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Abstract (244 words)

Purpose: The majority of terrorist acts are carried out by explosion or shooting. The
objective of this study was first, to describe the management implemented to treat a large
number of casualties and their flow together with the injuries observed, and second, to compare
these resources according to the mechanism of trauma.

Methods: This retrospective cohort study collected medical data from all casualties of
the attacks on November 132015 in Paris, France, with physical injuries, who arrived alive at
any hospital within the first 24 hours after the events. Casualties were divided into two groups:
explosion injuries and gunshot wounds.

Results: 337 casualties were admitted to hospital, 286 (85%) from gunshot wounds and
51 (15%) from explosions. Gunshot casualties had more severe injuries and required more in-
hospital resources than explosion casualties. Emergency surgery was required in 181 (54%)
casualties and was more frequent for gunshot wounds than explosions injuries (57% vs. 35%,
p<0-01). The types of main surgery needed and their delay following hospital admission were
as follows: orthopaedic (n=107 (57%); median 744 min); general (n=27 (15%); 90 min);
vascular (n=19 (10%); median 53 min), thoracic (n=19 (10%); 646 min), and neurosurgery (n=4
(2%); 198 min).

Conclusion: The resources required to deal with a terrorist attack vary according to the
mechanism of trauma. Our study provides a template to estimate the proportion of various types
of surgical resources needed overall, as well as their time-frame in a terrorist multisite and multi
- type attack.

Key words: Terrorism; Disaster medicine; Mass casualty; Bombing; Gunshot wound;
Emergency Surgery.

Funding : Assistance Publique—Hbépitaux de Paris.



Take home message (46 words)

Analysis of the terrorist attacks of November the 13" 2015 in Paris, showed that gunshot
casualties were more seriously injured and required greater resources than explosion injuries
casualties. This analysis enables the modification of future management plans, particularly for

possibly scarce resources such as specialist surgery.

140-character Tweet (138 characters)

During 2015 Paris attack, gunshot casualties were more seriously injured and required

greater resources than explosion injuries casualties



Introduction

Europe has recently been the target of many terrorist attacks using explosives, war
weapons, and trucks [1,2]. These have resulted in mass casualty events (MCE). Continuing
conflicts worldwide indicate that European countries will face such situations for a long time
as terrorism becomes more widespread and increasingly violent. The medical response is an
essential component of the response to terrorist attacks since they are designed to kill and injure
the largest number of people, using simultaneous attacks and/or multiple means [2]. The
conclusions of the publications describing the medical care of casualties from mass shootings
over the past 20 years must be interpreted with caution, as their pre-hospital organisations differ
from Western European ones [3-6]. Recently, Timbie et al. pointed out that there was a lack of
data to manage rare resources in the event of MCE [7].

On November 13™, 2015, Paris was the scene of simultaneous multiple terrorist attacks
causing casualties which were unprecedented since the Second World War. They used
explosives and assault rifles, both on streets, café terraces, and in a theatre [2,8]. Counter
terrorism operations of the police and army, together with the presence of active gunmen, and
hostage taking, had an impact on the management of casualties, and delayed access to the
hospital and the operating theatre.

In the present study, we analyse globally this unique cohort of casualties, characterized
by a unity of place and a very large number of casualties in a short period of time, to describe
primarily the pre and intra-hospital management implemented to treat the large number of
casualties and their flow together with the injuries observed. Secondarily, the coexistence of
two mechanisms of trauma made it possible to test the hypothesis that the resources needed to
treat the injured depend on the injury process (explosion vs. gunshot). We believe the present
analysis provides important and relevant information to better adapt our future emergency

plans.



Methods

This observational retrospective cohort study used medical data from casualties of the
Paris area terrorist attacks, collected anonymously. Data processing authorisation was obtained
from the Commission Nationale Informatique et Liberté (#DR-2016-234) and the Comité de
Protection des Personnes Tle de France, exempting casualties from giving their consent for the
use of their data for observational research purposes. This report follows the STROBE

recommendations [9]. Some of the data have been published earlier [10-12].

Study population

Casualties from the attacks of 13 November 2015 included in the study were those with
body injuries and who arrived alive at the hospital before 14 November 2015 11:59 pm.
Casualties without body injuries, those consulting for psychological trauma, or those presenting
to hospital later after the events were excluded. Casualties whose medical records were empty
and who were not hospitalized were considered free of somatic lesions and were therefore not

included.

