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ABSTRACT

Background: The present study aimed to evaluate the surge capability of Shahid Rajaee
Article info: :  Trauma Hospital in Shiraz City, Iran, in response to a mass causality incident.

Received: 31 Aug 2021 :  Materials and Methods: This descriptive study was conducted in Shahid Rajaee Hospital in

Accepted: 02 Sep 2021 : Shirazin2017. The Delphi technique was used in this study. Three checklists were used for the

Available Online: 01 Oct 2021 :  Emergency Department, Operating Room, and Intensive Care Unit. The surge capacity was
. calculated for each unit based on the formulas derived from different studies.

Results: The surge capacities of the Emergency Department, Intensive Care Unit, and
Operating Room were obtained 36%, 20%, and 17.5%, respectively. Shahid Rajaee Hospital
of Shiraz can quickly increase its capacity by 27% based on the scenario defined in this study.
However, if an accident leads to more causalities, it will likely face several limiting factors for

Keywords: :  increasing the surge capacity.
Increa.sing surge capacity., High Conclusion: Due to the critical role of hospitals in the crisis, it seems that the studied hospital should
causality incidents, Hospital ¢ look for ways to increase its surge capacity to cope with unexpected accidents as soon as possible.
1. Introduction and manage incidents with mass casualties [2], and in-
creasing population density has caused more people to
owadays, accidents and disasters account be affected by large and small incidents [3]. The health
for a large part of government resources area has a special status among all organizations in-
and plans. Media provide information on volved in disaster management since the first and most
various incidents around the world every important concern of people is health, and the prepared-

day [1]. Usually, it is difficult to predict ness to admit patients and increase the surge capacity in
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incidents and disasters are the main components of inci-
dent management [4]. Increasing hospital surge capacity
during surging demand for a mass causality incident and
accident is at the core of the hospital clinical responses
[5]. During unexpected incidents and accidents, health
and medical organizations should provide services be-
yond their regular capacity [6].

The Agency for Healthcare Research and Quality
(AHRQ) has defined the surge capacity increase as the
healthcare system’s capability to rapidly deploy services
to respond to a sudden rise in demand for medical and
health care during disasters [7]. Increasing surge capac-
ity of the hospitals has been dramatically considered by
planners [8]. As hospital surge capacity is a costly pro-
cess, planners are responsible for achieving the optimum
balance between the cost and demand in a disaster [9]. In
a crisis situation, it is difficult for a health center to pro-
vide appropriate resources for all victims. However, as
some hospitals are forced to provide both types of daily
medical services during disasters, providing a quantita-
tive model to predict if the existing assets are appropriate
for disasters is of high importance [10].

The surge capacity of Carolina Teaching Hospital in
Sweden in response to a simulated incident was based
on an actual incident. During the study period, 59 opera-
tions could be performed [11]. Torab et al. reported that
general hospitals showed no surge capacity given the
physical aspects [12]. The lack of a standard method for
calculating surge capacity is not surprising since increas-
ing surge capacity is a relatively new term among medi-
cal terms [13]. Shiraz is a large City and medical pole
in the southern part of Iran and annually attracts many
people from the Persian Gulf countries for medical treat-
ment, other provinces of Iran, and the cities of Fars Prov-
ince. Also, Fars has experienced numerous natural and
technological disasters in recent years, such as the flood
event in 2001, the bombing of Hosseiniyeh Shohada in
2009, and the bus accident in 2014. So, it is necessary to
pay attention to increasing the surge capacity of Shiraz
hospitals in accidents and disasters.

Objectives

Given the need to increase hospital surge capacity dur-
ing accidents and its vital role in responding to disasters,
the present study was conducted to estimate the surge
capacity of Shahid Rajaee Trauma Hospital in Shiraz in
response to an incident in 2017.
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2. Materials and Methods
Study design

This research is a descriptive study carried out in 2017
in Shahid Rajaee Level-2 Trauma Hospital. The research
tool is a descriptive translation checklist that has been
evaluated using the Delphi method for the validity and
reliability of the tool. The steps of the methods are as
follows: 1. translating the checklist into Persian and
English, 2. calculating the reliability and validity of the
checklist through the Delphi expert round, 3. scenario
design for trauma hospital, and 4. calculating the need to
increase capacity in the field of human resources, equip-
ment, and operating room.

