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Abstract

Introduction: Disaster damage to health systems is a human and health tragedy, results in huge
economic losses, deals devastating blows to development goals, and shakes social confidence.
Hospital disaster preparedness presents complex clinical operation. It is difficult philosophical
challenge. It is difficult to determine how much time, money, and effort should be spent in pre-
paring for an event that may not occur. Health facilities whether hospitals or rural health clinics,
should be a source of strength during emergencies and disasters. They should be ready to save
lives and to continue providing essential emergencies and disasters. Jeddah has relatively a level
of disaster risk which is attributable to its geographical location, climate variability, topography,
etc. This study investigates the hospital disaster preparedness (HDP) in Jeddah. Methods: Ques-
tionnaire was designed according to five Likert scales. It was divided into eight fields of 33 indica-
tors: structure, architectural and furnishings, lifeline facilities’ safety, hospital location, utilities
maintenance, surge capacity, emergency and disaster plan, and control of communication and
coordination. Sample of six hospitals participated in the study and rated to the extent of disaster
preparedness for each hospital disaster preparedness indicators. Two hazard tools were used to
find out the hazards for each hospital. An assessment tool was designed to monitor progress and
effectiveness of the hospitals’ improvement. Weakness was found in HDP level in the surveyed
hospitals. Disaster mitigation needs more action including: risk assessment, structural and non-
structural prevention, and preparedness for contingency planning and warning and evacuation.
Conclusion: The finding shows that hospitals included in this study have tools and indicators in
hospital preparedness but with lack of training and management during disaster. So the research
shed light on hospital disaster preparedness. Considering the importance of preparedness in dis-
aster, it is necessary for hospitals to understand that most of hospital disaster preparedness is
built in the hospital system.

Keywords
Hospital Disaster Preparedness Indicators (HDPI), Hospital Disaster Preparedness (HDP), Hazard

How to cite this paper: Bajow, N.A. and Alkhalil, S.M. (2014) Evaluation and Analysis of Hospital Disaster Preparedness in
Jeddah. Health, 6, 2668-2687. http://dx.doi.org/10.4236/health.2014.619306



http://www.scirp.org/journal/health
http://dx.doi.org/10.4236/health.2014.619306
http://dx.doi.org/10.4236/health.2014.619306
http://www.scirp.org/
mailto:dr.nidaaa@gmail.com
mailto:eng.shahnaz@gmail.com
http://creativecommons.org/licenses/by/4.0/

N. A. Bajow, S. M. Alkhalil
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1. Introduction

Lately Saudi Arabia has become a typical region for hazard. Floods and other hazards are observed in Jeddah, a
Saudi city on the Red Sea to the west, which have lately affected many people and damaged the infrastructure.
The lack of HDP exacerbated the problem. The purpose of this study is to investigate the HDP and imply an as-
sessment tool of hazard.

Making hospitals and health facilities safe from disasters is an economic requirement. It is also a social, moral
and ethical necessity of life, and thus the price we pay for the failure of our hospitals due to disasters is too high.
In comparison to the cost of making them safe from disasters that is so tiny [1].

Several hospitals in Saudi Arabia have become familiar with hospital disaster preparedness but only in written
forms to meet Joint Commission on Accreditation of Healthcare Organizations standard. Rare of these hospitals
have exercised these documents [2].

Jeddah floods in 2009 put all hospitals in critical situation and many questions were raised in authorities’
minds such as: have the hospitals in Jeddah area been prepared really to meet any hazards which they are faced
with? Another question that may arise is Do the essential hospitals—that belong to the Minster of health—re-
spond to disaster—and do they during emergency make their own plan according to hazards map and do they
educate their staff and train them according to proper standards?

For an example, during 2009 flood many hospital services suffered paralysis due to the fact that all computer
systems and software analysis with the availability of all air conditioning units were much disrupted, and the
majority of devices in basement in some hospitals were disrupted and soaked in water [3]. There is much said
and written about hospitals preparedness in case of emergencies, however there is no accepted gold rule or stan-
dard that may be applied to all hospitals—for there are many levels of hospitals all over the world—and for all
types of disasters. Different levels of hospitals have different capacities, resources and capabilities: thus it is dif-
ficult to find a standard method of evaluating readiness that can be applied to all types of hospitals. Also, stan-
dards, resources, hazards and needs differ internationally. Many various different factors can be found in most of
hospital preparedness indicators such as: buildings, patients, hospital beds, medical and support staff, equipment
and facilities, basic lifelines and services [4].

In this research the assessment process based on the field study conducted that was done during hospitals vis-
its and survey. Data was collected though the questionnaire; the questionnaire was designed to direct respon-
dents to follow-on items, only if the overall indicator was used within the hospital; Responses of participants
were collected, coded, and entered into a Microsoft Excel sheet. The data was then coded according to categori-
cal Likert scale responses. Then detailed statistical analysis was carried out. Frequency distributions and de-
scriptive statistics were used to summarize high-level analysis of responses.

The hospital disaster preparedness indicators (HDPI) that are used in this research structures are: architectural
and furnishing, safety of lifeline facilities, hospital location and areas, maintenance of utilities, surge capacity,
emergency and disaster plan, control of communication and coordination.

2. Hospital Disaster Preparedness Indicators

By reviewing other published work regarding HDP many studies led attention to shortcomings in HP with re-
spect to the acute medical response to a disasters [5]-[10]. Deficient hospital disaster planning and preparedness
is more pronounced in developing countries as compared to developed countries [11]. Majority who are injured
and killed by natural disasters reside in developing countries [12]. Thus, the impact of poor disaster planning is
more pronounced for developing countries. Prior studies have shown that the socioeconomic level of a commu-
nity influences the vulnerability of its inhabitants and their medical requirements in the event of a disaster [11].
There is much written about preparedness of hospitals, however there is no accepted gold standard that can be
applied to all hospitals—for there are different levels of hospitals, in different parts of the world—and for all
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disasters. Table 1 shows HDPI that are used in this research followed by a brief description for each item.

