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Abstract 

Background: The volume-outcome relationship in severely injured patients remains under 

debate and this has consequences for the designation of trauma centers. 

Objectives: The aim of this study was to evaluate the relationship between hospital or 

surgeon volume and health outcomes in severely injured patients.  

Methods: Six electronic databases were searched from 1980 up to January 30th 2018 to 

identify studies that describe the relationship between hospital or surgeon volume and health 

outcomes in severely injured patients (preferably Injury Severity Score (ISS) above 15). 

Selection of relevant studies, data extraction and critical appraisal of the methodological 

quality were performed by two independent reviewers. Pooled adjusted and unadjusted 

estimates of the effect of volume on in-hospital mortality, only in study populations with ISS 

> 15, were calculated with a random-effects meta-analysis. A mixed effects linear regression 

model was used to assess hospital volume as continuous parameter. 

Results: Eighteen observational cohort studies were included. The majority (13/18, 72%) 

reported an association between higher hospital or surgeon volume and lower mortality rate. 

Overall, the quality of the included studies was reasonable, with insufficient adjustment as 

one of the most common limitations. Eight studies were included in the meta-analysis with a 

total of 222,418 patients. High hospital volume (>240 admitted severely injured patients per 

year) was associated with a lower risk of mortality (adjusted odds ratio 0.85, 95% confidence 

interval (CI) 0.76-0.94). Four studies were included in the regression model, providing a beta 

of -0.17 per 10 patients (95% CI -0.27 to -0.07). There was no clear association between 

surgeon volume and mortality rates based on three available studies.  
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Conclusion: Our systematic overview of the literature reveals a modest association between 

high volume centers and lower mortality in severely injured patients, suggesting that 

designation of high volume centers might improve outcomes among severely injured patients. 

Level of evidence: level III, Systematic review and meta-analysis 

Systematic review registration number: PROSPERO registration ID CRD42017056729 

Keywords: Trauma, Severely Injured, Hospital volume, Volume-outcome Relationship 
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Background 

Each year, about 4.8 million people die worldwide as a result of injuries (1). In adults younger 

than 45 years, injury is even the major cause of death (2). Therefore, trauma imposes a 

substantial burden on society: In the Netherlands, the annual total costs of injuries are €3.5 

billion (3). The implementation of trauma systems and dedicated level I trauma centers has 

reduced mortality of severely injured patients and improved functional outcome at discharge 

(4).  

The American College of Surgeons Committee on Trauma (ACS-COT) requires a minimum 

of 240 admission of severely injured patients (Injury Severity Score (ISS) >15) per year for 

all level 1 trauma centers. Alternatively, individual trauma surgeons should admit at least 35 

severely injured patients per year (5, 6). These volume requirements are originally based on 

the volume-outcome relationship in other surgical specialties such as cardiothoracic surgery 

(7-9). Two previously published systematic reviews on the impact of volume on outcome 

concluded that the benefit of high volume of annually admitted trauma patients in terms of 

health outcomes remains unclear (10, 11) .   

 

However, these systematic reviews did not perform a meta-analysis. It is likely that a potential 

positive effect of volume on outcome is more visible in a meta-analysis, because it increases 

power. The aim of this systematic review and meta-analysis is to evaluate the volume-

outcome relationship in severely injured patients.  
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Methods 

Literature search 

The search engines Embase.com (Medline and Embase), Pubmed, Web of Science, Cochrane 

Central and Google Scholar were searched until January 30th 2018 (date last searched) to 

identify published studies that examined the association between the volume of severely 

injured patients and different health outcomes. There were time restrictions; only articles 

published after 1980 were taken into account. The search was designed by an experienced 

biomedical information specialist. The search algorithm included subject heading (MeSH) 

terms and text words for injured patients, hospital volume, trauma center and different health 

outcomes (see appendix). In order to identify potential additional studies, we checked the 

reference lists of studies included and contacted experts in the field of trauma.  

 

Study selection and inclusion criteria 

Observational cohort studies that examined the association between hospital or surgeon 

volume of severely injured patients and different health outcomes were included. Studies 

were included when a severely injured population was defined as patients with ISS >15 or, 

when ISS was not used, with clinical and anatomical patient characteristics comparable to to 

the severity of ISS >15 confirmed by an experienced trauma surgeon. Studies that focused on 

patients with specific anatomical injuries or studies that only used pediatric cohorts were 

excluded. Studies not written in English were excluded.  

 

Two reviewers (CS and EW) independently screened titles and abstracts to identify 

potentially eligible articles. Full-text reports of the potentially eligible articles were retrieved 

and these two reviewers independently screened these full-text articles to identify eligible 
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studies. Any disagreement was resolved through discussion or, if necessary, a third review 

author (HL) was consulted to reach consensus. The PRISMA flowchart was used to provide 

an overview of the data screening process (12). 

