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Abstract

analyzed.

Background: Many factors of trauma care have changed in the last decades. This review investigated the effect of
these changes on global all-cause and cause-specific mortality in polytrauma patients admitted to the intensive
care unit (ICU). Moreover, changes in trauma mechanism over time and differences between continents were

Main body: A systematic review of literature on all-cause mortality in polytrauma patients admitted to ICU was
conducted. All-cause and cause-specific mortality rates were extracted as well as trauma mechanism of each
patient. Poisson regression analysis was used to model time trends in all-cause and cause-specific mortality.

Thirty studies, which reported mortality rates for 82,272 patients, were included and showed a decrease of 1.8%
(95% CI 1.6-2.0%) in all-cause mortality per year since 1966. The relative contribution of brain injury-related death
has increased over the years, whereas the relative contribution of death due to multiple organ dysfunction
syndrome (MODS), acute respiratory distress syndrome, and sepsis decreased. MODS was the most common cause
of death in North America, and brain-related death was the most common in Asia, South America, and Europe.
Penetrating trauma was most often reported in North America and Asia.

Conclusions: All-cause mortality in polytrauma patients admitted to the ICU has decreased over the last decades. A
shift from MODS to brain-related death was observed. Geographical differences in cause-specific mortality were
present, which may provide region-specific learning possibilities resulting in improvement of global trauma care.
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Background

Trauma is the leading cause of death and disability world-
wide. Over five million people worldwide are killed annu-
ally due to injury resulting from traffic accidents, falls,
drowning, burns, poisoning, (self-inflicted) violence, or
acts of war. These deaths account for 9% of global mortal-
ity—more than that of HIV/AIDS, malaria, and
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tuberculosis combined. For each death, there are many
more hospitalizations, emergency department visits, and
doctor’s appointments [1, 2]. Despite many improvements
in primary, secondary, and tertiary prevention, e.g., legisla-
tion, introduction of computed tomography (CT), and de-
velopment of advanced trauma life support (ATLS), these
numbers show that still there are many trauma victims,
and more preventative, diagnostic, and therapeutic options
are necessary to reduce these numbers [3].

Several studies have shown that many trauma patients
die at a very early stage, either on-site or within the first
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48 h after admission [4—6]. However, improvements in
injury prevention and trauma care may have caused a
right-shift in time of mortality after injury suggesting
there has been a shift from a trimodal to a bimodal dis-
tribution [3, 6]. Longer survival implicates more inten-
sive  care unit (ICU) admissions, rendering
improvements in ICU care essential. However, an over-
view article providing insight in mortality rates of global
trauma care is lacking. Such an article could offer im-
portant insights in aspects that require further improve-
ment of care as well as research.

The main objective of this systematic review was to as-
sess whether there has been a change in all-cause mor-
tality in polytrauma patients admitted to the ICU. This
research’s aim was subdivided in assessing (1) changes in
the specific causes of death and (2) differences between
geographical locations. A second objective was to assess
whether there have been changes in trauma mechanism
worldwide.

Methods

Search and selection

A systematic review of all published literature according
to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines was conducted
[7]. We aimed to identify all studies that reported on
mortality in polytrauma patients (injury severity score
(ISS) > 15) admitted to the ICU. On the 26th of Febru-
ary 2020, we systematically searched the PubMed,
Cochrane library, and Embase databases. The search
terms “polytrauma”, “ICU”, and “mortality” plus their
plural forms and synonyms were used. The complete
search strings are provided in Appendix 1. Duplicates
were removed using an online screening program (Ray-
yan [8]), and all remaining articles were independently
screened by JvB and MN based on the title and abstract.
Potentially relevant papers were selected, and full texts
were obtained. When correspondence details of the au-
thors were available, they were contacted in case the full
text could not be obtained online or from our university
library. Articles were excluded when no full text was
available; when title, abstract, or full text was not in
English, German, French, Spanish, or Dutch; when only
a specific subset of trauma patients was researched, e.g.,
solely severe thoracic trauma; when all included patients
suffered from a specific condition e.g., sepsis; and when
it concerned reviews or conference abstracts. The refer-
ences of included papers were screened using the same
criteria, as well as the references of relevant and related
reviews.

