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Evaluating associations between level of trauma care and
outcomes of patients with specific severe injuries: A

systematic review and meta-analysis

Jan C. Van Ditshuizen, MSc, Leonne A. Rojer, MD, Esther M.M. Van Lieshout, PhD, MSc,

Wichor M. Bramer, PhD, Michiel H.J. Verhofstad, MD, PhD,
Charlie A. Sewalt, MD, PhD, and Dennis Den Hartog, MD, PhD

Trauma networks have multiple designated levels of trauma care. This classification parallels concentration of major trauma care,
The objective of this study is to assess associations of level of trauma care with patient outcomes for populations with specific se-

A systematic literature search was conducted using six electronic databases up to April 19, 2022 (PROSPERO CRD42022327576).
Studies comparing fatal, nonfatal clinical, or functional outcomes across different levels of trauma care for trauma popula-
tions with specific severe injuries or injured body region (Abbreviated Injury Scale score 23) were included. Two indepen-
dent reviewers included studies, extracted data, and assessed quality. Unadjusted and adjusted pooled effect sizes were calculated

Thirty-five studies (1,100,888 patients) were included, of which 25 studies (n = 443,095) used for meta-analysis, suggesting a survival
benefit for the severely injured admitted to a Level I trauma center compared with a Level II trauma center (adjusted odds ratio [OR],
1.15; 95% confidence interval [CI], 1.06-1.25). Adjusted subgroup analysis on in-hospital mortality was done for patients with trau-
matic brain injuries (OR, 1.23; 95% CI, 1.01-1.50) and hemodynamically unstable patients (OR, 1.09; 95% CI, 0.98-1.22). Hospital
and intensive care unit length of stay resulted in an unadjusted mean difference of —1.63 (95% CI, —2.89 to —0.36) and —0.21 (95% CI,

Severely injured patients admitted to a Level I trauma center have a survival benefit. Nonfatal outcomes were indicative for a longer
stay, more intensive care, and more frequently posthospital recovery trajectories after being admitted to top levels of trauma care.
Trauma networks with designated levels of trauma care are beneficial to the multidisciplinary character of trauma care. (J Trauma

BACKGROUND:
creating innovations and improving outcome measures.
OBJECTIVES:
vere injuries.
METHODS:
with random-effects meta-analysis comparing Level I and Level II trauma centers.
RESULTS:
—1.04 to 0.61), respectively, discharged home resulted in an unadjusted OR of 0.92 (95% CI, 0.78-1.09).
CONCLUSION:
Acute Care Surg. 2023;94: 877-892. Copyright © 2023 The Author(s). Published by Wolters Kluwer Health, Inc.)
LEVEL OF EVIDENCE: Systematic review and meta-analysis; Level I11.
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T rauma is one of the leading causes of death worldwide. Inju-
ries account for 8% of global mortality, taking the lives of
nearly 4.5 million people around the world each year.! These
deaths, represent a fraction of those injured each year and many
trauma patients suffer from long-term morbidity.” In the pursuit
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of optimal care for trauma patients, regional trauma systems have
been implemented worldwide, showing significant improvement
in trauma outcomes.*’

Regional trauma systems can be distinguished by inclusive
and exclusive trauma networks. Within an exclusive trauma net-
work, care is limited to several highly specialized hospitals,
whereas all facilities within inclusive designated trauma networks
participate in care for injured patients. Hospitals are commonly
categorized by level based on criteria developed by professionals.
These criteria sets are dependent on local public health care con-
text. Higher-level facilities have more continuously available re-
sources for the most severely injured patients, lower-level facili-
ties are utilized for patients with minor injuries.”®

When assessing outcomes across levels of trauma care, ma-
jor trauma (MT) (Injury Severity Score [ISS] > 15) patients ben-
efit from the highest level of trauma care.” However, defining MT
based on an anatomical scoring system has restrictions. The ISS
might underestimate the severity of injury for some trauma pa-
tients,'™'" and MT populations are very heterogeneous. It would
be of great interest zooming in on the beneficial effect of trauma
center designation on patients with specific severe injuries.'?
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This study aimed to provide an overview, including data syn-
thesis, of clinical outcomes in subgroups of severely injured trauma
populations across different levels of trauma care in trauma networks.

METHODS

This systematic review was reported according to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA ) checklist (Supplemental Table 1, http://links.lww.
com/TA/C851) and was registered in the International Prospective
Register of Systematic Reviews (PROSPERO'*) under identifi-
cation number CRD42022327576 (submission date April 24,
2022; publication date June 9, 2022).

Search Strategy and Selection Criteria

On April 19, 2022 search engines Embase via embase.
com, Medline ALL via Ovid, Web of science Core Collection,
Cochrane Central registry of trials and Google scholar were used
to identify publications examining trauma patient outcomes in
relation to trauma center level comparison. Search terms were
designed by an experienced biomedical information specialist

