The association between level of trauma care and clinical outcome measures: a systematic review and meta-analysis
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Abstract
Background: With implementation of trauma systems, a level of trauma care classification was introduced. Use of such a system has been linked to significant improvements in survival and other outcomes.
Objectives: The aim of this study was assessing the association between level of trauma care and fatal and non-fatal outcome measures for general and major trauma populations.
Methods: A systematic literature search was conducted using six electronic databases up to December 18, 2019. Studies comparing mortality or non-fatal outcomes between different levels of trauma care in general and major trauma populations (preferably Injury Severity Score >15) were included. Two independent reviewers performed selection of relevant studies, data extraction and a quality assessment of included articles. With a random-effects meta-analysis, adjusted and unadjusted pooled effect sizes were calculated for level I versus non-level I trauma centers.
Results: Twenty-two studies were included. Quality of the included studies was good, however adjustment for comorbidity (32%) and inter-hospital transfer (38%) was performed less frequently. Nine (60%) of the fifteen studies analyzing in-hospital mortality in general trauma populations reported a survival benefit for level I trauma centers. Level I trauma centers were not associated with higher mortality than non-level I trauma centers (adjusted OR 0.97; CI 95% 0.61-1.52). Of the eleven studies reporting in-hospital mortality in major trauma populations, ten (91%) reported a survival benefit for level I trauma centers. Level I trauma centers were associated with lower mortality than non-level I trauma centers (adjusted OR 0.77; CI 95% 0.69-0.87).
Conclusion: The association between level of trauma care and in-hospital mortality is evident for major trauma populations, however this does not hold for general trauma populations. Level I trauma centers produce improved survival in major trauma populations. This association could not be proven for non-fatal outcomes in general and major trauma populations due to inconsistencies in the body of evidence.
Level of Evidence: Systematic review and meta-analysis, level III.
Keywords: ‘trauma system’; ‘level of care’; ‘general trauma population’; ‘major trauma population’


Background
Trauma is an important cause of morbidity and mortality worldwide. Injuries are the leading cause of death among people under 45 years old and men between the ages of 15 and 65 have the greatest burden of injury in total.1 The economic impact due to trauma is high because of direct health care costs and productivity loss caused by work absenteeism.2-3
With the implementation of regional trauma systems, significant improvements in survival and other outcomes have been documented.4 In many countries a classification of the level of trauma care is linked with regional organization of trauma care. Globally, the level of trauma care is often classified numerical, with level I being the highest possible care. Other classifications like tertiary versus non-tertiary or (major) trauma center (TC) versus non-trauma centers (NTC) are also used.5-9
Part of the implementation and maturation of trauma networks is the optimal ‘concentration and spread’ of facilities and their resources. A central thought is that hospitals or individual trauma surgeons with high volume of specific patient categories are able to provide the best possible care and are effective concerning cost reduction.10 Studies on outcome differences between levels of trauma care show inconsistent results.4, 11 The underlying rationale seems complex due to case mix differences and the time factor of maturing trauma systems or the impact of implementing regional trauma systems. From a regional perspective trauma care is dynamical due to inter-hospital transfers, differences in transport of trauma patients and geographical characteristics of trauma regions. Because of inconsistent results and the complexity of trauma care, this study aimed to provide an overview, including a synthesis of data, of the association between level of trauma care and fatal and non-fatal outcome measures for general and major trauma populations.

Methods
This study was conducted in accordance with the PRISMA checklist12 and was registered in the PROSPERO database13 under identification number CRD42019146647. Analyses were performed with Review Manager (RevMan, version 5 Copenhagen: the Nordic Cochrane Center, The Cochrane Collaboration, 2014).

Search strategy
Several search strategies were employed to find published literature assessing the trauma center level status association with in-hospital and patient-reported outcomes. The first strategy consisted of computerized database searches. On December 18, 2019 the search engines Embase, Medline Ovid, Web of science Core Collection, Cochrane Central registry of trials and Google scholar were searched to identify published studies that examined trauma patient outcomes in relation to trauma center level. There were no time restrictions and the search algorithm was restricted to English articles only. An experienced biomedical information specialist designed the search terms for the respective databases. The search algorithm included subject heading (MeSH) terms and text words for trauma, injured patients, emergency medical services, level of trauma care, trauma center, mortality and different non-fatal health outcomes like length of stay (LOS), intensive care unit (ICU) stay, discharge and functional outcome measures (Appendix A). The second strategy consisted of identifying relevant studies from the reference lists of studies all included studies.

Study selection
Studies were eligible for inclusion if they consisted of either randomized trials, cross-sectional studies or cohort studies and reported on level of trauma care in relation to fatal and non-fatal outcome measures. Studies were included if their study examined injuries of all causes and if their population consisted of general trauma (GT) or major trauma (MT, minimum Injury Severity Score (ISS) >15). The exclusion criteria consisted of studies focusing on specific subpopulations such as transferred patients, burn patients or pediatric patients. Studies that address trauma system implementation, transfers, geography and urbanization, economic evaluation, volume-outcome, prediction or general public health issues in relation with trauma care were also excluded. Studies that provided (duplicate) data from a conference, forum, panel discussion, or experience talk were also excluded.
Two reviewers (JCVD and CRLVDD) independently screened the titles and abstracts of the articles found by the search strategy to identify potentially eligible studies. The full text documents of these studies were retrieved and independently screened by the aforementioned reviewers to further narrow down the studies eligible for inclusion. In case of disagreement this was resolved through discussion or, if necessary, a third review author (CAS) was consulted to reach consensus.

