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Abstract

As emerging countries, China, Russia, and South Africa are establishing and/or improving their trauma systems.
China has recently established a trauma system named “the Chinese Regional Trauma Care System”and covered over
200 million populations. It includes paramedic-staffed pre-hospital care, in-hospital care in certified trauma centers,
trauma registry, quality assurance, continuous improvement and ongoing coverage of the entire Chinese territory.
The Russian trauma system was formed in the first decade of the twenty-first century. Pre-hospital care is region-
based, with a regional coordination center that determines which team will go to the scene and the nearest hospital
where the victim should be transported. Physician-staffed ambulances are organized according to three levels of
trauma severity corresponding to three levels of trauma centers where in-hospital care is managed by a trauma team.
No national trauma registry exists in Russia. Improvements to the Russian trauma system have been scheduled. There
is no unified trauma system in South Africa, and trauma care is organized by public and private emergency medical
service in each province. During the pre-hospital care, paramedics provide basic or advanced life support services
and transport the patients to the nearest hospital because of the limited number of trauma centers. In-hospital care
is inclusive with a limited number of accredited trauma centers. In-hospital care is managed by emergency medicine
with multidisciplinary care by the various specialties. There is no national trauma registry in South Africa. The South
African trauma system is facing multiple challenges. An increase in financial support, training for primary emergency
trauma care, and coordination of private sector, need to be planned.
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Introduction

Trauma is a worldwide public health issue with economic
implications. Between 1980 and 2017 road injury was
the sixth cause of death in 195 countries and territories
[1]. Numerous studies have demonstrated that trauma
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The Chinese trauma system

In 2018, China had a population of approximately 1.4
billion inhabitants heterogeneously spread across 9.6
million km? (Fig. 1a) [12]. Mortality from trauma is
around 30/100,000 in urban areas and approaches
50/100,000 in rural areas. It is the fifth cause of nation-
wide mortality.
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The Chinese trauma system: territorial organization

and pre-hospital care

In the early 2000s, the huge expansion of highway net-
works and vehicles in China was associated with a
marked increase in trauma injuries. The inadequate exist-
ing emergency rescue system (see Additional file 1 His-
torical background) resulted in a high mortality rate [13,
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Fig. 1 The Chinese Regional Trauma Care System “One region, Two links, Three teams”a Map of China showing the heterogeneous distribution

of the population density over the national territory b Characteristics of the Chinese Regional Trauma Care System. The basic unit is a county or a
small city including one to two million inhabitants with a level | trauma center in an existing large-scale hospital. The Chinese Regional Trauma Care
System provides pre-hospital care from the emergency call center, the emergency care on scene and the transportation, and in-hospital care, which
is provided either in a large-scale hospital (served as “level | trauma center”) with the availability of a multidisciplinary team or in five to six small
hospitals (served as “trauma care sites”) with the ability to provide basic trauma care. Transfer between trauma care sites and level | trauma centers
is possible according to pre-determined triage algorithm, creating “regional close-loop trauma care”. ¢ Map of China showing that the number of
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14]. The China Trauma Rescue & Treatment Associa-
tion (CTRTA) and National Center for Trauma Medicine
(NCTM) were founded in 2016 and 2019 to construct a
trauma system adapted to Chinese specificities.

In 2016, the “Chinese Regional Trauma Care System”
(CRTCS) was created under the government’s auspices,
and the first step called “100 Counties Project” was
implemented (Fig. 1b—d). In 2020, approximately 1000
level I trauma centers had been created in existing hos-
pitals of more than 700 counties, covering 28 out of the
34 provinces and including over 200 million inhabitants.

Each county or city has an emergency call center which
receives the calls on the national emergency number
“120” and dispatches paramedic-staffed ambulances
Transportation to the appropriate trauma center is
decided according to an established algorithm. There is
an information system providing patients’ clinical infor-
mation to the receiving facility. Currently there is no pub-
lic pre-hospital air transportation.

In-hospital care

The in-hospital care is “inclusive” as every trauma patient
irrespective the injury severity is included within trauma
centers in existing hospitals. Level I trauma centers are
located in multidisciplinary large-scale hospitals whereas
level II trauma centers (“trauma care site”) are located
in smaller hospitals. In most trauma centers, there is no
specialized “trauma surgery”. The in-hospital trauma care
leadership can be assumed by orthopedic and general
surgeons, emergency physicians, or other specialists. In
level I trauma centers, multidisciplinary teams are avail-
able for trauma care management. The vast majority of
Chinese provinces are now equipped with level I trauma
centers and there is a government national plan to cover
the whole territory (Fig. 1c, d).

Trauma system governance, trauma registry

and performance improvement

In 2016, the CTRTA created a national trauma registry
and databank. Level I trauma centers of the CRTCS are
required to record clinical data of trauma patients. In
2021, more than 700,000 trauma patients had been reg-
istered. The management of the CRTCS is mainly led
by the CTRTA and NCTM under the policy and aus-
pices of the government. The CTRTA and NCTM have
established standards for trauma care quality, including
regular trauma training courses and meetings required
for the certification of trauma centers every 3 years. The
level I trauma centers are required to establish the qual-
ity control committee. The regular trauma meetings are
required for reviewing the process of trauma care. The
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CTRTA will make regular review of trauma data for
monitoring and improving the outcomes of trauma care.