2.1. Structural Indicators of Safe Hospital

Structural elements are essential in health facilities that determine the overall safety of the building, such as the
foundations, the columns, the beams, the slabs, the load-bearing walls, the braces, and the trusses [4].

1-Hospital Structure

The structural vulnerability of the hospital buildings should be cross checked with hazard maps before it is ac-
tually built due to the fact that hospital buildings are not at the edge of a slope or near the foot of a mountain
vulnerable to landslide. The buildings are not near creeks, rivers or bodies of water that could erode its founda-

tion [4].

Table 1. HDPI that are used in this research.

No.

Hospital disaster preparedness indicators (HDPI)

1 Structure

2 Architectural and furnishings

3 Safety of Lifeline Facilities

4 Hospital location and areas

5 Maintenance of Utilities

6 Surge capacity

7 Emergency and Disaster plan

Control of communication
and coordination

11
2.1.
22.
23.
24.
3.1
32.
33.
34,
35.
36.
3.7.
4.1.
42.
5.1.
5.2.
53.
5.4,
6.1.
6.2.
6.3.
7.1.
72.
73.
74.
75.
76.
77.
78.
8.1.
8.2.
8.3.

8.4.

Hospital structure

Safety of the roofing and ceilings
Safety of doors and windows
Safety of walls, divisions, partitions
Safety of floor coverings
Electrical tools System
Communication tools System
Water Supply tools System
Medical Gas tools System

Fire Suppression tools System
Emergency Exit System

Heating, Ventilation and Air conditioning Systems in Critical Areas

Site and Accessibility

Zoning of hospital units

Water supply system

Electrical system

Medical Gases Distribution System

Waste management system (solid and water)

Staff

Stuff

Structure

Hazard map

Information

Committee

Preparedness

The Hospital Emergency Incident Command System
Stage of activation

Emergency operations center

Surveillance system

Transportation and Communication

Cooperative arrangement with local emergency plan
Referral procedure

Health facility networking
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2.2. Non-Structural Indicators of Safe Hospitals

All other elements without forming part of the resistance systems, enable the hospitals to operate. Such as: arc-
hitectural elements, equipment, contents and services or lifelines are called the non-structural elements [4].

2-Architectural and Furnishings

It includes components such as windows, ceilings, partition walls and lighting systems. It also consists of the
equipment and furnishings which in turn includes the following: mechanical equipment, medicine containers,
medical and laboratory equipment, office furnishings, etc. [13].

-Safety of the roofing and ceilings: There are several types of roofing materials. They must be easy to weld,
rivet, and fastener securely. For example ceiling made of concrete must be leaks and cracks free [13].

-Safety of doors and windows: Wind and fire resistant doors must be used. Power-operated doors must be
manually operated in case of power failure to allow ease of exit travel. Sun and wind protection devices must be
available in windows. Safety of the patient is important so windows must have secure devices [13].

Safety of walls, divisions, partitions: Fire resistant exterior walls and room partitions should be used. Any
element like hanging lights must be securely fastened on walls. All electrical cables and wires should also be
properly fastened and fixed [13].

-Safety of floor coverings: Non-slippery covering floor materials [4], easy to clean must be used in all hos-
pital areas.

3-Safety of Lifeline Facilities
In any health facility electric power, water and sanitation and waste treatment and disposal are important lifeline
for continuous operations. So special procedures and protocols during disaster must be prepared [13].

-Electrical tools System: The health facility must have an alternative power source in case of power failure
like generators with heavy duty power that can meet extra demand. This generator must be in a safe and secure
place with proper backup for intensive care and operating room [13].

-Communication tools System: The tools and devices that are used for communication must be fixed well
and safely secured. Any outside communication tools must be fixed under the ground [13].

-Water Supply tools System: The hospital demand of water for three days must be available in case of dis-
aster by secure water tank. This water storage must be in a secure and safe place [13].

-Medical Gas tools System: A well ventilated place should be available for medical gas storage. Hence,
medical gases must be kept in a secure and safe location [13].

-Fire Suppression tools System: Accredited fire agency must monitor the fire alarm system all times. Imme-
diate response to fire is important by the use of a well fire alarm system. Proper guidelines regarding placement
of fire detectors and firefighting equipment should be done in coordination with the local fire department [13].

-Emergency Exit System: Well llluminated exit signs must be used in special coloring, with a reliable source.
Also lighting source is assessed by public utility electric service [13].

-Heating Ventilation and Air conditioning Systems in Critical Areas: These must be fixed well and se-
cured. For example adequate bracing for ducts can be done to ensure safety [13].

2.3. Functional Indicators of Safe Hospitals

It is very important that hospitals and health facilities during emergency or disaster are functioning well. There-
fore it is necessary to ensure that health services will continue to be provided when they are most needed [13].
The following groups are functional indicators.

2.3.1. Hospital Location and Areas
The location of the health facility is vital. It must be away from hazard, dust, noise and fire. Therefore it must be
easy to reach from all zones [4].
Site and Accessibility: The hospital or health facility location should be near proper roads and with enough
ways of transportation. It must be easy to reach and near educational, religious and commercial centers [13].
Zoning of hospital units: A well distribution of departments within the hospital or health facility will make
accessibility to them be easily and safely reached [13].
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2.3.2. Maintenance of Utilities
It is vital in the daily operations of hospitals and health facilities to have adequate water supply, electricity and
medical gases. Therefore, maintenance schedule must be available to them [13].

Water supply system: An alternative water source must be available such as a safe water tank. This source of
water must be clean and secure [13]. In case of emergency the water source may be damaged, so the alternative
source must be ready to use and quickly respond and save time [14].

Electrical System: Electrical supply in hospital must be clear, well organized and safe. Hence, in case of dis-
aster an alternative power supply must be available and work properly [13].

Medical Gases Distribution System: A regularly inspection plan for medical gas containers and pipes
should be done. Leak alarm system and safety valves must be used and maintained [13].

