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City, USA, truck attack resulting in eight fatalities [5] and the 
2016 Nice, France, truck attack resulting in 84 fatalities [6]. 

Not much is known regarding vehicle-ramming attacks. 
Most research delves into the perpetrators [7-10], neglecting 
possible patterns in the characteristics of these attacks that could 
guide appropriate medical response.

The objective of this study was to investigate the characteris-
tics of vehicle-ramming attack incidents and casualties in order 
to guide the policy of medical organizations.

PATIENTS AND METHODS

STUDY DESIGN

This descriptive study included all vehicle-ramming attacks 
recorded in the Israel Defense Forces Trauma Registry (IDF-
TR) between 2015 and 2019. The institutional review board of 
the Israel Defense Forces-Medical Corps (IDF-MC) approved 
this study and waived the requirement for written informed con-
sent. The manuscript was written and edited according to the 
STROBE statement [11].

THE IDF-TRAUMA REGISTRY 
The IDF-TR is a military prehospital trauma registry that in-
cludes point-of-injury data regarding (military and non-mil-
itary) trauma patients treated by IDF-MC teams [12]. During 
treatment, the teams complete a casualty card. Within 72 hours 
of completing treatment, the teams complete a debrief and en-
ter casualty and treatment data into a digital web-based trauma 
registry. In a case in which the casualty is or has been serving 
in the military, the registry automatically completes additional 
demographic data. A dedicated staff of the Trauma and Combat 
Medicine Branch in the IDF’s Surgeon General’s Headquarters 
validates the accuracy and completeness of data. Inconsistencies 
or ambiguities are resolved directly with the treating medical 
team. Aside from multiple-choice fields, the registry includes 
free-text fields to describe the incident, the casualty, and the in-
juries. This registry is regularly used to conduct research and 
guide the IDF-MC policy [13-15].
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ABSTRACT  Background: Vehicle-ramming attacks have become a common 
tactic for terror organizations worldwide. However, the medi-
cal implications of vehicle-ramming attacks remain unknown. 

  Objectives: To investigate the characteristics of vehicle-ram-
ming attack incidents and casualties in order to assist in guid-
ing the policy of medical organizations. 

  Methods: In this study we included all vehicle-ramming at-
tacks recorded in the Israel Defense Forces-Trauma Registry 
between 2015 and 2019. Records were screened using text 
mining of incident, casualty, and injury descriptions. The se-
lected records were examined manually to ensure that they 
were vehicle-ramming attacks. Incident and casualty data 
were retrieved from the trauma registry.

  Results: During the years 2015–2019, a total of 36 vehicle-ram-
ming attacks with 113 casualties were documented in the 
trauma registry. The median number of casualties, urgent ca-
sualties, and fatalities per incident was 3 (interquartile range 
[IQR] 2–5), 1 (IQR 1–2), and 1 (IQR 1–1), respectively. Of the 
incidents, 15 (42%) had three or more casualties. The most 
prevelant day of the week was Friday with 9 incidents (25%). 
Within the day, 21 incidents (58%) occurred between the hours 
of 12:00 and 18:00. Commonly injured body regions were lower 
extremities (55%), head (28%), and upper extremities. Ten vic-
tims (9%) died before arriving at a hospital.

  Conclusions: Vehicle-ramming attacks tend to have multiple 
casualties, be deadly, occur more often on Fridays and in the 
afternoon, and result mostly in injuries to the extremities and 
the head. These findings could guide policymaking to improve 
medical response to vehicle-ramming attacks.
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Vehicle-ramming attacks are an assault in which a driver in-
tentionally rams a vehicle into a building, crowd of people, 

or another vehicle [1]. These attacks have become a major tactic 
among terror organizations worldwide [2] due to the simplicity 
of their execution [3]. Vehicle-ramming attacks are relatively 
common to Israel [4], yet they are not limited to Israel and oc-
cur around the world. Notable examples are the 2017 New York 
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IDENTIFICATION OF VEHICLE-RAMMING ATTACKS 

Vehicle-ramming attacks were defined as incidents in which a 
driver of a vehicle intentionally steered the vehicle toward ci-
vilians or soldiers to cause harm. Records were screened us-
ing text mining of incident, casualties, and injury descriptions. 
These fields were searched for terms related to vehicle-ramming 
attacks, synonyms, near-synonyms, acronyms, and misspellings 
both in Hebrew and in English. The text mining was designed to 
err on the side of high sensitivity at the expense of low specifici-
ty. Next, the selected records were examined manually to ensure 
that they were vehicle-ramming attacks.