 

Data extraction and quality assessment 

Data extraction was performed by two independent reviewers (CS and EW). Extracted 

information included study characteristics (publication year, study design, study period, 

setting, sample size), patient characteristics (inclusion and exclusion criteria), type of volume 

(hospital or surgeon), definition of volume (unit of measurement, continuous or categorical 

variable with corresponding thresholds), health outcomes, and key figures (adjusted and 

unadjusted estimates of the effect of volume and outcome).  

 

Based on previous literature on quality of observational studies, a quality assessment form 

was made to assess quality, generalizability and risk of bias of the included studies (13). The 

quality assessment form was applied to each study by two independent reviewers (CS and 

EW). Also, the risk for publication bias was assessed using funnel plots. 

 

Data analysis 

A meta-analysis was performed to determine the relationship between hospital volume and 

outcome in severely injured patients. Hospital volume was defined as the mean annual 

number of admitted severely injured patients. Studies were included in meta-analyses when 

severely injured was defined as ISS>15 to reduce heterogeneity. The outcome of the meta-

analysis was mortality, defined as either in-hospital mortality or death within 30 days 

following trauma.  
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The association between patient volume per hospital and mortality was assessed in two ways: 

using a threshold of 240 patients to separate high volume centers from low volume centers (5, 

6) and using volume as a continuous parameter.  

For the meta-analysis, only studies with cut-offs close to 240 were included. Both adjusted 

and unadjusted outcomes were used to calculate pooled effect estimates. For the adjusted 

estimates, the adjusted odds ratio (OR) was used when reported. To calculate unadjusted ORs, 

mortality rates per study and volume group were used. The lowest volume group was used as 

a reference, results were transformed (1/effect size) if necessary. Studies that did not report 

either mortality rates or ORs were excluded from the meta-analysis. The pooled unadjusted 

OR was calculated with the Mantel-Haenszel method, the pooled adjusted OR was calculated 

with the inverse variance method. A random effects model was used to pool the estimates and 

to account for expected heterogeneity since studies had different study populations, were from 

different regions and time frames. Heterogeneity was  assessed using the Q-test quantified by 

the I² statistic. 

 

To assess hospital volume in a continuous way, data from studies reporting volumes and in-

hospital mortality from at least two volume groups were used. Only studies using the 

definition for severely injured as ISS > 15 were included. Volume was calculated as the mean 

number of severely injured patients per hospitals per year in a specific volume group and 

outcome was the reported mortality rate. A random effects linear regression model, with in-

hospital mortality as outcome, a random effect for study to adjust for study differences, 

adjustments for mean age and mean ISS and weighted for the number of patients in each 

volume group was used. A random effects model was used to account for heterogeneity of 

studies and inter-study variance (14). By weighting the number of patients in each volume 

group, larger studies were had more influence in the regression model compared to smaller 
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studies.This resulted in a beta regression coefficient for the effect of 10 additional patients per 

year on mortality. The effect of hospital volume was tested for non-linearity using the 

likelihood ratio test with natural cubic splines.  

Analyses were performed with the R software environment (version 3.2.2 or higher, the R 

Foundation for Statistical Computing, Vienna, Austria) and Review Manager (RevMan, version 

5.3. Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2014). 
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Results  

In the initial search, 9,181 records were identified (Figure 1). After removing the duplicates, 

5,364 records were screened on title and abstract. The remaining 202 potentially eligible 

articles were selected for full-text assessment and eighteen of these studies were included in 

the systematic review (Table 1). 

 

Study characteristics 

Fifteen (83%) were retrospective cohort studies (15-29), one study (6%) was a secondary 

analysis of two randomized controlled trials (30) and two studies (11%) were prospective 

cohort studies (31, 32) (Table 1). Fifteen studies (83%) were conducted in the United States 

(15-17, 19-27, 30, 32, 33), one study (6%) was conducted in Germany (28), one study was 

conducted in Japan (29), and one study was conducted in the United Kingdom (31). The 

National Trauma Databank (NTDB) from the United States was used in three studies (18%) 

(15, 19, 33). Other studies selected their sample from nation, state or hospital registries. 

Seventeen studies (94%) evaluated the hospital volume-outcome relationship (14-16, 18-25, 

27-32) and three studies (18%) examined the surgeon volume-outcome relationship (20, 23, 

27).  

 

Mortality was defined as in-hospital mortality in sixteen studies (89%) (15-17, 19-29, 32, 33), 

in one study (6%) as 24-hour mortality (30) and in one study as 6-months mortality (31) 

(Table 1). Other outcomes reported were hospital length of stay (21, 25), discharge locations 

(17), intensive care length of stay (18), severe disability at discharge (18), total costs per 

admission (29) and complication rates (30). Thirteen studies (72%) used the ISS to define the 

severity of injuries. In ten studies (59%) the population examined had an ISS of at least 16 

(17, 21-24, 26-28, 31, 33), three studies (18%) examined patients with an ISS of 15 or more 
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(15, 16, 19) and one study (6%) used a threshold of 13 (20). In three studies (17%) ISS was 

not used to define injury severity (25, 30, 32). As an alternative, a combination of clinical and 

anatomical characteristics like the Abbreviated Injury Scale (AIS), Glasgow Coma Score 

(GCS), Systolic Blood Pressure, Trauma Score (TS) or admission to the intensive care unit 

were used in these three studies (25, 30, 32). These characteristics were confirmed as 

comparable to ISS > 15 by an experienced trauma surgeon. 

