






Microsoft Office Excel Visual Basic for Applications (VBA) code implemented the

haversine formula and was used to find all zip codes located within 100 miles of the

origin. In this research, the θ represents a central angle anchored at the origin. The

origin is the current Decatur VA hospital located at 1670 Clairmont Rd, Decatur,

GA 30033. The VBA haversine code returned 743 unique zip codes. However, not

all of these zip codes are within a 60 minute drive time radius of Atlanta. R software

called Google to geocode an address and create a 60 minute drive time isoline with

traffic enabled around the origin. This radius is illustrated in Figure 1.

Figure 1. 60 Minutes Drive Time Radius for Atlanta, Georgia

The next step was to determine the zip codes encompassed in the radius depicted

in Figure 1. The output from the R code consisted of the longitudes and latitudes

of the points along the isoline. To obtain the zip codes in the radius, the given

longitudes and latitudes were reverse geocoded into a readable address. This process
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only gave the zip codes along the isoline. The initial list of 743 zip codes produced

from the haversine formula were used to restrict the zip code set to those captured

inside and along the isoline. This resultant zip code list consisted of 297 zip codes

within a 60 minute drive time of the origin. It is important to determine the zip

codes encompassed in this area because the available enrollment data is based on the

zip code the beneficiary resides in. This zip code is then used to determine what

military treatment facility (MTF), if any, the beneficiary is assigned to. If there is

no assigned MTF, as is the case with most of the Atlanta-based zip codes, then the

care is purchased.

TRICARE enrollment and purchased inpatient and outpatient care for the zip

codes encompassed in the Atlanta, Georgia specialty care radius for Fiscal Years 2014-

2017 was requested along with TRICARE enrollment and inpatient and outpatient

direct care data from Wright Patterson Air Force Base (WPAFB) for the same fiscal

years due to the specialty care capabilities available at the MTF. WPAFB can conduct

both general surgery and orthopedic procedures which is the main focus for care in the

Atlanta, Georgia market. The data sets from Air Force Medical Operations Agency

were obtained from the Military Health System Data Repository (MDR) and Military

Health System Management Analysis and Reporting Tool (M2) query tool.

MDR and M2

MDR and M2 are the most commonly used systems operated by TRICARE. The

MDR is a centralized data warehouse that captures, archives, validates, integrates,

and distributes the most complete collection of data about beneficiaries of the Military

Health System and their health care. MDR receives data from the Department of

Defense’s (DoD’s) worldwide network of medical facilities and from non-DoD, out-

of-network, health care facilities. MDR operates in a secure SAS-based computing
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environment and is maintained by for expert programmers and analysts. The MDR

contains historical raw and processed records on all health care events paid for by

the Military Health System, regardless of setting. It also contains robust direct and

purchased care data, MTF accounting data, beneficiary data, clinical data, staffing

data, and many other data files. Information in the MDR is accessible as statistical

analysis system datasets.

Most of the data available in the MDR is also available in M2 in a more accessible

form. M2 is a powerful ad hoc query tool used to manage and oversee operations

across the Military Health System [3]. M2 offers a quick and economical way to

access large amounts of data and export the data to other software for more detailed

analysis [3]. This system is especially beneficial to the Defense Health Agency for it

provides proactive health care management, monitors patients’ use of services, and

supports strategic health care planning and the delivery of quality health care at an

affordable cost, while improving medical readiness. M2 delivers summary and detailed

clinical, population, and financial data. The clinical data includes information on both

direct and purchased inpatient care, outpatient care, pharmacy services, and ancillary

services. The financial data includes summary expense and manpower information

from the Medical Expense and Performance Reporting System. The Medical Expense

and Performance Reporting System is the standard cost accounting system for the

Military Health System, containing financial, personnel, and summary workload data

from reporting MTFs.

Enrollment Data

Air Force Medical Operations Agency provided the TRICARE enrollment eligi-

bility data for WPAFB and the Atlanta, Georgia region. To extract the WPAFB

enrollment data from the MDR the Defense Medical Information System Identifier
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for the WPAFB MTF. There is no Defense Medical Information System Identifier if a

MTF does not exist, therefore the list of zip codes encompassed in the isoline radius

was used to capture the enrollment data for Atlanta, Georgia. Within the datasets,

one record exists on an individual registered in the Defense Enrollment Eligibility

Reporting System per month. Included in the WPAFB dataset were nearly half a

million observations from October, 2013 to September, 2017. In the Atlanta, Georgia

dataset were over one million observations from October, 2013 to March, 2016. For a

single observation the age, beneficiary category, zip code, and Alternate Care Value

(ACV) group of the individual was recorded. The beneficiary category is a numeric

value from one to four, each number denoting a subset of the population. Table 1 out-

lines the different beneficiary categories and the population they represent. The ACV

group characterizes the individual based on program enrollments such as TRICARE

Prime, TRICARE Plus, Reliant, and other.

Table 1. TRICARE Beneficiary Categories

Category 1 Dependents of Active Duty or Guard/Reserve on Active Duty
Category 2 Retired
Category 3 All Others
Category 4 Active Duty and Guard/Reserve on Active Duty

Workload Measures

Workload measures were developed as a basis for physician reimbursement and are

pertinent to account for the relative resource intensity across different procedures. For

example, a well patient visit is assigned a smaller workload value than an invasive

surgery. To measure outpatient resource intensity, distinct Relative Value Unit (RVU)

values are recorded for each medical, surgical, and diagnostic service included in the

Current Procedural Terminology code set. This analysis used the Provider Aggregate

Total RVU for direct care outpatient data records. A Provider Aggregate Total
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RVU is the sum of two components: a Work RVU and a Practice Expense RVU.