Waste management system (solid and water): It is very important to have a proper system to get rid of solid
waste system especially in disaster case because extra waste caused by the disaster itself will be available. If this
waste stayed it will affect the public health [15]. Hence having an effective wastewater system is vital of any
community. Since wastewater system may be affected by hazards and disasters [16].

2.3.3. Surge Capacity
Surge capacity is the capability of a hospital to expand its resources to meet a large casualty load without re-
quiring outside help, this is also a function of both space equipment and staff [17].

The most important components are:

Staff: It refers to doctors, nurses, mental health staff, emergency medical techniciansand public health profes-
sionals. Hospitals have specific benchmarks for surge capacity staffing and states should create a response sys-
tem that allows for this [18]. Health professionals are trained via methods of competency based education, in the
recognition, treatment and referral of patients exhibiting behavioral health consequences related to any type of
public health emergencies [19].

Stuff: This consists of equipment, supplies and medications that should be available on hand for use in major
emergencies to keep facilities in constant and effective operation and support proper patient care, including spe-
cialized items for specific threats Stockpiles to help provide medical and non-medical supplies during an emer-
gency [20]. We will never have all the required resources to be totally prepared for every disaster, but with ap-
propriate partnerships incident management systems and a tiered response framework we can be to some degree
prepared to respond to any arising challenge [21].

Structures: In case of emergency, hospitals must have enough places to convert to patients locations and can
increase bed capacity [22]. There must be emergency plans in the hospital to supply extra location, food and
staff [20]. Dead bodies’ location must be far away from the entrance of the hospital and an alternative morgue
place must be available to face extra demand in disaster [23].

2.3.4. Emergency and Disaster Plan
Hospital Emergency Preparedness Response and Recovery Plan must be prepared and well tested and exercised
in the hospital [4].

Hazard map: The Hazard Vulnerability Analysis (HVA) is an important leader for the facility to concentrate
on risks that are most likely happened with the highest threat [17]. Certain plans for dealing with highest 3 to 5
hazards that have been identified and must practice them [24].

Information: Public information; as a recommendation the public information center should be coordinated
by a social worker and should be staffed by hospital personnel or volunteers. The hospital’s disaster plan should
also be provided for the continued functioning of the public information center during disaster/emergency situa-
tions Public education should ideally become part of the hospital’s disaster plan [22]. Update list for Staff; up-
dated list of addresses and telephone numbers of all staff involved in the emergency preparedness plan should be
done on frequent basis and periodically, for example say every 3 months [25]. Medical records; a question
should be asked; if patient medical records and billing records were destroyed, is there then some type of backup
system for them?

Another question that arises is: Where is the information stored and can it be easily accessed? You may want
to consider keeping a backup tape or disk off-site. Paper records; to help protect paper records, you may want to
look into fireproof cabinets. Even though this may be expensive, they may help in preserving much needed

records [26].
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Committee: Each hospital should have a disaster committee from multi-disciplinary. Their task is to make a
disaster procedure, and to also organize exercise, and to function as troubleshooters when the hazard/disaster
becomes real, in addition to co-ordinate with external parties concerned and to manage inventory risks [25].
Preparedness:
~ External and internal disaster preparedness; The hospital should always be prepared with written disaster
plan that responds to external disasters to help in providing assistance to victims, the hospital is also vulnera-
ble to disasters directly occurring within its walls; so preparation must be made in response to internal disas-
ters, the most common of all is fire [22].

~ Strengthen essential hospital services; intensive care resources must function well and in a high quality in
case of mass casualty incident (MCI) despite number of injuries [27].

~ Thus, the hazard plan must have certain actions that will to be taken before, during, and after a disaster in the
hospital’s emergency room, intensive care unit, sterilization unit and operating theater [28].

~ Education and training; education and training are both important and essential for disaster, and also for
disaster services. Good planning and equipment may be of little or no use if the staff has not received appro-
priate instruction in the function of organization or use of the equipment [15].

~ Emergency Exercises; the hospital emergency response plan is a guideline of practices that must be done,
developed and exercised during disaster event [22]. It is a pre-requisite for applying emergency practices.
Therefore nothing to be exercised without this plan [29]. Six known types of exercises are available; 1)
orientation; 2) tabletop; 3) game; 4) drill; 5) functional; and 6) Full-Scale Exercises (FSE) [29]. JCAHO re-
quires drills and exercises twice yearly both internal and external [17].

~ Hospital evacuation plan; a proper plan that explain clearly how to evacuate people and things inside the
hospital must be available and practiced regularly [30].

~ Contingency plans for medical treatment in disasters; Emergency and disaster plan should include con-
tingency plan for special hazards that hospitals are subject to such as: floods, fires and explosion, chemical
accidents or exposure to ionizing radiation, pathogens with epidemic potential, psycho-social treatment for
patients, families, and health workers [28].

~ Community Involvement; Community disaster plan must be properly prepared. A special attention must be
taken in developing countries due to bad communication and transportation. Patients are difficult to reach
hospital in normal cases. Thus the difficulty to arrive health facilities increases in case of disaster. So more
effort should be done to exercise such people in these difficult areas [22].

The Hospital Emergency Incident Command System (HEICS): HEICS is a management structure to iden-
tify responsibilities, reporting connections, and a common designation to help combine hospitals with other
emergency responders [31]. Job descriptions assigned for each functional position within the HEICS must be
printed in the job action sheets. The job action sheets must identify the responsible person, clarify the actions
that needed to be done and assign reporting to whom [32].

Stage of activation: in case of disaster in the hospital; emergency notification then activation of the chain of
command must be both known and performed. After this the operational phase is performed by actual dealing
with the mass casualties according to the disaster emergency plan. Then phase of deactivation is declared when
hospital command is satisfied that flow of victims is not exceeding the hospital utilities [33].

Emergency Operations Centre (command center): a pre-determined location should be chosen for the
Emergency Operations Centre (EOC), the functions of the EOC include [22]; Activation of the plan by the des-
ignated persons; Control and coordination of hospital activities; Provision of additional resources; Liaison with
the overall emergency control center and Control of field medical services [22].

