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ostinjury multiple organ failure (MOF) is the leading cause of late death in trauma patients. Although MOF was first described
50 years ago, its definition, epidemiology, and change in incidence over time are poorly understood. We aimed to describe the in-
cidence of MOF in the context of different MOF definitions, study inclusion criteria, and its change over time.
METHODS: C
ochrane Library, EMBASE, MEDLINE, PubMed, and Web of Science databases were searched for articles published between
1977 and 2022 in English and German. Random-effects meta-analysis was performed when applicable.
RESULTS: T
he search returned 11,440 results, of which 842 full-text articles were screened. Multiple organ failure incidence was reported in
284 studies that used 11 unique inclusion criteria and 40 MOF definitions. One hundred six studies published from 1992 to 2022
were included. Weighted MOF incidence by publication year fluctuated from 11% to 56% without significant decrease over time. Mul-
tiple organ failure was defined using four scoring systems (Denver, Goris, Marshall, Sequential Organ Failure Assessment [SOFA]) and
10 different cutoff values. Overall, 351,942 trauma patients were included, of whom 82,971 (24%) developed MOF. The weighted inci-
dences ofMOF frommeta-analysis of 30 eligible studies were as follows: 14.7% (95% confidence interval [CI], 12.1–17.2%) in Denver
score >3, 12.7% (95% CI, 9.3–16.1%) in Denver score >3 with blunt injuries only, 28.6% (95% CI, 12–45.1%) in Denver score >8,
25.6% (95%CI, 10.4–40.7%) inGoris score >4, 29.9% (95%CI, 14.9–45%) inMarshall score >5, 20.3% (95%CI, 9.4–31.2%) inMar-
shall score >5 with blunt injuries only, 38.6% (95%CI, 33–44.3%) in SOFA score >3, 55.1% (95%CI, 49.7–60.5%) in SOFA score >3
with blunt injuries only, and 34.8% (95% CI, 28.7–40.8%) in SOFA score >5.
CONCLUSION: T
he incidence of postinjury MOF varies largely because of lack of a consensus definition and study population. Until an interna-
tional consensus is reached, further research will be hindered. (J Trauma Acute Care Surg. 2023;94: 725–734. Copyright © 2023
The Author(s). Published by Wolters Kluwer Health, Inc.)
LEVEL OF EVIDENCE: S
ystematic Review and Meta-analysis; Level III.

KEYWORDS: M
ultiple organ failure; multiple injuries; trauma; shock; systemic inflammatory response syndrome.
P ostinjury multiple organ failure (MOF) is a syndrome that
was first described in the late 1970s, the periodwhere critical

care medicine advanced to the levelwhere an isolated organ fail-
ure did not lead to death.1,2 However, as patient survival from the
acute impact of trauma has increased, treating complications like
MOF, which accounts for 51% to 61% of late deaths in trauma
patients, has become increasingly important.3,4

AlthoughMOF has reportedly become less lethal over the
decades, it remains a prevalent and costly syndrome to treat.3–5

Management of MOF patients is intensive and disproportionally
consumes health care resources. Multiple organ failure cohorts in
trauma have mean intensive care unit length of stays of more than
double those without MOF with same injury severity, and mortality
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rates have been reported in excess of 50%as opposed to 10% to 15%
in those without.6,7 Even among survivors of MOF, the long-term
consequences are far-reaching at a health care system and individual
level, adding significant morbidity to patients' lives.8

Despite almost universal agreement that MOF is a leading
cause of late death in trauma cohorts, there is no universally ac-
cepted definition of what constitutes MOF as an entity, from
both a clinical and pathophysiological perspective. Knowledge
derived from sepsis and other physiological insults has been
overlaid in the trauma context and seemingly accepted without
any convincing evidence. Multiple scoring systems have been de-
veloped for both research and clinical applications, which evaluate
a patient's cardiovascular, hepatic, renal, neurological, coagulation,
and respiratory function.9–12 However, there is no universally ac-
cepted scoring system for MOF in trauma, nor an accepted cutoff
value for these scores. Most importantly, there is a lack of wide-
spread validation for these scores in the trauma context. The lack
of an accepted definition gives rise to the significant variation in
incidence of MOF between various institutions, as the incidence
of MOF is the quotient of the definition (numerator) and the over-
all study population (denominator), both of which are arbitrary.