Quality assessment
Elements from the Critical Appraisal Skills Programme
(CAPS), the Methodological Index for Non-Randomized
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Studies instrument (MINORS), and the Risk of Bias in
Non-Randomized Studies of Interventions (ROBINS-I)
tool were used to assess the methodological quality of
eligible articles [9-11]. Elements included in this assess-
ment comprised clarity and relevance of the study aim,
study design, and different types of bias, e.g., selection,
detection, and reporting bias. An example of selection
bias is when patients were not consecutively included.
An example of reporting bias is when the authors did
not describe clearly how the cause of death was deter-
mined. Suppressing or revealing information selectively
is an example of reporting bias. Similar to the MINORS
instrument, a score of 0, 1, or 2 points was awarded for
each criterion: 0 points were assigned when an item was
not reported, 1 point when an item was reported but in-
adequately, and 2 points when an item was adequately
reported, leading to a maximum of 12 points per study.

Outcome

Data on all-cause mortality, cause-specific mortality,
mechanism of injury, and geographical location were ex-
tracted from the included articles. The end of data col-
lection from each included study was used (instead of
the year of publication) for all analyses to place the data
in the right time frame. Cause-specific mortality was
stratified in brain injury, thoracic injury, abdominal in-
jury, death by exsanguination, multiple organ dysfunc-
tion syndrome (MODS, definitions used by the included
articles are shown in Table 1), acute respiratory distress
syndrome (ARDS, Table 1), sepsis (Table 1), and death
from a cardiac cause. Other causes were categorized as
“miscellaneous”. Mechanism of injury was stratified in
blunt and penetrating trauma. A second, more detailed
analysis for trauma mechanism was performed by using
the following categories: traffic accidents, falls from
height, workplace accidents, suicide, assault, penetrating
injury, and miscellaneous.

Statistical analysis

Trends in all-cause mortality and cause-specific mortal-
ity over time were visualized and analyzed using Poisson
regression models (R Core Team (2015). R: a language
and environment for statistical computing. R Foundation
for Statistical Computing, Vienna, Austria. URL https://
www.R-project.org/). A p value < 0.05 was considered
statistically significant.

Results

Search

The initial search identified 2704 articles (Fig. 1). One
additional article was obtained through personal know-
ledge of one of the authors. We excluded 429 duplicates
after which 2276 articles remained. These were screened
by JvB and MN based on their title and abstract. Full


https://www.r-project.org/
https://www.r-project.org/

Page 3 of 13

(2020) 15:55

Breugel et al. World Journal of Emergency Surgery

POQUDSIP JOU S| UOIHULSP 1DBXD SH INQ ‘PAsSN S| UOIPUOD SIY} JBY} SUBSW ,PAUYSP JON,, ‘SISA|BUR S,3]D13IE SU) Ul PAPN[DUL JOU S| UOIHPUOD Jejndiied siy) Jey) suesw ,pauouaw JoN,

pauyap 10N
pauonusW 10N
pauonuaW 10N
pauyap 10N
pauysp 10N
pauyap 10N
paulap 10N

21005 (Y40S) JUSWSSIsSe
ain|ie} uebio |epuanbag

paulP 10N

BH ww ze < zodd 1o
(Ulw/syieaiq) gz < el Alojedidsal
pue ‘(uiw/s1eaq) 06 < d1el

1eay 901 sjiydoiinau ainjewu
10 00071 40 (1U) 000t SIAOOYN3)
‘8¢ 10 (D,) 9€ uniesadwa
:s1919weled BUIMO||0f 943 JO
2J0W 10 omy snid (21n3nd poojq
SAIISOd) UOII34UL JO SDINOS

pauonuaWw 10N

BHWW z¢ > zodd

10 Ulw/Qg < 1.l Aiojesidsail
{UIW/06 < 918) 1eay 060 <

YIYS Y3| 10 00071 < S1400%Nn3|

> 000% ‘8¢ < "dwa] > 9¢ BUIMO||0}
34} JO 7 Z + 2N} Nd pPoo|q SARISOd

pauonuaw 10N

S24N3Nd poo|q
9AINSOd 10 10BdWI DIWUBISAS YUM JaYLD
UOI1994Ul JO SN0 B JO UOIIEDLIIUSPI pue
(D, §'8E <) 19A3) PAUIRISNS ‘SISOIAD0NNIT

