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PANDEMIC INFLUENZA AND ACUTE CARE CENTERS: TAKING
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The ongoing spread of H5N1 avian influenza in Southeast Asia has raised concern about a worldwide influenza pandemic
and has made clear the need to plan in advance for such an event. The federal government has stressed the importance of
planning and, in particular, has asked hospitals and public health agencies to develop plans to care for patients outside of
traditional healthcare settings. These alternative or acute care centers (ACCs) would be opened when hospitals, emergency
departments (EDs), and clinics are overwhelmed by an influenza pandemic. The University of Michigan Hospital System
(UMHS), a large tertiary care center in southeast Michigan, has been developing a model for offsite care of patients during
an influenza pandemic. This article summarizes our planning efforts and the lessons learned from 2 functional exercises
over the past 3 years.

R

ECENT DISASTERS,

including Hurricanes Rita and Katrina, have highlighted the reality that healthcare workers may be asked to evaluate and treat patients in a healthcare setting that is functioning well beyond capacity.1 In
addition, the ongoing H5N1 avian influenza outbreak in
Southeast Asia has raised concern about a worldwide influenza pandemic and the need to plan in advance for such

an event.2 The federal government has stressed the importance of planning and has asked hospitals and public health
agencies to develop plans to care for patients outside of traditional healthcare settings.3 These alternative care sites
would be opened if hospitals, emergency departments
(EDs), and clinics become overwhelmed by an influenza
pandemic.4
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The University of Michigan Health System (UMHS) is a
913-bed tertiary care hospital system with approximately
10,000 employees. Pandemic influenza preparedness has
been an ongoing mission at our institution, and improving
surge capacity has become a top priority for our Infectious
Hazards Group. Like most U.S. hospitals, the UMHS
Emergency Department (ED) is always full, and the inpatient census runs near capacity at all times.5,6 An influenza
pandemic like the one that occurred in 1918 would quickly
overwhelm UMHS with sick and concerned patients.7
Rapid action will be required to free up capacity in our hospital system, including: discharging stable patients, canceling elective surgeries and procedures, canceling nonurgent
outpatient visits, and reassigning staff to respond to the
surge of influenza patients. In addition, once the hospital
has reached capacity, UMHS staff might be required to care
for patients in off-site wards or acute care centers (ACCs).
The Office of Public Health Preparedness (OPHP), a division of the Michigan Department of Community Health
(MDCH), is responsible for Michigan’s response to a public health emergency. After September 11, OPHP partitioned the state into 8 Medical Bio-Defense Networks
(MBDN). Each MBDN is headed by a planning board
composed of the Medical Control Authorities (MCAs) in
that region and is responsible for planning for and coordinating a response to public health disasters. The Region 2
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• A regional Medical Coordination Center (MCC) that
serves as the central point of coordination, supporting local Emergency Operations Centers (EOCs) by managing
healthcare resource allocation in a defined geographical
area;
• Neighborhood Emergency Help Centers (NEHCs) that
serve as the entry points into the medical system for
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South (R2S) MBDN is the largest network and is composed of 38 hospitals that serve approximately 2.8 million
people in southeast Michigan. An advisory group led by a
medical director is the operational arm of the R2S MBDN
and is composed of representatives from hospitals, public
health agencies, emergency management groups, police,
and mental health services.
In 2003, OPHP asked all 8 MBDNs in Michigan to develop a Modular Emergency Medical System (MEMS) in
order to “facilitate augmentation of local heathcare response efforts” during disasters.8 MEMS is based on a military model of treating injured or ill soldiers in the field, but
it has been modified to address issues specific to public
health disasters.4 Specifically, MEMS has been designed to
provide mass care for a specific problem (eg, infection) and
to provide that care in nonhospital settings, thereby relieving hospitals from being inundated with sick patients. The
components of MEMS include (see Figure 1):
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triage of casualties, provision of limited first aid and mass
prophylaxis, and information dissemination;
• Acute/Alternative Care Centers (ACCs) that serve as inpatient units during a disaster or pandemic, treating patients who require more extensive medical care such as
hydration, oxygen, or intravenous antibiotic therapy; and
• Casualty Transport Systems (CTS), which are designed
to move patients within the components of MEMS.
MDCH and the R2S MBDN leadership have asked (and
partially funded) each large hospital system within the region to develop plans to operate, staff, and partially supply
an ACC that can house up to 250 patients. UMHS has
been developing such a plan and has, over the past 3 years,
in conjunction with MDCH and Region 2 South, completed 2 functional exercises to test our capabilities. The
following is a summary of the creation and function of an
ACC at UMHS and the after-action reports from the 2
functional exercises.

