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Abstract

Purpose To describe injuries and outcomes of casualties of Beirut Port Blast treated at a large tertiary care center in Beirut,
Lebanon.

Methods A retrospective observational study assessing the spectrum of injuries, treatment, and medical outcome among
casualties of the Beirut Port Blast, immediately after the blast and up to 1 week from the blast to the emergency department
of the American University of Beirut Medical Center (AUBMC).

Results A total of 359 patients were included. Most (n =343, 95.6%) were adults (> 19 years), and males (56%) with a mean
age of 42 +20 years. The most frequent mechanism of injury was a penetrating injury (45.7%), followed by other blast-related
injuries (30.4%), and blunt injuries (23.4%). The most affected anatomical location were the limbs. Most (n=217, 60.4%)
patients required imaging. The most frequently administered medication was analgesics (38%), followed by anesthetics
(35%), antibiotics (31%), tetanus vaccine (31%), and fluids (28%). Blood and blood products were administered in 3.8% of
cases. Emergent procedures included endotracheal intubation (n=18, 5%), surgical airway (n=3, 0.8%), chest tube inser-
tion (n=4, 1.1%), thoracotomy (n=1, 0.3%), and CPR (n=5, 1.4%). A quarter of patients required surgical operations in
the operating room (n =285, 23.6%) and 18% required noncritical care admissions, 5.3% required critical care admissions,
and 2.8% were dead on arrival.

Conclusion Casualties from this event had significant injuries requiring lifesaving interventions, surgical procedures, and
admission to critical care units. High utilization of imaging modalities and of medications from existing stockpiles was also
observed.
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Introduction

B Mazen El Sayed On August 4 2020, at precisely at 6:07 pm, a cache of 2750
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Y tons of ammonium nitrate exploded at the Beirut Port min-
Tharwat El Zahran utes after a fireworks warehouse had caught fire, making it
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. the largest non-nuclear explosion of modern times [1]. It
M'rg‘;’gle bGe}(’ia b was estimated that the blast intensity was equivalent to the
m, aub.edu. .

& detonation of 1000-1500 tons of TNT, about one-tenth the
Fouad Sakr intensity of Hiroshima’s nuclear disaster [2]. This explosion
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was heard in Syria, Turkey, and Cyprus and it was detected
by the United States Geological Survey as a seismic event
of 3.3 in magnitude [3].

Ammonium Nitrate (AN) is a detonable substance but is
mainly used worldwide for agricultural purposes. It is manu-
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factured as small beads that are cheap and surprisingly safe
to handle. During storage, the beads absorb moisture and
become clumped together. When the compacted compound
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is exposed to heat; for instance, a fire, it could result in an
explosion [4]. There have been many large accidents, as well
as terrorist attacks associated with AN over the last century
[5, 6]. One of the most notable explosions before that of the
Beirut Port was in 2015 in Tianjin, China where 800 tons of
AN lead to the death of 173 people [4].

In Beirut, the devastating catastrophe left behind an even
more devastating impact: over 200 fatalities, more than 6000
injured, and 300,000 people displaced with 40% of Beirut
city residences shattered [1, 8—10]. The World Bank reported
over $8 billion in physical and economic losses, all happen-
ing in the context of other major crises in the country, on
top of ongoing civil unrest, currency devaluation, economic
near-collapse, and a COVID-19 pandemic [11, 12].

Sadly, Lebanon has a poorly structured, non-unified EMS
and disaster systems even though it is prone to mass casualty
incidents being in a zone of conflict and constant political
and economic instability. Three major hospitals in the capital
were within a 5 mile radius from the explosion and were
destroyed, becoming nonfunctional which was equivalent to
the loss of almost 500 hospital bed capacity according to the
WHO [13]. Other hospitals were overwhelmed with injured
patients and The American University of Beirut Medical
Center (AUBMC) which is located at 3.4 miles from the
Beirut Port was no exception. AUBMC emergency depart-
ment has a well-established disaster plan and was able to
accommodate more than 500 casualties in the first 6 h after
the blast. The aim of the study is to describe the blast-related
injuries, with an emphasis on initial presentation, medical
management, and outcome after hospital discharge.