The Work RVU accounts for the time, technical skill, and intensity required by a

physician to perform a particular service. The Practice Expense RVU accounts for

the physician’s office expenses, staff, and administrative overhead. For purchased

care outpatient data records we use the Enhanced Total RVU, which is comprised

of the same components as the Provider Aggregate Total RVU. A similar concept to

RVUs are Ambulatory Payment Classifications (APCs). An APC is recorded for a

patient who receives outpatient surgery, outpatient clinic care, emergency department

services, or observation services. APCs are not recorded for purchased care claim data.

While RVUs and APCs apply to outpatient care, the Relative Weighted Product

(RWP) and bed days workload measures exist for inpatient services. RWPs are

based on non-mental health Medicare Severity Diagnosis-Related Group codes and

the relative complexity of services and resources utilized. In this analysis, bed days

are used to calculate costs when a RWP value is not recorded. RWPs and bed days are

included in both direct and purchased care datasets. This research used the bed day

measure for the Atlanta purchased care dataset, where 169 out of 13,094 observations

used the bed day value multiplier to find workload costs.

The Prospective Payment System values were used as a multiplier to determine a

dollar value associated with the RVU, APC, RWP, and bed day workload measures.

The Prospective Payment System rates were developed by the Military Health Sys-

tem and are based on Fiscal Year. The Air Force Medical Service uses Prospective

Payment System rates for all calculations. The values are provided in Table 2, where

FY denotes Fiscal Year.
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Table 2. Prospective Payment System Values

Measure FY14 FY15 FY16 FY17
RWP $8,849 $8,930 $9,159 $9,082
Bed Day $887 $915 $925 $955
APC $72.672 $74.271 $75.552 $74.909
RVU $35.823 $35.823 $35.934 $35.889

WPAFB Direct Care Data

The WPAFB direct care data consisted of two different datasets: the Standard

Inpatient Data Record (SIDR) and the Comprehensive Ambulatory Provider En-

counter Record (CAPER). The datasets include beneficiary data, coverage informa-

tion, service-related information, and demographics for each observation. Within the

SIDR dataset, the focus was on the following information for each observation: the

Medicare Severity Diagnosis-Related Group RWP value, ACV group, age, beneficiary

category, pseudo person identifier, Medicare Severity Diagnosis-Related Group code,

admission and discharge dates, and the Medical Expense and Performance Reporting

System dispositioning description. The Medical Expense and Performance Reporting

System dispositioning description is used to determine the product line the patient

received care from, either general surgery or orthopedic. The SIDR dataset includes

nearly 2500 observations from Fiscal Years 2014-2017.

The CAPER dataset contains over 750,000 outpatient care observations from the

same Fiscal Years. The data examined in this set includes similar descriptive identi-

fiers to the SIDR dataset such as the ACV group, age, beneficiary category, pseudo

person identifier, and product line. However, instead of RWPs, CAPER includes the

Provider Aggregate Work, Practice Expense, and Total RVU as well as the APC

aggregate weight if one exists.
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Atlanta Purchased Care Data

Similar to the WPAFB care data, the Atlanta, Georgia purchased care data is

separated into an inpatient and an outpatient care dataset for Fiscal Years 2014-2017.

Inpatient care is recorded under TRICARE Encounter Data Institutional (TEDI)

and outpatient care under TRICARE Encounter Data Non-Institutional (TEDNI). A

single TEDI observation includes the same information as the WPAFB SIDR data set

except there is no Medical Expense and Performance Reporting System dispositioning

description. The TEDNI outpatient data is analogous to the WPAFB CAPER data

except there is no APC weight. Additionally, there is no product line identifier,

instead there is the service nature. The service nature is a code indicating the clinical

nature of the type of service.

Data Cleaning

Since the Atlanta, Georgia purchased care data does not have any product lines

attached to care, it was necessary to assign an appropriate type of care to each obser-

vation. The VBA code in Appendix A assigned all observations a type of care based

on Medicare Severity Diagnosis-Related Group. The inpatient TEDI observations,

required a list of Medicare Severity Diagnosis-Related Group codes performed at the

WPAFB MTF. It is assumed that any procedure performed at the WPAFB MTF

can be performed at an MTF or clinic developed in Atlanta, Georgia. The Medi-

care Severity Diagnosis-Related Group codes were matched to types of care, either

general surgery, orthopedics, or not performed at an MTF. If the Medicare Severity

Diagnosis-Related Group was listed under both the general surgery and orthopedic

product lines, the Medicare Severity Diagnosis-Related Group was assigned to the

product line with the most number of occurrences. There were two ties where there

were the same number of occurrences between product lines so we assigned one to gen-
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eral surgery and the other to orthopedics. There were only 22 out of 246 Medicare

Severity Diagnosis-Related Group codes performed at an MTF that had observa-

tions with both general surgery and orthopedics. If the Medicare Severity Diagnosis-

Related Group code was not performed at WPAFB, it was assumed it could not be

performed at a potential MTF in Atlanta and was designated as not performed at an

MTF. For example, in the TEDI there was an observation for a Medicare Severity

Diagnosis-Related Group code one. This Medicare Severity Diagnosis-Related Group

represents a heart transplant or implant of heart assist system with major complica-

tions or comorbidity. Realistically, an MTF would not perform this procedure and

the care would be purchased. This happened for 3108 out of 13091 observations.

The same process could not assign product lines to the TEDNI observations be-

cause TEDNI data did not include Medicare Severity Diagnosis-Related Group codes.

The WPAFB CAPER data was used to determine the percentages of general surgery

and orthopedic observations for each year. It was assumed the Atlanta purchased

care outpatient data would follow the same percentages as the WPAFB CAPER

data. Therefore, the TEDNI observations were randomly assigned to either the gen-

eral surgery or orthopedics product line based on the percentages per year observed

in the CAPER data.

