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INTRODUCTION 

Trauma remains a pressing health problem worldwide and the leading cause of death and disability in 
patients under 45 [1, 2]. Implementation of trauma care systems (Trauma Systems) in developed countries has 
led to a decrease in mortality among injured patients and an improvement in the results of their treatment [3, 
4]. The trauma system (TS) combines services that provide prehospital care and transportation of victims, 
treatment in a network of trauma centers, rehabilitation, prevention, research and educational activities. Each 
TS serves a specific geographic area and is integrated into the healthcare system. The development and 
implementation of TS began in the late 60s and early 70s in the USA by the American College of Surgeons 
Committee on Trauma (ACS-COT) and has been widely distributed in highly developed countries since 2000s. 
To date, national TSs have been organized in the USA, Canada, Great Britain, Australia and New Zealand, 
Western Europe, Scandinavia, Israel, Japan [1, 2, 5]. Trauma centers are the most important component of the 
TS. The effectiveness of the functioning of the entire system largely depends on their number, capabilities and 
geographical distribution in the region [6]. In Russia, a three-level system of trauma centers is being formed 
and the experience of its work is being accumulated, which has not yet received a deep scientific analysis in 
the domestic literature. Meanwhile, the problems of optimal distribution of hospital resources in the TS are 
widely discussed and studied in detail in foreign literature. International experience in solving them can be 
useful for the creation and improvement of domestic TSs. 

The purpose of the review is to consider the problem of objective assessment and modeling of the 
optimal geospatial distribution of trauma centers in the context of the functioning of regional TSs. 

The search for foreign literary sources in the PubMed database, published in the period from 2014 to 2020, 
was carried out. The results of studies devoted to the problem of geospatial distribution of hospital resources in 
developed regional trauma systems, which have the greatest experience in world practice and have proven their 
effectiveness, are summarized. Developed TS systems are maturity level III / IV systems in accordance with the 
TS Maturity Index proposed by the World Health Organization [1]. The criterion for severe injury is taken as an 
indicator of the severity of injuries according the scale ISS (Injury Severity Scale) >15 points [2, 5, 7]. 

LEVELS OF TRAUMA CENTERS 

Rational distribution of hospital resources is achieved in inclusive TC models, in which all trauma centers 
in the region provide trauma care in accordance with their capabilities, depending on which they are divided 
into levels. Four levels of trauma centers have been identified in the United States, three-level hospital 
networks have been introduced in Germany, France and Japan, and two-level hospital networks have been 
introduced in England, Norway and Australia [1, 2, 5]. 

The Level I Trauma Center has the full range of specialists and the greatest capacity to treat any type of 
injury, it is usually located in large cities and leads the education, research and prevention activities in the 
region, often these are university clinics. Megacities may have several Level I centers at the rate of 1 per 
1,000,000 population. Large level I trauma centers are designed to treat more than 650 patients with severe 
injuries per year, medium-capacity centers - more than 400 such patients [8]. 

Level II trauma centers have most of the resources of a level I center, but are limited in their ability to treat 
patients with complex and rare injuries, can be located in cities, suburban or rural areas with a high 
population density. Level II trauma centers complement the clinical activities of a level I center or serve as 
leading trauma facilities in regions where a level I center does not exist. 

Level III and IV trauma centers treat patients with non-severe trauma and are located in rural areas remote 
from level I or II centers. Level III centers can perform general surgical emergency operations and stabilize the 
condition of the seriously injured patients before transferring them to level I or II centers. Level IV trauma 
centers are able to provide advanced vital support for severely injured patients prior to transfer them to level I 
or II facilities [5]. 
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ROUTING AND INTERHOSPITAL TRANSFERS OF PATIENTS 

Prehospital mortality in severely injured patients ranges from 15% to 48%, with 31% to 54% of deaths 
potentially preventable. From 27 to 58% of preventable deaths are due to delayed specialized care [9]. 
Transporting severely injured people to a low-level trauma center or to non-core medical facilities 
(Undertriage) can increase preventable mortality or complication rates due to delays in diagnosis and full 
treatment. On the contrary, the delivery of patients with a non-severe injury to a high-level trauma center 
(Overtriage) does not affect mortality, but leads to unreasonable waste of hospital resources, and in case of 
mass admissions, it can adversely affect the quality of treatment [10, 11]. 