STUDY VARIABLES AND DATA ANALYSIS 
Incident and casualty data were retrieved from the trauma regis-
try. Incident data included the date, time, number of casualties, 
number of urgent casualties, and fatalities. Using the incident 
date, we extracted the incident year, month, and day of the 
week. Incident time was grouped into 6-hour intervals: 12:00 to 
6:00, 6:00 to 12:00, 12:00 to 18:00, and 18:00 to 24:00. 

Casualty data included sex, age, injured body regions, treat-
ments provided, and death before arriving at a hospital. Injured 
body regions were grouped into the head, face, neck, chest, back, 
abdomen, pelvis, upper extremities, and lower extremities.

Data analysis was performed using R version 3.6.0 (R Core 
Team, Vienna, Austria). Incidents were counted and plotted in 
several ways, including by the year of the incident, the number 
of casualties in each incident, and by the day of the week and 
time. Categorical variables were presented as n (%). Continuous 
variables were presented as median (interquartile range [IQR]) 
as most describe count data, aside from casualty age presented 
as mean ± standard deviation. Due to the nature of the study and 
the relatively small sample size, analysis was limited to descrip-
tive analysis, statistical significance was not calculated.

RESULTS

CHARACTERISTICS OF VEHICLE-RAMMING ATTACKS 

During the years 2015-2019, a total of 3,524 incidents, includ-
ing 6,532 casualties, were documented in the trauma registry. Of 
them, 36 vehicle-ramming attacks with 113 casualties [Figure 1]. 
All vehicle-ramming attacks occurred in the jurisdiction of the 
IDF central command. The median number of casualties, urgent 
casualties, and fatalities per incident was 3 (IQR 2–5), 1 (1–2), 
and 1 (1–1), respectively. With regard to the incidents, 15 (42%) 
had three or more casualties [Figure 2]. 

TIMING OF VEHICLE-RAMMING ATTACKS
The frequency of vehicle-ramming attacks decreased with the 
years [Figure 3]. A monthly pattern was not evident. The most 
common day of the week was Friday with 9 incidents (25%), 
followed by Tuesday, Wednesday, and Thursday tied with 6 in-

cidents (17%) each. The least common day was Monday, with 
just 2 incidents (6%). Within the day, 21 (58%) incidents oc-
curred between 12:00 and 18:00, and 3 (8%) incidents between 
24:00 and 6:00. Six (17%) incidents occurred on Fridays be-
tween 12:00 and 18:00. No incidents were recorded in the inter-
val between Friday 18:00 and Saturday 12:00 [Figure 4].

CASUALTY CHARACTERISTICS IN VEHICLE-RAMMING ATTACKS
Of the casualties, 81 were male (74%, four entries were undoc-

Vehicle-ramming terror attacks
Number of incidents: 36
Number of casualties: 113

Figure 1. Flow diagram of population selection 

Between the years 2015 and 2019
Number of incidents: 3524
Number of causalties: 6532

Excluded:
Not vehicle-ramming terror 
attacks: 3488 incidents

Figure 2. The number of vehicle-ramming attacks measured by the 
number of casualties recorded
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umented), 89 were soldiers (79%). The mean victim age was 22 
±6.6 years. Injured body regions were lower extremities (55%), 
head (28%), upper extremities (20%), back (16%), chest (16%), 
face (12%), abdomen (8%), pelvis (8%), and neck (2%). Ten 
victims (9%) died before arriving at a hospital.

EMERGENT PREHOSPITAL TREATMENTS AND PROCEDURES
Intravenous access attempts were documented for 16 of the ca-
sualties (14%), tourniquets were applied on 4 (3.5%), hemostatic 
packing was performed on 3 (2.7%), endotracheal intubation was 
performed on 4 (3.5%), and needle thoracostomy on 2 (1.8%).

DISCUSSION 
In this study we found that vehicle-ramming attacks tended to 
have multiple casualties, be deadly, occur more often on Fri-
days, more often between 12:00 and 18:00, and result mostly in 
injuries to the lower extremities, head, and upper extremities.

In this cohort most of the casualties were soldiers. On the 
one hand it is expected that soldiers would be targeted for terror 
attacks. On the other, soldiers are briefed to exercise caution 
in situations prone for terror attacks and while on duty are cer-
tainly expected to keep guard behind dedicated barriers. Brief-
ings, regulations and barrier placement warrant investigation 
and possible revision. Interestingly, although the mortality rate 
was substantial, the fatatlity rate per attack in this study was 
relatively low compared with 3.6 fatalities per attack described 
in an analysis of vehicle ramming attacks worldwide [16]. This 
finding might imply that security measures and efforts to min-

imize damage inflicted by these attacks (i.e., concrete barriers) 
may indeed be effective. Methods of implementing these efforts 
worldwide are currently being examined [17].