LR UIlg
°od

pauonusw 10N

IEMTS)

paulap 10N
pauoiUsW 10N
pauyap 10N
paulap 10N

paulsp 10N
PaUYSP 10N

Sagy uo
9DUSJ2JUOD) SNSUSSUOD) UedLsUY-ueadoing

wa)goid Aiojelidsal e 1oy Y g < 10} UOIB|IUDA
[eDIUBYDAW 1O} USWRIIND3I IO BHWW 057 >
olel 70l4/20Bd e Ag ainjiey Alojelidsal 91ndy

paulap 10N

[29] 4OW pue SAyY 4o siopipaid pue
SWIRISAS BULIODS tH |PY ‘SHH NUNANN V(Y SHOD

[19] 8678 153UD "SAHY 18 4O
1310y (7861) WY J3IMO4 1L A1ad Aq patiodai sy

W15AS BULIOISHON JoAUSQ

Ww1sAs BuLiods (HOW) ain|iey uebio adiynw JsAauag
pauljep 10N

paulep 10N

pouyep 10N

pauljep 10N

WR1sAs BUL0DS JOW J2AUSQ

paulsp 10N
PaUYSP 10N

(PSPNPUI 10U WR1SAS SNOAISU
[e11uaD) sAep ¢ z 10} suebio buljie) 7 =

'S 08 < awin unseldoquioiyy

|e1ed pajeAllde ue Jo anjea

[BULIOU DY} JO 909 > awli} uiquiolyioid

B Jaylie Ylm (WW/000'00L > 1Unod
1991e|d € Ag Saljewlouge uone|nbeod
/N1 08 < Saseuulesuel) Jo |p/bw g <
uignJijiq e Ag ainjiey dieday p/Owi 7 <
aujuneald Jo/pue Oy < (NNg) usbolnu eain
POO|Q B S PAULDP SBM duN|IR) (U SINDY

sAep [enuanbas ¢ = 10} suebio buljey € =

[¢9] ‘4O pue sS4y 40
sio11paid pue swaisAs BuLIods H |pay

‘SH UBANN "Y1y sHoD Ag pauodal sy

wiened [epnusnbas e uj suebio bujey € 2

[2€] UBURT pue WSS UBA
[£7] USUST pue WISSSIAN UBA
[vel e 19 auy=Q

[LZ] e 19 usyd

[¢Z] "e 39 OueneS 1

[02] "|e 10 Bueyz

(61] e 1= ejsad

[ly] e 312 ZIny
[91] '[e 30 pl=ypeH

[£1] 78 38 qIoy-1seN

[S1] ‘e 39 Jadaaua

[71] "2 38 youyny

[€L] [e 32 |9bay

[Z1] ‘|e 19 siamne

sisdas

SAyy

SAOW

Joyiny

3p1ue papnpul Jad sisdas pue (Sayy) SWOIPUAS ssansip Alolesidsas 91nde ‘(SGOIA) SWoIpuAs uonounsAp uebio aidpinw jo uopiuyaq L ajqel



Breugel et al. World Journal of Emergency Surgery (2020) 15:55

50 —

40 —

30

20

Mortality (%)

10

I [ I [ I I
1970 1980 1990 2000 2010 2020

End of data collection (year)

Fig. 1 PRISMA flowchart of search, screening, and inclusion strategy

texts were then obtained whenever possible. In total, 30
articles were found eligible for this review [12-32]. All
references and citations from these 30 articles were
screened and identified in Web of Science. However, this
did not result in additional relevant articles.

Characteristics of the studies and study populations

An overview of the study characteristics is provided in
Table 2. Thirty studies published between 1985 and
2018 were included in this review with a total of 82,272
patients. Inclusion criteria varied per study and ranged
from multiple criteria, such as a minimum ISS or age, to
no additional criteria apart from “polytrauma patients”
and “admission to the ICU.” Also, the number of in-
cluded patients varied widely from 20 to 31,154 patients,
as well as the study duration with a minimum of 1.5-2
years in the study of Dereeper et al. [15] and a maximum
of 30 years for the study of Probst et al. [28]. Most stud-
ies were carried out in Europe, and especially Germany
was well represented ([12-14, 17, 28, 29, 31, 33-37] 12
out of 19 European studies [12-17, 22, 23, 25, 26, 28, 29,
31-36, 38] were German). Four studies took place in
Asia [18, 20, 21, 37], three in the USA [19, 27, 39], two
in South America [40, 41], and two in Australia [24, 30].

Quality of the included articles

An overview of the quality of the included studies is
given in Table 3. All studies apart from one [21] clearly
described their study design. Most studies were retro-
spective, although data was sometimes collected pro-
spectively in a trauma registry. There was no indication
for selection bias in all 30 studies except for three [33,
34, 37]. Either patients were not consecutively included
or the inclusion process was not clearly described in
these articles. Five studies did not clearly describe how
they obtained data on the cause of death [12, 13, 20, 21,
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25]. Eleven studies scored the maximum number of
points [19, 22, 23, 27, 29-32, 41-43]. The lowest score
was five points [37].