Additionally, the Air Force Medical Operations Agency indicated that both At-

lanta based purchased care data and WPAFB direct care data may have duplicate

entries for inpatient and outpatient encounters. Therefore, the VBA code in Appendix

B was used to identify these duplicate entries and mark them for removal. Detecting

duplicates in the purchased care data sets utilized the pseudo person identifier and

begin date of care. There were 9,911 duplicate observations removed from the TEDNI

set. The duplicate entries in the direct care data sets were identified through VBA

code in Appendix C. This code found duplicates based on the pseudo identifier of the
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patient as well as the month and year the care was received. One CAPER entry per

duplicate SIDR observation was removed, a total of 2,284 observations.

The WPAFB direct care CAPER data set included both RVU and APC values.

However, APC values are not recorded for the Atlanta purchased care TEDNI. APC

values for the Atlanta purchased care data are needed for proper workload cost com-

parisons. An initial attempt was to determine if the care should be RVU or APC

based on the service nature. However, this procedure did not produce values con-

sistent with direct care APCs. Therefore, APC values were assigned based on a

multiplier determined from the cost ratio of purchased to direct care for an individ-

ual. The multiplier values are listed as part of the sensitivity analysis in the next

chapter.

Lastly, to ensure clean datasets 569 general surgery and 6,984 orthopedic outpa-

tient WPAFB CAPER encounters were removed. From the Atlanta TEDNI set, 3,574

general surgery and 17,540 orthopedic encounters were removed. These observations

were removed because they did not contain any workload data.

3.3 Monte Carlo Simulation

A simulation is the imitation of the operation of a real-world process or system over

time [26]. A Monte Carlo simulation is used to draw insights on the cost of direct

and purchased medical care. Monte Carlo simulations use stochastic methods to

generate a partial sequence of independent and identically distributed random vectors

X1, X2, ..., Xn having the mass function P {X = xj} , j > 1 [27]. The Monte Carlo

simulations’ repeated random sampling helps obtain numerical results and measures

of the risk involved.
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3.4 Model Overview

Modeling began with differing types of care data that were filtered and aggregated

into manageable inputs for use within the simulation. These data were utilized to to

define 13 different types of care considered in the simulation. Table 3 depicts how

these types of care are abbreviated for future use in the research. Abbreviations are

consistent between direct and purchased care descriptions.

Table 3. Abbreviations Corresponding to Each Type of Care

Type of Care Abbreviation
Orthopedic Inpatient RWP Ortho Inpat
Orthopedic Outpatient APC Ortho Outpat APC
Orthopedic Outpatient RVU Ortho Outpat RVU
General Surgery Inpatient RWP GS Inpat
General Surgery Outpatient APC GS Outpat APC
General Surgery Outpatient RVU GS Outpat RVU
Not Performed at MTF Inpatient RWP Not Inpat

The data are assumed to follow the lognormal distribution for all 13 different

types of care. The lognormal is a continuous heavy-tailed probability distribution

closely related to the normal distribution, but the random variable, X, assumes only

positive values. A random variable X has a lognormal distribution if its probability

distribution (pdf) is

f(x) =


1√

2πσx
exp

[
− (lnx−µ)2

2σ2

]
, x > 0

0, otherwise
(2)

where σ2 > 0, µ represents the mean also referred to as the shape parameter and σ

represents the standard deviation also referred to as the scale parameter.

JMP version 13.2.1 software fit an appropriate lognormal distribution to each of the

four beneficiary categories in each of the 13 different types of care. An example of the

JMP distribution output is depicted in Figure 2, where the lognormal distribution
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was fit for purchased general surgery inpatient beneficiary category one care. The

lognormal distribution passes the Kolmogorov-Smirnov goodness of fit test. This

distribution fitting process was executed for all types of care.

Figure 2. Lognormal Distribution for GS Inpat Category One Purchased Care

Table 4 illustrates the shape and scale parameters for the fitted lognormal distri-

bution corresponding to the beneficiary category of each type of purchased care. The

same information is displayed in Table 5 for all direct care types.

Table 4. Purchased Care Shape and Scale Parameters by Beneficiary Category

Category 1 Category 2 Category 3 Category 4
Ortho Inpat 9.86725, 0.52469 9.88231, 0.30996 9.88459, 0.33826 9.9502, 0.45105
Ortho Outpat RVU 4.34233, 0.89434 4.37281, 0.86421 4.34373, 0.83395 4.4364, 0.94266
GS Inpat 9.3145, 0.57385 9.45545, 0.62449 9.42344, 0.59444 9.39466, 0.56815
GS Outpat RVU 4.33131, 0.86087 4.36641, 0.8632 4.34458, 0.83767 4.44586, 0.95534
Not Inpat 9.72423, 0.97396 9.90292, 0.83585 9.77159, 0.83126 9.83745, 0.93407

Table 5. Direct Care Shape and Scale Parameters by Beneficiary Category

Category 1 Category 2 Category 3 Category 4
Ortho Inpat 9.60803, 0.74272 9.83415, 0.34022 9.84964, 0.40579 9.79745, 0.48876
Ortho Outpat APC 7.49313, 1.26527 7.85051, 0.84838 7.69484, 1.04419 7.94337, 0.84209
Ortho Outpat RVU 4.07712, 0.62307 4.34604, 0.75236 4.2969, 0.77875 4.15058, 0.64265
GS Inpat 8.9785, 0.53722 9.16386, 0.59317 9.18937, 0.52972 9.08362, 0.48164
GS Outpat APC 7.71237, 0.59781 7.58402, 0.67191 7.60138, 0.65159 7.71805, 0.63205
GS Outpat RVU 4.57125, 0.70754 4.60267, 0.7786 4.63426, 0.84802 4.61788, 0.71395
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Cumulative distribution functions (cdfs) were created from each unique pdf for

all types of care and beneficiary category. The cdfs were developed to find the total

cost of care for a particular care type partitioned by the costs for each beneficiary

category. These cdfs were used to find the overall cost of purchased or direct care for

a specific enrollment. An example cdf is displayed in Table 6 for purchased general

surgery inpatient care.

