Combined external and internal hospital disaster: Impact and'
response in a Houston trauma center intensive care unit*

Joseph L. Nates, MD, FCCM

Objective: To increase awareness of specific risks to health-
care sysiems during a natural or civil disaster. We describe the
catastrophic disruption of essential services and the point-by-
point response to the crisis in a major medical center.

Design: Case report, review of the literature, and discussiot.

Setting: A 28-hed infensive care unit in a tevel | frauma center
in the largest medical center in the world.

Case: In June 2001, fropical storm Allison caused >3 feet of
rainfall and catastrophic flooding in Houston, TX. Memorial Her-
mann Hospital, one of only two level | frauma centers in the
community, lost efectrical power, communications systems, run-
ning water, and internal transporiation. Afi essential hospital
services were rendered nonfunctional. Life-saving equipment
such as ventilators, infusion pumps, and monitors became use-
less. Patients were triaged fo other medical facilities based on
acuity using ground and air ambulances. No patients died as
result of the iniernal disaster.

tonclusion: Adequate training, teamwork, gommunication, ¢o-
ordination with other heaithcare professionals, and strong lead-

ership are essential during a crisis. Elecirichid
delivering care in today's healthcare system, wé
advanced technology. it is imperative ihat h
necessary measures o preserve electrical po
Hospitals shouid have hattery-operated inte
communication systems readily available in th
spread disaster and communication outage. Orif
as pharmacy, faboratories, blood bank, and ce
shouid be iocated at siies more secure thant
these services shouid be prepared for more]
mancas. Contingency plans to maintain protec
and avaitable emergency kits with batteries,
radios, and a nonelectronic emergency systen
fification are alse very important. Rapid adaptzh
adverse conditions is critical ¢ the successful;
any disaster plan. (Crit Care Med 2004; 3268

¥ev Worns: disaster; flood; intensive care
munications; patient safety; mass casually

L he disruption of hospital sys-
terns during a city-wide crisis
that produces mass casualties

. can quickly overwhelm hospi-
tal emergency resources and hinder the
provision of both basic and sophisticated
medical care, such as that provided in the
intensive care unit (ICU). Events that
precipitate such an internal crisis include
natural disasters, such as floods or earth-
quakes, and human acts, such as enemy
attack during wartime. These could re-
sult in widespread loss of vital systems,
including electricity; communications
systems; critical services, such as phar-
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macy, laboratories, and blood bank; ven-
tilation and monitoring systems; water;
and evacuation systems.

Little has been published about inter-
nal disasters of medical institutions and
how to cope with them, and very few case
reports exist that address this aspect of
disaster medicine (1-2). A few reports
have addressed internal disasters caused
by fire, earthquakes, flooding, lack of wa-
ter supply, and short-lived power failures
(3-6); only a very small number of arti-
cles have addressed the aftermath lessons
(7-8). This report highlights the re-
sponses and systematically reviews these
responses to help clinicians in future
similar conditions.

We report the effects of a catastrophic,
city-wide flood on Memorial Hermann
Hospital (MHH), a major healthcare in-
stitution in Houston, TX, We describe
MHH's response to this crisis, focusing
on the neuroscience/trauma ICU (NTICU)
and describe key points to be addressed
by hospitals in meeting the challenge of
such devastating internal disasters.

CASE REPORTS

Tn Juns 2001, tropical storm Allisoi
emerged from the Gulf of Mexico and
caused massive precipitation in and
around Houston, TX, the fourth largest
Gty in the United States {(populatiots
>4,000,000), More than 12 inches of rain
fell from June 5 to June 7, and addittonal
vainfall overnight suypassed 38 inches of
rain by June 8, This resultaed in the most
damaging urban flood in an Amerlcan
city to date (9), causing among other
disasters 2 major disruption in the med-
ical services of the entire community,

Dy the early marning of June 9, =40
milljon gallans of water had inundated
the MHH basements, rushing through
the tunnel system that connects multiple
different Institutions in the Texas Medical
Center (TMC; the largest medical center
in the world) and rushing from adjacent
atreets, in which floodwater had rizen to
=5 feet,

The hospital's main and emesgency
generators, which were on the second
flooy, paging systemi, and communica-
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tions systems (infernal and external tele-
phones and some wireless telephone sys-
tems} failed. The hospital became
incommunicado and isolated; no person-
nel could come or leave, and many could
not be reached. The plumbing system
stopped functioning, and no fresh run-
ning water for basic hygiene was avail-
able. The elevators and escalators in the
hospital’s five buildings, which ranged
from six to 12 stories, including pent-
houses for equipment, stopped function-
ing. None of the hospital's 570 patients
could be immediately transferred.