CREATION

AND

FUNCTION

OF THE

ACC

Alternative care centers are generally defined as “locations,
preexisting or created, that serve to expand the capacity of a
hospital or community to accommodate or care for patients
or to protect the general population from infected individuals during mass casualty incidents.”9 The ACC has had
various descriptions in the literature of its location, situation, and functionality. Lam and colleagues tried to clarify
the concept of ACCs in various contexts, and they reviewed
the literature for the different models. They came up with 7
models that provide some or all of the following services:
(1) an overflow hospital providing the full range of care;
(2) patient isolation and an alternative to home care for infectious patients; (3) expanded ambulatory care; (4) care for
recovering, noninfectious patients; (5) limited supportive
care for noncritical patients; (6) primary triage and rapid
patient screening; and (7) quarantine.9
UMHS decided on an ACC that is most consistent with
model 5 but that would also provide palliative care. In consultation with the Region 2 South MBDN and the University of Michigan campus leadership, UMHS selected the
Central Campus Recreation Building (CCRB) as its ACC
facility. This selection was based on Region 2 South criteria
adapted from a multiagency federal document entitled
“Acute Care Center, Modular Emergency Medical System:
Concept of Operations for the Acute Care Center (ACC).”4
Criteria included the size of the facility, access for ambulances, proximity to UMHS, electrical and water supply,
heating/air conditioning, lighting, and ability to secure the
facility. The CCRB is a large, 2-story building with adequate space (145,000 square feet) to accommodate up to
250 patients as well as staff and equipment. The facility has
Volume 6, Number 4, 2008

easy access, it is located less than 1/2 mile from UMHS, and
its perimeter is easy to secure.
The ACC would be activated once UMHS neared 120%
capacity and would function like an inpatient ward. It
would contain 4 pods with 50-60 beds or cots in each, for a
total of 200-250 patients, and would provide a limited
range of care to pandemic influenza patients who are not
critically ill. Each pod would be staffed by teams including
physicians, nurses, medical techs, and a pharmacist (see
Staffing below). ACC functions included administering IV
fluids, IV/oral antibiotics, and antivirals for pandemic influenza victims. Oxygen and breathing treatments were to
be provided, but patients with increasing oxygen requirements would be sent to the hospital. The facility also would
function as a step-down unit from the hospital, and a portion of the ACC would be dedicated to palliative care of
terminally ill patients. It was expected that the average stay
would be 3 days, and that over 12 weeks this facility would
be able to care for 5,600-7,000 people (given adequate
staffing and supplies).

THE FUNCTIONAL EXERCISES
UMHS and Region 2 South carried out 2 functional exercises in the CCRB in June 2006 (Exercise 1) and May 2007
(Exercise 2). The exercises were limited to the upper floor
of the CCRB, which is essentially 4 contiguous basketball
courts (Figure 2). Patients (actors) were admitted to one of
four 50-bed pods: adult, pediatric, oxygen, or palliative
care. During the first exercise, 28 patients were admitted,
and 18 were admitted during the second. Fifty cots were assembled in Exercise 1, and 100 were assembled in Exercise
2 to assess spatial limitations. Patients were admitted from
Neighborhood Emergency Help Centers, UMHS outpatient clinics, UMHS inpatient units, and the UMHS emergency department. These pre-triaged patients were transported by local ambulances. Also, several patients presented
directly to the ACC and had to have a medical screening
exam, which was performed by the ACC staff.
Valuable lessons were learned during the 2 functional exercises. The following discussion addresses specific components of the ACC that were tested during the exercises, including location, admitting/patient flow, communication,
staffing, supplies and equipment, security, and palliative
care. Each component is broken down into the major
lessons learned (after-action reports) and changes made after Exercises 1 and 2.

Location
Both exercises confirmed that the CCRB will make a suitable ACC. The building fulfills most of the ACC criteria
outlined above. Specifically, it can accommodate 200-250
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patients and staff, it is near UMH, it has an adequate water
and electrical supply, and it is easy to secure and to control
patient flow. In our after-action discussions for both exercises, the difficulty with moving patients from floor to
floor, the lack of enough bathrooms, and the lack of air
conditioning were identified as problems. These are not insurmountable, however, and we resolved to keep all patients on one floor and to pursue agreements on obtaining
portable toilets and cooling systems.

Admitting and Patient Flow
Exercise 1
During our first exercise in 2006, the ACC resembled an
emergency department more than an inpatient unit. Instead of being directly admitted to a bed, as would occur on
a medical ward, patients were first required to go through
nursing triage and medical screening exams. The added
triage slowed down the movement of patients within the
ACC and created a bottleneck in the waiting area. Paper
charts were created for patients deemed appropriate for the
ACC, and they were admitted to 1 of the 4 pods
(adult/family, pediatric, oxygen, or palliative care). Patients
who were medically unstable were transferred to the hospital, and those who did not fit ACC criteria, including the
“worried well,” were sent home or were referred elsewhere.
Because the ACC was considered an extension of the
UMHS inpatient system, bed managers created an extra
250 “beds” that could be tracked with the 913 UMHS
338
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beds. The ACC medical director was responsible for accepting admissions from UMHS or other R2S hospitals.
Lessons Learned from Exercise 1. The major problem identified in the after-action report regarding the admissions
process was that the onsite triage process diverted too many
resources away from the inpatient function of the ACC.
We had patient back-ups in the waiting area, and nurses
and physicians could not focus on processing admitted patients. Also, by allowing self-referral to the ACC, we were
unable to control the influx of patients.
Changes after Exercise 1. Given these problems in Exercise
1, we refined our admissions process to mirror an inpatient
ward, and we minimized self-referral to the ACC.