Exposure to mechanism of trauma and management

On 13 November 2015, three terrorists triggered their explosive vests near a football
stadium, at 9:20pm. At the same time, a few kilometres away, other terrorists opened fire on
customers sitting at the terrace of three restaurants with military weapons (Kalashnikov model
AK-47, calibre 7-62mm). One of them triggered his explosive vest in a fourth restaurant. Three
terrorists started shooting the spectators of a concert hall at 9:49pm and took the survivors
hostage. It took three hours for the Police and French Special Weapons and Tactics (SWAT) to
neutralize terrorists. During this delay, the extraction and care of the surviving casualties was

organized by the medical officers of the SWAT [13]. Casualties were then managed and



transported to hospitals by medicalised mobile intensive care units and/or by Fire-Brigade EMT
— manned ambulances according to the French standards of prehospital care [14]. Hospital
orientation was managed by the Service Aide Médicale Urgente (SAMU), a medicalised civil
emergency medical service [14]. The qualitative analysis of events by each stakeholder has
been already published [10-12,15]. When needed, priority was given to secure the premises
before access to casualties and their evacuation to hospitals in the Paris region, six of them

being level-1 trauma [8, 16].

Measurement and analysis

Casualties were identified by accessing the computer files of the Paris Préfecture de
Police (police general staff) and Assistance Publique-Hopitaux de Paris (Paris public hospitals),
of each emergency department in the Tle-de-France population basin, and consulting the
medical files corresponding to an admission between November 13, 2015 at 9:30pm and
November 14, 2015 at 11:59 pm. The links between these exhaustive files were made using the
casualty’s names in each file. Those names were missing from the anonymous file used for the
analysis.

Descriptive data on casualties, sex, wounding process, anatomical injuries, their impact
on vital functions (systolic arterial pressure, heart rate, Glasgow coma score, pulse oximetry),
pre-hospital categorization (triage) and mean times of transfer to hospital were collected.
Casualties were sorted in the pre-hospital setting on the basis of their injuries, their impact on
vital functions, the response to the pre-hospital treatment, the need for further treatment and the
degree of urgency of the latter. To do this, the sorting used a simplified scale derived from the
North Atlantic Treaty Organization (NATO) sorting scale [17]. Any casualty triaged as
requiring immediate care according to NATO, regardless of the final anatomical injuries, was

categorized as absolute emergency (AE). The remaining casualties were categorized as relative



emergency (RE) [18]. Information regarding triage were extracted from the "SINUS" and
"VICTIMS" files of the Préfecture de Police de Paris and Assistance Publique-Hopitaux de
Paris. When missing, this information was completed considering the destination. Therapeutic
measures implemented in the pre-hospital (catecholamine administration, tracheal intubation)
and hospital settings (blood transfusion, haemostatic agents, chest tube insertion, surgery,
embolization, mechanical ventilation, catecholamine administration, renal replacement
therapy, hospitalisation in intensive care unit —ICU—) and hospital diagnostic (laboratory
investigation, X-ray examination, ultrasonography, CT-scan) were also recorded, as well as
surgery times. Information on casualty progress up to discharge from hospital (Iength of stay in
ICU, in hospital, orientation at hospital discharge) was collected. Data were censored upon
discharge from hospital. These variables were entered by the corresponding investigators in
each hospital that received casualties, based on the victim's medical file. Because of the purely
observational nature of the study, casualties were not reconvened. When investigators were
unable to enter these data, two authors (MR, ED) entered the data from the hospitalization and
surgical records available. For the sake of completeness, all medical reports were reviewed by
these two authors, to complete missing data and to ensure centralized coding of anatomical
injuries using the Abbreviated Injury Scale dictionary [19].

The Revised Trauma Score (RTS) scores, Injury Severity Score (ISS), and the Trauma
Related Injury Severity Score (TRISS) were calculated [20], using updated coefficients [21].
Where arterial pressure and Glasgow score variables were missing, RTS was estimated by
maximizing the probability of survival. Observed mortality was defined as the occurrence of
death during hospitalization and compared to expected mortality [21]. Transfer was defined as
referring the casualty to a hospital other than the one that initially received the casualty, within
24 hours of the mechanism of trauma. Hospital arrival times were calculated from the assumed

injury schedules (see above) and arrival time on the medical record. Access times to the



operating theatre were calculated on the basis of hospital arrival and operating theatre arrival
times, the latter being obtained by examining the operating room records. Casualties were
allocated to two groups according to the injury process: explosion vs. gunshot wound. When
this information was missing, the injury process was the one mainly observed at the injury site.
The characteristics of the most severely wounded casualties (ISS>15) were described

separately.

