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Preface

The Air Force Medical Service supports combatant commanders by providing treatment at
forward-deployed medical treatment facilities and aecromedical evacuation to patients who need
higher levels of care. This concept of operations involves a rapid flow of patients across different
treatment facilities, which requires close integration of treatment and evacuation functions.
Balancing the deployment of treatment and evacuation resources is therefore necessary to
ensure that the right mix of resources is available in a timely fashion.

The Air Force Surgeon General asked the RAND Corporation to identify methods to
improve the planning of forward-deployed medical resources, taking into account the variety
of scenarios that the U.S. military may face in future operations. To do so, RAND devel-
oped an approach that integrates planning for medical resources across treatment and evacu-
ation functions, across levels of care, and across the military services. The approach is built
around a RAND-developed construct, the stabilization, triage and treatment, and evacuation
of patients (STEP) rate. Essentially a patient flow rate, the STEP rate can help planners better
understand the interdependencies among treatment and evacuation functions, levels of care,
and the military services. This understanding will help planners ensure that the right level of
resources is sent to the right areas, thereby preventing resource imbalances that impede the
rapid movement of patients across the entire medical system. The STEP rate concept is com-
patible with existing joint medical planning tools. Recommended modifications to these tools
are discussed in this report.

Related RAND research is presented in the following publications:

* How Should Air Force Expeditionary Medical Capabilities Be Expressed? Don Snyder,
Edward W. Chan, James J. Burks, Mahyar A. Amouzegar, and Adam C. Resnick
(MG-785-AF). This report presents a new metric for measuring expeditionary medical
support and develops a framework for applying it across three Air Force medical mission
areas: deployed support to the warfighter, humanitarian relief, and defense support to
civil authorities.

* New Equipping Strategies for Combat Support Hospitals, Matthew W. Lewis, Aimee Bower,
Mishaw T. Cuyler, Rick Eden, Ronald E. Harper, Kristy Gonzalez Morganti, Adam C.
Resnick, Elizabeth D. Steiner, and Rupa S. Valdez (MG-887-A). This report describes a
new equipping strategy for the Army’s Combat Support Hospitals.

The research presented in this report was conducted as part of a fiscal year 2009 study
titled “Improved Planning for Wartime Requirements for the Air Force Medical Service.” The
work was sponsored by the Air Force Surgeon General and conducted within the Resource
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Management Program of RAND Project AIR FORCE. This report should be of interest to

medical planners and programmers in the Air Force and in the joint community.

RAND Project AIR FORCE
RAND Project AIR FORCE (PAF), a division of the RAND Corporation, is the U.S. Air

Force’s federally funded research and development center for studies and analyses. PAF provides
the Air Force with independent analyses of policy alternatives affecting the development,
employment, combat readiness, and support of current and future air, space, and cyber forces.
Research is conducted in four programs: Force Modernization and Employment; Manpower,
Personnel, and Training; Resource Management; and Strategy and Doctrine.

Additional information about PAF is available on our website:

http://www.rand.org/paf/
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Summary

The current concept of operations (CONOPS) for expeditionary medical care emphasizes
quickly moving patients to a series of successively more sophisticated medical facilities that
provide the patients with the care necessary to ultimately treat their injuries or conditions.
This process requires close coordination between the treatment facilities and the evacuation
resources that link them. However, the processes and tools currently used in planning for
expeditionary medical resources do not fully reflect the current CONOPS. Currently, the
capability of treatment facilities is typically measured and expressed in terms of the number
of hospital beds in the facility, and aecromedical evacuation capabilities are typically measured
and expressed in terms of the number of teams or aircraft available. Thus, planning is not
aligned with operational practice and is not well integrated across the full spectrum of echelons
and functions.

Expressing treatment and evacuation capabilities in terms of such measures as the num-
bers of beds and aircraft has two disadvantages. The first is that such measures are static
measures of capacity: Beds and aircraft are fundamentally measures of the numbers of items.
However, what is of concern to planners is not the number of items at each facility or function
but rather the capability that can be provided by those resources. The second disadvantage is
that the treatment and evacuation functions use different units of measure. With treatment
resources being measured in beds and evacuation assets being measured in aircraft, it is not
readily apparent how many aircraft are necessary to provide support to a field hospital of a
given size.

We propose a planning concept that is consistent with the military medical CONOPS
and that helps integrate medical planning across treatment and evacuation functions, across
the increasing levels of care, and across the different military services. Our concept begins
by proposing that treatment and evacuation functions at all levels use patient flow rate as the
common unit of measurement. The goal of every treatment facility and every evacuation asset
is the stabilization, triage and treatment, and evacuation of patients (STEP) to the next and
higher level of care as quickly as is prudent. Therefore, a measure of the capability of a compo-
nent to provide care is the rate at which that component can carry out these activities.

We propose that the patient flow rate, or STEP rate,' be applied across the entire medical
network. For treatment facilities, the STEP rate would be the number of patients treated per

1" RAND introduced the STEP rate in an earlier report (D. Snyder, E. W. Chan, J. J. Burks, M. A. Amouzegar, and A. C.
Resnick, How Should Air Force Expeditionary Medical Capabilities Be Expressed? Santa Monica, Calif.: RAND Corporation,
MG-785-AF, 2009) that argues why the STEP rate is a more appropriate unit of measurement than beds and illustrates
how the STEP rate would apply in different scenarios and configurations of the medical network. The authors suggest that
treatment facility unit type codes be re-expressed in terms of STED rates.

xi
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unit of time; for evacuation assets, the STEP rate would be the number of patients evacuated
per unit of time. This approach has the following advantages:

* It corresponds to the CONOPS of flow of patients away from the point of injury and
toward facilities that can provide proper care.

* It applies across all resources, levels of care, and the military services.

* It measures capability rather than capacity. That is, rather than measuring resource levels
(e.g., the number of beds, aircraft, and medical staff), the patient flow rate measures the
capability provided by the resources.

The CONOPS of patient care can be likened to the flow of fluid through a system of
valves and holding tanks. In such a system, the valves govern the rate at which fluid flows into
and out of the holding tanks. Ideally, the flow of fluid out of a tank is at least as fast as the flow
of fluid into a tank; otherwise, fluid backs up in the tank. Figure S.1 illustrates this analogy
with an example of a medical deployment laydown.

In the figure, the flow starts with patients entering the medical facilities of the Air Force,
Army, or Navy and Marine Corps because they have been wounded in action (WIA) as a result
of combat or enemy action or because they are suffering from a form of disease or nonbattle
injury (DNBI). Different scenarios will produce casualties at different rates for the different
services and yield different mixes of injuries and illnesses. The mix of injuries and illnesses can
have a major effect on the patient flow rate that can be achieved with a given set of resources.

The flow of patients next progresses to the first treatment facility, which is represented by
two holding tanks. The contents of the first tank represent patients who arrive requiring stabi-
lization or treatment; this tank can be thought of as the waiting room of a hospital emergency
department. The first valve represents the rate at which patients receive care at the facility, and
it governs the rate at which the first tank is emptied. The rate at which patients receive care
is a function of the treatment resources available, including capacity at the emergency room,
operating room, and intensive care unit and the capacity of the staff. Patients who have been

Figure S.1
Analogy of Patient Flow in a System of Holding Tanks and Valves

Level 2 Level 3 Level 4
A A
— ~— —
Treatment Evacuation
rate rate
AF
Treatment Evacuation Treatment Evacuation
\_/’\ rate \_/’\ rate \_/’\ rate \_/’\ rate
AR
i = A E N E N
WIA (A T | ) o &
and NAV Level 3, Level 3, Level 4, Level 4, Level 5,
DNBI awaiting awaiting awaiting awaiting CONUS
treatment evacuation treatment evacuation definitive
Level 2, Level 2, care

awaiting awaiting
treatment evacuation

NOTE: AF = Air Force. AR = Army. CONUS = continental United States. NAV = Navy and Marine Corps.

