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ABSTRACT—Background: Multiple organ dysfunction syndrome (MODS) is associated with poor outcomes for trauma

patients. Different forms of MODS may exist and have different consequences. The ability to distinguish them clinically may

have implications for prognosis and treatment. We wished to study whether prolonged MODS (PRMODS) could be observed

as a distinct clinical entity to early resolving MODS (ERMODS) in critically injured patients. Methods: Adult major trauma

patients recruited to a prospective observational study at a single major trauma center were eligible for inclusion. MODS was

defined as Sequential Organ Failure Assessment (SOFA) score >5; and PRMODS as lasting >7 days. Time to recovery

(TTR) was calculated as the number of days before the SOFA fell below the MODS threshold (�5). Results: Five hundred

ninety-five patients were enrolled of whom 285 developed ERMODS (48%) and 184 (31%) PRMODS. Organ dysfunction

was more severe and protracted in PRMODS, especially in patients without brain injury (mean SOFA 11 vs. 6, Day 2,

P<0.001; TTR 17 vs. 3 days, P<0.001). PRMODS exhibited higher rates of hepatic and renal dysfunction (84% vs. 56%;

and 78% vs. 47%, P�0.001). Patterns of recovery were distinct in hepatic, renal, and neurological systems (TTR 15 vs. 4; 20

vs. 3; and 28 vs. 7 days, P<0.01). PRMODS was associated with higher infection and mortality rates (91% vs. 41%; and

22% vs. 7%, P<0.001). Conclusion: PRMODS appears common, a distinct clinical entity, and associated with worse

patient outcomes. PRMODS may represent an important endpoint for studies evaluating outcomes following trauma.

KEYWORDS—Infection, mortality, multiple organ dysfunction syndrome, severe injury, trauma

ABBREVIATIONS—ACCU—adult critical care unit; ACIT-II—activation of coagulation and inflammation in trauma-II; AIS—

abbreviated injury score; BD—base deficit; ERMODS—early resolving multiple organ dysfunction syndrome; GCS—

Glasgow coma score; ISS—injury severity score; LOS—length of stay; MODS—multiple organ dysfunction syndrome;

POET—prospective outcomes evaluation in trauma; PRBC—packed red blood cells; PRMODS—prolonged multiple organ

dysfunction syndrome; SOFA—sequential organ failure assessment; TBI—traumatic brain injury; TTR—time to recovery
INTRODUCTION

Multiple organ dysfunction syndrome (MODS) results in

poor outcomes for critically injured patients and continues to

place large demands on healthcare resources (1, 2). As more

patients survive with modern damage control resuscitation,

the incidence of MODS continues to be high, as much as 30%

in some series of seriously injured patients (1, 3). MODS is

managed as a single clinical entity, primarily through organ

support until resolution occurs. To date, there have been no

successful clinical trials of specific therapeutic agents for the

treatment of MODS (4). However, recent studies suggest

there may be different forms of MODS, potentially with

different etiologies, that have different consequences for

patients (5).

Contemporary forms of MODS broadly divide into two

patterns. In both patterns the onset of MODS occurs early

following the initial injury, but they differ in the relative time

course to recovery, and have different complications and out-

comes (3). The first pattern describes patients who require
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initial critical care support, but subsequently recover over the

course of a few days with relatively low overall resource

requirement. The second pattern describes patients whose

MODS fails to recover, instead developing a prolonged or

‘‘persistent’’ course associated with long critical care unit stays,

high rates of infection, and greater mortality (3, 5). This form is

described variably in the recent literature as ‘‘persistant immu-

nosuppression and protein catabolism syndrome (PICS)’’ (5),

‘‘cumulative’’ MODS (3), or ‘‘complicated’’ MODS (6, 7),

although they all share prolonged critical care stays as a

common feature. It remains unclear whether these two forms

of MODS, here referred to as early resolving MODS

(ERMODS) and prolonged MODS (PRMODS), are different

clinical entities or are simply manifestations of different

severity of physical and physiological insults.

The overall objective of this descriptive study was to

examine the contemporary patterns of MODS after severe

injury. First, we wished to describe the severity of MODS in

the two entities and determine if ERMODS and PRMODS had

different rates of evolution or resolution of organ dysfunction.