As a global trauma society, it seems critically urgent that a
universally accepted definition of MOF is defined to allow for
further research on this topic. The goal of this review was to sys-
temically describe the incidence of MOF using various defini-
tions of MOF and in different patient populations. The second-
ary aim was to describe the change in incidence over time.
PATIENTS AND METHODS

This review followed the Preferred Reporting Items for
Systematic Reviews and Meta-analyses guidelines13 (Supple-
mental Digital Content, Supplementary Data 1, http://links.
lww.com/TA/C881). The protocol was registered in the Interna-
tional Prospective Register of Systematic Reviews (PROSPERO
ID: CRD42018095284).
© 2023 The Author(s). Published by Wolters Kluwer Health, Inc.
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Search Strategy
A systematic search was performed on December 9, 2022,

using the Cochrane Library, EMBASE, MEDLINE, PubMed,
andWeb of Science databases. Search terms were the following:
(“Trauma” OR “Injury*” OR “Post injury” OR “Post-injury”)
AND (“Multiple organ failure” OR “Organ failure” OR
“MOF” OR “Organ dysfunction” OR “Multiple organ dysfunc-
tion syndrome” OR “MOD” or “MODS”) AND (“Epidemiol-
ogy*” OR “Incidence*” OR “Predict*” OR “Prediction model”
OR “Outcome” OR “Sequelae” OR “Risk factor” OR “Mortal-
ity” OR “Prevalence”). The results were limited to articles pub-
lished in the English or German languages, from 1977 onward,
when MOF was first described by Eiseman et al.2

The results returned by the search were exported to the End-
Note X9 software (Clarivate Analytics, London, United Kingdom),
where duplicates were removed. The remaining articles were
screened by their titles and abstracts for relevance toMOF. Articles
were subsequently uploaded to the Covidence Systematic Review
Software (Veritas Health Innovation, Melbourne, Australia; avail-
able at www.covidence.org), where full-text evaluation was per-
formed by two independent investigators. Disagreements were re-
solved by discussion between both investigators and adjudication
by a third investigator. Reference lists of included articles, books,
and book chapters were manually screened for relevant articles.

Study Selection
Studies that reported the incidence ofMOF, which was the

quotient of the number of patients who met criteria for MOF (nu-
merator) and the study population among whom the incidence of
MOF was reported (denominator), were included. This search in-
cluded observational and interventional studies that reported data
pertaining to incidence ofMOF in countries that have similar pop-
ulation demographics; mode of trauma; health care systems, particu-
larly emergencymedical services; and advanced trauma care models
to those of Australia. Studies that focused on multiple-organ dys-
function syndrome, a term that has been used interchangeably with
MOF, was included.14 Studies that concentrated on adult trauma
patients were included. Studies that investigated systemic inflam-
matory response syndrome or acute respiratory distress syndrome
without reference toMOFor multiple organ dysfunction syndrome
were excluded. Studies that concentrated on pediatric populations
and nonmechanical trauma, such as burns, drowning, hanging, or
electrocution, were excluded. However, secondary consequences
of trauma, such as sepsis or hypothermia leading to MOF, were
included.

Because of the inherent challenges of researching both
polytraumatized patients and MOF owing to a lack of globally
accepted definition, the authors were concerned that including all
studies regardless of their inclusion criteria would add significant
heterogeneity, as the included studies' sample populations play a
key role in the calculated incidence. The inclusion criteria andmech-
anism of injurywere examined for all studies, and the individual pa-
pers were assessed and included if they met a generally accepted
mechanism and reasonable threshold for high risk forMOF (i.e., In-
jury Severity Score greater than 15, base deficit on arrival to the
emergency department of greater than 6, need for hemorrhagic re-
suscitation etc.). Studies that did not specify a MOF scoring system
and cutoff value, or had cohorts that used aMOF definition that was
not used by ≥3 other cohorts, were excluded because these factors
© 2023 The Author(s). Published by Wolters Kluwer Health, Inc.
limited the external validity of their results. Where a study was in-
cluded in our meta-analysis, the same patient was not represented
twice. Studies with overlapping recruitment periods at the same
institution or databases as another study were carefully examined,
and only the study with the largest sample size was included.

