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Abstract

Background: Understanding temporal patterns of organ dysfunction (OD) may aid early recognition of complica-
tions after trauma and assist timing and modality of treatment strategies. Our aim was to analyse and characterise
temporal patterns of OD in intensive care unit-admitted trauma patients.

Methods: We used group-based trajectory modelling to identify temporal trajectories of OD after trauma. Modelling
was based on the joint development of all six subdomains comprising the sequential organ failure assessment score
measured daily during the first two weeks post trauma. Further, the time for trajectories to stabilise and transition to
final group assignments were evaluated.

Results: Six-hundred and sixty patients were included in the final model. Median age was 40 years, and median 1SS
was 26 (IQR 17-38). We identified five distinct trajectories of OD. Group 1, mild OD (n=300), median ISS of 20 (IQR
14-27), had an early resolution of OD and a low mortality. Group 2, moderate OD (n=135), and group 3, severe OD
(n=287), were fairly similar in admission characteristics and initial OD but differed in subsequent OD trajectories, the
latter experiencing an extended course and higher mortality. In group 3, 56% of the patients developed sepsis as
compared with 19% in group 2. Group 4, extreme OD (n=40), received most blood transfusions, had the highest
proportion of shock at admission and a median ISS of 41 (IQR 29-50). They experienced significant and sustained OD
affecting all organ systems and a 28-day mortality of 30%. Group 5, traumatic brain injury with OD (n=98), had the
highest mortality of 35% and the shortest time to death for non-survivors, median 3.5 (IQR 2.4-4.8) days. Groups 1
and 5 reached their final group assignment early, >80% of the patients within 48 h. In contrast, groups 2 and 3 had a

prolonged time to final group assignment.

Conclusions: We identified five distinct trajectories of OD after severe trauma during the first two weeks post-
trauma. Our findings underline the heterogeneous course after trauma and describe some potentially important
clinical insights that are suggested by the groupings and temporal trajectories.
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Background

Organ dysfunction (OD) is a major threat to critically
injured patients surviving through the resuscitation
phase. Organ dysfunction composes a significant clini-
cal challenge in the intensive care unit (ICU)-treated
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trauma patient and is associated with prolonged
length of stay (LOS), adverse outcomes, and demand-
ing resource utilisation. With more patients surviv-
ing through the early trauma phase, due to advances
in trauma care systems, OD becomes an increasing
determinant of outcome. There is a known association
between admission variables such as injury severity,
shock, age and comorbidity, and subsequent OD [1-3].
However, the trajectories of OD, in terms of severity
and composite temporal patterns and resolution, are
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complex and diverse. This aspect of trauma research
has recently been identified as poorly investigated with
a need for further studies [4].

Monitoring and treating in relation to temporal
patterns of composite physiological states is inher-
ent to ICU strategy. Each patient may be unique in
their response. However, we expect human patho-
physiology at some level to be groupable to distinct
temporal patterns that are identifiable and repro-
ducible. Understanding these patterns may help in
timing of treatment strategies, pre-emptive identi-
fication of impending clinical decline [5-7], and to
identify cohorts that in the future may require pre-
cision treatment approaches identified with predic-
tive enrichment strategies. Despite these discernible
prerequisites and notable pursuits, ICU and trauma
research have to date been more focused on tempo-
rally static approaches to pattern recognition. As
such, important steps towards identifying composite
phenotypes of disease in the ICU have been taken for
ICU-related diseases such as ARDS [8] and sepsis [9],
but rely predominantly on early presentation data and
patterns, and take less into account information con-
tent found in the temporal evolution of disease. Thus,
there is a clear need to align pattern recognition with
clinical temporal reasoning and human-interpretable
models, even if this necessitates complex methods of
time-series analysis and pattern recognition.