Data extraction and quality assessment of included studies
Two reviewers (JCVD and CRLVDD) independently performed data extraction from the included studies. Extracted information included a number of study characteristics (publication year, study design, country, study period, data source, and sample size), inclusion and exclusion criteria, type of trauma center level comparison (e.g., tertiary versus non-tertiary, level I versus non-level I), study outcome measures, and key findings.
The Newcastle-Ottawa Scale was scored for each study in order to create an international standardized comparability.14 In addition, a quality assessment tool was created to assess quality, generalizability and risk of bias of the included studies. These quality elements were based on existing literature.10, 15 Each included study was subjected to quality assessment by the reviewers. In case of disagreement this was resolved by assessing the study together. If necessary, a third review author (CAS) was consulted to reach consensus. Funnel plots were used to address the risk of publication bias.16

Data analysis
A meta-analysis was performed to determine the relationship between trauma center level and in-hospital mortality as an outcome in general trauma populations. A subgroup analysis was performed for MT patients.
The main focus of the meta-analysis was a comparison of Level I and non-level I trauma care. If the level distinction was not numerical, the highest level of care was used to compare with other levels of trauma care. Tertiary or academic trauma care and major trauma centers were considered the equivalent of level I. When studies compared level I with multiple other levels, all individual comparisons were included in the meta-analysis. The highest level of care was maintained as the reference group.
The main outcome parameter of the meta-analysis was in-hospital mortality. Unadjusted numbers and adjusted odds ratios (OR) with confidence intervals were extracted from the included studies. The ‘number needed to treat for an additional beneficial outcome’ (NNTB) was calculated as a comparative measure of effect for unadjusted OR’s. Non-fatal outcomes were LOS, ICU LOS, discharge destination, functional outcomes and quality of life. In the case of absence of adjusted OR’s, the crude mortality rates were used. If this was not possible studies were excluded from the quantitative analysis. The Mantel-Haenszel method provided a pooled unadjusted OR, the inverse variance method provided a pooled adjusted OR and the Standardized Mean Difference was used as summary statistic for continuous outcome measures. Studies were pooled using a random-effects meta-analysis, providing odds ratios for binary/categorical outcomes and means for continuous outcomes. Random-effects were used to compensate for heterogeneity, thereby addressing differences in study periods, regional/geographical characteristics and general trauma populations. Heterogeneity between the studies was assessed using both the chi-squared test and the I2 statistic. I2 values were used to interpret the amount of heterogeneity: 30-60% possible moderate, 50-90% possible substantial and 75-100% considerable.17


Results
The initial search identified 5,627 records (Figure 1). Two additional studies8-9 which were found with reference chasing, resulting in a total of 22 included studies5-9, 18-34 in the systematic review (Table 1 and 2). After removing duplicate records 3,138 records were screened on title and abstract. Of the 109 articles that were identified as potentially eligible and selected for full-text assessment, 22 studies were included.5-7, 18-34 Of these studies, 17 studies5-7, 9, 20-28, 30-32, 34 were included in the meta-analysis on in-hospital mortality. A meta-analysis was not possible for non-fatal outcome in relation to different levels of trauma care due to incongruous outcome variables or inconsistent outcome measures.

Study characteristics
Sixteen (73%) studies5-6, 8-9, 18-19, 21-23, 27, 29-34 analyzed general trauma populations and 12 (55%) studies5, 7, 9, 18, 20-21, 23, 25-26, 29-30, 33 examined MT populations. The minimum age of included patients varied from 12 to 18 years between studies. Of the 22 included studies, 16 (73%) were retrospective cohort studies7, 9, 19-27, 29-32, 34 and six (27%) studies 5-6, 8, 18, 28, 33 were prospective cohort studies. The majority (68%) of the included studies were conducted in the USA8-9, 19-22, 24-27, 30-34, two (9%) studies were conducted in Germany18, 28, two (9%) in Canada7, 29, two (9%) in Malaysia5-6 and one (5%) in Australia.23 With the exception of three (14%) studies5-6, 26, all studies were (trauma) registry based. Fifteen (68%) studies18-30, 32, 34 compared level I trauma centers with non-level I trauma centers of which two (13%) studies25, 32 focused solely on (American College of Surgeons (ACS) verified trauma centers. One study31 focused on state designated centers and two studies19, 27 compared different levels between ACS and state designated trauma centers. Three studies5-7 compared tertiary versus non-tertiary care hospitals and three studies8-9, 29 compared trauma centers with non-trauma centers.
Mortality was reported as an outcome in 21 (95%) of the included studies.5-9, 19-34 Seven studies5-6, 8, 20, 24-25, 32 mention death on arrival specifically as an exclusion criterion and 30-day mortality rates were only reported in one study.8 Other reported outcomes were quality of life18, discharge status20, functional independence measure25 (FIM), (ICU) LOS5-6, 9, 20, 22-23, 25, 28, 32, hospital charges20, discharge destination21, organ failure28, Glasgow Coma Score (GCS)28, trauma care resources29, complications30, severity of injury31, patient volume7, functional independence measure33 (FIM), musculoskeletal functional assessment5 (MFA), and Barthel Index5-6 (BI). 

Quality assessment
All included studies had clearly defined inclusion and exclusion criteria and made a clear trauma center level classification (Figure 2). Most studies reported all confounders used in adjusted analyses (95%), reported ISS (86%) and were registry based (86%). All studies that used mortality as an patient outcome defined this as in-hospital mortality (95%). Unadjusted OR’s were used to report mortality in 72% of the studies and adjusted OR’s were reported in 82% of the included studies. (Regarding quality assessment an observed/expected ratio (O/E ratio)was scored as the presence of an OR, however were not used in the meta-analysis.) While 82% of the studies adjusted their analyses for injury severity and 77% adjusted for demographic characteristics, only 32% of the studies adjusted for comorbidity and 27% percent reported the AIS version that was used for coding injuries. Studies with low quality assessment scores, also scored lower using the Newcastle Ottowa Scale14 (NOS) for cohort studies (Figure 2).

