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Need for Healthcare Systems Engineering

• In many developed, as well as developing countries, the health care delivery system 

is poorly prepared to meet the growing health care needs of its population.

• Current limitations result in unexplained practice variations, gaps between evidence 

and practice, inequitable patterns of utilization, unsustainable cost increases, and poor 

safety.

• Health care costs consume a growing proportion of the economy, leaving the 

public, insurers, industries, and government straining under a financial burden.

• Unnecessary services are provided far too often because there is little coordination 

across sites or among providers. Yet care management, cross-disciplinary care, and 

preventive care are often uncovered or poorly reimbursed.

• Current care delivery systems are not designed to support the care of these complex 

patients, which requires multiple providers and services

Applications of Systems Engineering tools is essential to improve the Healthcare 

delivery, since,

Systems engineering focuses on coordination, synchronization, and integration of 

complex systems of  personnel, information, materials, and financial resources.
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Systems Engineering is well proven….

Systems Engineering in economic 

sectors

Although drawing direct parallels 

between other economic sectors and 

health care delivery is problematic, 

many functions common to both 

have been significantly improved in 

other sectors through engineering 

analysis.

Applications of SE in healthcare includes 

inventory control and logistics, 

scheduling, operations management, 

project planning, facilities design, process 

flow analysis, resource synchronization, 

engineering economic analysis, etc.

Manufacturing

Distribution

Logistics

Transportation

Systems 

Engineering

Systems Engineering in Healthcare 
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Systems Engineering Concepts

1

2

3

Systems engineering focuses on the design, control, and

orchestration of system activities to meet performance objectives.

A system is a set of possibly diverse entities (patients, nurses, 

physicians, etc.), each performing some set of functions. The 

interaction of these entities as they perform their various functions 

gives rise to a global system behavior.

The state of a system is an instantaneous snapshot of its

status.

For example, the state of a medical/surgical unit in a hospital might indicate that room 210 is occupied 

by patient 901, wheelchair 11 is idle, and nurse 21 is on break. Thus, room 210 is allocated to a patient, 

wheelchair 11 is available for allocation, and nurse 21 is not currently available. Many levels of 

resolution are possible in specifying the information content of the system state.
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Systems Engineering Concepts

1

2

3

As a system operates, it moves from one state to the next

through the occurrence of enabled events. An event is enabled

when the preconditions for its occurrence are met.

An event occurs when its associated actions are performed.

The sequence of states that the system traverses over some 

time horizon is referred to as the state trace of the system. 

For example, if an ICU has 30 beds, with 29 occupied and one available, and there is a patient in the 

emergency department requesting an ICU bed, then an ICU bed allocation event is enabled and

can be performed. This event is performed when the bed is assigned to the patient. If another patient 

arrives needing an ICU bed, the ICU bed allocation event is not enabled because a bed is not available.

System Operation, Event Occurrence, and State Evolution

6



System Performance Measures

• From a systems engineering perspective, a performance measure is a 

statistic computed from information in a given system trace. 

• Examples of performance measures could be:

– number of patients waiting for at least 30 minutes,

– the number of diabetic patients who received an A1C blood test, or number of ICU 

beds available during peak hours.

– System state traces that yield desirable performance measures are preferable to those 

that do not.

• Health care delivery systems are examples of event-based systems. 

The states of these systems evolve with the occurrence of enabled 

events. 

• The occurrence of events often initiates work actions or physical 

processes (such as “deliver radiation treatment”) that consume time. 

• Typically, the time interval between consecutive events appears random.
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Systems Modeling in Healthcare

• Systems modeling is the activity of identifying the most relevant system 

characteristics and representing them in a mathematical model. 

• The model is then analyzed to learn about and improve the behavior of 

the original system.

• The process a systems engineer undertakes in a health care improvement 

project consists of six fundamental steps, which are conducted 

iteratively.
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Data 

Collection

Develop 

implementation 

and evaluation 

plans

Use the model to 

learn about system 

behavior to find the

best design 

alternative.
Determine how to 

configure the

system for best 

performance.

specify required functions

and resource types, and develop 

relevant performance

measures along with desired 

performance thresholds.

This involves selecting the 

right modeling tools, building 

and validating the model.