(W.M.B.), and provided in Appendix A, Supplemental Table 2,
http://links.lww.com/TA/C852. The search combined thesaurus
terms and words and phrases in title and abstract in many variations
for (a) emergency service or trauma ward; (b) tertiary center or aca-
demic hospital; (c) lower-level centers, such as secondary or primary
health care with (d) outcomes, such as mortality and length of stay
(LOS). Titles and abstracts of retrieved references were reviewed
using the method as published by Bramer et al.'* in EndNote'®
(version 20, The Endnote Team; Clarivate, Philadelphia, PA).
Studies comparing different levels of trauma care for trau-
matic injuries in relation to fatal and nonfatal clinical outcome
measures were considered eligible for inclusion. Studies were in-
cluded if they examined specific severe injuries or severely injured
body regions (Maximum Abbreviated Injury Scale [MAIS] 2 3 or
ISS > 15), of all causes, and the studied population was 14 years or
older. Studies focusing on general (major) trauma populations,
transferred patients, burn patients, pediatric patients, or patients
with an isolated hip fracture were excluded, as well as studies ad-
dressing trauma system implementation, geography, volume-
outcome, economic evaluation, prediction, or general public health
issues. Nonavailable full-text articles, conference abstracts, forums,

Identification of studies via databases and registers

(G
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Figure 1. PRISMA 2020 flow diagram. The study selection flow diagram is depicted.
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panel discussion, or experience talk were also excluded. Two re-
viewers (J.C.V.D. and C.A.S.) screened titles and abstracts for eligi-
bility. Full-text documents were retrieved and independently
screened by two reviewers (J.C.VD. and L.A.R.). Disagreements
were resolved by consensus or by consulting a third reviewer
(C.A.S.). Finally, all references of the full-text inclusions were
screened for additional potential inclusions.

Data Extraction and Quality Assessment

Two reviewers (J.C.VD. and L.A.R.) independently extracted
characteristics on each included study: year of publication, type of
trauma center level comparison, study design, country, study pe-
riod, data source, sample size, inclusion and exclusion criteria,
severity of injured population, population characteristics, study
outcome measures, and key findings.

Quality assessment was performed by two reviewers
(J.C.V.D. and L.A.R.) for each included study. Studies were
scored using the Newcastle-Ottawa Scale (NOS),'” creating
international standardized comparability. In addition, a qual-
ity assessment tool, based on existing literature, was created
to assess quality, generalizability, and risk of bias of the in-
cluded studies."

For data synthesis J.C.V.D. and L.A.R. collected data inde-
pendently. The primary outcome parameter was in-hospital mor-
tality. Secondary outcome parameters included hospital LOS
(HLOS), intensive care unit (ICU) LOS and discharge destina-
tion with or without, home health.

Disagreements on characteristics of studies, quality assess-
ment, or data extraction, were resolved through discussion, or by
consulting a third reviewer (C.A.S.).

Data Analysis

Data were analyzed using the R Software Environment
(version 4.1.1, The R Foundation for Statistical Computing,
Vienna Austria).

To examine the association between trauma center level
and clinical outcomes for traumatic injuries, a meta-analysis was
performed. Subgroup analyses were performed for severely injured
patients with injuries in a specific body region, patients with pene-
trating injuries, or hemodynamically unstable patients if three or
more studies were found on specific injuries.

The main focus was a comparison of Level I (highest level)
and non—Level I trauma care. If level distinction was not numerical,
the highest level of care was used to compare with lower levels of
trauma care. Tertiary, academic trauma care and MT centers were
considered the equivalent of Level I, if a study was conducted out-
side the United States. When studies compared multiple levels, all
individual comparisons were included in the meta-analysis. When
studies merged levels in their comparison, results were only in-
cluded in qualitative analysis.

For unadjusted meta-analysis crude numbers and adjusted
odds ratios (ORs) with 95% confidence intervals (95% Cls) were
extracted for binary/categorical outcome measures and means
with standard deviation (SD) and absolute numbers for continu-
ous outcome measures. For adjusted meta-analysis, adjusted OR
with 95% CI were extracted. The Mantel-Haenszel method was
used to provide a pooled unadjusted OR, the inverse variance
method provided a pooled adjusted OR and the mean difference
(MD) with 95% CI was used as summary statistic for unadjusted
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TABLE 2. Quality Assessment and NOS of Included Studies

Clear

in- and Nation- AIS/ICD Mortality Mortality HLOS HLOS ICU LOS
Study, year, exlusion or region Registry revision Definition 2 TC levels ISS  Baseline perlevel perlevel perlevel perlevel per level
subgroup criteria wide based reported TC level separated Age =16 Overall ISS per level perlevel (crude) (adj.) (crude)  (adj.) (crude)
Head
Alkhoury, 201172 + + + + + + - - - + + . + _ "
Brown, 2010 + + + + + + - ; + ¥ B B i i} }
Chalouhi, 2019%° + + + - + + + - + + + + + + +
Deng, 2019%° + + + + + + + + - - + i _ + _
DuBose, 2008>° + + + - + + - + + + + + + - +
Gupta, 2020°* + - + - + + + - + + + - + - +
Haas, 2018>* + + + + + - n B} + + i + } ; ;
Kaufiman, 2018 + + + + + - - . " ¥ + + ; B ;
Plurad, TBI, 2021%° + + + - + + + + + + + + + - +
Yeates, 2020% + + + - + + + - + + + - + - +
Spinal injuries
Baron, 20217 + + + - + + - - - + + ¥ n + +
Macias, 2009*! + + + + + - + B, + ¥ + + i _ }
Williamson, 202137 + + + + + - + ; n ¥ + B i ) 4
Thoracic injuries
Ahmed, 2019*! + + + + + - n + + + n : + } )
Bukur, 2012% + + + + + + - - + + + + + - +
Checchi, 2020%7 + + + + + + + + - - + T R R R
Choi, 20217 + + + + + - + , i + + n n ; ;
Oliver, 2019°° + + + + - B - B} + + + i i} ; ;
Rockney, 2021 + + + + + + + - + + + + + - +
Abdominal injuries
Harbrecht, 20043 + + + + + + + + + + + - + - +
Helling, 1997°° + - - . + + - - + + 4 . + i 4
Hotaling, 2012°® + + + + + + - - + + + - + - +
Lewis, 20212 + + + - + + + - - + + + T - +
Sheehan, 2020%7 + + + + + + + . + + + + + R +
Tignanelli, 2018* + + + + + + + - - 4 ; ¥ _ + )
Hemodynamically unstable
Dufresne, 2017°! + + + . + + + - - + + + + + -
Haas, 2018 + + + + + - + - n n i 4 B B )
Hamidi, 2019°" + + + - + + + + + + + + + - -
Herrera-Escobar, 2018%° + + + - + + + - + + + + - - -
Plurad, HU, 2021** + + + - + + - + + + + + + - +
Torso penetrating injuries
Grigorian, 2019° + + + + + + - - + + + + + R +
Pelvic injuries & femoral shaft fractures
Bouzat, 2013%* + - + . + + _ B, + + 4 3 ; } ;
Jakob, 2021%° + + + + + + + - - + + + + _ +
Khoury, 2016 + + + . + + + B, _ + + 3 ; } ;
Morshed, 2015 + + + + + - + . n ¥ + + ; ; ;
Oliphant, 2018* + + + + + + + - - + ; 4 _ i B
Total + (%) 100 92 97 61 97 75 67 22 72 94 92 72 64 17 50