Exercise 2
During Exercise 2, we minimized the number of patients
who self-presented to the ACC by creating simulated public announcements and setting up security posts that routed
people to preestablished triage centers. For those patients
who needed medical screening and nursing triage, we decreased assessment time by implementing a mini-registration process and moving them quickly to a treatment area
for full evaluation. We also fine-tuned admissions from
outside entities by requiring that all ACC admissions be
called into the UMHS Emergency Operations Center
(EOC) and approved by an accepting physician. Once the
admission was approved, a booking was created to assign
the patient to one of the 250 ACC beds and the admission
Biosecurity and Bioterrorism: Biodefense Strategy, Practice, and Science

CINTI ET AL.

was called to the charge nurse at the ACC, who took the report. The lead ACC physician was then called by either the
transferring physician or the EOC accepting physician with
the specifics of the case.
Lessons Learned from Exercise 2. The after-action report
confirmed that this admissions process worked better and
that patient flow proceeded more smoothly. There were
problems, however, when the patient volume increased.
Specifically, the efficient transfer of important clinical information became difficult when multiple patients presented simultaneously. Patients accepted by the EOC
physician often presented to the ACC before information
had been given to either the charge nurse or the lead ACC
physician.
Changes after Exercise 2. We are currently reorganizing
the UMHS EOC to include more than one EOC accepting
physician in order to accommodate admissions and improve communication with the ACC. Electronic bed monitoring should avoid the problem of overbooking ACC
beds from the EOC. We will test this system in the future.

Communications
Exercise 1
During the 2006 exercise, most of the effort regarding communication centered on interactions within the ACC.
Walkie-talkies were distributed among all staff, and channels were posted on erasable marker boards for certain pathways (eg, channel 23: pharmacy). Communication with
outside entities, including the UMHS, occurred via email
and cell phones and landlines. However, since most patients self-presented in Exercise 1, we did not have much
outside communication other than with the R2S Medical
Coordination Center.
Lessons Learned from Exercise 1. In our after-action report,
it was clear that, although walkie-talkies worked quite well,
coordinating channels was sometimes difficult and staff
tended to favor person-to-person communications. We also
realized that communication with outside entities was crucial if we were going to change our admissions protocol as
outlined above.
Changes after Exercise 1. We resolved to improve intraACC communications by expanding redundant communication modalities. Furthermore, we developed and tested
communications between the ACC and outside entities
more thoroughly during Exercise 2.

Exercise 2
During the 2007 exercise, we continued to use walkietalkies with designated channels in our intramural communications. However, we added some redundancy by
including several 800-megahertz radios, and all lead staff
were given cell phones. Redundancy was extended to outside communications, and we were particularly careful to
Volume 6, Number 4, 2008

ensure open lines between the ACC leadership and contacts at the Region 2 South EOC, the UMHS EOC, and
the Neighborhood Emergency Help Center, which was
staffed by the county public health department. These
communications occurred mostly over cell phones, but
email and landlines were also essential. In addition, we
included a ham radio operator in case other media broke
down.
Lessons Learned from Exercise 2. Even with all the redundancy built into our communication system, we still had
difficulty both sending and receiving timely information.
The after-action report identified communication both inside the ACC and between the ACC and outside entities as
a crucial area that required more work. As patient load increased, communications worsened and nerves frayed.
Changes after Exercise 2. UMHS has continued to update its communication capabilities. We have used
CDC/HRSA funding to purchase 800-megahertz radios
and more cell phones. UMHS is also committed to expanding redundancy in our communication system. We
are developing a hospitalwide health alert network that
will meld with the R2S and state multimodal health alert
network (Michigan-HAN). All of these updated systems
will be used in the ACC for intramural and external communication.