This hospital is the only trauma hospital in Shiraz and
the primary referral center for trauma in the south of
Iran. It is equipped with 400 beds, 53 intensive care beds,
and 10 operating rooms. Under normal conditions, the
bed occupancy rate was 75% in the studied hospital. The
present study was conducted on three units of emergency
room, operating room, and intensive care unit. The rea-
son for selecting these three units is their direct and effec-
tive relationship with saving the lives of injured patients
in the first exposure after they arrived in the hospital [11,
14]. In this study, a scenario was developed based on the
global standard triage, as presented in Table 1.

Study measurement

The Delphi technique was used to collect the study
data. This technique uses purposeful sampling, in
which people who have extensive information about a
particular phenomenon are used. In the present study,
the method was used to estimate the human resources,
equipment, skills, and time needed to provide services
in the face of an unexpected incident during two rounds
for the three teams of emergency, the operating room,
and the intensive care unit. The agreement level for the
Delphi rounds was considered 80%, and all calcula-
tions were done within a time interval of 30 minutes to
3 hours. First, the researcher referred to the Nursing Of-
fice and Research Deputy of Shahid Rajace Hospital in
Shiraz and used the views of the Manager and Nursing
Deputy and several physicians at Shahid Rajace Hospi-
tal in Shiraz. Head nurses of Resuscitation and Screen
Unit, Surgical Emergency Unit, Admissions 2 and 3, and
Emergency Supervisors were selected for Delphi teams.
Several nurses with more than 5 years of employment
history in the Emergency Department, head nurses of
all ICUs and several nurses with more than 5 years of
employment history in ICUs along with head nurses and
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supervisors of the operating room, several anesthesiolo-
gists, attending physicians, and several operating room
nurses with more than 5 years of employment history
were selected using Delphi method.

In this scenario, only priority 1 and priority 2 patients
with the highest need for medical care were included in the
analysis. The zero time in this scenario was defined as the
patient’s arrival time at the hospital. As only the patients
with priorities 1 and 2 were included in the study according
to the global standard triage, first, these patients were de-
fined in this section. Then, questions were asked regarding
the three parts of the staff, equipment, resources, and time.

For this purpose, the checklists were translated from
the original language into Persian. After the review,
the original translated version was translated from the
Persian language into the target language by the transla-
tor, who was not present at the previous stage. After its
second review, the checklist was re-translated from the
original language into the Persian language. Their valid-
ity and reliability were also examined. Table 2 lists the
number of questions in each section.

In the first phase of Delphi, the checklists were given to
30 experts in each section. After collecting the checklists,
the information derived from the emergency checklists,
ICU, and operating room in the first round was entered into
SPSS18 software and analyzed. This article was extracted
from a Master thesis entitled “investigating the surge ca-
pacity of Shahid Rajace Trauma Hospital in Shiraz in re-
sponse to an unexpected accident in 2016” under the ethi-
cal code 10428.

Accordingly, the percentage of agreement among the
members of the Delphi team was determined for each
question, and the general agreement (in percentage) for
each team was determined. The condition for stopping
the Delphi method in this study was more than 80%
agreement [12]. Finally, the results of the Delphi survey
and the hospital basic information were used as the input
of the present study.

Calculation of surge capacity

The basis of all calculations in this study was a crisis sta-
tus [14]. By reviewing similar studies, the formulas needed
to calculate the surge capacity of Shahid Rajaee Hospital
in Shiraz were developed. Because no acceptable standard
and model has been designed so far for determining the
general surge capacity of the hospital, we developed the
formulas needed for this hospital after studying similar
samples.
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Emergency Room

The number of physicians needed to deliver services for
patients with the priority 1:

[(Np) T, =T XN,

N, = the total number of priority 1 patients.

T, = the total time passed for each patient.

T = the time needed to save the life of priority 1 patients.
NTD-= the total number of physicians in each team.

The number of nurses needed to deliver services for pa-
tients with the priority 1:

[GVPI ><TP] )+T1 ] ><NTN
N~ the total number of nurses in each team.

The number of physicians needed to deliver services for
patients with the priority 2:

(Np,*T,)=T,

N,,= the total number of priority 2 patients.

T,,= the total time passed for each patient.

