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Practical Strategies to Reduce Morbidity and Mortality of Natural
Catastrophes: A Retrospective Study Based
on Bam Earthquake Experience

Iraj Najafi MD***, Saeed Safari MD***, Ali Sharifi MD*, Houshang Sanadgol MD***,

Mostafa Hosseini PhD'T, Farin Rashid-Farokhi MDI, Shiva Seirafian MD§, Ahmad Mooraki MDH,

Hamidreza Samimagham MDY, Shahrzad Osare MD*, Vahid Pourfarziani MDTT,
Shahnaz Atabak MD”, Behrooz Boroumand MD*

Background: Critical analysis of shortcomings of emergency medical management of
earthquake casualties will provide an invaluable insight to improve outcomes for future events.
Using a critical analysis methodology to evaluate the quality of emergency medical management
after Bam earthquake, we suggest a practical strategic approach to decrease morbidity and
mortality after such events.

Methods: We designed a questioner to register the basic demographic data and the key
biologic parameters of all rescued victims arriving in hospitals. Based on that questioner a data
bank was created and used for different analyses. In addition, published official reports and on the
scene observations of our nephrologist colleagues were other sources of our data.

Results: Bam earthquake was publicly announced more than six hours after its occurrence.
The earliest time when local and international rescue teams arrived at the scene was 12 hours after
the disaster. Fifty-four percent of hospital inpatients had been admitted on the second or third day
after the earthquake. The mean time of being under the rubble was 4.8+4.9 hours. The mean time
between extrication and initiation of intravenous fluid infusion was 18.9 hours (min: 10 minutes,
max: 96 hours).

Conclusion: Problems encountered in the aftermath of the Bam earthquake were related to the
lack of prepared action plan and data management system. Here, we present a specifically
designed earthquake chart. By following the chart, rescue paramedic personnel and emergency
medical teams will be able to recognize high-risk victims, in order to provide timely medical

management.
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Introduction

n December 26, 2003 at 5:26 AM local

time, the city of Bam and its historic

citadel were devastated by an
earthquake. The United States Geological Survey
estimated its magnitude as 6.6 on the Richter scale.
The British Broadcast Corporation (BBC) reported
"70% of the modern city of Bam" was destroyed.
Death toll numbers as high as 80,000 were
rumored on the street and 70,000 reported in the
media. However, the total death toll was reported
as 56,230 on January 17 and the latest estimate
from statistical center of Iran has halved previous
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estimates to 26,271 deaths. An additional 10,000 —
50,000 were reported injured; however, this
number is very uncertain. The most reported
number of injured people is 30,000, which may
have been originated from an early Reuters
account. Before Marmara earthquake,' only a few
restricted observational studies on medical
problems after earthquake had been published.’
Information obtained from these studies can be
used for future rescue plans by civil and medical
teams. Usually, after earthquakes, because of
destruction of local infrastructures and medical
facilities, patient overload, chaotic situation, heavy
work load, and poor knowledge of paramedics,
human casualties are escalating. In this study,
using experiences from Bam and pervious similar
settings in Manjil-Rudbar earthquake (Iran,
1990),>° we suggest strategies to improve
emergency postearthquake medical services.

Materials and Methods

Based on official reports of local authorities,
personal observations in the aftermath scene, and
data provided by our survey questionnaire, a
retrospective data bank was created. Time under
rubble, extrication to needle time defined as the
duration between extrication of victim to starting
intravenous fluid infusion, mean volume of
intravenous fluid infused in the first 24 hours,
mean urine output in the first five days after
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hospital admission, serum blood urea nitrogen
(BUN), serum creatinine, and serum creatine
phosphokinase (CPK) levels were the selected data
for analysis.

Statistical analysis

Descriptive analyses including minimum and
maximum values were performed and the
mean+SD values were calculated.

Results

Disaster was publicly announced more than six
hours after its occurrence. Local and international
rescue teams reached the scene at the earliest 12
hours after the disaster. Approximately 142,000
people, inhabitants of the town and its
surroundings, were affected. There were 25,514
dead, 30,000 injured and nearly 12,000 patients
referred to hospitals.