The Monte Carlo simulation was tested using the VBA code in Appendix D. To

start a U(0,1) random variable was generated. This indicated the beneficiary category

in the cdf from which the corresponding pdf was used to generate a cost. For example,

using the cdf in Table 6, if the random number was 0.5 then the random entity would

follow the pdf from category three. A second random number in the LOGNORM.INV

function in Excel, along with the pdf parameters, produced a cost. The distribution

parameters provided by JMP’s distributions tool conveniently match the format of

Excel’s LOGNORM.INV function. JMP produces the shape parameter, which is

equivalent to the mean, µ, and the scale parameter, which is equivalent to the standard

deviation, σ. Therefore, a single entity moving through the simulation will first be

assigned a random number. Depending on where that random number falls, the cost

for care is generated from the appropriate cost distribution.

Table 6. Purchased Care GS Inpat CDF

Category 1 Category 2 Category 3 Category 4
0.073597 0.463661 0.953082 1

This procedure was used to generate costs for 100,000 entities moving through the

system. This number of entities yields a very small standard error of the mean. The

standard error of the mean is not based on the assumption of a normally distributed

population, therefore it is applicable for the lognormally distributed population. The

standard error of the mean is calculated by
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σx =
σ√
n
, (3)

where σ is the standard deviation of the population and n is the number of observa-

tions of the sample. Running this simulation for a higher number of entities would

consume additional time for no additional benefit. Additionally, we ran one replica-

tion occurs for each instance because all factors are assumed to be independent, thus

making any additional runs futile.

A count of the number of entities is maintained for each category. Using this count

yields cost margins for an individual for each type of care in the simulation. The mean

cost of a particular care type j, noted Xj, is calculated using

Xj =
1

n

n∑
i=1

Xij, (4)

where Xij represents the ith value of the sample and n represented the sample size.

The various individual costs for a given care type are evaluated in the following

chapter.

Determining the costs for an individual in a given beneficiary category and care

helped to develop two scenarios. The first scenario determines the costs of providing

both direct and purchased care at WPAFB’s historical number of encounters for each

category over three years. This scenario is called the WPAFB enrollment in the next

chapter. The second scenario, referred to as Atlanta enrollment, determines the same

costs, but at predicted Atlanta encounter numbers for three years for each care and

beneficiary category. Atlanta encounter numbers were predicted based on the ratio

of each beneficiary category’s enrollment to WPAFB.
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3.5 Verification and Validation

Verification and validation are separate procedures that are essential to ensure

the credibility and accuracy of any information and analyses in a simulation model.

Verification is concerned with assuring the model is built correctly and behaves as

intended. Validation is concerned with building the correct model and ensuring the

model behaves the same as the real system.

For this research to ensure model adequacy, the model was verified by extending

the parameters to extreme values and monitoring how the simulation responded.

The means of each distribution were increased by 10 and the resulting mean cost

per beneficiary category observed. For example, consider changing the mean of the

pdf for the purchased general surgery inpatient beneficiary category one care. After

running the simulation, the individual cost of care increased by a magnitude of four.

A separate instance varied the standard deviations in each pdf and monitored the

behavior of the simulation. Again, the Monte Carlo simulation produced differing

cost results. Since the differing cost results when varying the two parameters is

expected, there is confidence the model is correctly built.

Model Validation involved setting aside one fiscal year of data. Fiscal Year 2014 is

the validation set because there were no significant policy changes influencing the way

military health care is delivered or any considerable changes to military authorization

numbers. Results with this validation dataset led to concluding there are no factors

that may affect the behavior of the data. The validation dataset followed the same

process to determine the applicable distribution. The shape and scale parameters

for the Fiscal Year 2014 lognormal distributions for purchased and direct care are

displayed in Appendix E. The dataset ran through the same Monte Carlo simulations,

adjusting for the different pdfs. Due to the stochasticity of the simulation process an

exact match is unlikely, however similar cost results are expected. Figure 3 displays
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the commonalities between the purchased care orthopedic outpatient RVU values

from the test and validation datasets.

Figure 3. Cost Comparison Between the Test and Validation Data

3.6 Summary

This chapter outlined the methodology for developing a deterministic cost model

used to compare the workload costs of providing health care at a MTF versus in

the private sector. the chapter first described the process to determine the radius

of TRICARE enrolled individuals in the Atlanta, Georgia region. Next, it described

where the data came from as well as the specific enrollment data received. It then

discussed the workload measures used in the analysis and the nature of the direct

and purchased care datasets. The procedures used to produce clean and comparable

datasets for the Monte Carlo simulation were outlined. Finally, the Monte Carlo
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simulation model and the steps performed to verify and validate the model were

presented. The analysis and results of this applied methodology are discussed in the

next chapter.
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IV. Analysis

4.1 Overview

In this analysis section, the research methodology is used to represent the costs

to provide direct and purchased medical care based on workload measures. Dsts

between direct and purchased care for the general surgery and orthopedics specialties

are discussed. Sensitivity analysis on the fiscal impacts of developing a new military

treatment facility (MTF) in Atlanta, Georgia to the Department of Defense (DoD)

are also discussed. Finally, results are summarized in terms of their application to

the original problem statement that motivated the research.

4.2 Analysis

The Monte Carlo simulation first determines the cost for an individual in any

given type of care and beneficiary category. The individual cost results are displayed

in Table 7 for direct care costs and Table 8 for purchased care costs.