The Chinese trauma system facing major disasters

China has experienced several high-magnitude earth-
quakes during the twenty-first century such as the 2008
Wenchuan Earthquake and 2010 Yushu Earthquake that
were associated with mass casualties. At those times
no definitive trauma systems existed (see Additional
file 1 Historical background). With national support,
the central government mobilized national resources
to provide efficient rescue to victims [15, 16], while the
regional government facilitated the access to regional
medical facilities. Despite the successful rescue, many
deficiencies requiring improvements were identified
(17, 18].

During the Wenchuan Earthquake, the appropriate
assessment of needs and transport logistics, markedly
affected by destruction of communication routes, were
key issues for trauma patients’ outcomes [19]. For the
severely injured patients, immediate emergency care on
the scene was critical, justifying the rapid implementa-
tion of mobile medico-surgical hospitals on site [20].
To optimize the medical response and fit the degree
of emergency, a triage protocol was implemented [21].
Since many physicians without qualifications in trauma
care were sent to Sichuan, general training in basic
trauma care appeared essential to face future disasters.

Current challenges for the Chinese regional trauma care
system

The CRTCS has gained rapid coverage and trauma
care has been improved. The mortality of trauma had
decreased slightly from 2016 to 2019, especially in
urban areas. [22-24]

Further improvements still need to be undertaken.
Concerning the pre-hospital care, aeromedical trans-
portation needs to be developed in order to opti-
mize neurotrauma care and rescue of severely injured
patients in regions with difficult access. With the estab-
lishment of air transportation, the development of
infrastructures, equipment, aeromedical care proto-
cols, staff training and certification will have to be car-
ried out. The creation of a “trauma surgery” specialty
is indispensable to improve in-hospital care. The estab-
lishment of protocols for massive transfusion, resus-
citative endovascular balloon occlusion of the aorta,
and the creation of hybrid emergency rooms will be
considered.

The CRTCS, initially centered on densely populated
counties and cities, needs to be extended to sparsely
populated border and rural areas. It will have also
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to face the demographic evolution of China with an
increasing aging population.

The Russian trauma system

Russia covers an area of 17,125,191 km? with 146,748,590
residents at 2020. The population is concentrated in the
triangle St. Petersburg-Sochi-Irkutsk. In 2018, the num-
ber of injuries was 12,930,453 (89 per 1000 population)
[25], 12.4 people per 100,000 populations died from road
crash injuries [26], and the total number of ambulance
visits for trauma 3,800,537 (25.9 per 1000 population)
[27].

The Russian trauma system: territorial organization

and pre-hospital care

The modern trauma system was formed in the first dec-
ade of the twenty-first century (see Additional file 2 His-
torical background) [28] with a distribution of trauma
centers adapted to the regional population (Fig. 2).
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In each region, medical call centers answer the
national emergency number “112” The recommended
time for ambulance arrival at the scene <20 min is not
always met. In the Arkhangelsk region (north of Rus-
sia), the ambulance team arrives at the scene in 20 min
only in 3.3% of cases, and the “golden hour” included
only 74.4% of accidents [29]. There are three classes of
ambulances: class A is for non-emergency use; class B
is physician-staffed for medical emergencies; class C is
physician-staffed for emergency resuscitation and mul-
tiple trauma. Recommendations and guidelines for pre-
hospital care are not unified and vary from region to
region. Each regional coordination center determines
which team goes to the scene and the nearest hospital
where the victim is transported. The most advanced
system based on a special software package is available
in the Moscow region [30] and in Saint-Petersburg [31].
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In-hospital care

Russian trauma centers are located in multidisciplinary
hospitals and divided into three levels. Patients with
severe injuries are transported to level I and II trauma
centers equipped to treat severely injured patients. Medi-
cal teams 24 h/day on duty consist of a trauma surgeon, a
neurosurgeon, an intensive care physician, with the sur-
geon most commonly as team-leader.

Trauma system governance, trauma registry

and performance improvement

The Russian trauma system is directed and managed by
the Ministry of Health. There is no national trauma reg-
istry. Each region collects information on the number of
injuries according to the International Classification of
Diseases codes and sends it to the Ministry of Health.
Based on these data, decisions about improvement of
trauma systems are made on the Russian Federation State
level [32]. Improvements relate to the amount of fund-
ing, the type of patient transportation, the identification
of weakness and the determination of educational needs.

The Russian trauma system facing major disasters
and terrorist attacks
In the first 15 years of the twenty-first century, 879 peo-
ple were victims of terrorist attacks in Russia, and more
than 2300 were injured [33]. The most significant was
the hostage-taking at the Beslan school on 2004, which
involved more than 1000 hostages, mostly children and
killed more than 300 people [33]. It started on September
1, the first day of the school year, and ended on Septem-
ber 3 by terrorist auto-explosions followed by the rescue
operation. During the 48 h, 31 specialized ambulances
were routed to the scene, and an airmobile hospital was
deployed by the All Russian Center of Disaster Medicine.
After the explosion, medical assistance was immedi-
ately provided to injured children, using the methods of
military surgery and triage. One hundred and forty-six
children were evacuated to hospitals in Moscow and Ros-
tov. Ten children died. Effectiveness of medical care and
evacuation was provided through integration of all the
medical services of the Ministry of Health, the Ministry
for Civil Defence, and the Ministry of Defence [33].
Analysis of the 12,836 articles on terrorism contained
in the database of the Russian Science Citation Index
revealed that only 1.5% concerned medical aspects. The
same analysis of the 18,334 articles on terrorism con-
tained in the Scopus database revealed 22.7% of medical
publications. This analysis outlined the weakness of Rus-
sian medical publications on terrorism and called for a
better coordination between the three ministries [34].
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Current challenges for the Russian trauma system

The development of aeromedical care is a prerequisite for
the efficiency of the Russian health care system, owing
to its specific climatic and demographic conditions. It is
important both for remote areas and megacities. In Rus-
sia, the existing aeromedical service was initially carried
out only by the Ministry for Civil Defence, Emergencies
and Elimination of Consequences of Natural Disasters.
The recent development of aeromedical services was ini-
tiated by the Ministry of Public Health and the Ministry
of Industry and Trade under the instructions of the Presi-
dent of the Russian Federation.