Systematic review in-hospital mortality for General Trauma and Major Trauma
Of the 15 studies that reported in-hospital mortality for GT5-9, 19, 21-22, 27, 29-34 , nine (90%) studies6-8, 19, 21-22, 29-30, 33 reported lower mortality for level I centers or a hierarchical survival benefit, four (27%) studies reported no differences between level I and level II centers and two (13%) studies31-32 reported a lower mortality rate for non-level I trauma centers.
Of the 11 included studies reporting on MT5, 20-21, 23-26, 28-30, 33, nine (82%) studies5, 21, 23-25, 28-30, 33 defined MT as an ISS >15, one study defined MT as having one of four predefined major injuries20, and one study based MT on a CRAMS score of 1-6.26 Nine (82%) studies5, 21, 23-26, 28-30, 33 reporting on MT found a significant association between level of trauma care and mortality, reporting lower mortality rates for higher level trauma centers. Six (55%)studies5, 20, 24, 26, 28, 30 compared level I centers with non-level I centers, two (18%) studies29, 33 compared level I/II with level III centers, and three (27%) studies found no differences between level I and level II centers but did find a difference comparing level I and II centers with other level centers.20-21, 23 

Meta-analysis in-hospital mortality for General Trauma
In the unadjusted meta-analysis, 11 (52%) studies5-7, 9, 21-22, 27, 30-32, 34 with a total of 1,017,802 patients were included to compare in-hospital mortality between level I and non-level I trauma centers for GT (Figure 2). This resulted in a pooled OR (95%CI) of 1.09 (0.97-1.22), p = 0.13. When comparing level I versus level II, the OR (95%CI) was 1.06 (1.01-1.11), p = 0.01. Both comparisons displayed strong heterogeneity for the included studies (I2 95% and 66% respectively).
The adjusted meta-analysis comparing level I with non-level I trauma care included nine (43%) studies5-7, 9, 21-22, 30, 32, 34 (Figure 2, one study had two usable comparisons). The pooled effect estimate associated level I trauma care with lower in-hospital mortality compared with non-level I trauma care for GT (OR 0.97, 95%CI 0.61-1.52, p = 0.88, I2 = 97%). The six (29%) studies5-6, 21, 30, 32, 34 that performed the same comparison regarding level I versus level II centers resulted in a pooled OR (95% CI) of 0.98 (0.73-1.31), a p-value of 0.87 and an I2 of 86%.

Meta-analysis in-hospital mortality for Major Trauma
Seven (64%) studies20-21, 23-26, 28 with a total of 145,049 severely injured patients were included in the analysis comparing unadjusted in-hospital mortality between level I and non-level I centers (Figure 3, one study had two usable comparisons). The pooled effect estimate found a lower in-hospital mortality rate in level I centers than in non-level I centers for MT (OR 0.87, 95% CI 0.77-0.97, p = 0.02, I2 = 74%, Figure 3). NNTB was 31 for the level I versus non-level I analysis. When considering level I versus II comparisons exclusively, a similar association was present, however this association was non-significant (OR 0.88, 95% CI 0.76-1.02, p = 0.09, I2 = 76%). In the level I versus level II comparison NNTB increased to 98.
For an adjusted comparison of level I versus non-level I centers seven (33%) studies5, 21, 23-25, 28, 30 were included (Figure 3, three studies had two usable comparisons). The pooled effect estimate found lower in-hospital mortality for level I centers compared with non-level I centers regarding MT (OR 0.77, 95% CI 0.69-0.87, p < 0.000, I2 = 67%). When exclusively comparing level I and level II centers, seven (33%) studies5, 21, 23-24, 28, 30 were analyzed (one study having two usable comparisons), producing similar results (pooled OR 0.78, 95% CI 0.68-0.89, p < 0.000 and I2 = 67%). For both GT and MT there was no suggestion of publication bias (Figure 4). In both adjusted comparisons NNTB was incalculable due to missing values.

Systematic review non-fatal outcomes for General Trauma and Major Trauma
A total of four (19%) GT studies reported (ICU) LOS with either a mean or a median as part of basic descriptive statistics and not as a main result.5-6, 32, 34 When a median was reported there was no difference between level I and level II centers. When a mean was reported level I had a longer LOS compared to level II for GT.
Four MT studies20, 23-24, 28 reported (ICU) LOS. Compared to non-level I centers, level I centers were reported to have either longer LOS28 for MT, shorter LOS23 or LOS was similar20. One (25%) study reported a higher ICU admission rate28 and one (25%) study reported a lower ICU admission rate regarding MT.23 The ICU LOS in level I centers was reported to be either longer28, shorter20, 23 or similar25 compared to non-level I centers regarding MT.
Of the eight studies5-6, 18, 20-21, 25, 28, 33 that reported functional outcomes, four (50%) studies5-6, 21, 33 reported on GT and seven (88%) studies5, 18, 20-21, 25, 28, 33 reported on MT. When a study examined both GT and MT, results were similar for both populations. Five (63%) studies5-6, 21, 25, 28 had favorable outcomes for level I centers compared to level II centers. One (13%) study33 reported favorable outcomes for level I and II centers combined compared to other level centers and two (25%) studies18, 20 reported no difference between level I and level II centers.