Materials and methods
Study design and setting

This study is a retrospective observational study that
assesses the spectrum of injuries including management, and
medical outcomes of casualties of the Beirut Port Blast, who
presented on August 4th 2020, immediately after the blast
and up to 1 week from the blast to the emergency depart-
ment of AUBMC.

AUBMC has 358 inpatient beds and receives approxi-
mately 55,000 Emergency Department (ED) visits and
approximately 25,000 inpatient admissions annually. Pedi-
atric patients account for up to 20% of the ED visits and 17%
of hospital admissions. Most ED patients (75%) are covered
through private insurance, whereas 23% pay out of pocket,
and 2% are covered through governmental insurance.
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Selection of participants

All adult and pediatric patients who presented on August 4th
2020, and several days after, and who were flagged as casu-
alties of the Beirut Port Blast were identified through the
electronic health system (Epic Systems, Verona, WI, USA),
and were included in the study. Patients were excluded if
they presented during the same period of the study for com-
plaints that are unrelated to the blast.

Study measures

Demographic data on all adult and pediatric casualties were
collected, including age, gender, nationality, and marital sta-
tus. Information on the patient’s past medical history, includ-
ing pre-existing disability prior to the blast were also col-
lected. Additionally, all detailed medical information related
to the ED presentation, including vital signs, Glasgow coma
score, physical exam findings, and treatments provided (flu-
ids, analgesics, anaesthetics, tetanus vaccine, blood, and
blood products) were collected. Information on airway man-
agement and other procedures that were performed in the ED
and the operating room were also retrieved. Information on
ED disposition and cause of death were also collected from
medical records. To assess injury severity and disability, the
modified Rankin score on discharge was calculated.

Statistical analysis

The Statistical Package for Social Sciences (IBM SPSS 25.0)
was used for statistical analysis. Frequency and percentage
tables represented categorical variables, while means and
standard deviations (mean + SD) were used for continuous
variables.

Results
Patient characteristics

A total of 571 patients were flagged as Beirut blast casualties
and their information retrieved from epic. Out of these 212
were excluded due to empty charts with no documentation
(42), suture removal [7], wound check [2], cancelled visit
[2], incomplete service [2], left without being seen [13], ED
visit unrelated to blast (144). The total number of included
patients with available documentation was 359.

Most casualties were adults (n =343, 95.6%), while
pediatrics (> 19 years of age) accounted for 4.4%
(n=16). The mean age at presentation was 42 + 20 years,
with a median of 39 years (Q1-Q3; 28-53). The vast
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majority were males (n=201, 56%), of Lebanese nation-
ality (n=265, 73.8%), and single (n=212, 59.1%). Initial
vital signs were normal on all patients. Median (Q1-Q3)
Systolic Blood Pressure was 126 mmHg (117-136);
median diastolic blood pressure was 73 mmHg (67-80);
median heart rate was 85 beats per minute (73-97); median
respiratory rate is 18 breaths/min [16], and median tem-
perature is 37 C (36.7-37.1).

Injury epidemiology, body system classification,
and transport mode

The most frequent mechanism of injury encountered was a
penetrating injury, accounting for 45.7% of presentations.
This was followed by other blast-related injuries (30.4%)
and blunt injuries (23.4%). The most affected anatomical
location were the limbs, with the upper extremities more
affected than the lower extremities (35.7 vs. 27.6%). This
was followed by head and face injuries which accounted
for about 20% each, thoracic injuries (8.4%), skin (7%),
abdominal and pelvic injuries (5%), and neck injuries
(3.1%). Observed injuries were cuts/open wounds (35.1%)
and bruises (34.3%) as well as fractures (18.9%) and
sprains, strains, and dislocations (6.1%) (Table 1).

Out of those with a known arrival mode (n=181), 6.5%
only were brought to the ED by emergency medical ser-
vices (EMS), while 31% arrived by non-ems vehicles, and
13.4% came walking. About 13% of patients who arrived
at our ED had some sort of prehospital care (3.9% by EMT,
3.3% by nurses and 5.6% of physicians). Two patients were
transferred from other hospitals to our facility, but most
arrived primarily at our ED (82.7%) (Table 1).