T,= the time needed to save the life of priority 1 patients

The number of nurses needed to deliver services for pa-
tients with the priority 2:

[Uvm XTP1)+T]] XNTN
N~ the total number of nurses in each team

The number of nurses needed to deliver services for pa-
tients with the priority 1:

The total number of physicians needed to treat patients
P1 and P2:

[Ny ¥ T, )3T XN H (N, ¥ T )< T

The total number of nurses needed to deliver services for
patients P1:

[(]VPIXTPI)+T]]><NTN

NTN= the total number of nurses in each team.
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Surge capacity of the emergency room
[(X2-X1)=X1]x100=X

X= the percentage of surge capacity of the emergency
department.

X1= the maximum number of patients admitted to the
emergency.

X2= the total number of priority 1 and priority 2 pa-
tients calculated in the scenario who can be admitted.

The total number of physicians needed to deliver ser-
vices to ICU patients in response to an unexpected in-
cident:

{N;+MaxN,, }+{(N,;=MaxN, .. )}

N, = the total number of patients admitted based on the
scenario.

MaxNP-D = the maximum number of patients per ICU
workers.

The total number of nurses needed to deliver services
for ICU patients in response to an unexpected incident:

{NP+MaXNP-N} + {(NP+MaXNN0nICU-ICU }

MaxNP-N=the maximum number of patients per nurse.

MaxNonlCU-ICU= the maximum number of non-ICU
nurses per ICU nurse.

Surge capacity of intensive care units
[(X2-X1)=X1] x100=X
X=the percentage of surge capacity of ICU.
X1=the maximum number of patients in ICU.

X2=the total number of patients who can be admitted
when faced with a crisis.

Surge capacity of the operating room
[(X2-X1)+=X1]x100=X,,

X .= the percentage of surge capacity of the operating
room.

X 1= the maximum number of operations performed in
the hospital within 12 hours.
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X2= the total number of operations that can be per-
formed within 12 hours.

Total surge capacity:
[(X2-X1)+=X1]*100=X
X = the percentage of total surge capacity.

The maximum number of interventions that can be
done based on the space within the first 12 hours is:

[(12%60)~T,,+C)] xN,,
T,.= the duration of each intervention to save the life.

C= the time needed to prepare the operating room for
the next operation.

NOP= the number of operating rooms.
Ethical considerations

The present study was approved by the Ethics Commit-
tee in biomedical research. In this regard, the participants
were allowed to leave the study if they would like to.
They were assured about the confidentiality of their infor-
mation, with their names never being disclosed anywhere.

3. Results

Table 3 presents the demographic characteristics of the
study participants. The age range of the participants in
the Delphi Emergency Team was 26-45 years, and their
Mean+SD age was 32+4.25 years. The employment his-
tory of people in the Delphi Emergency Team was 5-15
years, with a mean of 8.82+2.02 years.

The Delphi checklist was developed with the charac-
teristics described in Table 2. To determine the face va-
lidity, we sent a checklist to 4 experts in different fields.
By specifying the defects and correcting them, and final
confirmation of the checklist by experts, the face validity
of the checklist was determined. To determine the reli-
ability, 30 checklists (10 emergency checklists, 10 ICU
checklists, and 10 operating room checklists) were dis-
tributed as a pilot among 30 members of Delphi teams.
Checklists were collected at intervals of 1 week, and the
data in the checklist were entered into SPSS v. 18 soft-
ware. Then, a statistics consultant determined the Cron-
bach a values of 0.71, 0.677, and 0.74 for the emergency
checklist, ICU checklist, and operating room checklist,
respectively. It was found that all three checklists had
acceptable reliability.
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For each Delphi team, an agreement level of 80% was
estimated. For this purpose, considering the probabil-
ity of dropout in participants, 30 respondents (a total
of 90 respondents) were included. Out of 30 partici-
pants in the Delphi team, 25 subjects in the Emergency
Department, 29 in the ICU Delphi team, and 24 in the
Operation Room Delphi team answered the questions.
The agreement level in the first round was 60% for the
emergency checklist, 56% for the ICU checklist, and
65.87% for the operating room checklist, so the Delphi
round continued. In the second phase, Delphi was given
to the same specialists one month later. Data of the sec-
ond round were entered into the SPSS18 software and
analyzed. Accordingly, the agreement level in the sec-
ond round was 82.43% in the Emergency Department
checklist, 80.6% in the ICU checklist, and 88.28% in
the Operating Room checklist. As the condition for
stopping the Delphi method in the current study was the
general agreement level of more than 80%, with a gen-
eral agreement of 82.43% among the members of the
Emergency Department Delphi team, 80.6% among the
members of the ICU Delphi team, and 88.28% among
Operating Room Delphi team members in the second
round, a consensus among members of the Delphi team
was obtained. Finally, the results of Delphi and hospital
basic information were used as input of this study.