Data Collection
Data relating to demographic information of the patients,

inclusion and exclusion criterion for each respective study, and
definitions of MOF, in addition to data on incidence, predictors,
and outcomes of MOF, were extracted and were uploaded to the
Covidence Systematic Review Software. Data extractionwas inde-
pendently completed by two investigators. When not provided ex-
plicitly, the number ofMOF patients was computed bymultiplying
the reported percentages and total number of patients. Multiple co-
horts were created from one study if a study had (1) different inclu-
sion criteria for different groups and/or (2) defined MOF differ-
ently for different groups. For example, if a single study reported
the incidence of MOF in two cohorts with the same inclusion
criteria but used two different scoring systems, then there would
be two different cohorts, with different incidences of MOF.

Data Synthesis
Pooled MOF Incidence Rate by Publication Year

OpenMeta[Analyst] (CEBM, Brown University, RI) was
used to calculate the weighted incidence of MOF among in-
cluded studies by publication year.

Meta-analysis of MOF Incidence by MOF Definition
and Inclusion Criteria

OpenMeta[Analyst] (CEBM) was used to perform
meta-analysis and to generate forest plots. Included studies
were analyzed using the DerSimonian-Laird random-effects
method to calculate the weighted incidence of MOF (95% con-
fidence interval) among subgroups with different inclusion
criteria and MOF definitions. A minimum of three studies were
required to generate a forest plot.

Where possible, an additional analysis was performed for
subgroups that had the sameMOF score threshold and inclusion
criteria (i.e., blunt mechanism).

Heterogeneity
Heterogeneity was quantified using the I2 test, which is not

inherently dependent upon the number of studies considered.15 I2

values ranged from 0% (homogenous) to 100% (heterogenous).
However, a random-effects model was used for all analyses.

Quality Appraisal
Included studies were appraised using a modified Oxford

Center for Evidence-based Medicine rating and Mixed Methods
Appraisal Tool.16,17
RESULTS

Study Selection
The initial search returned 11,440 articles, of which 3,581

were duplicates, resulting in a total of 7,859 articles. Screening
based on title and abstracts for relevance to MOF excluded
727
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7,017 articles, leaving 842 articles for full-text review. A total of
558 full-text manuscripts were excluded based on their study de-
signs, patient demographics, mechanisms of injury, or due to in-
adequateMOF incidence data. Of the remaining 284 full-text ar-
ticles that reported the incidence of MOF, 178 manuscripts were
excluded because of either not using a MOF definition used by
at least 3 other studies or for reporting MOF incidence based on
specific mechanism or demographic factor. Nineteen studies
comprising 55 cohorts were excluded because they focused on
specific mechanism or demographic factors: penetrating mecha-
nism (n = 3 cohorts), age younger than 65 years (n = 25 cohorts),
age older than 65 years (n = 4 cohorts), normal body mass index
(BMI) (18.5–25 kg/m2; n = 4 cohorts), overweight BMI
(25–29.9 kg/m2; n = 4 cohorts), obese BMI (30–39.9 kg/m2;
n = 7 cohorts), morbidly obese BMI (>40 kg/m2; n = 2 cohorts), al-
cohol intoxication (n = 3 cohorts), and no alcohol intoxication
(n = 3 cohorts). A further 159 studies were excluded because
the reportedMOF definitions were not used by≥3 other studies.
Overall, 113 cohorts from 106 studies were included in the qual-
itative synthesis. A supplement file shows this in more detail
(Supplemental Digital Content, Supplementary Table 1, http://
links.lww.com/TA/C989).

For meta-analysis, a further 25 studies were excluded be-
cause they had overlapping enrolment periods at the same insti-
tutions with another included study, and 52 studies were ex-
cluded because they had overlapping enrolment periods of
TABLE 1. Summary of MOF Incidence by Subgroups Generated From

MOF Definition No. Cohorts No. MOF P

Denver > 3 29 3,08

Unspecified 21 2,09

Blunt 8 99

Denver > 8 (Unspecified only) 4 6

Goris ≥ 4 5 26

Unspecified 2 5

Blunt 3 20

Goris ≥ 5 (Unspecified only) 6 45

Marshall > 5 18 4,08

Unspecified 3 73

Blunt 15 3,35

Marshall > 6 5 60

Unspecified 2 33

Blunt 3 27

Marshall > 8 5 13

Unspecified 4 10

Blunt 1 3

Marshall > 12 (Unspecified only) 4 8

SOFA > 3 3 10

Unspecified 1

Blunt 2 10

SOFA > 5 33 74,09

Unspecified 30 68,15

Blunt 3 5,93

TOTAL = 10 Definitions 113 cohorts (106 studies) 82,97

Max % MOF, highest percentage of MOF patients reported in a given subgroup; Min % MO

728
analysis of the same database/participating institutions. Ulti-
mately, 30 cohorts from 29 studies were included for quantita-
tive synthesis (Fig. 1).