 

Seven studies (39%) (19, 20, 23, 25, 28, 29, 31) analyzed hospital volume as a continuous 

parameter and used the annual volume of severely injured patients (Table 1). Three studies 

(17%) (15, 24, 33) used a cut-off of 240 severely injured trauma patients per year. Three 

studies (17%) (21, 26, 32) quantified hospital volume based on the total volume of trauma 

patients categorized in two groups, all defined ‘high volume’ as above 1200 annual patients.  

For surgeon volume, two studies examined the volume-outcome relationship with volume as a 

continuous parameter (20, 23), while in one study a total of 35 or more severely injured 

patients admitted per surgeon per year was defined as ‘high surgeon volume’(27).   

 

Quality assessment 

All studies reported the total number of severely injured patients and had a limited impact of 

loss of follow-up (Figure 2). Most studies (72%) were considered to have a representative 

study population and the number of patients per volume group was frequently reported (89%). 

In 72% of the studies the reported mortality was clearly defined as in-hospital mortality and 

crude ORs were reported in 94% of the studies. Shortcomings mostly concerned the adjusted 

analyses; only ten (56%) studies reported adjusted ORs, and when adjustments were made the 

type of adjustments were not always mentioned.  
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Effect of hospital volume  

Eleven of the seventeen (65%) studies on hospital volume reported lower mortality rates in 

high volume centers compared to low volume centers (15, 17, 23-26, 28-32). Five studies 

(28%) did not find a positive nor a negative association between hospital volume and 

mortality (16, 19-21, 33). One study (6%) looked at specific subgroups of ISS (16-24 and 

>25) and did not find any evidence that high volume hospitals perform better than low 

volume hospitals in terms of mortality in extremely severe injured patients (ISS>25) (34). 

Another study that divided its population into blunt and penetrating injury found that the 

relationship between volume and mortality was stronger in penetrating injuries (14). Other 

outcomes were reported too infrequently. 

  

Meta-analysis 

Eight studies evaluating the relationship between trauma center volume and in-hospital 

mortality in severely injured patients could be included in the meta-analysis with a total of 

222,418 patients (15-17, 19, 23, 24, 33). All of these studies presented crude mortality rates, 

and adjusted ORs were reported in four out of eight studies (50%). The pooled effect estimate 

showed no association between volume and mortality when using the unadjusted ORs (OR 

1.00, 95% confidence interval (CI): 0.92-1.10, p = 0.93, Figure 3A), with large heterogeneity 

(I² = 84%, p <0.001). When including adjusted estimates only, high volume was associated 

with lower mortality (OR 0.85, 95% CI: 0.76-0.94, p = 0.003, Figure 3B), with moderate 

heterogeneity (I² = 44%, p = 0.13). There was no suggestion for publication bias (Figure 5). 

Four studies could be used for the analysis of the effect of continuous hospital volume on 

mortality and showed a similar association (Beta: -0.17 per 10 patients, 95% CI -0.27 to -0.07, 

p < 0.01, Figure 4). The effect of hospital volume was considered to be linear (p=0.998). 
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Surgeon volume  

Three of the eighteen studies (17%) examined the relationship between surgeon volume and 

in-hospital mortality in severely injured patients (20, 23, 27). One study reported that 

increased per-surgeon volume in the treatment of seriously injured patients is associated with 

lower mortality (20). The authors suggest that a surgeon should treat at least 35 severely 

injured patients per surgeon per year. The other two studies found no relationship (23, 27).  
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Discussion 

This study aimed to evaluate the relationship between hospital or surgeon volume and health 

outcomes after severe trauma. The systematic review included eighteen studies, of which 

eight studies were included in the meta-analysis and four studies were included in the 

regression analysis. Our results indicate that a significant association between hospital volume 

and mortality exists, although the effect is modest. Overall, the quality of the included articles 

was reasonable, with insufficient adjustment as one of the most common limitations. No clear 

conclusions can be drawn with respect to surgeon volume due to an insufficient number of 

studies.  

There might be several reasons explaining the fact that high volume hospitals perform better. 

The most obvious declaration is the ‘practice makes perfect’ hypothesis, which suggests that 

physicians and nurses can develop higher proficiency in the care of severely injured patients 

in case of high exposure (35). Although trauma patients all present in different ways, trauma 

care is a highly standardized in terms of initial approach in the Emergency Department (36), 

where lifesaving interventions are performed even before the precise injuries are known. 