Joint Stock Company National Air Ambulance Service,
an operator designed to provide emergency aeromedical
care throughout Russia, was founded in 2017. The project
to create the National Air Ambulance Service was initi-
ated by Rostec State Corporation at the end of 2018. In
2019, 49 regions were involved, and in 2020 their number
increased to 70. The cost is funded by the Obligate Medi-
cal Insurance fund, and additional resources for payment
are issued from the budgets of the Russian Federation.
Aviation evacuations from the scene to medical facili-
ties represented 30.9% of cases in 2019 and inter-hospital
aeromedical transportations accounted for 68.9%. The
lack of a single system and organization that coordinates
interaction between Ministries, air services and hospitals
in each region, explains that existing aeromedical ser-
vices are often not used or insufficiently used [35]. The
new unified National Air Ambulance Service should cor-
rect these deficiencies.

It is planned to implement new blocks of emergency
care with separation in “red” zone for severe patients,
“yellow” for patients of moderate severity and “green”
for patients with isolated injuries. The fleet of ambulance
cars is also being updated, and aeromedical helicopter
numbers are increasing. The government has set targets
to be achieved by the end of 2020. A reduction in mor-
tality from road traffic injuries to 10 per 100,000 popula-
tions, was achieved by 2019. The next targets are bringing
80% of patients with polytrauma to level I and II trauma
centers, and reducing the transportation time to less than
1h.

The South African trauma system

South Africa has 58 million people spread across
1,221,037 km? and nine provinces. Provincial health
reports to a National Department in the public sphere
caring for 84% of the population [36, 37]. A fee-for-
service private sector covers the rest, with inequality of
care across the country [38]. Trauma cases per year are
12/1000 population with about 50,000 mortalities divided
approximately 60:40 blunt to penetrating trauma [39, 40].
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Trauma has a lower priority resulting from government’s
primary health care focus.

The South African trauma system: territorial organization
and pre-hospital care
Health care is enshrined in the 2003 National Health Act,
which requires provincial oversight of the health facili-
ties, services and human resources in the nine provinces.
Independently private hospital groups and Emergency
Medical Services (EMS) have their own footprint [41].
There is no one unified trauma system: each province has
both public and private EMS that cooperate and coordi-
nate to varying degrees. Each system is at differing states
of formalization. The first “trauma center” was estab-
lished in 1962 and EMS became established in the late
1970’s with “paramedics” similar to the American system
(see Additional file 3 Historical background).

Since 1985 there is a national EMS telephone number
(currently the 112) that routes to the nearest provincial
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EMS control center, allowing for coordinated dispatch
of public paramedic-staffed ambulances and rescue ser-
vices [42]. This does not apply to the private sector, with
unlinked call-centers, despite the legislated requirement
to update the public coordinating centers. Paramedics’
training is based on 4-year degree programs (see Addi-
tional file 3 Historical background). From dispatch of
basic or advanced life support (ALS) services and Fire &
Rescue, the nationally mandated response time is under
15 min for 90% of urban calls and extended to 45 min for
rural areas [43]. Rapid transfer follows essential treat-
ment on scene to the nearest hospital in most cases
because of the limited number of trauma centers (Fig. 3).
South African aeromedical transportation combines
private and public services. EMS use field triage which
success is limited by major shortage of ALS provid-
ers, and patient flow protocols in public sector services
[44]. At the state sector level and for certain of the larger
nationally active private services (Netcare911 and ER24)
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communication systems and command centers link-
ing the on-scene practitioner with the receiving hospital
exist, mandated by various laws.

In-hospital care

There are no trauma-only hospitals. Trauma Centers are
accredited by the Trauma Society of South Africa (TSSA)
[45, 46]. Trauma is initially managed by emergency medi-
cine with multidisciplinary definitive care by the various
specialties. Trauma surgery is present mainly in the Aca-
demic Hospitals and the accredited private units [47].

Trauma governance, registry and performance
improvement

There is no national governance. Trauma management
has a multi-factorial governance supervised by the gov-
ernment with professional buy-in, and both private and
public compliance and dual-payor system. There is no
national trauma registry, while regional and facility-based
registries exist in academic facilities and private groups.
The Health Professions Council, Nursing Council, TSSA
and College of Surgeons define quality assurance and
trauma qualifications [47, 48].

The South African trauma system facing major disasters
and terrorist attacks

South Africa is no stranger to major incidents and dis-
asters, with earthquakes, floods, and mass casualty inci-
dents commonplace [49, 50]. During the Apartheid era,
bomb explosions were commonplace and during the
transition period around 1994 there were a number of
grenade and gun-attacks on churches across the coun-
try [51, 52]. Due to the informal settlements with sheet-
metal shacks built close together major fire disasters are
commonplace. More recently there was extensive devel-
opment in Disaster Medicine when the country hosted
the football World Cup in 2010. This led to the national
institution of the Major Incident Medical Management
and Support (MIMMS) and Hospital Major Incident
Medical Management and Support (HMIMMS) major
incident response systems that have stood the country in
good stead when planning and activating for the current
SARS-CoV-2 pandemic [53, 54].

