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ABSTRACT
The aim of this study was the development of a decision-support tool capable of identifying the most
appropriate transportation and local area coalition bed space (resources) for patient evacuations during
a crisis. Introduction of the new concept of dichotomous tables and how they are incorporated into the
Patient Evacuation Resource Classification (PERC) system. The methods used were Systems
Engineering fundamentals to conduct a requirements analysis of the process, develop a new construct
guided by functional analysis, design an evidence-based model that accurately identifies patient
resource requirements translatable to resource capabilities, and create a prototype for a proof of
concept. Research resulted in the PERC system prototype. The PERC system prototype created by this
research allows for system testing under a Solomon four-group design simulation with the participation
of leading medical, emergency response, academic, consulting industry, and logistics professionals
from the Washington, DC, metropolitan area.
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Health-care facility evacuations are complex
situations involving multiple disciplines with
varied corporate and professional cultures.

They require the movement of “numerous patients,
each with unique resource needs while dealing with
conflicting terminology, a limited understanding of
each other’s resource capabilities, fluctuating resource
availability, and limited visibility on the needs of the
entire patient cohort.”1-4 When one considers that
nonurgent patient movements require significant
collaboration with local emergency medical services
(EMS) and both sets of medical professionals, an
urgent evacuation under duress with a significant
number of patients with vast amounts of critical
patient data will very likely overwhelm even the best
decision-maker.1,5 Various attempts have been made
to address this health informatics challenge, but none
have successfully identified how to classify individual
patient information that can be used to determine
the most appropriate transportation and surge bed
resource to be assigned.4,6-11 This research objective
focused on a system that could work with the unique
details for each patient’s care needs and the necessary
resources that would directly affect their evacuation.

The Patient Evacuation Resource Classification
(PERC) system was developed through dissertation
research from 2012 to 2017 with the hope that it would

improve and facilitate residential health-care facility
evacuations and add a new patient classification
lexicon. This decision-making system is a translational
research effort that could determine the costs associ-
ated with evacuation, identify staffing requirements
or issues, and better define the risks associated with
evacuating each patient.1,12 The PERC system operat-
ing approach is also designed to provide better trans-
parency with resource availability, and to generate
strategies that incorporate internal staff and inventory
to mitigate resource shortfalls. The PERC system
has the potential to provide the necessary data to
support Certificate-of-Need proposals, a process used
by health-care providers to justify the construction of
a new hospital or the expansion of an existing one.

METHODS
This research is unique “for its use of Systems
Engineering and Engineering Management (EMSE)
tools in innovative ways to develop an objective,
context-specific descriptions and a relational frame-
work that provides real-time decision-support.”1

Applying EMSE fundamentals allowed for the research
to “conduct an in-depth analysis of a complex event
identifying important system functions and relation-
ships, which supported the creations of a new compre-
hensive construct and system architecture.”1,13 This
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methodology is not new to disaster research, but “was distinc-
tive for this area of study, (and the research) benefited from
well-established conceptual guidelines.”1

Systems Engineering methodology is more commonly used for
software design.Well-known British computer scientist C.A.R
Hoare has a memorable quote on the 2 ways to construct soft-
ware design, explaining that one could “make it so simple that
there are obviously no deficiencies” or “make it so complicated
that there are no obvious deficiencies” noting that the first
approach was more difficult.14 Five phases were developed,
as shown in Figure 1, to achieve the former objective. This
manuscript will only focus on Phases 1-3. Phases 4 and 5 will
be addressed in a future effort.

