
IMAJ • VOL 24 • SEPTEMBER 2022

574

ORIGINAL ARTICLES

Traumatic brain injury (TBI) is a significant cause of unpre-
ventable (up to 42%) and preventable death (7%) in the bat-

tlefield according to U.S. Army reports [1,2]. TBI is challenging 
to evaluate and treat in prehospital setting and remains a substan-
tial challenge for advanced life support (ALS) providers. A sig-
nificant portion of blunt TBIs are characterized with late onset 
of symptoms, without pathological findings during prehospital 
evaluation. In addition, the optimal care of TBI can be provided 
only at a level I trauma center. Therefore, it is crucial to identify 
TBIs as soon as possible at the prehospital setting and transfer the 

casualty to the adequate destination. 
The mechanism of injury of TBI is heterogeneous and is often 

part of multi-trauma, which may complicate the diagnosis and de-
lay the treatment of such patients [3]. The prevalence of concomi-
tant injuries is reported to be from 23% to 41% [4,5]. Multi-trauma 
patients are usually at risk of worse outcomes, mostly due to the 
combined pathophysiological effects of different organ systems [6]. 
However, in some cases, TBIs can be missed due to the nature of 
other concomitant injuries and the severity of the TBI itself. Altered 
consciousness, a hallmark of TBI, often occurs as part of other inju-
ries, and thus creates a significant challenge for health providers to 
recognize head trauma in the prehospital setting [7]. 

The purpose of this study was to compare prehospital and hos-
pitalization characteristics between isolated and non-isolated TBI 
and examine the effects of TBI with coexisting injuries on initial 
patient evaluation and decision making.

PATIENTS AND METHODS

STUDY DESIGN 

In this retrospective registry-based cohort study, we collected data 
on trauma patients who presented with a TBI by cross-linking 
a prehospital Israel Defense Forces Trauma Registry (IDF-TR) 
[8] completed by point of injury (POI) caregivers with a com-
plementing national trauma registry between January 2006 and 
December 2017. Casualties were then divided into two groups 
according to the information provided by the POI caregivers: 
casualties who presented with isolated TBI and those who pre-
sented with a non-isolated TBI, defined as casualties with evident 
TBI injury and concomitant injuries to any other body regions. 
The IDF medical corps institutional review board approved the 
study (No. 2014-1948) and waived the requirement for written in-
formed consent. The manuscript was written and edited according 
to the STROBE guidelines [9].
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ABSTRACT  Background: Traumatic brain injury (TBI) is a significant cause 
of death in the battlefield. TBI can be challenging to diagnose 
in the combat setting and remains a substantial challenge for 
advanced life support (ALS) providers.

  Objectives:To compare prehospital and hospitalization char-
acteristics between isolated and non-isolated TBI. To examine 
the effects of TBI with coexisting injuries on patient evaluation 
and outcomes based on the Israeli Defense Forces Trauma 
Registry and the Israeli National Trauma Registry of soldiers 
hospitalized for TBI between the years 2006–2017.

  Methods: A total of 885 casualties were eligible for our study, 
of whom 271 (30%) had isolated TBI. Only 35% of hospitalized 
patients with isolated TBI were defined as urgent by the ALS 
providers versus 67% in the non-isolated TBI group (P < 0.001). 

  Results: Overall, 29% of the TBIs in the non-isolated group were 
missed by the ALS providers vs. 11% in the isolated group. 

  Conclusions: Concomitant injuries may delay the diagnosis of 
TBI by ALS providers. These findings should be considered in 
the prehospital evaluation to potentially improve the care and 
outcome of head injury patients.
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DATA COLLECTION

We extracted data on casualties recorded in the IDF-TR between 
January 2006 and December 2017 who sustained a TBI. The da-
ta sources obtained by the IDF-TR included casualty cards com-
pleted by POI caregivers similar to tactical combat casualty care 
cards. The date collected on the cards depict the patient’s vital 
signs and treatment given at POI as well as demographics, mech-
anisms, and anatomic distribution of the injuries. Using their identi-
fication number and date of injury, we cross-linked the registry with 
the Israeli National Trauma Registry (INTR). The INTR consists 
of data from 20 of 26 trauma centers in Israel, including all level I 
trauma centers. The registry records all casualties admitted to the 
emergency department and hospitalized, including those who died 
in the emergency department or were transferred to another hospi-
tal following injury. Data reported are recorded by trained trauma 
registrars at each trauma center under the supervision of the trauma 
director and the trauma coordinator. As the identification number in 
Israel is unique for every person, it assured a proper match. Casu-
alties who had no identification number or were not hospitalized in 
one of the 20 hospitals included in the INTR were excluded.