By body system classification, reported injuries were
musculoskeletal (56); skin lacerations/foreign bodies (25);
head (24) where patients had skull fractures, subarachnoid
hemorrhage, brain herniation, and epidural hematoma; Eye
Ear Nose and Throat (EENT) (24) where injuries included
tympanic membrane rupture, globe rupture, complex facial
fractures, others; lung/chest wall injuries [16], Abdominal
[9], cardiac [2], Obstetric [2], and spine [4] (Table 2).

Medications, tests, and imaging findings

Most patients (n =217, 60.4%) required imaging and 64%
had positive findings. The most frequently administered
medication was analgesics (38%), followed by anesthet-
ics (35%) for rapid sequence intubation, antibiotics (31%),
tetanus vaccine (31%), and fluids (28%). Blood and blood
products were administered in 3.8% of cases. COVID-19
PCR test was positive in two patients (Table 3).

ED and OR procedures

For patients who underwent an emergent procedure, the
most common procedure was endotracheal intubation
(n=18, 5%). Three patients required surgical airway (n=3,
0.8%). The rest required chest tube insertion for tension
pneumothorax decompression (n=4, 1.1%), one required
thoracotomy, and five patients required cardiopulmonary
resuscitation. Almost a quarter of patients required surgi-
cal operations in the operating room (n=285, 23.6%), most
of which were on the upper extremity, followed by lower
extremities, and head/face (Table 4).

ED disposition

Most patients (n=206, 57.4%) were treated in the ED and
discharged home, 18% (n=65) required noncritical care
admissions, 5.3% (n=19) required critical care admis-
sions, 0.6% (n=2) transferred to another hospital, and 2.8%
(n=10) were dead on arrival. After admission, 3.6% died
in the hospital and 93% of patients were discharged alive.

Injury severity

Most of admitted patients had no pre-existing disability
(51%). Upon discharge, 49% had slight disability, 16% mod-
erate disability, and about 0.6% a form of severe disability.
There were 0.6% of patients remained in vegetative state.
(Table 5).

Pediatric casualties

Out of the total casualties, 16 (4.4%) patients were less than
19 years. 3 (18.6%) patients were intubated, 6 (1.6%) had
fractures, 7 (1.9%) had minor wounds, and 2 (0.6%) had
major penetrating wounds/burns that are more than 10%. All
pediatric patients survived to hospital discharge.

Costs

The mean costs of ED care were $216.88 +236.6 with a
median of $127.4 (81.43-293.5).

Discussion

The Beirut Port explosion caused considerable destruc-
tion and resulted in many fatalities (>200) and casualties
(>6000) that overwhelmed the emergency medical ser-
vices and neighboring hospitals, including AUBMC. Prior
ammonium nitrate tragic incidents have led over 100 years
to similar death toll and injuries. The tragic AN-related inci-
dent in 1947 in Texas led to 581 fatalities and 5000 injuries
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Table 1 Injury epidemiology
and mode of arrival
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Frequency Percentage (%)