Daily there are mass casualty incidents when minibuses
used as taxis with 15-20 passengers, buses or heavy vehi-
cles crash with numerous casualties that overload the
pre-hospital and hospital system. Train crashes occur at
least one or twice a year, often with 150-200 casualties.
Industrial and mining incidents are also noted about 2-3
times annually [55]. With the regular use of the MIMMS/
HMIMMS approaches, despite stretched resources, the
health system copes and comes out stronger on the other
end.
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Current challenges for the South African trauma system
The challenge remains that many public hospital emer-
gency departments are staffed by non-doctors, junior
doctors and lack senior leadership, especially at district
level where the focus is on primary care, disease preven-
tion, and public health. This leads to the need for phased
up-referral to regional and tertiary/quaternary facili-
ties, delaying definitive care to the most vulnerable of
the population. Lack of beds and access to ICU facilities,
competition from other surgical cases, notably Caesarian
Section, delay surgical care at most hospitals [39, 47]. The
phased health care system “primary-care” model means
that ambulances and private vehicles will often still take
patients to the nearest facility, rather than the appropri-
ate facility [39].

A vibrant and competitive private sector component
has developed within the private health care arena. The
challenge here is that the fee-for-service private sector
cares for about 15% of the South African population yet
uses up to 50% of the healthcare gross domestic product.
With the exception of a small number of accredited Pri-
vate level I and II trauma units, currently found only in
Cape Town, Durban, Pietermaritzburg & Johannesburg,
where dedicated trauma wards and a trauma ICU have
been established, most private hospitals have no spe-
cific trauma wards and patients are accommodated in
the ward of the specialist caring for them [46, 47]. Access
to rehabilitation is remains limited in the public sector,
while the private sector fairs much better on this aspect
of trauma care [39, 56].

To date there is no national trauma databank or equiva-
lent registry. There are facility-based registries and one
large private hospital emergency registry, with disparate
variables collected and different electronic platforms or
even paper-based systems at the core [39]. There is no
current national health identity system meaning that a
patient record from one part of the country cannot be
accessed elsewhere in an emergency, a major challenge to
offering quality care to the injured.

Research on the trauma system in South Africa sug-
gests improved return to work [39]. But it also faced with
challenges regionally: the cost, infrastructure require-
ments and the risk of litigation, along with the reality
of competing priorities, namely maternal-child-health,
communicable disease (especially Tuberculosis and HIV-
AIDS), and non-communicable lifestyle diseases in the
context of limited gross domestic product to spend on
health-care.

Developing new trauma systems: requirements,
consideration of specificities and difficulties

A trauma system consists of call and dispatch centers,
pre-hospital care, in-hospital care, regional trauma
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networks, trauma registry, rehabilitation, and qual-
ity assurance [57]. Considering the pre-hospital care,
several aspects are of critical importance: (1) the exist-
ence of a national or regional EMS with an access tel-
ephone number controlled by a lead agency; (2) the
adaptation of EMS to the geographical characteristics
and the population density; (3) the type of pre-hospital
care: either physician- or paramedic-staffed. Physi-
cians provide high quality ALS at the scene and during
transportation to the hospital. Paramedics can deliver
either ALS or basic life support (BLS) at the scene.
ALS includes noninvasive and invasive interventions,
such as endotracheal intubation and intravenous cath-
eters for drug and fluid delivery (“stay and play”). BLS
emphasizes rapid transport to the hospital with mini-
mal treatment at the scene using only noninvasive
interventions, such as bag valve masks for respiratory
support (“scoop and run”); (4) the quality of triage and
the type of transportation, either ground or air trans-
portation, imply the existence of a regional trauma
network to limit over and under triage and second-
ary inter-hospital transportations; (5) facility-based
in-hospital care, assessed periodically by accredita-
tion processes; (6) a national or regional trauma reg-
istry is critical for assessments and improvement. The
construction of trauma systems in emerging countries
is challenging. Any national trauma system is inevita-
bly developed on the basis of the existing health-care
system and infrastructures. China, Russia, and South
Africa have experienced a difficult process, the pri-
mary trauma systems have already been established.

In China, due to the vast territory and an exist-
ing health-care system consisting of huge hospital
resources with multidisciplinary capacities, the trauma
system was conceived as regional, each region forming
an inner trauma system as a part of the future national
trauma system framework. High local population den-
sity, good economic conditions, dense ground trans-
portation network, and the existing hospital resources
were key determinants to select middle and eastern
provinces as the first stage of the primary “CRTCS”
(Fig. 1c). Each regional inner trauma system is cen-
tered on a large-scale level I trauma center, providing
high quality in-hospital care, and meeting criteria of
level IV hospital-based trauma system [57]. In the near
future, aeromedical transportation will become a pri-
ority, to reduce the pre-hospital transportation time in
the western provinces and border regions with difficult
access terrain.

In Russia, the level III/IV pre-hospital trauma sys-
tem [57] was formed within the past 20 years. Due to
the vast territory, region-based coordination cent-
ers control the pre-hospital ambulance dispatch. The
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predominant distribution of trauma centers in the
western and southern regions, fits the regional popula-
tion density (Fig. 2). With a dense network of univer-
sities in these regions, a large number of emergency
medical doctors are trained for delivering high quality
pre-hospital physician-staffed ALS. Due to an outdated
road network with a limited number of highways and
railroads, and vast regions of difficult access, aeromedi-
cal care has been prioritized.