Out of the 12,000 patients referred to medical
care centers, 5000 were treated in outpatient
department, and 7000 were admitted to the
hospitals. In hospital inpatients, we detected 4552
charts (46% women) at 15 hospitals of seven cities.
Of them only 65% (2984/4552) had acceptable
medical records. The response rate to some of our
questions is shown in Figure 1. Admission date,
sex, death, fasciotomy and dialysis needed, sepsis,
disseminated intravascular coagulation, acute
respiratory distress syndrome (ARDS) were among
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Figure 1. The response rate to some of the questions.

*1=admission date, 2=sex, 3=death, 4=fasciotomy needed, 5=dialysis needed, 6=sepsis, 7=DIC, 8=ARDS, 9=amputation, 10=systolic
BP, 11=discharge date, 12=diastolic BP, 13=age, 14=pulse rate, 15=IV fluid intake day1, 16=IV fluid type day1, 17=bicarbonate day1,
18=1V fluid intake day2, 19=IV fluid type day2, 20=bicarbonate day2, 21=IV fluid intake day3, 22=1V fluid type day3, 23=bicarbonate
day3, 24=bicarbonate day4, 25=IV fluid intake day4, 26=IV fluid type day4, 27=first 24h |V fluid, 28=first 24h oral intake, 29=IV fluid
intake day5, 30=output day1, 31=output day2, 32=output day3, 33=output day4, 34=IV fluid type day 5, 35=bicarbonate day 5,
36=dialysis session, 37=output day5, 38=dialysis hours,38=death cause, 39=dark urine, 40=Hemodialysis session. IV=intravenous,
BP=blood pressure, DIC=disseminated intravascular coagulation, ARDS=acute respiratory distress syndrome.

348 Archives of Iranian Medicine, Volume 12, Number 4, July 2009



the most complete variables with more than 90%
response rate while fluid intake, urine output, type
of intravascular fluid, dialysis sessions and
duration, cause of death, and dark urine were
parameters with less than 20% response rate. The
response rate of other parameters was between (20
—90%).

In patients whose admission dates were
recorded, 19.9% (558/2793) were admitted on day
1, 45% (1277/2793) on day 2, 8.5% (237/2793) on
day 3, and 5.5% (155/2793) on the fourth day after
the quake.

The mean time under rubble was 4.8+4.9 hours,
16% being trapped for one hour. The average
extrication to needle time and beginning of
intravenous infusion was 18.9 hours.

A considerable number (23%) of victims
received their first intravenous infusion within 12
hours after the quake (earliest:10 minutes, latest:96
hours).

The mean volume of intravenous fluid infused
in the first 24 hours was 1800 mL (min: 0, max:
6000 mL) and the mean volume of daily
intravenous fluid administered five days after the
quake was 2,800 mL (min: 200 mL, max: 10,000
mL ).

The mean urine output was 2200£1900 mL
(min:170, max: 8700). For the patients whose first
24-hour urine output was reported (only 199
patients), oliguria (defined as less than 200 mL of
urine output in a 24-hour period) was recorded in
only 43 patients (21.6%). These patients were the
only whose urine discoloration status was reported.
Of whom 39 patients had dark urine.

First biochemical parameters were checked for
only 57% (1339/2310) of the patients at day 1.
Table 1 shows the percentage for parameters
checked at the first 24 hours. BUN and creatinine
were checked in 35% (822/2310), potassium in
33% (765/2310), and CPK in 14% (333/2310). In
patients with documented death status, 1.7%
(48/2701) died in hospitals.

Discussion

After Bam earthquake a major panic was
experienced. Patients overload, chaotic situation,
and heavy work load led to imperfect management
and incomplete healthcare records. Despite these
conditions, out of the 12,000 patients admitted to
medical care centers, we could finally detect 4,552
patients who were admitted to 15 medical centers

I. Najafi, S. Safari, A. Sharifi , et al.

Table 1. Percentage of some parameters checked at
the first 24 hours after Bam earthquake.