Coordinate the 

performance 

The engineer often develops

appropriate experiments for 

the studying the model and

analyzing the results.

Specify, collect, and develop 

required data through data

collection methods.

This involves specifying equipment requirements, staffing 

levels and patterns, scheduling procedures, workflows, and so 

forth. Sensitivity analysis is also important to determine how 

system performance will be affected by perturbations to 

nominal conditions.

Define System 

Purpose & 

Scope

Design, validate, 

and verify 

appropriate system 

models.Systems 

Modeling

Systems Modeling in Healthcare
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Systems Engineering methods required to implement 

Systems Modeling

Project 

management 

models PERT 

& CPM

Operations 

research 

models

Stochastic 

processes

Statistical 

modeling

Engineering 

economics 

and financial 

engineering models

They are used to 

make cost-effective 

decisions on capital 

investments 

and portfolio 

optimization

Used to capture 

relationships,

patterns, correlations, 

and probabilistic 

structure in data.

These models capture task 

dependencies and timing in the 

execution of a large project.

For example: The use of CPM to 

analyze patient and work

flow in an operating room 

environment.

Well suited for optimal 

resource allocation, 

determining how to cost 

effectively distribute 

resources. 

Operations research methods 

also provide the analytical 

foundation for important 

systems applications such as 

patient flow, inventory control, 

and scheduling.

Model the random nature of complex systems and processes. 

These types of models can be used to derive expected values and 

variances of performance measures under a variety of conditions. 

They can also be used to develop optimal decision policies, that is, 

decision making rules that optimize the expected system 

performance while minimizing risk. 

Queuing models, Markov chains, Brownian motion, and Markov 

decision  processes (MDP) are common types of stochastic models

Human Factors 

Model

These models can

capture both cognitive 

and ergonomic 

concerns

Discrete Event 

Simulation

Process Flow

Models
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SYSTEMS ENGINEERING APPLICATIONS TO HEALTH CARE DELIVERY

Decision making can be regarded as an 

outcome of mental processes leading to the 

selection of a course of action among several 

alternatives. 

Every decision making process produces a 

final choice. The output can be an action or 

an opinion of choice.

Hospital Management or Healthcare 

administration is the field relating to 

leadership, management, and 

administration of hospitals, hospital 

networks, and health care systems.

Medical Decision 

Making

Hospital 

Management

Applications of 
SE in 

Healthcare
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Therapeutic Optimization

• Therapeutic optimization models the social and clinical aspects of an individual patient, 

treatment options, and relevant environmental factors to customize a patient‟s treatment.

• These models might use the patient‟s age, physical mobility, comorbidities, social 

support, and so forth in selecting the optimal treatment.

Examples:

• Therapeutic optimization is being used in liver transplantation[1,2]. When a liver becomes available, 

the transplant surgeon can either accept or reject it based on liver condition, patient compatibility, and 

waiting list characteristics. This decision can be modeled using Markov decision processes (MDP). 

These models can be solved to find an optimal decision rule that maximizes the expected transplant 

success. The MDP approach is also useful for timing liver transplants from living donors to maximize 

patient life expectancy. Schaefer et al review of MDP approaches for treatment modeling.

• Therapeutic optimization is being used to optimize radiation therapy in cancer treatment[3,4,5]. In 

this treatment, a specified amount of radiation needs to be applied in a localized cancerous region. To 

achieve this, the radiation must pass through healthy tissue, which it can damage. Radiation treatment 

technologies have evolved significantly and are now highly computerized so that very fine beam  

modulation is possible. Optimization models have been developed for controlling the modulation 

mechanism so that the cancerous region receives the prescribed dose while collateral damage to 

surrounding health tissue is minimized. The methods being applied here include mix-integer and 

network flow programming from operations research.
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Hospital Operations Modeling

• Large hospitals are highly complex systems that are poorly understood, extremely costly, 

and rife with inefficiency. Because of this complexity, there are no detailed models that 

capture the overall operation of these systems from a systems engineering perspective.

• However there is considerable applications of systems engineering for the hospital 

operations modeling.

• The objective is to analyze decision policies for bed allocation, patient transfer and 

discharge, and staff scheduling to help reduce costs and improve quality of care.