Staffing an ACC
General
Staffing during an influenza pandemic poses a daunting
challenge. It has been estimated that absenteeism during a
pandemic may reach 40-50% of the work force, as members become ill or incapacitated or need to remain home
with family.10,11 Staffing an ACC will be especially difficult
because very few healthcare workers are accustomed to caring for patients in a nontraditional setting. The traditional
model for this type of care has been the military hospital,
which relies heavily on expertise in trauma medicine.1
Emergency medicine and surgical staff, therefore, have the
most experience in this setting. The management of hospitalized influenza patients is quite different and relies on a
model of care more similar to standard inpatient medicine.
For both functional exercises, we adhered to a staffing
model agreed on at the state and regional levels that conforms to the National Incident Management System’s
(NIMS) Incident Command Structure (ICS) (Table 1).12
Leadership positions included: an ACC group supervisor, a
nursing unit leader, a medical operations unit leader, a
medical care task force leader, a supply/logistics unit leader,
a finance unit leader, and a records/planning unit leader.
Job action sheets for these positions have been published.4
Both Exercises 1 and 2 focused mainly on physicians,
nurses, and pharmacy staff, and these were discussed in our
after-action reports. Security is discussed separately (see below).
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Table 1. Minimum Staffing Per 12-Hour Shift in an ACC
50-Bed Pod

Total for 250

1-2

5-10

1

5

Registered nurses

4-6

20-30

Nursing assistants/techs

4-6

20-30

Clerks

2

10

Respiratory therapists

1

5

Social work/case manager

1

5

Environmental services

2

10

Pharmacist

2

10

Pharmacy technician

1

5

3-4

15-20

Transport officer

1

5

Mental health specialist

1

5

22-28

110-140

Beds
Physicians
Physician assistants or
nurse practitioners

Security

Total

Exercise 1
Emergency medicine physicians and nurses made up the
bulk of the clinical staff in the ACC during the 2006 exercise. A lead ACC physician and an ACC charge nurse acted
as the supervisors. One physician was responsible for each
of the 4 pods, and 2 nurses worked in each pod. During Exercise 1, 28 patients with influenza were admitted to the
ACC and were distributed among the pods. Two pharmacists were assigned to the ACC, and they distributed medications from a room located across from the patient pods.
Medication orders were written on triplicate forms and
given to the pharmacists, and medications were subsequently placed in bins labeled with the patient’s name. Two
clerks created charts, a respiratory therapist was present to
manage oxygen, and a security guard monitored the ACC
perimeter.
Lessons Learned from Exercise 1. In our after-action report
on staffing, the major criticism was that Exercise 1 resembled an emergency department more than an inpatient
ward. As a result both physicians and nurses spent too
much time performing patient triage and attending to sick
walk-in patients. Also, after-action participants felt that the
ratio of staff to patients was too high and did not reflect
what we would see during a true event when staff shortages
would stress the system. Even with adequate staffing, most
340

participants felt that the focus on triage caused the flow of
the ACC to break down.
Pharmacy staff felt that having pharmacists located away
from the patient pods was counterproductive. While medication security and workspace were adequate, communication among nursing, pharmacy, and medical staff was poor.
Pharmacy participants felt that the use of triplicate strip orders was efficient and allowed rapid training of pharmacy
staff unfamiliar with the UMHS computer system.
Changes after Exercise 1. In preparing for Exercise 2, our
group decided to structure the staffing to be more consistent with an inpatient hospital ward. We felt the staffing ratios reflected in Table 1 should be adhered to as strictly as
possible in order to simulate a more realistic scenario. We
moved pharmacy personnel into the patient pods so that
medications could be distributed more efficiently from
repositories pre-filled with formulary medications. Finally,
we decided to expand the ability to give oxygen in the ACC
and thus asked for more involvement from Respiratory
Therapy.