Statistical analysis

Qualitative variables are presented by number and percentage. Quantitative variables
are presented by their mean + standard deviation or median [interquartile range] according to
the normality of the distribution. Comparison between groups was performed using the Fisher
exact method, the Student t test, and the Mann and Whitney test. Agreement between experts
was performed using the Kappa score. Missing data were not replaced. All comparisons were

two-tailed and a p value <0-05 was considered significant.



Results

Study population
Of the 543 casualties with physical injuries identified, 337 were admitted to emergency
services/trauma centres (16 civilian and 2 military hospitals) within 24 hours of the terrorist

attacks (Fig. 1).

Pre and intra-hospital management

Casualties suffered from gunshot wounds (n=286, 85%) or explosion injuries (n=51,
15%). One hundred and ninety-six casualties (58%) came from the concert hall, of whom a
non-evaluable fraction was held hostage. Only 119 (36%) casualties benefited from the
installation of an identification bracelet during prehospital phase. Two hundred and sixty-two
casualties (77%) were triaged during the prehospital phase. Thirteen (4%) received orotracheal
intubation and 9 (3%) catecholamine administration. The global cumulative frequency of delays
from injury to hospital admission is shown in Figure 2A. Two waves of hospital admissions
were identified at 150- and 240-min following injury. Physiological variables, diagnostic and
therapeutic strategies are described in table 1. CT-scans were performed only in
hemodynamically stable casualties (spontaneously or after resuscitation), meaning the most
severe casualties entered the operating room without having a whole-body CT-scan. Emergency
surgery was required in 181 (54%) cases. The global cumulative frequency of delays from
hospital admission to operating theatre is shown in Figure 2B. Surgical needs were mainly for
orthopaedic surgery (Table 1 and Fig.3A). Haemostasis procedures were immediately
performed on hospital arrival for the most severely injured casualties (Fig. 3A and 3B), starting
75 min after injury. These were performed according to the principles of damage control in
haemodynamically unstable casualties. Although some orthopaedic operations began within the

first hour, they were infrequent in the initial phase (Fig. 3A and 3B). Forty-four extra operating



rooms on top of 31 available (+ 141%) were recruited to perform emergency surgery after
notification of the MCE and implementation of the public hospital disaster plan. The fate of
casualties at the end of the initial phase of care is shown in Table 1. Of the 97 casualties
hospitalized in the ICU, 42 (43%) were admitted to the hospital in the trauma bay, which is an
ICU environment. The remaining 55 (57%) were transferred to ICU immediately after the OR,
with a median [interquartile] delay of 378 [240-909] min after hospital arrival. Twenty-seven
casualties (8%) required transfer to another hospital within the first 24hours, either because the
operating theatres were saturated or to benefit from surgical expertise not available in the initial
hospital, irrespective of the nature of the mechanism of trauma. Seven casualties died, all from
injuries due to shooting, on day one. Overall the observed mortality of the casualties
hospitalized alive (n=7; 2-1%) was not significantly different from that expected (n=11; 3-3%j;
p=0-92). Those who survived were mainly discharged home (Table 1). The most severely
affected casualties, defined by an ISS greater than 15, all benefited from management in an

ICU. Their characteristics and care are detailed in Online Resource 1.

Effects of the mechanism of injury

Neither hospital access time nor physiological variables were affected by the
mechanism of trauma (Table 1). The severity of the lesions observed by anatomical region was
independent of the mechanism of trauma (Table 1). Although the proportion of casualties with
ISS > 15 was the same in both groups, those with gunshot wounds experienced more severe
injuries than those who were bombed and had lower probability of survival (Table 1). In
hospital, the proportion of casualties with gunshot wounds having laboratory investigations was
greater than that of casualties of explosions (Table 1). The proportions of casualties having X-
rays, FAST, and whole-body CT-scans were the same between the two groups. Gunshot wound

casualties had similar needs of initial resuscitative measures (tranexamic acid administration,