• This work requires:

(1) the definition of the hospital state, that is, the instantaneous state of hospital resources, patients, 

and staff;

(2) the events that move the hospital from one state to the next;

(3) projections on how patients will continue to evolve through their care plans; 

(4) how patients following care plans load hospital resources; and 

(5) surgical schedules and projections capturing how patients arrive at the hospital. Along with this, 

technology must be in place to automatically monitor and update system state by tracking patients 

and key resources.
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Petri net model of an Emergency Department (ED) [6]

• The model explicitly represents the event enabling and state transition 

structure of the system. Such models support significant systems 

analysis activities.
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Petri net model of an Emergency Department (ED)[6]

• The model can be used to determine where the ED is most resource-

constrained and the impact of altering resource levels. 

• It can also be used to explicitly define divert states and then, for any 

non-divert state, compute the number and sequence of events that must 

occur to reach the nearest divert state. 

• Finally, the model can be used to identify circular resource  

dependencies that can cause difficulties in system operation.

• Similar models of all hospital departments can be developed and merged 

into one hospital model in order to capture resource dependencies that 

propagate across the system. 

• It will then be possible to explicitly see how discharge policies affect 

daily operations in the ED and OR, and

• How ED congestion and OR scheduling policies affect medical surgical 

wards, ICU, and lab facilities over the short-term.
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Issues related to pre-transplantation decision making[7,8,9,10]

Case Study 1:

Estimation of waiting time of a particular blood type patient under different 

kidney transplantation programmes using Discrete Event Simulation

Case Study 2:

Forecasting of waiting list of patients awaiting corneal transplants using 

System dynamics 

Case Study 3:

Networking of transplant centers  and optimal location of organ 

procurement organizations using Facility location models

Case Study 4:

Optimal scheduling of operation theaters using surgery time predicted using 

ANFIS, ANN and MLRA.
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Estimation of waiting time of a particular blood 

type patient under different kidney 

transplantation programmes using Simulation

17
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Case Study 1: Estimation of waiting time of a particular blood type 

patient under different kidney transplantation programmes using 

Simulation[7]

• In the case of kidney transplantations, there is always a serious imbalance between the 
number of kidneys donated for transplantation and the number of persons wishing to 
receive a transplant.

• This not only affects the quality of life of those unable to obtain a transplant, but it also 
has important repercussions on the treatment of End Stage Renal Disease (ESRD) by 
transplantation and dialysis.

• Also there are a number of ways in which the kidney transplantation can be achieved, 
such as the cadaveric kidney transplantation, live related donor kidney transplantation, 
kidney paired donation and list exchange. 

• A comparative study of all the referred programmes is required to obtain the better 
estimate of the average waiting time of a patient per year. 

• With the estimates given by each of these models, the best serving programme for each 
blood type patient can be chosen, declared and recommended.
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TYPES OF KIDNEY  TRANSPLANTATION

• Cadaveric  kidney transplantation

 On going transplantation-India

 Legal in India

 Long  waiting time

 Death rate high

• Live donor kidney transplantation

 Not legalized in India

 Increase number of transplantations 

 Death rate Low

 Waiting time Low



1. Cadaveric Kidney transplantation programme

2. Live Donation Kidney Transplantation programme

1. Direct donor live donation (DD)  2.Non-directed live Donation(NLD)

3.    Kidney pair donations (KPD)      4. List exchange

FEASIBLE KIDNEY TRANSPLANTATION PROGRAMMES

COMPATIBLE PAIR INCOMPATIBLE PAIR

1.Blood group Match 1. Blood Group Mismatch

2. Negative Cross match 2.Positive Cross Match



KIDNEY PAIRED DONATIONS (KPD)

Two way exchange
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PERCENTAGE DECREASE IN AVERAGE WAITING TIME 

UNDER BEST SERVING PROGRAMME[7]

Patient 

blood type

Average waiting time per year (in days) 

under

Percentage decrease in 

average waiting time 

under best serving 

programme
Cadaveric kidney 

transplantation 

programme

Best serving 

programme

O 123 62 (LE) 49.59 %

A 87 63 / 68 (KPD / LE) 27.58 % / 21.84 %

B 93 65 / 68 (LE / KPD) 30.10 % / 26.88 %

RESULTS[7]



Forecasting of waiting list of patients awaiting corneal 

transplants using System dynamics [8]
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Case Study  - 2
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PREDICTION OF WAITING LIST OF CORNEAL TRANSPLANT PATIENTS [8]

• The increasing need for organ transplants demands the Hospital Management 
System (HMS) to face the future challenges of meeting such demands with 
effective policy decisions. 