Table 7. Direct Care Individual Cost

Category 1 Category 2 Category 3 Category 4
GS Outpat APC $2,661.04 $2,467.47 $2,474.37 $2,757.94
GS Outpat RVU $121.98 $134.89 $146.71 $130.84
GS Inpat $9,113.26 $11,437.09 $11,249.17 $9,848.66
Ortho Outpat APC $4,009.56 $3,684.05 $3,784.99 $3,972.64
Ortho Outpat RVU $71.81 $102.76 $99.81 $77.79
Ortho Inpat $19,420.26 $19,770.56 $20,524.23 $20,240.68
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Table 8. Purchased Care Individual Cost

Category 1 Category 2 Category 3 Category 4
GS Outpat RVU $110.67 $114.94 $109.13 $135.82
GS Inpat $13,136.33 $15,610.66 $14,723.30 $14,158.93
Ortho Outpat RVU $115.78 $115.13 $108.73 $132.19
Ortho Inpat $22,258.26 $20,534.62 $20,780.57 $23,315.89
Not Inpat $27,038.21 $28,304 $24,961.59 $28,856.85

Results do not define the general surgery or orthopedics outpatient Ambulatory

Payment Classification (APC) individual cost values for purchased care. These out-

patient APC costs are considered uncertain parameters. Estimating APC cost values

in the sensitivity analysis allows a full comparison between direct and purchased mil-

itary health care. These individual costs, along with the number of encounters, were

used to calculate the costs of direct and purchased care for each of the scenarios.

The number of encounters over a three year time period for each type of care and

beneficiary category in the Wright Patterson Air Force Base (WPAFB) enrollment

scenario are displayed in Table 9.

Table 9. Encounters for WPAFB Enrollment Scenario

Category 1 Category 2 Category 3 Category 4
GS Outpat APC 196 748 684 220
GS Outpat RVU 895 2,787 3,486 1,059
GS Inpat 62 222 339 82
Ortho Outpat APC 184 508 723 611
Ortho Outpat RVU 3,531 11,598 15,462 8,441
Ortho Inpat 22 338 509 100

The enrollment datasets from WPAFB and the new Atlanta market were used to

calculate a ratio of enrollment for each beneficiary category between the two regions.

These ratios were then used to determine the number of encounters for each type

of care and beneficiary category in the Atlanta enrollment scenario. The predicted

encounter values for the Atlanta enrollment scenario are displayed in Table 10.
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Table 10. Predicted Encounters for Atlanta Enrollment Scenario

Category 1 Category 2 Category 3 Category 4
GS Outpat APC 432 1,034 1,353 688
GS Outpat RVU 1,972 3,854 6,896 3,311
GS Inpat 137 307 671 256
Ortho Outpat APC 405 703 1,430 1,910
Ortho Outpat RVU 7,778 16,039 30,588 26,389
Ortho Inpat 48 467 1,007 313

4.3 Sensitivity Analysis

Sensitivity analysis was conducted on uncertain parameters to monitor the perfor-

mance of the results. The uncertain parameters for both scenarios are the individual

APC cost values for general surgery and orthopedic purchased care. To obtain a

cost value for the uncertain parameters, first calculate the cost ratios between direct

and purchased outpatient Relative Value Unit (RVU) care. Then, assign a ratio to

the outpatient purchased care APC values using the known outpatient RVU ratios.

Multiply this ratio by the cost of direct outpatient APC care for each beneficiary cat-

egories in the two specialties. For example, the general surgery outpatient RVU ratio

for beneficiary category one is 0.91. Multiply this ratio by $2,661.04, which is the cost

for a beneficiary category one individual to receive general surgery outpatient APC

direct care. This resulted in an estimated purchased care general surgery outpatient

APC cost value of $2,414.35. For the sensitivity analysis, consider a range of RVU

ratios from -0.3 to +0.3 in increments of 0.1 and apply these incremented ratios to all

beneficiary categories. Table 11 displays the increments and the corresponding total

APC cost for the general surgery and orthopedic care types for the WPAFB enroll-

ment scenario. Table 12 displays the same information for the Atlanta enrollment

scenario.
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Table 11. WPAFB Enrollment Sensitivity Analysis On Unknown Purchased Care APC
Parameters

Increment General Surgery Total APC Cost Orthopedic Total APC Cost
-0.3 $2,534,613.26 $8,059,945.18
-0.2 $3,001,258.02 $8,837,253.93
-0.1 $3,467,902.79 $9,614,562.68
0 $3,934,547.56 $10,391,871.43

+0.1 $4,401,192.32 $11,169,180.18
+0.2 $4,867,837.09 $11,946,488.93
+0.3 $5,334,481.86 $12,723,797.68

Table 12. Atlanta Enrollment Sensitivity Analysis on Unknown Purchased Care APC
Parameters

Increment General Surgery Total APC Cost Orthopedic Total APC Cost
-0.3 $4,992,709.21 $19,147,245.21
-0.2 $5,887,339.49 $20,868,773.13
-0.1 $6,781,969.77 $22,590,301.04
0 $7,676,600.04 $24,311,828.96

+0.1 $8,571,230.32 $26,033,356.87
+0.2 $9,465,860.60 $27,754,884.78
+0.3 $10,360,490.88 $29,476,412.70

Table 11 and Table 12 results show that the costs increase in a linear fashion

for both general surgery and orthopedics as the increment increases. Additionally,

the costs in Table 12 are almost twice as high as those costs in Table 11 because

the enrollment is higher for the Atlanta market for all beneficiary categories. The

enrollment in Atlanta is 2.2, 1.38, 1.98, and 3.13 times higher than WPAFB for

beneficiary category one, two, three, and four respectively.

The sensitivity analysis helped determine that the total value of purchased care

ranges from $46.85 to $71.72 million for the WPAFB enrollment scenario. For the

Atlanta enrollment scenario, there is a higher range of values, from $94.55 to $142.99

million. Comparatively, for direct care the cost to operate under the WPAFB enroll-

ment scenario is $44.53 and $87.19 million for the Atlanta enrollment scenario. The

comparison between these purchased and direct care costs can be observed in Figure
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4 for WPAFB Enrollment scenario and Figure 5 for the Atlanta enrollment scenario.