By shortly after 3:00 am, the NTICU
had no electricity, ICU monitoring capa-
bility. electrical mechanical ventilators,
suction, computers, laboratories, local
pharmacy (the Pyxis medication system
was locked), medication-infusion pumps,
or functional internal-tube transport sys-
tem for drugs. All suppiies outside the
NTICU (medications and equipment)
were floors away, through complex, dark
corridors and stairs.

Emergency contingency plans were
implemented. The house officer and
nurse in charge established immediate
communication with the medical and
nursing directors by using personal wire-
less phones, as did hospital administra-
tors with one another, At the time of the
power outagde, seven of the 17 patients in
the NTICU were undergoing mechanical
ventifatior; two were on pressure-con-
trolled ventilation requiring both high
peak end-expiratory pressure and peak in-
spiratory pressure, three were on syn-
chronized intermittent mechanical venti-
fation, and two were on pressure support
ventilation. Ventilators were run using
batteries until the batteries were de-
pleted, at which time the seven patients
were switched to pneumatic devices to
maintain ventilation, Manual ventilation,
complicated by the lack of wall suction,
was used during the transition and was
the only means to provide continued, ad-
equate oxygenation in one patient, Staff
took turns operating the manual ventila-
tors, using 60-mL syringes for suction-
ing; manua! drip calculations sustained
vital intravenous infusions. Two trans-
port monitors were used to check vital
signs and electrical cardiac activity
houtly until all batteries were depleted.

The central pharmacy, main labora-
tory, bleod bank, central supply, radiol-
ogy department, kitchen, and other ser-
vices were evacuated and nonfunctional
owing to rising flood waters. Although
the Pyxis medication system was re-
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opened, only critical medicines were pro-
vided. The medical director (physician on
call) made rounds to simplify manage-
ment.

During the next several hours, staff
and volunteers weve able t0 arrive at
MHH {some by helicopter). Many
brought flashlights, cellular phones, two-
way battery-operated radios, food, and
water.

Medical personnel in-house were reor-
ganized to create a command center in
the emergency department for the sys-
tematic diagnosis and management of
cases and problems.

Initially, patients were triaged and
those who required essential services
were evacuated to other hospitals; when
the extent of the internal disaster was
realized, however, the chief executive
officer and hospital medical director
ordered the transfer of all in-house
patients. The NTICU patients were eval-
uated and prioritized by the attending
physician in the ICU and the neurcsut-
geons who were contacted at home.
Vertical evacuation required that pa-
tients be carried out on backboards
down four flights of stairs to the hospi-
tal’s general transfer holding area. Pa-
tients were then triaged again and
transferred by ambulance or helicopter,
depending on their conditions or desti-
nations. All in-house patients were
transferred o other hospitals or dis-
charged home within 30 hrs, and no
deaths occurred as result of the evacu-
ation.

The magnitude of the disaster was re-
flected by the human and economic toll.
By the end of June 9, the storm had left
>3 feet of rain (38.78 inches in some
areas of the city), breaking records (most
rain in 1 hr, 6.3 inches; most rain in 6
hrs, 21.5 inches) in the flood history of
the city and the United States, In addition
to the TMC, university campuses, down-
town, 50,000 houses, and 70,000-100,000
vehicles were also flooded. The human and
economic cost of the flood included 22
deaths (17 persons drowned, including one
in an elevator, three were electrocuted, and
two died during nursing home evacua-
tions), 33,000 families requiring govern-
ment assistance for temporary housing,
and =85 billion in damages. The structural
and scientific cost in the TMC reached $2
billion, with losses by the University of
Texas Health Science Center and MHH
totaling $205 million and $430 million,
respectively.

MHH was closed for 38 days but con-
tinued to serve the community through
Memorial Hermann Healthcare System
Hospitals throughout the city,

EBISCUSSION

MHH effectively responded to the in-
ternal disaster owing to preparedness
training, the ability to establish commu-
nication and coordination among health-
care professionals, back-up battery power
for some communications systems and
for ventilation systems, the successful
evacuation of patients, the vast medical
resources of the city, and the help of
many volunteers.