AIS, Abbreviated Injury Scale ICD, International Classification of Diseases; TC, Trauma Center; ISS, Injury Severity Score; adj., adjusted; HLOS, Hospital Length of Stay; ICU LOS, Intensive Care Unit
Length of Stay; OR, Odds Ratio; CI, Confidence Interval; NOS, New Ottawa Scale; na, not applicable.

continuous outcome measures. Studies were pooled using a periods, regional/geographical characteristics, and trauma popula-
random-effects meta-analysis. Random effects were used to com- tions. Heterogeneity between studies was assessed using both the
pensate for heterogeneity, thereby addressing differences in study 7 and the X statistics. /° values were used to interpret the amount

884 © 2023 The Author(s). Published by Wolters Kluwer Health, Inc.
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ICULOS Discharge Discharge OR's with All Adjusted Adjusted for  Adjusted  Adjusted Conflict of  Funding NOS NOS NOS NOS
per level home per home per 95% CI confounders for injury demographics for for interest identified selection comparability outcome total
(adj.) level level (adj.) reported severity comorbidity transfer declared 4*) 2% (3% 9%
(crude)
)
=
=
- § + - na na na na na na - - 3* 0* 3* 6*
-8 - - + + + + + - - - 4% 2% 3% 9%
§ g - - + + + + - - + - 4% 2% 3* 9*
£z + + + + + + + - + - 4% 2% 3* 9%
©
s . - + + + + . - . + 4 2% 3% 9%
Q5 - - na na na na na na + + 4% 0* 3* 7%
% 3;:1 - - + + + + + + + + 3% 2% 3* 8*
g3 y + + + + + + . + + 4 2 3% 9%
S¢ + - + + + + + na + + 4% 2% 3% 9%
2= - - na na na na na na - - 4% 2% 3* 9%*
I8
3 c
53
?_: g - - + + + + - na + - 4% 2% 3* 9*
Qw - - + + + + + - - + 4% 2% 3* 9%
20
g B + - na na na na na na + - 4% 2% 3* 9*
ea
S
QD
§ = - - + + + + + - + + 4% 2% 3* 9%
9 f<i - - + + + + + - - - 4% 2% 3* 9%
N
235 m - - + + + + - na + + 4% 2% 3% vk
S § + - + - + - - na + - 4% 2% 3* 9%
AN =
859 - - + + + + + - - - 3% 2% 3% 8
P
55 + - + + + - + - - + 4% 2% 3* 9%
@ F
n x
S E
> - - na na na na na na + - 4% 2% 3* 7*
D N
se - - na na na na na na - - 4% 0* 3* 7*
R + - na na na na na na - - 3% 2% 3* 8*
N O
] ; - - + + + + _ _ + + 4% 2% 3% Q%
-5 - . + + + + ; . + + 4 2% 3% 9
=
s} - - - + + + - - + + 4% 2% 3% o
=
&
- - - + + + + + na + + 4% 2% 3% 9%
- - - + + + + + + + + 3% 2% 3* 8*
- - - + + + + - na + + 4% 2% 3% 9%
- - - na na na na na na + + 4% 2% 3% %
- - - + + + + + na + + 4% 2% 3% 9%
- - - + + + + + na + + 4% 2% 3% 9%
- - - na na na na na na + - 4% 1* 3% 8*
- - - + + + + + na + + 4% 2% 3% 9%
- - - na na na na na na + + 2% 0* 3* 5%
- - - + + + + + - + + 3* 2% 3* 8*
+ - - - + + + - + + + 4% 2% 3% Ok
14 19 6 94 97 100 94 72 61 72 61

of heterogeneity: 30% to 60% possible moderate, 50% to 90%
possible substantial and 75% to 100% considerable.'® Funnel plots

were used to detect publication bias.*®

© 2023 The Author(s). Published by Wolters Kluwer Health, Inc.