In South Africa, public and private health-care both
contribute to province-based EMS but with no defi-
nite coordination protocol. The country has the best
transportation network in Africa which contributes to
facilitate ground EMS transportation. In-hospital care
is inclusive and the number of accredited trauma cent-
ers is limited, resulting in most severely injured patients
being transported to the nearest hospital. In-hospital
care is managed by emergency medicine and multidisci-
plinary teams. Huge social disparities coming from the
Apartheid period with persisting crowded townships in
big cities, a vast territory with a relatively low density of
population and lack of governmental priority for trauma
care, explains why no unified trauma system currently
exists in South Africa. An increase in financial support
for trauma care, training in primary emergency trauma
care, coordination and utilization of private health-care,
also need to be planned.

Conclusion

The construction of trauma systems in emerging coun-
tries is challenging, requires a thorough design and
should be implemented according to a national plan.
Flexible adjustments are adapted to specific country con-
ditions. Trauma registry, often defective in the primary
trauma system, is essential for the future developments
and improvements in quality of care. Geographical,
demographic and socio-economic conditions as well as
communication network and financial input will mark-
edly influence the development of trauma systems in
emerging countries.

Search strategy and selection criteria References for
this review were identified through searches of PubMed
for articles published any date before February, 2021, by
use of the terms “trauma system’, “trauma care’, “trauma
center’, “pre-hospital care’, “in-hospital care’, “trauma
registry’, “Chinese trauma system’, “Russian trauma sys-
tem’, “South African trauma system” Articles resulting
from these searches and relevant references cited in those
articles were reviewed. Articles published in English and

Russian were included.



Zhou et al. Crit Care (2021) 25:286

Abbreviations

CTRTA: China Trauma Rescue & Treatment Association; NCTM: National Center
for Trauma Medicine; CRTCS: Chinese Regional Trauma Care System; EMS:
Emergency medical service; ALS: Advanced life support; TSSA: Trauma Society
of South Africa; MIMMS: Major incident medical management and support;
HMIMMS: Hospital major incident medical management and support; SARS-
CoV-2: Severe acute respiratory syndrome coronavirus 2; HIV-AIDS: Human
immunodeficiency virus-acquired immune deficiency syndrome; BLS: Basic
life support.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/513054-021-03681-8.

Additional file 1. The Chinese trauma system: historical background.
Additional file 2. The Russian trauma system: historical background.

Additional file 3. The South African trauma system: historical background.

Acknowledgements

The authors wish to acknowledge all members of the International Trauma
Rescue & Treatment Association (ITRTA) Study Group as collaborating authors,
listed in alphabetic order: Demetrios Demetriades, Demetrios.Demetriades@
med.usc.edu, Department of Surgery, University of Southern California, Los
Angeles, USA; Hans J Oestern, hans-joerg.oestern@t-online.de, Allgemeines
Krankenhaus General Hospital Celle, Germany; Hiroaki lwase, drironman@
m?7.dion.ne.jp, Department of Orthopedic Surgery, Yamanashi prefectural
central hospital, Japan; Mao Zhang, zmhz@hotmail.com, Department of
Critical Care Medicine, 2nd Affiliated Hospital, Zhejiang University School of
Medicine, Institute of Emergency Medicine, Zhejiang University, Hangzhou,
China; Pierre Bouzat, PBouzat@chu-grenoble fr, Department of Anaesthesiol-
ogy and Critical Care, Grenoble University Hospital, Hopital Albert Michallon,
Grenoble Alps University, Grenoble Alps Trauma centre, Grenoble Univer-

sity Hospital, Grenoble, France; Timothy J Coats, tim.coats@leicester.ac.uk,
Department of Emergency Medicine, University of Leicester, Leicester, UK;
Tobias Gauss, tgauss@protonmail.com, Department of Anaesthesiology and
Critical Care, University Hospital Beaujon, Département Médico-universitaire
(DMU) Périopératoire, Anesthésie, Réanimation, Ambulatoire, Bloc Opératoires
(PARABOL), Assistance-Publique-Hopitaux-de-Paris, North University of Paris,

France; Youzhong An, bjicu@163.com, Department of Intensive Care Medicine,

Peking University People’s Hospital, Beijing, China

Authors’ contributions

BGJ conceived and designed the manuscript. JZ and TBW organized the struc-
ture, wrote the abstract, introduction, Chinese section, discussion, conclusion,
and cooperated with all the co-authors for multiple revision, contributed
equally. IB wrote Russian section, TCH wrote South African section, IB and TCH
contributed equally with an alphabetical order of their names. TCH undertook
a grammar edit of the final manuscript. JJR contributed as senior author for
the critical revision of the manuscript for important intellectual content. All
authors critically revised the manuscript and approved the final manuscript.
The International Trauma Rescue & Treatment Association (ITRTA) Study Group
members is collaborating authors, as each of them provided input and feed-
back for the development of the knowledge translation tools and review of
the medical literature. All authors read and approved the final manuscript.

Funding

The work was supported by “Peking University Clinical Scientist Plan
BMU2019LCKXJ005", “National Key Plan for Research and Development
2018YFF0301103’,“Baidu Funding for Peking University 2019BD020",
"Academy Construction Project of Peking University Health Science Center
BMU2020XY005-03, BMU2020XY005-01".

Availability of data and materials
All data generated or analyzed during this study are included in this published
article [and its supplementary information files].