RAND TR1003-5.1
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treated and are stable enough for transport are moved to the second tank, where they await
evacuation to the next-higher level of care. This second tank corresponds to holding beds at
the treatment facility or at an acromedical staging facility.? The rate at which patients leave
this holding tank is governed by the rate at which the acromedical evacuation system (or some
other transport resource) can transport them.? From there, the patient flow continues on to
higher levels of care.

Actual operations may be more complex, involving multiple locations and multiple paths
of flow; patients may skip levels of care or remain at one level until they are released. Even in
these situations, the principles of flow rate apply. Regardless of the specific path, the system
still requires coordination between treatment and evacuation resources to ensure that the flow
of patients is not unnecessarily delayed.

For the planner seeking to put together into a medical system a series of treatment facili-
ties linked by evacuation assets, the goal is to prevent resource imbalances that impede the
rapid movement of patients across the entire medical system. The STEP rate helps by allowing
planners to better understand the interdependencies among treatment and evacuation func-
tions, levels of care, and the military services. With this understanding, planners will be better
able to assign resources in a way that ensures that these elements work together.

The STEP rate shows how shortages in resources in one area affect resources needed in
other areas. For example, reductions in the number of available airlifters would reduce the
evacuation rate between treatment facilities to a number below the rate needed to keep up with
the flow of casualties. This reduced evacuation rate would mean that patients would have to
wait longer at the lower-level facility. Consequently, planners would need to increase holding
capacity at that location in the form of holding beds within the theater hospital facility.

The STEP rate concept also illustrates the importance of coordination between the ser-
vices. The Air Force, for example, needs to know the casualty stream from Army and Marine
Corps units to plan for the right number of acromedical evacuation flights, crews, and patient
movement items. Conversely, it is also vital that Army and Navy medical planners be aware
of Air Force capabilities for aecromedical evacuation because these capabilities could affect the
holding capacity required at Army and Navy forward field hospitals and casualty receiving
ships.

As is the case with using any method for estimating medical resource requirements, using
the patient flow rate or STEP rate concept requires an understanding of the number, type, and
timing of casualties in the scenario. If the estimates of casualties are inaccurate, the resulting
estimates of medical resources required will be inaccurate, regardless of the resource estimation
algorithm. Although no casualty forecast is likely to predict with certainty the events that will
unfold in an actual contingency, efforts can and should be made to develop forecasts that are
appropriate to the different types of scenarios the U.S. military may face in the future.

The primary medical planning tool approved by the Joint Staff for use by combatant
commands for developing their operational plans is the Joint Medical Analysis Tool (JMAT),

2 Patients in the holding facility are likely to require continuing medical care and therefore to consume medical resources.
The distinction we make is that some patients in the holding facility are undergoing treatment because they are not yet well
enough to be transported, whereas other patients in the holding facility are there only because they are waiting for trans-
portation to become available. The latter patients are the ones who would be in the “awaiting evacuation” tank.

3 Transportation is not continuous but rather usually occurs in discrete vehicle loads. Therefore, a more exact analogy
might be a valve that periodically opens, releasing a measured amount of fluid each time.



xiv  Improving Joint Expeditionary Medical Planning Tools Based on a Patient Flow Approach

which is managed by the Joint Staff Theater Medical Information Program. (As of September
2010, the version of JMAT currently in use is 1.0.1.0.) Because JMAT simulates the flow of
patients within and across facilities, it already operates in a manner consistent with the patient
flow rate concept just described, even though it does not explicitly express treatment or evacua-
tion capabilities in terms of the STEP rate. To more fully implement the STEP concept, three
main modifications to JMAT would be required:

* Extend JMAT to include the entire chain of care. The flow concept we present in this
report emphasizes the interdependence among treatment and evacuation functions and
among treatment facilities in different echelons. This interdependence requires a plan-
ning tool that encompasses all levels of care. JMAT 1.0.1.0 models Levels 3, 4, and 5.
We recommend that JMAT be extended to include support for modeling Level 2 care. In
addition, we recommend that JMAT allow more flexibility in the paths taken by patients,
including the fact that they may skip echelons and that stopover locations in between
echelons may be involved. (The latter may be necessary in scenarios in which the flying
time between the theater and definitive care facilities is long.)

* Enhance JMAT modeling of patient holding capacity. The number of holding beds
needed at a treatment facility will vary and depend on evacuation availability. Modifica-
tions to JMAT would help planners more readily see this effect by distinguishing between
patients who cannot yet be evacuated because they are recovering and patients who could
be evacuated but are waiting for transport. Reporting the patient waiting times would
allow the deterioration of patient condition to be modeled. (Patient deterioration would
apply both to patients awaiting treatment and to patients awaiting transport to higher
levels of care.) In addition, some patients, such as host country nationals, might not be
evacuated. This would increase the need for holding capacity at the treatment facility and
should therefore be included in planning tools.

* Enhance JMAT modeling of patient evacuation. The patient flow concept we describe
illustrates how, in the current CONOPS, the treatment and evacuation of patients are
closely linked. Because resources in one function affect the resources required in the
other, it is necessary for a planning tool to include both in its modeling. We recommend
that JMAT be modified to provide calculations of the numbers of acromedical evacua-
tion (AE) crews and critical care air transport (CCAT) teams that are needed to handle
the patient flow, particularly on long-duration flights. In addition, JMAT 1.0.1.0 models
AE by requiring the user to assign aircraft to locations. This is inconsistent with the cur-
rent CONOPS, in which AE is carried out by aircraft of opportunity. Modifying JMAT
to allow users to model airlift availability in terms of number and frequency of sorties
would be more consistent with the CONOPS and would facilitate AE and CCAT crew
calculations as well as calculations of patient holding requirements at treatment facilities.

Investments in these areas would greatly enhance the effectiveness of medical planning
and, ultimately, enable commanders to deploy the right resources in the right areas. This would
allow the whole system to be brought up to operational capability more quickly and would
ensure that patient care and transport occur with a minimum of delay.
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CHAPTER ONE
Introduction

The current concept of operations (CONOPS) for expeditionary medical care emphasizes
getting patients to the highest level of medical care necessary as quickly as possible. Facilities
in which this type of care is performed range from forward expeditionary units with minimal
treatment capabilities to the most-advanced definitive care hospitals, all linked by medical
transport capabilities. Executing this concept places a high premium on moving patients
through a medical care system of increasing levels of care. The unifying theme across all these
echelons and functions is the dynamic flow of patients through the medical system.

However, the measures currently used in the planning of expeditionary medical resources
do not fully reflect this concept of patient flow. Rather than reflecting the dynamic flow of
patients, they reflect more-static measures of capacity: The capability of medical treatment
facilities is typically measured and expressed in terms of the number of hospital beds, and aero-
medical evacuation capabilities are typically measured and expressed in terms of the number
of aircraft and crews available. The measures used in planning are therefore not aligned with
the CONOPS used in practice. Further, they do not lend themselves to the integration of plan-
ning across the treatment and evacuation functions or across the multiple levels of treatment
facilities.

This report builds on an earlier study that proposed a new way of viewing expeditionary
medical planning by defining a single metric for capabilities: patient flow rate.! This metric
integrates and coordinates planning across echelons and functions and allows for a better
understanding of the interdependencies among treatment and evacuation functions, medical
capabilities within an echelon of care, and the military services.

In this report, we show how this new approach can be used within the Joint Staff’s cur-
rent medical planning tool, the Joint Medical Analysis Tool (JMAT),? to make planning for
expeditionary medical operations more effective. In Chapter Two, we examine the current
CONOPS for forward-deployed treatment and evacuation functions and then discuss how
current planning processes do not reflect that CONOPS. In Chapter Three, we explain the
principles that underpin the patient flow rate and then show how this construct can be applied
to planning for forward-deployed treatment and evacuation resources. The proposed approach
is applicable to the joint community, and it can be implemented using existing planning tools,
with some modification, as outlined in Chapter Four. Chapter Five summarizes our conclu-
sions and recommendations for the medical planning process, and particularly for JMAT.

1 D. Snyder, E. W. Chan, J. J. Burks, M. A. Amouzegar, and A. C. Resnick, How Should Air Force Expeditionary Medical
Capabilities Be Expressed? Santa Monica, Calif.: RAND Corporation, MG-785-AF, 2009.