As a comparative measure of effect for unadjusted OR, the
number needed to treat for an additional beneficial outcome

(NNTB) was calculated.
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RESULTS

Search

The study selection PRISMA flow diagram is depicted in
Figure 1. The initial search identified 7,502 records. After removing
duplicates, 4,151 records were screened on title and abstract,
resulting in 122 potentially eligible studies. After full-text screen-
ing 32 studies were included.”' > Three additional studies were
identified using reference chasing,>>° resulting in 35 included
studies for the systematic review; 10 studies on traumatic brain in-
juries (TBIs),?%26-29-30:33.45:49.50.53.54 iy stydies on thoracic inju-
ries,2!-2527:28:46.55 ix studies on abdominal injuries,>*3%-38:47:48.52
three studies on spinal cord injuries,?**”*! five studies on
lower-extremity injuries,”****>**43 and five studies on hemo-
dynamically unstable patients,?!-36-44.51.54

Study Characteristics

The included studies comprised a total of 1,100,888 patients
with a minimum age of 14 years (Table 1). Most (n = 32, 91%)
studies were retrospective cohorts,?! 343637394175335 three (9%)
studies were prospective cohorts.*>**3* The mz}jority (n =32,
91%) were United States based,?! 232530:3273941°55 gne study
was conducted in France,>* one in Israel,** and one study in
Canada.®! A total of 26 (74%) studies®> 2729 32:34-36.3840.43-52
compared Level I with Level II trauma centers. Other studies com-
pared Level I with unranked,**> Level I with IV and unranked,**
Level V1T with I/TV,>'*! Level I/IT with unranked,”® Level I with
111> Level I with I/II/IV,*” Level VIV with unranked.”®

Quality Assessment

Included studies had clear inclusion and exclusion criteria
(n =35, 100%), distinct trauma center level definitions (n = 34,
97%), were registry based (n = 34, 97%), were national or re-

Stady or level Tovel | 0dds Raso Odds Ratio
Subgroup Events  Totsl Events  Total Weight M, Random, 96% CI mwu%a
Asdoury, 2011 15 8063 8578 2748 Te%  101)098 108 ‘
Chalouts, 2019 S70 W12 088 258 64% 1121090124
Deng, 2019 856 WIS 2230 QN 66% 116[103 1] =
DuBose, 2008 814 5874 074 10961 TON  152[1.37 168 [ ]
Frrad 2021 1123 14382 2126 25302 T3 003088 1004
Youtus, 2000 42 61077 1S5 WINE  TE%N  0OTOSL 101
Okr 2012 290  AT4 970 MM SO% 150125184 -
Checch(NS231 2020 1419 7553 X001 10747 74% OM[088 101) -]
Rocke, 2021 0 3265 75 10781 345 000 129 -
2 ———
mm«n’;\»‘ o m 130 8 3 127098, 180 -
Meliog, 1997 6 108 RO 1% 0REP41IG —
Maotalng, 2012 214 528 588 109 S6% 0S7TPER 1145 ®
Lowis, 2021 T s 24 230 0% 1091047.255 —-
o, 2020 & 8 N 22 17% 109064 184 ——
' -
Dutesoe, 2017 7 208 83 285 27% 140098208 -
Meoera Escober, 2017 1250 421, 006 MM TN 1091101, 199 -]
Hamed, 2019 290 b 856 2184 % 138115 106 -
Purad 2021 3 23 ™6 407 65 O0WP78 10y -
Jukod, 2021 10 127 12 MM 08% 172074399 -—
Bouat 2013 r » ¢ » 0% 15104057 1
Bascn, 2000 16 5161 315 18419 49N 113[095 144 -
Khoury, 2016 4 m 9 14 04N 0T PIIE - +*
|
Total (95% €O 17220 129924 40058 203760 000%  1.90(1.02:1.20) = M A
Hetorogenety. Tau' = 00197, O = 12008 @ = 21 P <001 F = % 02 05 v 2 S

Tost for subgroup Aiererces O’ » 4010, & » 6 0% < 091) favours fovel | favours level |

gional (n = 32, 91%), and reported ISS per level (n = 25, 71%)
(Table 2). A minimum age of 16 years or 18 years was used as
inclusion criterion in 66% (n = 23) of the studies and 61%
(n = 21) reported the Abbreviated Injury Scale or International
Classification of Diseases revision used for coding injuries.
Crude in-hospital mortality per level was reported in 91%
(n = 32) of the included studies and 63% (n = 23) reported ad-
justed in-hospital mortality. A fair amount of these studies, re-
ported confounders used in adjusted analysis (n = 23, 66%);
69% (n = 24) of studies adjusted analysis for injury severity,
69% (n = 24) for demographics, 43% (n = 15) for comorbidity,
and 6% (n = 2) for transfers (54% [n = 19] of studies excluded
transfers). Quality assessment and NOS'” scores were compara-
ble, studies scoring low on the NOS, scored low on quality as-
sessment as well (69% [n = 24] had a perfect score).