Group-based trajectory modelling (GBTM), as devel-
oped and described by Nagin and Odgers [10], generally
fit polynomials, over time for a group of trajectories,
using maximum likelihood estimation to a predefined
number of categories. It is a specialised application of
the finite mixture model, a probabilistic modelling to
identify subpopulations. The optimal number of trajec-
tories may to some extent be objectified using Akaike
or Bayesian information criterion (AIC or BIC), with
BIC driving more parsimonious solutions. It has been
used for a number of real-world clinical data analyses
to identify temporal trajectories [11-13] and affords a
compelling method to reduce high-dimensional tempo-
ral data to a finite number of similar “type” trajectories.

The aim of this study was to analyse the temporal pat-
terns of OD in ICU-treated critically injured patients.
By using GBTM we attempt to identify and group sub-
populations following a similar trajectory and charac-
terise the temporal patterns of these groups in relation
to both admission data and outcomes. In addition, we
analyse the time from admission to trajectory group
stabilisation in the identified sub-populations, as to
discern if some subpopulations are less temporally
predetermined and therefore potentially susceptible to
treatment strategies during the ICU stay.

Page 2 of 11

Methods

Setting

This retrospective cohort study of severely injured
trauma patients was conducted at the ICU at the trauma
centre at the Karolinska University Hospital, Stockholm,
Sweden, using a prospectively collected dataset. This is
the referral centre for severe trauma cases covering the
largest urban region in Sweden with over two million
inhabitants. The centre is equivalent to a Level-1 Trauma
centre. Annually, approximately 1500 adult patients are
admitted to the trauma centre. Of these patients, around
80% have indication for full trauma team activation,
based on prespecified physiological parameters, anatomi-
cal injuries, and mechanism of injury. Approximately
300 admissions annually have an injury severity score
(ISS) > 15.

Study population and data collection

The study cohort consisted of trauma patients admit-
ted to the ICU following initial resuscitation and, where
indicated, interventional surgery. Patients 15 years or
older with an expected ICU LOS of more than 24 h were
included between February 2007 and November 2016.
Data were retrieved during the ICU and, if applica-
ble, subsequent high dependency unit (HDU) stay until
discharge to general ward, death or up to 28 days after
trauma, whichever occurred first. We excluded patients
who were transferred to another hospital during their
ICU or HDU stay since this resulted in loss of follow-up
data.

All data were retrieved from the electronic patient
data management system and prospectively entered into
a database (TRAUMAREG) by research nurses. Data
were then crosschecked and validated against the data
sources (medical records) in retrospect by the research-
ers. If indicated, data were corrected in accordance with
the source records. Trauma data such as ISS, mechanism
of injury, admission blood pressure, admission Glas-
gow Coma Scale (GCS) were retrieved from the hospital
trauma register. Data on comorbidity were retrieved from
the patient charts.

Definitions

Organ dysfunction was defined according to the sequen-
tial organ failure assessment (SOFA) score [14]. Comor-
bidity was defined as Charlson comorbidity index>1 as
adapted by Gabbe et al. [15]. Injury severity was defined
with ISS, using the abbreviated injury scale (AIS) version
2005. Infection was defined according to the interna-
tional sepsis forum classification [16]. An infection was
regarded as resolved when the patient no longer fulfilled
the criteria according to this classification. Sepsis was
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defined according to the sepsis-3 definition [17] as an
increase in SOFA score of two or more points in conjunc-
tion with an infection during the stay at the trauma ICU.
Since trauma patients may have an inherently elevated
SOFA score due to trauma, an increase in SOFA of two
or more points from the previous day was used in the
Sepsis-3 definition. If the patients SOFA score returned
to the offset level, or if the patient no longer fulfilled the
criteria for infection according to the international sepsis
forum classification, the patient was no longer regarded
as septic.

Massive transfusion was defined as ten or more units
of packed red blood cells (PRBC) in the first 24 h. Shock
on arrival was defined as systolic arterial blood pres-
sure of less than 90 mm Hg on admission at the trauma
unit. Trauma-induced coagulopathy (TIC) was defined as
INR > 1.2 on admission. Surgery within 24 h was defined
as surgical interventions involving a surgical team; thus,
chest drain insertion and suturing of minor injuries were
not included.