Page 9 of 10

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

"National Center for Trauma Medicine, Trauma Center, Department of Ortho-
pedics and Traumatology, Peking University People’s Hospital, Beijing, China.
’Department of the Trauma and Orthopedics, Pavlov First Saint-Petersburg
State Medical University, St. Petersburg, Russia. >Trauma and Burns Service,
Inkosi Albert Luthuli Central Hospital, Durban, South Africa. 4Departmem

of Surgery, Nelson R Mandela School of Clinical Medicine, UKZN, Durban,
South Africa. *Multidisciplinary Intensive Care Unit, Department of Anesthe-
siology and Critical Care Medicine, Sorbonne University, La Pitié-Salpétriere
Hospital, Assistance-Publique-Hopitaux-de-Paris, Paris, France. °Department
of Trauma and Orthopedics, St. Petersburg I. I. Dzhanelidze Research Institute
of Emergency Medicine, St. Petersburg, Russia.

Received: 6 April 2021 Accepted: 6 July 2021
Published online: 09 August 2021

References

1. GBD 2017 Causes of Death Collaborators. Global, regional, and national
age-sex-specific mortality for 282 causes of death in 195 countries and
territories, 1980-2017: a systematic analysis for the Global Burden of
Disease Study 2017. Lancet. 2018;392(10159):1736-88.

2. Brian C, Joseph T, Barbara LO, Etienne P, Linda P, Lawrence L, et al. A
systematic review and meta-analysis comparing outcome of severely
injured patients treated in trauma centers following the establishment of
trauma systems. J Trauma. 2006;60(2):371-8.

3. Nathens AB, Jurkovich GJ, Rivara FP. Maier RV. Effectiveness of state
trauma systems in reducing injury-related mortality: a national evalua-
tion. J Trauma. 2000;48(1):25-30.

4. Twijnstra MJ, Moons KG, Simmermacher RK, Leenen LP. Regional trauma
system reduces mortality and changes admission rates: a before and after
study. Ann Surg. 2010;251(2):339-43.

5. Kobi P, Limor AD, Michael S, Yoram K, Moshe M, Avraham R, et al.
Increased survival among severe trauma patients: the impact of a
national trauma system. Arch Surg. 2004;139(11):1231-6.

6. Pierre B, Ageron FX, Julien B, Albrice L, Marion B, Elisabeth R, et al. A
regional trauma system to optimize the pre-hospital triage of trauma
patients. Crit Care. 2015;19(1):111.

7. Belinda JG, Pam MS, Ann MS, Rory W, Mark CF, Rodney J, et al. Improved
functional outcomes for major trauma patients in a regionalized, inclusive
trauma system. Ann Surg. 2012;255(6):1009-15.

8.  Etienne EP, Barbara LO, Joseph JT 3rd, Brian GC, Lewis F. Analysis of trends
in the Florida trauma system (1991-2003): changes in mortality after
establishment of new centers. Surgery. 2006;140(1):34-43.

9. Glen HT, James FR 3rd, Ross M, Edward LA 3rd, Steven M, Mary SJ.
Delaware’s Inclusive trauma system: impact on mortality. J Trauma.
2010;69(2):245-52.

10. Ellen JM, Frederick PR, Gregory JJ, Avery BN, Katherine PF, Brian LE, et al.
A national evaluation of the effect of trauma-center care on mortality. N
EnglJ Med. 2006;354(4):366-78.

11. Cales RH. Trauma mortality in Orange County: the effect of implementa-
tion of a regional trauma system. Ann Emerg Med. 1984;13(1):1-10.

12. China statistical yearbook 2019. National Bureau of Statistics of China.
2019. http//www.stats.gov.cn/tjsj/ndsj/2019/indexch.htm.

13. Wang TB, Yin XF, Zhang PX, Kou YH, Jiang BG. Road traffic injury and
rescue system in China. Lancet. 2015;385(9978):1622.


https://doi.org/10.1186/s13054-021-03681-8
https://doi.org/10.1186/s13054-021-03681-8
http://www.stats.gov.cn/tjsj/ndsj/2019/indexch.htm

Zhou et al. Crit Care (2021) 25:286

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

33.

34

35.

Jiang BG, Song L, Zhong-Ren P, Cong HZ, Morgan L, Qu C, et al. Trans-
port and public health in China: the road to a healthy future. Lancet.
2017;390(10104):1781-91.

You CM, Chen XC, Yao L. How China responded to the May 2008 earth-
quake during the emergency and rescue period. J Public Health Policy.
2009;30(4):379-94.

Yan-Ling Z. Organization and implementation of mass medical rescue
after an earthquake. Mil Med Res. 2014;1:5.

Jiang J, Li YP, Huang XL, Li B, Su L, Zhong DK, et al. Lessons learnt from the
Wenchuan earthquake: performance evaluation of treatment of critical
injuries in hardest-hit areas. J Evid Based Med. 2012;5(3):114-23.

Chen G, Lai W, Liu F, Mao QX, Tu FP,Wen J, et al. The dragon strikes: les-
sons from the Wenchuan earthquake. Anesth Analg. 2010;110(3):908-15.
Deng SL, Zheng SW, Shi YK. Applying lessons from China’s Wenchuan
earthquake to medical rescue following the Yushu earthquake. J Evid
Based Med. 2010;3(2):62-4.

Cheng B, Shi RF, Du DY, Hu P, Feng J, Huang GB, et al. Mobile emergency
(surgical) hospital: development and application in medical relief of
“4.20" Lushan earthquake in Sichuan Province, China. Chin J Traumatol.
2015;18(1):5-9.

Nie H, Tang SY, Wayne BL, Zhang JC, Jiang YW, Bernard LL, et al. Triage
during the week of the Sichuan earthquake: a review of utilized patient
triage, care, and disposition procedures. Injury. 2011;42(5):515-20.