Phase 1: Identify Key Patient Issues (Functional
Analysis and Allocation)
The first phase used a functional analysis to identify patient
evacuation protocols that impacted the individual patient’s
evacuation. A functional analysis requires a thorough exami-
nation of all resource materials collected and databases used
with the intent of building a list of key functional events from
“all protocols, guidelines, and other relevant documents.”1,13

It is a “top–down process” that translates complicated and
large scale subjects/events into “detailed functional and perfor-
mance design criteria.”13 This includes sub functions, interfa-
ces, groupings, and functional characteristics.13 Finally, a
functional analysis defines the process and data flows, which
is critical information for defining the mechanics of a residen-
tial health-care facility evacuation.13

The sources and databases used for the first phase functional
analysis were numerous and can be found in the literature
review of the cited dissertation. They ranged from personal
interviews with medical personnel that had experienced a
hospital evacuation under duress to journal articles and
books by those that researched and had first-hand knowledge
of the evacuations. Sources and databases included George
Washington University’s Gelman Library with all associated
databases and associated Inter Library Loan (ILL) network,
George Washington University’s Himmelfarb Health Sciences
Library with all associated databases, Google Scholar, the
Joint Commission, the D.C. Healthcare Coalition, the
Northern Virginia Healthcare Coalition, the US Department
of Health & Human Services, the National Hospital
Preparedness Program (NHPP), the Federal Emergency
Management Agency, the Uniformed Services University,
and many others. From all of these sources and databases, the
functional analysis defined 3 main constituencies: patients,
transportation, and destination. Under each constituency, there
are multiple events, data requirements, communication require-
ments, and decision points.

Engineering Functional Decomposition
An engineered functional decomposition identifies “func-
tional, performance, and interface design requirements” to
include functional partitioning, which “identifies logical
grouping of functions.”13 A functional engineering decompo-
sition was conducted on each constituency, which, in turn,
identified 3 high-level requirements that were either not effi-
cient or inadequate: Hospital Availability Bed (HAvBED)

FIGURE 1
Five Methodological Phases
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classifications, inter-facility communication protocols, and the
use of communication technology.

HAvBED Classifications
Communicating surge bed availability and identifying the
patient using HAvBED’s classifications, which focuses on just
the hospital bed and related equipment, created confusion
with the destination staff’s expectations and preparations for
the inbound patient. Because the same “bed” could be used
in multiple wards, the destination staff was unsure of the
patient’s specific medical care needs. Inversely, destination
availability based on HAvBED challenged releasing staff as
no amplification was provided as to the bed’s location (ie, ward
or clinic) within the destination facility. These lapses required
extensive discussions before each patient was evacuated,
complicating time management efforts.

Inter-facility Communication Protocols
The research focused on DC’s Healthcare Coalition protocols
incorporating observations from their evacuation drills,
attendance at their conference and seminars, and their organi-
zational documents including their annex dedicated to
evacuations.5 Even under duress, the annex called for a nego-
tiated pairing between an evacuating patient’s facility and a
destination facility. This negotiation required voice communi-
cation to discuss the patient. When applied to an entire
ward/clinic or facility, the time necessary to complete the
evacuation was notably impacted. The documented protocols
also allowed for up to 30 min for medical personnel to be con-
tacted by a coalition duty representative after the emergency
was declared relying on voice or fax exchanges regarding each
patient.

Communication Technology
The use of health-care coalitions has notably improved
coordination between local facilities when experiencing
an evacuation of 1 of their members.15 However, the review
noted a need to identify more reliable and expeditious means
or methods to improve how patient information was
exchanged. Current technology practices rely heavily on cell
phones, limited intra-coalition databases, and even paper
faxes. Incorporation of newer technology and the appropriate
related protocols would facilitate and even enhance the
patient evacuation process.16

The decomposition of these 3 high-level requirements “iden-
tified dependent functions that (also needed) to be addressed:
patient health-care needs, EMS transportation resource capa-
bilities, and destination resource capabilities, along with the
list of low-level functions that supported them.”1 These depen-
dent functions were identified as potential performance issues
and can be found in Table 1.

The research focused on potential performance issues 1, 3,
and 4, as they directly impacted the evacuation of the patient,
and were used to guide the subsequent case study series. During
the functional analysis, 3 significant events were chosen for
the case study series for the amount of detailed information
documented: Hurricanes Katrina (2005), Rita (2005), and
Superstorm Sandy (2012).