Surveillance system: both knowledge and the use of epidemiological tools should exist, including routine
surveillance systems and disease-reporting procedures. Computer-based surveillance systems should be created
to collect and analyze the morbidity, mortality and other epidemiological data for early detection of bioterror-
ism-related diseases.

This means early and quick detection of typical deaths or syndromes and early and quick detection of the in-
crease of typical deaths or syndromes above the expected levels [34].

2.3.5. Control of Communication and Coordination

Transportation and communication; communication is vital to the success of all coordination efforts. Plan-
ning for disaster situations should also entail pooling of available resources for patient transportation aside from
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those already in existence. Identifying the availability and capabilities of ambulances is important in maximizing
their use during emergencies [22].

Cooperative arrangement with local emergency plan; because hospitals do not function in isolation during
a disaster, it is essential for emergency medical services (EMS) and hospital disaster plans to be integrated into
the community disaster plan [25].

Referral procedure; hospitals needs special Mechanism during disaster to prepare a census of admitted pa-
tients and those referred to other hospitals (forms and procedure to receiving victims with different severity that
arrive to hospital by themselves or through ambulance) [28].

Hospital facility networking; the connection between different health care facilities of a certain geographical
zone must be available to know the resources. Hence, authorities must have the information about the available
health resources in their zone. Information, materials, manpower and training must be networked in the health
care facilities [33].

3. Methods

Hospitals all over are trying to stay disaster prepared for a long-term period. Most hospitals have a major op-
portunity to reduce loses through HDPI. HDPI allows the implementation of many tools and techniques that help
in solving various problems through the elimination of source of mess in various hospital areas.

Implementation of HDPI in hospital areas provides a potential solution to improve the competitiveness of
preparedness; therefore the development of an assessment tool can effectively guide the implementation. The
need for such an assessment tool arises due to the need to improve hospital’s efficiency. The implementation of
the right HDPI at the right time on the right impact area of hospital relies on extensive knowledge and expe-
riences.

The main purpose out of this paper is to investigate the HDPI listed in Table 1 that enables the Jeddah hospit-
als to be successfully well prepared, and afterwards to develop an assessment tool to review the hospital disaster
preparedness (HDP) indicators and the guiding tools to identify the difficulties and opportunities, that provides
an effective way to guide and evaluate the preparedness process. The paper aims also to evaluate the level of
awareness HDP.

4. Settings

This study was conducted in Jeddah in Saudi Arabia, from June 18, 2010 through June, 2011. Random sampling
of all hospitals was not possible due to limited access on the basis of permission and authority. Therefore, the
selection of hospitals represents a convenience sample; i.e. services area of Health Affairs in Jeddah divided into
two categories; essential hospitals and supporting hospitals. So all essential hospital and supporting hospital in
Jeddah were included in the study.

Questionnaires were personally distributed; to allow the evaluation of hospital disaster preparedness aware-
ness, implementation status, and the need for developing assessment tool for hospital disaster preparedness in
the hospital. To acquire the required information the questionnaire was addressed to the hospitals in order to ob-
tain primary data for this study.

The sample size in this research consisted of all essential and some of the supporting hospitals in Jeddah city.
Starting with 8 hospitals, but 2 hospitals from the supporting refused to conduct a field study. So ending up with
a sample size of a total of 6 hospitals (hospital and employee as one entity). Hospitals number of beds respec-
tively is (132, 687, 445, 57, 819 and 124).

A five-point Likert scale (Poor, Fair, Good, Very good, and Excellent) was used. The questionnaire was de-
signed for direct respondents to follow-on items, only if the overall indicator were used within the hospital. The
structure chosen for the survey items both minimized the amount of time to complete the survey, and also pro-
vided the respondent with additional details on a particular indicator through the follow-on items.

Because the follow-on items referenced more specific aspects of hospital disaster preparedness in question,
this reduced the likelihood that the respondent would not clearly understand the overall indicator. The structure
also provided means for determining the indicators being implemented, as well as the details of how a particular
hospital was implementing the indicator. For each item, respondents were asked to evaluate how often specific
hospital disaster preparedness were used within their organization.
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5. The Developed HDP Assessment Tool

The developed assessment tool reviews the HDPIs and the guiding tools to identify the difficulties and oppor-
tunities. The HDP assessment tool is used in conjunction with corporate goals in order to define the gaps in per-
formance and help point out areas of opportunity for “Breakthrough Improvement” in all the indicators men-
tioned in Table 1, also to monitor progress and effectiveness of the process improvement effort in addition to
help in providing a sense of where the hospital is located today on its hospital disaster preparedness journey.

It is based on hospital disaster preparedness indicators. Since this assessment is based on an Excel spreadsheet
the navigation through it is through the tabs shown in Figure 1 that include: Introduction—1, 2, 3, 4,5, 6,7, 8
and Assessment Score card. Begin by clicking “Introduction” Tab, followed by the “1” Tab, entering a score of
1 to 5; continue for the 8 HDPI. Once the 8 scores are entered, a composite score is then automatically calcu-
lated, then a Spider Graph for quick review as shown in Figure 2.

6. The Proposed HDPI Hypotheses

The hypotheses proposed are explained in Table 2.

7. Hypotheses Tests and Results Verification
7.1.1s There Any Significance Difference in Structure Level among the Hospitals?

Ho,: No significance difference in Structure level among the hospitals.
H1,: There is significance difference in Structure level among the hospitals.
Below are the Minitab results regarding each hypothesis.

Minitab results of H1;:

Regression Analysis: 1. Structure—1.1 Hospital_1 versus HOSPITAL NO.

The regression equation is
1. Structure—1.1 Hospital_1 = 2.63 + 0.214 HOSPITAL NO.