Statistical methods

Group-based trajectory modelling was used to find
unique trajectory groups of organ dysfunction after
trauma, based on the daily values of the six organ sub-
domains in the SOFA score during the first 14 days after
trauma. Thus, GBTM used the evolution, interrelation-
ship, and temporal profiles across individual organ dys-
function trajectories in order to identify latent clusters
following similar trajectories. Missing data on subdo-
mains of SOFA were imputed by multiple imputation
with chained equations using all available information of
the other recorded subdomains of SOFA. When patients
were discharged to the ward, we assigned 0 points in all
six SOFA subdomains. For patients who died during the
study time, data collected up until death were used in
the model and no values were assumed or imputed after
death.

Group-based trajectory modelling was performed
with the package TRAJ for Stata (version 16.1). We fitted
between one to eight trajectories using the censored nor-
mal distribution, yielding a probability for each patient
belonging to a trajectory group, referred to as poste-
rior probability of group membership (PPGM). Patients
were assigned to the group corresponding to the highest
PPGM. Modelling was based on fit statistics such as BIC,
trajectory groups membership (no less then 5%), and
average PPGM (no less than 70%).

The choice number of trajectories is in part inherently
subjective, but importantly benefits from a clinically trac-
table number of trajectories and parsimonious solutions,
without being simplified as to lose substantial informa-
tion content. In our analysis BIC decreased steeply when
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increasing the number of trajectory groups up to four.
Further, more than seven groups yielded groups below
the five percent minimum group size. In addition, BIC
decreased negligibly beyond five trajectory groups. Thus,
the choice of five groups for the final model was partly
based on substantive clinical interpretation of trajectory
groups and a strive for parsimony as previously suggested
by Nagin et al. [18]. For detailed methodological descrip-
tion please see Additional file 1.

In order to analyse the time for patients to find their
specific trajectory of organ dysfunction, we investigated
which day after admission the highest PPGM stabilised.
We defined trajectory group assignment as stabilised
when the highest PPGM did not change as compared to
their final assignment.

Categorical data are presented as proportions and per-
centages. Continuous data are presented with median
and interquartile ranges. Stata/MP 16.1 (Stata Corp, Col-
lege Station, TX) was used for all analyses.

Results
Six-hundred and sixty patients were included in the final
model (see Fig. 1).

Admission and demography data

Data on demography are depicted in Table 1. The median
age was 40 years, and 22% had pre-existing comorbid-
ity. Seventy-nine percent suffered blunt trauma with
road traffic accidents as the most common mechanism
of injury. The cohort had a male dominance and a high
median ISS of 26. Fifteen percent were in shock on
admission. One-fifth developed sepsis during the ICU
stay. Median ICU LOS was 3.4 days, 28-day mortality
9.5%, and 1-year mortality 12.1%.

Group assignments and characteristics

We identified five trajectories of OD after trauma based
on unique combinations of the sub-trajectories of the six
organ subdomains comprising the SOFA score. These five
trajectory groups suggest distinct patterns of OD. Adding
further trajectory groups was not deemed to add clinical
information or resulted in too small group sizes, and less
groups did not appear to capture the heterogeneity in the
data. A comparison of models with one to eight groups is
described in Additional file 1.

The final five-trajectory model displayed major differ-
ences between the five groups in admission and demo-
graphic characteristics (Table 1), temporal patterns of
OD (Fig. 2), clinical course (Table 2), and outcomes
(Table 3). According to the above findings the five groups
were summarised as: group 1, mild OD; group 2, mod-
erate OD; group 3, severe OD; group 4, extreme OD,
and group 5, traumatic brain injury (TBI) with OD. The
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(n = 11997)
ICU admitted patients
(n = 2530)
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Eligible for study
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nurse availability)
(n=721)

T

Patients with collected data
(n=722)
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T
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Fig. 1 Flow chart. Flow chart of patients admitted to the intensive
care unit (ICU) and included in the study

patterns over time for total SOFA scores over 28 days for
individual patients in each group are depicted in a heat
map (Fig. 3).