In-Hospital Mortality - Systematic Review

Of all 34 studies re§)0rting in-hospital mortality,
11 studies (32%)>+26:30-32:36:43.48.51.54.55 fund Level I trauma
centers are associated with lower in-hospital mortality versus non—
Level I trauma centers (Table 1). Ofthese 11 studies, nine studies
(82%)*426-30-32:36.43.4851 s smpared Level I with Level IT trauma
centers. A total of 22 studies (65%)>!2323-27-29:33-35.37-39.4142,
44.46:47.:49.52.53 reported no difference in in-hospital mortality across
different levels of trauma care (Table 1). Of these 22 studies, 17
studies (77%)?223252729343538 904147495255 comnared Level
I with Level II trauma centers. One study found Level I trauma
centers to be associated with higher in-hospital mortality rates
compared with Level I1.%°

21-49,51-55

Meta-Analysis—Unadjusted
Of 34 studies reporting in-hospital mortality, 22 studies
(65%)22727,29731,34»36,3 —40,44-47,49,51,52 were included in the

0Odds Ratio
Study logOR se weights OR [95% CI} IV, Random, 95% CI
Chalouy, 2019 018 010 106% 120(0.99; 1.45) s
Deng, 2019 026 013  7.5% 130(1.01 1.67] L
DuBose, 2008 044 009 119% 156(1.32 185] -
Purad, 2021 003 008 156% 0.97(0.86,1.10) H
Total (9¢ 45.6% 1.23 [1.01; 1.50) =
Bukur, 2012 000008 134% 100[0.86;1.16] -
Rockne (SSRF) 2021 011 020 36% 1.12[0.75 167) i'*
subgroup » abdomina v
Lewis, 2021 00905 05% 109[036,330] =i
Sheehan, 2020 001057 05% 099[032305) ———f+—
Dufresne, 2017 030 034  14% 1.35[060,264) e
Hemera-Escobar, 2017  0.14 0.08 13.2% 1.15[0.99,1.34) £ 3
Hamids, 2019 029020 19% 133(0.76,235] —i-—
Piurad, 2021 001 009 120% 0.99[0.84' 1.17)
Total (95 28.¢ 1.09 [0.98; 1.22) -
Jakob, 2021 025068 04% 129[034:493  ——rt=
Ofphant, 2018 046 032 16% 158(0.84.295] e
Baron, 2020 017 045  57% 1.18(087.150] T

X i 086; >
Total (95% CI) 100.0% 1.15[1.06; 1.25)

Heterogenety: Tau® = 00073; Chi” = 27.78, of = 14 (P = 0.02); I = 50% 0s: 1. 2
Test for subgroup ddferences: Chi” = 400, df = 5 (P = 0.56) favours level il favours level|

Figure 2. Meta-analysis for unadjusted (left) and adjusted (right) in-hospital mortality in severely injured trauma populations for Level |

versus Level Il trauma centers.
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unadjusted meta-analysis on in-hospital mortality, comparing Level
Iand Level II trauma centers, comprising a total of 405,684 trauma
patients (Fig. 2). The overall pooled unadjusted OR (95% CI) was
1.10 (1.02—1.20), F = 84% (Fig. 2). Subgroup analysis was possible
for TBI (OR, 1.10; 95% CI, 0.91-1.33), 20230454 thoracic injuries
(OR, 1.10; 95% CI, 0.57-2.13),>>"4¢ abdominal injuries (OR,
1.04; 95% CI, 0.89—1.22),**33-3847:52 and hemodynamically
unstable patients (OR, 1.14; 95% CI, 0.82—1.59).1:34451 Qver-
all and for subgroups, heterogeneity was strong (I, 81-94%).
There was no suggestion of publication bias (Fig. 4).

Meta-Analysis—Adjusted

Adjusted meta-analysis on in-hospital mortality compar-
ing Level I and Level II trauma centers, included 15 (44%)
studies?32>:26:29-31.36.39.43-47.51.52 (3 = 135 861) with a pooled
adjusted OR (95% CI) of 1.15 (1.06-1.25) (F = 50%) (Fig. 2).
Subgroup analysis was possible for TBI (OR, 1.23; 95% CI,
1.01-1.50)%623%4 and hemodynamically unstable patients
(OR, 1.09; 95% CI, 0.98-1.22).>1:3%%51 Overall and for sub-
groups, heterogeneity was strong (, 50-85%). There appeared
to be no publication bias (Fig. 4).

Study or level ll level | Mean Difference Mean Difference
Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
subgroup = head H
Chalouhi, 2019 142 142 1412 174 188 2568 9.0% -3.20[-4.24;-2.16]

DuBose, 2008 8.8 129 5874 103 88 10161 9.6% -1.50[-1.87;-1.13]

Plurad, 2021 56 86 14382 6.7 11.0 25382 9.7% -1.10[-1.30;-0.90]

Brown (severe), 2010 140 16.0 5351 16.0 19.0 12875 95% -2.00[-2.54;-1.46]

Total (95% Cl) 27019 50986 37.7% -1.84[-3.20;-0.48]

subgroup = thoracic

Bukur (survivors), 2012 16.2 203 175 148 230 856 52% 1.40[-1.98; 4.78]

subgroup = abdominal

Harbrecht, 2004 10.1 111 772 120 148 1366 89% -1.90[-3.01;-0.79]

Helling (survivors), 1997 139 115 105 133 141 195 58% 0.60[-2.36; 3.56]

Hotaling, 2012 94126 1928 122 173 5169 9.3% -2.80[-3.53;-2.07]

Lewis, 2021 121123 595 109 111 2230 89% 1.20[ 0.11; 2.29]

Sheehan, 2020 7.3 140 86 7.7 140 292 52% -0.40[-3.77, 2.97]

Total (95% Cl) 3486 9252 38.2% -0.83[-3.05; 1.38]

subgroup = hemodynamical unstable
Dufresne, 2017 197 25 208 255 25 285 96% -580[-6.25;-5.35) - K

Plurad, 2021 109 136 2333 121 140 4931 94% -1.20[-1.88;-0.52] E

Total (95% ClI) 2541 5216 18.9% -3.51[-32.73; 25.72] .