Vehicle-ramming attacks have rarely been studied in the 
medical and surgical literature. Few other intentional mass ca-
sualty scenarios are the result of a blunt, non-penetrating trauma 
mechanism [18]. Thus, most insights regarding vehicle-ram-
ming attacks are drawn by their resemblance to motor vehicle 
accidents.

The temporal pattern of unintentional motor vehicle acci-
dents aligns only partially with the temporal pattern of vehi-
cle-ramming attacks observed in this study. While the former 
is associated with times in which there is a high traffic vol-
ume (in the afternoon during the workweek) as well as hours 
in which drivers are under substance influence (i.e., weekend 
nights) [19], the latter does occur more frequently in the after-
noon during the workweek and even more on Fridays, but not so 
on Friday nights. Intuitively, vehicle ramming attacks might be 
less associated with traffic and more associated with times with 
higher pedestrian activity. 

The body regions found to be mosy commonly injured in this 
study–the extremities and the head–are similar to those found 
in studies of pedestrian casualties resulting from unintentional 
motor vehicle accidents [20-22]. Unsurprisingly, the case-fatal-
ity rate in our study (9%) is much higher than that reported for 
motor vehicle accidents [23].

The results of our study suggest that medical teams re-
sponding to a vehicle-ramming attack should be prepared for a 
mass-casualty incident with severe injuries, including fatalities. 

Figure 3. The number of vehicle-ramming attacks during the years, by month
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Figure 4. A heatmap of vehicle-ramming attacks by day of the week and time

18:00–23:59

12:00–17:59

06:00–11:59

00:00–05:59

Sunday Monday Tuesday Wednesday Thursday Friday Saturday

Advancing multiple medical teams to the area even when the 
number of casualties has not yet been determined is advised. 
Although head and extremities are most likely to be hurt, care-
givers should systematically expose the casualties and look for 
injuries in all body regions as none are spared. The temporal 
pattern identified could guide prevention efforts.

LIMITATIONS
First, the registry does not include vehicle-ramming attacks in 
which only civilian medical teams participated in treatment. 
Thus, this study did not fully represent vehicle-ramming attacks 
in Israel. Second, the small number of incidents recorded and 
the low resolution of the data narrowed the implications. Third, 
although defining vehicle-ramming attacks carefully, it is possi-
ble that a few incidents were not included due to the text mining 
method.

CONCLUSIONS
Vehicle-ramming attacks tend to have multiple casualties, be 
deadly, occur more often on Fridays and in the afternoon hours, 
and result mostly in injuries to the extremities and the head. 
These findings could guide policymaking to improve medical 
response to vehicle-ramming attacks.
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Capsule

Molecular profiling identifies targeted therapy opportunities in pediatric solid cancer
To evaluate the clinical impact of molecular tumor profiling 
(MTP) with targeted sequencing panel tests, Church and 
co-authors enrolled pediatric patients with extracranial 
solid tumors in a prospective observational cohort study 
at 12 institutions. In the 345-patient analytical population, 
median age at diagnosis was 12 years (range 0–27.5); 
298 patients (86%) had 1 or more alterations with 
potential for impact on care. Genomic alterations with 
diagnostic, prognostic or therapeutic significance were 
present in 61, 16 and 65% of patients, respectively. 
After return of the results, impact on care included 17 
patients with a clarified diagnostic classification and 

240 patients with an MTP result that could be used to 
select molecularly targeted therapy matched to identified 
alterations (MTT). Of the 29 patients who received MTT, 
24% had an objective response or experienced durable 
clinical benefit; all but 1 of these patients received 
targeted therapy matched to a gene fusion. Of the 
diagnostic variants identified in 209 patients, 77% were 
gene fusions. MTP with targeted panel tests that includes 
fusion detection has a substantial clinical impact for 
young patients with solid tumor

Nature Med 2022; 28: 1581 
Eitan Israeli

Capsule

Coronavirus in cortical astrocytes
Many patients diagnosed with or having recovered from 
COVID-19 present with neurological symptoms. Are these 
symptoms a result of direct infection of the nervous system 
or are they a secondary consequence of widespread 
inflammation in other tissues? Andrews and colleagues 
used primary cortical tissue from both the developing 
brain and the adult brain, paired with stem cell–derived 
cortical organoids, to evaluate which human neural cell 

types can be directly infected by SARS-CoV-2. In primary 
cortical tissue cultures and cortical organoids exposed to 
SARS-CoV-2, the authors observed significant infection 
and viral replication specifically in immature and mature 
astrocytes, which has downstream consequences for 
neurological function.

Proc Natl Acad Sci USA 2022; 119: e2122236119 
Eitan Israeli