Hospital preparedness for external and
internal disasters is not a requirement in
many developed countries; in a recent
survey, Kai et al, (10) reported an alarm-
ing lack of contingency plans for external

disasters in the city of Osaka, Japan. In

the United States, however, the Joint
Commission for the Accreditation of
Healthcare Organizations requires that
all hospitals prepare contingency plans
for the possible scenarios in the event of
systems failures such as those that oc-
curred at MHH. MHH’s preparedness, the
vast medical resources of the city, and
the training of the TMC personnel explain
the exceptional response seen in this ex-
ample, Nevertheless, medical services in
the city were severely affected during the
period that MHH and other major hospi-
tals in the TMC were closed; with 30% of
the beds in the TMC (25% of them ICU
beds} and the lardest of the only two
trauma centers in town out of service, the
rest of the hospitals in the area were
overwhelmed despite the assistance of the
medical and nursing personnel displaced
because of hospital closures. The storm
had flooded an area not considered at risk
for the next 200 yrs,

In the weeks that followed the flood-
ing, the Joint Commission for the Ac-
creditation of Healthcare Organizations
and several other government agencies
were involved in evaluating the response
to the crisis (11); they found no deficits in
MHH’s management of the disaster, and
the National Committee for Quality
Health Care later honored the Memorial
Hermann Healthcare System for its per-
formance during and after the flood.

Loss of electricity was the most signif-
icant challenge because it affected so
many aspects of patients care. Numerous
scenarios invoiving loss of electricity that
were explored before the new millennium
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included hospital disasters (12). In a re-
cent article, Wilson (13) described how
an electromagnetic bomb could knock
out electricity, disabling computers and
telecommunications and destroying the
foundation of modern society, We found
no reports of hospitals with prolonged
electrical outages of the magnitude expe-
rienced by MHH, but some cases describe
the consequences of short power failures
in hospitals or ICUs (7, 14-19). Out-
comes are unpredictabie, and deaths have
been reported despite preparedness for
power failures (8).

Mitchell (14) summarized the main
problems caused by a hospital-wide
power failure in an 18-bed adult ICU as
follows: increased staffing needs, commu-
nication faiture, electrically powered ven-
tilator failure, electrical failure, and loss
of ambient temperature regulation, In
the early 1990s, O’Hara and Higgins (15)
reported a 45-min power oufage at the
Cleveland Clinic Foundation, and
Aghababian et al. (7) reported a 7-min
power outage at the University of Massa-
chusetts Medical Center. The most im-
portant problems they identified were the
need for a 2:1 staffing ratio, lack of com-
munication leading to potential panic,
lack of lighting, and fallure of critical
care equipment (7). One solution recom-
mended has been the use of an uninter-
ruptible power supply or UPS (12, 16, 18,
20, a standard in ICUs today that is fol-
lowed by very few in some places (12).
Although MHH is equipped with a UPS,
this system is time- and power-imited
and provided no benefit in our case.

The loss of ventilation systems in our
case caused a second emergent situation.
Such a scenario is especially relevant in
light of current world events, which
stress that not only natural disasters but
also unanticipated mass-casualty events
may precipitate the nead for large-scale
patient ventilation. A multiple respirator
system option has been considered not
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only by physicians exposed to civilian
warfare and its effects (21, 22) but also by
American physicians (23). Other alterna-
tives to the sophisticated design of mul-
tiple respirator systems and mushroom
valves are disposable respirators. One ex-
ampie of the latter, the VORTRAN Auto-
matic Resuscitator (Vortran Medical
Technology, Sacramento, CA), is a dis-
posable automatic respirator that pro-
vides ventilatory support via a mask or
endotracheal tube; it is an excellent alter-
native to hand ventilation but requires a
continuous flow of gas, which can be
from a wall source or a gas cylinder (24).
Other, less viable alternatives among this
type of ventilators are more expensive
and require manual triggering; more-
over, some oxygen regulators have re-
cently been voluntarily recalled because
of the risk of fire {25). In 1999, a survey of
17 1CUs in northeastern of England
showed that, among the 16 respondents,
seven planned to rely on only manual
ventifation in case of total electrical fail-
ure; the other nine planned to use gas-
driven ventilators, or a combination of
these and self-reflating bags for hand ven-
tilation {they stocked the Ambu-bags
with oxygen cylinders at bedside).
Norcross et al. (5) reported that staff in
their ICUs (surgical, neurosurgery,
burns, and cardiothoracic} hand-venti-
lated patients for 4 hrs during the total
failure of electrical systems resulting
from a hurricane.