• The various dynamics involved in corneal transplants is analyzed by means of 
system dynamics simulation. 

• The waiting list of patients awaiting corneal transplants has been studied and 
forecasted for the year 2012.

• This simulated prediction forces the hospital planning authorities to find 
ways to reduce the waiting list/ waiting time of patients awaiting transplants. 

• Though the developed simulation is general to study the dynamics involved in 
any type of organ transplants, it is demonstrated for the corneal transplants in 
the ophthalmology department. 

• Also, a few improvements to reduce the waiting list of patients awaiting organ 
transplants are analyzed.
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ACTUAL DATA FROM THE HOSPITAL

Months Donations Outdated Study Infected Registered Assigned Succ_trx Waiting list

1 73 5 8 9 81 51 49 32

2 71 7 11 10 87 43 43 76

3 86 6 15 9 109 56 56 135

4 73 8 12 2 114 51 50 199

5 81 7 16 11 93 47 47 245

6 67 8 18 8 103 33 32 316

7 74 6 19 12 96 37 35 377

8 89 5 15 0 114 69 67 424

9 74 4 12 6 121 52 52 493

10 58 0 5 4 109 49 49 553

11 62 5 7 2 131 48 47 637

12 67 3 12 5 117 47 45 709

Sum 875 64 150 78 1275 583 572
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THE SYSTEM DYNAMICS MODEL
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RESULTS OF CAUSAL STRIP TOOL FOR THE 

WORKBENCH VARIABLE “WAITING LIST”
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POLICY DECISIONS TO REDUCE WAITING LIST [8]

• One of the policy decisions to be made by the hospital management is to decide on the 
acceptable waiting list threshold so as to improve upon the campaigning effectiveness.

• If the actual waiting list exceeds the threshold waiting list, the campaign effectiveness 
is increased so as to improve the total number of potential donors. 

• The decision on number of campaigns is an important management decision to increase 
the awareness of the organ donation in order to reduce the waiting list of patients. 

• Simulation results shows that with normal number of  campaigns, the number of 
waiting list estimated for 2012 is 4053 and with effective decisions on the increasing 
the number of campaigns, we get the waiting list of patients to be reduced effectively.

• This helps the decision makers to plan the number of campaigns and allocate 
appropriate budget for the campaign in order to reduce the waiting list of patients.

• Similarly, we observed that the optimal scheduling of the operation theaters with least 
possible delay for the corneal transplant patients reduces the wastage of cornea due to 
outdation. 

• Though, the reduction in wastage reported through simulation is very minimal, it is 
very important to focus on this issue as an important strategic decision.
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FORECAST OF WAITING LIST (WITH DECISIONS ON 

NUMBER OF CAMPAIGNS)
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VALIDATION & TESTING

• The simulated data is validated with the actual data using Wilcoxon test (95% 

CI)
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POLICY DECISIONS

(i) Conducting more number of campaigns to increase the potential donor base by creating awareness.

(ii) Optimal scheduling of Operation Theatre‟s (OT‟s) in the ophthalmology department to reduce the 

delay incurred in waiting for OT‟s, thus maximizing the effective utilization of OT‟s.

OUTCOMES

• Launch of website for organ promotion and increase of potential donors, through design, 

development and launch of www.donatelifeindia.com

31
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Networking of transplant centers  and optimal 

location of organ procurement organizations using 

Facility location models [9]

32

Case Study  - 3
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NETWORKING OF TRANSPLANT CENTERS AND OPTIMAL 

LOCATION OF ORGAN PROCUREMENT ORGANIZATIONS [9] 

• An OPO is a single main transplant center by itself and also serves “n” number 
of transplant centers networked within it. 