Included Articles
Of the included studies, 4 of the 106 reported the inci-

dence of MOF in multiple cohorts within the same study. These
cohorts either had different inclusion criteria or MOF defini-
tions. Sauaia et al.9 and Sauaia et al.18 reported the incidence
of MOF in two distinct cohorts that shared the same inclusion
criteria but used two different MOF definitions. Hutchings
et al.19 reported MOF incidence in three distinct cohorts that
shared the same inclusion criteria but used three different
MOF definitions. Dewar et al.11 reported MOF incidence in dis-
tinct four cohorts, which were created by the use of two different
inclusion criteria and two different MOF definitions. Therefore,
113 distinct cohorts were identified from 106 included articles.
The mean age of patients was 38 years, and 73% were male.
The mean Injury Severity Score was 27.

Study Characteristics
There were 93 cohort studies, 3 secondary analyses of co-

hort studies, 3 randomized trials, 2 case control studies, 2 retro-
spective matched-pair analyses, 1 cross-sectional study, 1 prog-
nostic study, and 1 pilot study.
MOF Definition and Study Population

atients No. Trauma Patients Min % MOF Max % MOF

5 15,864 0.00 44.23

3 10,827 0.00 44.23

2 5,037 9.07 31.16

3 257 16.56 46.15

2 1,516 13.73 73.02

5 76 69.23 73.02

7 1,440 13.73 35.29

0 2,451 6.03 56.13

4 10,576 8.10 71.43

4 1,957 34.56 71.43

0 8,619 8.10 63.50

6 3,489 0.00 30.07

2 1,150 18.49 30.07

4 2,339 0.00 29.37

8 1,387 7.07 12.95

2 1,109 7.07 7.42

6 278 12.95 12.95

5 991 5.29 16.78

8 185 37.50 61.36

3 8 37.50 37.50

5 177 53.33 61.36

0 315,226 4.96 78.82

2 291,582 4.96 78.82

8 23,644 23.57 51.90

1 351,942 0.00 78.82

F, lowest percentage of MOF patients reported in a given subgroup.

© 2023 The Author(s). Published by Wolters Kluwer Health, Inc.
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-analyses flowchart outlining the study selection protocol.13
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The quality appraisal of the studies indicated moderate to
high quality of studies. There were 3 level 1 studies, 102 level 3
studies, and 1 level 4 study. Mixed Methods Appraisal Tool
scores were 5/5 in 61 studies, 4/5 in 39 studies, and 3/5 in 6 stud-
ies. A supplement file shows this in more detail (Supplemental
Digital Content, Supplementary Table 1, http://links.lww.com/
TA/C989). We did not exclude any articles based on quality.
SYSTEMATIC REVIEW

MOF Definitions
Overall, 113 cohorts from 106 studies using 10MOF defini-

tionswere included. Four scoring systemswere used: Denver (three
different cutoff values),4,7,9,18–43 Goris (two different cutoff
values),5,44–53 Marshall (four different cutoff values),9,19,54–83

and Sequential Organ Failure Assessment (SOFA) (two different
cutoff values).8,10,11,19,84–115 See Table 1.
© 2023 The Author(s). Published by Wolters Kluwer Health, Inc.
Weighted Incidence of MOF by Publication Year
Included studies were published between 1992 and 2022.

The weighted incidence of MOF from year to year ranged from
11% to 56% and fluctuated without significant change (Fig. 2).

META-ANALYSIS

Study Characteristics
Therewere 27 cohort studies and 2 randomized controlled

trials. Publication years ranged from 1992 to 2022. A supple-
ment file shows this in more detail (Supplemental Digital Con-
tent, Supplementary Table 2, http://links.lww.com/TA/C990).