Surge capacity in different units
Emergency department

The number of physicians needed to deliver services
for patients with the priority 1:

- The total number of physicians needed in the first 60
minutes was

15310 ;)i
50 x]=27/5=28.

- The total number of physicians needed in the first 120
minutes was

155110 . 1_12/70m
g XI=13/75=14.

- The mean number of physicians needed was
(28+14)+2=21.

- The mean number of physicians needed for priority 1
patients in the mean time of 90 minutes was

8x110 . 1_g/7m
SO x1=9/7210.
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-The total number of physicians needed in the first 120
minutes was

200510 . ;_ ;e
oA x1=16/6217.

There are 40 stretchers available in the Emergency De-
partment of Shahid Rajaee Hospital in Shiraz City that
can be increased to 50 stretchers in emergencies. The
patient’s stay on each stretcher is 4 hours. Therefore, in
2 hours, according to the number of stretchers, only 50
patients can be admitted. Also, to save the lives of 50 pri-
ority 2 patients in 120 minutes, 4 physicians are needed.

5010 .

TR

- The total number of physicians needed in 720 minutes
was

200%10_ 2 _g
720 7

The mean number of physicians needed was
(4+3)+2=3/5=4.

Four physicians can visit 120 patients in a mean time of
300 minutes (an average of 300 minutes was defined to
save the life of P2 patients).

Xx10  _ iy
g~ —4"X=120

The total number of physicians needed to treat patients
P1 and P2 was

4+10=14.

The total number of nurses needed to provide service
for patients P1:

- The total number of nurses needed in the first 60 min-
utes was

I5X110 ;e
L x1=27/5228.

- The total number of nurses needed in the first 120
minutes was

I5X110 1_ 275~
g XI=13/75214.

The mean number of nurses needed was
(28+14)+2=21.

AsshowninTable4, thereare4 recovery beds for priority
1 patients, and the number of beds can be increased up to
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Table 1. Global standard triage classification

Color Groups Priority Descriptions
Red Urgent care and essential transfer Priority 1 Without a quick and _urgent ’thrapeuhc measure, they will
lose their life within 1 to 2 hours.
s Between 2 and 12 hours, appropriate service should be pro-
Yellow Delayed emergency care and transfer Priority 2 vided for these patients.
Green Mild injuries and outpatients Priority 3 They do not need emergency treatment.
Black Damages leading to death Priority 4 People who will lose their life in less than an hour.

8 beds along with vital equipment in the first 2 hours in the
hospital, so only 8 patients with priority 1 can be admitted.
The total number of nurses needed to provide service for
P2 patients was

200%40 _ /e
30 66/6=67.

There are 40 stretchers available in the Emergency
Department of Shahid Rajaee Hospital in Shiraz, and
it can be increased to 50 Stretchers in emergencies, and
the patient’s stay in each stretch is 4 hours. Therefore,
in 2 hours, according to the number of stretchers, only
50 patients can be admitted, and to save the lives of 50
priority 2 patients in 120 minutes, 17 nurses are needed.
50%40 _ /e
30 =16/6=17

In Delphi, it was determined that the time needed to
save the lives of priority 2 critically-ill patients is more
than that required to save the lives of critically-injured
patients. This time was obtained a minimum of 20 min-
utes for critically-injured patients and 40 minutes for
critically ill patients.

-The total number of nurses needed in 720 minutes was
200%20 _ /s
=50 5/5=6.

The mean number of nurses needed was

(17+6)=2=11/5=12.

Iilealthin
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Thirteen nurses in the mean time of 300 minutes and
mean service delivery time of 30 minutes can provide
care for 130 patients.

X530 _ampm
Ao =13"X=130

The total number of nurses needed to provide service
for P1 and P2 patients was

12+10=22.