All-cause mortality

All 30 papers reported all-cause mortality rates in their
study population (Table 1). Seven studies stratified their
total study duration in smaller time spans and reported
mortality rates for each time span [13, 17, 22, 25, 28, 29,
31]. All available information was included in our ana-
lysis of all-cause mortality.

All-cause mortality rates in polytrauma patients admitted
to the ICU was observed to decrease over time (Fig. 2). We
note that there was substantial variation between studies.
For example, the study by Mazandarani et al. [37] showed a
relatively high mortality (31%) considering its time period
(2012), whereas Goins et al. reported a relatively low mor-
tality (6%) for its time period (1988) [27]. Mortality de-
creased with approximately 1.8% per year (95% confidence
interval (CI) 1.6-2.0%, p < 0.001).

Changes in cause of death over time

Fifteen of the included articles reported data on the indi-
vidual causes of death [12-17, 19-23, 32, 34, 36, 41].
One paper provided date from five independent time pe-
riods leading to a total of 19 data points [17]. Multiple
organ dysfunction syndrome (MODS) was reported as
the main cause of death in several studies until the end
of the last century [13, 14, 17]. At the turn of the cen-
tury, this altered and brain injury often became the lead-
ing cause of death. Figure 3 shows the relative
contributions (cause-specific mortality as a percentage of
all ICU mortality in trauma patients admitted to the
ICU). The relative contribution to ICU mortality of
MODS, ARDS, and sepsis decreased over time: relative
decreases per year of 1.9% (95% CI 1.2-2.7%), 8.4% (95%
CI 6.0-10.6%), and 1.7% (95% CI 0.5-2.9%), respectively.
In conjunction with this decrease, an increase was ob-
served for the relative contribution to ICU mortality of
brain injury and hemorrhage: relative increases per year
of 2.5% (95% CI 1.9-3.0%) and 1.9% (95% CI 1.0-2.9%),
respectively.

Changes in trauma mechanism over time

Thirteen of the 30 included articles provided data on
mechanism of injury sustained by their study population
[12, 14-16, 20-22, 26, 27, 36, 37, 39, 40]. There have
been no changes in the ratio of blunt and penetrating
trauma over time (Fig. 4a). Traffic accidents were the
most prevalent trauma mechanism reported in all arti-
cles, although there has been a decrease of approxi-
mately 25% in almost 25years (Fig. 4b). Falls and
workplace accidents were often reported as the second
most common trauma mechanism. Assault, suicide
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attempts, accidental injuries, and penetrating injuries
(stab wounds as well as gunshot wounds) were all less
common causes of trauma, but were similarly prevalent
throughout all years.

Geographical differences in trauma mechanism and
causes of death

The included articles were divided into subgroups repre-
senting the continent of the study population. First, dif-
ferences in all-cause mortality between continents were
analyzed for studies published after 2000 to reduce tem-
poral influences (Table 1, Europe n = 17, South America
n = 2, North America n = 2, Asia n = 3) (Fig. 4).
Weighted averages based on the study population of
each study resulted in 14.4% all-cause mortality for Eur-
ope, 22.6% for South America, 9.6% for North America,
and 18.5% for Asia. Further analyses on geographical dif-
ferences, such as blunt/penetrating trauma and the most
prevalent cause of death, can be found in Appendix 2.
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Discussion

This systematic review of all-cause mortality in poly-
trauma patients admitted to the ICU showed that over
the last 35years all-cause mortality decreased by ap-
proximately 1.8% per year. Analysis of cause-specific
mortality suggests that this is mainly attributable to de-
creases in MODS-related and ARDS-related mortality.
Mortality due to brain injury on the other hand in-
creased. These observed relative increases and decreases
should be seen in relation to each other as all-cause
mortality decreased substantially. More specifically, be-
fore the turn of the century, organ failure was a more
prevalent cause of death than brain injury. These find-
ings are in line with the results from the study by Trun-
key [5]. He suggested a trimodal distribution of
immediate, early, and late deaths following trauma with
the late deaths occurring several days to weeks after the
initial injury. The cause of death in this phase was most
commonly due to sepsis and MODS. However, since this
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Fig. 3 Relative contribution of cause-specific mortality to all-cause mortality in polytrauma patients admitted to the ICU since 1966. Different

classification system is over 30 years old, this trimodal
distribution does not reflect the current situation any-
more, as shown in previous studies [6].