Parameter % Parameter %
CPK 14 Phosphorus 5
LDH 10 Calcium 6
SGOT 5 WBC 47
BUN 35 Hemoglobin 47
Creatinine 35 Potassium 33

CPK=creatine phosphokinase; LDH=lactate dehydrogenase;
SGOT=serum glutamic oxaloacetic transaminase; BUN=blood
urea nitrogen.

in seven cities (Kerman, Tehran, Isfahan, Zahedan,
Bandarabbas, Bushehr, and Shiraz).

The huge lag between referred patients and
patients admitted to hospitals was resulted from: 1)
management of a large number of patients at the
outpatient settings, which led to 7000 patients
without any appropriate documentation and formal
chart, and 2) inability to assess patients' records in
some centers because of poor cooperation of the
authorities.

Unfortunately, even in hospital inpatients, lots
of data were missed and there were only 2984
(65%) patients with acceptable data on at least one
of the parameters such as admission date, time
under rubble, extrication to needle time, mean
volume of intravenous fluid infused in the first 24
hours, mean urine output, BUN, creatinine, CPK,
and potassium.

Because of six hours late announcement, local
and international rescue teams reached the scene
after approximately 12 hours, and victims were
trapped under the rubble in an average for five
hours. Unfortunately, the efforts of rescue teams
had only a minor impact on survival of the victims.
By the time they arrived, severely injured patients
had already been transferred to local or distant
hospitals by personal cars and public
transportation. The time under rubble is an
important factor for both medical and logistical
concerns.”™ Survival rates increase exponentially
with the speed of extrication and hospital
management of victims.

One of the other obvious pitfalls is delayed
hospital admission. In our previous report
regarding Bam earthquake and nephrologic
perspective,” we stressed the role of early hospital
admission in decreasing renal problems, need for
dialysis, and other complications. About 54% of
those who were in need for hospital admission
were admitted on the second and third day after
earthquake. Regarding prophylactic hydration
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Form 1. Special chart for patients' records and guidance of paramedics to stepwise approach to casualties.

4) Admission Earthquake Chart

Center: Name & position of register: Date:

Patient name family: Agef3ex Admission date:

DPatient Tel: Weight: Referred from:

General appearance: Sate of consciousness Kidney / peripheral nerve state
Pulse Awake Oligoanuria
Blood pressure Lethargy Urine discoloration
Respiratory rate Coma Foot drop
Temperature Wrist drop

Mark trauma site with specific code A N

Code | Trauma Y A%
1 Superficial aberration ! o ‘
2 Echyrmosts I | ,i l.‘J.
3 Induration / Edema | ¢ | i | + ;',!
4 Wecrosis / laceration !l 14
5 Deep wound | ! |P |
6 Close fracture L 4 L/
7 Open fracture

Mark abnormalities in box Mark abnormalities pulses
Lih Semmatim motin Sevar pain m Left .
= Brachial Brac.hlal
Radial Radial
Leftuper Femoral Femoral
Riht lower Popliteal Popliteal
Lefilowe: IP DP

Dast medical history: Digbetes:  Hypertenston: Nephrologic problem: Allergy:

Check following as soon as possible: Ho HCT WEBC,BUN, Cr, CPE , WA K, Urine Test tape

B) Discharge: Date: Referred to: Refer cauge:

Surgery: Type: Date:

Fasciotomy Limb Date: Tncision Number / Indication:

Dialysis: Start date: End date: Cession Number / Duration  Date:

Complication: Sepsis: DIC ARDS: Amputation:

Death: Date Cause

Form 2 (A). For every patient, during hospital admission, these parameters should be checked and recorded every

day.

Alb | PTT | PT JCaj P JUA | SGOT

LDH CPK

Cr| BUN | BS| PLT | Hb | WBC | Date?

Alb=serum albumin; Ca=calcium; P=phosphorus; UA=uric acid; K=potassium; Na=sodium; Cr=creatinine; BS= blood sugar; PLT=platelet;

Hb=hemoglobin; WBC=white blood cell.

Form 2 (B). For every patient, during hospital admission, vital sign, intake/output, and report of urine analysis should

be recorded every day.