ACS-COT has set targets for Undertriage no more than 5%, Overtriage - 25–35% of hospitalizations [5]. The 
geographic distribution of trauma centers can significantly influence the availability of trauma care and 
Undertriage rates [12]. For example, in the states of California and Pennsylvania (USA), Undertriage rates in 
areas without a high-level trauma center are significantly higher (38–58%) than in areas adjacent to trauma 
centers (26–32%) [11, 13]. In Sweden, for a citizen seriously injured in a road traffic accident (RTA), the 
chances of being taken a patient to a trauma center are reduced by 5% for each additional kilometer of 
distance from the scene of an accident to a trauma center [14]. 

According to some data, the risk of death for patients with severe trauma brought directly to the level I 
trauma center is less than for patients who initially are admitted to the lower level centers and transferred to 
the level I center for stabilization [15]. In other studies, no significant difference in mortality among these 
groups of seriously injured patients was found, which can be explained by the high quality of prehospital care, 
adequate stabilization of the vital functions of the victims and timely (within 48 hours) their transfer [16–19]. 
In any case, mortality in patients with severe trauma who received final treatment in level III trauma centers 
or non-specialized hospitals is significantly higher than in those who were directly transported or transferred 
for further treatment to high-level centers [12, 20, 21]. Victims with ISS scores ≥25 have the highest survival 
benefit from treatment at Level I and Level II trauma centers [22]. 

The opportunity to provide better care in high-level trauma centers justifies the direct delivery and 
interhospital transfer of severely injured patients to these facilities. Unreasonable transfer of patients who are 
discharged from the host institution without surgical intervention within 48 hours leads to unnecessary 
expenditure of TC resources (secondary Overtriage) [23]. Development of level III Trauma Centers in rural 
areas could significantly reduce interhospital transfers [24]. Thus, the presence of a CT scanner, a full-time 
neurologist, the use of telemedicine with the participation of a traumatologist makes it possible to exclude 
serious neurological and skeletal injuries and reduce the rate of secondary Overtriage [25, 26]. On the contrary, 
an increase in the number of level I or II trauma centers in the region is accompanied by an increase in the 
level of secondary Overtriage [25]. 

PRE-HOSPITAL PERIOD DURATION AND MORTALITY 

According to the “golden hour” concept, emergency hospital care within 60 minutes significantly reduces 
trauma mortality. Meanwhile, a number of modern studies have not received evidence to support this concept. 
Exceeding the pre-hospital time by more than 60 minutes did not significantly increase mortality in patients 
with severe trauma [27, 28], shock (systolic blood pressure less than 90 mm Hg) and severe traumatic brain 
injury (Glasgov Coma Scale score less than or equal to 8 points) [29, 30]. According to other data, mortality 
remained associated with the duration of the prehospital period in patients with penetrating wounds of the 
chest and abdomen, "costal valve", arterial hypotension [31, 32], shock patients who needed transfusion of 6 
or more RBC units during the first day, emergency surgical or interventional radiological interventions [30]. 
Thus, in the state of Maryland (USA), an increase in pre-hospital time for every 5 minutes increased the 
probability of death in patients with severe blunt trauma or penetrating wounds of the chest and abdomen by 
15-17%, in patients with other severe injuries - only by 5% [33]. In Nova Scotia, Canada, patients with 
penetrating wounds were 3 to 4 times more likely to die when transport times exceeded 30 minutes [34]. 

A number of studies have even revealed an inverse relationship between the duration of the prehospital 
period and mortality among victims with severe trauma, arterial hypotension, injuries of the chest and / or 
abdomen of at least 4 points on a scale AIS (Abbreviated Injury Scale) [28, 29, 35]. Mortality was highest among 
those who were delivered within 30 minutes [36, 37]. In such patients, the first 30 minutes after injury become 
critical for survival. 
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The distance from the injury site to the nearest trauma center correlates with the duration of the pre-
hospital period and mortality. In Maryland, the chance of death increased by 8% for every 5 miles to the 
nearest trauma center [33]. In Pennsylvania, for every 10 miles the distance to the nearest trauma center 
increased, traffic injury deaths increased by 0.141 per 100,000 miles of road traffic [38]. 