STUDY VARIABLES
Demographic, POI, and prehospital data extracted from the IDF-
TR included identification number, date of injury, whether the 
incident was a military incident and whether the casualty was a 
soldier, casualty age, casualty sex, casualty urgency, mechanisms 
of injury, other life-saving interventions performed, type of evacu-
ation, and casualty death. The severity of TBI was graded accord-
ing to the Abbreviated Injury Scale (AIS) between 1 and 6 [10]. 
Mechanism of injury was grouped into penetrating, blunt, and 
other (e.g., inhalation injury). Injured body regions of chest, up-
per abdomen, and upper back were grouped into chest. Casualties 
could present with injuries in multiple body regions. Life-saving 
interventions (LSI) investigated included tourniquets, hemostatic 
dressing, endotracheal intubation, cricothyroidotomy, crystalloids, 
freeze-dried plasma, packed red blood cells, tranexamic acid, and 
anesthesia. Emergency department and hospital data extracted 
from the INTR included vital signs on arrival, injury severity score 
(ISS), Glasgow Coma Scale (GCS), International Classification 
of Diseases 9 Clinical Modification (ICD-9-CM) codes for both 
diagnoses and procedures, hospital length of stay, intensive care 
unit admission and length of stay, and outcome. 

DATA ANALYSIS 
Comparison of categorical variables was performed using chi-
square and Fisher's exact tests. Normally distributed quantitative 
variables were compared using Student’s t-test. Other quantitative 
variables were compared using Mann–Whitney U test. Categorical 
variables are presented as n (%), continuous variables as mean ± 
standard deviation, or median (interquartile range) as appropriate. 

Statistical analysis was performed using R version 3.6.0. (R 
Foundation for Statistical Computing, Vienna, Austria).

RESULTS

Casualties were grouped according to whether they sustained 
an isolated TBI (Isolated TBI group) or TBI with concomitant  
injuries (non-isolated TBI group). The mean age of trauma ca-
sualties who presented with an isolated and a non-isolated TBI 
were 22 and 21, respectively [Table 1]. The vast majority of the 
casualties among both groups were civilian males. Only 35.5% 
of the casualties with isolated TBI were defined as casualties 
who require an urgent evacuation, compared with 66.6% among 
non-isolated TBI casualties (P < 0.001). In the non-isolated TBI 
group, 47.8% had an ISS higher than 16 compared with 24.4% 
among isolated TBI. A higher percentage of isolated TBI ca-
sualties presented with a blunt trauma injury compared with 
non-isolated TBI (77.5% and 67.9%, respectively, P < 0.001). 

Non-isolated 
TBI (n=614)

Isolated 
TBI (n=271)

P-value

Age, mean ± SD 22.17 ± 5.21 21.179 ± 5.09 NS

Sex

Male, number (%) 546 (88.9) 245 (90.4)

Female, number (%) 68 (11.1) 26 (9.6)

Casualty population NS

Military, number (%) 164 (26.7) 84 (31)

Civilians, number (%) 450 (73.3) 187 (69)

Urgency

Urgent, number (%) 309 (66.6) 83 (35.5)

Non-urgent, number (%) 155 (33.4) 151 (64.5)

Missing data 150 37

Injury mechanism P < 0.001

Blunt, number (%) 328 (67.9) 189 (77.5)

Penetrating, number (%) 115 (23.8) 32 (13.1)

Missing data 131 27

Protective gear, n (%) 63 (10.3) 21 (7.7) NS

Injury Severity Score > 16 293 (47.8) 66 (24.4) P < 0.001

Head AIS score >3 188 67 P < 0.001

Hospital LOS, mean ± SD 10.9 ± 15.9 3.2 ± 6 P < 0.001

ICU, n (%) 250 (40.7) 42 (15.5) P < 0.001

ICU, days, mean ± SD 4.7 ± 11.9 0.8 ± 5.2 P < 0.001

Discharge destination, number (%) P < 0.001

Home 410 (66.8) 242 (89.3)

Rehabilitation 158 (25.7) 14 (5.2)

DOW 33 (5.4) 7 (2.6)

