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Abstract

Background: The volume-outcome relationshipseverely injured patients remains under

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

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

surgeon volume and health outconreseverely injured patients.

Methods: Six electronic databases were searched from 1980 danuary 30 2018to

identify studies that describe the relationship between hospital or surgeon volume and health
outcomesn severely injured patients (preferably Injury Severity Score (ISS) above 15).
Selection of relevant studies, data extraction and critical appraisal of the methodological
guality were performedy two independent reviewers. Pooled adjusted and unadjusted
estimates of the effeaf volume onin-hospital mortality, onlyn study populations with ISS

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

model was usetb assess hospital volunascontinuous parameter.

Results: Eighteen observational cohort studies were included. The majority (13/18, 72%)
reportedan association between higher hospital or surgeon volume and lower mortality rate.
Overall, the quality of the included studies was reasonable, with insufficient adjussment

one of the most common limitations. Eight studies were includéte 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 includtethe regression model, providing a beta

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

surgeon volume and mortality rates based on three alesialdlies.



Conclusion: Our systematic overviewf the literature reveals a modest association between
high volume centers and lower mortalityseverely injured patients, suggesting that

designation of high volume centers might improve outcomes aswatgely injured patients.

Leve of evidence: level lll, Systematic review and meta-analysis

Systematic review registration number: PROSPERO registratidd CRD42017056729

Keywords. Trauma, Severely Injured, Hospital volume, Volume-outcome Relationship



Background

Each year, about 4.8 million people die worldwada result of injuries (1)n adults younger
than 45 years, injuris even the major cause of death (2). Therefore, trauma imposes a
substantial burden on societg:the Netherlands, the annual total costs of injurie€xte

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

reduced mortality of severely injured patients and improved functional outatiseharge

(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 atdeaist 35
severely injured patients per year (5, 6). These volume requirements are originally based on
the volume-outcome relationshipother surgical specialties suabcardiothoracic 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 pati¢atms of

health outcomes remains unclear (10, 11) .

However, these systematic reviews did not perform a meta-andtlysikkely that a potential
positive effecof volume on outcomis more visiblein a meta-analysis, becauséncreases
power. The aim of this systematic review and meta-anabk/gievaluate the volume-

outcome relationshim severely injured patients.



M ethods

Literature search

The search engines Embase.com (Medline and Embase), Pubmed, Web of Science, Cochrane
Central and Google Scholar were searched until Janu#r2CIB (date last searched)

identify published studies that examined the association between the volume of severely
injured patients and different health outcomes. There traeerestrictions; only articles

published after 1980 were taken into account. The search was ddsygreelxperienced

biomedical information specialist. The search algorithm included cuigading (MeSH)

terms and text words for injured patients, hospital volume, trauma center and different health
outcomes (see appendik).orderto identify potential additional studiese checked the

reference lists of studies included and contaet@ertsin 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 defispdtients with ISS >15 or,

when ISS was not used, with clinical and anatomical patient characteristics comjmat@ble
the severity of ISS >15 confirmdxy anexperienced trauma surgeon. Studies that focused on
patients with specific anatomical injuries or studies that only used pediatric cohorts were

excluded. Studies not written English were excluded.

Two reviewers (CS and EW) independently screened titles and abtiralestify
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



studies. Any disagreement was resolved through discussidmecessary, a third review
author (HL) was consultetd reach consensus. The PRISMA flowchart was ts@dovide

anoverviewof the data screening process (12).

Data extraction and quality assessment

Data extraction was performég 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)f Wypeme
(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 quabfyobservational studies, a quality assessment form
was madeo assess quality, generalizability and risk of bias of the included studies (13). The
guality assessment form was applieedach studypy two independent reviewers (CS and

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

Data analysis

A meta-analysis was performémldetermine the relationship between hospital volume and
outcomein severely injured patients. Hospital volume was defamttie mean annual
number of admitted severely injured patients. Studies were incindedta-analyses when
severely injured was define$1SS>15to reduce heterogeneity. The outcome of the meta-
analysis was mortality, definexbeitherin-hospital mortality or death within 30 days

following trauma.



The association between patient volume per hospithinortality was assessedtwo ways:

using a threshold of 240 patiemésseparate high volume centers from low volume centers (5,
6) and using volumasa continuous parameter.