Discussion
This study aimed to assess the association between level of trauma care and fatal and non-fatal outcome measures in trauma patients. The systematic review included 22 studies, of which 17 studies were included in a meta-analysis. The results indicate that MT patients have a lower in-hospital mortality rates when treated in a level I center than MT patients treated in a non-level I trauma center (adjusted OR 0.77, NNTB 31). When comparing level I with level II trauma centers the adjusted OR was similar (0.78), and NNTB increased to 98. For general trauma populations this relationship was not present. The quality of the included studies was good, however adjustment for comorbidity and inter-hospital transfer was performed less frequently.
It seems logical that level I trauma centers perform better in treating MT patients. First, level I trauma centers treat more MT patients compared to non-level I trauma care which is associated with lower mortality rates.10 Second, level I trauma centers more frequently have available resources like designated trauma services and in-house coverage of trauma surgeons for the management of MT patients which improve hospital and patient outcomes.35-36
Implementing trauma systems results in a survival benefit and a functional benefit for trauma patients admitted to level I centers which even increased over time.37-38 There are studies that address quality of trauma care differences between urban and rural areas29, the influence of geographical distances to a certain level of care39 and the optimization of access to integrated trauma systems.40-41 It is important to consider geographical elements like distances to a level I trauma center when designing a trauma system since it could give an extra dimension to the association between level of trauma care and patient outcomes. When looking at survival, our results suggest that general trauma populations can be cared for at nearby trauma centers, while MT populations have a survival benefit from care in level I trauma centers despite a certain distance to that center.
A previous published systematic review on the impact of level of trauma care on outcome found a clear benefit of level I trauma centers compared to non-level I trauma care.11 However, this study did not perform a meta-analysis and included fewer studies. Our meta-analysis provides new insights and more consistent results that level I trauma centers perform better in treating MT populations.
Almost all included studies defined MT as ISS > 15. Two of the included studies20, 30 provided additional comparisons between different levels of trauma care and in-hospital mortality in patients with ISS > 24. One study30 found a survival benefit in level I trauma centers compared to level II trauma centers. The second study20 reported no case fatality differences between level I and level II trauma centers. An ISS > 24 meta-analysis was not possible. Studies focusing on specific populations were excluded from our systematic review. However, hierarchical survival benefits have for instance been reported for pediatric patients42-43, multiply injured elderly patients44-45, severe traumatic brain injury patients46-47 and hemodynamically unstable patients.48-49 Patients admitted to level I centers are associated with the occurrence of more complications30 and a higher chance of organ failure.28 These subgroup studies are relevant because these studies fill the gap of possible case-mix differences in major and general trauma populations between centers with a different level of trauma care.

Limitations
[bookmark: _Hlk26628200]Our study has several limitations. First, only a few studies adjusted for comorbidity and transferred patients. There is a possibility that the results were confounded due to case-mix differences between different levels of trauma care. Six of the included studies excluded transferred patients. If transferred patients were not excluded and studies did not adjust for this group, the results should be interpreted with caution. When non-level I centers receive MT patients they will often transfer these patients to a level I center. This will result in an underestimation of the survival benefit of level I centers. Second, none of the included studies have corrected for injury severity within a specific body region. This could have been informative considering groups with specific injuries, like head injuries, might have been admitted to level I trauma centers because of regional agreements or availability of a neurosurgeon. Third, all studies were conducted in high income countries with the exception of two studies. There was a clear overrepresentation of studies conducted in the USA. If more studies originating from Europe, Latin America, Africa and Asia had been available for inclusion in this review, a broader representation of the maturation state of trauma networks and a more diverse representation of local and regional process elements of trauma care would have been presented in this review. Fourth, by restricting our search to publications in English, a possible language bias could have been introduced. Fifth, randomized trials were not available in the literature, probably due to ethical arguments. By including observational studies only, the results might have been confounded. Finally, we were only able to analyze mortality while non-fatal patient outcomes become more important. Few studies reported non-fatal outcomes and those that were reported were not structurally reported in a similar manner. A level of trauma care comparison regarding patient reported outcomes was found in just one included study.18 This study, focusing on level I and level II centers, reported no level classification benefit regarding quality of life.

Implications
Presumably, all studies that assessed the association between level of trauma care and in-hospital and patient-reported outcome measures were included. A survival benefit was found for MT populations when being treated in level I trauma centers. These results should be taken into account when implementing or evaluating trauma systems. Future research should focus on what specific subpopulations benefit from treatment in level I trauma centers and on non-fatal outcomes when assessing the association between level of trauma care and clinical and patient-reported outcome measures.

Conclusion
This systematic review and meta-analysis revealed that there is a survival benefit for major trauma patients treated in level I centers compared to major trauma patients treated in non-level I trauma centers. For the general trauma population, there was no association between level of trauma care and mortality. Future research should focus on subgroups and non-fatal outcomes to further broaden our understanding of the different levels of trauma care in association with in-hospital and patient-reported outcome measures.
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Tables and Figures
Figure 1. PRISMA 2009 flow diagram.
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Table 1. Quality assessment and Newcastle Ottowa Scale (NOS) of the included articles
	
	In- and exclusion clear
	Nation- or region wide
	Registry based
	ISS reported
	AIS version reported
	Clear distinction TC level
	OR mortality
	Median LOS
	OR discharge destination
	OR ICU admission
	OR with 95% CI
	OR unadjusted/crude
	OR adjusted
	All confounders reported
	Adjusted for injury severity 
	Adjusted for demographics
	Adjusted for comorbidity
	Adjusted for transfer patients
	Conflict of interest declared
	Funding sources identified
	
	NOS selection (4*)
	NOS comparability (2*)
	NOS outcome (3*)
	NOS total (9*)

	Angerpointer et al., 201918
	+
	+
	+
	+
	-
	+
	-
	na
	na.
	na.
	-
	-
	-
	+
	+
	+
	+
	-
	+
	-
	