Probably many factors, both pre-hospital and in-
hospital, have contributed to the decrease in mortality
throughout the past decades. Preventive strategies and
legislation, such as obligatory use of seatbelts, as well as
advances in diagnostic tools, resuscitation protocols, and
peri-operative and surgical procedures have played an
important role [2, 3, 44—47]. In addition, many improve-
ments in trauma care regarding prevention and treat-
ment of MODS/ARDS/sepsis have potentially led to the
observed shift towards a larger relative contribution of
brain injury-related death. According to Nast-Kolb et al.
MODS-related mortality decreased due to an improved
overall performance of trauma management and ICU
care [17]. They identified several specific, major changes
such as volume resuscitation, mechanical ventilation
with airway pressure limitation, damage control treat-
ment and early enteral nutrition as being of most
importance.

High brain injury-related mortality could partially be
explained by the trauma mechanism. Brain injury is
often a consequence of blunt injury. It can be divided in
primary brain injury, resulting in direct neuronal damage

from the accident, and in secondary injury occurring at
a later stage due to hypoxemia, hypotension, seizures,
and intra-cranial hypertension. Secondary injury is a
major contributor to mortality [16, 48]. According to
Hadfield et al., secondary insults are preventable and
treatable, and the main aim of critical care must be to
prevent such secondary insults [16]. However, hypox-
emia and hypotension may remain important causes of
mortality, as they are complications of massive
hemorrhage, which often used to be fatal at the site of
the accident or in the emergency department, but is not
anymore.

Interestingly, hemorrhage-related death in the ICU in-
creased over time. This is in contrast with a large review
showing that exsanguination-related death decreased
over time (approximately 20% in 20 years) when the en-
tire trajectory from the pre-hospital phase until the ICU
was observed [3]. The authors suggested that the im-
provements in hemorrhage management and implemen-
tation of ATLS decreased mortality within 60 min after
admission [49, 50]. Also, rapid diagnostics with 24-h ac-
cess to an onsite CT scanner and the introduction of the
damage-control approach further reduced the probabil-
ity of exsanguination soon after hospital admission [51—
53]. Before the introduction of damage control
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Geographical differences in trauma mechanism
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resuscitation about 20 years ago, surgeons would operate
and perform definitive interventions. This often led to
metabolic derangement and/or death as severely injured
patients frequently do not have the physiological reserve
to undergo definitive surgery. On the other hand, now-
adays, patients may survive the initial phase of trauma
care in the ED and operating theater but may bleed out
in the ICU due to new onset or uncontrolled surgical
bleeding. Our findings suggest that there is a relative in-
crease (in relation to a decrease in other causes of mor-
tality) in exsanguination once admitted to the ICU.

One of the studies included in this review studied
changes in ICU mortality from exsanguination over a
15-year period and found no changes [22]. Considering
these findings, it may be worthwhile to focus on pre-
ventative and therapeutic options for exsanguination in
the ICU setting.

Analysis of the data per continent showed slight differ-
ences in all-cause mortality. Alternatively, penetrating
injuries were most common in North America which
has been previously reported [16, 54]. We recommend
more research on differences between continents and
countries and the influence of different trauma systems
on these variances to create learning opportunities and
improvements in global trauma care.

This review has several limitations. First, the term
“polytrauma”, one of our inclusion criteria, has always
been a topic of debate in literature [35, 55]. Several of
our included studies used different definitions, e.g. ISS >
15 by Frohlich et al. [31] and ISS > 25 by Lauwers et al.
[12] (Table 1). A start at gaining consensus was made
with the international meeting in 2012 [35]. Further
work should build upon this meeting and should focus
on estimating the risk of mortality and predicting the re-
quirement of therapeutic care on an individual basis.
This will help to apply new findings to the right patients
and in comparing study results more accurately. Simi-
larly, the terms MODS, ARDS and sepsis were defined
differently in different studies (Appendix 2). Also,
whereas some studies looked at all deaths during ICU
admission, others included solely data from a pre-
defined period, such as 30-day ICU mortality. Yet, study
outcomes were compared in this study as these contain
the best data currently available. Also on other levels the
included study populations were similar, but not entirely
equal, e.g., Lauwers et al. [12] only included patients suf-
fering from blunt trauma, while other authors also in-
cluded penetrating trauma [13, 15, 20].