• Currently in Tamil Nadu, the transplant centers are not networked and there is a 
single organ procurement organization which serves as a centralized 
coordinating center. 

• Transplant hospitals in the state have been divided into three zones as follows 
and organ donations arising in a zone will be allocated first within that zone 
(Source NNOS). 

– North Zone – Chennai and neighborhood, Vellore 

– South Zone – Trichy, Madurai, Tirunelveli, Nagercoil 

– West Zone – Coimbatore, Erode, Salem 

• But, now the government of Tamil Nadu intends to set up one or two more 
OPO‟s and network the transplant centers so as to reduce the wastage of organs 
due to delay in coordination and transportation of organ from the donor to the 
recipient hospital. 
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NETWORKING OF TRANSPLANT CENTERS AND OPTIMAL 

LOCATION OF ORGAN PROCUREMENT ORGANIZATIONS [9] 

• The transplant centers must be accessible within a predetermined 
distance limit, which is given by the coverage constraint. 

• Maximum population must be covered with the available facilities.

• The coverage constraint is given as:
– Coverage area = Average speed of the ambulance (vehicle on road) * 

Cold ischemia time of the organ. 

– The cold ischemia time (CIT) is the time interval that begins when an 
organ is cooled with a cold perfusion solution after organ procurement 
surgery and ends when the organ is implanted. 

– Reduction in CIT leads to better renal allograft outcomes.

– The data collected were concerned with the location information about 
the transplant centers and the population density of the region of the 
transplant centers in Tamil Nadu. 
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District map of Tamil Nadu with the location of transplant 

centers 



• The P-median problem can be formulated as an 

integer programming model. 

• The formulation has played a major role in the 

development of optimal and near optimal 

approaches.

36
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P- Median Model
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Min 24375*D12X12+24375*D13X13+………+24375D44X44

Subject to

1. Each demand node must be assigned to a facility

X11≥1, X21≥1 , …….. X44≥1

2. Locating exactly P facility

Y1= 2, Y2= 2, ……. Y44= 2

3. Assignment constraint 

X1 1 + X1 2 + ……..+ X1 44≤ Y1

.

.

X44 1 + X44 2 + ……..+ X44 44≤ Y44

4. Integrality constraint

Yj = [0,1] where jϵI

Xij = [0,1] where jϵI, iϵI

38

P- Median Model Contd…
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NETWORKING TC’s USING P-MEDIAN MODEL [9]

• The demand data considered for the problem is the population density of the 
district/ city where the transplant center is located. 

• The distance between two nodes (transplant centers) has been computed using 
the great circle distance method. 

• The demand data and distance data are the key parameters required for solving 
the P-Median model. 

• The coverage distance is the distance within which the demand node must find 
facility site where it can be assigned so that it can be covered. 
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VALIDATION USING LINGO OUTPUT [9]
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RESULTS OF OPO LOCATION

Model Selected 

Nodes

Hospital

Name

Percentage 

Covered

P-median

P = 2

16

23

Ch.trans, Chennai

Gov.Rajaji, Madurai

100

100

Model Selected 

Nodes

Hospital

Name

Percentage 

Covered

P-median

P = 3

10

23

31

Govt General, Chennai

Gov.Rajaji, Madurai

Coimbatore Kidney Hospital

100

100

100



Optimal scheduling of operation theaters using surgery time 

predicted using ANFIS, ANN and MLRA. [10]

42

Case Study  - 4



43

FRAMEWORK FOR ESTIMATION OF SURGERY TIMES 

AND SCHEDULING OF OPERATION ROOMS [10]

• The operating theatre is composed of several operating rooms and one or more recovery 

room where several beds will be available for the patients to recuperate.

• Thus, in operation theatre scheduling, the patient satisfaction and resource efficiency 

needs to be maximized. The hospitalization costs, i.e. the patient stay duration, and the 

overtime costs, i.e. the resource overloads, are used as indices for patient  satisfaction and 

resource efficiency, respectively. 

• A good system of planning and scheduling in theatre will enable more work, including 

emergencies, to be carried out at a reasonable time and improve the patient experience.

• It is for these reasons operation theatre scheduling using scientific techniques is 

increasingly being done in many hospitals.  