2 For more information, see Defense Health Information Management System, “Medical Analysis Tool (MAT) & Joint
Medical Analysis Tool (JMAT),” factsheet, undated.






CHAPTER TWO

Air Force Medical Service Planning Is Not Aligned with the
Current Concept of Operations for Patient Flow

The way in which treatment and evacuation functions are currently measured—and, thus,
planned—is not fully aligned with the CONOPS currently employed by the military medical
system. In this chapter, we provide background information on the current CONOPS and
discuss how current metrics fall short in facilitating the integrated planning that is necessary to
properly coordinate the different functions, services, and levels of care in the military medical
system.

The Current Concept of Operations for Treatment and Evacuation

The current U.S. military medical CONOPS is built around the flow of patients between
treatment facilities that provide increasing levels of patient care.! When service members are
injured, the first level of care is provided by a first responder (Level 1), who is the injured
service member himself or herself (who administers self-aid), a nearby fellow service member
(who administers buddy aid), or a medically trained responder (such as a medic or corpsman).
Patients may then be brought to a forward resuscitative surgical facility (Level 2), usually located
close to the point of injury, where medical or surgical interventions may be performed to
stabilize the patient for further transport. First-responder care and forward resuscitative care
are generally the responsibility of the patient’s military service. Forward treatment facility
types vary with the different services, but, as different as these facilities are, they share certain
characteristics: All receive patients who flow in from the point of injury or from a lower level
of care, perform stabilizing treatment on them, and then flow them out to higher levels of care,
if needed.

Patients who require more-advanced treatment may be evacuated to a theater hospital
(Level 3). Such facilities are typically deployed in theater and include modular tent setups and
hospital ships. They provide increased surgical capabilities, a wider range of medical specialties,
and greater inpatient capability. Examples of theater hospitals are the facilities at Bagram Air
Base in Afghanistan and at Joint Base Balad in Iraq. At theater hospitals, patients receive the
care necessary to allow them to return to duty or to be stabilized for transport to further care
outside the theater. The theater hospital mission may be assigned to one or more services, and
the hospital may see patients from any of the services.

' For descriptions of the terminology associated with different types of care, see U.S. Joint Chiefs of Staff, Joint Publica-
tion 4-02, Health Service Support, October 2006.
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In recent years, there has been a tendency to evacuate patients out of the theater rather
than to have them recuperate in the theater hospital prior to returning to duty. Outside of the
theater, patients receive definitive care, which is the care necessary to “conclusively manage a
patient’s condition.”? During operations in Afghanistan and Iraq, definitive care has been split
into two categories: outside the continental United States (Level 4) and inside the continental
United States (Level 5). Level 4 and Level 5 patients have usually been evacuated to the Land-
stuhl Regional Medical Center in Germany, where they receive care before being brought back
to hospitals inside the continental United States (CONUS). Figure 2.1 depicts an example
medical network that illustrates the current CONOPS of the flow of patients from Air Force,
Army, and Navy and Marine Corps populations between treatment facilities that represent
increasing levels of care.

Linking all of these medical facilities is a variety of evacuation resources operated by the
different services. These resources provide not only patient transport but also en-route medical
care. Removing patients from the battlefield is called casualty evacuation (CASEVAC). Usu-
ally accomplished by a ground ambulance or by helicopter, CASEVAC brings the patient to
forward resuscitative care (Level 2) or directly to the theater hospital (Level 3). CASEVAC in
ground combat settings is primarily the responsibility of the Army or the Marine Corps, as
determined by the combatant commander. Evacuation from Level 2 to higher levels is typically
carried out by aeromedical evacuation (AE), which is generally understood to mean the evacu-
ation of patients by fixed-wing aircraft. AE is typically the responsibility of the Air Force. Med-
ical personnel accompany CASEVAC and AE missions to provide stabilizing care to patients.

Existing Metrics Are Capacity Based

Treatment Resources

Treatment resources in the Air Force exist primarily in the form of modular, tent-based facilities
known as expeditionary medical support (EMEDS). Designed to support expeditionary air
forces at forward locations, EMEDS can be built up as needed to provide increasing amounts
of capability, including by increasing the equipment, personnel, and type of care they offer.

Figure 2.1
The Current Air Force Medical Service CONOPS for Treatment and Evacuation, Levels 2-5

Theater Definitive care CONUS
hospitalization out of theater definitive
care

Forward
resuscitative care

NOTE: AF = Air Force. AR = Army. DNBI = disease or nonbattle injury. NAV = Navy and Marine Corps.
WIA = wounded in action.
RAND TR1003-2.1

2 Joint Publication 4-02, p. I-5.
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EMEDS module names reflect the number of beds in the facility. For instance, EMEDS +10
is a module with ten beds, and EMEDS +25 is a module with 25 beds.

How big an EMEDS facility will be when it is deployed is decided after a review of
published planning factors that assess the size of the population at risk (i.e., the number of
service members at the deployed location) that the EMEDS will support. For instance, an
EMEDS +10 is intended to support a population of 3,000-5,000.> The Air Force can also
decide to deploy a mobile acromedical staging facility or a contingency acromedical staging
facility. These are deployable facilities equipped and staffed to briefly hold or “stage” patients in
preparation for transport. Like EMEDS, these facilities are categorized in terms of the number

of beds they provide.

Evacuation Resources
Evacuation resources consist of ground or air transport vehicles and their patient-care crews.
In the Air Force, these resources are fixed-wing aircraft and AE crews. The AE crews may
be supplemented by critical care air transport (CCAT) teams in the case of patients who
require more-intensive care during flight. (Other more-specialized teams, such as ones that
care for burn patients, may be used as well.) In the past, certain aircraft were dedicated to the
AE mission; one example is the C-9 Nightingale, a purpose-built airframe. With the C-9’s
retirement in 2005, AE has relied on “retrograde lift” and “aircraft of opportunity” provided
by, for example, C-130 and C-17 cargo planes, and KC-135 tankers. Aircraft that have flown
into an area while carrying personnel or supplies are rapidly reconfigured to carry patients and
medical equipment on the return leg. In more-extreme cases, aircraft are diverted from their
original mission and their cargo is deplaned in order to allow the aircraft to carry patients.
AE and CCAT crews are positioned at airlift hub locations and are transported as neces-
sary to meet AE flights. Decisions about the number of crews to assign are, in theory, based
on the number of missions that are expected to be flown. However, the lack of reliable casu-
alty estimates, coupled with an understandable desire to not run short of capacity, can result
in planning that is based on upper bounds. One Air Force interviewee noted that the number
of AE crews assigned is based not on forecasts of AE demand, such as casualty forecasts, but
rather on upper bounds on AE supply—namely, the number of cargo aircraft based at the loca-
tion. ('The logic was that, once crew rotations are taken into account, there is no need to assign
more crews than the number of aircraft.) Although this anecdote does not supply conclusive
evidence of practice, it does suggest the need for improved planning so that resources can be
more efficiently used.

Disconnects Between the CONOPS and Planning Processes

Given the operational emphasis on patient flow, expressing treatment and evacuation capabilities
in terms of such measures as numbers of beds and aircraft has two disadvantages. The first is
that such measures are static measures of capacity: Beds and aircraft are fundamentally measures
of the numbers of items. However, what is of concern to planners is not the number of items at
each facility or function but rather the capability that can be provided by those resources. It is

3 For more information about EMEDS, see U.S. Air Force School of Aerospace Medicine, EMEDS Reference Handbook,
undated.
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not readily apparent, for instance, whether a 25-bed hospital is sufficient to support a particular
operational scenario; multiple factors—the rate at which patients become injured, the nature
of the injuries, and the length of time that patients need to stay in the hospital—affect the
resource requirements. In addition, these factors will vary from scenario to scenario.