The pneurnatic ventilators were effec-
tive in our case, but the loss of medical
gases could have been lethal for oxygen-
dependent patients. A series of different
ventilator strategies to respond to various
threats is probably the best approach.
Emergency kits are also important and
should include flashlights and batteries
for the equipment. Battery-operated suc-
tion devices and large syringes for suc-
tion should be available at all times.

The interruption of external and inter-
nal communications seriously threatens
any disaster plan and is in itself a disaster.
In our case, the personal mobile phones
of medical personnel on call became the
primary mode of external communica-
tion, and messengers on foot maintained
internal communication between depart-
ments. Walkie-talkies were of limited use
owing to the size of the institution. A
limited number of operational ceilular
phones were used to maintain external
communication while batteries lasted; a
private company that was able to main-
tain services during the disaster lent new

celiular telephonés during the svacua-
tion,

In contvast, the experiences of some
hoepitals in California have led to the
development of very well-organized
emergency commupications system
known as Hospital Disaster Support
Communication Systerm (HDSCS) in
their vegion (26), and there are other
examples at sep (27). The HDSOS is a
group of %0 amateur radio operators whe
provida volunteer backup to 35 {nstftu-
tions in cage of internal or external comn-
munications fafjuve for any reason in Og-
ange County, Ch (28). Since 1980,
HDS3CS has been involved in 73 commu-
nications emergencies, 22% of them se-
rious {e.g, esrthquakes, firestorms,
floods), :

Pationt evacuation is key ip the event
of a major intermal disaster. The use of
helicopters to transport trauma patients
is controversial and may be harmiul un-
der certzln ciraynstances (29-32) In
our case, howevey, MHH's three trauma-
center hellcopters (Hermann Life Flight)
(33), the Teams National Army Reserve
Black Hawk helicopters, snd the Coast
Guard helleopters were vital In patient
evacuation because the roadways between
many hospitals were impassable, Also ald-
Ing in the evacuation of patients was the
decision to use the ermergency depart-
ment a3 a command center to which pa-
tients were vertically evacuated from
multiple units, waged, and then trans-
fexrred to outstde facillties or discharged
hame,

Anothey problem to address during
this type of crisis Is the lack of documen-
tation, & manual casuaity-logging system
i5 essential for decumenting patients’
transfers with the dack of computers and
electronic medlcal vecords, as is a manual
system for tracking and recovering equip-
ment, It is also usefw) for patient fol-
low-up 25 tn our case, becnuse the pa-
tients were transferred to several
InsHtutions,

On the basis of our experience, wa
beleve the following are essential in ad-
dressing the most important factors in
the solution of lnterna) disasters of this
magnifude;

1. Coordination of human response. Crisis
training that includes such elements as
communication, coordlnatlon with
other healthcare professionals, and
stvong Jeadership s esgential during a
crisis. Alss, the human response from
the community was a decisive factor in
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our evacuation. Without the help of
hundreds of volunteers, it would have
heen impossible to carry hundreds of
patients down the stairs of the hospital
in darkness. The communify should
be invited to participate in disaster
nlanning,

Electricity. Electrical power is vital in
today’s healthcare system, which de-
pends on advanced technology. To
prevent widespread internal electrical
loss, it is imperative that hospitals
take the necessary measures to pre-
serve electrical power at all times.
Communications. Hospitals should
have battery-operated internal and ex-
ternal communication systems readily
available in the event of a communi-
cation outage. Cellular telephones are
useful but may be limited by weather
conditions and battery life. A region-
alized communications center and
network should be considered (34).
The HDSCS seems to address these
problems and may be a good model for
benchmark.

Protection of essential services. Criti-
cal services such as pharmacy, labora-
tories {e.g., microbiology), blood bank,
and central supply rooms should be in
safer places than the ground floors in
areas at risk of flooding or better pro-
tected physically in areas of high seis-
mic activity or other threats, includ-
ing terrorisim. Experiences such as the
1893 attack on the World Trade Cen-
ter supporf this approach even in ar-
eas that are not at risk of flooding but
could be exposed to an enemy or ter-
rorist attack (34). In the event a hos-
pital becomes isolated, these services
are essential to maintain continuity of
care. Therefore, these services should
be prepared for challenging situations,
likke the one experienced by MHH, and
extensive performances (1).