Exercise 2
During the May 2007 exercise, 18 patients were admitted
to the ACC. In addition to an ACC, the public health
agency was also testing a Neighborhood Emergency Help
Center, which did some triage before sending patients to
the ACC. During this exercise, only 1 or 2 patients were
permitted to self-present. All other patients were admitted
from outside entities (eg, the neighborhood center) and approved by the UMHS EOC. Every effort was made to simulate an inpatient ward, including calling reports to the
charge nurses and lead ACC physician. Staffing changes
were instituted as described above. Personnel involved in
triage in Exercise 1 were reassigned to the pods in Exercise
2. Pharmacy staff were now present in the pods and had
more contact with clinicians. An oxygen pod supplied with
liquefied oxygen necessitated more involvement by respiratory therapy staff.
Lessons Learned from Exercise 2. In our after-action report,
most participants felt that, by minimizing triage, Exercise 2
ran much more smoothly than Exercise 1. Pharmacy personnel were pleased with the new dispensing structure, and
order processing went quite well. The clinician-to-patient
ratio was still not tested optimally, however, as only 2
physicians and 3 nurses were allowed to “play” while others
observed without commenting or helping. Unfortunately,
as in Exercise 1, clinical participation in Exercise 2 involved
ED personnel almost exclusively. Participants realized that
ED staff would be unavailable during a true pandemic influenza outbreak because they would be needed in EDs and
urgent care centers. Although social work staff did participate in observing the exercise, our after-action report acknowledged the need to expand mental health and palliative care services in the ACC. Very little exercise time was
Biosecurity and Bioterrorism: Biodefense Strategy, Practice, and Science
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spent on fatality management (see Palliative Care section
below).
Changes after Exercise 2. It was very clear that a more organized ACC staffing model was needed. Regarding physicians
especially, it was clear that we needed a model that did not
rely exclusively on emergency department staff. We are currently developing an ACC staffing model that relies heavily
on hospitalists as the lead physicians, and, toward that end,
UMHS has designated a hospitalist physician as the ACC
medical director. Hospitalists, who have clinical and procedural expertise in the management of acutely ill hospitalized
patients (both adult and pediatric) and who have a systems
perspective in delivering efficient quality care, are uniquely
qualified to develop and operate an ACC.13 Additionally,
these clinicians are highly skilled at moving patients from inhospital to outpatient care. During an influenza outbreak, an
efficient transition of patients from the inpatient to outpatient setting will be essential to limit overflow.
Hospitalists will be supported in the ACC by other medical providers, particularly resident physicians. As almost
half of these physicians are rotating on consult services at
any particular time, we plan on reassigning these individuals during a pandemic outbreak. Medicine, pediatric, and
surgical residents who have completed their intern year are
accustomed to caring for acutely ill patients. They are generally proficient at many procedures (eg, central lines) and
most are trained in advanced cardiac life support (ACLS).
These physicians also are accustomed to managing unstable
patients with fluids, oxygen, and occasionally, vasopressors
and mechanical ventilation. We intend that our final ACC
physician staffing plan will resemble an inpatient team with
a faculty-level physician supervising several residents.
We also have designated an ACC nursing lead who is
working out a plan to reassign nurses to ACC duty. It is expected that the usual patient-to-nurse ratio will change
from the standard 4:1 or 6:1 in the hospital to between 8:1
and 12:1 in an ACC during an influenza pandemic (Table
1). The nursing staff felt that this was achievable provided
clearly defined influenza treatment protocols were available. Some routine nursing services, such as vital sign
checks every 4 hours, may need to be adapted or delegated
to nursing assistants in order to free up registered nurses to
provide IV fluid and medication management and ongoing
assessment of patient response to treatment. UMHS is also
including retired nurses in a volunteer registry.
We also plan to expand the role of home care nurses in a
pandemic. This group can help ACC patients make the
transition back home. It is our intention, through phone
triage banks, to keep as many people home as possible.
During the 1918 pandemic, most ill people recovered at
home with the help of family, friends, and home visiting
healthcare workers.14 We intend to use our home care nursing services in a similar fashion by building on recently created pandemic home care models.15
Volume 6, Number 4, 2008

It is anticipated that a shift in staff experience will occur,
as was reported in a February 2007 Agency for Healthcare
Research and Quality (AHRQ) publication.16 As the pool
of experienced clinicians is depleted, less experienced staff
may need to be recruited to staff the ACC. Medical and
nursing students in their mid-third and fourth years of
training have considerable experience in caring for acutely
ill inpatients. In a recent survey, 70% of medical students
believed that healthcare students have a moral, ethical, and
professional obligation to volunteer during a pandemic.17
During the 1918 influenza pandemic, the graduation of
some medical students in the U.S. was expedited in order to
increase the number of medical personnel available to care
for patients.14 More recently, however, during the SARS
outbreak in Canada, medical and nursing students were removed from the wards, and their education and research
activities were curtailed.18
Our ACC staffing plan matches novice clinicians like
nursing and medical students with experienced staff in order to ensure continuity of high-level care. We have involved both medical and nursing students in our pandemic
influenza planning discussions, and we have met with the
leadership of the UM medical and nursing schools to discuss how students might help in a pandemic. Student leaders in the UM medical school have expanded emergency
medicine groups to include students interested in biological
disasters, and there is an active effort to develop a volunteer
pool to help during disasters.
As a result of the after-action report, we are also expanding our staffing plan to include mental health and palliative
care experts (see Palliative Care below). Furthermore, the
need to provide oxygen in the ACC makes it necessary to
expand the respiratory therapist role (see Supply Issues below).