Figure 4 and Figure 5 represent the range of total purchased care costs with the gray

shaded area of the stacked column.

Figure 4. WPAFB Enrollment Cost Comparison Between Direct and Purchased Care

Figure 5. Atlanta Enrollment Cost Comparison Between Direct and Purchased Care
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4.4 Summary

This chapter presents the analysis used to help Air Force Medical Operations

Agency gain insights on the value of direct and purchased military health care and

the need for a new MTF in Atlanta, Georgia. The analysis indicates that providing

direct care is always cheaper than providing purchased care except for general surgery

outpatient procedures for all beneficiaries except active duty service members.

For direct care the cost to provide care for three years under the WPAFB enroll-

ment scenario is about $44.53 and $87.19 million for the Atlanta enrollment scenario.

To provide the same purchased care under the WPAFB enrollment scenario would

cost anywhere from $2.33 to $27.2 million more than if it were performed at a direct

care facility. For the Atlanta enrollment scenario, the purchased care is $7.36 to $55.8

million more expensive than the same direct care.
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V. Conclusions and Future Research

5.1 Overview

This final chapter presents the conclusions, the limitations, and future areas of

research.

5.2 Conclusions

The comparatively high enrollment numbers for the Atlanta, Georgia region com-

bined with the discounted costs to provide direct care warrant the consideration of

developing a new military treatment facility (MTF) in the region. The analysis indi-

cates that the enrollment in Atlanta is higher than Wright Patterson Air Force Base

for all four beneficiary categories. This result indicates that there is enough demand

in the region to justify the development of a new MTF. Additionally, the analysis

focused specifically on workload costs, which closely follow the lognormal distribu-

tion. Based on workload measures, it is cheaper to deliver both general surgery and

orthopedic care at a MTF. A new MTF in Atlanta, Georgia would better ensure

operational readiness by providing an additional site for clinicians to train. However,

one cannot determine the effects to medical readiness.

The Air Force Medical Service and Air Force Medical Operations Agency should

consider developing a new MTF in the Atlanta, Georgia region in order to reduce

health care costs to the Department of Defense. The methodology applied in this

research to the Atlanta region can be applied to any geographical region to determine

the possibility of reduced costs. The development of additional MTFs, combined

with other efforts aimed at achieving savings and efficiencies within the operational

environment of the Military Health System, can help the Department of Defense

control the rising costs of military health care. The Department of Defense must also
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continue to pursue reasonable health benefit reform as part of a balanced approach.

5.3 Limitations

The model developed in this work considered the costs of direct and purchased mil-

itary medical health care based on workload measures. The model did not consider

any fixed startup costs, nor any annual costs such as clinicians salaries or building

operational costs. Additionally, the model does not capture the potential compensa-

tion a MTF would receive from other health insurance. Reimbursement from other

health insurance would reduce the costs of providing direct care at a MTF.

The scope of this research was limited to general surgery and orthopedic specialties.

However, the methodology in this research can be applied to all specialty and primary

care types. Additionally, the workload measures for a type of care are calculated based

on beneficiary categories. The work does not consider other identifying characteristics

such as age or Alternate Care Value group. The TRICARE program was restructured

beginning in January of 2018. Therefore, any information gained from the Alternate

Care Value group identifier may be obsolete for the updated structure. Additionally,

the model does not account for any drastic changes in the cost to deliver direct or

purchased health care.

The work assumes that if a MTF were developed the MTF would experience

enough encounters to be fiscally beneficial and will operate at a similar efficiency

as Wright Patterson Air Force Base. This research cannot predict the future MTF

efficiency or performance. These outcomes are often based on how well the MTF

leader manages care. Additionally, for a fair comparison between direct and pur-

chased care, malpractice expenses are not incorporated into the calculations. The

Malpractice Expense Relative Value Unit represents the cost of liability insurance for

a provider. Malpractice Expense Relative Value Units are recorded only for purchased
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care. There are no Malpractice Expenses recorded for direct care because military

clinicians are protected from medical malpractice lawsuits.

Medical teams are assumed to treat a minimum number of patients and meet the

operational readiness mission. It is assumed MTF clinicians will maintain adequate

training to care for personnel in both peace and war time and the medical teams at

a MTF will have the availability and capability to keep a medically ready force and

meet the medical readiness mission.

5.4 Future Research

This analysis assists Air Force Medical Service and Air Force Medical Operations

Agency in deciding if a new MTF in the Atlanta, Georgia region will help reduce

military health care costs to the Department of Defense. However, in order to make

an informed decision, the Air Force Medical Operations Agency should consider future

research into the problem. Future work might consider a full cost analysis, to include

fixed and variable costs, on each of the two alternatives. Additionally, future research

might examine methods to reduce costs through different building options. Instead

of the DoD constructing and staffing their own facility, it may be beneficial to lease

or rent the space.

This analysis provides a means to examine primary care and other care specialties.