The analysis discovered that each event shared multiple com-
plications and experiences to include staging area shortfalls
and facility limitations, but the case study noted that most
references for Hurricane Rita were very focused on pediatric
patient concerns, while those for Hurricane Katrina and
Superstorm Sandy highlighted procedural impediments
(expedited reviews of medical records, identification of desti-
nation facilities, and trying to gain greater situational aware-
ness of limited resources). An examination of the potential
performance issues and the case study series noted 2 issues that
consistently arose as areas of concern: criteria focused on the
individual patient medical issues (sometimes referred to as
agent-based) and resource limitations (see Table 2).

The literature review for the research includes an extensive
section on modeling to include agent-based or individual
focused criteria modeling. This review included comprehen-
sive modeling focused on hospital evacuations and general

TABLE 1
Potential Performance Issues Identified

1. Issues with standardizing medical terminology that affected
communications

2. Cultural challenges concerning patient medical diagnosis that
influenced patient reporting

3. Complications with data management and data sharing that interfered
with the proper identification of all patient medical conditions

4. Limitations and current practices of healthcare network and coalitions

TABLE 2
Potential Performance Issues That Consistently Arose

Patient Medical Issues Resource Limitations
Age related issues (pediatric to
gerontology)

Transportation issues (specialty
care)

Mobility related issues (ambulatory
to bariatric)

Communication issues
(terminology)

Life sustaining issues (ventilators to
medications)

Communication issues
(technology)

Intervention issues (dialysis to
monitoring)

Resource availability (logistics)

Patient management issues
(exposure to forensic)

Resiliency issues (horizontal/
vertical)

Family issues (escorts to managed
expectations)

Coalition issues (memoranda of
understanding/financial)
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population evacuations.6-10,17,18 The completion of the func-
tional analysis enabled the development of a functional archi-
tecture. A functional architecture shows the functions that
have to be performed to include the “logical sequencing of
the functions and the performance requirements associated
with the functions.”13 The functional architecture is the devel-
opment of the health-care facility evacuation concept, which
is defined as a working theory with multiple conceptual
elements, also referred to as a construct.

Phase 2: PERC Construct and Conceptual Model
(Functional Architecture)
The creation of the PERC construct highlighted relationships
“among key low-level functions” using functional partitioning,
which “is the process of grouping functions that logically fit
with the components likely used.”1,13 This effort included
the use of expert elicitation and resulted in the development
of an extensive low function process for consideration. Table 3
displays a partial list that includes specific equipment, unique
wards, and other criteria that impacted the evacuation of
patients.

From this draft, a list of attributes was organized, identifying a
general attribute category containing individual relevant
attribute types. An example of this organization can be seen
later in Figure 6.

PERC Construct Principles
The process of creating the PERC construct identified impor-
tant guiding principles and assumptions for the functional
architecture. They included:

• Identification of patient medical conditions using an electronic
health-care record (EHR) scan.

• Creation of a patient resource requirements profile translatable
to safe transportation resource and destination resource
capabilities.

• Categorization/standardization of transport and destination
resource capabilities so they can be assessed against patient
resource requirements.

• Identification of the role of staff skills (paramedic, intensive
care unit [ICU] nurse, etc.) and their relationship to equipment
availability, as well as how they influence resource capability
reporting.

• Development of flex resource standardization including
the required staffing to support key material resources
(ventilator + paramedic or nurse).

• Defining “patient safe” resources and resources that could be
augmented to become “patient safe.”

• Provide improved situational awareness when considering the
usage of a scarce resource by presenting the potential need for
that resource by the remaining patient cohort.

• Provide an efficiency rating for a resource assignment by com-
paring the patient profile against each available “patient safe”
resource.

• Maintain a record of resource allocations and adjust the
remaining resource availability for each successive patient.