Supplies and Equipment in the ACC
Exercise 1
During the 2006 exercise, much of the equipment used was
provided by Region 2 South in the form of an ACC trailer.
The trailer contained enough supplies and equipment for a
50-bed pod, including cots, personal protective equipment,
vascular access supplies, administrative equipment, bandaging supplies, and medications including antibiotics. A patient floor supply cart was also brought to the ACC from
UMHS. Ten or more cots were set up in each pod to test
space availability and ease of movement. Packaged equipment was not unwrapped, and medications were not
opened, but their use was noted as patients were admitted.
During Exercise 1, oxygen administration was indicated by
cardboard signs next to the patients’ beds, and no oxygen
system was tested.
Lessons Learned from Exercise 1. In our after-action report,
participants felt that there was enough space in the ACC for
341
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up to 250 cots. There was concern, however, about the
ability of the R2S MBDN’s ability to provide equipment
and supplies during a pandemic. UMHS follows a “just-intime” inventory system based on historical usage levels, so
continuing to support our hospitals plus an ACC during a
pandemic influenza event presented a number of challenges. In addition, today’s healthcare supply chain runs
lean, with manufacturers and distributors maintaining limited inventories. Regarding the use of oxygen, our group
felt that we needed to provide oxygen for most of our patients, given that many would have pneumonia.
Changes after Exercise 1. UMHS decided that we must be
prepared to supply our own ACC, and, thus, we resolved to
stockpile up to 250 cots and other equipment. A full stockpile has not yet been developed, but purchases have begun,
and key supplies and equipment such as masks, gloves, bottled water, and cots will be held at an off-site facility. We
chose not to stockpile all necessary supplies and equipment
but rather to negotiate a fee for our distributor to hold these
supplies for us—essentially, an insurance policy. We have
developed a medication formulary (Table 2; available at
http://www.liebertpub.com) that includes antibiotics, antivirals, pain medications, antipyrrhetics, antidiarrheals, and
antiemetics. We will hold extra stocks of these ACC medications at UMHS for pandemic influenza. Finally, we resolved
to test a liquid oxygen delivery system in Exercise 2.

Exercise 2
Once again, the R2S ACC equipment and supply trailer
was used for this exercise. In addition, UMHS provided 50
of its own cots for the functional exercise. The bed setup
was similar to Exercise 1. As before, packaged equipment
and medications were not opened but were used in virtual
fashion. During this exercise, however, a great deal of effort
was dedicated to the oxygen delivery system.
Cryogenic (liquefied) oxygen was selected as the primary
source gas because of its ability to provide significant
amounts of gaseous oxygen on demand for a significant
amount of time. The system includes an 850-gallon, trailermounted cryogenic oxygen system. This system also includes a 5,000 or 10,000 standard cubic feet per hour (scfh)
mounted vaporizer and a 6-valve manifold system and can
be refilled without interrupting service. The capacity of this
system would also provide the capability of providing oxygen service to 100 beds within the ACC at variable flow
rates for several days before it needed to be refilled. Portable
compressed oxygen cylinders (E size) would be used as an
emergency back-up and for the transfer of any patients to
the hospital.
Based on the conversion rates of oxygen from liquid to
gas, we estimate that an 850-gallon portable cryogenic oxygen system will provide 100 beds within our ACC with
continuous oxygen up to a maximum of 6 lpm for 3 days
before the system needs to be refilled. This system can be
342

set up within several hours of notification and can be maintained with minimal support.
Lessons Learned from Exercise 2. In our after-action report,
participants felt confident that we could provide adequate
oxygen support to 100 or more sick patients. Participants
acknowledged that UMHS must continue to develop its
own stockpile of equipment and supplies and not rely on
the R2S repository. It was acknowledged that some medications are held in the Strategic National Stockpile (SNS) and
that we might have access to those supplies several days to
weeks into an influenza pandemic.
Changes after Exercise 2. The UMHS ACC group has assumed much of the responsibility for supplies and equipment. This group was established after Exercise 2 to continue to work on all aspects of ACC preparedness. An ACC
equipment list is in draft form, and the ACC medication
formulary (see Supplemental Table 2 at www.liebert
online.com/doi/pdfplus/10.1089/bsp.2008.0030) is being
circulated for comment. Stockpiling space is being created
at UMHS for more cots and ACC equipment. Also, a final
draft of the oxygen delivery system is being completed, and
agreements for its rapid deployment during a pandemic are
being procured with a supply company. Although a smaller
liquid oxygen system was used during Exercise 2, we are in
the process of purchasing a larger system at a cost of between $50,000 and $55,000.

Security
Exercise 1
During the June 2006 exercise, security was mainly used to
control the influx of self-presenting patients. A specific scenario involving an unruly patient was played out in order to
test the security response. We did very little in the first exercise to test perimeter control.
Lessons Learned from Exercise 1. Although the after-action
report acknowledged the success of security measures to
control the patient waiting area, we had not tested perimeter control very well.
Changes after Exercise 1. We decided to minimize selfpresenting patients in Exercise 2. This allowed security to
focus on perimeter control for the second exercise.

Exercise 2
During this exercise, security focused on securing the perimeter and preventing unfettered access to the ACC. One
security person was assigned to inside duties, and 3 patrolled the perimeter. We did not simulate disorderly conduct, but we did ask security personnel to critically assess
our ability to secure the premises.
Lessons Learned from Exercise 2. Our after-action report
confirmed that the CCRB is an ideal location from a security standpoint. There is only 1 vehicle access point, and
pedestrian traffic can easily be controlled at 3 different enBiosecurity and Bioterrorism: Biodefense Strategy, Practice, and Science
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try points. This will likely allow us to use fewer security
staff than the 20 per ACC shift we initially calculated.
Changes after Exercise 2. The security plan is being rewritten with more emphasis on perimeter control and rerouting
of patients and traffic to other triage sites.