Total (95% ClI) 33221 66310 100.0% -1.63 [-2.89; -0.36] . ' | ; .

Heterogeneity: Tau® = 3.4565; Chi” = 413.09, df = 11 (P < 0.01); I° = 97%
Test for subgroup differences: Chi’ = 493, df=3(P=0.18)

-30 -20 -10 0 10 20 30
shorter HLOS level |  shorter HLOS level Il

Study or level ll level | Mean Difference Mean Difference
Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
subgroup = head

Chalouhi, 2019 99 87 1412 118 126 2568 10.7% -1.90[-2.57;-1.23] -

DuBose, 2008 43 6.7 5874 53 4310161 118% -1.00[-1.19;-0.81]

Plurad, 2021 46 5514382 51 6.125382 11.8% -0.50[-0.62;-0.38]

Total (95% CI) 21668 38111 34.3% -1.07[-2.78; 0.63] ——————
subgroup = thoracic

Bukur (survivors), 2012 80141 175 81182 85 49% -0.10[-2.52; 2.32] D S—
subgroup = abdominal

Harbrecht, 2004 52 83 772 62111 1366 102% -1.00[-1.83;-0.17] —-

Helling (survivors), 1997 50 83 105 28 84 195 6.1% 220[0.22; 4.18] —a—
Hotaling, 2012 44 92 1928 53 113 5169 11.2% -0.90[-1.41;-0.39] -

Lewis, 2021 70 84 595 57 66 2230 10.5% 1.30[0.57; 2.03] ——
Total (95% CI) 3400 8960 37.9% 0.25[-2.21; 2.72] e ————
subgroup = hemodynamical unstable

Plurad, 2021 82102 2333 79 92 4931 112% 0.30[-0.19; 0.79] -l
subgroup = pelvic

Jakob, 2021 20 43 1277 14 32 2626 11.7% 0.60[0.33; 0.87] =

Total (95% Cl) 28853 55484 100.0% -0.21[-1.04; 0.61] ..

Heterogeneity: Tau® = 1.0726; Chi” = 153.59, df = 9 (P < 0.01); I* = 94%
Test for subgroup differences: Chi*= 16.37,df =4 (P <0.01)

I T 1 1 1

-4 2 0 2 4
shorter ICU LOS levell  shorter ICU LOS level ll

Figure 3. Meta-analysis unadjusted HLOS (upper) and ICU LOS (lower) in severely injured trauma populations for Level | versus Level Il

trauma centers.
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Hospital LOS—Systematic Review

Of all studies, 26 studies (74%)>' 2333337394352 reported
on HLOS comparing hi§her with lower level trauma centers, of
which 19 studies (73%)222325:26.30-32343538.39.44-47.49-52 oo,
pared Level I with Level II trauma centers (Table 1). A total of
13 studies (50%)?>%26:28:30:31.33.34.37.38:44-46.50 £, Jower level
trauma centers associated with shorter HLOS than at higher
levels, 11 studies (42%)>!23:25:29:32:35.39.43.47°49 repyorted no sig-
nificant difference, and 2 studies (11%)°">? found a significant
difference in HLOS in favor of Level I trauma centers.

Meta-Analysis

Twelve studies (46%),26’30’31"34’35’38’44"45"47’50’52 compar-
ing Level I and Level II trauma centers, reported a mean (SD)
HLOS, comprising a total of 99,531 trauma patients, resulting
in an overall pooled unadjusted MD of —1.63 (95% CI, —2.89
to —0.36; I = 97%; x> = 4.93; p < 0.18) (Fig. 3). Subgroup
analysis was possible for TBI patients (MD, —1.84; 95% ClI,
—3.20 to —0.48),26304550 and patients with abdominal injuries
(MD, —0.83; 95% CI, —3.05 to 1.38).3%33384752 Qverall and
for subgroups, heterogeneity was strong (I, 60-97%). There
was an indication of possible publication bias (Fig. 4). As a side
note, three of the included studies*>~°*> based HLOS solely on
survivors.

ICU LOS—Systematic Review

Of all studies, 21 studies (60%)22232526293032-3537-3943-49.52
reported ICU LOS comparing higher and lower level trauma centers
(Table 1). A total of 10 studies (48%)*>?326:30:323437.384548 £5nq
lower level trauma centers associated with shorter ICU LOS
compared with higher levels, seven studies (33%)>>2%-33:43:4447.49
reported no significant differences in ICU LOS between higher

Unadjusted in-hospital mortality
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and lower level trauma centers, and four studies (19%)3>-3%46-52
found a significant lower ICU LOS in Level I trauma centers.

Meta-Analysis

Ten studies (43%),2>26-30:3435:38:39444552 comparing Level T
and Level II trauma centers, reported a mean (SD) ICU LOS, com-
prising a total of 84,337 trauma patients, resulting in an overall
pooled unadjusted MD (95% CI) of —0.21 (-1.04-0.61)
(P = 94%, x> = 16.37, p < 0.01) (Fig. 3). Subgroup analysis
was possible for TBI (MD, —1.07; 95% CI, —2.78 to 0.63)*%°%%
and patients with abdominal injuries (MD, 0.25; 95% CI, —2.21
to 2.72).3*333852 Qverall and for subgroups, heterogeneity
was strong (I°, 91-94%). There was an indication of possible
publication bias (Fig. 4). As a side note, three of the included
studies®>**> based ICU LOS solely on survivors.