Group 1—mild organ dysfunction

This group with the lowest median age comprised 45%
of the cohort and was characterised by a short period
of organ dysfunction, despite a median ISS of 20 and 9%
receiving massive transfusion. The need of organ sup-
portive therapy and the incidence of sepsis were negligi-
ble. The outcomes were overall favourable with an ICU
LOS of 2.1 days, 28-day and 1-year mortality of 2.7% and
4.3%, respectively.

Group 2—moderate organ dysfunction

One-fifth of the patients was assigned to this group that
largely resembled the characteristics of the overall cohort
with a median age of 41, ISS 25, and 17% receiving mas-
sive transfusion. The temporal pattern was characterised
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by significant respiratory and cardiovascular dysfunction
that was largely resolved within the first week. This was
reflected in the need of organ supportive therapy with a
median of three days on vasopressors and five days on
mechanical ventilation. The sepsis incidence was 18.5%.
Despite largely resembling the characteristics of the total
cohort in terms of demography and admission data, the
mortality was fairly low with a 28-day and 1-year mortal-
ity of 3.0 and 5.2%, respectively.

Group 3—severe organ dysfunction

This group that comprised 13% of the cohort largely
resembled the admission and demographic characteris-
tics of group 2 but were older (median age 45) and had
a higher median ISS [34]. The pattern of organ dysfunc-
tion was similar to group 2 during the initial phase but
characterised by an extended course with an ICU LOS of
13 days and an incidence of sepsis of 56%. Despite high
median age and severity of injury as compared with the
overall cohort, the mortalities were lower with a 28-day
and 1-year mortality of 4.6 and 6.9%, respectively.

Group 4—extreme organ dysfunction

This small group of patients was characterised by severe
injury and massive resuscitation. They received by far
most transfusions and had the highest proportion of
shock on arrival, lowest platelet, and fibrinogen levels
as well as the highest incidence of TIC. The fluid load
during resuscitation was significant. Their course was
characterised by overwhelming and sustained organ dys-
function, including renal and liver dysfunction. The clini-
cal course was highly complicated with a sepsis incidence
of 72% and prolonged need of organ support includ-
ing renal replacement therapy. The outcomes were poor
with an ICU LOS of 18 days and an hospital LOS of over
40 days. The mortality rates were high with a 28-day and
1-year mortality of 30 and 35%, respectively. Despite the
severity of injury and massive physiological derangement
on admission, the median time to death for non-survi-
vors was 7.4 days.