	4*
	2*
	2*
	8*

	Brown et al., 201319
	+
	+
	+
	+
	-
	+
	-
	na.
	na.
	na.
	+
	-
	+
	+
	+
	+
	-
	+
	-
	+
	
	4*
	2*
	3*
	9*

	Clancy et al., 200120
	+
	+
	+
	+
	+
	+
	-
	+
	-
	-
	-
	-
	-
	+
	+
	+
	-
	+
	-
	-
	
	4*
	2*
	3*
	9*

	Clemmer et al., 198526
	+
	-
	-
	-
	-
	+
	+
	-
	-
	-
	+
	+
	-
	-
	-
	-
	-
	-
	-
	+
	
	3*
	1*
	3*
	7*

	Cudnik et al., 200921
	+
	+
	+
	+
	-
	+
	+
	na.
	+
	na.
	+
	-
	+
	+
	+
	+
	+
	na.
	-
	-
	
	4*
	2*
	3*
	9*

	Culica et al., 200722
	+
	+
	+
	-
	-
	+
	+
	na.
	na.
	na.
	+
	-
	+
	+
	-
	+
	+
	+
	-
	-
	
	4*
	1*
	3*
	8*

	Curtis et al., 201123
	+
	+
	+
	+
	-
	+
	+
	+
	na.
	+
	+
	-
	+
	+
	+
	+
	-
	na.
	+
	+
	
	4*
	2*
	3*
	9*

	Demetriades et al., 200524
	+
	+
	+
	+
	-
	+
	+
	na.
	na.
	+
	+
	+
	+
	+
	+
	+
	-
	-
	-
	-
	
	4*
	2*
	3*
	9*

	Demetriades et al., 200625
	+
	+
	+
	+
	-
	+
	+
	na.
	na.
	na.
	+
	+
	+
	+
	+
	+
	-
	-
	+
	-
	
	4*
	2*
	3*
	9*

	Elkbuli et al., 201927
	+
	+
	+
	+
	-
	+
	-
	na.
	na.
	na.
	-
	+
	+
	+
	+
	+
	-
	-
	+
	+
	
	4*
	2*
	3*
	9*

	Ernstberger et al., 201828
	+
	+
	+
	+
	+
	+
	+
	-
	na.
	-
	+
	+
	+
	+
	+
	+
	+
	na.
	-
	+
	
	4*
	2*
	3*
	9*

	Fleet et al., 201929
	+
	+
	+
	+
	-
	+
	+
	na.
	na.
	na.
	+
	+
	+
	+
	+
	+
	-
	+
	+
	+
	
	4*
	2*
	3*
	9*

	Glance et al., 201230
	+
	+
	+
	+
	-
	+
	+
	na.
	na.
	na.
	+
	+
	+
	+
	+
	+
	+
	-
	+
	+
	
	4*
	2*
	3*
	9*

	Helling et al., 200731
	+
	+
	+
	+
	-
	+
	-
	na.
	na.
	na.
	-
	+
	-
	-
	-
	-
	-
	-
	-
	-
	
	4*
	-
	3*
	7*

	Kaji et al., 201732
	+
	+
	+
	+
	-
	+
	+
	na.
	na.
	na.
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	
	4*
	2*
	3*
	9*

	Liberman et al., 20057
	+
	+
	+
	+
	+
	+
	+
	-
	na.
	-
	+
	-
	+
	+
	+
	-
	-
	-
	-
	+
	
	4*
	2*
	3*
	9*

	MacKenzie et al., 20068
	+
	+
	+
	+
	+
	+
	+
	na.
	na.
	na.
	-
	+
	+
	+
	-
	+
	+
	+
	+
	+
	
	4*
	2*
	3*
	9*

	Nirula et al., 200633
	+
	+
	+
	+
	-
	+
	-
	na.
	na.
	na.
	+
	-
	+
	+
	+
	+
	-
	-
	-
	-
	
	4*
	2*
	3*
	9*

	Rogers et al., 20019
	+
	-
	+
	-
	-
	+
	+
	na.
	na.
	-
	+
	-
	+
	+
	+
	+
	-
	na.
	-
	-
	
	3*
	2*
	3*
	8*

	Rogers et al., 201134
	+
	+
	+
	+
	-
	+
	+
	na.
	na.
	na.
	-
	-
	+
	+
	+
	+
	-
	-
	-
	-
	
	4*
	2*
	3*
	9*

	Sethi et al., 20026
	+
	-
	-
	+
	+
	+
	+
	+
	na.
	na.
	+
	-
	+
	+
	+
	-
	-
	na.
	-
	+
	
	2*
	2*
	3*
	7*

	Sethi et al., 20075
	+
	-
	-
	+
	+
	+
	+
	-
	na.
	na.
	+
	-
	+
	+
	+
	-
	-
	na.
	-
	+
	
	2*
	2*
	3*
	7*

	Total +(%)*
	100
	82
	86
	86
	27
	100
	73
	43
	33
	29
	73
	45
	82
	91
	82
	77
	32
	38
	36
	55



ISS, injury severity scale; AIS, abbreviated injury scale; TC, trauma center; OR, odds ratio; ICU, intensive care unit; CI, confidence interval; na., not applicable.
Table 2. Characteristics and key findings of included articles 
	Author,
Year
	Level comparison 
	Study Design
	Country
	Data Source
	Period
	Inclusion
	Exclusion
	Sample Size 
	Outcome
	Overall Key findings

	Angerpointer et al., 201918
	level I vs. II
	PCS
	Germany
	TNO
(DGU)
	2012-2014
	Multiple injured patients,
Complete EQ-5D-3L
	Level III,
Age ≤ 17, death
	501