The second disadvantage is that the treatment and evacuation functions use different
units of measure. A CONOPS that requires a smooth flow of patients demands that the plan-
ning of treatment and evacuation be coordinated. With treatment resources being measured
in beds and evacuation assets being measured in aircraft, it is difficult to know, for instance,
whether one C-17 flight a day is sufficient to keep up with the number and mix of patients
coming from a 50-bed hospital and whether a 25-bed treatment facility is sufficient to handle
the patients who will be brought in by five helicopters.

In the next chapter, we propose a planning concept that is consistent with the military
medical CONOPS and that helps integrate medical planning across treatment and evacua-
tion functions, across the increasing levels of care, and across the different military services.
This concept proposes that treatment and evacuation functions at all levels use patient flow
rate (e.g., number of patients treated per day, number of patients transported per day) as the
common unit of measurement for planning purposes. In our concept, treatment facilities are
described not primarily in terms of the number of beds available (although that measure will
always be useful) but rather in terms of the number of patients per day that can be seen at a
facility. Likewise, evacuation resources are described in terms of the number of patients per day
that can be transported. Together, treatment and evacuation resources are assigned on the basis
of whether their patient flow rates are sufficient to keep up with the rate of injury and types of
injuries and diseases that are expected to occur in a given scenario.



CHAPTER THREE

The STEP Rate: An Integrated Approach to Planning Treatment
and Evacuation Resources

In this chapter, we propose a framework for tying together the planning of treatment and
evacuation resources. The framework is based on the military medical CONOPS of patient
flow. The goal of every treatment facility and every evacuation asset is the stabilization, triage
and treatment, and evacuation of patients to the next and higher level of care as quickly as
is prudent. Therefore, a measure of the capability of a component to provide care is the rate
at which that component can carry out these activities. For evacuation resources, such as AE
aircraft, the STEP rate would be the number of patients per day that can be transported. Such
a measure would incorporate not only the number of aircraft assigned but also flying times
and sortie rates. For treatment resources, such as field hospitals, the STEP rate would be the
number of patients per day that can be treated and released or stabilized for transport. Such a
measure would incorporate not only the rate at which patients arrive for treatment but also the
types and severity of their injuries and diseases.

We propose that the patient flow rate, or STEP rate,' be applied across the entire medical
network. This approach has the following advantages:

* It corresponds to the CONOPS. The expeditionary military medical system is built
around the flow of patients away from the point of injury and toward facilities that can
provide proper care. Measurement in terms of patient flow directly reflects this CONOPS.

* It applies across all resources, levels of care, and the military services. The measure-
ment of patient flow can apply equally to ground- and ship-based treatment facilities
and to different evacuation resources (e.g., ground ambulances, helicopters, fixed-wing
aircraft). Further, the measure applies at any level of care (e.g., first responder, forward
resuscitative care) and regardless of which service provides the capability.

It measures capability rather than capacity. Rather than measuring resource levels
(e.g., the number of beds, aircraft, and medical staff), the patient flow rate measures the
capability provided by the resources. This enables planners to more readily assess whether
a given set of resources can adequately support a given mission. The STEP rate applies not
only to the individual assets providing treatment or evacuation functions but also to the
medical system as a whole.

1" RAND introduced the STEP rate in an earlier report (Snyder et al., 2009) that argues why the STEP rate is a more

appropriate unit of measurement than beds and illustrates how the STEP rate would apply in different scenarios and con-
figurations of the medical network. The authors suggest that treatment facility unit type codes be re-expressed in terms of

STEP rates.
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In this chapter, we explain the principles of the STEP rate and how it integrates the plan-
ning of the medical system across functions, echelons, and services. We then discuss how to
use the STEP rate to determine what treatment, holding, and evacuation resources are needed
to achieve a given patient flow.

The Principles of Patient Flow Rate

The CONOPS of patient care can be likened to the flow of fluid through a system of valves
and holding tanks. In such a system, the rate at which fluid flows into and out of the holding
tanks is governed by the valves. Ideally, the flow of fluid out of a holding tank is at least as
fast as the flow of fluid coming into a tank; otherwise fluid backs up in the tank. Figure 3.1
illustrates this analogy.

In the figure, the flow of patients starts with casualties, including those wounded in
action (WIA) as a result of combat and those suffering from diseases or nonbattle injury
(DNBI).2 Different scenarios will produce casualties at different rates and yield different mixes
of injuries and illnesses. For instance, combat operations and humanitarian assistance efforts
will produce vastly different types of patient conditions. Even within the category of combat
operations, different phases of an operation—e.g., major combat versus stabilization—can
result in a different mix of patients. The mix of injuries and illnesses can have a major effect on
the patient flow rate that can be achieved with a given set of resources.

The flow of patients next progresses to the first treatment facility, a Level 2 facility for for-
ward resuscitative surgical care. At this level, patients enter separate sets of facilities organized
by service. Each facility is represented by two holding tanks. The contents of the first tank
represent patients who arrive requiring stabilization or treatment; this tank can be thought of
as the waiting room of a hospital emergency department. The first valve represents the rate at
which patients at the facility are treated and stabilized for evacuation, and it governs the rate at

Figure 3.1
Analogy of Patient Flow in a System of Holding Tanks and Valves

Level 2 Level 3 Level 4
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Treatment Evacuation
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and Level 3, Level 3, Level 4, Level 4, Level 5,
DNBI awaiting awaiting awaiting awaiting CONUS
treatment evacuation treatment evacuation definitive
Level 2, Level 2, care
awaiting  awaiting

treatment evacuation

RAND TR1003-3.1

2 For simplicity, our figure omits Level 1, first-responder care, which may not represent an actual facility. Some services
provide an additional level of care that is beyond first-responder care but still considered part of Level 1 (e.g., a battalion aid
station or a shock trauma platoon). The general principle of measuring capability in terms of patient treatment rate could be
applied to all of these treatment resources as well.
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which the first tank is emptied. Patients who have been treated and are now stable enough for
transport are moved to the second Level 2 holding tank, where they await evacuation to the
next-higher level of care. This second tank corresponds to holding beds at the treatment facil-
ity or at an aeromedical staging facility. The rate at which patients leave this holding tank is
governed by the rate at which the AE system (or some other transport resource) can transport
them.3

The patient streams merge at a Level 3 treatment facility (i.e., theater hospital care), which
may be a joint mission under the responsibility of one of the services, as designated by the
combatant commander. From there, patients are evacuated by the Air Force to definitive care
at Levels 4 and 5. At all levels, patients flow through holding tanks based on the rate at which
they receive care and are transported to the next holding tank.

Although we have illustrated the flow as a sequential process with just a few facilities,
actual operations may be more complex, involving multiple locations and multiple paths of
flow. Each service is likely to operate multiple Level 2 facilities to support its deployed popu-
lations, and there would therefore be multiple points of entry into the medical system, with
each point potentially having a different casualty rate. In a large operation, there could also be
multiple Level 3 theater hospitals, which could be focused on supporting specific service popu-
lations. Patients could also be evacuated out of the theater into multiple Level 4 and Level 5
definitive care locations.

Further, the flow of patients may not be as sequential as the figure implies. For example,
patients may not necessarily stop at every level in the system. Indeed, in current practice, some
patients skip echelons. Patients evacuated from the battlefield may overfly a Level 2 facility
and be taken directly to a Level 3 facility. Similarly, some patients who are severely injured,
such as those with significant burns, may be evacuated directly from the Level 2 facility aboard
extremely long flights, which require aerial refueling and specialized en-route care teams, to
burn centers in CONUS (such as at San Antonio Military Medical Center, formerly Brooke
Army Medical Center), thus bypassing Levels 3 and 4.

Some patients are not evacuated. The care received at Level 2 or Level 3 may be sufficient
to allow them to return to duty, and such patients therefore do not require evacuation to higher
levels of care. Conceptually, that situation could be represented by an additional exit valve after
treatment at the location. Some patients are not evacuated for policy reasons. For example, it
may make little sense to evacuate host country personnel (or civilians) back to CONUS. Also,
in the case of a biological outbreak involving a contagious disease, it may be judged undesir-
able to move patients to another location and risk spreading the disease. In such cases, rather
than moving to the next echelon of care, patients would follow different paths that lead to host
country facilities or to alternative patient care or holding facilities. Even in these situations, the
principles of flow rate apply.