These guiding principles and assumptions identified the need
for new terminology, definitions, and a different approach
to determining a patient’s care needs during an evacuation.
Specific terms had to be defined from the onset to help guide
the process. For example, “for the purpose of this research, a
patient’s health-care needs were defined by the list of desig-
nated resources that were required by the releasing facility
to maintain the patient stable before the evacuation.”1 That
list would be used to determine the appropriate transportation

TABLE 3
Expert Elicitation and Extensive Low Function Processes

Low Functions for Consideration Source Identified by Engineered Decomposition
Physically disabled Vogt, 198819; Styron, 200620

Bariatric Carey, 200621; Glick, Bish, and Agca, 20137

Age Carey, 200621; Vogt, 198819; Schultz et al., 200522; Cocanour et al., 200223

Do not resuscitate Fink, 200924

Intensive care unit – ICU Schultz et al., 200522

Neonatal intensive care unit – NICU Carey, 200621; Cocanour et al., 200223

Pediatric Intensive care unit – PICU Carey, 200621; Cocanour et al., 200223

Cardiac care unit – CCU Schultz et al., 200522

Ambulatory Childers and Taaffe, 201025

Emergency department patient Glick, Bish, and Agca, 20137

Behavioral/mentally impaired Vogt, 198819; Schultz, Koenig, and Lewis, 200326

Voluntary psychiatric ward Schechter, DeSimone, Franqui, et al., 201327

Involuntary psychiatric ward Schultz et al., 200522; Schechter et al., 201327

Ventilated patients Cocanour et al., 200223; Nates, 200428

Medical gas reliant Cocanour et al., 200223; Nates, 200428

Electrically dependent Cocanour et al., 200223; Stibal, 201029

Dialysis Stibal, 201029; DC EHC, 201216

IV fluids Cocanour et al., 200223

Patient stability Cocanour et al., 200223; Nates, 200428

Neuroscience/trauma intensive care – NTICU Nates, 200428
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options and destination facilities capable of supporting that list
of resources, thus meeting the “patient safe”minimum require-
ment. This is contrary to current practices that focus on
the patient’s medical diagnosis as determined by medical
professionals at the evacuating facility, whereas PERC focuses
on the “identified resources and protocols that were success-
fully keeping the patient medically safe and stable.”1

Defining Patient Safe
For an available transportation option or destination facility to
be identified as “patient safe” for the specific patient processed
for evacuation, the capabilities recognized for each must
meet all the patient resource requirements identified (see
Figure 2). If the patient was on a ventilator, then the transpor-
tation resource needed to have a ventilator onboard, ensuring
not only the required material resource but also the related
staff skillsets able to use that equipment. A supplemental or
“flex” resources feature was included in the PERC design to
identify which inherent resources from the evacuation facility
or coalition emergency support supplies could be “added” to a
transportation option and/or destination facility to qualify
them as “patient safe.”This feature would help expand options
for the decision-maker and improve usage efficiencies for the
entire patient cohort.

Standardization and Characterization
The PERC functional architecture required some “ground
rules” incorporating industry standards that defined generic

transportation options and destination facilities. “EMS trans-
portation resources were characterized based on the standard-
ized federal specifications for capabilities, equipment, and
personnel certifications.”1,30,31 In a live deployment, PERC
would require an inventory audit and assessment of these trans-
portation options (during preparedness) to “generate transpor-
tation PERC profiles for each transport vehicle in a fleet, based
upon the capabilities of the resource, including the inventory
of equipment required on board for a given certification
(eg, basic life support [BLS], advanced life support [ALS],
critical care truck [CCT], the medications each is required to
carry, and the skill sets of the EMS personnel assigned).”1 As a
whole, these transportation capability responses created PERC
profiles for transportation resources that would be matched
against a specific patient’s PERC profile. For example, a bariat-
ric-capable ALS ambulance has a positive response (YES) or a
check (

p
) for bariatric weight and all other medical attributes

related to this medical intervention and, thus, was a likely con-
tender for a bariatric intensive care patient or a post-operative
bariatric patient who presented those patient resource needs.