Type of |[Intravenous|
Urinary| Out
casts | Blood |WBC|Ketone]Pro| Blood |SG|pH Lasix| Mannitol [Bicarbonatefintravenous| fluid |Temp|PR|BP|Date
put
fluid volume

RBC=red blood cell; WBC=white blood cell; Pro=protein; Temp=temperature; PR=pulse rate; BP=blood pressure; SG=specific gravity.
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therapy, we should declare that volume and
initiation time of intravenous fluid therapy (mean:
1800 mL and 18 hours) were not appropriate based

on previous accepted approach to such

patients.'”'" It is true that the direct impact of

trauma is the primary reason for all casualties, but
the second most frequent cause is reported to be
crush syndrome and its related complications such
as compartment syndrome and acute renal
failure.'*">  Therefore, laboratory parameters
including hemoglobin, BUN, creatinine, CPK,
sodium, potassium, calcium, and phosphorus
should be checked at the earliest time. In Bam
earthquake, laboratory parameters were checked
for only 57% (1339/2310) of the patients at day 1
(Table 1). BUN and creatinine were checked in
35% (822/2310), potassium in 33% (765/2310),
and CPK in 14% (333/2310). Our survey showed
that in hospitals of small cities surrounding the
epicenter of Bam, among 430 hospital inpatients,
serum BUN and creatinine had been checked for
only one fourth on the first day after hospital
admission (0% to 50% in different centers). And
muscle enzymes were measured for only less than
1% of these patients. This denotes improper
training and management in the handling of such
problematic patients. Report of urine discoloration
as one of the first and important presentations of
rhabdomyolysis process, was done only in the most
injured patients with oliguria (43 patients), while it
should be considered in most of patients, as an
early, easy, applicable, and free of cost task.

In patients with documented death status, 1.7%
(48/2701) died in hospitals. This makes 240
(1.7%x12000) deaths among hospital inpatients
throughout the country; thus, approximately 0.9%
(240/25514) of the total deaths occurred in
hospitals. Based on observational findings, in
addition to delay in extrication and initiation of
first aid, rapid suffocation by dust caused by
demolished mud bricks was one of the other
reasons for such a high mortality (25,514) in the
scene of the catastrophe.

Acute renal failure is another common and
important cause of mortality and morbidity in
earthquake victims. Almost 0.5% of casualties in
Manjil-Rudbar earthquake,” 2 — 5% in Tangshan
earthquake,” 7.5% in Kobe earthquake,"* 12% in
Marmara earthquake,'"'>'® and 24.7% in Mexico
City  earthquake,'” had  developed this
complication. In contrast, in the earthquakes of
Nicaragua, El Salvador, and Guatemala,
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rhabdomyolysis and/or acute renal failure were
rarely diagnosed.'™'” The number of patients with
acute renal failure after Bam earthquake 200
(4.3%) is drastically different from what has been
reported from Mexico and Marmara.” We presume
that many of the severely injured victims died on
the scene, almost 99% of total mortality.

To summarize, delayed announcement, poorly
organized and educated rescue teams, delay in
extrication and first aids delivery, substandard
transportation, overloading of local hospitals, and
incomplete patients’ records were some of the
important pitfalls we encountered in the aftermath
of the disaster.

One of our most essential strategies to improve
management and medical records is designing an
earthquake chart. This chart, as it is shown in
Forms 1 and 2, is consisted of four consecutive
sections of admission, discharge, laboratory data,
and intake/output. The main purpose of designing
the chart is not only obtaining an accurate patient
record but providing guidance for paramedics to
apply a stepwise approach for rescuing victims.

Based on our findings, the following
suggestions are recommended to decrease
morbidity and mortality after natural catastrophes:

e Timely activation of rescue teams.

e Training rescue teams according to an
standardized curriculum.

e Establishing emergency medical care at the
scene in the first hours after earthquake.

e Providing prompt air transfer services for the
critically ill victims.

e Applying the quick assessment and
management charts/forms at the scene by
paramedics.

e Establishing a national on-line data bank to
collect and analyze the data.

Other general suggestions are as follow:

Increase knowledge about earthquake-prone
areas, building construction resistance to quake,
fire, floods etc. Continuous training programs for
students in schools and universities as well as
general population. Permanent disaster relief team
organizations with national and international
activities.
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