	QoL
EQ-5D-3L, follow-up at 6, 12 and 24 months)
	Increase of EQ-5D, level of reference population not reached two years after trauma. No differences level I and level II. (-)

	Brown et al.,
201319
	level I vs. II (ACS verified vs. state designated)
	RCS
	USA
	NTDB
	2007-2008
	Age ≥ 16
	-
	900,274

	In-hospital mortality
	level I have lower O/E and ACS lower O/E vs. state. ACS verification appears beneficial. (+)

	Clancy et al., 
200120
	level I vs. II
	RCS
	USA
	NCTR- NTDB
	1995-1996
	Death, Major ICD-9-CM:
thoracic aortic, 
liver, lung, pelvic
	DOA,
Admitted < 24h
	1,283
	In-hospital mortality, discharge status, (ICU) LOS, ICU admission, charges
	Patients with the included major injuries may be optimally cared for in both level I and level II TC’s. (-)

	Clemmer et al., 198526
	level I vs. II
	RCS
	USA
	-
	-
	CRAMS score
 1-6
	CRAMS score 0 and 7-10
	50
	In-hospital mortality
	Level I had a significantly reduced mortality rate compared to level II.

	Cudnik et al.,
200921
	level I vs. II
	RCS
	USA

	OHTR
	2003-2006
	Age ≥ 16, (primary) admitted > 48h, death, ICD-9 800-959.9
	Isolated hip fractures
	18,103
	In-hospital mortality, discharge destination
	Patients admitted to level I TC’s had improved survival and better functional outcomes. These findings held for ISS > 15 patients. (+)

	Culica et al.,
200722
	level I vs. II vs. III/IV
	RCS
	USA
	THCIC
	1999-2000
	Hospitalized patients with ICD-9 800-959.9
 
	Isolated hip fractures, late effects trauma and CA
	85,484

	In-hospital mortality
LOS
	Survival was lower at level II and mostly level I TC’s compared with other levels. Difference smaller after adjusting. (-)

	Curtis et al.,
201123
	level I vs. II 
vs. III
	RCS
	Australia
	NSW ITIM
	2002-2007
	ISS > 15, 
Age ≥ 16
	Isolated spinal cord, severe burns
	1,986

	In-hospital mortality, LOS, ICU LOS
	MT at level III had a higher MR vs. level I. No difference level I vs. II. ICU LOS shorter in level I vs. level II/III. Longer LOS level II vs. level I. (+)

	Demetriades et al., 200524
	level I vs. II
	RCS
	USA
	NTDB
	1996-2003
	ISS > 15,
Age ≥ 15
	DOA
	12,254
	In-hospital mortality, ICU stay, severe disability at discharge
	Mortality lower and better functional outcome level I vs. II and non-designated II/III/IV. No differences in ICU LOS. All subgroups followed same trend. (+)

	
	
	
	
	
	
	
	
	
	
	

	Demetriades et al., 200625
	level I vs. II vs. III vs. undesignated (ACS)
	RCS
	USA
	NTDB
	1994-2003
	ISS > 15,
Age ≥ 15
	DOA
	130,154

	In-hospital mortality
	ISS > 15 treated in level I ACS have better survival vs. level II/III ACS and undesignated facilities. (+)

	Elkbuli et al.,
201927
	level I vs. II (ACS verified vs. state)
	RCS
	USA
	NTDB
	2013
	GT
	-
	172,387

	In-hospital mortality
	ACS: similar O/E level I vs. II. State designated: similar O/E level I vs. II. (-)

	Ernstberger et al., 201828
	level I vs. II
	PCS
	Germany
	TNO-DGU
	2012-2014
	ISS > 15,
Primary admission
	Transferred patients < 48h, incomplete RISC11-score
	875

	In-hospital mortality, LOS, OF, GOS
	No differences mortality level I vs. II. Indices for injury severity and probability of death were higher in level I. Survival advantage level I vs. II. (+)

	Fleet et al.,
201929
	Urban level I and II vs. rural ED’s
	RCS
	Canada
	QTR
	2009-2013
	GT, rural to urban transferred patients
	-
	79,957

	In-hospital mortality, trauma care resources
	MR’s were higher in rural ED’s vs. urban level I/II. Similar results for ISS > 15. (+)

	Glance et al.,
201230
	level I vs. II
	RCS
	USA

	PTOS
	2000-2009
	Age ≥ 17,
ICU or step down unit,
LOS > 48h, death, incoming transferred patients
	Burns, hip fractures, hypothermia, superficial/ unspecified injuries, transfers.
	208,886

	In-hospital mortality, complication
	Patients in level I had a lower odds of mortality and increased odds of complications. Survival benefit level I was present for MT, and strongest for ISS ≥ 25. (+)

	Helling et al.,
200731
	level I/II vs. III (state designated)
	RCS
	USA
	MTR
	2002-2003
	GT
	-
	24,392
	In-hospital mortality, severity of injuries
	Acuity and injury severity higher at level I/II vs. III. Overall mortality lower at level III. (+)

	Kaji et al., 201732
	level I vs. II (ACS)
	RCS
	USA
	LACT & EMIS
	2012-2014
	Age ≥ 15,
ICD-9 800-959.9
	DOA, isolated fractures hip/distal from elbow/ knee, late effect trauma, superficial injuries, insect bites and CA.
	63,614

	In-hospital mortality
	Level II TC’s have lower MR’s than level I TC’s (for both TRISS and Haider). (+)

	Liberman et al., 20057
	Tertiairy vs. secondary vs. primary hospitals
	RCS
	Canada
	QTR
	1997-2002
	Age ≥ 16, Death, LOS ≥ 3, ICU admission, primary admission
	Intoxication, drowning, electrocution, burns, secondary admission, prehospital cardiac arrest
	72,073
	In-hospital mortality, patient volume
	Tertiary TC’s were associated with a reduction in risk-adjusted MR compared with both secondary and primary TC’s. (+)