Group 5—traumatic brain injury with organ dysfunction
Traumatic brain injury was the dominating injury in
this group. Abbreviated injury scale head >3 was seen
in 88%, and median admission GCS was 5. A fairly high
proportion of chest injuries was also seen. Apart from
protracted and severe central nervous system (CNS) dys-
function, cardiovascular and respiratory dysfunctions
were common. The need of vasopressors and mechani-
cal ventilation was significant. This group had the highest
mortality rates, 36 and 41% at 28 days and 1 year, respec-
tively. Time from admission to death for non-survivors
was fairly short with a median of 3.5 days.
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Table 1 Admission data
Factor All patients Group 1 Group 2 Group 3 Group 4 Group 5
n 660 300 135 87 40 98
Age 40 (27-56) 38 (26-51) 41 (27-56) 45 (28-63) 44 (31-60) 44 (27-64)
Sex (male) 517 (78%) 237 (79%) 102 (76%) 70 (80%) 35 (88%) 73 (74%)
Charlson comorbidity index > 1 145 (22%) 59 (20%) 35 (26%) 24 (28%) 11 (28%) 16 (16%)
Injury mechanisms
Traffic 273 (41%) 121 (40%) 58 (43%) 31 (36%) 19 (48%) 44 (45%)
Fall 113 (17%) (16%) 19 (14%) 17 (19%) 6 (15%) 22 (22%)
Self-inflicted 109 (16%) (14%) 22 (16%) 23 (26%) 8 (20%) 15 (15%)
Assault 83 (12%) 9 (16%) 14 (10%) 7 (8.0%) 3(7.5%) 10 (10%)
Others 82 (12%) 40 (13%) 22 (16%) 9( 0%) 4 (10%) 7(7.1%)
Intubated at scene 128 (19%) (10%) 27 (20%) (14%) 9 (22%) 49 (50%)
Blunt trauma 524 (79%) 234 (78%) 104 (77%) 3 (84%) 29 (72%) 84 (86%)
ISS, points 26 (17-38) 20 (14-27) 25(18-38) 4 (22-43) 41 (29-50) 41 (29-54)
ISS>15 545 (83%) 218 (73%) 115 (85%) 78 (90%) 39 (98%) 95 (97%)
AlS head >3 275 (42%) 70 (23%) 53 (39%) 47 (54%) 19 (48%) 86 (88%)
AlS chest>3 370 (56%) 139 (46%) ( 7%) (63%) 31 (78%) 68 (69%)
AlS abdomen >3 61 (24%) 70 (23%) 7 (20%) 7 (31%) 9 (48%) 18 (18%)
AlIS spine >3 152 (23%) 52 (17%) (20%) (39%) 7 (42%) 22 (22%)
AlS lower extremity > 3 207 (31%) 65 (22%) 54 (40%) 39 (45%) 24 (60%) 25 (26%)
Admission SAP, mmHg 123 (104-149) 130 (114-150) 120 (95-150) 126 (105-149) 90 (64-112) 120 (90-150)
Shock on arrival 99 (15%) 19 (6.3%) 26 (19%) 14 (16%) 8 (45%) 22 (22%)
Admission GCS 13 (8.0-15) (12-15) 13 (8.0-15) 13 (8.0-15) 8.0 (3.0-14) 5.0 (3.0-8. O)
Admission creatinine, uM/L 92 (76-112) 90 (71-107) 87 (75-102) 101 (83-116) 119 (102-148) 92 (80—
Admission blood glucose, mM/L 8.8 (7.1-10) 8.2 (6.8-10) 89 (7.1-11) 9.1(7.8-11) 9.8 (7.2-11) (8 )
Blood alcohol level >0 71 (27%) 81 (28%) 31 (24%) 23 (28%) 1(30%) 5 (26%)
Admission TIC 90 (15%) 32 (12%) 16 (14%) 18 (22%) 8 (24%) (1 7%)
Admission INR 1.1(1.0-1.2) 1.1(1.0-1.2) 1.1 (1.0-1.2) 1.1(1.0-1.2) 12(1.1-1.2) 1.1(1.0-1.2)
Admission platelet count, 10%/L 234 (188-282) 242 (199-288) 234 (190-283) 230 (190-276) 193 (157-271) 224 (179-268)
Admission fibrinogen level, g/L 22(1.8-26) 22(1.9-27) 22(1.8-2.6) 22(1.7-26) 15(0.9-24) 1.9 (1.4-2.6)
Massive transfusion 109 (16%) 27 (9.0%) 23 (17%) 15 (17%) 27 (68%) 7 (17%)
Number of PRBC 24 h 2(0-7) 0(0-4) 2(0-7) 4(0-8) 2 (6-27) 2 (0-8)
Total fluid load 24 h, L 5.5(3.5-86) 4.7 (.7-7.2) 5.6(33.7-8.7) 6.5 (4.2-9.5) 4(8.1-21) 5.9 (4.0-9.0)
Surgery during the first 24 h 350 (53%) 140 (47%) 77 (57%) 56 (64%) 27 (68%) 50 (51%)