Predictor Coef SE Coef T p

Constant 2.6333 0.6689 3.94 0.017
HOSPITAL NO. 0.2143 0.1717 1.25 0.280

S=0.718464 R-Sq = 28.0% R-Sq(adj) = 10.0%
Analysis of Variance
Source DF SS MS F P
Regression 1 0.8036 0.8036 1.56 0.280
Residual Error 4 2.0648 0.5162
Total 5 2.8683

Inverse Cumulative Distribution Function
Student’s t distribution with 5 DF
p(X<=x) X
0.95 2.01505

Interpreting the results:
a=0.05

t, =394
t,/25 = 2.015

t, > ta/zs

Reject Hy if to >t 1.2 and since 3.94 > 2.015. Also p-value = 0.017 < o = 0.05.
So Hy; is rejected. There is significance difference in Structure level among the hospital so far their effect on

hospital disaster preparedness is concerned.
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Assessment tool for hospital disaster preparedness

The hospital disaster preparedness (HDP) Assessment tool should be used to monitor progress and
effectiveness of the process improvement effort. The current status can be charted along with the
target condition goals.

Indicate the hospital disaster preparedness of each of the following indicators in your hospital, below
is the rating scale:

(1) Poor; (2) Fair; (3) Good; (4) Very Good; (5) Excellent

No. Hospital disaster preparedness indicators

1 Structure

|Architectural and furnishings

Safety of Lifeline Facilities

Hospital location and areas

Maintenance of Utilities

Surge capacity

Emergency and Disaster plan

0| N|oflo|l b~ wW]|N

IControl of communication and coordination

Figure 1. The developed HDP assessment tool.

Hospital disaster preparedness progress for Example Hospital

Structure

] Control of
80% ‘ot
Art;ﬂlrt:icst#irnal :\nd 2 gommunicationand
9 60% coordination

o

Safety of Lifeling mergency and Disaster

Facilities plan
Hospital location ang .
areas Surge capacity
Maintenance of Utilities
—®- - First Target - B - Maximum% ----#---- 0% of Hospital Score

Figure 2. Spider graph of the developed assessment tool.

7.2.Is There Any Significant Difference in Architectural and Furnishings Level among the
Hospitals?

Ho,: No significance difference in Architectural and furnishings level among the hospitals.
H1,: There is significance difference in Architectural and furnishings level among the hospitals.
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Table 2. Summary of proposed hypotheses for HDPI.

Hypotheses
H1, There is significance difference in Structure level among the hospitals.
H1, There is significance difference in Architectural and furnishings level among the hospitals.
H1, There is significance difference in Safety of Lifeline Facilities level among the hospitals.
H1, There is significance difference in Hospital location and areas level among the hospitals.
H1s There is significance difference in Maintenance of Utilities level among the hospitals.
H1g There is significance difference in Surge capacity level among the hospitals.
H1, There is significance difference in Emergency and Disaster plan level among the hospitals.
Hlg There is significance difference in Control of communication and coordination level among the hospitals.

Minitab results of H1,:

One-way ANOVA: A B,C,D,E, F

Source DF SS MS F p
Factor 5 12.4333 2.4867 182.69 0.000
Error 18 0.2450 0.0136
Total 23 12.6783
$=0.1167 R-Sq = 98.07% R-Sq(adj) = 97.53%
Individual 95% Cis For Mean Based on Pooled St. Dev
Level N Mean StDev - + + + +--m
A 4 3.1250 0.1500 -*)
B 4 3.3000 0.1414 (-*
C 4 2.8000 0.0816 (-*-)
D 4 2.5500 0.1291 (*-)
E 4 3.1750 0.0957 (*-)
F 4 4.8000 0.0816 -*)
B— + + S —
Pooled St. Dev = 0.1167
2.80 3.50 4.20 4.90

Inverse Cumulative Distribution Function
F distribution with 5 DF in numerator and 18 DF in denominator
p(X<=x) X
0.95 2.77285

Interpreting the results:
a = 0.05
f, =182.69
f0.05,5.18 =217
fo> fos1s

So Hy; is rejected. Also p-value = 0.0 < o = 0.05. There is significance difference in Architectural and fur-
nishings level among the hospitals so far their effect on hospital disaster preparedness is concerned.

7.3.Is There Any Significant Difference in Safety of Lifeline Facilities Level among the
Hospitals?

H,3: No significance difference in Safety of Lifeline Facilities level among the hospitals.
H1;: There is significance difference in Safety of Lifeline Facilities level among the hospitals.

Minitab results of H1;:
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One-way ANOVA: A B,C,D,E, F

Source DF SS MS F p
Factor 5 16.7933 3.3587 35.15 0.000
Error 36 3.4400 0.0956
Total 41 20.2333
S=0.3091 R-Sq = 83.00% R-Sq(adj) = 80.64%
Individual 95% Cls For Mean Based on Pooled St. Dev
Level N Mean StDev + + + +
A 7 3.4143 0.4259 (---*---)
B 7 3.8571 0.3690 (-=-*---)
C 7 2.9143 0.1676 (---*---)
D 7 2.8571 0.2149 (---*---)
E 7 3.4286 0.4112 (---*---)
F 7 4.7286 0.1113 (---*---)
R— + + S
Pooled St. Dev = 0.3091 3.00 360 420 4.80

Inverse Cumulative Distribution Function
F distribution with 5 DF in numerator and 36 DF in denominator
p(X<=x) X
0.95 247717

Interpreting the results:

a = 0.05
, =35.15
005536 = 2-48
fo> fos3

So Hg; is rejected. Also p-value = 0.0 < a = 0.05. There is significance difference in Safety of Lifeline Facili-
ties level among the hospitals so far their effect on hospital disaster preparedness is concerned.

f
f

7.4.1s There Any Significant Difference in Hospital Location and Areas Level among the
Hospitals?