Personalized care is needed once the full extent of injury, and the patient’s pre-existing health 

status is known - but this requires competence in complex operations and procedures and high 

fidelity team work. More exposure to this process may result in more efficiency, which is of 

extreme importance in the care for severely injured patients.  

Another possible explanation might be the infrastructure of high volume trauma centers. The 

development of designated trauma services or trauma teams for the management of severely 

injured patients in high volume centers decreases mortality (37, 38). Also, the presence of in-

house coverage by trauma surgeons at high volume centers is believed to improve outcomes, 

although there is no empirical evidence showing an actual decrease in mortality (39, 40). 
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Another possibility is the ability of each center to treat the range of injuries presenting, high 

volume centers could have more skills on site compared to small volume centers. There is 

also a possibility that high volume centers implement significant changes in trauma care like 

new technological improvements earlier. High volume centers have the commitment and 

resources to implement advances in trauma care which could lead to a decrease in mortality.  

Some hospitals are more likely to receive more severely injured patients (i.e. with higher ISS) 

than other hospitals due to trauma center designation or hospital location. Furthermore, it is 

evident that the risk of mortality increases with higher ISS (41). When examining the 

relationship between volume of severely injured patients and mortality it is of high 

importance to adjust for this case-mix differences. Nevertheless, in the studies included in this 

systematic review, the severity of injury is not always taken into account. Due to the lack of 

these adjustments, it is hard to correctly interpret the results of these studies.  

Most studies used of a cut-off value of 240 severely injured patients per year. This cut-off 

value has been arbitrarily chosen by the ACS-COT and was originally based on studies from 

other surgical specialties like cardiothoracic surgery (7-9). Although several studies with a 

continuous analysis of the volume-outcome relationship have been published, the ideal cut-off 

value remains unclear. As suggested in Figure 4, the optimal cut-off may be higher than 240, 

but more extensive continuous analysis of the volume-outcome relationship is needed. Also, it 

might be possible that there is an infliction point where mortality begins to increase, but 

extreme high volume centers are needed to examine this association and these were not 

included in our meta-analysis.  Furthermore, using a higher cut-off value will lead to more 

centralization of trauma care. This may increase transport times of severely injured patients, 

which is associated with increased mortality rates in trauma patients (42-44). However, this 

might be less important in small countries like the Netherlands and other European countries. 
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Two previously published systematic reviews on the impact of volume on outcome did not 

find a clear benefit for severely injured patients in high volume centers (10, 11). However, 

both studies did not perform a meta-analysis and looked at a smaller amount of studies. Our 

meta-analysis and regression analysis revealed new insights and showed more consistent 

results that severely injured patients benefit from treatment in high volume centers.  

 

A limitation of our study is that only few studies could be included for the meta-analysis. As a 

result, pooled findings might be largely influenced by the results of one study. There was no 

indication of publication bias. Furthermore, we only assessed the relationship of volume with 

mortality. Other outcomes like hospital length of stay and quality of life after trauma are also 

important indicators of quality of care and might as well be influenced by hospital or surgeon 

volume. Another limitation is that a majority of our included studies, almost 90%, were 

conducted in the United States. Variations in the structure of trauma centers might make our 

results less generalizable to trauma centers in Europe. The high amount of studies conducted 

in the United States was also the cause for including studies with the same data source in the 

meta-analysis. This makes it possible that patients are included in the meta-analysis more than 

once. In addition, a clear definition of severely injured patients was lacking. Most studies 

included in our systematic review used ISS to define injury severity, since it is the universal 

injury severity measure in trauma registries and research. But we also had to include three 

studies with other definitions of injury severity, like clinical and anatomical characteristics. 

Although an experienced trauma surgeon confirmed these studies as comparable to ISS > 15, 

it still increases heterogeneity of the study population. In addition, the ISS has been regarded 

as the golden standard to define injury severity over the last decades (45-47). However, 

questions about the accuracy of the ISS have been raised. First, it does not account for 

multiple injuries in the same body region (48, 49). This could cause underscoring of the 
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overall injury severity in patients with severe injury in one body region. Second, an equal AIS 

score in different body regions is assumed to be equal in injury severity (48, 50). 

To the best of our knowledge, our search identified all studies that examined the relationship 

between volume of severely injured patients and mortality. Although most articles reported a 

positive relationship between volume and outcome, the cut-off of high volume and low 

volume hospitals was inconsistent across different studies. Some studies adopted the ACS-

COT volume requirements of 240 or more severely injured patients per year, while other 

studies appeared to arbitrarily defined the volume cut-offs. This variance in cut-offs might be 

a good explanation for the difference in results. Although we tried to make equal volume 

groups, inconsistency in volume groups remained due to the limited available data. However, 

excluding even more studies in our meta-analysis would make our findings less generalizable. 
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Conclusion 

In conclusion, this systematic review and meta-analysis revealed an association between 

larger hospital volume and lower mortality in severely injured patients. Our findings suggest 

that designation of high volume centers can improve outcomes among severely injured 

patients. Future studies with more rigorous methodological case mix adjustment, additional 

outcome measures and standardized cut-off values for high volume in combination with 

continuous analyses are needed to further define the effect of hospital volume on mortality 

and outcome of severely injured patients.  