Table 1. Number of positive tests per patient

AIS = Abbreviated Injury Scale, DOW = died of wounds, ICU = intensive 
care unit, LOS = length of stay, SD = standard deviation, TBI = traumatic 
brain injury
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The overall length of hospitalization was higher among non-iso-
lated TBI casualties, with higher rates of ICU admissions 
(40.7% vs. 15.5% among isolated TBI casualties, P < 0.001). 
Crystalloids and tranexamic acid were used more frequently by 
POI caregivers among non-isolated TBI casualties, indicating 
more severe injuries [Table 2]. Non-isolated TBI casualties had 
worse outcomes at discharge.

ence of additional extracranial injuries apart from TBI could have 
indirectly affected the brain, either by immediate mechanisms 
(e.g., injury to the great vessels) or by late complications (e.g., 
infections, organ failure) [11]. According to one study, 44% of 
casualties with extracranial injuries required some sort of reha-
bilitation at 6 months following trauma, compared to 14% with 

Intervention Non-
isolated TBI 

(n=614)

Isolated 
TBI 

(n=271)

P-value

Tourniquet 22 0 NS

Endotracheal Intubation 42 12 NS

Cricothyrotomy 13 1 NS

Needle thoracostomy 4 0 NS

Tube thoracostomy 4 0 NS

Freeze-dried plasma 4 0 NS

Tranexamic acid 22 2 P = 0.007

Crystalloids 69 20 P = 0.029

Table 2. Life Saving Interventions in trauma casualties who presented 
with a TBI, with or without concomitant injuries (n = 885)

TBI casualties were assessed according to the severity of 
their head trauma. Only 59.5% of the casualties with non-iso-
lated TBI who presented with a mild head trauma (AIS of less 
than or equal to 3) had their head injury identified and reported 
by caregivers at the POI, compared to 89.5% of the casualties 
with isolated mild TBI (P < 0.001) [Figure 1]. Among casualties 
who presented with a severe head trauma (AIS > 3), 83.1% of 
the non-isolated TBI group had their head trauma identified at 
POI compared to 90.1% of the isolated TBI group. Despite early 
recognition of the head trauma among casualties with isolated 
TBI, only 19.4% of the casualties with mild head trauma and 
61.1% of the severe head trauma casualties were assessed as re-
quiring urgent evacuation, compared with 45.3% and 87.9% of 
the casualties with severe head trauma, accordingly [Figure 2].

DISCUSSION
In this study, we explored the characteristics and identification 
of trauma casualties who presented with a TBI with or without 
concomitant injuries. Among casualties who presented with a 
non-isolated TBI, the rate of missed head trauma was higher, 
especially among casualties who presented with mild TBI. In 
addition, casualties who presented with mild TBI were less like-
ly to be urgently evacuated to the hospital. 

Casualties with non-isolated TBI presented with more severe 
injuries and required more advanced field care. It is also evident 
by the worse outcomes these casualties experienced, mainly by 
utilizing rehabilitation services following discharge. The pres-

Figure 1. Rate of identification of traumatic brain injury according to 
severity and isolation of the injury

AIS = Abbreviated Injury Scale, TBI = traumatic brain injury
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Figure 2. Percent of casualties assessed as requiring urgent 
evacuation according to AIS and isolation of the injury
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isolated TBI [12]. It is believed that blood-brain disruption in TBI 
plays a main factor in the pathobiology of the brain following an 
injury, especially with concomitant injuries. It has been shown 
that peripheral inflammatory responses can cause the migration 
of leukocytes into the brain, exacerbating the neuroinflammatory 
response to a TBI [13]. Therefore, the presence extracranial inju-
ries can modify the outcomes of TBI casualties.

TBI casualties can further deteriorate due to inflammatory 
responses and lead to secondary brain injuries [14,15]. Prehos-
pital hypoxia and hypotension are the main factors associated 
with increased mortality in TBI casualties [16-18]. Therefore, 
early recognition of the injury mechanism and early treatment 
are necessary to improve patient outcomes [19]. We showed that 
isolated TBI was more likely to be missed by POI caregivers, and 
severe isolated TBI in nearly 40% of the cases was not urgently 
evacuated to the hospital, which could have delayed life-saving 
interventions. As for the missed cases, they may be due to more 
evident injuries, which may have caused the caregivers to miss 
the head trauma. As for the decision to use non-urgent ways of 
evacuation in severe head trauma casualties, it can most likely 
be attributed to an underestimation of the severity of the injury 
by the caregivers. Therefore, a higher index of suspicion may be 
needed to successfully recognize head trauma, and every TBI 
should be considered as severe until proven otherwise.