• One of the variables required for operation theatre scheduling is the duration of the 

surgery. 
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FRAMEWORK FOR ESTIMATION OF SURGERY TIMES 

AND SCHEDULING OF OPERATION ROOMS [10]

• The duration of the surgery depends on several other factors such as experience of the 

surgeon, supporting staff, type of anesthesia, precondition of the patient, etc. 

• The actual list of variables that govern the duration of surgery and the duration of stay of 

the patient in the recovery room will itself depend on the type of surgery.

• Thus, it is a challenging task to come up with a framework to predict the duration of 

surgery time for a given patient. 

• This work focuses on developing a general framework to forecast the surgery time, given 

the type of surgery and the list of variables that govern its duration. 

• Using the surgery time predicted by this framework, algorithms are developed for 

scheduling the operating room optimally. 

44
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FORECASTING THE DURATION OF SURGERY [10]

1. The surgery time is forecast by taking into account the surgical environment in 

order to minimize the variability in the predicted surgery time. Variables such as 

Experience (in years) of each of the surgeons performing operation (At most 2 

surgeons are involved in a surgery) 

2. Experience of accompanying theatre staff (in years) 

3. Type of anesthesia (Local or General) 

4. Experience of anesthetist 

5. Patient preconditions like existence of Redness of eye, diabetics, hypertension, 

watery eyes or any other sources of infection 

6. Patient age 

7. Duration of surgery 

constitutes the surgical environment. 

45
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PREDICTION OF SURGERY TIME USING ANFIS, ANN AND MLRA

Type of Surgery

RMS Error

ANFIS
ANN MLRA

Corneal Transplant
0.1557

0.1895 0.2755

Cataract
0.0697

0.1427 0.1768

Oculoplastic
0.1431

0.1668 0.2123

46
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SCHEDULING OF OPERATING THEATRE

Min Cmax

• Subject to:  

• where, „pj‟ is the duration of the jth surgery  „m‟ is the number of operating beds and „n‟ is 

the number of surgeries to be scheduled and if surgery j is scheduled on bed i, xij = 1 else 

xij = 0. 

• m=1,2,3,4,  n=1,2,…. 10, Cmax is the maximum occupancy time of a bed.

• This problem is known to be NP hard in the strong sense and is called the P||Cmax problem. 

Here this problem is solved using integer linear programming and usefulness of some 

heuristic algorithms like LPT and SPT are evaluated.

47
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PERFORMANCE ANALYSIS OF SCHEDULING ALGORITHMS
[10]

• As the rule of thumb scheduling the following guidelines is followed in the hospitals:

– For corneal transplant surgery bed 4 is usually used, if there are too many 

transplant operations then bed 2 is also used

– Bed 1 and bed 3 is used for Cataract surgery since it takes less time

– Bed 2 and bed 3 are allocated for Oculoplastic surgery

• Formulation of the scheduling problem for a typical case, corresponding to day 1 is 

considered. 

• Results indicate that solution to scheduling problem using integer linear programming 

is superior to heuristic algorithms. 

• Further the rule of thumb scheduling results in non-optimal solution, i.e. the workload 

on some beds is extremely high in comparison to the others. 

48

Algorithm for

P||Cmax

Bed 1 Bed 2 Bed 3 Bed 4
Max Bed Occupancy time 

(Cmax ){minutes}

ILP 1,2,3 5,7 4,6,10 8,9 86

SPT 10,7,9 1,8,5 2,3 6,4 106

LPT 5,2,10 9,6,1 4,7 3,8 93

Rule of thumb 1,6 3,4,7,9 2,5,8 10 185
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PERFORMANCE ANALYSIS OF SCHEDULING ALGORITHMS [10]
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IMPEDIMENTS TO SYSTEMS ENGINEERING

APPROACHES IN HEALTH CARE

Although systems 

engineering holds great 

promise for improving

health care delivery, there 

are significant challenges

impeding its acceptance

Health care has a culture of rigid division of labor. 

This functional compartmentalization does not 

optimally support the application of tools that 

transcend and span functional areas, especially 

when they induce significant changes in

traditional relationships.

Reimbursement practices and regulations provide 

little incentive for investing in quality and 

systems improvement. Thus, managerial support 

for systems improvement can be

difficult to obtain. 