Acknowledgements 

The authors would like to thank Wichor Bramer, biomedical information specialist from 

Erasmus MC, University Medical Center Rotterdam, for developing and assisting with the 

literature search strategy. 

Author Contributions 

CS:  literature search, study selection, data extraction, data-analysis, drafting the manuscript 

EW: literature search, study selection, data extraction, data-analysis, drafting the manuscript 

EV: study selection, data-analysis, critical revision of the manuscript 

FL: critical revision of the manuscript 

SS: critical revision of the manuscript 

DDH: study selection, critical revision of the manuscript 

HL: study selection, data-analysis, critical revision of the manuscript 

 

 

 

 



 

19 

References 

1. Haagsma JA, Graetz N, Bolliger I, Naghavi M, Higashi H, Mullany EC, Abera SF, Abraham 
JP, Adofo K, Alsharif U, et al. The global burden of injury: incidence, mortality, disability-adjusted 
life years and time trends from the Global Burden of Disease study 2013. Inj Prev. 2016;22(1):3-18. 

2. Polinder S, Haagsma JA, Toet H, van Beeck EF. Epidemiological burden of minor, major and 
fatal trauma in a national injury pyramid. Br J Surg. 2012;99 Suppl 1:114-21. 

3. Polinder S, Haagsma J, Panneman M, Scholten A, Brugmans M, Van Beeck E. The economic 
burden of injury: Health care and productivity costs of injuries in the Netherlands. Accid Anal Prev. 
2016;93:92-100. 

4. Celso B, Tepas J, Langland-Orban B, Pracht E, Papa L, Lottenberg L, Flint L. 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; discussion 8. 

5. Eastman AB. Resources for optimal care of the injured patient--1993. Bull Am Coll Surg. 
1994;79(5):21-7. 

6. Trauma ACoSCo. Resources for optimal care of the injured patient: Amer College of 
Surgeons; 2014. 

7. Adams DF, Fraser DB, Abrams HL. The complications of coronary arteriography. 
Circulation. 1973;48(3):609-18. 

8. Hannan EL, Racz M, Ryan TJ, McCallister BD, Johnson LW, Arani DT, Guerci AD, Sosa J, 
Topol EJ. Coronary angioplasty volume-outcome relationships for hospitals and cardiologists. JAMA. 
1997;277(11):892-8. 

9. Luft HS, Bunker JP, Enthoven AC. Should operations be regionalized? The empirical relation 
between surgical volume and mortality. N Engl J Med. 1979;301(25):1364-9. 

10. Kim YJ. Relationship of trauma centre characteristics and patient outcomes: a systematic 
review. J Clin Nurs. 2014;23(3-4):301-14. 

11. Caputo LM, Salottolo KM, Slone DS, Mains CW, Bar-Or D. The relationship between patient 
volume and mortality in American trauma centres: A systematic review of the evidence. Injury. 
2014;45(3):478-86. 

12. Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred reporting items for 
systematic reviews and meta-analyses: the PRISMA statement. BMJ. 2009;339:b2535. 

13. Sanderson S, Tatt ID, Higgins JP. Tools for assessing quality and susceptibility to bias in 
observational studies in epidemiology: a systematic review and annotated bibliography. Int J 
Epidemiol. 2007;36(3):666-76. 

14. DerSimonian R, Kacker R. Random-effects model for meta-analysis of clinical trials: an 
update. Contemp Clin Trials. 2007;28(2):105-14. 

15. Bennett KM, Vaslef S, Pappas TN, Scarborough JE. The volume-outcomes relationship for 
United States Level I trauma centers. J Surg Res. 2011;167(1):19-23. 

16. Cooper A, Hannan EL, Bessey PQ, Farrell LS, Cayten CG, Mottley L. An examination of the 
volume-mortality relationship for New York State trauma centers. J Trauma. 2000;48(1):16-23; 
discussion -4. 



 

20 

17. Cudnik MT, Newgard CD, Sayre MR, Steinberg SM. Level I versus Level II trauma centers: 
an outcomes-based assessment. J Trauma. 2009;66(5):1321-6. 

18. Demetriades D, Martin M, Salim A, Rhee P, Brown C, Chan L. The effect of trauma center 
designation and trauma volume on outcome in specific severe injuries. Ann Surg. 2005;242(4):512-7; 
discussion 7-9. 

19. Glance LG, Osler TM, Dick A, Mukamel D. The relation between trauma center outcome and 
volume in the National Trauma Databank. J Trauma. 2004;56(3):682-90. 