For the meta-analysis, only studies with cut-offs ctos&40 were included. Both adjusted

and unadjusted outcomes were utechlculate pooled effect estimates. For the adjusted
estimates, the adjusted odds ratio (OR) was used when refartealculate unadjusted ORs,
mortality rates per study and volume group were used. The lowest volume group was used
a reference, results were transformed (1/effect gizecessary. 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 adDRtes calculated

with the inverse variance method. A random effects model wasaiped! the estimates and

to account for expected heterogeneity since studies had different study populations, were from
different regions antime frames. Heterogeneity was assessed using the Q-test quantified

the 12 statistic.

To assess hospital volunrea continuous way, data from studies reporting volumesmand
hospital mortality frormat least two volume groups were used. Only studies using the
definition for severely injuredsISS > 15 were included. Volume was calculasthe mean
number of severely injured patients per hospitals perigesaspecific volume group and
outcome was the reported mortality rate. A random effects linear regression model; with
hospital mortalityasoutcome, a random effect for stuidyadjust for study differences,
adjustments for mean age and mean ISS and weighted for the rafrpa&entsn each
volume group was used. A random effects model wastossztount for heterogeneibf
studies and inter-study variance (18Y.weighting the number of patientseachvolume

group, larger studies were had more influeincine regression model compatedsmaller



studies.This resulteid 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 Quel@allaboration, 2014).



Results

In the initial search, 9,181 records were identified (Figure 1). After removing the duplicates,
5,364 records were screenedtitie and abstract. The remaining 202 potentially eligible
articles were selected for full-text assessment and eighteen of these studies wereimcluded

the systematic review (Table 1).

Study characteristics

Fifteen (83%) were retrospective cohort studies (15-29), one study (6%) was a secondary
analysisof two randomized controlled trials (30) and two studies (11%) were prospective
cohort studies (31, 32) (Table 1). Fifteen studies (83%) were condndtexiUnited States
(15-17, 19-27, 30, 32, 33), one study (6%) was conduct€&rmany (28), one study was
conductedn Japan (29), and one study was conduictede United Kingdom (31). The

National Trauma Databank (NTDB) from the United States wasingbdee 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 definedasin-hospital mortalityin sixteen studies (89%) (15-17, 19-29, 32, 33),

in one study (6%as24-hour mortality (30) anith one studyas6-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 disalilityscharge (18), total costs per
admission (29) and complication rates (30). Thirteen studies (72%) used tioediSi&e the
severity of injuriesin ten studies (59%) the population examined d&ralbS ofat least 16

(17, 21-24, 26-28, 31, 33), three studies (18%) examined patientawl$s of 15 or more
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(15, 16, 19) and one study (6%) used a threshold of 13I{2d¥ee studies (17%) ISS was
not usedo define injury severity (25, 30, 32)s analternative, a combination of clinical and
anatomical characteristics like the Abbreviated Injury Scale (AIS), Glasgow Coma Score
(GCS), Systolic Blood Pressure, Trauma Score (TS) or admissiba intensive care unit
were usedn these three studies (25, 30, 32). These characteristics were cordggmed

comparabldo ISS > 15by anexperienced trauma surgeon.

Seven studies (39%) (19, 20, 23, 25, 28, 29, 31) analyzed hospital \edancentinuous
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 categorizeid two groups, all defied ‘high volume’ asabove 1200 annual patients.

For surgeon volume, two studies examined the volume-outcome relationship with aslame
continuous parameter (20, 23), whiteone study a total of 35 or more severely injured

patients admitted per surgeon per year was defisédgh surgeonvolume’(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 considerédve 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 defisedhospital mortality and

crude ORs were reportéa 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 mortalilly rates
high volume centers compartmiow 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). Orsudy (6%) lookedht specific subgroupsf ISS (16-24 and

>25) and did not find any evidence that high volume hospitals perform better than low
volume hospitalén terms of mortalityn extremely severe injured patients (ISS>25) (34).
Another study that divideits population into blunt and penetrating injury found that the
relationship between volume and mortality was stroimgpenetrating injuries (14). Other

outcomes were reported too infrequently.

Meta-analysis

Eight studies evaluating the relationship between trauma center volunrelzogpital

mortalityin severely injured patients could be includethe 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 reportedour 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 (Cl): 0.92-1.10, p = 0.93, Figure 3A), with large heterogeneity
(12 =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 (12 = 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 patientsCB&27to -0.07,

p < 0.01, Figure 4). The effect of hospital volume was consideree linear (p=0.998).