In turn, the same characterization was implemented for desti-
nation facilities based on “resource availability at a coalition
hospital identified through their census reporting.”1 They were
“defined by their in-hospital locations (ward/specialty care),
their specific capabilities (eg, bariatric-capable beds and
restraints), the equipment and logistics available to that loca-
tion (ventilators, medical gases, bariatric winch, etc.), and the
medical professionals available to that ward (ICU, cardiac,

FIGURE 2
Defining “Patient Safe”
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oncology, etc.).”1 As with the transportation PERC profile,
the destination PERC profile was compared with PERC pro-
files of each evacuating patient. Case in point, “a Neonatal
Intensive Care Unit space at a coalition hospital had a desti-
nation resource PERC profile reflecting positive responses
(Yes) or a check (

p
) next to the relative pediatric attribute

types and most intensive care unit attribute types; thus a
Neonatal ICU patient from the evacuating hospital was con-
sidered for this space since they [covered] those patient
resource needs.”1Given that each patient transfer “placed each
individual at greater risk of injury and medical complications,
the logic for building a destination resource table was to help
decision-makers find the right place capable of continuing
patient safe care and minimize the need for a second transfer
to another facility.”1 Combining this decision process with
the transportation allocation also promoted improved use of
all available flex resources (ie, those staged and ready for
use) for that specific patient movement, as in a flex resource
sent with a transportation option and then also designated
for use at the destination facility.

Phase 3: PERC Prototype and Dispatching Protocols
Through design synthesis, the PERC construct was trans-
formed into a PERC conceptual model.13 The conceptual
model required the creation of “original algorithms, data
tables, system output protocols, and decision-support displays
that would later result in the creation of PERC prototype”
through the physical architecture process.1 Design synthesis
defines the proposed product taking into consideration poten-
tial hardware and software elements, the physical architecture
process establishes the specifications and baselines, and

system architecture identifies “the process necessary for devel-
opment, production/construction, deployment, operations,
support, (etc.).”13

The PERC model was the organizational translation or flow
chart of the PERC construct. As displayed in Figure 3, once
the patient’s resource needs are defined, then it is compared
against all available transportation capabilities (to include
those upgraded by flex resources), then it is compared against
all available destination facility capabilities (to also include
those upgraded by flex resources). As an enhancement for
efficiency, the transportation and destination choices are also
compared to find those that require the same flex resources,
providing the decision-maker with the choice of maximizing
those flex resource allocations.

To create the PERC prototype, physical and system architec-
ture principles were applied to develop the protocols,
terminology, logic paths, and conceptual user guidelines devel-
oped by the functional architecture and necessary to create a
testable PERC prototype. In short, the synthesized data devel-
oped by this research along with the dichotomous tables and a
host of original algorithms needed to be organized into a
system, and the system needed to be vetted by using industry
best practices and protocols.

PERC Model and Dichotomous Tables
With the PERC construct and decision-support tool concept
developed, design synthesis was used to create a PERC model
that “contains four attribute tables (Patient, Transportation,
Destination, and Flex Resources), along with originally

FIGURE 3
PERC Model Process

Patient

•Identify individual patient medical resource requirements.

Transporation

•Identify each transportation option's capabilities to include all equipment and personnel 
proficiencies.

•Identify those options that are Patient Safe.
•Identify those options that can be upgraded or supplemented using flex resources.

Destination

•Identify each destination facility option's capabilities to include all equipment and personnel 
staffing. 