H,4: No significance difference in Hospital location and areas level among the hospitals.
H1,: There is significance difference in Hospital location and areas level among the hospitals.
Minitab results of H1,

One-way ANOVA: A, B,C,D,E, F

Source DF SS MS F p
Factor 5 2.604 0.521 3.98 0.061
Error 6 0.785 0.131
Total 11 3.389
S=0.3617 R-Sq = 76.84% R-Sq(adj) = 57.54%
Individual 95% ClIs For Mean Based on Pooled St. Dev
Level N Mean St.Dev. - + + + +--e-

A 2 3.2500 0.6364

B 2 3.8500 0.0707

C 2 3.0000 0.0000

D 2 2.9500 0.0707

E 2 3.3500 0.4950

F 7 4.2500 0.3536

Pooled St. Dev = 0.3617 280 350 420 4.90

Inverse Cumulative Distribution Function
F distribution with 5 DF in numerator and 6 DF in denominator
p(X<=x) X
0.95 4.38737
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Interpreting the results:
a=0.05
f, =3.98
f0.05,5.6 =4.39
fo < fuss
So fail to reject Hy,. Also p-value = 0.061 > a = 0.05. There is not enough evidence to conclude that no sig-

nificance difference in Hospital location and areas level among the hospitals at o = 0.05. More data and inves-
tigation must be done.

7.5.1s There Any Significant Difference in Maintenance of Utilities Level among the
Hospitals?

H,s: No significance difference in Maintenance of Utilities level among the hospitals.
H1s: There is significance difference in Maintenance of Utilities level among the hospitals.
Minitab results of H1s:

One-way ANOVA: A, B,C,D,E, F

Source DF SS MS F p
Factor 5 6.3350 1.2670 53.04 0.000
Error 18 0.4300 0.0239
Total 23 6.7650

S =0.1546 R-Sq = 93.64% R-Sq(adj) = 91.88%

Individual 95% Cls For Mean Based on Pooled St. Dev

Level N Mean StDev + + + +

A 4 3.2250 0.0957 (---*--)
B 4 3.5250 0.1708 (---*--)
C 4 3.1750 0.1708 (--*---)
D 4 2.9000 0.0707 (--*--

E 4 3.2250 0.0957 (-=-*--)
F 4 4.5000 0.1826 (-*--)

— + + S —

Pooled St. Dev = 0.1546
3.00 3.50 4.00 4.50

Inverse Cumulative Distribution Function
F distribution with 5 DF in numerator and 18 DF in denominator
p(X<=x) X
0.95 2.77285

Interpreting the results:
a =0.05
f, =53.04
f0.05,5.18 =217
fo > f

So Hgs is rejected. Also p-value = 0.0 < o = 0.05. There is significance difference in Maintenance of Utilities
level among the hospitals so far their effect on hospital disaster preparedness is concerned.

@,5.18

7.6.Is There Any Significant Difference in Surge Capacity Level among the Hospitals?

Hqs: No significance difference in Surge capacity level among the hospitals.
H1e: There is significance difference in Surge capacity level among the hospitals.
Minitab results of H1g:
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One-way ANOVA: A, B,C,D,E, F

Source DF SS MS F p
Factor 5 2.8911 0.5782 5.88 0.006
Error 12 1.1800 0.0983
Total 17 4.0711
S=0.3136 R-Sq = 71.02% R-Sq(adj) = 58.94%
Individual 95% Cls For Mean Based on Pooled St. Dev
Level N Mean St. Dev + + + +
A 3 3.2667 0.3055 (R — )
B 3 3.5667 0.4163 (R — )
C 3 3.1333 0.1528 (RS SR )
D 3 2.8000 0.1000 (--- *oonnn)
E 3 3.4000 0.5292 (- *o)
F 3 4.1000 0.1000 (S )
+ + + £ —

Pooled St. Dev = 0.3136 240 3.00 3.60 4.20

Inverse Cumulative Distribution Function
F distribution with 5 DF in numerator and 12 DF in denominator
p(X<=x) X
0.95 3.10588

Interpreting the results:
a =0.05

f, =5.88
1Eo.05,5.12 =311
1Eo > fa,5.12

So Hgg is rejected. Also p-value = 0.006 < a = 0.05. There is significance difference in Surge capacity level
among the hospitals so far their effect on hospital disaster preparedness is concerned.

7.7.1s There Any Significant Difference in Emergency and Disaster Plan Level among the
Hospitals?

H,7: No significance difference in Emergency and Disaster plan level among the hospitals.
H1,: There is significance difference in Emergency and Disaster plan level among the hospitals.
Minitab results of H1:

One-way ANOVA: A, B,C,D,E, F

Source DF SS MS F p
Factor 5 4.404 0.881 1.25 0.304
Error 42 29.619 0.705
Total 47 34.023
S=0.8398 R-Sq =12.95% R-Sq(adj) = 2.58%
Individual 95% Cls For Mean Based on Pooled St. Dev
Level N Mean StDev + + + +

A 8 2.5875 0.7298 (--mmmmen J— )

B 8 2.9625 0.9395 (- R )

C 8 2.9375 0.8105 (- L )

D 8 2.5250 0.6251 (--mmmmen J— )

E 8 2.5875 0.7298 (- R )

F 8 3.3875 1.1115 (- L )

Pooled St. Dev = 0.8398 2.40 3.00 3.60 420

Inverse Cumulative Distribution Function
F distribution with 5 DF in numerator and 42 DF in denominator
p(X<=x) X
0.95 2.43769
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Interpreting the results:
a=0.05
f, =1.25
f0.05,5.42 =244
f0 < faz,5.42

So fail to rejectH,;. Also p-value = 0.304 > o = 0.05. There is not enough evidence to conclude that no signi-
ficance difference in Emergency and Disaster plan level among the hospitals at & = 0.05. In all hospitals the
Emergency and Disaster plan has lowest scores with weakness in education and training.

7.8.1s There Any Significant Difference in Control of Communication and Coordination
Level among the Hospitals?

H,g: No significance difference in Control of communication and coordination level among the hospitals.

H1g: There is significance difference in Control of communication and coordination level among the hos-
pitals.