Patient ventilation, Alternative modes
of ventilation and monitoring, with
contingency plans in the event of
complete power failure, should be
available. A military or a mass-casualty
approach to any similar event may be
necessary if a plan is not in place or
does not work or if the team respond-
ing to the crisis is overwhelmed. Plan-
ning the response to mass-casualty
ventilation needs in conjunction with
the respiratory therapy department is
recommended.

. Water and other essentizl supplies.
Maintenance of protected water sup-
ply; water purifiers; emergency food

it Care Med 2004 Vol. 32, No. 3

supplies; emergency kits with batter-
ies, flashlights, batterv-operated
lamps, and two-way radios; refiecting
devices or emergency lights in stair-

wells and corridors; telephones in el- -

evators; and lists of telephone num-
bers of personnel, essential internal
services, and outside facility emer-
gency services (e.g., police, National
Guard) is critical {3, 4, 7).

7. Patient-logging system. A nonelec-
tronic emergency system for the iden-
tification of incoming or outgoing pa-
tients should be readily available. The
Casualty Handling Systemn developed
inn Europe in the late 1980s and used
with success in some couniries since
the early 1990s could be used for a
benchmark (35).

8. Evacuation plan. Effective design and
system for vertical evacuation of pa-
tients could help to reduce evacuation
time, personnei requirements, poten-
tial injuries, or deaths. This includes
updated engineering and architectural
design of stairwells, as well as special
evacuation equipment, such as the
Evacu-Trac or Evac+Chair {Garaventa
Accessibility Trac, Blaine, WA} (36).
More research into vertical evacuation
of tall buildings is necessary, as was
made apparent by 2001 attacks on the
World Trade Center buiidings (37).

9. Media communication. The media's
report of a disaster could be of help, be
distracting, or create panic (6). There-
fore, these organizations should also
review their performances and role
during any crisis. They should orga-
nize and develop plans to respond dur-
ing disasters in a more responsible
and effective way. At the same time,
the hospital should establish a system
for communicating information
through the media in a manner most
likely to create a productive response.

Although the recovery phase is not a ma-
jor concern during an emergency like
this, proper planning is essential for a
rapid recovery and return to baseline
function (38). Finally, rapid adaptation to
unexpected adverse conditions is critical
to the successful implementation of any
disaster contingency plan.
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ARTICLE LINKS:
§

Combined external and internal hospital disaster: Impact and response in a
Houston trauma center intensive care unit *.

Critical Care Medicinge. 32(3):.888-880, March 2004,

Nates, Joseph L. MD, FCCM

Abstract:

Objective: To increase awareness of specific risks o healthcare systems during &
natural or civil disaster. We describe the catastrophic disruption of essential
services and the point-by-point response to the crisis in a major medical center.

Design: Case report, review of the lilerature, and discussion.

Setting: A 28-bed intensive care unit in a level | trauma center in the largest
medical center in the world,

Case: In June 2001, tropical storm Allison caused >3 feet of rainfall and
catasirophic flooding in Houston, TX. Memorial Hermann Hospital, one of only two
level | trauma centers in the community, lost electrical power, communications
systems, running water, and intermal transportation. All essential hospital services
were rendered nonfunctional. Life-saving equiprment such as ventilators, infusion
pumps, and monitors became useless. Patients were triaged to other medical
facilities based on acuity using ground and air ambulances. No patients died as
result of the internal disaster.

Conclusion: Adequate training, teamwork, communication, coordination with other
heaithcare professionals, and strong leadership are essential during a crisis.
Electricity is vital when delfivering care in today's healthcare system, which
depends on advanced technology. It is imperative that hospitals take the
necessary measures to preserve elecirical power at all times. Hospitals should
have battery-operated intermnal and external communication systems readily
available in the event of a widespread disasier and communication outags. Critical
services such as pharmacy, laboratories, blood bark, and central supply rooms
should be located at sites more secure than the ground floors, and these services
should be prepared for more extensive performances. Contingency plans to
maintain protected water supplies and available emergency kits with batteries,
flashlights, two-way radios, and a nonelectronic emergency system for patient
identification are also very important. Rapid adaptation to unexpected adverse
conditions is critical to the successful implementation of any disaster plan.
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