Extensions might consider the age group and other characteristics to see if there is a

statistically significant difference in the cost of care. The analysis provides insights

on the cost of care based on beneficiary categories. Those individuals in beneficiary

category four must be seen at an MTF unless there is a referral. However, all other

beneficiary categories are not required to receive care at an MTF. Therefore, future

research could examine the potential to recapture care. Recapture care here means to

determine the number of beneficiaries who will switch from private sector care and in-
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stead choose to receive care at a MTF. Future researchers should know the population,

understand the services, and leverage medical informatics to provide a comprehensive

recommendation on the development of a new MTF in any geographical area.
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Appendix A. Inpatient Product Line VBA Code

Sub MeprsCode()

Dim Count As Double

Dim i As Double

Dim DataRange As Range

Dim TEDi As Worksheet

Dim MsDrg As Double

Dim MeprsID As String

Set TEDi = Sheets("TEDI")

Set DataRange = Range(TEDi.Cells(2, 1), TEDi.Cells(2, 1).End(xlDown))

Count = WorksheetFunction.Count(DataRange)

i = 2

MsDrg = TEDi.Range("R" & i).Value

For i = 2 To Count + 1

Select Case MsDrg

Case 29, 30, 42, 81, 162, 169, 305, 454, 455, 457, 458, 459,

460, 462, 464, 465, 467, 468, 469, 470, 471, 472, 473, 481, 482,

483, 484, 486, 488, 489, 490, 491, 493, 494, 496, 497, 504, 511,
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512, 513, 514, 515, 516, 517, 518, 519, 520, 536, 554, 556, 558,

560, 561, 563, 566, 572, 857, 858, 902, 903, 906, 909, 940, 951,

982, 983, 987

MeprsID = "ORTHOPEDICS"

TEDi.Range("S" & i).Value = MeprsID

Case 27, 132, 133, 134, 145, 148, 149, 151, 156, 167, 170, 184,

185, 186, 198, 200, 201, 204, 206, 225, 227, 244, 264, 300, 301,

309, 310, 312, 313, 315, 316, 326, 327, 328, 329, 330, 331, 333,

335, 336, 337, 339, 340, 341, 342, 343, 344, 345, 346, 348, 349,

351, 352, 354, 355, 357, 358, 370, 371, 372, 373, 375, 376, 379,

381, 384, 385, 386, 388, 389, 390, 391, 392, 393, 394, 395, 409,

414, 416, 417, 418, 419, 420, 421, 434, 439, 440, 443, 444, 445,

446, 459, 460, 464, 467, 468, 470, 473, 481, 482, 488, 489, 490,

491, 492, 493, 494, 502, 544, 552, 570, 571, 576, 578, 580, 581,

582, 583, 585, 599, 601, 603, 614, 626, 627, 640, 641, 655, 660,

661, 663, 682, 683, 690, 694, 696, 699, 700, 708, 709, 710, 713,

714, 734, 735, 736, 742, 743, 748, 749, 769, 775, 776, 781, 799,

801, 804, 812, 821, 825, 827, 828, 856, 862, 863, 864, 871, 880,

908, 920, 921, 947, 948, 949, 950, 963, 981, 988, 989

MeprsID = "GENERAL SURGERY"

TEDi.Range("S" & i).Value = MeprsID

Case Else
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MeprsID = "Not Performed at MTF"

TEDi.Range("S" & i).Value = MeprsID

End Select

MsDrg = TEDi.Range("R" & i + 1).Value

Next

End Sub
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Appendix B. Purchased Care Duplicates VBA Code

Sub FindDuplicates()

Dim Inpat As Worksheet

Dim Outpat As Worksheet

Dim Dup As Worksheet

Dim InID As String

Dim InCM As Double

Dim InCY As Double

Dim OutID As String

Dim OutCM As Double

Dim OutCY As Double

Dim InCount As Double

Dim OutCount As Double

Dim InDataRange As Range

Dim OutDataRange As Range

Dim i As Double

Dim n As Double

Dim LastRow As Double

Set Inpat = Sheets("Inpat")

Set Outpat = Sheets("Outpat")

Set Dup = Sheets("Duplicates")
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Set InDataRange = Range(Inpat.Cells(2, 1), Inpat.Cells(2, 1).End(xlDown))

InCount = WorksheetFunction.Count(InDataRange)

Set OutDataRange = Range(Outpat.Cells(2, 1), Outpat.Cells(2, 1).End(xlDown))

OutCount = WorksheetFunction.Count(OutDataRange)

For i = 2 To InCount

InID = Inpat.Range("H" & i).Value

InCM = Inpat.Range("M" & i).Value

InCY = Inpat.Range("N" & i).Value

For n = 2 To OutCount

OutID = Outpat.Range("E" & n).Value

OutCM = Outpat.Range("L" & n).Value

OutCY = Outpat.Range("M" & n).Value

If OutID = InID Then

If OutCM = InCM Then

If OutCY = InCY Then

LastRow = Dup.Range("A" & Rows.Count).End(xlUp).Row + 1

Dup.Range("A" & LastRow).Value = OutID

Dup.Range("B" & LastRow).Value = OutCM

Dup.Range("C" & LastRow).Value = OutCY

Dup.Range("D" & LastRow).Value = n

Dup.Range("E" & LastRow).Value = i

Else

n = n
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End If

Else

n = n

End If

Else

n = n

End If

Next n

Next i

End Sub

59



Appendix C. Direct Care Duplicates VBA Code

Sub FindDuplicates()

Dim SIDR As Worksheet

Dim CAPER As Worksheet

Dim Dup As Worksheet

Dim SidrID As String

Dim SidrCM As Double

Dim SidrCY As Double

Dim CaperID As String

Dim CaperCM As Double

Dim CaperCY As Double

Dim SidrCount As Double

Dim CaperCount As Double

Dim SidrDataRange As Range

Dim CaperDataRange As Range

Dim i As Double

Dim n As Double

Dim LastRow As Double

Set SIDR = Sheets("WPAFB SIDR")

Set CAPER = Sheets("WPAFB CAPER")

Set Dup = Sheets("Duplicates")
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Set SidrDataRange = Range(SIDR.Cells(2, 1), SIDR.Cells(2, 1).End(xlDown))

SidrCount = WorksheetFunction.Count(SidrDataRange)

Set CaperDataRange = Range(CAPER.Cells(2, 1), CAPER.Cells(2, 1).End(xlDown))