A second limitation is the extensive period covered in
this review with a relatively small number of included
articles. We suspect that more studies reported all-cause
mortality, but if these numbers were not reported in the
title or abstract, these articles were not identified by our
search (Fig. 1). This large time span might have
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introduced bias, e.g., due to changes in causes of death
that were of interest in the concerning time period or
due to the development of establishing specialized
trauma centers, e.g., for neurotrauma. Another limitation
concerns a substantial number of included articles re-
ported on data from the German trauma registry,
which limits the generalizability of our findings. Also,
in this review work-related injury is reported as a
trauma mechanism—as do many article references in
our review—although strictly it is not a trauma mech-
anism by itself. Rather, it is an umbrella term for
trauma mechanisms, such as fall from height, falling
objects, crushing injuries, and machinery injuries. A
final limitation is that several studies provided data
based on relatively long study periods of 10, 15, and
20years [14, 19, 22]. Since studies were analyzed
based on the end of data collection, rather than the
years from which information was obtained, this
could have influenced the results of this review.

Conclusion

In conclusion, in this review of polytrauma patients ad-
mitted to the ICU, the all-cause mortality decreased over
the last decades. This decline could be considered a suc-
cess of the improvements in trauma care. Before the
turn of the century MODS was the leading cause of
death, whereas nowadays it is brain injury.

Appendix 1. Search strings
PubMed

((“Multiple Trauma”[Mesh] OR polytrauma [tiab] OR
“multiple trauma” [tiab] OR “massive trauma” [tiab] OR
“multiple injury” [tiab] OR “polytraumatized patient*”
[tiab] OR “multiple trauma” [tiab] OR “severely injur*”
[tiab]) AND (“Intensive Care Units”[Majr] OR ICU*
[tiab] OR “Intensive Care Unit*” [tiab] OR “intensive
care department” [tiab] OR “intensive treatment unit*”
[tiab]) AND (“Mortality”[Mesh] OR mortality [tiab] OR
death [tiab] OR casualt* [tiab] OR outcome* [tiab]))

Embase

(‘multiple trauma’/exp OR ‘massive trauma’:ti,ab,kw
OR ‘multiple injury’ti,ab,kw OR polytrauma:ti,ab,kw OR
‘polytraumatized patient’:ti,ab,kw OR ‘multiple trauma’:
ti,ab,kw) AND (‘intensive care unit’/exp OR icu:ti,ab,kw
OR icus:ti,ab,kw OR ‘intensive care department’:ti,ab,kw
OR ‘intensive care units’:ti,ab,kw OR ‘intensive treatment
unit’:ti,ab,kw OR ‘intensive care’:ti,ab,kw OR ‘special care
unit’:ti,ab,kw) AND (‘mortality’/exp OR death:ti,ab,kw)

Appendix 2. Further analyses on geographical
differences

Differences in the ratio between penetrating and blunt
trauma were analyzed. Summary statistics (percentages)
are presented here. Because of the limited amount of
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data, no comparative statistical tests were performed.
Seventeen articles included both trauma types in their
study population and reported complete data (North
America (USA): n = 3 [19, 27, 39], South America: n = 2
[40, 41], Asia: n = 2 [20, 21], Oceania (Australia): n = 2
[24, 30], Europe: n = 8 [15, 16, 22, 23, 29, 31-33]).
Weighted averages per continent were calculated based
on patient numbers. In all five continents, the majority
of the traumas were blunt (Fig. 4a). North America had
the highest percentage of penetrating trauma (16%),
followed by Asia (15%), South America (13%), and then
Europe and Oceania (both 4%).

Further differences in the causes of mortality per con-
tinent were studied. The four most common causes were
selected: brain injury, MODS, hemorrhage, and sepsis.
Fourteen articles reported complete data and were in-
cluded in this analysis (North America (USA): n = 1
[19], South America: n = 1 [41], Asia: n = 2 [20, 21],
Europe: n = 10 [12-17, 22, 23, 32, 34]). Again, weighted
averages were calculated. MODS was highest in North
America (51% of all deaths), while brain injury was most
common in Europe (40%), and hemorrhage was most
prevalent in Asia (37%) (Fig. 4b). Over time brain injury-
related mortality substantially increased in Europe,
whereas MODS-related death decreased substantially. It
should be noted that the number of included articles per
continent is small and that, as a consequence, there is a
substantial risk of bias, e.g., over time the interest in
reporting (different) causes of death may have changed
and specialized trauma centers may have been
established.
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