Weighted Incidence of MOF by Definition and
Study Population (Where Applicable)

Meta-analysis was performed in the following subgroups:
Denver score >3, Denver score >3 with blunt injuries only,
Denver score >8, Goris score ≥4, Marshall score >5, Marshall
729
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Figure 2. Weighted incidence of MOF based on publication year.
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score >5 with blunt injuries only, SOFA score >3, SOFA score
>3 with blunt injuries only, and SOFA score >5. The weighted
incidences ofMOF ranged from 12.7% to 55.1% (Fig. 3). A sup-
plement file shows this in more detail (Supplemental Digital
Content, Supplementary Fig. 1, http://links.lww.com/TA/C991).

DISCUSSION

This reviewwas the largest of its kind and includedmore than
351,942 trauma patients over a 30-year period. The incidence of
MOF varied from 0% to 79% within included studies, between
11% and 56% based on year of publication, and between 13% and
55% based onMOF definition and study population where applica-
ble. Despite many authors suggesting that the incidence ofMOF has
decreased over time, the results of this reviewdid not reveal any sig-
nificant change over time.3,4,6,22,116–118 The large range of reported
Figure 3. Weighted incidence of MOF based onMOF definitions and
incidence (95% confidence interval), number of MOF patients/total n

730
incidence highlights one of the key challenges in researchingMOF
in trauma—a lack of a universally accepted definition.

The adult trauma population at risk for MOF represents a
heterogenous group.9–12We endeavored to minimize the hetero-
geneity and variation within the overall population (denomina-
tor) by only including studies whose individual inclusion criteria
were similar to other included studies. However, there was still
evidence of significant statistical heterogeneity. Because there
is no universally preferred MOF definition, the included studies
used 10 different threshold values from 4 major scoring systems
to diagnose MOF.

Intuitively, a higher MOF threshold value from any of the
scoring systems included should correspond with a decrease in
incidence, provided the population at risk was the same. How-
ever, the incidence of MOF increased as the MOF cutoff value
increased in our subgroup analysis of the Denver score, which
study population, where applicable. Data presented as weighted
umber of trauma patients; I2, p value.

© 2023 The Author(s). Published by Wolters Kluwer Health, Inc.
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is well validated in trauma patients. This suggests that there were
fundamental differences study populations despite our efforts,
and that the pooled samples with higher cutoff values (i.e.,
Denver score >8) were sicker than those with lower cutoff values
(i.e., Denver score >3). This is critical to note because the liter-
ature does not compare apples with apples, and discussions
about an accepted cutoff value for each scoring system need to
factor this into consideration.

Hutchings et al.19 compared the incidence and predictive
ability for mortality of postinjury MOF patients between the
Denver, SOFA, andMarshall scoring systems and recommended
the Denver score because it was simple to calculate, had the
strongest association with early traumamortality, and sensitively
identified high risk patients.

The standout strength of this study is that it is the first
study to examine the incidence of postinjury MOF in a system-
atic review format with the addition of meta-analysis. An inten-
tionally broad search strategy, which included manuscripts in
both English and German, was used to capture all published
studies on this topic. Because of the inherent variation in the
way individual studies defined the population at risk and there-
fore the resultant MOF incidence, an attempt to reduce this het-
erogeneity was made by way of including studies that shared in-
clusion criteria. However, there was still evidence of significant
heterogeneity. All included studies were conducted in countries
with developed health care and trauma systems, whichmay limit
the external validity. Attempts to meta-analyze data were signif-
icantly impacted by overlapping recruitment between studies
and highlight that, in the literature pool, the same patient is rep-
resented multiple times. Overall, the results clearly identified
that the key impediment to MOF research in trauma cohorts is
the lack of a universally accepted MOF definition, and this is
the main limitation of the project and hinders future research
on this critical area of trauma care research and management.
CONCLUSION

The literature pool on MOF in trauma cohorts is heteroge-
nous, both in the way authors define MOFand the study population
at risk, and this limits any meaningful conclusion. There is no evi-
dence to support a significant reduction in the incidence of MOF
over the last 30 years, nor is there data to suggest what threshold
values should be used for the various scoring systems. An interna-
tional consensus is urgently needed on the definition of MOF
using a scoring system that has been validated in trauma pa-
tients, with a specific cutoff value, and on the focused study
population at risk of developing MOF.
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