12



Surgeon volume

Three of the eighteen studies (17%) examined the relationship between surgeon volume and
in-hospital mortalityin severely injured patients (20, 23, 27). One study reported that
increased per-surgeon volunmethe treatment of seriously injured patieistassociated with

lower mortality (20). The authors suggest that a surgeon shoula@tteast 35 severely

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

13



Discussion

This study aimedo 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 includea the meta-analysis and four studies were includede

regression analysis. Our results indicate that a significant association between hospital volume
and mortality exists, although the effextmodest. Overall, the quality of the included articles

was reasonable, with insufficient adjustmasbne of the most common limitatiorido clear
conclusionganbe drawn with respetb surgeon volume due aninsufficient number of

studies.

There might be several reasons explaining the fact that high volume hospitals perform better.
The most obvious declaratiosthe ‘practice makeserfect” hypothesis, which suggests that
physicians and nurses can develop higher proficientye care of severely injured patients

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

careis a highly standardizeid terms of initial approacim the Emergency Department (36),
where lifesaving interventions are performed even before the precise injuries are known.
Personalized caiis needed once the full extent of injury, and phgent’s pre-existing health
statusis known - but this requires competenceomplex operations and procedures and high
fidelity team work. More exposute this process may resut more efficiency, whiclis of

extreme importancm 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 patientsn high volume centers decreases mortality (37, 38). Also, the preseanee of
house coveragey trauma surgeorat high volume centeris believedto improve outcomes,

although therés no empirical evidence showiragn actual decreasa mortality (39, 40).

14



Another possibilityis the ability of each cent¢o treat the range of injuries presenting, high
volume centers could have more skills on site comparethall volume centers. Theie

also a possibility that high volunoenters implement significant changegrauma care like
new technological improvements earlier. High volume centers have the commitment and

resources$o implement advanceas trauma care which could leéala decreasm mortality.

Some hospitals are more likdtyreceive more severely injured patients (i.e. with higher ISS)
than other hospitals due trauma center designation or hospital location. Furtherntase,
evident that the risk of mortality increases with higher ISS (41). When examining the
relationship between volume of severely injured patients and moitasitgf high

importanceo adjust for this casaix differences. Nevertheledgs, the studies includeid this
systematic review, the severiy injury is not always taken into account. Dieethe lack of

these adjustments,is hardto correctly interpret the results of these studies.

Most studies used of a cut-off valok240 severely injured patients per year. This cut-off
value has been arbitrarily chodeynthe ACS-COT and was originally based on studies from
other surgical specialties like cardiothoracic surd@9). Although several studies with a
continuous analysis of the volume-outcome relationship have been published, the ideal cut-off
value remains uncleas suggesteth Figure 4, the optimal cut-off mdye higher than 240,

but more extensive continuous analysis of the volume-outcome relatianslipded. Alsai

might be possible that theieaninfliction point where mortality begin® increase, but

extreme high volume centers are neefbegikamine this association and these were not
includedin our meta-analysis. Furthermore, using a higher cut-off value wilktesdre
centralization of trauma care. This may increase transport times of severely injured patients,
whichis associated with increased mortality rategauma patients (42-44). However, this

might be less importam 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 patieint®igh volume centerdO, 11). However,

both studies did not perform a meta-analysis and loakagmaller amount of studies. Our
meta-analysis and regression analysis revealed new insights and showed more consistent

results that severely injured patients benefit from treatmdnigh volume centers.

A limitation of our studys that only few studies could be included for the meta-analsia.
result, pooled findings might be largely influendsdthe results of one study. There was no
indication of publication biag:urthermorewe only assessed the relationship of volume with
mortality. Other outcomes like hospital length of stay and quadilije after trauma are also
important indicators of quality of care and migstvell be influencedby hospital or surgeon
volume. Another limitations that a majority of our included studies, almost 90%, were
conductedn the United States. Variatiomsthe structure of trauma centers might make our
results less generalizalifetrauma centens Europe. The high amount of studies conducted
in the United States was also the cause for including studies with the same datangberce
meta-analysis. This makéspossible that patients are includedhe meta-analysis more than
once.In addition, a clear definition of severely injured patients was lacking. Most studies
includedin our systematic review used I&5define injury severity, sincé is the universal
injury severity measuna trauma registries and research. ®etalso hado include three
studies with other definitions of injury severity, like clinical and anatomical characteristics.
Althoughanexperienced trauma surgeon confirmed these stadmsmparableéo ISS > 15,

it still increases heterogeneity of the study populatioaddition, the ISS has been regarded
asthe golden standatd define injury severity over the last decades (45-47). However,
guestions about the accuracy of the ISS have been raisedit Eiogts not account for

multiple injuriesin the same body region (48, 49). This could cause underscoring of the