The calculations related to the maximum number of P2
patients, who can be admitted, are shown in Table 5.

Increasing the number of beds and equipment in
the emergency department

The increase in the surge capacity depends on the abil-
ity to increase or maintain the resources. Crisis planners
should recognize critical equipment and resources and
consider them in crisis planning.

Table 6 presents the number of available equipment
that can be increased separately for each unit in the
emergency.

Increasing the surge capacity of emergencies was

Table 2. Frequency distribution of questions in each dimension, in the checklist of emergency, ICU, and operation room

M Staff Equipment and Resources Time
Emergency checklist 9 8 3
ICU checklist 7 6 -
Operating room checklist 5 - 5

Iilealthin
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Table 3. Demographic characteristics of the study participants

No. (%)
Characteristics
Emergency ICU Operating Room
Female 17(68) 20(69) 11(8.45)
Gender
Male 8(32) 9(31) 13(2.54)
Bachelor of nursing 19(76) 24(8.82) 19(2.79)
Education Master of nursing 1(4) 2(9.6) 1(2.4)
Specialist physician 5(20) 3(3.10) 4(7.16)
Total 25(100) 29(100) 24(100)

Intensive Care Unit (ICU)

The number of ICU beds is one of the physical indica-
tors of hospital capacity to care for injured casualties,
although there is no international agreement [12]. The
hospital has 53 beds in 6 specialized care units.

The total number of physicians needed to serve ICU
patients in response to an unexpected incident was

60, 60 _,
20 20

Total number of nurses needed to deliver services for
ICU patients in response to an unexpected incident

Table 7 presents information on the number of patients
admitted to the intensive care unit.

Increasing capacity of ICU was:

(59-49)+49] x100=20/4=20%

Iilealthin
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Considering the possibility of increasing the number of
beds and patients in ICU, the results of this study showed
that nurses with experience of working in ICU in the first
degree and anesthesia and emergency nurses in the sec-
ond degree of ICU are qualified to work in ICU under
the supervision of ICU nurses. The ratio of ICU nurses
to non-ICU nurses was 1 to 7. In this study, it was esti-
mated that a non-ICU nurse needs one month of training
to acquire basic skills for working in the unit in an un-
expected incident, and the minimum nursing skills these
nurses should acquire include assessment of the patient’s
basic parameters, patient’s Glasgow Coma Scale (GCS),
patient’s oxygen saturation (O,SAT), patient’s respira-
tory rate (RR), and completion of documents.

Increasing capacity of operating room

The best international models for incident events sug-
gest that the number of operating rooms is one of the
indicators showing the capacity to provide care in emer-
gency and non-emergency situations [12]. The studied
hospital has 10 operating rooms.

Table 4. Calculations related to the maximum number of priority 1 patients who can be admitted

Criteria

The number of physicians needed to deliver services for P1 patients in the first 60 minutes: 28

The number of physicians needed to deliver services for P1 patients in a time interval of 120 minutes:14

The number of physicians needed to deliver services for P1 patients: 21

The number of nurses required to provide services for P1 patients in the first 60 minutes: 28

The number of nurses needed to deliver services for P1 patients in a time interval of 120 minutes: 14

The mean number of nurses needed to deliver services for P1 patients: 21

The maximum number of beds that can be available: 8

The maximum number of monitors that can be available: 8

The maximum number of priority 1 patients who can be admitted within 90 minutes:8

Iilealth in
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Table 5. The calculation of the maximum number of P2 patients who can be admitted

Criteria

The number of physicians needed to provide service for P2 patients in the first 120 minutes: 17

The number of physicians needed to provide service for P2 patients in the time interval of 720 minutes: 3

The total number of physicians needed to provide service for P2 patients in the first 120 minutes: 67

The number of nurses needed to provide services for P2 patients in the 120 minutes: 67

The number of nurses needed to provide services for P2 patients in the 720 minutes: 6

The number of available stretchers: 40
The maximum number of stretchers that can be available: 50

The patient’s stay on stretcher: 4 hours

The maximum number of priority 2 patients who can be admitted in time interval of 120 minutes: 50

The maximum number of fixed beds that can be available: 20

The maximum number of priority 2 patients who can be admitted in the time interval of 720 minutes by using stretcher:180