Second, we wanted to investigate whether individual organ

components differed in their underlying patterns of dysfunc-

tion and in their relative contribution to overall dysfunction in

ERMODS and PRMODS. Third, we wanted to examine differ-

ences in etiologies and, finally any differences in outcomes for

patients. We analyzed a prospectively recruited cohort of adult

trauma patients admitted to the critical care unit of an urban

major trauma center.

mailto:joanna.shepherd@qmul.ac.uk
http://www.shockjournal.com/
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METHODS

Study setting and participants

The study was conducted at an urban major trauma center (Level One).
Trauma patients presenting between August 2010 and May 2015 were eligible
for inclusion. Adult trauma patients (16 years or older) who met the local
criteria for full trauma team activation were included into either the Activation
of Coagulation and Inflammation in Trauma (ACIT-II) or Prospective Evalu-
ation of Outcomes in Trauma (POET) observational studies. Severely injured
patients subsequently requiring critical care admission were enrolled into this
study. We retrospectively excluded patients found to have an injury severity
score (ISS) below 16. Additional exclusion criteria for ACIT-II are described
elsewhere (8). Ethical approvals were granted by the regional National Health
Service Research Ethics Committee.

Data collection

Admission data were collected on patient demographics, mechanism of
injury, and baseline physiology. Admission arterial blood analysis for base
deficit (BD) was performed during the trauma team resuscitation as part of
normal care processes. BD was utilized to indicate the severity of hypovolaemic
shock on admission to the emergency department. Blood product use, namely
packed red blood cells, fresh frozen plasma, cryoprecipitate and platelets in the
first 24 h following admission were recorded.

The primary outcome was the pattern of MODS, which was determined
using the Sequential Organ Failure Assessment (SOFA) score (9). Missing
component scores were resolved by allocating the same score as the previous
day, consistent with methods used by previous authors (2, 10). Patients who
were discharged from the critical care unit were allocated a score of ‘‘0’’ for the
remainder of the 28-day period, with the assumption that organ dysfunction had
recovered. Secondary outcomes were mortality, the presence of infection,
ventilator-free days, critical care, and total hospital length of stay (LOS).
Patients were reviewed daily for 28 days, or until discharge or death. Causes
of death were verified retrospectively using case review notes from biweekly
trauma mortality meetings and follow-up postmortem reports where available.
Definitions

MODS was defined as the occurrence of a total SOFA score greater than 5
during the first 7 days of admission. ERMODS was defined as MODS that
resolved within 7 days, and PRMODS was defined as MODS that persisted
beyond 7 days. We also assessed duration of MODS using the concept of ‘‘Time
To Recovery—TTR,’’ as previously described (11). We defined recovery as the
time (days) for a patient’s SOFA score to fall and remain below 6 for the
remainder of the critical care period. Patients who were still in MODS on day 28
were assigned a score of 29. Patients who died were assigned a maximum score
of 30. For individual organ components we defined dysfunction as a score of
greater than or equal to 1, and recovery as the time taken for the component
score to fall and remain below 1. To assess the impact of neurotrauma on the
development of MODS, traumatic brain injury (TBI) was defined as a head
abbreviated injury score (AIS) of greater than or equal to 3. Infection was
defined as presence of a temperature greater than 38.58C with a positive culture,
or clinical evidence of infection (e.g., observation of purulent exudate, pul-
monary in-filtrates on chest radiography) requiring treatment with antibiotics.
Ventilator-free days were calculated by subtracting the number of days on
ventilation from 28 days for those who survived, and from the day of death in
patients who died.

Data analysis

Data were analyzed in IBM SPSS Statistics (Version 21). Normal distri-
bution was assessed with the Shapiro–Wilk test. Time to recovery was analyzed
using Kaplan–Meier one-minus-survival curves and ERMODS versus
PRMODS groups were compared using the log-rank test. Comparison of all
other categorical and continuous variables was by chi-squared and Mann–
Whitney U tests for non-parametric data. Summary data are reported as medians
unless otherwise specified.
RESULTS

During the study period 1,092 patients were enrolled into

ACITII or POET and of these, 595 patients were admitted to

critical care unit with an ISS> 15. The study cohort was

predominantly male (80.2%), having sustained blunt trauma
(85.5%) that resulted in severe injury (ISS 29, interquartile

range 21–38). TBI was present in 346 (58.2%) patients. A total

of 469 patients (78.8%) developed MODS, of whom 285

(47.9% of total) had ERMODS, and 184 (30.9% of total)

had PRMODS. MODS was identifiable in majority of cases

(86.6%) on the day of admission (Day 0) and peaked in severity

on Day 1 (mean SOFA score 9� 3).