(N=359)
Mechanism of injury
Stuck/hit by object (blunt injury) 84 23.40
Stab or cut (penetrating injury) 164 45.70
Complications of health care 2 0.60
Other blast mechanism of injury 109 30.40
Location of injury
Head 72 20.10
Face 76 21.20
Neck 11 3.10
Thorax 30 8.40
Abdomen and pelvic contents 18 5.00
Spine 16 4.50
Upper extremity 128 35.70
Lower extremity (including bony pelvis) 99 27.60
External (skin) 25 7.00
Other (non-anatomical injury) 14 3.90
Type (nature) of injury
Fracture 68 18.90
Sprain, strain or dislocation 22 6.10
Cuts or open wound 126 35.10
Bruise or superficial injury 123 34.30
Concussion 26 7.20
Organ system injury 13 3.60
Other 11 3.10
Unknown 89 24.80
Place of injury
Port of Beirut infrastructure 4 1.10
Recreational and cultural area and public building 2 0.60
Street/highway 3 0.80
Commercial/Business institution 2 0.60
Home residence 23 6.40
‘Water, sea 2 0.60
Another place of occurrence (car) 1 0.30
Unknown 323 90.00
Arrival type
Prehospital ambulance transport 23 6.40
Prehospital transport using other vehicles (non-EMS) 110 30.60
Walking 48 13.40
Unknown 178 49.60
Prehospital care provider
Non-EMT (includes volunteer) 1 0.30%
EMT (basic, intermediate, advanced, paramedic) 14 3.90
Doctors 20 5.60
Nurses 12 3.30
Unknown 325 90.50
Transferred from another hospital to AUBMC
Unknown 60 16.70
No 297 82.70
Yes 2 0.60
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Table 2 Body system injury classification

Table 3 Medications, tests, and imaging modalities

Body region Injury/complication

Head 24
Skull fractures 3
SAH/Subdural/Epidural/Intraparenchymal 10
Brain herniation/edema
Head concussion/contusion

Complex lacerations

—_ = 9N

seizure
EENT 24

TM rupture

Globe rupture

Orbit evisceration/enucleation

Scleral laceration

Corneal abrasion/foreign body

Complex facial lacerations/orbital fracture

O AN W NN =N

Others (nasal fx/periorbital swelling/
abrasion)

—_
@)}

Lung/chest wall
Rib fracture
Pneumothorax
Blast injury
Lung contusion
Clavicle fracture
Chest wall contusion
Cardiac Tamponade
Traumatic chest pain

O = = = = N = K~ A

Intrabdominal visceral lacerations, bleed,
contusions, kidney injury

Abdominal/visceral

MSK

W
o)}

Shoulder, Scapula, femur, hip

Hand bones, patellar, tendon ruptures
Radius/ulna/tibia/fibula

Crush injury/compartment syndrome
Contusions

amputations

Obstetric

Abortion

Decreased fetal movement

Spine Vertebral bone fracture (cervical/thoracic)

—_ L = =

Spinal cord injury
Skin lacerations and Lacerations/abrasions 25
foreign bodies

Fluid

No 195 54.3%

Yes 99 27.6%

Unknown 65 18.1%
Analgesics

No 158 44.0%

Yes 135 37.6%

Unknown 66 18.4%
Anaesthetics

No 167 46.5%

Yes 127 35.4%

Unknown 65 18.1%
Antibiotics

No 182 50.7%

Yes 111 30.9%

Unknown 66 18.4%
Tetanus vaccine

No 179 49.9%

Yes 110 30.6%

Unknown 70 19.5%
COVID-19 PCR test

Not done 224 62.4%

Done and result negative 66 18.4%

Done and result positive 2 0.6%

Unknown 67 18.7%
COVID IgM test

Not done 287 79.9%

Done and result negative 6 1.7%

Unknown 66 18.4%
CT chest (N =32) with positive findings

No 5 15.6%

Yes 27 18.4%
Other imaging (N=185) with positive findings

No 67 36.2%

Yes 112 60.6%

Unknown 6 3.2%

Transfusion: blood and blood products (packed red blood, cells,
platelets, cryoprecipitate)

No 295 82.2%
Yes 14 3.8%
Unknown 50 14%

SAH subarachnoid hemorrhage , EENT eye ear nose and throat, TM
tympanic membrane, MSK musculoskeletal

[14]. The more recent 2015 AN detonation in Tianjin, China
resulted in 173 fatalities and 798 injuries [14]. The 2013
explosion in West Texas in 2013, resulted in 15 fatalities
[14]. The 2001 detonation in Toulouse, France resulted in
31 fatalities and 2242 injuries [14].

Our emergency department, a 42-bed capacity unit,
received more than 500 casualties on the first day and

subsequent days following the blast, the majority of whom
were middle aged single Lebanese males. Most of the
patients (57%) were treated and released, 18% admitted to
regular floors, 5.3% required critical care admissions, 2.8%
were dead on arrival, and 23% required surgical operations.