Regardless of the specific path, the system still requires coordination between treatment
and evacuation resources to ensure that the flow of patients is not unnecessarily delayed.

3 Transportation is not continuous but rather usually occurs in discrete vehicle loads. Therefore, a more exact analogy
might be a valve that periodically opens, releasing a measured amount of fluid each time.
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The Role of the STEP Rate in Resource Planning

The goal of medical planning is to prevent resource imbalances that impede the rapid
movement (as necessary) of patients across the entire medical system. The STEP rate proposed
in this report will help planners by allowing them to better understand the interdependencies
among treatment and evacuation functions, levels of care, and the military services. With this
understanding, planners will be better able to assign resources in a way that ensures that these
elements work together.

The STEP rate shows how shortages in resources—or the risk of shortages—in one area
affect resources needed in other areas. For example, in the early stages of a conflict, the number
of aircraft available for AE may be limited. Reductions in the number of available airlifters
would reduce the evacuation rate between treatment facilities to a number below the rate
needed to keep up with the flow of casualties. This reduced evacuation rate would mean that
patients would have to wait longer at the lower-level facility. Consequently, planners would
need to increase holding capacity at that location in the form of more holding beds (at a hospi-
tal or aecromedical staging facility), more medical personnel (to provide continued monitoring
and care to these patients), and, possibly, additional medical interventions associated with the
delay in getting the patients to higher levels of care.

Backups in patient flow at one level can have implications upstream. For example, if a
Level 3 facility is filled to capacity, that could affect the ability to evacuate patients out of
Level 2 facilities. Consequently, for reasons that have little to do with evacuation from Level 2
to Level 3 per se, planners would need to ensure that Level 2 facilities are equipped with more
holding capacity.

These scenarios also illustrate the importance of coordination between the services. The
Air Force, for example, needs to know the expected casualty stream from Army and Marine
Corps units to plan for the right number of AE flights, crews, and patient movement items.
Conversely, it is also vital that the Army and Navy medical planners are aware of Air Force AE
capabilities because these capabilities could affect the holding capacity required at Army and
Navy forward field hospitals and casualty receiving ships. The interdependence across func-
tions and services also indicates that uncertainties—in the availability of AE, in the availability
of treatment resources, or in the frequency and types of casualties—must also be shared across
services, as they affect each others’ planning.

The Importance of Casualty Forecasting

Casualty forecasting was not the focus of our study. However, any discussion of resource
estimation must emphasize the importance of good casualty forecasts. If the estimates
of casualties are inaccurate, the resulting estimates of medical resources required will be
inaccurate, regardless of the quality of the resource estimation algorithm. As is the case with
using any method for estimating medical resource requirements, using the patient flow rate
or STEP rate concept requires an understanding of the number, type, severity, and timing of
casualties in the scenario. The medical system’s overall treatment and evacuation rate must be
sufficient to keep up with the flow of patients entering the system. If the rate is not sufficient,
the flow of patients will stall, and patients will face unacceptably long delays in waiting for
treatment or evacuation.
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The published planning factors for expeditionary medical support resources, such as
EMEDS, associate a hospital of a particular size with an at-risk population of a particular size.
Such planning factors are implicitly based on assumptions about the casualty rates and injury
mix that the population will suffer and about the treatment rate provided by a given hospital
equipment set, given that mix of patients. When these assumptions are not made clear to the
planner, a mismatch between resources and the particular scenario being planned may result,
especially if the scenario the planner uses does not resemble the scenario assumed by the devel-
oper of the planning factors for the population-at-risk method. Tying resource estimates explic-
itly to estimates of casualty rates and patient mix is a more transparent method.

Casualty forecasts are therefore critical to proper medical planning. Different types of
scenarios will lead to different casualty rates, casualty arrival patterns, and patient conditions
(i.e., types and severity of injuries). For example, casualty forecasting tools built on the assump-
tion that a large-scale armor attack will occur may not do well in predicting the rates and types
of injuries that would be seen in a peacekeeping operation. Although no casualty forecast is
likely to predict with certainty the events that will unfold in an actual contingency, efforts can
and should be made to improve forecasting. We discuss casualty forecasting in more detail in

Appendix A.

Determining Treatment Resources Needed to Achieve a Flow Rate

Medical treatment facilities must be sized and resourced sufficiently to keep up with the flow
of patients coming in from the battlefield or from the previous echelon. Doing this requires
translating a set of capacities—for example, the size of the emergency room, the number of
operating rooms, and the number of medical personnel—into a measure of capability, such
as patients treated per hour. To make this translation, we need to take a closer look at the
elements within a treatment facility.

The concept of patient flow applies both between facilities and within them. In Figure 3.2,
we present a simplified representation of a treatment facility. In this simplified facility, the
major functions are the emergency room (ER), the operating room (OR), the intensive care
unit (ICU), and the holding beds (or ward). Depending on their condition, patients either

Figure 3.2
Determining Treatment Resources Needed to Achieve a Flow Rate

Release
Patients :ﬂ ;m o ICU >3 Holding beds
/ Evacuate

RAND TR1003-3.2

4 U.S. Air Force School of Aerospace Medicine, undated.
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flow linearly through all the functions or skip certain functions; the figure’s arrows represent
potential paths. This level of detail may be sufficient, but, if more is required, additional steps,
as well as ancillary and support functions (e.g., radiology), can be added.

Patients move from function to function within the facility—that is, from the ER to the
OR to the ICU to the holding ward—as required. Each function has its own patient flow rate:
The ER can triage and treat patients at a certain rate, the OR can perform surgeries at a certain
rate, etc. Insufficient rates in one area can cause a backup in other areas. For example, if there
are no holding beds available, as is often the case in civilian hospitals in the United States,
patients cannot be moved out of the ER. The backlog of patients at the ER takes up space and
resources that are needed to treat other patients, and this backup may eventually prevent the
ER from seeing any new patients.

The patient flow rate that can be achieved by the facility is governed by the resources that
are assigned to the various parts of the facility. Adding additional staff, equipment, and space
to the ER would increase the number of patients per unit of time that the hospital can admit;
similarly, adding more OR rooms and staff would increase the number of surgeries per unit of
time that the hospital can perform.

Another factor affects the rate at which patients can be treated or stabilized at a facility:
the mix of patient conditions (i.e., the types and severity of their injuries or diseases). Patient
conditions play a role in what paths patients take through a facility; for example, some patients
will not require surgery in the OR. Further, patients spend a different amount of time at each
step, depending on their condition, because surgery and ICU recovery times differ based on
the severity of the condition. It is therefore crucial to have accurate forecasts of the patient mix
associated with a particular scenario.

With these points in mind, determining the flow rate that a facility can achieve can be
accomplished in two ways. The first method is based on retrospective data from, or direct
observations of, actual operations. Retrospective data from actual operations may be limited
to aggregated numbers, such as the total number of patients seen during a 12-hour period of
operation. Such data provide a very coarse estimate for the entire facility and therefore do not
allow planners to adjust the resources pertaining to various elements within the facility. Patient
treatment records could provide a finer-grained estimate of entry and exit times for each func-
tion within the treatment facility, but observations for every combination of conditions that
a patient could have would be required and could well be unavailable. The amount of time a
patient spends in the ER, OR, and so on could also be recorded through direct observations,
but this could be labor intensive.

The second method is to use computer modeling. In this method, a computer program
simulates the flow of patients through a facility, and the user varies the mix of patients accord-
ing to the scenario being explored. This is the approach taken by users of the Joint Medical
Analysis Tool (JMAT), the Joint Staff—approved tool for medical planning.’ (JMAT is man-
aged by the Office of the Secretary of Defense, Assistant Secretary for Health Affairs.) It is also
the approach taken by users of the Tactical Medical Logistics+ model (TML+), which is a prod-

> More information about different models can be found in Defense Health Information Management System, undated;
Defense Health Information Management System, “Joint Medical Analysis Tool (JMAT),” web page, last updated
August 22, 2011; and Theater Medical Information Program—Joint, “TMIP-J: A Portable Medical Information System,”
undated.
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uct of the Naval Health Research Center (NHRC).¢ Computer models depend on assumptions
about the care that is needed for each type of patient. The path taken by each patient, and the
amount of time each patient spends at each point in the path, depend on the patient’s condi-
tions and must be specified in advance by clinical experts so that the information can be built
into the model.” Ideally, this information is based on data from real operations.