We examined whether ERMODS and PRMODS exhibited

different patterns of MODS evolution and resolution. We found

total organ dysfunction in both groups peaked early and within

the first 2 days of admission. This was followed by a general

trajectory toward resolution, with no discernable second or

‘‘late’’ peak (Fig. 1A). However, patients with PRMODS suf-

fered significantly greater severity of total organ dysfunction

when compared with ERMODS. This difference in severity

developed early (mean SOFA score 10 vs. 8, Day 2, P< 0.001)

and persisted throughout the monitored recovery period.

Patients with PRMODS also exhibited significantly slower rates

of organ function recovery than might be expected if following a

similar trajectory to those with ERMODS (TTR 16 vs. 5 days,

P< 0.001, Fig. 1B). The differences between PRMODS and

ERMODS were more apparent in the cohort of patients that

excluded severe TBI (Fig. 1, C and D) for both organ dysfunc-

tion severity (mean SOFA score 11 vs. 6, Day 2, P< 0.001). and

rate of recovery (TTR 17 vs. 3 days, P< 0.001). Therefore, we

focused subsequent analyses on this non-TBI cohort.

We found the pattern of dysfunction of individual organ

components differed between ERMODS and PRMODS groups

(Fig. 2, A–F). First, there were differences regarding the relative

contribution of individual organs to the overall MODS burden.

Patients with PRMODS (vs. ERMODS) had higher rates of

hepatic (84.4% vs. 56.8%, P¼ 0.01), renal (77.8% vs. 46.8%,

P< 0.001), and neurological dysfunction (82.2 vs. 63.1,

P¼ 0.02), and trended toward higher rates of cardiovascular

(97.8% vs. 89.2%, P¼ 0.079) dysfunction. Conversely, there

were no differences in the proportion of patients with respiratory

(97.8% vs. 97.3%, P¼ 0.857) or coagulation (88.9% vs. 81.1%,

P¼ 0.236) dysfunction. Second, the groups differed with respect

to the evolution of maximal organ dysfunction within individual

organs. In PRMODS, maximal dysfunction in respiratory, hep-

atic, and neurological components evolved gradually and peaked

late (Fig. 2, A–C), whereas in the cardiovascular and renal

systems, maximal dysfunction evolved rapidly and peaked early

(Fig. 2, D and E). In ERMODS, maximal dysfunction in these

components occurred on admission or showed only minimal

deterioration on the first day. The coagulation system showed

similar trajectories of dysfunction in both groups, although

PRMODS was more severe throughout (Fig. 2F). Third, the

groups differed with respect to the time course of organ dys-

function resolution. The most striking differences (PRMODS vs.

ERMODS) were observed in the hepatic, neurological, and renal

systems (TTR 15 vs. 4 days; 28 vs. 7 days; and 20 vs. 3 days

respectively, P< 0.01), where the recovery trajectories between

the two groups appeared to deviate (Fig. 2B, C, and E). PRMODS

(vs. ERMODS) also showed prolonged resolution in respiratory,

cardiovascular, and coagulation systems (TTR: 27 vs. 8 days;

17 vs. 4 days; 8 vs. 5 days; respectively, P< 0.01); however, the

recovery trajectories appeared similar (Fig. 2A, D, and F).



FIG. 1. Graphs (A) and (C) show mean SOFA scores by day of hospital admission for patients with no multiple organ dysfunction (No MODS), early
resolving MODS (ERMODS), and prolonged MODS (PRMODS) in all patients (A) and in patients without traumatic brain injury (TBI) (C). Error bars
represent 95% confidence intervals. Graphs (B) and (D) show corresponding Kaplan–Meier 1-Survival Curves illustrating time to recovery (TTR) for ERMODS
and PRMODS. Mantel–Cox Log Rank tests comparing the distribution of TTR between these groups showed a statistical difference (P<0.001) for all patients (B)
and those without severe head injury (D) where the effect was greater. SOFA indicates Sequential Organ Failure Assessment.
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Individual organ scores for patients with severe TBI are shown

for comparison in Figure 3. While respiratory and cardiovascular

systems showed similar patterns to the non-TBI cohort, there

were generally low levels of renal and liver dysfunction, and the

coagulation system showed no difference between ERMODS and

PRMODS in terms of severity or recovery trajectories. Overall,

differences in the evolution of organ dysfunction between

ERMODS and PRMODS in individual components were less

apparent in patients with TBI compared with those without TBI.