16



overall injury severity in patients with severe injimyone body region. Seconah equal AlS

scorein different body regions assumedo be equain 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 cufdifyh 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 appeardd arbitrarily defined the volume cut-off§his variancein cut-offs might be

a good explanation for the differeniceresults. Althoughve triedto make equal volume

groups, inconsistendp volume groups remained dteethe limited available data. However,

excluding even more studiesour metaamalysis would make our findings less generalizable.
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Conclusion

In conclusion, this systematic review and meta-analysis revaal@ssociation between
larger hospital volume and lower mortalityseverely injured patients. Our findings suggest
that designation of high volume centesimprove outcomes among severely injured
patients. Future studies with more rigorous methodologicalmasadjustment, additional
outcome measures and standardized cut-off values for high vaolwoabination with
continuous analyses are neetleturther define the effect of hospital volume on mortality

and outcome of severely injured patients.
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Author, Unit Study design | Country Period Data Patients Volume definition Outcomes | Key findings (unadjusted and
year Source adjusted estimates)
Bennett, Hospital | RCS USA 2001- NTDB 115,538 Categorical, 3 groups In-hospital | There is a complex volume-outcome
2006 mortality relationship for level | trauma centers
2011 <240 in the United States.
240-480 +
>480
Cooper, Hospital | RCS USA 1994- NYTR 26,793 Categorical, 3 groups In-hospital | No association between hospital
1995 mortality volume and health outcomes for
2000 <151 trauma centers in New York State
151-250 could be made.
>250 )
Cudnik, Hospital | RCS USA 2003- OHTR 18,103 Level | vs Level Il In-hospital | Severely injured patients have
2006 mortality, improved survival when taken to a
2003 Lev.el I: average of 110 discharge Level | trauma center compared to
patients per year locations those taken to level Il trauma centers,

Level Il: average of 36
patients per year

which have a lower annual volume of
trauma patients.

+
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Demetriad | Hospital | RCS USA 1996- NTDB 12,254 Categorical, 2 groups In-hospital | Health outcomes are not influenced
es, 2005 2003 mortality, by the volume of major trauma
<240 . . .
intensive admissions.
>240 care unit
stay, )
severe
disability at
Level | vs Level Il .
discharge
Endo, 2017 | Hospital | RCS Japan 2010 - DPC 116,329 Continuous + categorical, | Survivalto | Higher hospital volume was
2015 5 groups hospital significantly associated with a survival
discharge, benefit and lower total costs per
1-50 total health | admission in severe trauma patients.
51-100 care cost
per *
101-150 admission
151-200
>200
Freeman, Hospital | PCS United 1990- RHD 2,190 Continuous Mortality Severely injured patients had better
Kingdom | 1993 até6 health outcomes in higher volume
2006
months departments.
+
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Glance, Hospital | RCS USA 1999 NTDB 7,371 Continuous and In-hospital | Higher trauma center volumes are not
categorical, 4 groups mortality associated with improved patients
2002 outcomes.
<140
140-261
262-462
>462
Konvolinka | Hospital | RCS USA 1988 - | PTOS 13,002 Continuous In-hospital | Higher hospital volume does not
, 1995 + 1989 mortality contribute to better survival rates.
Surgeon
To achieve reasonable survival rates,
surgeons need to treat at least
approximately 35 seriously injured
patients.
+
London, Hospital | RCS USA 1998 - RHD 98,245 Categorical and In-hospital | Health outcomes in low-volume
2003 1999 dichotomous (total mortality, centers were comparable to higher-
trauma) hospital volume centers.
length of
<1200 stay -
>1200
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Lucas, Hospital | RCS USA Feb TCSR 25,020 Continuous In-hospital | Mortality decreased when centers
1997- mortality admitted more severely injured
2001 June patients.
2000
+
Marx, Hospital | RCS USA 2003- NYTR 52,838 Categorical In-hospital | An higher volume of severely injured
2006 mortality patients contributes to lower in-
2001 <180 vs 2180 hospital mortality.
<240 vs 2240 +
Margulies, | Hospital | RCS USA 1998- DHS- 1,754 Continuous In-hospital | The volume of trauma institutions is
2000 + 1999 EMS TR mortality associated with better survival in
surgeon severely injured patients.
+
Surgeon volume, however does not
contribute to better survival.
Minei, Hospital | ARCT USA & 2006 - ROC 2222 Continuous and 24 hour Mortality decreased with increased
Canada 2009 categorical (total mortality, total trauma center volume.
2014 trauma), 4 groups 28 day
. +
mortality,
<1000 -
complicatio
1001-1999 ns
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2000-2999