China statistical yearbook 2016. National Bureau of Statistics of China.
2016. http://www.stats.gov.cn/tjsj/ndsj/2016/indexch.htm.

China statistical yearbook 2017. National Bureau of Statistics of China.
2017. http://www.stats.gov.cn/tjsj/ndsj/2017/indexch.htm.

China statistical yearbook 2018. National Bureau of Statistics of China.
2018. http://www.stats.gov.cn/tjsj/ndsj/2018/indexch.htm.

Regions of Russia. Socio-economic indicators-2019. Electronic resource.
https://rosstat.gov.ru/bgd/regl/b19_14p/Main.htm. Assessed 11 Aug
2020.

Transport and communications in Russia. Rosstat. Compendium. https://
rosstat.gov.ru/bgd/regl/b19_14p/Main.htm. Assessed 11 Aug 2020.
Bagnenko SF, Miroshnichenko AG, Shlyafer SI, Alimov RR, Teplov VM,
Razumnyj NV, et al. Results of inpatient and outpatient emergency care
in the Russian Federation. Med Biol Soc Psychol Probl Saf Emerg Situat.
2020;1:5-11. https://doi.org/10.25016/2541-7487-2020-0-1-05-11.
Bagnenko SF, Stozharov VV, Miroshnichenko AG, Petrova NG, Mihaiovich
VA, Pavlov YV, et al. Road traffic traumatism as a medical and social prob-
lem. Emerg Med Care. 2007;8(1):5-11 ((in Russian)).

Baranov AV, Barachevsky YE. Evaluation of time factor of providing emer-
gency medical care for victims of road traffic accidents on the federal
highway M-8 “Kholmogory. Med Biol Soc Psychol Probl Saf Emerg Situat.
2020;2:5-9. https://doi.org/10.25016/2541-7487-2020-0-2-5-9.
Prikhodko AN, Gurov AN, Dementev IM. Information technology in the
work of trauma centers for the provision of specialized medical care to
victims of road traffic accidents. Mil Med J. 2020;341(3):17-22.

Tulupov AN, Besaev GM, Kazhanov IV, Naydenov AA. Rendering health
care to polytrauma patients at trauma centers of St. Petersburg. Med
Biol Soc Psychol Probl Saf Emerg Situat. 2018;1:39-48. https://doi.org/10.
25016/2541-7487-2018-0-1-39-48.

Agadzhanyan VV. The issue of development of polytrauma registry in the
Russian Federation. Polytrauma. 2018;1:6-9 ((in Russian)).

Rozinov VM, Petlakh VI, Ivanov DY, Shabanov VE. Experience of Beslan: the
efficiency of evacuation support of children. Russ J Pediatr Surg Anesth
Intensive Care. 2015;5(1):33-41 ((in Russian)).

Evdokimov VI, Chernov KA. Medical and biological consequences of
terrorism in Russia and worldwide (2005-2018). Med Biol Soc Psy-

chol Probl Saf Emerg Situat. 2020;1:85-118. https://doi.org/10.25016/
2541-7487-2020-0-1-85-118.

Isaeva IV. Routing of aero-medical evacuation in the regions of the Rus-
sian Federation. Med Biol Soc Psychol Probl Saf Emerg Situat. 2020;4:69-
75. https://doi.org/10.25016/2541-7487-2020-0-4-69-75.

Page 10 of 10

36. World Bank 2019 population data. https://data.worldbank.org/indicator/
SPPOPTOTL Acessed 09 Aug 2020.

37. South Africa. Wikipedia. https://en.wikipedia.org/wiki/South_Africa
Accessed 08 Aug 2020

38. Dept of Health South Africa: Provincial Health Departments. https://www.
gov.za/about-sa/health Accessed 08 Aug 2020.

39. Hardcastle T, Oosthuizen G, Clarke D, Lutge E. Chapter 15: Trauma a pre-
ventable burden of disease in South Africa: review of the evidence, with
a focus on KwaZulu-Natal. In: Padarath A, Ksaing J, Mackie E, Casciola J,
editors. South African Health review 2016. Durban: Health Systems Trust;
2016. p. 179-89.

40. Hardcastle TC, Samuels C, Muckart DJ. An assessment of the Hospital
Disease Burden and the facilities for the in-hospital care of trauma in
KwaZulu-Natal, South Africa. World J Surg. 2013;37(7):1550-61.

41. National Health Act, Act 61/2003. Government South Africa; 2003.

42. Launch of 112 number. https://www.timeslive.co.za/news/south-africa/
2019-10-17-new-medical-emergency-number-112-is-so-easy-even-a-
toddler-can-use-it/ Accessed 08 Aug 2020.

43. Finlayson M. Master's Thesis: An analysis of emergency response times
within the public sector emergency medical services in KwaZulu-Natal.
Durban University of Technology, 2017.

44. Muhlbauer D, Naidoo R, Hardcastle T. The History of Helicopter Emer-
gency Medical Services within South Africa. Presented at the Aeromed
Africa Conference, 2012. https://silo.tips/download/history-of-helicopter-
emergency-medical-services-in-south-africa Accessed on 20 Aug 2020.

45. Hardcastle TC. Trauma care beyond ATLS: from operative care to system
development. Arab Health. 2011,3:26-8.

46. Hardcastle TC, Steyn E, Boffard KD, Goosen J, Toubkin M, Loubser A, et al.
on behalf of the Executive Committee of the Trauma Society of South
Africa. Guideline for the assessment of trauma centres for South Africa. S
Afr Med J. 2011;101:189-94.