Differences in admission variables between ERMODS and

PRMODS were examined (Table 1). In the absence of TBI,

patients with PRMODS (vs. ERMODS) were older (47 vs. 37

years, P¼ 0.003), more shocked (base deficit 8.8 vs. 4.3,
P< 0.001) and had higher blood product transfusion require-

ments (red blood cells 8 units vs. 4 units; total blood products

14 units vs. 9 units, P¼ 0.006). A higher proportion of female

patients developed PRMODS. The only admission difference

identified in the TBI cohort was a small increase in chest AIS in

the PRMODS group (3 vs. 3, P< 0.02).

The presence of PRMODS was associated with worse clinical

outcomes (Table 1). All patients with PRMODS developed

significantly higher rates of infection (PRMODS vs.

ERMODS—without TBI 91.1% vs. 40.6%; with TBI 87.8%

vs. 32.4%, P<0.001), longer critical care and hospital LOS, and

fewer ventilator-free days. The day of onset of first infection

occurred slightly later in patients with PRMODS (PRMODS vs.



FIG. 2. Mean component SOFA scores [(A) respiratory, (B) hepatic, (C) neurological, (D) cardiovascular, (E) renal, and (F) coagulation] by day of
hospital admission in patients without traumatic brain injury (TBI) for no multiple organ dysfunction (No MODS), early resolving MODS (ERMODS),
and prolonged MODS (PRMODS). Error bars represent 95% confidence intervals.
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ERMODS—without TBI 3 vs. 5 days, P¼ 0.007; with TBI 4 vs.

5 days, P¼ 0.199). In patients without TBI, PRMODS was also

associated with significantly higher mortality (PRMODS vs.

ERMODS 22.2% vs. 7.3%, P¼ 0.007). In those with TBI,

mortality was higher in the ERMODS group (PRMODS vs.

ERMODS 12.2% vs. 36.5%, P< 0.001); however when deaths

due to unsurvivable TBI were excluded, there was no difference
in mortality between PRMODS and ERMODS (7.1% vs. 8.4%,

P¼ 0.698, Supplementary Table 1, http://links.lww.com/SHK/

A502). In order to ensure that the observed differences were not

skewed by early deaths in the ERMODS group (who may have

gone on to develop PRMODS if they survived) we performed a

subgroup analysis excluding those patients who died within 7

days (Supplementary Table 2, http://links.lww.com/SHK/A503)

http://links.lww.com/SHK/A502
http://links.lww.com/SHK/A502
http://links.lww.com/SHK/A503


FIG. 3. Mean component SOFA scores [(A) respiratory, (B) hepatic, (C) neurological, (D) cardiovascular, (E) renal, and (F) coagulation] by day of
hospital admission in patients with traumatic brain injury (TBI) for no multiple organ dysfunction (No MODS), early resolving MODS (ERMODS), and
prolonged MODS (PRMODS). Error bars represent 95% confidence intervals.
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which demonstrated that the patterns of ERMODS and

PRMODS were preserved.

DISCUSSION

In this descriptive study of severely injured patients, we have

shown that PRMODS has distinct clinical features when com-

pared with ERMODS. PRMODS was more severe than
ERMODS and showed differential patterns of evolution and

resolution in individual organs. There were also differences in

the demographic and injury characteristics between the groups,

as well as notable disparities in outcomes. In particular,

mortality of PRMODS in the non-TBI group is more than

double that of ERMODS, and in all patients PRMODS was

associated with exceptionally high rates of infection.



