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– Home to 17 multidisciplinary and 10 specialty clinics, 
which are organized by cancer type 

 
– In 2015, over 50% of outpatient visits in the UMCCC 

resulted in chemotherapy infusion treatments: 
 
• 97,147 outpatient visits 
• 58,419 infusion treatments 

 
– High outpatient demand for infusion causes: 

• increased patient waiting times 
• overworked staff 

Source:   

U of M Comprehensive Cancer Center (2016)  

http://www.mcancer.org 
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Potential Delays at Infusion 
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• Patient is late; no infusion chairs are available 

• Infusion drugs are unavailable 
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Potential Delays at Clinic 
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Enter: Phlebotomy 
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Delays in phlebotomy can ripple through the system 

Patient Flow 
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Material Flow 



  Our Goal 
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Reduce patient waiting times at 

phlebotomy to alleviate overarching 

system delays 



Overview: The Phlebotomy Clinic 
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Patient Flow at Phlebotomy 
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Approach: Simulation 

– Successfully utilized to expedite patient flow in clinics 

throughout the country 

– Users can: 
• manipulate input parameters and observe effect on 

various metrics 

• assess the impact of policy changes before actual 

implementation 
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Implementation 

– Developed in C++ 
• Directly usable by the Cancer Center management 

• Adaptable for implementation of new scenario 
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Discrete Event Simulation Model 

– Maintain a growing queue of events that occur 

throughout the day, sorted by time of occurrence 

– Three (3) main event types, each corresponding to 

an availability queue: 
 

• Patient Available for Check-In 

• Patient Available for Blood Draw 

• Phlebotomist Available 
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Simulation Design 
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Simulation Design 
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Simulation Design 
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Simulation Design 
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Simulation Design 
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Simulation Design 
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Base Case 
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Staffing Model 

1200 1230 1300 1330 1400 1430 1500 1530 1600 1630 1700 1730 

2 2 2 2 2 2 2 2 2 1 1 1 

2 2 2 2 1 1   2 1    

7 7 7 7 7 7 7 2 1 1 2 2 

645 700 730 800 830 900 930 1000 1030 1100 1130 

Check-In 1 2 3 3 3 3 2 2 2 2 2 

Break/Lunch         1 2 2 2 2 2 2 

Available to 
Draw  

0 5 6 6 7 6 7 7 7 7 7 
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Service Time Data 

Mean Std. Dev 
Proportion of 

Patients 

Check-In 
Duration 
(Minutes) 

Extended* 7.71 4.12 9% 

Regular 2.81 0.94 91% 

Mix 3.25 1.53 

Blood Draw 
Duration 
(Minutes) 

Port 13.28 4.64 28% 

Vein 5.11 3.75 72% 

Mix 7.40 4.02 

*Extended defined as check-in that takes > 5 minutes.  38 



Base Case Results 
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Preliminary Validation 

• Simulation run under current configuration 

   of clinic 

• Results used for preliminary model validation 
with the hospital management 

 

Check In Wait Times Draw Wait Times Total Wait Times 
mean median sd mean median sd mean median sd 

0:02:32 0:00:22 0:04:08 0:00:16 0:00:00 0:01:18 0:02:49 0:02:49 0:04:37 
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What if…? 
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Possible Process Flow Scenarios 

• Staffing Model Change 

• Arrival Rate Increase 

• Patient Population Change 
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What if…? One Draw to CI! 

1200 1230 1300 1330 1400 1430 1500 1530 1600 1630 1700 1730 

3 3 2 2 3 3 3 2 2 1 1 1 

2 2 2 2 1 1   2 1    
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Total Wait Times 
mean sd 

New Case 0:02:12 0:04:25 
Base Case 0:02:49 0:04:37 



Comparison (Cont.) 

Check In Wait Times Draw Wait Times 

mean sd mean sd 

New Case 0:01:16 0:03:07 0:00:56 0:02:34 

Base Case 0:02:32 0:04:08 0:00:16 0:01:18 
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Summary 
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– Simulation may be adjusted to account 

for vary intricacies of the clinic 

–Hospital management can find optimal 

input parameters for improving patient 

wait times 



Future Steps 
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–Continued improvement towards 

representing current state, which 

involves: 
• Accurate Service Time Distributions 

• Non-instantaneous Service Transitions 

• Additional Roles 

–Obtain better arrival rate data for 

analysis and formal validation 
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QUESTIONS? 

Thank you! 
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CONTACT INFORMATION: 

 

Ajaay Chandrasekaran – ajaay@umich.edu 

Amy Cohn – amycohn@umich.edu 
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Simulation Overview 

Main 

1 Read Simulation 
Parameters 

2 Run Engine 

3 Report Metrics 

Initialize internal simulation 
parameters with inputs from user-
provided text files 

Simulate day for multiple iterations 

Output user-friendly metrics 
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Read Simulation Parameters 

Read Simulation 
Parameters 

1.1 Initialize Patient 
Arrival Rates 

1.2 Initialize 
Phlebotomist Schedules 

1.3 Initialize Additional 
Parameters 
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Run Engine 

Run Engine 

Simulate Iteration 

• 2.1 Initialize Event Queue 

• 2.2 Simulate 

• 2.3 Store Metrics 

X Iterations 
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Patient Arrival Rates 
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Phlebotomist Schedules 
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Additional Parameters 
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Report Metrics 
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Appendix 

• Phlebotomy – 253 patients per day 

• Clinic (7 Total) – 311 patients per day 

• Infusion:  

– Total of 51 infusion chairs 

– 123 patients per day  

– 20% of infusion appointments are coupled 

61 
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Alternative Workflow A 
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Workflow A 

Description Split current check-in process in two 

Pros More patient interaction at check-in and no interruptions at order consolidation 

Cons Additional space, change in layout, more hand-offs 

Patient 

Arrives 
Check-In 

Lab Orders 

Review 

Blood 

Draw  
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Alternative Workflow B 
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Workflow B 

Description Order review and blood draw in the same area 

Pros 2x verification and interaction with patient, fewer hand-offs 

Cons Additional space and equipment/computers 

Patient 

Arrives 
Check-In 

Lab Order and 

Blood draw 
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Appendix 
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• Phlebotomy Staff Schedule 
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Arrival Rate Data 
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