20. Konvolinka CW, Copes WS, Sacco WJ. Institution and per-surgeon volume versus survival 
outcome in Pennsylvania's trauma centers. Am J Surg. 1995;170(4):333-40. 

21. London JA, Battistella FD. Is there a relationship between trauma center volume and 
mortality? J Trauma. 2003;54(1):16-24; discussion -5. 

22. Lucas CE, Buechter KJ, Coscia RL, Hurst JM, Lane V, Meredith JW, Middleton JD, Mitchell 
FL, Jr., Rinker CF, Tuggle D, et al. The effect of trauma program registry on reported mortality rates. 
J Trauma. 2001;51(6):1122-6; discussion 6-7. 

23. Margulies DR, Cryer HG, McArthur DL, Lee SS, Bongard FS, Fleming AW. Patient volume 
per surgeon does not predict survival in adult level I trauma centers. J Trauma. 2001;50(4):597-601; 
discussion -3. 

24. Marx WH, Simon R, O'Neill P, Shapiro MJ, Cooper AC, Farrell LS, McCormack JE, Bessey 
PQ, Hannan E. The relationship between annual hospital volume of trauma patients and in-hospital 
mortality in New York State. J Trauma. 2011;71(2):339-45; discussion 45-6. 

25. Nathens AB, Jurkovich GJ, Maier RV, Grossman DC, MacKenzie EJ, Moore M, Rivara FP. 
Relationship between trauma center volume and outcomes. JAMA. 2001;285(9):1164-71. 

26. Olufajo OA, Metcalfe D, Rios-Diaz A, Lilley E, Havens JM, Kelly E, Weissman JS, Haider 
AH, Salim A, Cooper Z. Does Hospital Experience Rather than Volume Improve Outcomes in 
Geriatric Trauma Patients? J Am Coll Surg. 2016;223(1):32-40 e1. 

27. Sava J, Kennedy S, Jordan M, Wang D. Does volume matter? The effect of trauma surgeons' 
caseload on mortality. J Trauma. 2003;54(5):829-33; discussion 33-4. 

28. Zacher MT, Kanz KG, Hanschen M, Haberle S, van Griensven M, Lefering R, Buhren V, 
Biberthaler P, Huber-Wagner S, TraumaRegister DGU. Association between volume of severely 
injured patients and mortality in German trauma hospitals. Br J Surg. 2015;102(10):1213-9. 

29. Endo A, Shiraishi A, Fushimi K, Murata K, Otomo Y. Increased Severe Trauma Patient 
Volume is Associated With Survival Benefit and Reduced Total Health Care Costs: A Retrospective 
Observational Study Using a Japanese Nationwide Administrative Database. Ann Surg. 2017. 

30. Minei JP, Fabian TC, Guffey DM, Newgard CD, Bulger EM, Brasel KJ, Sperry JL, 
MacDonald RD. Increased trauma center volume is associated with improved survival after severe 
injury: results of a Resuscitation Outcomes Consortium study. Ann Surg. 2014;260(3):456-64; 
discussion 64-5. 

31. Freeman J, Nicholl J, Turner J. Does size matter? The relationship between volume and 
outcome in the care of major trauma. J Health Serv Res Policy. 2006;11(2):101-5. 

32. Pasquale MD, Peitzman AB, Bednarski J, Wasser TE. Outcome analysis of Pennsylvania 
trauma centers: factors predictive of nonsurvival in seriously injured patients. J Trauma. 
2001;50(3):465-72; discussion 73-4. 



 

21 

33. Demetriades D, Martin M, Salim A, Rhee P, Brown C, Chan L, Britt LD, Flint Jr LM, Maier 
RV, Meredith JW. The effect of trauma center designation and trauma volume on outcome in specific 
severe injuries. Ann Surg. 2005;242(4):512-9. 

34. Cooper A, Hannan EL, Bessey PQ, Farrell LS, Cayten CG, Mottley L. An examination of the 
volume-mortality relationship for New York State trauma centers. J Trauma Inj Infect Crit Care. 
2000;48(1):16-24. 

35. Luft HS, Hunt SS, Maerki SC. The volume-outcome relationship: practice-makes-perfect or 
selective-referral patterns? Health Serv Res. 1987;22(2):157-82. 

36. Araujo R, Della Corte F, Dick W, Driscoll P, Girbes R, Lorenzo AE, Lipp M, Nardi G, Oakley 
P, Sabbe M, et al. European comprehensive training course on prehospital advanced trauma life 
support in adults. Eur J Emerg Med. 2002;9(3):280-2. 

37. Baker CC, Degutis LC, Desantis J, Baue AE. Impact of a Trauma Service on Trauma Care in a 
University Hospital. American Journal of Surgery. 1985;149(4):453-8. 