TABLE 1. Admission variables and outcomes

Patients without TBI Patients with TBI

No MODS ERMODS PRMODS P value* No MODS ERMODS PRMODS P value*

N 82 111 45 43 170 133

Admission variables

Age 32 (22–48) 37 (25–49) 47 (32–65) 0.003 38 (24–56) 40 (27–57) 39 (25–57) 0.414

Male (%) 66 (80.5) 96 (86.5) 33 (73.3) 0.049† 33 (76.7) 132 (77.6) 109 (82.0) 0.356†

Blunt (%) 52 (63.4) 79 (71.2) 39 (86.7) 0.041† 37 (86.0) 162 (95.3) 130 (97.7) 0.258†

First BD 2.4 (0.4–5.4) 4.3 (1.4–7.9) 8.8 (4.6–14.1) <0.001 1.5 (-1.1–3.3) 3.5 (0.8–6.6) 4.0 (1.3–7.7) 0.212

First GCS 15 (14–15) 14 (11–15) 14 (13–15) 0.777 13 (10–14) 7 (4–12) 7 (4–9) 0.327

ISS 22 (18–28) 25 (20–33) 27 (20–36) 0.552 27 (18–34) 29 (25–41) 34 (25–43) 0.205

Head AIS 0 (0–0) 0 (0–0) 0 (0–0) 0.538 4 (4–4) 4 (4–5) 4 (4–5) 0.558

Chest AIS 3 (2–4) 4 (3–5) 3 (3–4) 0.546 2 (0–3) 3 (0–4) 3 (2–4) 0.020

Abdominal AIS 2 (0–3) 2 (0–3) 2 (0–4) 0.283 0 (0–0) 0 (0–2) 0 (0–2) 0.335

Extremity AIS 2 (0–3) 2 (0–3) 2 (1–3) 0.411 0.5 (0–2) 1 (0–3) 2 (0–3) 0.243

PRBC units 1.5 (0–8) 4 (2–8) 8 (3–16) 0.006 0 (0–1) 0 (0–5) 0 (0–6) 0.975

Total blood products 4 (2–6) 9 (2–18) 14 (6–36) 0.006 0 (0–1) 0 (0–9) 1 (0–12) 0.963

Outcomes

Mortality (%) 0 8 (7.2) 10 (22.2) 0.007† 4 (9.3) 62 (36.5) 16 (12.2) <0.001†

Infection (%) 15 (18.8) 43 (40.6) 41 (91.1) <0.001† 1 (2.4) 55 (32.4) 115 (87.8) <0.001†

Day of first infection 4 (3–5) 3 (3–4) 5 (4–6) 0.007 8 (8–8) 4 (3–6) 5 (3–7) 0.115

ACCU LOS 4 (2–6) 6 (3–11) 20 (12–33) <0.001 2 (1–3) 5 (2–9) 17 (13–24) <0.001

Hospital LOS 13 (9–24) 18 (9–31) 35 (21–60) <0.001 8 (4–17) 14 (3–28) 41 (26–54) <0.001

VFD 28 (26–28) 25 (21–27) 7 (0–17) <0.001 27 (26–28) 19 (0–24) 12 (5–17) <0.001

Medians (IQR) presented unless expressed otherwise.
*ERMODS versus PRMODS Mann–Whitney U test.
†ERMODS versus PRMODS chi-square test.
ACCU indicates adult critical care unit; AIS, abbreviated injury scale; BD, base deficit; ERMODS, early resolving MODS; GCS, Glasgow coma scale; ISS,
injury severity score; LOS, length of stay (days); MODS, multiple organ dysfunction syndrome; PRBC, packed red blood cells; PRMODS, prolonged
MODS; TBI, traumatic brain injury; VFD, ventilator-free days.
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In our study PRMODS exhibited more severe overall organ

dysfunction compared with ERMODS with a recovery that was

slower than expected relative to the ERMODS group. The

difference in severity of dysfunction was evident within the

first 2 days and persisted over time, clarifying results of

previous studies (3, 6). These two distinct patterns of MODS

appear to broadly reflect modern theories of MODS pathogen-

esis, where prolonged or ‘‘complicated’’ patterns are thought to

be the result of an early fulminant dysregulation of the immune

system that subsequently fails to normalize (4, 7). However, we

also demonstrate differences in the pattern of dysfunction

within individual organs. In particular, there were increased

contributions from renal and hepatic systems to PRMODS in

the non-TBI cohort, which also showed marked prolongation of

recovery relative to ERMODS. Models that utilize rises in

creatinine or liver enzymes to predict post-trauma MODS (12)

could be further developed to determine if they differentiate

those at risk of a prolonged MODS course. We found a higher

incidence of MODS and PRMODS in patients with severe head

injuries, which is consistent with previous work (13). However,

patients with TBI appear to show different patterns of organ

dysfunction compared with non-TBI patients, with less obvious

differences between ERMODS and PRMODS. It is not clear

whether this effect occurred because the difference between

ERMODS and PRMODS is masked by the effects of TBI, or

whether it is a true pattern in these patients.