Determining the Holding Resources Needed as a Function of Patient Arrival
and Departure Rates

Some assets at treatment facilities serve more of a “holding” than a “treatment” function.
For example, a ward bed occupied by a patient recovering from surgery can be thought of as
serving a treatment function, in that this recovery time is part of the stabilization necessary
before the patient can be transported. In contrast, a ward bed occupied by a patient waiting to
be evacuated is serving a holding function, in that the patient is in that bed not because he or
she is not yet fit for transport but rather because he or she is waiting for transport. Examples of
assets that serve a holding function are a ward at a treatment facility, an aeromedical staging
facility, and other types of medically supervised billeting arrangements.

In practice, this distinction between the treatment role and the holding role is less rigid.
There is no obvious demarcation between when a patient is recovering and when he or she is
simply waiting. The determination that a patient is well enough to be evacuated is based on
the judgment of a physician, and it may also be driven by external factors beyond the patient’s
condition, including that space at the facility is limited, that there has been an influx of new
patients, or that security conditions at the facility are deteriorating. These are examples of pos-
sible reasons why a patient might be released for transport eatlier. In addition, patients who are
being held still require treatment while they are waiting for transport. If transport to the next
level of care is delayed, their condition may deteriorate, and they may require more treatment
(including more surgeries) at their present location.

Nonetheless, the distinction between a holding function and treatment function is a
useful one for modeling and planning purposes. The aforementioned caveats aside, the amount
of holding resources required will depend on the availability of evacuation resources, but the
amount of treatment resources required will not. If evacuation capability is limited, the treat-
ment facility will require more holding resources, including those associated with providing
medical treatment to patients who are held longer at the facility. Treatment facilities upstream
could also require more holding resources. Conversely, if holding resources (e.g., medical staff,
supplies, bed space) are limited, more evacuation resources may be needed. Given the possibil-
ity that AE could be constrained, it is especially important that planners understand both the
trade-offs between holding resources and evacuation resources and the relative risks involved.
Reducing the size of medical facilities requires an assurance of prompt evacuation, for instance.

6 TMLx+ is discussed in Teledyne Brown Engineering, Inc., “Tactical Medical Logistics Planning Tool,” user web portal,
undated.

7 At the time of this writing, the Defense Medical Standardization Board was, as part of its Common User Database proj-
ect, convening panels to update these time estimates. JMAT 1.0.1.0, the version currently in use, employs older treatment
data; the new Common User Database information is expected to be employed by JMAT 2.0.
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Combatant commanders may not feel that the benefits of a reduced forward footprint are
worth the risk of running short of treatment resources.

Further, there are scenarios in which evacuating patients out of the theater is not desir-
able. For example, it may make little sense to move injured host country personnel to CONUS
or even to a third country far from their home. (This situation may arise especially frequently
during humanitarian assistance and disaster response operations, where the bulk of the patients
will not be U.S. service members but rather residents of the host country.) In such cases, a pref-
erable course of action is to move the patient to definitive care at a facility within the coun-
try or, at least, within the region. Until that can be arranged, however, the treatment facility
within the theater would have to be prepared to hold the patient longer and would therefore
require more holding capacity. Planners should thus factor in this type of situation into their
planning of facility capacity.

To better understand the trade-offs between holding and evacuation resources, plan-
ners need a planning tool that can calculate the required holding capacity as a function of the
evacuation capability. In theory, planning by balancing patient flow rates makes calculating
the trade-off relatively easy, as illustrated in Figure 3.3.

In the figure, we compare two systems, both of which see ten casualties per day and both
of which have treatment facilities that can stabilize and treat (and thus make ready for evacua-
tion) ten patients per day. In the system on the left, the evacuation resources are able to provide
one flight per day that takes ten patients per day to higher levels of care. Therefore, in between
flights, one day’s worth of patients, or ten patients, build up in the holding area. In the system
on the right, instead of one flight per day that takes ten patients at a time, the AE resources
can provide one flight every other day that takes 20 patients at a time. This requires the hold-
ing resources to accommodate two days’ worth of patients, or 20 patients. Note that planning
factors that associate a facility of a particular size with an at-risk population of a particular size
(e.g., an EMEDS +10 corresponds to a population of 3,000-5,000) do so without regard to the
frequency and size of evacuation flights.

There is certainly room to refine this calculation further by incorporating random varia-
tion in the casualty, treatment, and evacuation rates. Queuing models and computer simula-
tions are the logical tools to use to make these calculations.® Regardless of this variation, the

Figure 3.3
Two lllustrative Examples of Calculating Holding Capacity
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8 Currently, JMAT allows the user to select stochastic variation in the creation of casualties. However, it is not stochastic
beyond that point, including within treatment routines, treatment times, evacuation times and priorities, and routes.
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same conclusion applies in that calculating holding resource requirements is relatively straight-
forward under the concept of patient flow.

Existing planning tools, such as JMAT, are close to being able to perform this calcula-
tion. However, JMAT requires users to express AE in terms of numbers of aircraft assigned
to particular locations and routes. It is more difficult to see an imbalance between treatment
and evacuation when it is not readily apparent how a given number of aircraft translates into
a number of patients evacuated per day. Expressing evacuation capability in terms of patient
flow—such as by converting airframes, distances, and sortie rates into readily comprehensible
numbers of patients evacuated per day—would make the effect of imbalances more apparent.
Recommendations for modifying JMAT to better handle the calculation of holding resources
are presented in detail in Chapter Four.

Determining the Evacuation Resources Needed to Achieve a Flow Rate

Under the STEP rate concept, the unit of measurement for evacuation is the number of
patients evacuated per unit of time. (A more detailed version of this measure would break the
number of patients into different types: the number of ambulatory, litter, and critical patients,
for instance, evacuated per unit of time.) Although evacuation resources are often measured
in terms of the number of ambulances, helicopters, or aircraft, the STEP rate concept more
readily translates into the sortie rate. Further, expressing the requirement for AE in terms of
flow is aligned with the current CONOPS of using retrograde lift and aircraft of opportunity
(rather than requiring dedicated airframes).

Planning evacuation thus amounts to determining the number of sorties required to
sustain the necessary patient flow rate. Once the number of sorties is determined, it should
be relatively straightforward to translate that number back into the number of airframes, air
crews, and AE and CCAT crews required. Planning factors from Air Mobility Command pro-
vide both the number of patients who can be carried by various types of aircraft and the AE
and CCAT crew ratios required.’

However, the evacuation mission can be complicated in some scenarios due to the distance
and, especially, the flying time involved in evacuating patients between facilities. In current
operations in Afghanistan and Iraq, patients are evacuated from the theater hospitals in those
countries to Germany, where they receive Level 4 treatment at the Landstuhl Regional Medi-
cal Center. This trip is approximately 2,800 nautical miles, which, with the overflight permis-
sions that have been granted, translates into a flying time of approximately seven hours. Inter-
viewees at Air Mobility Command indicated that recent experience with caring for patients has
led to a preference that evacuation flights last no longer than seven hours. Therefore, we use
this distance as an estimate of the distance that patients can be safely flown and, consequently,
as an estimate for how far the Level 4 hospital should be from the Level 3 facilities.