10



fibrinogen concentrate administration, chest-tube insertion, mechanical ventilation and
catecholamine administration) than casualties from explosion, except for a higher incidence of
surgery and blood transfusion (Table 1). Both gunshot and explosion casualties had similar
access to the operating room (Fig. 2B). The incidence of first surgical specialty types and delays
to initial surgery were the same in both groups, regardless of the specialty, apart from general
surgery, which was performed earlier in gunshot wounds casualties than in those wounded by
explosion (Fig. 3B). Embolization was more frequent in casualties with gunshot wounds. Apart
from blood transfusion, medical management in ICU was not affected by the mechanism of
trauma (Table 1). The proportion of casualties discharged home on the same day was greater
after explosions than after gunshot but when casualties were admitted, their hospital length of
stay was longer (Table 1). Requirement for ICU care was the same in the two groups, but

casualties of bombing stayed three-days longer in ICU.
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Discussion

This study describes the severity of injuries and means implemented to deal with the
337 casualties of a multimodal terrorist act, using explosives and military weapons, that
occurred in the urban environment of a major European capital. This study also shows that
casualties with high energy ballistic trauma had more severe injuries and required more hospital
resources than those suffering from explosion.

The injuries appeared to be less severe than those previously reported [22, 23]. In
contrast to the study by Gaarder et al.[23] or Einav et al. [4], all casualties of the Paris attacks
were included, whether they were cared for in trauma centers or in local hospitals, and whether
they were subsequently hospitalized or not, resulting in lowering the median ISS. The
proportion of severely injured casualties (1ISS>15) is similar to that reported by Tueragno-
Fuentes et al. [24]. However, the number of inpatients admitted after the Paris attacks is twice
as high as that observed after the Madrid attacks, confirming the greater severity of firearm
injuries on that of explosion [3, 24].

The dichotomous scale (AE/RE) used was chosen because it corresponded to that taught
in France, in line with the recommendations of simplicity provided in the aftermath of the
London attacks [25]. Pre-hospital resuscitation procedures were limited to essential measures,
in accordance with French recommendations [26, 27]. As previously described in other major
multisite terrorist attacks, evacuation times were impacted by the local circumstances [22, 23,
25, 28], but unaffected by the mechanism of trauma. Neither the premises nor the evacuation
routes were secure, as some terrorists were at large while others took some victims hostage.
This explains why it took more than three hours for half of the casualties to access the hospital
[29]. It is noteworthy that part of the victims of the hostage-taking have been treated and their
evacuation from the theater prioritized by tactical physicians of the SWAT teams.

Consequently, comparison with single-site bombings occurring close to trauma centres seems

12



questionable [23, 30, 31]. The decision to time the wounding process at 9:49pm for all theater
casualties might have overestimated evacuation delays for those who were held hostage and
wounded later. Referral to hospitals seemed appropriate, as the transfer rate was lower than that
reported by Leibovici et al. [32].

The similar use of radiological examinations between the two groups should be
interpreted with caution, as their time frame was unknown. The impact of the implementation
of the FAST was significantly lower than that previously reported in the London bombings
[24]. The incidence of CT scans appears to be similar, considering that in the present cohort,
these were whole-body CT scans with contrast injection, and not targeted examinations [33].
These CT scans were performed to evaluate the projectile trajectory [34], as well as associated
organ and vascular damage [35]. The higher incidence of surgery and transfusion among
casualties with gunshot wounds was related to their greater severity, as previously reported [3].

The delays to access operating rooms were similar to those previously reported [4, 25,
36]. The first procedures performed were haemostatic, a quarter of which were for thoracic or
abdominal surgeries, as previously reported [22, 23, 25, 31], without consideration of the
mechanism of trauma (Table 1, Fig.3). Immediate access to operating rooms for haemostatic or
resuscitative surgery is attributed to the large number of available operation rooms and
appropriate distribution of casualties to hospitals. This availability was increased by the SAMU
early notification to the hospitals of the terrorist attacks allowing rapid backup of surgical
teams. During the evening, hospital orientations were also adapted by sharing information on
the casualties surge between the EMS headquarters and the trauma centers. While orthopaedic
surgical teams were called upon from the beginning of the influx into the operating room to
perform haemostatic procedures on the limbs, or to assist visceral and thoracic surgeons, the
bulk of their orthopaedic activity only began once bleeding emergencies had been treated, to

ensure the repair of limb injuries. This surgical activity lasted well beyond the first twelve
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hours, encouraging as much as possible to keep surgical human resources available in the long
term (Fig.3). Such an approach allows replacement of the first teams involved and availability
to face another terrorist attack.