Admission data in the five groups. Continuous parameters presented as median (IQR), and categorical parameters presented as n (%). Admission refers to the

admission to the trauma unit

ISS, injury severity score; AlS, abbreviated injury scale; SAP, systolic arterial blood pressure; shock on arrival defined as admission systolic blood pressure <90 mmHg;
GCS, Glasgow Coma Scale; TIC, trauma-induced coagulopathy; INR, international normalised ratio; PRBC, packed red blood cells

Time to stabilisation and infectious complications

The proportion of patients being assigned to their trajec-
tory group over time (Fig. 4) showed major differences
between groups. Groups 1 and 5, the groups with the
lowest and highest mortalities, found their trajectory at
an early stage. For groups 2 and 3, moderate and severe
organ dysfunction, stabilisation into the final trajectory
groups was seen at a much later stage. Less than half of
the patients were assigned to their final trajectory by day
three. Onset of infections and sepsis typically occurred
a few days after admission, and the incidence varied

notably between these two groups (see heatmap, Addi-
tional file 2).

Discussion

This is to our knowledge the first study using temporal
clustering based on specific organ systems after severe
trauma. We identified five groups with contrasting organ
dysfunction trajectories, admission characteristics, and
outcomes. The time to stabilisation into the final trajec-
tory group differed notably between groups. This reflects
the complexity of predicting the clinical course for
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Fig. 2 Trajectory group classification. The five identified trajectory groups of organ dysfunction represented by the columns. Sequential organ
failure assessment (SOFA) points for each domain (y-axis) are shown for the first 14 days after trauma (x-axis). Final trajectory model (blue line) with
corresponding 95% confidence intervals (dashed lines). Mean true observed SOFA score for each time point (dots). Central nervous system domain
(CNS), renal domain (Renal), cardiovascular domain (Card), liver domain (Liver), coagulation domain (Coag), and respiratory domain (Resp). Reading
example: Group 4 experienced relative stationary CNS SOFA scores during the first week. They experienced an increase in both renal and liver scores
during the first week, after that renal scores gradually decreased, but liver scores continued to increase during the full study period of 14 days

some subsets of critically injured patients, but also pro-
vide opportunities to identify subgroups that may have
avoidable deterioration or could benefit from specific
treatments.

Post-injury OD is a well-recognised complication fol-
lowing severe trauma. This challenge is expected to
increase with improved initial survival in modern trauma
care systems, an ageing population, and rising burdens of
comorbidity. The aetiology is not fully elucidated. There
is a well-known association between injury severity,
shock, and red blood cell transfusion [19, 20]. A factor
advocated as a trigger of organ dysfunction is damage-
associated molecular patterns (DAMPs) [21]. Substances
like mitochondrial DNA, histones, and HMGB1 normally
contained in the intra-cellular compartment released

during tissue injury and hypoperfusion triggering an
inflammatory response evoked by the innate immune
system [22, 23]. There is an association between levels of
circulating DAMPs and subsequent OD following trauma
[22]. In addition, events occurring after trauma, such as
infections and sepsis, may contribute to further OD and
complicate prognostication of the clinical course.
Previous studies on post-injury OD are diverse. The
use of different scoring systems in the assessment of OD
complicates comparison between studies [24, 25]. There
is also controversy as to the current trending of OD inci-
dence, where some studies report that OD is a declining
problem [26] and others report the contrary [27, 28]. In
aggregate, in critically ill trauma patients a substantial
unexplained heterogeneity of clinical course has been
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Table 2 Course in the intensive care and high dependency units