9 See, for instance, U.S. Air Force, Air Force Pamphlet 10-1403, Air Mobility Planning Factors, December 18, 2003; U.S.
Air Force, Air Force Tactics, Techniques, and Procedures 3-42.5, Aeromedical Evacuation, November 2003; U.S. Air Force,
Air Force Instruction 11-2AE, Aeromedical Evacuation Operations Procedures, May 18, 2005a; and U.S. Air Force, Air Force
Instruction 11-2AE, Aeromedical Evacuation Operations Procedures, Vol. 3, Addenda A: Aeromedical Evacuation Operations
Configuration/Mission Planning, May 27, 2005b.
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Figure 3.4
Areas Within Reach of Level 4 Facilities

RAND TR1003-3.4

The solid curves in Figure 3.4 indicate the areas around the world that are within
2,800 nautical miles of established U.S. military medical infrastructure in the United States,
Germany, and Japan that can provide Level 4 care. These curves show that much of the world,
including nearly all points in the northern hemisphere, is within direct AE reach of a preferred
Level 4 facility, assuming that overflight permissions can be obtained.

However, future scenarios could require military medical support in areas that lie beyond
reach, such as South America, Australia, the India-Pakistan border area, and the southern
parts of Africa. If so, the military medical system would have essentially two options: fly AE
missions of longer duration or add stopover locations. Either option has resource implications.

Extending Aeromedical Evacuation Flight Times

Extending the flight distance from 2,800 nautical miles to, for instance, 5,000 nautical miles
would put the entire populated world within reach of three Level 4 facilities, as shown by the
dashed curves in Figure 3.4. Routes of this length would extend flying times to approximately
12 hours, although overflight restrictions could easily extend the flying time to 15 hours.
Longer flying times could require aerial refueling, which could be a burden on tankers.!* Of
more direct concern to medical planners is the burden that longer flying times would place on
patients and on AE crews.

Interviews with Air Force medical experts indicate that there is no universally accepted
maximum flying time for patients, but, as noted eatlier, experience in U.S. Central Command
has led to a preference for flying times of seven hours or less. The stresses associated with flying
can be detrimental to patients, and, as a general rule, no patient gets better in the air. However,

10 The range of a cargo aircraft depends on its load. The manufacturer of the C-17 indicates that the aircraft’s range with
a “paratroop” load (i.e., passengers but no cargo) of 40,000 lbs is 5,610 nautical miles (Boeing Defense, Space & Secu-
rity, “C-17 Globemaster III,” Boeing backgrounder, May 2008). This 40,000-1b “paratroop” configuration may be similar
to conditions during AE. It is therefore possible that C-17s could perform 5,000—nautical mile AE flights without aerial
refueling.
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more research is needed to understand the effects of flight on various patient conditions and to
be able to assess the costs and benefits of longer flights.

Longer flights would also increase requirements for the number of AE crews and CCAT
teams. The maximum crew duty day for an AE crew is 18 hours. If the length of the mission
were to cause the duty day to exceed 18 hours, additional personnel would be needed to aug-
ment the crew. Adding more crew members to a flight reduces the amount of space available
for patients, thus affecting the capacity of each flight. Further, additional treatment might
be required at treatment and holding facilities on the ground before a patient is cleared for a

longer flight.

Adding Stopover Locations

AE range can also be increased by adding stopover locations between the in-theater Level 3
facility and the out-of-theater Level 4 facility. This approach eliminates the need for aerial
refueling and some other problems associated with extending flight distances, but it introduces
other complications. For example, additional treatment facilities may have to be deployed.
Resource estimation could be accomplished in the same way used for other levels of treatment
facilities, but planners would require guidance on the care that is needed by a patient at a
stopover location. Interviews with Air Force physicians indicate that the resources could range
from a simple aeromedical staging facility to a full Level 3 theater hospital (so that a patient
never goes from a location of higher care to a location of lower care).

The deployment of medical resources could be reduced if local medical facilities could
be leveraged, but information on the resources available at these locations is limited. Surveys
of a handful of locations aligned with likely U.S. Transportation Command air hubs would
facilitate planning. Even so, access to these facilities would be far from guaranteed, and using
them could be undesirable for political or force protection reasons. Consequently, planners and
programmers may have to plan for the possibility of deploying additional medical resources to
serve as stopover locations. Additional considerations in selecting stopover locations are dis-

cussed in Appendix C.






CHAPTER FOUR

Recommendations for JMAT

To implement the integrated, patient flow concept of planning described in Chapter Three,
planners need tools to help them estimate the resources required to achieve the desired STEP rates
for all of the treatment facilities and for the evacuation functions that link them. Fortunately,
existing planning tools already perform many of these functions. Modifications in a few areas
would fully enable the tools to model the integration between treatment and evacuation,
thereby helping planners estimate the resources required at each function and location and
weigh any trade-offs that may result. In this chapter, we identify these modifications.

The tool approved by the Joint Staff for use by medical planners in developing the medi-
cal section of their operations plans is the Joint Medical Analysis Tool (JMAT). JMAT is a
Windows-based military medical stochastic simulation tool used by medical planners to gener-
ate theater medical support requirements. Using JMAT, military medical planners determine
the level and scope of medical support needed for a joint operation. The system was devel-
oped by the U.S. Theater Medical Information Program within the Office of the Secretary of
Defense, Assistant Secretary for Health Affairs, and the Joint Staff/J4/Health Service Support
Division. The original contractor, Booz Allen Hamilton, produced the model as the Medical
Analysis Tool, and, in 2006, a new contractor, Akimeka, took over as developer. As of Sep-
tember 2010, the current version is JMAT 1.0.1.0 (often referred to as “version 10-10”). A new,
web-based, collaborative planning version, JMAT 2.0, is currently under development,' but it
was not yet ready when we conducted our study.

Another, similar tool is the Tactical Medical Logistics+ model (TML+), which was devel-
oped by the Naval Health Research Center (NHRC) and Teledyne Brown Engineering, Inc.,
and is managed by NHRC. TML+ focuses on the lower echelons of care (Levels 1 and 2) and,
compared with JMAT, adds more details in many areas, including a probabilistic died-of-
wounds algorithm. The capability to model patient deterioration is also being added to TML+.

In this report, we have focused our attention on JMAT because that is the model used by
the Air Force and by combatant command planners. Some of our recommendations are spe-
cific to JMAT, but many of the principles apply to planning regardless of the tool being used.

I Defense Health Information Management System, undated. As noted earlier, JMAT 2.0 will include, among other
things, updated patient treatment information that is being compiled by the Defense Medical Standardization Board.
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Overview of the JMAT Model

JMATs purpose is to help medical planners calculate the amount and type of medical resources
that are required for an operational scenario. It does this primarily by simulating the scenario
and reporting whether the allocated resources are sufficient to meet the needs of the operation.

JMAT allows users to develop a medical network and to model the interaction of pro-
cesses that would occur in a theater of operations. Given casualty sources, daily rates of battle
casualties (derived from operational plans), and DNBI rates (derived from operational experi-
ence), JMAT generates a stream of patients with specific injuries and illnesses and tracks their
progression through a doctrinally correct medical treatment and evacuation system. For a
given scenario, the model runs a simulation for a specified period to generate casualties by day
and by individual patient condition for more than 300 patient conditions. JMAT processes the
patients in the medical system by treating them based on guidelines specific to each patient
condition and by processing and evacuating them through the different levels of medical care.

JMAT can be run in two different modes. The first, the requirements estimator mode,
yields a quick but coarse estimation of resource requirements based on average rates. It starts
with a user-specified population at risk (PAR) and the percentage of those individuals that
become casualties throughout the course of the scenario.? Using that information, JMAT
determines the number of patients who arrive at each medical facility and subtracts from
that the number who die in a hospital. A rate of evacuation to the next echelon of care is then
applied to those survivors, and the model then returns the remaining casualties to duty. Based
on this patient flow, JMAT reports the number of beds, staff, supplies, and evacuation assets,
by level of care and by day, that are required to treat the injured population. If the user has
also defined a medical network, JMAT reports shortages and overages based on the network’s
capabilities and on the resources needed to treat the injured population.

The second mode, the course of action analysis (COAA), provides a much more detailed
calculation that is based on a stochastic simulation.? Whereas the requirements estimator treats
all patients identically and applies average rates across the board, the COAA disaggregates
the casualties into patients with different conditions in accordance with the patient condition
occurrence frequency (PCOF) file that is built into the tool. The program then simulates the
treatment of each patient at each facility according to the information built into time-task-
treater files. JMAT then produces detailed reports of the usage and shortages of beds, staff,
supplies, and evacuations, by day and by specific facility, and of how much time individual
patients spend at each facility.