Our study results show that penetrating injury was the
most common mechanism of injury with cuts/open wounds
as the most common type of injury. The blast took place in
Beirut Port which is in a highly dense urban setting. Injuries
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Table 4 Emergent procedures
performed

Frequency (N=359) Percentage (%)

Airway management

Supraglottic airway 1 0.3
Endotracheal tube 18 5.0
Surgical airway within 24 h 3 0.8
Tension pneumothorax decompression 4 1.1
Thoracotomy 1 0.3
Positive ventilation for flail chest 1 0.3
CPR 5 1.4
Operating Room Surgical procedures (N=85. 23.6%)
Head 10 2.8
Face 14 39
Neck 1 0.3
Thorax 3 0.8
Abdomen and pelvic contents 1 0.3
Spine 2 0.6
Upper extremity 24 6.7
Lower extremity (including bony pelvis) 19 53
Other/unknown 1 0.3
Unknown 10 2.8
Tgble.s. Injury severity and Frequency Percentage
disability (N=359)
Pre-existing disability (GOS)
Severe disability: Independent activities of daily living are not possible 6 1.7
Moderate disability: Independent activities of daily living are possible, but 41 11.4
cannot resume work/school life
Mild or no disability; no disability reported 183 51.0
Unknown 129 35.9
GOS at discharge
Dead 14 39
Vegetative state: unable to move on a bed 2 0.6
Severe disability: Independent activities of daily living are not possible 2 0.6
Moderate disability: Independent activities of daily living are possible, but 58 16.2
cannot resume work/school life
Recovering state: Mild or no disability; can resume work/school life 176 49.0
Unknown 170 29.8

were mainly from shattered glass and other flying objects
like other explosions where injuries result mainly from shat-
tered glass from windows. Abou-Faraj et al. reported that
injuries and death in all Beirut casualties were mainly due
to glass shards flying and falling from building facades and
interiors causing severe lacerations and abrasions [15]. Simi-
larly, investigations revealed that shattered glass lacerated
more than 80% of victims of the 1995 bombing attack of the
Alfred P. Murrah Federal Building Bombing in Oklahoma
City [15]. This highlights the need for additional building
security measures in designing new buildings especially
in high-risk regions, such as laminating glass to become
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blast-resistant and architecturally uncompromising. These
new standards of glass that were employed in Oklahoma
City can help prevent injuries and save lives in the event
of blasts.

The Blast took place in August 2020 during the peak
period of the COVID-19 pandemic. Caring for patients dur-
ing the blast compromised precaution practices that were
implemented in most hospitals related to the COVID-19
pandemic, such as removing COVID-19 screening and test-
ing requirements and reduced personal protective equip-
ment (PPE) standards during advanced airway manage-
ment [16]. Two patients tested positive for covid19 using
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PCR screening. Around 18.4% of patients had missing
PCR results. Nationwide, the COVID-19 positivity rate on
August 4, 2020, was 2.7 per 100 tests. One week following
the Beirut blast, that positivity rate almost doubled to 5.2
per 100 tests and continued rising till it reached a peak of
10.5 per 100 tests on August 22, 2020, 18 days following
the explosion [16]. This reflects both the unexpected nature
of disasters and the risks that healthcare providers are faced
with during the response to disasters.

The most common primary blast injuries that were
observed in casualties included tympanic membrane rupture,
globe rupture, pneumothorax, abdominal organ contusion,
pericardial tamponade, and brain concussions. These types
of primary blast injuries were also observed in casualties in
Tianjin and West Texas blasts [14]. Secondary injuries were
also common due to the flying debris and fragments result-
ing in penetrating trauma and injury to head, face, extremity
injuries and penetrating eye injuries. Secondary blast inju-
ries were the most observed types of injury (84%) following
the Tianjin explosion [14]. Moreover, several victims of the
West Texas incident suffered from lacerations and penetrat-
ing trauma, with 12% presenting eye injuries [14]. Tertiary
blast injuries mainly extremities and pelvic/spine fractures,
amputations, concussions, sprains, crush injuries, and open/
closed head injuries were also present in casualties treated
at out center. This is similar to what occurred in the Tianjin
explosion where patients suffered from amputations, frac-
tures, concussions, and sprains [14]. Additionally, 20% of
West Texas blast survivors sustained a traumatic head injury
or concussion, indicating their high prevalence [14]. Burns
and smoke-related inhalational injury were also commonly
observed in the Beirut blast.