Minitab results of H1g:

One-way ANOVA: A, B,C,D, E, F
Source DF SS MS F

p

Factor 5 1.2733 0.2547 331 0.027

Error 18 1.3850 0.0769

Total 23 2.6583

§$=0.2774 R-Sq = 47.90% R-Sq(adj) = 33.43%
Individual 95% Cls For Mean Based on Pooled St. Dev
Level N Mean St. Dev + + + +
A 4 3.0000 0.1155 (-=mmmmme L )
B 4 3.1500 0.1732 (G S )
C 4 3.2000 0.0816 (----m-- S, )
D 4 2.7750 0.1708 [— N )
E 4 3.0000 0.1155 [— . )
F 4 3.5250 0.6076 [
Pooled St. Dev = 0.2774 * * ¥ ¥
2.80 3.15 3.50 3.85

Inverse Cumulative Distribution Function
F distribution with 5 DF in numerator and 18 DF in denominator
p(X<=x) X
0.95 2.77285

Interpreting the results:

So Hgg is rejected. Also p-value = 0.027 < a = 0.05. There is significance difference in Control of commu-

nication and coordination level among the hospitals so far their effect on hospital disaster preparedness is
concerned.

Interpretation of all results:
For each hospital disaster preparedness indicators under this study, the score average for all received res-

ponses is calculated, consequently preparedness level in each hospital disaster preparedness indicators is eva-
luated, and results are interpreted as explained in Table 3.

Questionnaire summary of the average results for all the visited hospitals are shown in Table 4.
For example; consider the first part in hospital location and areas: “Site and Accessibility”. Questions score
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Table 3. Results of interpretation key.

Preparedness % p p <20% 20 <p<40% 40 <p <60% 60 < p<80% 80 < p < 100%
pllgtggfgg;izg?e\%l Poor Fair Good Very Good Excellent
Table 4. Questionnaire summary of hospitals results.
No. Hospital disaster preparedness indicators A B C D E F
1 Structure 1.1 Hospital structure 3.1 3.6 2.7 29 3.2 48
2.1 Safety of the roofing and ceilings 3.2 35 2.8 2.6 33 4.9
) Architec‘gurfal 2.2 Safety of doors and windows 3.0 3.2 29 2.7 3.1 4.8
and furnishings 2 3 safety of walls, divisions, partitions 33 3.2 2.7 25 3.2 47
2.4 Safety of floor coverings 3.0 3.3 2.8 24 3.1 4.8
3.1 Electrical tools System 41 44 3.0 29 41 4.6
3.2 Communication tools System 3.2 4.0 2.7 3.0 3.2 4.7
3.3 Water Supply tools System 3.2 4.1 3.2 3.0 3.2 4.6
3 'S:f;fcelmlgg Lifeline 3.4 Medical Gas tools System 30 35 28 29 30 47
3.5 Fire Suppression tools System 3.8 3.9 3.0 2.8 3.8 4.8
3.6 Emergency Exit System 3.6 3.8 2.9 3.0 3.6 49
g.;tli—(l:g?t'io[]rgeé;/entilation and Air conditioning Systems in 31 37 30 30 31 47
A Hospital location 4.1 Site and Accessibility 3.7 3.9 3.0 3.0 3.7 4.0
and areas 4.2 Zoning of hospital units 2.8 38 3.0 2.9 3.0 45
5.1 Water supply system 33 3.6 31 3.0 33 43
¢ Maintenance of 5.2 Electrical system 33 3.7 32 31 33 4.4
Utilities 5.3 Medical Gases Distribution System 3.1 33 34 28 31 47
5.4 Waste management system (solid and water) 3.2 35 3.0 2.7 3.2 4.6
6.1 Staff 3.0 31 3.0 2.9 3.0 4.0
6 Surge capacity 6.2 Stuff 3.6 3.9 31 2.8 4.0 41
6.3 Structure 32 37 33 2.7 32 4.2
7.1 Hazard map 1.0 1.0 1.0 1.0 1.0 1.0
7.2 Information 3.0 33 2.9 2.6 3.0 4.0
7.3 Committee 3.0 3.2 31 2.8 3.0 44
. Emergency and 7.4 Preparedness 2.7 31 3.0 2.6 2.7 3.8
Disaster plan 7.5 The Hospital Emergency Incident Command System 2.0 22 32 28 2.0 28
7.6 Stage of activation 3.0 35 35 29 3.0 4.1
7.7 Emergency operations center 3.0 34 34 2.8 3.0 4.0
7.8 Surveillance system 3.0 4.0 34 2.7 3.0 3.0
8.1 Transportation and Communication 3.1 3.3 3.3 3.0 3.1 4.0
Control of 8.2 Cooperative arrangement with local emergency plan 2.9 3.0 3.2 2.7 2.9 4.1
8 communication
and coordination 8-3 Referral procedure 2.9 3.0 31 2.8 2.9 3.0
8.4 Health facility networking 31 33 3.2 2.6 3.1 3.0

average and practice score averages of responses are represented in Table 5. These results in table are after col-
lecting data from questionnaire.

After interpreting the results of score vs. hospital, the higher score was for hospital F and it is from private
hospitals, the higher score from the governmental sector was for hospital. While, the lower score was for hos-
pital D from the governmental sector as in Figure 3. There is noticeable fluctuation between Good and Very
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Table 5. Site and accessibility questions and their averages.

Site and accessibility Questions Question average score
How far is the facility from the main town/city? 3.7

Is the facility separated from the main town/city by a bridge? (If the bridge were affected by flood, etc.) 35

How far is the hospital from the main street/highway? 38

How many roads lead to the hospital? 3.8

What are the conditions of the roads that lead to the hospital? 3.8

Is route accommodate at least two ambulances at the same time) and well-paved roads? 38

Indicator score average 3.7
Interpretation of preparedness level 74.3%

Hospitals Evaluations

50 — — ===Excellent

4.0 X e e > e ——Very Good
o 3.0 i ==—Good
e
8
9?20 —o—Fair

1.0 —=&—Poor

0.0

A B C D E F
Hospitals

Figure 3. Score vs. hospital.

Good levels. All the hospitals in the analysis were concentrated and located almost in the Good level.