The relationship between the duration of the prehospital period and mortality is ambiguous without 
taking into account the type of medical institution to which the victim is delivered. The benefit for the 
critically injured patients of longer distance transport to a high-level trauma center may outweigh the benefit 
of prompt transport to a level III center or nearest hospital. Studies have shown that the most significant 
factors of mortality, and, consequently, more objective indicators for assessing the distribution of hospital 
resources of the TC, are the duration of transportation of victims and the distance to level I or II trauma 
centers, and not to other medical institutions. Thus, in the state of Kentucky (USA), the mortality rate in 
patients with severe trauma delivered to the trauma center within 30 minutes was significantly lower (57%) 
than in patients delivered to a non-specialized hospital within the same time interval (80%). At the same 
time, mortality did not significantly depend on the distance to the trauma center, but directly correlated 
statistically significantly with the distance to other hospital [35]. 

According to accepted protocols and recommendations, the duration of transportation of a victim with a 
severe injury to a high-level trauma center should not exceed 45 minutes in Michigan (USA), 30 minutes in 
Germany and Indiana (USA) [2, 35], in the Auvergne– Rhone-Alpes (France) - 15 minutes [3]. If the estimated 
transport time is above the established threshold, then the victim should be taken to the nearest trauma 
center or hospital. 

AVAILABILITY OF EARLY AID AT TRAUMA CENTERS 

Ground and air traffic conditions (weather, time of day, day of the week, type and congestion of the road) 
can significantly affect the duration of the transportation of victims. In this regard, a more objective indicator 
for assessing the availability of early specialized care is not the remoteness of high-level trauma centers, but 
the percentage of residents or victims in the region who can potentially be delivered to these centers within a 
threshold time. Delivery time to a high-level trauma center of ≤30 min may be unrealistic, especially in rural 
and hard-to-reach areas, so 45 [8, 39] or 60 minutes is taken as the threshold time [6, 40–42]. 

Software ArcGIS, GeoDa allows you to estimate the percentage of recipients and victims who can be delivered 
by land or air within 45 or 60 minutes from the place of residence or possible accident sites to all trauma centers 
and hospitals in the region [13, 39, 40, 42–44]. The availability of early hospital care based on the calculation of 
the potential time of delivery of victims to the trauma center from the places of injury is more objectively 
assessed, but not the postal addresses of residents of the region. Injury analysis showed that 73% of patients 
were injured within 5 minutes of driving time from their place of residence, 11% within 5–20 minutes, and 16% 
over 20 minutes. With an increase in the average distance between places of residence and places of injury, the 
error in assessing the availability of hospital care for addressees in the region increases [45]. 

Calculations using ArcGIS found that in the United States, delivery to level I and II trauma centers within 
60 minutes is available for 90% of residents [46]. In Nova Scotia, 43% of the province's population can be 
transported within 60 minutes to a Level I trauma center and 88% of residents to a Level III trauma center 
[41]. The population of rural areas [46] and road accident victims [41] have significantly lower access to TC 
hospital resources. For example, in the states of Oregon and Washington (USA), 89% of urban and only 29% of 
rural patients requiring emergency surgical interventions are taken to high-level trauma centers [47]. 

Recently, the method of geospatial analysis (mapping) and mathematical modeling has been actively used 
to objectively assess the geographical distribution of resources of a regional TS and determine its optimal 
configuration. The method allows you to create models with a rational number and location of trauma centers 
of different levels and bed capacity, providing the specified parameters of the vehicle (the average time of 
delivery of victims to trauma centers by land and air, the required number of helicopter flights, the number of 
hospitalizations and interhospital transfers) [8, 42]. For example, geospatial analysis has shown that with the 
optimal placement of 27 trauma centers in Pennsylvania, the percentage of victims delivered to trauma 
centers within 60 minutes would increase from 91 to 97%, and only 16-22 rationally placed trauma centers are 
enough to ensure the current level of hospital care availability [48].   
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Helicopter Emergency Medical Services (HEMS) is an important vehicle resource. Level I trauma center 
requires the presence of two or more helicopters, level II trauma center - at least one helicopter [3]. Rational 
placement and use of HEMS can increase the availability of care in trauma centers and reduce mortality [49, 
50]. In New South Wales (Australia), 86% of the state's residents can be taken to the trauma center by ground 
transport within 60 minutes, the use of HEMS increases this figure to 99% [51]. A geospatial analysis of the TC 
of Pennsylvania found that redeploying two helicopters to areas with the highest road traffic deaths (“hot 
spots”) would reduce the average time to get victims from the accident site to trauma centers and reduce the 
predicted death rate from road accidents in seven counties of the state by 12% [38]. 