Palliative Care and Fatality
Management in the ACC
Exercises 1 and 2
Although we did designate a palliative care pod as well as a
morgue area, we did not actively test this aspect of the ACC.
One patient scenario in each exercise did include a death;
however, other than transferring those patients to the
morgue, very little discussion occurred. Neither the medical
examiner nor a pathologist was involved in either exercise.
Lessons Learned. In our after-action report, participants
acknowledged our lack of attention to palliative care and fatality management. Although we had discussed using refrigerated trucks to store the deceased, this was not practically
tested, and clergy personnel were involved only as observers
in both exercises.
Changes after Exercises 1 and 2. Since the 2 exercises, we
have begun to focus more attention on both palliative care
and fatality management. A fatality management plan has
been drafted and includes provisions for tracking deaths in
the ACC and storing the deceased in refrigerated trucks.
We have involved clergy in discussions about pandemic influenza and included clergy members on the UMHS pandemic influenza group. Most significantly, we have expanded our palliative care model with the help of an expert
in that field.
In our after-action report, 3 important issues arose with
our ACC palliative care model. First, having a treatment
area staffed exclusively to provide palliative care would decrease our flexibility to respond to a variable demand for all
beds. The number of dying patients in the ACC would
likely fluctuate, perhaps significantly, challenging us to either leave empty beds in the palliative care pod (limiting access at peak demand) or to move dying patients to other areas (difficult if staff and resources are not in place to
provide palliative care in all areas).
Second, while it seemed possible to assign clearly dying
patients immediately to the palliative care areas at triage,
many others would progress there after being admitted in
one of the other pods. These patients would then need to
be transferred to the palliative care area “to die,” a move
which could well compound both physical and emotional
suffering for patients and families.
Finally, patients who require palliative care are likely to
be more seriously ill, and they should perhaps more appropriately be sent to the hospital and not the ACC. As a result, palliative care staff and resources would be needed at
UMHS as well to manage the significant physical, emoVolume 6, Number 4, 2008

tional, and family needs of these patients through the end
of their lives.
To address these issues, we have begun developing “mass
palliative care protocols,” which will be used in UMHS and
the ACC to meet patient and family needs throughout both
facilities. We have also decided not to designate a geographic area for palliative care in the ACC, but rather to
discuss how best to provide as much comfort and dignity as
possible to dying patients in the existing treatment areas.
Solutions may include specific training for site leads in the
use of the palliative care protocols, preferentially triaging
palliative care patients to UMHS (and private or semi-private rooms) when possible, and using UMHS palliative care
providers as consultants during ACC operation. Finally, we
are changing the ACC formulary to include more palliation
medications, including pain medications and anti-anxiety
medications.

CONCLUSION
If a 1918-type influenza pandemic were to occur, our already stressed healthcare system would become overwhelmed with sick patients. In addition to developing plans
to open up hospital beds, the healthcare system must be
prepared to care for patients in nontraditional settings. We
have outlined how we established and tested an acute care
center at the University of Michigan. After 3 years of planning and exercising, we have learned a great deal about how
UMHS might manage a pandemic. It is very clear that developing an ACC is critical, and UMHS has, therefore,
convened an ACC group headed by the ACC medical director. This group, which meets every 2-3 months, includes
leads in nursing, pharmacy, medicine, security, palliative
care, materiel services, and hospital administration. Many
challenges remain, but we feel that by continuing to prepare for an inevitable pandemic, UMHS will also be ready
for other future healthcare emergencies.
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Loperamide
2mg (500)

Spacers (10)

Ipratropium
inhalers
(10)

Acetaminophen
325mg (500)

Ibuprofen
600mg
(500)

Ibuprofen
100mg/5ml
(500)

Ocean Spray
(25)

Prochlorperazine
10mg tab
(50)

Aspirin 325mg
(150)

Ondansetron
4mg tab
50

Ondansetron
4mg/ml
(50)

Prochlorperazine
10mg/2ml
(50)

Prochlorperazine
supp 12.5mg
(50)

Omeprazole
20mg (150)
(25)

Aspirin 81mg
(150)

Oxymetolazone
Nasal Spray
(10)

Loperamide
1mg/5ml
(100)

Albuterol
nebulized
solution
0.083%
(100)

Acetaminophen
supp 120mg
(50)

Famotidine
40mg (150)

Albuterol
inhalers (25)

Acetaminophen
oral liq
160mg/5ml
(50)

GI

Respiratory

Anesth/Analgesic

Supplemental Table 2. ACC Medication Formulary

Ciprofloxacin
100mg/ml
susp (rpt)

Ciprofloxacin
500mg
(250)

Ciprofloxacin
250mg
(250)

Levofloxacin
750mg (50)

Ceftriaxone
1gm inj
(50)