The maximum number of priority 2 patients who can be admitted in emergency: 200

[(47-40)+40] x100=17/5%

In this study, the maximum number of life-saving inter-
ventions in 12 hours was 47 operations, and increasing
surge capacity for the operatingroom was obtainedat 17.5.
Increasing the total surge capacity was

[(284-223)+223] x100=27%

The maximum number of interventions that can be
done within the first 12 hours based on the space is

IZlealthin
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12%60

4. Discussion

Davis et al. found that about one-third of all patients
admitted to the hospital within 24 hours could be dis-
charged if faced with an incident. They also found that
most patients could be discharged within 24 hours, and
extra beds could be available [15]. In other studies, it has
been reported that 20% of hospitalized patients can be
discharged in a short period during the incidents [14]. On

Table 6. Number of available equipment in reconstruction unit of Shahid Rajaee Shiraz hospital

Number of Equipment Accessed in

TS EIELES 3-Hour Time Interval
Bed 4 6
Vital symptoms monitor 4 10
Electroshock 1 3
Electrocardiograph 1 1
Pulse oximetry 3 10
Portable radiography 1 2
Portable suction 2 4
Wall suction 3 5
Doppler ultrasound 1 2
Sphygmomanometer 2 4
Portable ventilator 4 6
Oxygen capsule 12 12

Iilealthin
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Table 7. Calculations of total number of patients admitted in ICU of Shahid Rajaee hospital in Shiraz in cace of mass causality incidents

Criteria

The total number of physicians needed to deliver services for ICU patients in response to an unexpected incident: 6

The total number of nurses needed to provide service for ICU patients in response to an unexpected incident: 39

The number of beds available in ICU: 53
The number of beds that can be increased: 6

The total number of patients who can be admitted in ICU:59

the other hand, in the London bombing in 2005, hospi-
tals were criticized for discharging the patients to release
the beds [16]. However, in the tsunami disaster in South-
east Asia in 2004, in six hospitals in Thailand with 1500
beds, more than 3000 patients were admitted in three
days [17]. Compared with the present study, this study
has a higher capacity to cope with disasters and crises.

Hirshberg et al., in a simulation study, showed that us-
ing the immediate resources available can estimated an
unpredicted incident and a comprehensive program to
cope with incidents increases the surge capacity by 7.1
times after deploying assets of the trauma hospital and
on-call staff [18]. Higgins et al. reported an increase in
the surge capacity of up to 27% of approved beds [19].
Thus, the surge capacity at 12 hours in Bayram et al.’s
study was obtained higher than that of the present study.

Based on their experience in a trauma center, Eiseman
et al. found that half of the trauma patients needed sur-
gery in the first 12 hours [20, 21]. In the present study,
the maximum number of life-saving interventions in 12
hours was obtained 47 operations. A review of the sta-
tistics in Shahid Rajaee Hospital Statistics Department
showed that the maximum number of interventions in a
working shift was 40 operations.

Many attempts have been made to calculate the surge
capacity increase, but most studies have focused on only
one component of the hospital and usually the emergency
room, but the capability to increase the capacity depends
on all the components of the hospital and, most impor-
tantly, on the three units of the Emergency Department,
the Intensive Care Unit and the Operating Room. Robert
Kanter et al. reported that New York City hospitals did
not have an acceptable capacity to deliver services to
children in unexpected incidents, and this capacity needs
to be improved [22]. In the present study, the capacity to
deliver services was estimated at a desirable level based
on the defined scenario. In this study, we assumed that
the staff was not a limiting factor and that the staff had
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adequate skills, but this assumption may be so optimistic
and that a lot of staff might not have sufficient skills.

One of the limitations of this study was the inacces-
sibility to all intended experts and specialists. Therefore,
we could not easily interact with them.

Study recommendations

1. Reopening of closed and non-clinical areas for the
admission of emergency patients

2. Use of corridors for patient s’ admission

3- Altering the private rooms for the public rooms dur-
ing the incident to increase the patients’ admission

4- The stretchers should be checked regularly to use the
existing resources optimally in emergency conditions.

5. Conclusion

Increasing the surge capacity will be limited mainly due
to the lack of immediate access to the beds, equipment,
and human resources. Therefore, the studied hospital
should look for solutions, including the surge capacity
guidelines and more coordination between the hospital
and prehospital emergency to increase its capacity and
cope with unexpected incidents and accidents.
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