	MacKenzie et al., 20068
	TC vs. NTC
	PCS
	USA
	NS- COT
	1999
	Age 18-84 complete data,
MAIS ≥ 3

	D, > 24h after trauma, major burns, hip fracture & older than 65, not English or Spanish speaking
	5,191
	In-hospital, 30-day, 90-day and 1-year mortality
	Risk of death is significantly lower when care is provided in a TC than in a NTC and argue for continued efforts at regionalization. (+)

	Nirula et al.,
200633
	level I/II vs. III/IV/V
	PCS
	USA
	NTDB
	1994-2001
	Age ≥ 18
	-
	474,024
	FIM
	Level I/II is associated with improved functional outcomes regardless of injury severity and type of injury. (+)

	Rogers et al.,
20019
	TC vs. CH
	RCS
	USA
	VHDD
	1995-1999
	Trauma discharge diagnosis
	Isolated femur fractures
	16,354
	In-hospital mortality
	In a rural state without a formal trauma system, survival is similar at CH when corrected for injury severity and age. Also for MT. (-)

	Rogers et al.,
201134
	level I vs. II
	RCS
	USA
	PTOS
	2004-2008
	GT
	Thermal injuries
	148,323
	In-hospital mortality
	No different adjusted MR level I vs. II. Level I and II distinction smaller in mature trauma network. Need for non-hierarchical descriptors. (-)

	Sethi et al.,
20026
	CTRH vs. provincial TCH vs. DGH
	PCS
	Malaysia
	-
	1999
	Age ≥ 13,
Admitted > 72h, ICU admission, death
	DOA, minor trauma
	484

	In-hospital mortality, disability at discharge
	Direct admission to DGH and TCH associated with higher mortality vs. CTRH. Disability at discharge was associated with being severely injured. (+)

	
	
	
	
	
	
	
	
	
	
	

	Sethi et al.,
20075
	Tertiary care vs. secondary care (DGH)
	PCS
	Malaysia
	-
	2000-2001

	Age ≥ 13,
admission >72 h, ICU admission, death
	DOA, minor trauma
	5,334

	In-hospital mortality, MFA, BI
	DGH associated with higher MR for ISS > 15. Beneficial effect of tertiary care was not significant for ISS < 16. Tertiary care associated with increased odds of disability and musculoskeletal impairment at discharge. (+)



TC, Trauma Center; NTC, Non Trauma Center; RCS, retrospective cohort study; PCS, prospective cohort study; USA, United States of America; NTDB, National Trauma Data Bank; TNO; Trauma Network of Eastern Bavaria; DGU, Deutsche Geschellschaft für Unfallchirurgie; NCTR, North Carolina Trauma Registry; LOS, Length of Stay; ICU, Intensive Care Unit; CRAMS, Circulation Respiration Abdomen Motor and Speech; OHTR, State of Ohio Trauma Registry; THCIC, Texas Health Care Information Council; CA, Corpus Alienum; NSW ITIM, New South Wales Institute of Trauma and Injury Management data; GT, General Trauma Population; MT, Major Trauma Population; DOA, Death On Arrival; OF, Organ Failure; GOS, Glasgow Outcome Scale; QTR, Quebec Trauma Registry; MTS, Major Trauma Services; PTOS, Pennsylvania Trauma Outcome Study; MTR, Missouri Trauma Registry; SBP, Systolic Blood Pressure; LACT & EMIS, Los Angeles County Trauma and Emergency Medical Information System; FIM, Functional Independence Measure; MFA, Musculoskeletal Functional Assessment; BI, Barthel Index; DGH, District General Hospitals; CTRH, Central Tertiary Referral Hospital; TCH, Tertiary Care Hospital; NSCOT, National Study on the Costs and Outcomes of Trauma Care; MAIS, Maximum Abbreviated Injury Scale; CH, community hospital; VHDD, Vermont Hospital Discharge Database.
Figure 2. Meta-analysis Mortality
Unadjusted (above) and adjusted (below) Odds Ratio’s in general trauma populations for level I versus non-level I trauma centers.
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Figure 3. Meta-analysis mortality 
Unadjusted (above) and adjusted (below) Odds ratio’s in major trauma populations for level I vs. non-level I trauma centers.
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Figure 4. Funnel plots on publication bias 
Upper left unadjusted general trauma (GT) studies, Lower left adjusted GT studies, upper right unadjusted major trauma (MT) studies. Lower right adjusted MT studies.
[bookmark: _GoBack][image: ]
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Appendix A
	