The length of stay in ICU was lower in casualties with gunshot wounds compared with
those with explosion injuries, even though the severity of their injuries and therapeutic needs
were the same, and lower than previously reported in Europe [22, 23, 25, 31]. Casualties
admitted to ICU did not all require extensive ICU care and/or procedures. They rather needed
high-dependency unit (HDU) care. This suggest to free up HDU type beds in the case of an
even like this. The observed mortality was comparable to the expected mortality, both for the
study population or the most severely injured ones (Table 1 and Supplementary material),
despite the MCE circumstances. However, it remained lower than the overall mortality of the
event (24%), due to the non-inclusion of deceased casualties at the scene of the killings. We
cannot exclude that some pre-hospital deaths would have occurred in hospital if the casualties
had been referred earlier, thereby increasing intra-hospital mortality, as observed by Einav et
al with shorter prehospital time [4].

The strength of our study is related to the large number of civilian casualties with
gunshot wounds, the highest reported to date for a terrorist incident in Europe. Beyond
reinforcing the robustness of our results, this number of casualties contributes to explain the
recruitment of additional resources (operating rooms, surgical teams), given that case-load in a
mass casualty is a function of surge capacity [37]. The inclusion of all casualties enabled
focusing on those deemed wrongly less severe (1SS<15), showing they required significant
medical resources, as evidenced by a hospitalization rate twice that of the Madrid attacks [24].
This approach also enables the estimation of the real burden of care required for all surviving
casualties. The similarity of a number of results (use of surgery, resuscitation, CT scans) attests

to the robustness of this information and its generalizability. Another strength of this study is
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the uniqueness of the location and time of events, together with prehospital medicalization,
which contrasts first with the spatial and temporal dispersion of terrorist acts and the scoop and
run approach in the prehospital setting [3, 4, 28]. Finally, this study brought new elements. The
presentation of the physiological impact of injuries on vital functions made it possible, in
addition to characterizing casualties, to estimate expected mortality. It provided descriptive
elements of the consumption of diagnostic resources (biological, radiological, ultrasound).
Finally, it detailed the therapeutic procedures implemented during the hospitalization of these
casualties.

This study has several limitations, suffering from bias inherent to its retrospective
nature, in particular the existence of missing data related to the non-standardization of
information contained in medical records, either during the pre-hospital or hospital phases. This
argues in favour of the dissemination of a template for data collection in disaster medicine for
medical and research purposes, allowing data to be pooled and compared, as suggested by Bradt
et al. [38]. The descriptive nature of the main objective precluded any calculation of the sample
size. The choice to group all hospitals into a single simulated one may also affect the internal
validity of the study. However, this is probably the best way to ensure a global analysis that
would provide relevant information for future contingency plans.

In conclusion, the analysis of the terrorist attacks in Paris, carried out using explosives
and automatic rifles, provides a description of the proportion of various types of surgical
resources needed, as well as their time-frame in a terrorist multisite and multi modal attack. It
also showed that casualties with gunshot wounds arriving alive at the hospital were more
seriously affected and required more resources than the explosion casualties. The mobilization
of thoracic and general surgery teams to perform haemostasis surgery were immediate in the
event of penetrating trauma. Orthopaedic surgery and ICU teams were not solicited as very first

line treatment. They only intervened later. Hospitals receiving injured people were engaged for
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many hours. It was therefore advisable to keep resources (or even hospitals) in reserve in case
of a succession of attacks. These quantitative elements might help to adapt future management
plans for a mass influx of casualties to the realities on the ground, particularly for scarce

resources such as surgery.
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Figure legends

Figure 1: Study flow chart.

Figure 2: Global cumulative frequency distribution of delay (min) from time of injury to
hospital admission (A) and from time of hospital admission to first surgery (B), according to

casualty mechanism of trauma (explosion injuries vs gunshot wound).

Figure 3: Delay (min) from time of hospital admission to surgery according to the type of
surgery (median, interquartile, and extremes) in the study population (A) and according to the
mechanism of trauma (B, explosion vs. gunshot). The size of the solid circles is proportional to

the number of casualties. The X axis has a logarithmic scale.
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