Factor All patients Group 1 Group 2 Group 3 Group 4 Group 5

N 660 300 135 87 40 98
APACHE I, points 15 (10-21) 12 (9-15) 14 (10-19) 16 (11-21) 23 (18-30) 24 (21-29)
Admission SOFA, points 6.0 (4.0-10) 4.0 (3.0-6.0) 7.0 (5.0-9.0) 8.0 (6.0-10) 12 (9.0-15) 11 (9.0-12)
Infection 284 (43%) 29 (9.7%) 79 (58%) 79 (91%) 34 (85%) 63 (64%)
Sepsis 139 (21%) 4(1.3%) 25 (18%) 49 (56%) 29 (72%) 32 (33%)
Days with CNS SOFA >3 0.0 (0.0-3.0) 0.0 (0.0-0.0) 0.0 (0.0-2.0) 0.0 (0.0-4.0) 4.0(1.0-9.0) 10 (4.0-17)
Days with renal SOFA>3 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 3.0(1.0-14) 0.0 (0.0-0.0)
Days with cardiovascular SOFA > 3 2.0(0.0-5.0) 0.0 (0.0-0.0) 3.0(0.0-5.0) 6.0 (3.0-8.0) 13 (6.5-16) 8.5(3.0-13)
Days with liver SOFA >3 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 1.0 (0.0-7.0) 0.0 (0.0-0.0)
Days with coagulation SOFA >3 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-2.0) 0.0 (0.0-0.0)
Days with respiratory SOFA > 3 0.0 (0.0-3.0) 0.0 (0.0-0.0) 1.0 (0.0-2.0) 5.0 (2.0-8.0) 7.0(3.5-12) 3.0(1.0-8.0)
Proportion of days CNS SOFA >3 22% 7.3% 15% 14% 44% 78%
Proportion of days with renal SOFA >3 3.2% 0.3% 1.1% 3.4% 36% 1.5%
Proportion of days with cardiovascular SOFA >3 31% 15% 34% 36% 66% 60%
Proportion of days with liver SOFA >3 1.5% 0.0% 0.4% 1.4% 18% 1.1%
Proportion of days with coagulation SOFA >3 1.1% 0.5% 0.7% 0.4% 11% 0.0%
Proportion of days with respiratory SOFA >3 18% 4.4% 17% 32% 45% 35%

Days on vasopressor therapy 2.0(0.0-5.0) 0.0 (0.0-0.0) 3.0 (0.0-5.0) 6.0 (4.0-8.0) 13 (6.5-16) 8.5 (3.0-13)
Days on mechanical ventilation 3.0 (1.0-8.0) 1.0 (0.0-2.0) 5.0 (3.0-6.0) 11.0(8.0-14) 16.5(10-22) 16 (5.0-23)
Days on CRRT 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 4.0(0.0-18) 0.0 (0.0-0.0)

Data on the course in the intensive care unit (ICU) and if applicable high dependency unit (HDU) for the five groups. Continuous parameters presented as median

(IQR), and categorical parameters presented as n (%)

APACHE, Acute Physiology and Chronic Health Evaluation; SOFA, sequential organ failure assessment; CNS, central nervous system; CRRT, continuous renal

replacement therapy

Table 3 Outcomes

Factor All patients Group 1 Group 2 Group 3 Group 4 Group 5

n 660 300 135 87 40 98

ICU LOS 34(1.9-80) 2.1(1.5-29) 5.7 (4.6-7.7) 13 (9.9-16) 18 (7.3-27) 4.1 (1.9-16)
Hospital LOS 16 (9.4-30) 11 (6.9-17) 19 (13-26) 29 (21-42) 41 (16-72) 26 (3.9-46)
ICU mortality 47 (7.1%) 1(0.3%) 1(0.7%) 2 (2.3%) 10 (25%) 33 (34%)
28-day mortality 63 (9.5%) 8 (2.7%) 4 (3.0%) 4 (4.6%) 12 (30%) 35 (36%)
Time to death 43(25-10) 6.6 (3.6-11) 7.6(33-11) 12 (9.9-15) 74(23-14) 35((24-438)
1-year mortality 80 (12%) 13 (4.3%) 7 (5.2%) 6 (6.9%) 14 (35%) 40 (41%)

Data on outcomes for the five groups. Time to death refers to median time from trauma to death within 28 days for non-surviving patients. Continuous parameters

presented as median (IQR), and categorical parameters presented as n (%)

ICU, intensive care unit; LOS, length of stay

identified and advocated as a specific research challenge,
calling for more exhaustive analyses [4, 29].