Mechanical Ventilation
Duration—Systematic Review

Mechanical ventilation duration was reported by eight
studies,?>2330-32:374647.52 comparing higher with lower level
trauma centers, of which seven studies®>2>30324647.52 ooy
pared Level I with Level II trauma centers (Table 1); five stud-
ies?>303247:52 found no significant differences, two studies®>>’
reported longer, and one study*® found shorter mechanical ven-
tilation duration in Level I trauma centers.

Complications—Systematic Review

Complications of any kind were reported by 16 studies
(46%5),22:23:29-33.3739 404346485152 6 yaring hi%her with lower
level trauma centers (Table 1); seven studies®>2-31-33:40:47:48
found no significant differences between Level I and non—Level
I trauma centers, and five studies™*>**>!>2 reported no differences,

Adjusted In-hospital mortality
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Figure 4. Funnel plots on publication bias: Upper left unadjusted in-hospital mortality, upper right adjusted in-hospital mortality, lower

left unadjusted HLOS, lower right unadjusted ICU LOS.
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except for a higher rate in Level I trauma centers of acute respiratory
distress syndrome, a ventilator assisted pneumonia,>* and pulmonary
embolism.*® Lower complication rates of any kind in Level I trauma
centers were found in two studies,”>*° and one study®* found
higher complication rates of any kind but similar rates of acute re-
spiratory distress syndrome and DVT in Level I trauma centers.

Discharge Destination Home (With or Without
Home Health)—Systematic Review

Of all included studies, nine studies??28-2%-37:38:40.45.46,53
(26%) reported discharge destination home comparing higher-
and lower-level trauma centers (Table 1); six studies®>>%2%45:46.53
(67%) found higher level trauma centers to be associated with a
larger percentage of patients discharged home, two studies®’*
(22%) reported no significant difference, and one study™® (11%)
associated lower-level trauma centers with a larger percentage
of patients discharged to home.

Meta-Analysis

Of the nine studies reporting discharge destination home,
six studies (67%) were included in the unadjusted meta-analysis,
comparing Level I and Level II trauma centers, comprising a to-
tal 0f 98,950 patients (Fig. 5). The overall pooled unadjusted OR
(95% CI) was 0.92 (0.78-1.09) (* = 84%) (Fig. 2). Subgroup
analysis was possible for TBI (OR [95% CI] 0.86 [0.58—1.27]).
Heterogeneity was strong; overall  was 84% and for TBI I
was 90%. There was no suggestion of publication bias (Fig. 5).

Functional Outcome Measures Systematic Review

Three TBI studies?®**>° compared the functional inde-
pendence measure between Level I and Level II trauma centers
(Table 1); two studies®®>° found Level I trauma centers to be as-
sociated with better functioning, whereas one study*® found no
differences. Health related quality of life, measured after 1 year
by Short Form-36>° and the Musculoskeletal Function Assess-
ment,>” was associated with better functioning after being admitted

Study or level Il level | Odds Ratio Odds Ratio
Subgroup Events Total Events Total Weight MH, Random, 95% CI MH, Random, 95% CI
subgroup = head

Alkhoury, 2011 4494 8988 11829 22748 20.3%  0.92[0.88;0.97] .

Deng, 2019 794 1476 2631 4237 175%  0.71[0.63;0.80] -

Plurad, 2021 7233 14382 13105 25382 204%  0.95[0.91;0.99] .

Total (95% CI) 12521 24846 27565 52367 58.2 0.86 [0.58; 1.27] — e ———
subgroup = thoracic

Rockne, 2021 1492 3265 5177 10781 19.3%  0.91[0.84;0.99] -
subgroup = abdominal

Hotaling, 2012 1290 1928 3323 5169 180%  1.12[1.01;1.25] —i—
subgroup = femur

Khoury, 2016 64 109 71 125 45% 1.08 [0.64; 1.82] &

Total (95% CI) 15367 30148 36136 68442 100.0%  0.92[0.78; 1.09] -
Heterogeneity: Tau® = 0.0193; Chi® = 32.09, df = 5 (P < 0.01); I = 84% 075 1 15

Test for subgroup differences: Chi® = 11.13,df =3 (P =0.01)

favours level Il favours level |
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Figure 5. Meta-analysis unadjusted discharge home with or without home health (upper) and funnel plot on publication bias (lower) in
severely injured trauma populations for Level | versus Level Il trauma centers.
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to a Level I trauma center than to a non—Level I trauma center
(Level IV + other).*?

DISCUSSION

In an attempt to analyze MT care in networks, this study
assessed the association of patients with specific severe injuries
admitted to a specific level of trauma care and (non)fatal out-
come measures. This systematic review included 35 studies with
a total population of 1,100,888 trauma patients. The results of 25
studies (n=443,095) that compared Level I with Level II trauma
centers suggest a survival benefit for the severely injured admit-
ted to a Level I trauma center (unadjusted OR, 1.1; NNTB, 84;
adjusted OR, 1.15; NNTB, 57). A few subgroup analyses for ad-
justed in-hospital mortality could be done: Patients with TBI
have a survival benefit when admitted to a Level I trauma center
(OR, 1.23; 95% CI, 1.01-1.50), and there was an indicative sur-
vival benefit for hemodynamically unstable patients and patients
with penetrating injuries when admitted to a Level I trauma center
(OR, 1.09; 95% CI, 0.95-1.22; OR, 1.04; 95% CI, 0.78—1.38, re-
spectively (Supplemental Fig. 1, http://links.Iww.com/TA/C853,
and 2, http:/links.lww.com/TA/C854). Overall, there was an un-
adjusted nonsignificant tendency for shorter HLOS and longer
ICU in Level I trauma centers, mechanical ventilation duration
was similar between Level I and Level II trauma centers, and a
larger part of patients admitted to Level II trauma centers were
discharged home, which could be addressed to differences on
population level.