	hits
	after removing duplicates

	embase.com
	1842
	1825

	Medline Ovid
	1848
	456

	Web of science Core Collection
	1569
	643

	Cochrane CENTRAL registry or trials
	168
	43

	Google scholar 
	200
	169

	Total 
	5627
	3136



embase.com	1842
('emergency health service'/de OR 'emergency care'/de OR 'hospital emergency service'/de OR 'emergency ward'/de OR (((emergenc* OR trauma* OR acute) NEAR/3 (service OR hospital OR cent* OR medical-service* OR department* OR ward OR hospital))):ab,ti) AND ('tertiary health care'/de OR 'university hospital'/de OR 'helicopter'/de OR 'air medical transport'/de OR (level-1 OR higher-level OR level-one OR level-I OR ((tertiary OR universit* OR academic*) NEXT/1 (care OR healthcare OR hospital* OR trauma-cent* OR ED OR emergenc*-department* OR affiliat*)) OR helicopter* OR (air NEAR/3 (ambulance* OR transport*))):ab,ti) AND ('secondary health care'/de OR 'primary health care'/de OR (lower-level OR level-2 OR level-3 OR level-4 OR level-5 OR level-ii OR level-iii OR level-iv OR level-v OR level-two OR level-three OR level-four OR level-five OR nontertiary OR non-tertiary OR ((remote OR secondary OR primary OR peripheral*) NEXT/1 (care OR healthcare OR hospital* OR centre OR center* OR ED OR department*)) OR major-cent* OR major-trauma-cent*):ab,ti) AND ('mortality'/exp OR 'mortality risk'/exp OR 'survival'/exp OR 'length of stay'/de OR 'hospital discharge'/de OR 'intensive care unit'/exp OR 'treatment outcome'/exp OR 'fatality'/de OR (mortalit* OR surviv* OR ((length OR long* OR short*) NEAR/3 stay) OR discharge* OR intensive-care-unit* OR icu OR benefit* OR outcome* OR death* OR fatal*):ab,ti) NOT ([Conference Abstract]/lim AND [1800-2016]/py) AND [English]/lim NOT ([animals]/lim NOT [humans]/lim)
Medline Ovid 	1848
(Emergency Service, Hospital/ OR Emergency Treatment/ OR Emergency Service, Hospital/ OR (((emergenc* OR trauma* OR acute) ADJ3 (service OR hospital OR cent* OR medical-service* OR department* OR ward OR hospital))).ab,ti.) AND (Tertiary Healthcare/ OR Tertiary Care Centers/ OR Hospitals, University/ OR Aircraft/ OR Air Ambulances/ OR (level-1 OR higher-level OR level-one OR level-I OR ((tertiary OR universit* OR academic*) ADJ (care OR healthcare OR hospital* OR trauma-cent* OR ED OR emergenc*-department* OR affiliat*)) OR helicopter* OR (air ADJ3 (ambulance* OR transport*))).ab,ti.) AND (Secondary Care / OR Primary Health Care / OR (lower-level OR level-2 OR level-3 OR level-4 OR level-5 OR level-ii OR level-iii OR level-iv OR level-v OR level-two OR level-three OR level-four OR level-five OR nontertiary OR non-tertiary OR ((remote OR secondary OR primary OR peripheral*) ADJ (care OR healthcare OR hospital* OR centre OR center* OR ED OR department*)) OR major-cent* OR major-trauma-cent*).ab,ti.) AND (Mortality/ OR Mortality .fs. OR Survival/ OR Length of Stay/ OR Intensive Care Units/ OR Treatment Outcome/ OR fatality/ OR (mortalit* OR surviv* OR ((length OR long* OR short*) ADJ3 stay) OR discharge* OR intensive-care-unit* OR icu OR benefit* OR outcome* OR death* OR fatal*).ab,ti.) NOT (news OR congres* OR abstract* OR book* OR chapter* OR dissertation abstract*).pt. AND english.la. NOT (exp animals/ NOT humans/)
Web of science Core Collection	1569
TS=(((((emergenc* OR trauma* OR acute) NEAR/2 (service OR hospital OR cent* OR medical-service* OR department* OR ward OR hospital)))) AND ((level-1 OR higher-level OR level-one OR level-I OR ((tertiary OR universit* OR academic*) NEAR/1 (care OR healthcare OR hospital* OR trauma-cent* OR ED OR emergenc*-department* OR affiliat*)) OR helicopter* OR (air NEAR/2 (ambulance* OR transport*)))) AND ((lower-level OR level-2 OR level-3 OR level-4 OR level-5 OR level-ii OR level-iii OR level-iv OR level-v OR level-two OR level-three OR level-four OR level-five OR nontertiary OR non-tertiary OR ((remote OR secondary OR primary OR peripheral*) NEAR/1 (care OR healthcare OR hospital* OR centre OR center* OR ED OR department*)) OR major-cent* OR major-trauma-cent*)) AND ((mortalit* OR surviv* OR ((length OR long* OR short*) NEAR/2 stay) OR discharge* OR intensive-care-unit* OR icu OR benefit* OR outcome* OR death* OR fatal*))) AND DT=(article) AND LA=(english)
Cochrane CENTRAL registry or trials	168
((((emergenc* OR trauma* OR acute) NEAR/3 (service OR hospital OR cent* OR medical next service* OR department* OR ward OR hospital))):ab,ti) AND ((level next 1 OR higher next level OR level next one OR level next I OR ((tertiary OR universit* OR academic*) NEXT/1 (care OR healthcare OR hospital* OR trauma next cent* OR ED OR emergenc* next department* OR affiliat*)) OR helicopter* OR (air NEAR/3 (ambulance* OR transport*))):ab,ti) AND ((lower next level OR level next 2 OR level next 3 OR level next 4 OR level next 5 OR level next ii OR level next iii OR level next iv OR level next v OR level next two OR level next three OR level next four OR level next five OR nontertiary OR non next tertiary OR ((remote OR secondary OR primary OR peripheral*) NEXT/1 (care OR healthcare OR hospital* OR centre OR center* OR ED OR department*)) OR major next cent* OR major next trauma next cent*):ab,ti) AND ((mortalit* OR surviv* OR ((length OR long* OR short*) NEAR/3 stay) OR discharge* OR intensive next care next unit* OR icu OR benefit* OR outcome* OR death* OR fatal*):ab,ti) 
Google scholar 		200
"emergency|trauma|acute services|hospital|centre|center|centres|centers|department|ward|hospital" "level 1|one|I"}|higher level" "lower-level"|"level 2|3|4|5|ii|iii|iv|v|two|three|four|five" mortality|survival|"length*stay"|discharge
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