J.B. Brown et al. (2019) proposed a "Geographic Emergency Medical Service Index - GEMSI). The GEMSI index 
is directly proportional to the number of emergency ambulances per 100 sq. miles, the coefficient of 
geographic dispersion of EMS (Emergency Medical Service) agencies and inversely proportional to the average 
distance from EMS agencies to the nearest trauma centers and HEMS bases. An increase in the index value 
correlates with a lower level of mortality from road traffic accidents in the region. Geospatial modeling using 
the GEMSI index showed that the predicted death rate from traffic accidents in Pennsylvania could be reduced 
by 6% with the addition of one optimally placed EMS agency, and by 22% with the relocation of the helicopter 
base [52]. 

The geographical concentration of level I and II trauma centers in the region correlates with injury 
mortality, which is associated with an increase in the availability of trauma care. In the United States, the 
clustered (concentrated) distribution of level I and II trauma centers in districts with high population density 
correlates with lower mortality rates, with an increase in the coefficient of dispersion of trauma centers per 
unit, mortality from injuries increases by 0.02 per 100,000 people [43]. 

ACS-COT recommends planning and regularly reviewing the number and distribution of trauma centers in 
accordance with the needs of the population of the region [6]. Inadequate access to TC resources can adversely 
affect the quality of care, often leading to severe social and financial consequences that go far beyond medical 
issues. For example, in California, the closure of a number of level I and II trauma centers due to financial 
problems led to a 29% increase in mortality among victims who had to be transported over longer distances to 
trauma centers remaining in the region [53]. 

An increase in the number of trauma centers without taking into account the needs of the region does not 
guarantee an increase in the availability of specialized care and the effectiveness of prehospital triage. Thus, 
the creation of 5 additional level II trauma centers in the state of Florida (USA) did not affect the Undertriage 
indicator and only led to an increase in the Overtriage level. [54]. 

SCOPE OF HOSPITALS IN TRAUMA CENTERS AND QUALITY OF TREATMENT 

The unregulated opening of trauma centers, especially level II ones, increases systemic costs, leads to a 
decrease in the volume of hospitalizations in a level I trauma center, which reduces the experience of medical 
staff, especially in the treatment of rare complex injuries, and jeopardizes educational and research activities 
[55, 56]. Competition between level I and II trauma centers in the region reduces the efficiency of both ones.  

Many studies have found that an increase in the average annual volume of hospitalizations in a trauma 
center increases the survival of patients [57-59]. According to the Resuscitation Outcomes Consortium, an 
increase in the number of admissions to the trauma center correlates with a decrease in indicators such as the 
number of days of mechanical ventilation, the severity of multiple organ dysfunction, reduces the predicted 
mortality rate by 7% for every additional 500 hospitalizations per year [59]. A number of studies have shown 
that the total number of admissions to a level I trauma center is not a predictor of mortality [60]. The 
relationship of mortality with the volume of hospitalizations was revealed only for some categories of patients 
[58]. According to the TraumaRegister DGU® (Germany), the number of patients admitted to the trauma center 
with an ISS injury severity of at least 16 points is an independent predictor of their survival. Observed 
mortality was significantly lower than predicted when at least 40 patients with severe trauma were admitted 
to the trauma center per year [7]. An analysis of data from the National Trauma Databank (USA) showed that 
an increase in the volume of hospitalizations of patients with severe trauma in trauma centers of level I or II 
by 1% reduced the ratio of observed to predicted mortality by 73%. Conversely, a 1% decrease in hospital 
admissions over 3 years was associated with a two-fold increase in this indicator [61]. 
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According to the ACS-COT recommendations, a level I trauma center should concentrate rare complex 
trauma cases, accept at least 1200 patients with trauma per year, including at least 240 patients with an injury 
severity over 15 points on the ISS scale, which will provide the necessary experience of medical staff, the 
decision educational and research tasks [5]. In France, a level I trauma center must treat at least 100 patients 
with severe trauma annually, a level II center - at least 50 such patients [3]. 

The opening of new trauma centers not only reduces the flow of patients to existing centers, but changes 
the composition of their payers, reduces the number of patients with private insurance and self-payment 
cases, which can worsen the financial support of the trauma center and reduce the quality of treatment [39, 
54]. 

On the other hand, exceeding the volume of hospitalizations beyond the capacity of the trauma center will 
lead to a lack of resources to provide quality care. Therefore, there is an optimal range for this indicator that 
provides the best treatment results and may vary in each TC. 