•Identify those options that are Patient Safe.
•Identify those options that can be upgraded or supplemented using flex resources.
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designed algorithms that accuratelymatch a set of patient attrib-
utes to available patient-safe transportation and patient-safe
destinations, including flex resources adapted to provide patient
safe” options.1 These attribute tables were originally created
dichotomous tables specifically developed for this research
through an innovative concept based on Gower’s principles for
dichotomous files. This new dichotomous table concept allowed
key criteria necessary to represent each patient’s medical infor-
mation, to be translated to a form where it could be matched to
available patient safe transportation options and patient-safe
destination facilities, including flex resources. In short, the
new dichotomous table concept allowed for the comparison
of specific requirements against all available capabilities. This will
be explained further with Figure 4.

Best Practices and Current Protocols
The PERC profile for transportation resources or a capabilities
table for transportation resources was vetted against actual best
practices for transportation dispatching protocols, issues with
vehicle staffing, and the identification and use of logistical
resources during a patient movement. This research conducted
informal field interviews with the Director, EMS Relations,
at Chippenham Hospital in Richmond, Virginia, and with
the Chief Operating Officer of the Richmond Ambulance

Authority. As a part of the interview, a copy of their patient
transfer guidelines and information request forms were
received and reviewed. These forms, coupled with the federal
guidelines already referenced on EMS standardized equipment,
were used to refine the PERC profile for transportation options
enhancing the effective representation of capability tables. This
table was then used to cross-reference and refine the PERC
profile for patients enhancing the effective representation of
requirement tables. The individual attributes (or line items)
for each table had to be “dual-phase” such that they could
represent both a requirement and a capability enabling the
system to translate between the 2 dichotomous tables. With
this capability developed, the PERC profiles for destination
and flex resources were also completed. These 4 PERC attrib-
ute tables, based on the new dichotomous table principles,
were the first of 2 core components of the PERC system.

The second core component is comprised of the PERC values
and expressions created for each original algorithm developed
by this research to organize the data output from the capabil-
ities and requirements comparison. These algorithms distin-
guished between each comparison using “scoring algorithms
based on Gower’s principles to calculate scores and validity
of dichotomous characters, as shown in Figure 4.” The
PERC system adaptation displays how 3 important values

FIGURE 4
PERC Adaptation of Gower Principle

PERC for Residential Health-Care Facilities

Disaster Medicine and Public Health Preparedness 645

https://doi.org/10.1017/dmp.2020.92 Published online by Cambridge University Press

https://doi.org/10.1017/dmp.2020.92


can be tabulated: (1) benchmark record value, (2) match
value, and (3) response value.

A benchmark record value is derived from a PERC profile,
a dichotomous table representation of a given patient or
resource. Positive check marks or affirmative responses to
the individual attributes within the dichotomous table create
a standardized PERC profile that can be used for comparison.
Typically, a patient PERC profile is set as the benchmark, and
all transportation and destination PERC profiles are compared
against it. Occasionally, a transportation option or destination
facility PERC profile is set as the benchmark to find the most
appropriate patient. For example, a high value/low availability
transportation option, such as a pediatric CCT (PCCT) set
as the benchmark could be revealed as the only patient safe
option for several patients within the patient cohort, including
those patients still in a vertical evacuation. A decision-maker
may hold that PCCT for those patients instead of assigning it
to a patient in the loading area.

A match value and response value using original algorithms
identify the level of efficiency for the proposed matching pro-
files (including flex resources) against the benchmark profile.
The combination of flex resources with a transportation option
or destination facility normally lowers the efficiency value;
however, the decision-maker may be able to use more abun-
dant capability resources to transport or transfer a patient
(ie, BLS or general care nontelemetry bed).

Adequacy and Efficiency
Once the values are derived, the prototype applies 2 separate
analyses: adequacy and efficiency. An adequacy analysis
determines if the comparison matched a transportation
option or destination facility where the minimum met all
of the same attribute values reflected on a given patient
PERC profile. The adequacy analysis results in a safety score
that reflects if a capability option is patient safe for that
match. An efficiency analysis determines how close to an
exact match is discovered during that comparison and iden-
tifies the excess (or unused capabilities) for each option con-
sidered. The efficiency analysis results in an efficiency score.