In our subjects, nearly half of the casualties who presented 
with non-isolated mild TBI were initially missed and their diag-
nosis was delayed until arrival to the ED. Evidence suggests that 
unrecognized and untreated mild TBI can increase the occur-
rence of future post-traumatic stress disorder and depression, es-
pecially among military personnel [20,21]. Other neuropsycho-
logical outcomes, including increased distractibility and deficits 
in learning and memory as early as 4 to 5 days post-injury, were 
reported [22]. Some studies reported that these effects may last 
up to 6 months following injury [23], stressing the importance 
of early recognition of such injuries.

LIMITATIONS
Due to the retrospective design of the study, we could not de-
termine any causality in our findings. In addition, some patients 
with very mild TBI could have been missed as we did not use 
advanced diagnostic tools tailored to detect them, and relied 
mainly on physical findings and full-body computerized to-
mography scans. Several validated magnetic resonance imaging 
protocols were shown to have higher sensitivity at detecting mi-
crobleeds in the brain, which could have increased the number 
of patients presenting with TBIs [24]. Furthermore, extracranial 
injuries are often heterogenous and different injuries could have 
different effects on outcomes. In this study, we did not separate 
the results based on injury location and based our assessment on 
general injury severity scores.

CONCLUSIONS

Among TBI casualties with multi-organ injuries in the prehospi-
tal setting, TBI was less likely to be recognized and considered 
during evacuation. Non-isolated TBI casualties presented with 
worse outcomes and their head trauma was more likely to be 
missed, which could have contributed to their overall outcomes. 
In addition, we showed that severe isolated TBI was more like-
ly to be underestimated by POI caregivers, delaying in-hospital 
treatment. As early identification and treatment of TBI benefit 
the patient survival, stricter guidelines should be implemented 
by POI caregivers to identify head trauma and regard it as se-
vere until proven otherwise.
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Capsule

Efficacy and safety of an extravascular implantable cardioverter-defibrillator
The extravascular implantable cardioverter-defibrillator 
has a single lead implanted substernally to enable 
pause-prevention pacing, antitachycardia pacing, and 
defibrillation energy like that of transvenous ICDs. 
Friedman and colleagues conducted a prospective, 
single-group, nonrandomized, premarket global clinical 
study involving patients with a class I or IIa indication 
for an ICD. All patients received an extravascular ICD 
system. A total of 356 patients were enrolled, 316 of 
whom had an implantation attempt. Among the 302 
patients in whom ventricular arrhythmia could be induced 
and who completed the defibrillation testing protocol, the 
percentage of patients with successful defibrillation was 
98.7% (lower boundary of the one-sided 97.5% confidence 
interval [CI] 96.6%; P < 0.001 for the comparison with the 
performance goal of 88%); 299 of 316 patients (94.6%) 

were discharged with a working ICD system. The Kaplan–
Meier estimate of the percentage of patients free from 
major system or procedure-related complications at 6 
months was 92.6% (lower boundary of the one-sided 
97.5% CI, 89.0%; P < 0.001 for the comparison with 
the performance goal of 79%). No major intraprocedural 
complications were reported. At 6 months, 25 major 
complications were observed, in 23 of 316 patients 
(7.3%). The success rate of antitachycardia pacing, as 
assessed with generalized estimating equations, was 
50.8% (95% CI 23.3–77.8). A total of 29 patients received 
118 inappropriate shocks for 81 arrhythmic episodes. 
Eight systems were explanted without extravascular ICD 
replacement over the 10.6-month mean follow-up period.

N Engl J Med 2022; August 28, DOI: 10.1056/NEJMoa2206485 
Eitan Israeli

Capsule

Children protect parents against severe COVID-19
During the current COVID-19 outbreak, children were 
less likely than adults to develop severe disease, and the 
causes for this are obscure. One hypothesis is that early 
in life, children are exposed to other coronaviruses, which 
strengthens their immunity to this virus family. Solomon 
and colleagues showed that adults with children are also 
protected. The authors analyzed data from millions of 
patients in a healthcare system and discovered that although 

adults with children had a higher risk of getting COVID, they 
were less likely to develop serious disease. The authors 
could not obtain direct evidence of preexisting immunity to 
coronaviruses but suggested that parents were likely exposed 
to endemic coronaviruses when their children are young, thus 
providing them with partial immunity against COVID-19.

Proc Natl Acad Sci USA 2022;119: e2204141119 
Eitan Israeli