The vast majority (60%) of patients required X-Ray or
computed tomography (CT) imaging. Out of those, 64%
had positive findings. Accommodating this large number of
patients for imaging and getting results in a timely man-
ner was of paramount importance. This required a close
coordination between the radiology department and the
ED team to move patients through the radiology suite and
to continue to be able to track patients and read studies
in a reasonable time. Despite this, some bottlenecks were
observed for obtaining imaging studies which required per-
sonnel to be dedicated to managing flow of patients to radi-
ology suite. From previous disaster events, the ED had a
clear disaster plan and had ready for deployment stockpiles
of supplies and medications part of the responses to mass
casualty incidents. However, this Beirut blast overwhelmed
our resources because of the large influx of casualties. The
most used medications included analgesics, tetanus boosters,
antibiotics, anesthetics for rapid sequence intubation, fluids,
and supplies including suturing kits and splints. Transfu-
sion of blood and blood products was done on 3.8% of our
patients. Stockpiling of medications and supplies besides

close coordination between the pharmacy, supply depart-
ment, blood bank, radiology, and other surgical specialties
is essential in times of disaster to provide prompt care for
casualties in a timely manner and improve survival to hos-
pital discharge.

Our study results show that the estimated ED total costs
for caring for casualties in the ED alone exceeded 125,000
USD dollars, which is considered significant during times
where the Lebanon’s economy has been struggling due to
currency devaluation by 80%, hyperinflation, bank capital
control measures, widespread shortage of medications and
medical supplies. The cost of Initial World Bank estimates
cost the physical damage at US$3-8-4-6 billion and eco-
nomic losses at $2-9-3-5 billion. The estimated head-count
poverty rate in Lebanon increased from 28% in 2019 to 55%
in May 2020, with 23% of the population in extreme poverty.
These figures increased currently due to continued inflation
[12]. Billing practices are usually put on hold during disas-
ters and all casualty care is usually covered by the Ministry
of Health at a very low reimbursement rate and in a delayed
fashion (after more than 1 year), which reflects the addi-
tional financial stress that faced Lebanese hospitals during
a COVID-19 pandemic and a financial crisis.

Our study has some limitations. First, it is retrospective
and has missing data for collected variables. Data are often
missing during disaster events and is largely related to under
or lack of documentation. Despite the availability of EHR
in our facility, Casualties were registered and immediately
treated without requiring computerized order entry or the
routine documentation that is done for patient care. Our ED
was accustomed to receiving around 120 patients per day
and during this blast it received over 300 patients in less than
2 h interval. Another limitation is related to having data on
patients from a single center. AUBMC is the largest tertiary
care center in Beirut and is within 5 miles from the blast
site. It is often the primary receiving hospital for casualties
within its catchment area and as such, the study findings
reflect patterns of injuries observed at other hospitals during
that disaster and expected presentations after a similar blast
in a dense urban setting.

Conclusion

In conclusion, despite all the challenges, the emergency
department at AUBMC responded well to the huge influx
of casualties from Beirut blast due to past experiences with
disasters in Lebanon. It is essential to have a disaster plan
that is tailored to common threats and to institution capabili-
ties. After the AN blast, patients presented with injuries that
required imaging and management in ED or in the operating
room. Close coordination with required services including
radiology and operating room staff was needed. Stockpiling
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disaster kits with essential supplies was also important for
prompt intervention. Advanced airway management and
operative management of injuries mandated the presence
of skilled personnel despite the overwhelming nature of the
event as secondary triage between facilities would not have
been possible since they were all affected within the Beirut
Area. Managing patient flow within the institution was also
key to allow for increased surge capacity.
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