PLANNING FOR OPENING ADDITIONAL TRAUMA CENTERS IN THE REGION 

In 2015, ACS-COT launched the Needs Based Assessment of Trauma Systems (NBATS) to address the need 
for additional trauma centers in the region. The optimal number of trauma centers is determined on the basis 
of the following indicators: the total population of the region, the average time of transportation of victims, 
the degree of support for the region by the authorities, the number of patients with severe trauma discharged 
per year from level I and II trauma centers and non-specialized institutions, the number of already existing 
centers of I, II and III levels. The NBATS tool underestimated the number of urban trauma centers and 
overestimated their number in rural areas [62]. 

The NBATS-2 tool, developed by ACS-COT in 2018, uses a geospatial analysis and modeling methodology 
that predicts how the opening of additional trauma centers will affect the availability of care for the 
population, calculates the average transportation time, the volume of hospitalizations in existing centers, and 
based on this helps to choose the optimal location of new centers [44]. For example, the NBATS-2 tool showed 
that adding one urban level II trauma center in Tennessee would only increase the number of casualties 
delivered to high-level trauma centers within 45 minutes by only 2%, but would reduce admissions to a level I 
center by 40%. The opening of two trauma centers in rural areas will increase the number of victims and 
recipients entering the 45-minute delivery zone by 22% and 29%, respectively, and the volume of 
hospitalizations at the level I center will decrease by only 25% [39]. 

Geospatial analysis can be used to select candidates for level II trauma centers from large hospitals (more 
than 200 beds). In Pennsylvania, those identified for this are located more than 15 to 30 minutes away from 
existing urban and suburban trauma centers. Models with the addition of 1-6 new trauma centers from 
selected hospitals significantly increased the number of victims and recipients that could be delivered to the 
trauma center within 60 minutes [40]. Geospatial analysis also reveals the clustering of Undertriage indicators 
by region and, based on this data, determines areas for the location of new trauma centers. The highest 
Undertriage rates (38-39%) were in areas with large hospitals that were treating patients with severe trauma 
and could be considered candidates for trauma centers [13]. 

CONCLUSION 

The experience of the organization and functioning of developed regional trauma systems allows us to 
draw the following conclusions. 

1. The main indicators for assessing the distribution of hospital resources in the regional trauma system 
are the availability of assistance to victims in level I and II trauma centers, the volume of hospitalizations of 
patients with an injury severity score of more than 15 points on the ISS scale, the number of interhospital 
transfers. 

2. The distribution of hospital resources in the regional trauma system should ensure the direct delivery of 
patients with severe trauma to level I or II trauma centers as soon as possible, which improves treatment 
outcomes, reduces the number of interhospital transfers and reduces the financial costs of the system. 

3. An objective indicator of the availability of early specialized care in the trauma system is not the 
remoteness of trauma centers, but the proportion of residents or victims in the region who can potentially be 
delivered by ground or helicopter transport to a high-level trauma center in 45 or 60 minutes. Exceeding the 
duration of transportation for more than 30 minutes is critical for the survival of patients with severe blunt 
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trauma and penetrating wounds of the chest or abdomen with unstable hemodynamics, requiring emergency 
surgical interventions. If it is impossible to transport patients with severe trauma to a high-level trauma 
center within the specified timeframe, they may be admitted to a level III trauma center with subsequent early 
(within 48 hours) interhospital transfer. 

4. A high concentration of trauma centers in the region reduces the time of delivery of patients, but leads 
to a decrease in the volume of hospitalizations. There is a minimum volume of hospitalizations in the level I 
trauma center of patients with severe trauma (at least 100-240 patients per year), which ensures the clinical 
excellence of the medical staff, the financial stability of the trauma center and correlates with the results of 
treatment.  

5. Geospatial analysis (mapping) is the most effective method for objectively assessing the distribution of 
hospital resources and choosing the optimal configuration of the regional trauma system. The method allows 
to determine the rational number, location and bed capacity of trauma centers of different levels, taking into 
account the given time of transportation of victims by land and air transport and the potential number of 
interhospital transfers. 

Further development and application of information technologies and methods of mathematical modeling 
is promising for solving the problem of creating a trauma system with an optimal concentration of trauma 
centers in the region, which ensures the minimum transportation time and the required amount of 
hospitalizations for severely injured patients. 
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