47. Hardcastle TC, Brysiewicz P. Trauma in South Africa: from humble begin-
nings to an Afrocentric outreach. Int Emerg Nurs. 2013;21:118-22.

48. College of Surgeons of SA. Regulations for the Sub-speciality certificate
in Trauma Surgery. https://www.cmsa.co.za/view_exam.aspx?Qualificat
jonID=103 Accessed on 23 Sept 2019.

49. MacMahon AG, Swart JP. The laingsburg flood disaster. S Afr Med J.
1983;63:865-6.

50. Wikipedia. List of earthquakes in South Africa. https://en.wikipedia.org/
wiki/List_of_earthquakes_in_South_Africa Accessed on 10 Aug 2020.

51. MacFarlane C. Terrorism in South Africa. Prehosp Disaster Med.
2003;18:133-9.

52. South African History online. St James Church massacre, 23 July 1993.
https://www.sahistory.org.za/dated-event/st-james-church-massacre.
Accessed 10 Aug 2020.

53. MIMMS Major incident medical management and support. 2017, ALS
Group (UK) https://www.alsg.org/en/files/MFactsheet.pdf. (alsg.org)
Accessed 10 Aug 2020.

54. HMIMMS Major Incident Medical Management and Support: The practi-
cal approach in the hospital setting. 2017, ALS Group (UK) https.//www.
alsg.org/en/files/MFactsheet.pdf (alsg.org).

55. Von Hoving DJ, Lategan HJ, Wallis LA, Smith WP. The epidemiology of
major incidents in the Western Cape Province, South Africa. S Afr Med J.
2015;105:831-4.

56. Goosen J, Bowley DM, Degiannis E, Plani F. Trauma care systems in South
Africa. Injury. 2003;34:704-8.

57. World Health Organization. Trauma system maturity index. https://www.
who.int/emergencycare/trauma/essential-care/maturity-index/en/.
Accessed 28 Feb 2021.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


http://www.stats.gov.cn/tjsj/ndsj/2016/indexch.htm
http://www.stats.gov.cn/tjsj/ndsj/2017/indexch.htm
http://www.stats.gov.cn/tjsj/ndsj/2018/indexch.htm
https://rosstat.gov.ru/bgd/regl/b19_14p/Main.htm
https://rosstat.gov.ru/bgd/regl/b19_14p/Main.htm
https://rosstat.gov.ru/bgd/regl/b19_14p/Main.htm
https://doi.org/10.25016/2541-7487-2020-0-1-05-11
https://doi.org/10.25016/2541-7487-2020-0-2-5-9
https://doi.org/10.25016/2541-7487-2018-0-1-39-48
https://doi.org/10.25016/2541-7487-2018-0-1-39-48
https://doi.org/10.25016/2541-7487-2020-0-1-85-118
https://doi.org/10.25016/2541-7487-2020-0-1-85-118
https://doi.org/10.25016/2541-7487-2020-0-4-69-75
https://data.worldbank.org/indicator/SP.POP.TOTL
https://data.worldbank.org/indicator/SP.POP.TOTL
https://en.wikipedia.org/wiki/South_Africa
https://www.gov.za/about-sa/health
https://www.gov.za/about-sa/health
https://www.timeslive.co.za/news/south-africa/2019-10-17-new-medical-emergency-number-112-is-so-easy-even-a-toddler-can-use-it/
https://www.timeslive.co.za/news/south-africa/2019-10-17-new-medical-emergency-number-112-is-so-easy-even-a-toddler-can-use-it/
https://www.timeslive.co.za/news/south-africa/2019-10-17-new-medical-emergency-number-112-is-so-easy-even-a-toddler-can-use-it/
https://silo.tips/download/history-of-helicopter-emergency-medical-services-in-south-africa
https://silo.tips/download/history-of-helicopter-emergency-medical-services-in-south-africa
https://www.cmsa.co.za/view_exam.aspx?QualificationID=103
https://www.cmsa.co.za/view_exam.aspx?QualificationID=103
https://en.wikipedia.org/wiki/List_of_earthquakes_in_South_Africa
https://en.wikipedia.org/wiki/List_of_earthquakes_in_South_Africa
https://www.sahistory.org.za/dated-event/st-james-church-massacre
https://www.alsg.org/en/files/MFactsheet.pdf
https://www.alsg.org/en/files/MFactsheet.pdf
https://www.alsg.org/en/files/MFactsheet.pdf
https://www.who.int/emergencycare/trauma/essential-care/maturity-index/en/
https://www.who.int/emergencycare/trauma/essential-care/maturity-index/en/

	Management of severe trauma worldwide: implementation of trauma systems in emerging countries: China, Russia and South Africa
	Abstract 
	Introduction
	The Chinese trauma system
	The Chinese trauma system: territorial organization and pre-hospital care
	In-hospital care
	Trauma system governance, trauma registry and performance improvement
	The Chinese trauma system facing major disasters
	Current challenges for the Chinese regional trauma care system

	The Russian trauma system
	The Russian trauma system: territorial organization and pre-hospital care
	In-hospital care
	Trauma system governance, trauma registry and performance improvement
	The Russian trauma system facing major disasters and terrorist attacks
	Current challenges for the Russian trauma system

	The South African trauma system
	The South African trauma system: territorial organization and pre-hospital care
	In-hospital care
	Trauma governance, registry and performance improvement
	The South African trauma system facing major disasters and terrorist attacks
	Current challenges for the South African trauma system
	Developing new trauma systems: requirements, consideration of specificities and difficulties

	Conclusion
	Acknowledgements
	References


