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Project Overview

-Health Care Reform Bill, 2010

-Americans spent $2.3 trillion on health care in 2007

-Hospitals are one of the least efficient sectors
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Broad Healthcare
Landscape

University of Maryland
Medical Center (UMMC)

UMMC UMMC ED

800 beds

1,182 doctors

742 residents

55 beds

20% admission rate

46,000 patients/year
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UMMC Stats
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Residency Model
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Research Objectives

A Resident Model of Instruction in a hospital 

emergency department (ED) leads to  operational 

inefficiencies affecting patient care

Research Problem
If a simulation modeling the flow of resources within 

the ED is utilized, then the overall level of efficiency 

will increase, thus improving patient care

Hypothesis
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Literature Review
Resident Education

Study Author Description of Findings Impact on Hospital

Harvey, 2008 Patients’ length of stay reduced 
when residents on strike

Negative

Jeanmonod, 2007
Productivity of inexperienced doctors 
decreases over the course of a shift

Negative

Shayne, 2009 Increased patient density leads to 
poor time management by residents

Negative

Dassinger, 2008 Multitude of 1 to 5 minute actions 
fragment residents’ work processes

Negative

Simulation Used?

No

No

No

No

7

Bush, 2007 Increased patient density leads to 
improved patient care Positive No



3/29/2010

Literature Review
Simulation Modeling

Study Author Description of Findings
Research

Hospital?

Komashie, 2005 Adding staff/beds leads to reduced 
waiting times

Miller, 2004
Simulations are more fluid than 
mathematical models

Kolb, 2008 Tested five different patient buffer 
concepts through their simulation

Rossetti, 1999 Adding one attending from 10am 
to 6pm leads to reduced LOS

Emergency 

Department?

8

Live Data 

Collection?

Yes

Yes

Yes

Yes

Unknown

No

No

No

No

No

No

No
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Studies Comparison
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Methodology Overview

Formulation 

of Research 

Hypothesis

Formulate 

Conclusions

Apply for 

UMD IRB

Apply for 

UMMC IRB

Acquire 

Funding
Doctor-specific 

Data Collection

Patient-specific 

Data Collection

ApprovedData 

Collection

Program Simulation Model
Analyze 

Data
Simulation 

Model



� Several parts to model creation

� Collect timing, patient and availability data

� Enables simulation model

� Validate model
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Simulation Model
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Collected Data

Timing Data

-Patient visit times

-Computer access times

-Transportation times

-Lab test times

Historical Patient Data

-Arrival time

-Demographic info

-Priority

-Lab tests needed

Availability Data

-Personnel schedules

-Available lab equipment

-Available beds
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Simulation Process Flow
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Simulation Process Flow

• Poisson coefficient represents rate of patient arrivals

• Coefficients were calculated for each day of the week by hour
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Simulation Process Flow



• Severity Score (1 to 5)

• # of Lab Tests Conducted

• Triage Time

• Probability of Patient Admittance into Inpatient Ward

• Probability of Patient Admittance into Ambulatory Zone
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Simulation Process Flow
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Simulation Process Flow
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Simulation Process Flow
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Simulation Process Flow
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Simulation Process Flow
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Simulation Process Flow
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Simulation Process Flow
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Simulation Process Flow
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Simulation Process Flow
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Simulation Process Flow

•Pairwise Comparison is done for all patients

•Patient Severity Level

•# of Times Patient is Passed Over by Triage Nurse

•16 Classes of Patients are determined
•Probability of ED Admittance is determined for each class

•No Answer When Called (NAWC) Rate is also taken into account 
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Simulation Process Flow
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Simulation Process Flow
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Simulation Processes Flow
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Simulation Processes Flow

•Created distributions using SAS according to 
identified parameters

•Distributions are used to calculate average Length of 
Stay (LOS) for patients
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Simulation Processes Flow
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Simulation Processes Flow

•Created distributions using SAS according to 
identified parameters
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Simulation Processes Flow
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Data Collection
UMMC IRB: December 7, 2009UMD IRB: October 8, 2008
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Data Collection
UMMC IRB: December 7, 2009
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Data Collection
Patient-Specific Collection Doctor-Specific Collection

Attending Visit

Resident/Intern Visit

Senior Resident Visit

Nurse Visit

Technician Visit

Clerk Visit

Consulting M.D. Visit

Initial Visit to Patient

Discussion with Doctor/s

Typical Rounds Visit

Discussion with Nurse/s

Writing on Paper Chart

Using Computer

Using Phone

Patient Arrival

Patient Departure
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ED Scheduling Board
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UMMC ED Map

= Collection Area 1 = Collection Area 2 = Collection Area 3 = Collection Area 4
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Data Sheets

Patient Sheet Doctor Sheet
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Data Sheets

Patient Sheet Doctor Sheet

Patient Sheet

Doctor Sheet



� Metrics in simulation matched closely with 

their counterparts in the historical data
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Model Validation

Metric Historical Value Our Value

Patients Per Bed Per Day 2.35 2.37

NAWC Rate 8.02% 8.08%

Time to First Bed 4819s 4909.77s



� The Kolmogorov-Smirnov test was used to 

check distributions for the total length of stay, 

NAWC rate, and time to first bed. 
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Model Validation

Variable P-value

Total LOS <0.001

NAWC Rate <0.001

Time to First Bed <0.001



� Using simulation model, we tweaked the variable 

“% of Patients Seen by Residents in ED”

� Tested the effects of this on:

� Average Time to Discharge Patients

� Time to First Bed for Patients
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Experiment Description
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Results
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Results
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Conclusions

�Developed a simulation model that is provably similar to 

actual UMMC ED operations

�Used quantitative methods to model ED staff’s decision 

making 

�From simulation model output, we discovered novel

information regarding the effects of residents on ED 

efficiency
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Questions?