After interpreting the results for each Hospital vs. its indicators. The higher scores were for structure and arc-
hitectural and furnishings = 4.8 which were achieved in hospital F as in Table 6.

Comparison with each hospital indicators are shown in Figure 4. Hospital F and hospital B have achieved the
higher scores. The lowest rank is for Emergency and disaster plan (Figure 5). This field has the following sub
indicators: Hazard map, Information, Committee, Preparedness, The Hospital Emergency Incident Command
System, and Stage of activation, Emergency operations center and Surveillance system. The minimum scores
were for hazard map and The Hospital Emergency Incident Command System.

8. Hypotheses and Statistical Analysis

For more detailed statistical analysis collected data were then entered into a spread sheet and then they were up-
loaded to the Statistical Program version 14, (MINITAB®, 2004). Independent Groups F-Test and T-Test ana-
lyses were conducted [35]. F-test is used to determine whether the factor means are equal or not. Larger values
of F support rejecting the null hypothesis that the means are equal.

The p-value used in hypotheses tests to help in deciding whether to reject or fail to reject a null hypothesis.
The p-value is the probability of obtaining a test statistic that is at least as extreme as the actual calculated value,
if the null hypothesis is true. That is, the p-value represents the probability of making a Type | error, or rejecting
the null hypothesis when it is actually true.

The smaller the p-value, the smaller the probability is that you would be making a mistake by rejecting the
null hypothesis. A commonly used cut-off value for the p-value is 0.05. For example, if the calculated p-value of
a test statistic is less than 0.05, you reject the null hypothesis. The results are shown in Table 7 for each hypo-
thesis tests.

9, Conclusion

This research was motivated by the need to find out the HDP in Jeddah, Saudi Arabia. The finding shows that
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Table 6. Each hospital vs. its’ indicators.

Architectural Safety of  Hospital

Hospital Structure

31
3.6
2.7
2.9
3.2
4.8

mTm oo w >

Maintenance ~ Surge Emergency  Control of

Preparedness
level
Good

Very Good
Good
Good

Very Good

Excellent

and Lifeline location R .. and Disaster communication Score
furnishings  Facilities  and areas o LS Gnaeiy plan and coordination
31 33 34 3.2 33 2.6 3.0 3.0
33 3.9 3.9 35 3.7 2.9 3.2 35
2.8 2.9 3.0 3.2 3.1 2.9 3.2 3.0
2.6 29 3.0 29 28 25 2.8 2.8
3.2 34 34 3.2 34 2.6 3.0 3.2
4.8 4.7 43 45 4.1 34 35 43
Hospitals preparedness indicators Structure
5
45 8 —— Architectural and
furnishings
o 4
S —&— Safety of Lifeline
@ 35 1 Facilities
31 —>—Hospitallocationand
25 areas
A B C D E F —#%— Maintenance of Utilities
Hospitals

Figure 4. Score results vs. hospitals preparedness indicators.

Comparison with each hospital indicators

5 m Structure
45 m Architectural and
furnishings
4 m Safety of Lifeline
2 Facilities
8
P 35 1  Hospital location and
areas
3 = Maintenance of Utilities
25 m Surge capacity
A B C D E F
Hospitals

Figure 5. Comparison with each hospital indicators.

Table 7. Results for the hypothesis testing.

Hypothesis
H1,
H1,
H1;
H1,
Hls
Hlg
H1,
Hlg

p-value F-value Decision
0.017 3.96 Supported
0.000 2.77 Supported
0.000 2.48 Supported
0.061 4.39 Not Supported
0.000 2.77 Supported
0.006 3.11 Supported
0.304 244 Not Supported
0.027 2.77 Supported
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hospitals included in this study have tools and indicators in hospital preparedness but they lack both training and
management during disaster. Weaknesses were apparent particularly in the following indicators: Emergency and
Disaster plan; especially in Hazard map, Information, Committee, Preparedness, The Hospital Emergency Inci-
dent Command System, and Stage of activation, Emergency operations center and Surveillance system. Hospit-
als also have showed weakness in control of communication and coordination. Hospitals also have showed
weakness in control of communication and coordination with its sub indicators (Transportation and Communi-
cation, Cooperative arrangement with local emergency plan, Referral procedure and Health facility networking).
This research has provided hospital disaster preparedness (HDP) assessment tool that help in improving progress
and effectiveness of hospital disaster preparedness improvement. Although the results of this study have pro-
vided new insights in recommendations, a continued research effort is still needed for greater hospitals disaster
preparedness. The research shed light on HDP as being important in the preparedness in case of disasters.
Therefore it is necessary for hospitals to understand that most of HDP is built in the hospital system itself.

10. Limitations

Results of this research were based on only one respondent from each hospital. Therefore, the respondent’s
feedback may not reflect accurately the hospital policy. Such personal bias may particularly affect in data col-
lection with a lot of various practices and officialism (bureaucracy) procedures. Therefore the restriction of the
data collection to a single city limits the generalization of the results.

Recommendations

Some recommendations can be taken into considerations to improve hospitals disaster preparedness such as edu-
cation and training courses can be arranged for medical (undergraduate, postgraduate) and paramedical teams,
volunteers. Local communities must also be made familiar with the hazards to which they are exposed and assist
in building the local capacity for interpreting early warning and taking appropriate action to increase the safety
of persons and ensuring the availability of essential resources. Each hospital can make their disaster hazard map
and prepare at least for 3 - 5 hazards which they are vulnerable to for both external and internal hazards. Also a
networking system can be established between all hospitals for human resource, emergency disaster equipment’s
and ancillary services including portable radiology, bloods lab and bank, training in disaster drill and sharing the
experience. Also special budget for disaster and emergency equipment’s should also be determined. As for pri-
mary care center it should share or integrate in local disaster response plan by treating mild cases so it well re-
duce the overload on big hospitals and help in stabilizing immediate and delayed cases before transferring them
to hospitals if they came to primary health care center accidently, so the team should receive course in education
training before drill.
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