As seen in Figure 5, the safety score categorizes options that
meet ALL of the patient’s requirements as patient safe
(GREEN), identifies upgradeable options with the use of flex
resources (YELLOW), and identifies nonupgradeable options
(RED). Efficiency scores rank available capability options and
are used to enhance decision-support with the hope of improv-
ing the efficiency of the overall evacuation. Once the choices
are made, PERC records these decisions to provide a patient
cohort evacuation analysis identifying potential meta-data
for post-event review and also develops use guidance providing
level-3 situational awareness for resource options under con-
sideration. Level-3 situational awareness is considered the
highest level of situational awareness and is associated with
the ability to understand the impact of a decision on the whole
evolution of an event even anticipating future requirements or
status.

An example of the comparison can be seen in Figure 6 using a
generic patient named Smith, J. The PERC profile for the
patient is the benchmark profile with a benchmark record value
of 10. Using the legend created in Figure 5, the CCT and the
ALS–bariatric (ALS-B) capable ambulance are coded GREEN
and are considered inherently patient safe (their match value
is equal to the patient response value) with efficiency ratings
of 31.25% and 33.30%, respectively (the match value
divided by the response value for the transportation profile).
The BLS ambulance is coded YELLOW, indicating that it is
not inherently patient safe (match value was less than the
patient response value) but could be upgraded to GREEN
if flex resources F-12 (cardiac care staff), F-23 (ventilator),
F-31 (IV fluids), F-33 (IV medications), and F-89 (advanced
medications) are added to the BLS. Note that F-12, a staffing
resource, is required to enable the other flex resources.
Because a BLS ambulance does not normally have a para-
medic assigned, there is no one qualified to operate the addi-
tional equipment added; thus, the system adds the cardiac
care nurse (F-12). (Note: Flex resource PERC profiles are
standardized representations of available logistical and staff-
ing resources that identify how to “fill in the blanks” to meet
patient resource needs. The flex resource codes used are
administratively assigned to allow for quick table analysis
of the required capability (as in F-12 in lieu of cardiac care
nurse, etc.) when reviewing the resource comparison results.
As in most cases, the flex resource(s) available (and most
qualified) are those that the patient was already using for
ongoing care at the evacuating hospital (ie, an ICU nurse,
ventilator, bariatric bed, etc.).

The BLS efficiency score of 58.80% and coded YELLOWwith
inherent capabilities is moot given that it is not inherently
patient safe. The important efficiency score is the 45.50% that
includes the noted flex resources required to make it patient
safe. Finally, the private transportation vehicle (PTV) is coded
RED as it is unable to support a patient that is nonambulatory
and is in supine/prone position. Note that the BLS would be

FIGURE 5
Adequacy and Efficiency

Patient Safe - GREEN

Potential - YELLOW

At-Risk - RED
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FIGURE 6
PERC Analysis Results

Smith, J CCT ALS-B BLS PTV

Att. Group Att. Type (i) j=1 j=1 j=2 j=3 j=4

Neonatal (0-28 days) Neonatal (0-28 days) yes
Infant (29 days to 1yr) Infant (29 days to 1yr) yes yes

Child (1 to 11 yrs) Child (1 to 11 yrs) yes yes yes
Adolescent (12-18yrs) Adolescent (12-18yrs) yes yes yes yes