CaperCount = WorksheetFunction.Count(CaperDataRange)

i = 2

SidrID = SIDR.Range("AA" & i).Value

SidrCM = SIDR.Range("H" & i).Value

SidrCY = SIDR.Range("I" & i).Value

n = 2

CaperID = CAPER.Range("Y" & n).Value

CaperCM = CAPER.Range("N" & n).Value

CaperCY = CAPER.Range("O" & n).Value

For i = 2 To SidrCount

For n = 2 To CaperCount

CaperID = CAPER.Range("Y" & n).Value

CaperCM = CAPER.Range("N" & n).Value

CaperCY = CAPER.Range("O" & n).Value

If CaperID = SidrID Then

If CaperCM = SidrCM Then

If CaperCY = SidrCY Then

LastRow = Dup.Range("A" & Rows.Count).End(xlUp).Row + 1

Dup.Range("A" & LastRow).Value = CaperID
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Dup.Range("B" & LastRow).Value = CaperCM

Dup.Range("C" & LastRow).Value = CaperCY

Dup.Range("D" & LastRow).Value = n

Dup.Range("E" & LastRow).Value = i

CaperID = CAPER.Range("Y" & n + 1).Value

CaperCM = CAPER.Range("N" & n + 1).Value

CaperCY = CAPER.Range("O" & n + 1).Value

Else

CaperID = CAPER.Range("Y" & n + 1).Value

CaperCM = CAPER.Range("N" & n + 1).Value

CaperCY = CAPER.Range("O" & n + 1).Value

End If

Else

CaperID = CAPER.Range("Y" & n + 1).Value

CaperCM = CAPER.Range("N" & n + 1).Value

CaperCY = CAPER.Range("O" & n + 1).Value

End If

Else

CaperID = CAPER.Range("Y" & n + 1).Value

CaperCM = CAPER.Range("N" & n + 1).Value

CaperCY = CAPER.Range("O" & n + 1).Value

End If

Next n

SidrID = SIDR.Range("AA" & i + 1).Value

SidrCM = SIDR.Range("H" & i + 1).Value

SidrCY = SIDR.Range("I" & i + 1).Value
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Next i

End Sub
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Appendix D. Monte Carlo Simulation VBA Code

Sub PC_GS_Inpat()

Dim RndNum As Double

Dim i As Double

Dim Cat1TotalCost As Double

Dim Cat2TotalCost As Double

Dim Cat3TotalCost As Double

Dim Cat4TotalCost As Double

Dim Cost As Double

Dim RndNum2 As Double

Dim n As Double

For n = 1 To 100

For i = 1 To 10000

RndNum = Rnd()

RndNum2 = Rnd()

If RndNum < 0.073598 Then

Cost = WorksheetFunction.LogNorm_Inv(RndNum2, 9.3145, 0.57385)

Cat1TotalCost = Cost + Cat1TotalCost

ElseIf RndNum > 0.073597 And RndNum < 0.463662 Then

Cost = WorksheetFunction.LogNorm_Inv(RndNum2, 9.45545, 0.62449)

Cat2TotalCost = Cost + Cat2TotalCost
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ElseIf RndNum > 0.463661 And RndNum < 0.953083 Then

Cost = WorksheetFunction.LogNorm_Inv(RndNum2, 9.42344, 0.59444)

Cat3TotalCost = Cost + Cat3TotalCost

Else

Cost = WorksheetFunction.LogNorm_Inv(RndNum2, 9.39466, 0.56815)

Cat4TotalCost = Cost + Cat4TotalCost

End If

Next

Sheets("PC GS Inpat").Range("A" & n + 1).Value = Cat1TotalCost

Sheets("PC GS Inpat").Range("B" & n + 1).Value = Cat2TotalCost

Sheets("PC GS Inpat").Range("C" & n + 1).Value = Cat3TotalCost

Sheets("PC GS Inpat").Range("D" & n + 1).Value = Cat4TotalCost

Cat1TotalCost = 0

Cat2TotalCost = 0

Cat3TotalCost = 0

Cat4TotalCost = 0

Next

End Sub
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Appendix E. Validation Data Shape and Scale Parameters

Table 13. Purchased Care Shape and Scale Parameters 2014

Category 1 Category 2 Category 3 Category 4
Ortho Inpat 9.68559, 0.58972 9.90679, 0.3493 9.83713, 0.37601 9.98971, 0.482
Ortho Outpat RVU 4.37374, 0.88526 4.38707, 0.85958 4.36266, 0.82562 4.4722, 0.90466
GS Inpat 9.15786, 0.5638 9.42022, 0.6208 9.39767, 0.57853 9.43294, 0.63715
GS Outpat RVU 4.42363, 0.88856 4.39423, 0.84628 4.3858, 0.8271 4.44273, 0.89054
Not Inpat 9.79664, 0.92027 9.90165, 0.74852 9.79533, 0.75479 9.72031, 0.8834

Table 14. Direct Care Shape and Scale Parameters 2014

Category 1 Category 2 Category 3 Category 4
Ortho Inpat 9.51938, 0.89406 9.6907, 0.48509 9.71258, 0.51774 9.61394, 0.62424
Ortho Outpat APC 7.73144, 0.99948 7.67858, 1.06865 7.64591, 1.21098 7.87613, 1.01529
Ortho Outpat RVU 4.075, 0.67155 4.25825, 0.74867 4.19452, 0.74585 4.13659, 0.70468
GS Inpat 9.02343, 0.53522 9.3148, 0.6301 9.25407, 0.59299 9.16513, 0.62883
GS Outpat APC 7.77341, 0.62008 7.3772, 0.79553 7.26369, 0.72937 7.67698, 0.65327
GS Outpat RVU 4.59086, 0.98896 4.62184, 1.04749 4.59685, 0.94779 4.62108, 0.86344
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