>3000
Nathens, Hospital | RCS USA Nov UHC 1019 Continuous In-hospital | Patients outcomes strongly improve
2001 1997- mortality with higher trauma center volume.
Jul 1998 and
hospital *
length of
stay (LOS)
Olufajo, Hospital | RCS USA 2007- CSID 61,915 Categorical (total In-hospital | Higher geriatric trauma volume is
2011 trauma), 2 groups mortality, | associated with lower hospital
2015 mortality among geriatric patients.
<1200 Failure to
rescue rate | +
>1200 (FTR)
Geriatric trauma volume
per 100 increase
Pasquale, Hospital | PCS USA 1992- PTR 13,942 Categorical (total In-hospital | There exists an association between
2001 1996 trauma), 2 groups mortality volume and in-hospital mortality.

<1200

21200

+
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Sava, Surgeon | RCS USA 1990- RHD 20,695 Categorical, 2 groups In-hospital | Surgeon volume appeared to not
2001 mortality influence outcome in severely injured
2003 =35 patients.
>35 }
Zacher, Hospital | RCS Germany | 2009- DGU 39,289 Continuous + categorical, | In-hospital | Hospital volume of severely injured
2013 5 groups mortality patients was identified as a predictor
2015 of survival.
1-19
+
20-39
40-59
60-79
80-99
>100

Table 1 Overview of included articles
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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 fiir Unfallchirurgie

DPC = Japanese Diagnosis Procedure Combination
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Figure 2: quality assessment
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Figure 3: In-hospital mortality unadjusted (A) and adjusted (B)

High volume Low volume Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Bennett, 2011 10837 74316 B398 41014 140% 0.92[0.89, 0.96] -
Coopet, 2000 494 3215 704 5135 11.1% 1.14[1.01,1.28] ==
Cudnik, 2008 GE7 3624 432 1790 106% 0.74 [0.64, 0.84] =
Demetriades - Level | Trauma Centers, 2005 1173 4625 80 323 63% 1.03(0.79, 1.34] =
Demetriades - Level Il Trauma Centers, 2005 215 725 193 (a1t 7.2% 1.0410.82 1.31] —_——
Glance - Blunt Trauma, 2004 561 3055 §53 3219 108% 1.08[0.95 1.23] s oo
Glance - Penetrating Trauma, 2004 220 580 228 517 B.9% 0.77[0.61, 0.99] ]
Lucas, 2001 315 13813 712 11207 120% 1.04 [0.94,1.16] -
Margulles, 2001 358 1112 166 642 TE6% 1.36[1.10,1.69] i
Mane, 2011 1800 24876 1913 27962 13.2% 106099 1.14] [
Total {95% CI) 129941 92477 100.0% 1.00 [0.92, 1.10] L 2
Total events 17260 11380
Heterogeneity, Tau®= 0.01;, Chi*= 55.73, df= 9 (P < 0.00001), F= 84% 0?5 0—?.{, 1{5 5
Testforoverall effect Z=008 {(P=0.93) Favours [High volume] Favours [Low volume]
A: In-hospital mortality unadjusted
Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% CI
Bennett, 2011 -0.1278 00237 440% 0.88[0.84, 0592) o
Cudnik, 2008 -0.2744 01379 11.8% 0.76 [0.58, 1.00] |
Demetriades - Level | Trauma Centers, 2005 -0.0101 01417 11.3% 0.99[0.75,1.31] — =
Demetriades - Level Il Trauma Centers, 2005 -0.0513 012758 13.3% 0.95[0.74,1.22) =
Marx, 2011 -0.3439 00952 18.5% 0.71 [0.59, 0.85) —
Total (95% CI) 100.0%  0.85 [0.76, 0.94] e =
Heterogenaity: Tau*= 0.01; Chi*=7.12, df= 4 (P= 0.13); F= 44% 0:5 D:T 155 2
Testfor overall effect Z=3.00 (P =0.003) Favours [High Volume] Favours [Low Volume)
B: In-hospital mortality adjusted
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Figure 5
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