Systems engineering techniques have 

extensive data requirements. The 

management of this data requires expensive 

integrated information systems that are often 

not available in the health care sector.
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CONCLUSION

1. SE is well proven

3. Fortunate belief

2. SE in healthcare is exciting

4. Begin to Act

We believe widespread success will only 

come when a critical mass of health care 

organizations recognize its value through 

concrete examples.

Only then will these organizations

promote the organizational changes 

needed for its adoption.

Systems Engineering approaches have been

instrumental in many information-rich and 

technologically complex economic sectors, 

most notably manufacturing, 

transportation, and supply chain logistics.

Whereas we are excited about the future 

of health care engineering and

anticipate its ultimate success in helping 

to reengineer health care delivery.
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Institutes for Healthcare Systems 

Engineering in  many Universities abroad…

• Center of Healthcare Systems Engineering (CHSE) under Department 

of Manufacturing and Systems Engineering, University of Missouri-

Columbia, College of Engineering. http://hse.missouri.edu/

• Center for Innovation in Healthcare Logistics, under Department of 

Industrial Engineering, College of Engineering, University of Arkansas, 

http://cihl.uark.edu/

• Institute of Healthcare Engineering, at the University of Southern 

California‟s Viterbi School of Engineering's Epstein Department of 

Industrial and Systems Engineering, 

http://healthcareengineering.usc.edu/index.php

• Health Systems Institute at the Georgia Institute of Technology, 

School of Industrial and Systems Engineering, 

http://www.hsi.gatech.edu/

• Regenstrief Center for Healthcare Engineering (RCHE), under 

School of Industrial Engineering, College of Engineering, Purdue 

University, http://www.purdue.edu/discoverypark/rche/
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COURSES SPECIFIC TO THE HEALTHCARE ENGINEERING

• Introduction to Healthcare Delivery

• Healthcare Delivery System Models

• Healthcare Financial Management 

• Health Systems Practice 

• Patient Informatics

• Medical Imaging

• Healthcare Operations Management

• Healthcare Management

• Performance Management in Healthcare

• Systems Approach to Quality Management in Healthcare

• Human Resource in healthcare

• Systems Perspectives of Modern Healthcare

• Healthcare Structure, Technologies, Operations

• Methodologies and Tools of Systems Engineering

• Healthcare Systems Analysis and Design



BOOKS SPECIFIC TO HEALTHCARE ENGINEERING

1. Kieran Walshe and Judith Smith, Healthcare Management, Open University 
Press, McGraw Hill Education, 2009.

2. Jan Walburg, Helen Bevan, John Wilderspin, Karin Lemmens, Performance 
Management in Healthcare, Routledge health management series, 2009.

3. Gordon D.Brown, Tamara T.Stone , Timothy B.Patrick, Strategic management 
of Information Systems in healthcare, Health Administration Press, Chicago 
IL, 2005. 

4. Louis Gapenski, Healthcare Finance, Fourth edition, Aupha publishers, 2006.

5. Rajeev K. Bali, Ashish N.Dwivedi, Healthcare knowledge management : 
Issues, advances and successes, Health informatics series, Springer publishers, 
2010.

6. Diane L.Kelly, Applying quality management in healthcare : A systems 
approach, second edition,  Aupha publishers, 2006 

7. M.Saito, N.Wickramasinghe, Redesigning innovative healthcare operations 
and role of knowledge management, 2005.

8. Bruce J.Fried, Myren Fottler, James Johnson, Human resources in healthcare, 
managing for success, second edition, 2007

9. Jan Vissers and Roger Beech, Health Care Operations Management: Patient 
flow logistics in healthcare, Routledge health management series, 2008.



Career Opportunities

• Healthcare Data Architects

• Healthcare Systems Analyst

• Healthcare services Engineer

• Pharmaceutical supply chain analyst

• Business Analyst in Health Insurance Sectors

• Healthcare Operations Manager

• Process Manager: Healthcare domain

HEALTHCARE EMPLOYERS

• GE Healthcare

• Metropolis Healthcare

• HCL Healthcare R&D

• All Health Insurance Companies

• Most of the MNC‟s that work on healthcare domain.
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