interested stakeholders to take part in process 
improvement.

Beyond its value in facilitating communication, the computational nature and ease of 
extendability will allow others to build off the model to understand tangential phenomena. 
is also means that the model can be improved by integrating real hospital data into the 
model. 

Similarly, the use of machine learning methods and GIS may become important when trying to 
optimize the system. Machine learning may be important to select a strategy that is best suited 
to reduce release times. GIS could be used to help de$ne spatial constraints in the model. For 
example, it may be possible to upload a !oor plan of the ICU of interest and use image 
recognition to de$ne spatial constraints.

Agent Based Modeling of this phenomena has several distinct advantages over alternative 
simulation methods. First, many model paradigms require extensive data collection and can 
take years to process the health data in a way suitable for simulation. In addition, health data is 
notorious for being difficult and lengthy to process. Second, other modeling paradigms like 
monte carlo simulation or discrete event optimization do not allow interested stake holders to 
gain insight from the model construction itself. Speci$cally, interested stakeholders have to rely 
more on the modelers to have correct assumptions. With ABM, the assumptions are clear and 
up for debate.

e current model to analyze the operational effectiveness of patient release is often judgement 
based that depends on expert judgement. While timely, expert judgement often comes  feeling 
and experience rather than a stated assumption. To me, it appears exceedingly clear that Agent 
Based Modeling will aid in the re-engineering of the patient release work!ow.
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Revision History

Version 1.1 May 13, 2013

• Changed model to reflect new objective: Looking a patient flow through the ICU
• Changes highlighted in Red

Version 1.0 May 2, 2013
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