The next section describes JMAT’s inputs and outputs and, where relevant, refers to

COAA estimation.

2 The requirements estimator does not make use of the patient condition occurrence frequency to divide casualties into
specific types. Rather, it treats an aggregate number of casualties.

3 As mentioned earlier, the stochastic component is available only at the point of patient-stream creation. Treatment,
evacuation, and routing cannot be done stochastically.
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JMAT Inputs

To determine the medical requirements needed in theater, the medical planner must enter a
great deal of information about operations, casualties, and medical capabilities into the model.
The basic scenario details required include climate (e.g., North Atlantic Treaty Organization
[NATO] locations are temperate, Northeast Asian locations are cold), scenario duration (in
days), and, if appropriate, a casualty rate set (consisting of notional rates, NATO rates, or user-
defined rates). Evacuation policy determines the maximum number of days a patient can stay
at an echelon of care before being evacuated to the next-higher level.

Casualties

After basic setup, the first details the medical planner must add to a scenario concern the
casualties that will flow through the medical network. The user inputs information about the
different sets of people who may suffer casualties, such as military units at specific locations.
For each of these populations, the user specifies the PAR, the day of arrival, daily additions
and subtractions to the combat and support populations, and the rate at which the population
is replaced as casualties are incurred.

There are 12 different types of casualties that can affect a given population: wounded
in action, killed in action, missing in action, captured, administrative, battle fatigue, disease,
nonbattle injury, nuclear, biological, chemical, and outpatient visit. The user specifies casualty
rates (in terms of casualties per 1,000 troops per day), with separate rates for combat and sup-
port troops. For four of these casualty types—wounded in action, nonbattle injury, disease,
and battle fatigue—casualties are further broken out into more than 300 possible patient con-
ditions.* The frequency distribution of these conditions is governed by the PCOF file; for each
population, users can select from several PCOFs built into JMAT, or they can input their own.

When the user runs JMAT, the simulation generates for each population a random stream
of patients. The patients arrive at a rate according to the casualty rates specified by the user, and
the injuries or illnesses are distributed across patient conditions in accordance with the PCOF
table selected or input by the user.

The Medical Network

Once casualties are generated using the PAR and rates of occurrence, patients flow through a
medical network. First, each patient arrives at a Level 2 facility specified by the planner; then,
he or she is moved through Levels 3—5 until he or she is discharged or dies in a hospital. [IMAT
has 31 built-in U.S. medical facilities; 11 are Level 2, 12 are Level 3, seven are Level 4, and
one is Level 5. There are also NATO facilities provided by Belgium, Denmark, Germany, Italy,
Norway, and the United Kingdom. Once the user defines the point of entry for each casualty
source, the distances between facilities, and how those factors are connected (i.e., who goes
where), the user specifies the resources available at each facility.

4 The current list of patient conditions and corresponding treatment information was inherited by JMAT from its prede-
cessor program, the Medical Analysis Tool. The Defense Medical Standardization Board is updating those files to include
more than 300 patient conditions, coded according to the International Classification of Diseases, and their accompanying
time-task-treater information. The Office of the Secretary of Defense has tasked NHRC with developing new PCOF:s for all
types of scenarios, including humanitarian assistance and disaster relief. These updated patient frequencies will be included
in JMAT 2.0. Note that planners can create their own user-defined PCOF.
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The medical planner specifies the day a medical facility becomes available and opera-
tional, and it remains in this state throughout the duration of the scenario. The number of
beds,’ staff,¢ supplies,” and evacuation assets® are defined by their daily availability.

Evacuation Assets

Evacuation assets, including aircraft, are specified in JMAT in one of two ways. They may be
assigned either to a medical facility or to a separate “bed-down” facility (i.e., some other air
base location that is not associated with a medical facility).

In JMAT, evacuation assets that are assigned to a medical facility are owned by the lower
level of care, and they make trips only to transport patients to the next level. For example, a
C-17 that is assigned to a Level 3 facility takes patients who are ready to be evacuated from
that facility to an assigned Level 4 facility and then returns to its home at the Level 3 facility.
JMAT limits each aircraft to one trip per day, although the total number of aircraft available
can be varied across days.

In JMAT, evacuation assets that are assigned to a bed-down facility are not tied to a spe-
cific medical treatment facility. However, they do run a specified route that starts at an entry
point and has them move patients to one or more facilities in the network. The user defines the
type, capacity (i.e., number of ambulatory and litter spaces available), and number of aircraft at
a bed-down facility. The user also defines the turnaround time between legs of a route and the
flight plan, including flight time and distance between facilities. When aircraft are assigned
in this way, the number of aircraft available remains constant throughout the duration of the
scenario and cannot be changed. In other words, if a C-130 bed-down facility with two aircraft
becomes available on the fifth day, those two assets will run the designated route once per day
for the remaining days in the scenario.

JMAT Outputs

After running multiple iterations of the scenario, JMAT generates information on the assets
available and used. This information reveals shortages and overages in the medical network.

Specifically, JMAT reports, by day, by medical facility, and by bed type, the number of
beds and bed hours available, the number of hours each bed was used, and the percentage of
available time each bed was used. The same type of information is provided for each of the 14
different staff types, and JMAT also reports, by day and facility, the quantity of blood and class
VIIIA medical supplies available and used.

JMAT provides similar information for evacuation assets assigned to bed-down facilities.
For each asset at each bed-down facility, JMAT reports, by day, the number of ambulatory

> The following bed types are built into JMAT: emergency room, clinic, operating room, intensive care unit, intermediate
care ward, minimal care ward, convalescent care ward, and staging.

6 The following staff asset types are built into JMAT: anesthesiologist, clinical enlisted, internal medicine, general/thoracic
surgeon, medical support officer, medical surgical nurse, neurosurgeon, obstetrician/gynecologist/urologist, ophthalmolo-
gist, operating room nurse, oral surgeon, orthopedic surgeon, other medical officer, and radiology/lab.

7" JMAT has two types of supply assets: blood and class VIIIA. Blood is measured in units, and class VIIIA supplies are
generically measured in pounds.

8 JMAT includes 40 U.S. and 31 NATO built-in evacuation assets.
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and litter spaces available and used. This provides some information on the mix of patients
being transported.” Regardless of whether evacuation assets are assigned to medical facilities
or to bed-down facilities, if there are patients who are waiting for evacuation due to shortages,
JMAT reports the reason for that shortage (e.g., lack of staff, supplies, beds, or evacuation
assets).10

Finally, JMAT outputs information on patient movement. By facility and by day, the
model reports the number of patients admitted from combat (for Level 2 facilities, it reports
only nonzero numbers), admitted from evacuation (for Levels 3-5, it reports only nonzero
numbers), in treatment, waiting for treatment, evacuated, waiting for evacuation, in transit,
returned to duty, and who die in a hospital. More-detailed information is available concerning
the types of conditions of the patients arriving at each facility on a given day, and, for those
same conditions, the model reports, by day, the number who are treated, who return to duty,
and who die."" The most-detailed information is contained in the patient movement report,
which, for each individual patient, details when the patient arrives at a facility, how long he or
she spends in each treatment area, how much time he or she spends waiting for evacuation, and
how much time it takes to evacuate him or her from one echelon of care to the next.

Recommended Modifications to JMAT

Because JMAT simulates the flow of patients within and across facilities, it already operates
in a manner consistent with the patient flow rate concept described in Chapter Three, even
though it does not explicitly express treatment or evacuation capabilities in terms of the STEP
rate. JMAT appears sufficient in the area of estimating patient treatment resources at Level 3,
4, and 5 facilities; work being conducted by the Defense Medical Standardization Board to
revise the time-task-treater files that will be used in JMAT 2.0 will enhance the accuracy of the
modeling of patient treatment.

However, to more fully implement the STEP concept, there are three main areas of JMAT
that would require some modification. We recommend the following:

1. Extend 