Even though nonmajor but severely injured patients (ISS
9-14) were included in this study, results were similar to previ-
ous reviews for general MT populations.®>® All studies and sub-
groups combined in the present study could be considered a gen-
eral severely injured trauma population as well.

Various (excluded) studies around the same theme are worth
mentioning: no survival benefit for combined burn and MT pa-
tients in either Level I or II trauma centers,>® survival benefit in
Level I trauma centers for patients with severe specific injuries,' >
level I and II trauma centers with low mortality rates prevent and
treat complications better in the severely injured,**®! and patients
admitted to level I trauma centers with severe lower extremity in-
juries have a higher chance of limb salvage.®> Several studies an-
alyzed specific age groups in association to level of trauma care,
the largest groups being pediatrics and geriatrics. Most pediatric
studies compare severely injured children admitted to pediatric,
adult and mixed trauma centers, indicating benefits of a regional-
ized pediatric (major) trauma center.*> ¢ Studies on severely in-
jured (very) elderly indicate beneficial care in higher level trauma
centers, despite many geriatric trauma patients being admitted to
lower level trauma centers as a stable older trauma patient with
lower energy injury mechanisms.®”~®” Comparing top levels of
trauma care indicates no differences between centers.®® !

In the present study, a level of care association with out-
comes has been studied from a subgroup perspective mostly
based on injured body region. When looking at case mix differ-
ences between levels of trauma, what is considered as severely
injured is under debate. A minimum of MAIS 3 was considered
severe, but when looking at a subgroup with specific injured
body regions one can imagine a lot of detail is lost. Severe is a
catch-all term, while MAIS 3-5 or ISS >15 and ISS >24 are

890

quite differential, not to speak of a differentiation of specific injured
organs or a combination of injuries in different body regions. It
might very well be that studies finding no differences between
levels of trauma care are biased because of a certain overtriage
(admit-all-term) in the context of concentration of the severely
injured. If overtriage makes sure that a small group of critical in-
jured patients associated with high mortality rates are admitted
as fast as possible to Level I trauma centers, a beneficial true ef-
fect for small groups might statistically remain unnoticed in
standard analysis on a population level. In addition, compliance
to field triage protocols by emergency medical services might
not be optimal. By reducing undertriage and overtriage, the quality
of health care has still much to be gained. However, on-scene triage
is good enough to result in a beneficial effect in the trauma net-
works included in the current study.

Limitations

An overall strong heterogeneity seems logical considering
the multidisciplinary character of trauma care when combining
all subgroups. Statistically, homogeneity might be more favor-
able, especially when looking at subgroups. Therefore, results
should be carefully interpreted. Studies per subgroup were lim-
ited in all outcomes, especially in adjusted analysis. Looking at
(adjusted) outcome measures, in-hospital mortality was best rep-
resented. Hospital, ICU, and mechanical ventilation duration
displayed inconsistencies of summary measure, were missing,
and if not, adjusted values were scarce. When adjustments were
done, physiological biomarkers were seldom available or used.
Complications rates were often reported, however overall and
specific complications were not interchangeable between studies.
Discharge destination and functional outcome measures were least
represented for individual levels of trauma care, making it difficult
to create a robust nonfatal overview.

The three included studies not originating from the United
States, where conducted in France, Israel, and Canada. These
studies all compared numeric designated levels of trauma care,
and where considered to be the same as the numeric levels of
trauma care in the United States. It is difficult to address what in-
fluential elements of trauma management like level criteria, hos-
pital volume, local (field) protocols, and activation of helicopter
emergency medical services have on the included studies. Local
health care context can be of great importance in the light of time
to admission (geo-spatial elements), transfers, and maturation of
trauma networks. Generalizability of the current results to other
care systems or middle-low income countries is questionable,
the studies for that account are too homogeneous.

No randomized trials could be identified (probably due to
ethical issues) creating resulting in methodological limitations.
Finally, the search was restricted to English written publications,
creating a language bias. An additional search on all languages
resulted in 53 extra studies, potentially resulting in one missing
study proportionally to an English restricted search only, making
publication bias negligible.

Strength

Severely injured patients were represented on a broad injury
spectrum. All studies comparing any level of trauma care were in-
cluded, and as many nonfatal outcomes as possible were studied.
All but one study were based on data from the 21st century,

© 2023 The Author(s). Published by Wolters Kluwer Health, Inc.
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creating an thorough overview of contemporary trauma networks
with a clinical focus. This framework does right to the multidis-
ciplinary approach and chain of trauma care.

CONCLUSION

Level of trauma care is associated with in-hospital mortal-
ity when specific severely injured trauma populations are com-
bined; Level I trauma center resources add most to a survival
benefit compared with non—Level I trauma centers, also in se-
verely injured non-MT populations. Unadjusted nonfatal clini-
cal outcomes were indicative for a longer stay, more intensive
care, and a greater need for posthospital recovery trajectories af-
ter being admitted to top levels of trauma care, which could be
addressed to differences on a population level. Functional out-
come measures were underreported. Trauma networks with des-
ignated levels of trauma care are beneficial to the multidisciplin-
ary character of trauma care.
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