Amoxicillin
250mg/5ml

Amoxicillin
250mg cap
(500)

Antibiotic

Eucerin cream
(50)

Triamcinolone
0.1% (25)

Triple
Antibiotic
(25)

Silver
sulfadiazine
1% (50)

Nystatin (25)

Miconazole
2% (25)

Hydrocortisone
1% (25)

Diaper Rash
Crème (25)

Topical

Loratadine
liquid
1pt

Loratadine
10mg po
(100)

Hydroxyzine
50mg/ml
(500)

Diphenhydramine
50mg/ml (500)

Diphenhydramine
25mg (500)

Diphenhydramine
12.5mg/5ml
(50)

Antihistamine

Furosemide
10mg/ml
25

Epinephrine
1:10,000
(10)

Epinephrine
1:1000
(25)

Enalapril
5mg (150)

Enalapril 1.25
mg/ml (10)

Dopamine
400mg/250ml
bag (25)

Calcium
Chloride
10% (10)

Adenosine
3mg/ml (10)

Antihypertensive

Glucagon
1mg (10)

Glucose
tablets
(100)

Insulin
glargine
(10)

Insulin
70/30 (10)

Glucophage
500mg tab
(200)

Insulin NPH
(10)

Insulin
Regular
(10)

Insulin Lispro
(10)

Glyburide
5mg (150)

Antidiabetic

Flumazenil
0.2mg/ml
(10)

Naloxone
0.4mg/ml
(50)

Lorazepam
2mg/ml
(100)

Diazepam
10mg inj
(50)

Tylenol #3
tabs (500)

Vicodin tabs
(500)

Midazolam
1mg/ml inj
(100)

Morphine 10mg
inj (500)

Fentanyl
50mcg/ml
(100)

Narcotics

(continued )

Lidocaine 1%
w Epi inj (10)

Lidocaine
2% inj
(50)

Lidocaine
1% inj
(25)

Levothyroxine
0.1mg tab
(100)

Heparin
1000u/ml
(25)

Cyclobenzaprine
10mg tabs
(200)

Carbamezapine
200mg
tabs (200)

Atropine 0.1
mg/ml (10)

Antacids

Misc
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Ketorolac
15mg inj
(500)

Clonidine
0.1mg
(200)
Catapres
0.1mg
patch (10)

Doxycycline
100mg caps
(250)
Doxycycline
100mg inj
(50)

Phenytoin 50mg
chew and
100mg cap
(100)

Nystatin oral
susp. (12)

Nitroglycerin SL
0.4mg (5)

Lopressor
50mg
(200)

Prednisone
5mg tab
(100)

Gentamicin
opth. (12)

Hydromorphone
1mg/ml
(200)

Dexamethasone
4mg ml
5ml vial
(50)

MVI for inj (10)

Potassium
10mEq tabs
(200)

Fentanyl
25mcg
patch (25)

Methylprednisolone
125mg inj (25)

Verapamil
80mg (200)

Bactrim DS
tabs (250)

Docusate liquid
10mg/ml
UD (50)

Isosorbide
10mg (250)

Lorazepam
0.5mg po
(100)

Lidocaine 2%
viscous UD
cups (50)

Sod.
Sulfacetamide
10% opth
(12)

Pediazole
susp 1

Docusate
100mg
cap (300)

Hydrochlorothiazide
25mg (100)

Ketamine
100mg/ml
(5)

Prednisone
20mg tab
(100)

Metronidazole
500mg
(250)

Promethazine
25mmg/ml
inj (50)

Furosemide
40mg (200)

Bactrim susp
4 pts

Metronidazole
500mg
premade
bags (50)

Promethazine
50mg supp
(50)

Supplemental Table 2. ACC Medication Formulary (Cont’d)
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Throat lozenges
(500)
Gabapentin
300mg
(100)
Amitryptyline
10mg po
(200)
Sertraline 50mg
po (100)
Wellbutrin
75mg po
(100)
Fluoxetine 20mg
po (100)
Haloperidol
2mg/ml
po (50)

Azithromycin
500mg
inj (50)
Azithromycin
500mg
(250)
Cortisporine
otic drops
(10)
Erythromycin
opthal oint
(10)
Amantadine
100mg po
(300)
Amantadine
50mg/5ml
5 pts
Tetracycline
500mg
cap (500)

(contineud )

Prednisolone
1mg/ml soln
(orapred)
Tamiflu–need to
decide

Haloperidol
5mg/ml
inj (50)

Thiamine
100mg/ml
(25)

Azithromycin
40mg/ml
susp 4 pts
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Prepared May 2007; updated September 2007; updated February 2008; updated May 2008.
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Dilaudid–move
to analgesics

Glycopyrolate
0.2mg/ml (50)

Atropine–already
in inventory

Scopolamine
0.4mg/ml (50)

Timolol opth.
0.5% (10)
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