38. Lansink KW, Leenen LP. Do designated trauma systems improve outcome? Curr Opin Crit 
Care. 2007;13(6):686-90. 

39. Cox JA, Bernard AC, Bottiggi AJ, Chang PK, Talley CL, Tucker B, Davenport DL, Kearney 
PA. Influence of In-House Attending Presence on Trauma Outcomes and Hospital Efficiency. J Am 
Coll Surgeons. 2014;218(4):734-8. 

40. Helling TS, Nelson PW, Shook JW, Lainhart K, Kintigh D. The presence of in-house 
attending trauma surgeons does not improve management or outcome of critically injured patients. 
Journal of Trauma-Injury Infection and Critical Care. 2003;55(1):20-5. 

41. Baker SP, O'Neill B, Haddon W, Jr., Long WB. The injury severity score: a method for 
describing patients with multiple injuries and evaluating emergency care. J Trauma. 1974;14(3):187-
96. 

42. Grossman DC, Kim A, Macdonald SC, Klein P, Copass MK, Maier RV. Urban-rural 
differences in prehospital care of major trauma. J Trauma. 1997;42(4):723-9. 

43. Kristiansen T, Rehn M, Gravseth HM, Lossius HM, Kristensen P. Paediatric trauma mortality 
in Norway: a population-based study of injury characteristics and urban-rural differences. Injury. 
2012;43(11):1865-72. 

44. Wisborg T, Hoylo T, Siem G. Death after injury in rural Norway: high rate of mortality and 
prehospital death. Acta Anaesthesiol Scand. 2003;47(2):153-6. 

45. Lavoie A, Moore L, LeSage N, Liberman M, Sampalis JS. The Injury Severity Score or the 
New Injury Severity Score for predicting intensive care unit admission and hospital length of stay? 
Injury. 2005;36(4):477-83. 

46. Palmer C. Major trauma and the injury severity score--where should we set the bar? Annu 
Proc Assoc Adv Automot Med. 2007;51:13-29. 

47. Rutledge R, Hoyt DB, Eastman AB, Sise MJ, Velky T, Canty T, Wachtel T, Osler TM. 
Comparison of the Injury Severity Score and ICD-9 diagnosis codes as predictors of outcome in 
injury: analysis of 44,032 patients. J Trauma. 1997;42(3):477-87; discussion 87-9. 

48. Koksal O, Ozdemir F, Bulut M, Aydin S, Almacioglu ML, Ozguc H. Comparison of trauma 
scoring systems for predicting mortality in firearm injuries. Ulus Travma Acil Cerrahi Derg. 
2009;15(6):559-64. 



 

22 

49. Tamim H, Al Hazzouri AZ, Mahfoud Z, Atoui M, El-Chemaly S. The injury severity score or 
the new injury severity score for predicting mortality, intensive care unit admission and length of 
hospital stay: experience from a university hospital in a developing country. Injury. 2008;39(1):115-
20. 

50. Chawda MN, Hildebrand F, Pape HC, Giannoudis PV. Predicting outcome after multiple 
trauma: which scoring system? Injury. 2004;35(4):347-58. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

23 

 

Author, 
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Bennett,  

2011 

Hospital RCS USA 2001-
2006 

NTDB 115,538  Categorical, 3 groups 

<240  

240-480 

>480  

In-hospital 
mortality 

There is a complex volume-outcome 
relationship for level I trauma centers 
in the United States.  

+ 

Cooper,  

2000 

Hospital RCS USA 1994-
1995 

NYTR  26,793  Categorical, 3 groups  

<151 

151-250 

>250 

In-hospital 
mortality 

No association between hospital 
volume and health outcomes for 
trauma centers in New York State 
could be made.  

-  

Cudnik,  

2009 

Hospital RCS USA 2003-
2006 

OHTR 18,103  Level I vs Level II 

Level I: average of 110 
patients per year 

Level II: average of 36 
patients per year 

In-hospital 
mortality, 
discharge 
locations  

Severely injured patients have 
improved survival when taken to a 
Level I trauma center compared to 
those taken to  level II trauma centers, 
which have a lower annual volume of 
trauma patients.  

+ 

Demetriad
es, 2005 

Hospital RCS USA 1996-
2003 

NTDB 

 

12,254 Categorical, 2 groups 

<240 

 ≥240 

In-hospital 
mortality, 
intensive 
care unit 
stay, 
severe 

Health outcomes are not influenced 
by the volume of major trauma 
admissions.  

- 
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Level I vs Level II 

 

disability at 
discharge 

Endo, 2017 Hospital RCS Japan 2010 -
2015 

DPC 116,329 Continuous + categorical, 
5 groups 

1-50 

51-100 

101-150 

151-200 

>200 

Survival to 
hospital 
discharge, 
total health 
care cost 
per 
admission 

Higher hospital volume was 
significantly associated with a survival 
benefit and lower total costs per 
admission in severe trauma patients. 

+ 

Freeman, 

2006  

Hospital PCS United 
Kingdom 

1990-
1993 

RHD 2,190  Continuous 

 

Mortality 
at 6 
months  

Severely injured patients had better 
health outcomes in higher volume 
departments.   