Adult (19 to 64) yes Adult (19 to 64) yes yes yes yes

Geriatric
2

Geriatric
2 yes yes yes yes

Standard yes Standard yes yes yes yes
Bariatric Bariatric yes

Hyper Bariatric Hyper Bariatric

Ambulatory Ambulatory yes yes yes yes
non-ambulatory - 

sitting

non-ambulatory - 

sitting
yes yes yes

non-ambulatory - 

supine/prone
yes

non-ambulatory - 

supine/prone
yes yes yes

non-ambulatory - 

supine/prone 

w/restraints

non-ambulatory - 

supine/prone 

w/restraints

yes yes yes

Other Other

Reverse Isolation Reverse Isolation

Full Isolation Full Isolation

Contact Isolation Only Contact Isolation Only

Respiratory Isolation 

Only

Respiratory Isolation 

Only
yes yes

Other Other

Suction Suction yes yes yes
Medical Gases yes Medical Gases yes yes yes F-62

Nebulizer Nebulizer yes yes
Ventilation yes Ventilation yes yes F-23 F-23

Other Other

IV fluids yes IV fluids yes yes F-31 F-31

IV Medications yes IV Medications yes yes F-33 F-33

Catheter Catheter yes yes

Cardiac 

Monitor/defibrillator
yes

Cardiac 

Monitor/defibrillator
yes yes yes F-77

Advance Cardiac 

Equipment

Advance Cardiac 

Equipment
yes yes

Other Other

NICU NICU yes
PICU PICU yes
ICU ICU yes yes

BURN BURN yes yes
Cardiac  yes Cardiac  yes yes F-12 F-12

Oncology Oncology yes yes
Other Other

Forensic Forensic yes yes yes
Accompanied Accompanied yes yes yes yes

Medications Adv
1 yes Medications Adv

1 yes yes F-89 F-89

Medications Basic
2

Medications Basic
2 yes yes yes

Medications Other Medications Other

Behavioral Behavioral yes yes yes yes
Other Other

10 32 30 17 7
31.25% 33.30% 58.80% ~

22 12
45.50% 83.30%

Supplemmentary

Age
1

Weight

Mobility

Standard 

Hospital/EMS 

Infection Control

Ventilation and 

Airway

Cardiovascular

Current Hospital 

Wards

PERC Attribute Table T
n

(i,j)         

Mobility

Standard 

Hospital/EMS 

Infection Control

Ventilation and 

Airway

Cardiovascular

Current Hospital 

Wards

Supplemmentary

PERC Attribute Table X n
(i,j)         

Age
1

Weight

Transportation Acronyms
ALS-B  Advance Life Support-Bariatric CCT      Critical Care Truck
BLS      Basic Life Support PTV   Private Transit Vehicle

Benchmark Record Value
Match Value divided by Response Value for Transportation resource

Transportation Resource Results Table for Patient Smith, J.
Table coding and data reflect how the four available transportation resources fair as options 
to evacuate Patient Smith, J. 

PERC for Residential Health-Care Facilities

Disaster Medicine and Public Health Preparedness 647

https://doi.org/10.1017/dmp.2020.92 Published online by Cambridge University Press

https://doi.org/10.1017/dmp.2020.92


coded RED as well if none of the required flex resources were
available.

CONCLUSIONS
The development of the PERC prototype was essential to
determine whether the PERC concept would be able to gen-
erate a statistically notable improvement to current practices.
The prototype would enable the observation, measurements,
and collection of the necessary data to test the PERC construct
andmodel originated by this research. This prototype would be
tested using a Solomon four-group simulation, the details, and
relevant findings of which will be submitted in a separate
manuscript at a later date.

Conceptually, the most critical value in the PERC design is its
ability to be scaled as a region requires. Requirement/capability
tables can be easily edited to incorporate new equipment or
enhanced staff skills. It can be expanded to included multi-
modal consideration if other forms of transportation are con-
sidered, such as air transport (medical or traditional), trains,
commuter rail, or other mass transit infrastructure. It can also
be expanded to include multi-nodal considerations if a patient
needs to move from the evacuating facility to a transport hub
before their final movement to a destination resource. As an
original system designed to compare requirements against
available capabilities, PERC has multiple potential applica-
tions inside and outside the health-care industry. With the
appropriate systems engineering approach, the PERC system
could be an effective system for a variety of transportation
or logistics challenges.
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