Differences in the patterns of ERMODS and PRMODS in the

non-TBI group in our study occurred independently of both overall

and region-specific injury severity scores. This somewhat con-

trasts previous work in similar patient cohorts, where higher
overall injury severity was associated with the clinical presentation

of ‘‘complicated’’ MODS (although it was not associated with

related changes in gene expression) (6, 7). These studies define

complicated MODS using ‘‘Time To Recovery,’’ which incorp-

orates all deaths into the ‘‘complicated’’ MODS category and may

explain the propensity toward higher overall injury severity. Other

studies identify advanced age as a potential driver of complicated

MODS in non-TBI injured patients (14). Our study supports this,

and we also show PRMODS to be associated with higher admis-

sion base deficit and transfusion requirements, both of which are

implicated in immunosuppressive responses after trauma (8). We

also observed an association between female gender and

PRMODS. Previous studies identify female gender to be protec-

tive against MODS in general (predominantly in the reproductive

age groups) (15, 16) but a risk factor for MODS-related mortality

(2). Although there are some clinical differences in the admission

and injury characteristics between ERMODS and PRMODS, they

do not fully explain why some patients develop PRMODS and

further research is required to provide clarity.

Patients without TBI who developed PRMODS had signifi-

cantly higher mortality. Previous evidence has associated the

cumulative burden of MODS with mortality (3); however, our

study reveals that for some patients, MODS-related trauma

deaths occur much later than previously described (2, 10). The

TBI cohort suffered a much higher mortality in the ERMODS

group that appears to be a reflection of early deaths due to non-

survivable head injury. The high rates of nosocomial infection

in MODS are also described elsewhere (3, 16, 17); however,

we observed greater than 100% increase in infections for

the PRMODS group compared with ERMODS. Whether
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PRMODS may be induced by a second hit such as infection

remains a hypothesis that requires further investigation. Finally,

PRMODS was universally associated with increased ventilator

requirements, substantial intensive care unit, and hospital LOS.

If PRMODS could be reduced to ERMODS, this could lead

to significant outcomes benefits for patients, and reduce the

burden this condition places on hospital resources.

There are several limitations to this study. First, in the

absence of a universally agreed definition of PRMODS, our

definitions are selected somewhat arbitrarily. Previous authors

suggest that a ‘‘complicated’’ course of MODS may encompass

a critical care stay of 7 to 10 days (6, 10) or a ‘‘time to

recovery’’ of greater than 14 days (6, 7, 11). We elected to

use an MODS duration of greater than 7 days to represent our

PRMODS group as it appeared to capture patients at risk of

particularly poor outcomes in terms of infection and mortality.

We also chose an MODS threshold of SOFA greater than 5 to

capture patients with a high burden of organ dysfunction that

manifested as a mild disturbance of several organs. Second,

ERMODS and PRMODS are representative measures of

injured organs based on the SOFA score. Further precision

on early organ injury and recovery may be obtained if more

sensitive measures of organ injury were utilized. The neuro-

logical component of the SOFA score is considered unreliable

due to problems with GCS estimation in sedated and ventilated

patients. Nevertheless, when evaluated as a cumulative score,

SOFA thresholds greater than 3 are previously shown to have

good sensitivity with satisfactory receiver operating curves in

predicting LOS and mortality in non-TBI patients (10). Lastly,

a proportion of patients who died early may have developed

PRMODS if they survived and this may represent a confound-

ing factor. We performed a subgroup analysis of patients who

survived for 7 days to provide some clarity on this issue.

PRMODS is common following major trauma, appearing to be

clinically distinct from ERMODS and associated with worse

outcomes for patients. PRMODS may therefore represent an

effective endpoint for studies that examine outcomes following

trauma. In order to facilitate treatment improvements for patients,

future research is required to understand the immune mechanisms

leading to PRMODS, and to develop prediction models that

identify patients at risk of PRMODS early in their clinical course.
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