+ 

Glance,  

2002 

Hospital RCS USA 1999 NTDB  7,371  

 

Continuous and 
categorical, 4 groups 

<140 

140-261 

262-462 

In-hospital 
mortality 

Higher trauma center volumes are not 
associated with improved patients 
outcomes.  

- 
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>462 

Konvolinka
, 1995 

 

 

Hospital 
+ 
Surgeon 

RCS USA 1988 -  
1989 

PTOS 13,002  

  

 

Continuous In-hospital 
mortality 

Higher hospital volume does not 
contribute to better survival rates.    

- 

To achieve reasonable survival rates, 
surgeons need to treat at least 
approximately 35 seriously injured 
patients. 

+ 

London, 
2003 

 

 

Hospital RCS USA 1998 -  
1999 

RHD 98,245 Categorical and 
dichotomous (total 
trauma) 

<1200  

≥1200  

 

In-hospital 
mortality, 
hospital 
length of 
stay  

Health outcomes in low-volume 
centers were comparable to higher-
volume centers.  

-  

Lucas,  Hospital RCS  USA Feb 
1997- 

TCSR  25,020 Continuous In-hospital 
mortality 

Mortality decreased when centers 
admitted more severely injured 



 

27 

2001 June 
2000  

patients.  

+ 

Marx,  

2001 

Hospital RCS 

 

USA 2003-
2006 

NYTR  52,838   

 

Categorical 

<180 vs ≥180 

<240 vs ≥240  

 

In-hospital 
mortality 

An higher volume of severely injured 
patients contributes to lower in-
hospital mortality.  

+ 

Margulies, 
2000 

Hospital 
+ 
surgeon  

RCS USA 1998-
1999 

DHS-
EMS TR 

1,754  Continuous In-hospital 
mortality 

The volume of trauma institutions is 
associated with better survival in 
severely injured patients.  

+ 

Surgeon volume, however does not 
contribute to better survival. 

-  

Minei,  

2014 

 

 

Hospital ARCT USA & 
Canada 

2006 - 
2009 

ROC 2222 Continuous and 
categorical (total 
trauma), 4 groups  

≤1000 

1001-1999 

2000-2999  

24 hour 
mortality, 
28 day 
mortality, 
complicatio
ns 

Mortality decreased with increased 
total trauma center volume.  

+ 
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≥3000  

 

Nathens, 
2001 

 

Hospital RCS USA Nov 
1997- 
Jul 1998 

UHC  1019  Continuous In-hospital 
mortality 
and 
hospital 
length of 
stay (LOS) 

Patients outcomes strongly improve 
with higher trauma center volume.  

+ 

Olufajo,  

2015 

Hospital RCS USA 2007-
2011 

CSID 61,915  Categorical (total 
trauma), 2 groups 

<1200  

≥1200  

Geriatric trauma volume 
per 100 increase 

In-hospital 
mortality, 

Failure to 
rescue rate 
(FTR) 

Higher geriatric trauma volume is 
associated with lower hospital 
mortality among geriatric patients.  

+ 

Pasquale, 
2001 

 

Hospital PCS USA 1992-
1996 

PTR 13,942  Categorical (total 
trauma), 2 groups  

<1200 

≥1200 

In-hospital 
mortality  

There exists an association between 
volume and in-hospital mortality.  

+ 

Sava,  

2003 

Surgeon RCS USA 1990-
2001 

RHD 20,695  Categorical, 2 groups 

≤35 

In-hospital 
mortality 

Surgeon volume appeared to not 
influence outcome in severely injured 
patients.  
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Table 1 Overview of included articles  

 >35 - 

Zacher,  

2015 

Hospital RCS Germany 2009-
2013 

DGU  39,289  Continuous + categorical, 
5 groups 

1-19   

20-39  

40-59  

60-79   

80-99  

≥100  

In-hospital 
mortality  

Hospital volume of severely injured 
patients was identified as a predictor 
of survival.  
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Abbreviations: 
RCS = Retrospective Cohort Study 
PCS = Prospective Cohort Study 
USA = United States 
ARCT = Analysis of Randomized Controlled Trials  
NTDB = National Trauma Data Bank 
NYTR = New York’s Trauma Registry  
OHTR = State of Ohio Trauma Registry 
RHD = Regional Hospital Discharge 
PTOS = Pennsylvania Trauma Outcome Study 
TCSR = Trauma Center Survey Reports 
ROC = multicenter trials network Resuscitation Outcomes Consortium? 
DHS-EMS TR = Department of Health Services-Emergency Medical Services trauma registry 
PTR = Pennsylvania Trauma Registry 
UHC = University Healthsystem Consortium 
CSID = California Sate Inpatient Database 
DGU = Deutsche Geschellschaft für Unfallchirurgie 
DPC = Japanese Diagnosis Procedure Combination 
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Figure 5 

 

 