Few studies have addressed the pattern of OD over
time, apart from onset times and impact on out-
comes. Two previous studies analysing temporal pat-
terns of OD did not assess specific organ systems but
used scores of total OD [30, 31]. Thus, comparing the
current study to previous work is problematic. Some
resemblances are, however, noteworthy. One study of
440 UK patients, based on hierarchal clustering of total

SOFA scores, identified three groups with contrast-
ing trajectories, one dominated by TBI patients, one
with severe injury and subsequently protracted OD
and poor outcomes, and one with less injury, OD, and
better outcomes [30]. In the current study we wanted
to analyse both the temporal and organ-specific pat-
terns of OD in an objective and discerning manner. The
GBTM method has been shown to compare well with
other methods of longitudinal models [32]. We used
GBTM based on SOFA score for individual organs over
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Fig. 3 Heatmap of total sequential organ failure assessment score
over time for the five identified groups. Each patient is represented by
a single line coloured according to the legend, depicting sequential
organ failure assessment (SOFA) score intervals, discharge to the ward
or death. Days since trauma (y-axis), trajectory group (x-axis)
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Fig. 4 Trajectory stabilisation over time. Cumulative percentage
of patients (y-axis) for whom the posterior probability of group
membership stabilises at a given time point (x-axis). The legend
depicts the colours for the respective trajectory groups as well as for
the total cohort

time in order to identify groups with similar patterns.
This method enabled us to use the full range of the tem-
poral data by unsupervised differentiation of patients
into latent trajectories, based on the joint inter-related
development of their organ-based outcome patterns.
Thus, this method allows to identify group assign-
ment based on similarities in temporal combinations
of specific patterns for each organ system, as opposed
to previous studies using total OD without assessing
specific organ systems. However, clustering of hetero-
geneous individual trajectories into fewer summarising
trajectories is a task of dimensionality reduction and
will always require some extent of simplification and
approximation. With the GBTM method these trajec-
tories were not assumed a priori as in subjective, often
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expert-based, categorisation of patients, but based on
the true temporal profiles of the patients. Additionally,
the method provides a measure of individual and group
probability and, thus, certainty of trajectory group
assignment.

This method generated five groups with different tem-
poral patterns and outcomes. Group 1, the mild OD
group had a favourable outcome with early resolution
of OD and low mortality. Within this group there were,
however, patients with diverging admission character-
istics with some patients having an ISS of 50 and some
being transfused with>20 PRBCs units during the first
24 h. This cohort had the lowest median age and found
their group trajectory rapidly after admission, suggesting
that this subset of trauma patients can be identified at an
early stage. Group 2 and group 3, the moderate and severe
OD groups, were fairly similar in their admission param-
eters and had by far the longest time to trajectory stabi-
lisation. These patients were in the mid-range in terms
of injury severity and initial OD load as compared with
the total cohort. However, the incidence of sepsis differed
notably between the two groups, occurring more often
in the severe OD group. The onset typically occurred a
few days after admission possibly influencing trajectories
and delaying stabilisation. These differences in time seen
for trajectories to stabilise appear to reflect the hetero-
geneity amongst severely injured trauma patients that is
often recognised clinically, where some patients develop
an unexpectedly complicated clinical course, whereas
others, with similar admission characteristics, do not.
Our study suggests that while certain subsets of trauma
patients will enter a clinical course that may be fairly
well predicted in the early phase (group 5, TBI with OD,
and group 1, mild OD), others have an undecided course
(group 2, moderate OD, and group 3, severe OD) that
may potentially be positively or negatively influenced by
post-resuscitation events or treatments. This could sug-
gest a potential window of therapy in these subgroups. In
our study, sepsis appears related to a higher OD severity
in the late stabilisers, which leads us to hypothesise that
infectious complications may be a driver. The important
implication of this is that potentially avoidable complica-
tions, arising after ICU admission, could be a reason that
a significant number of patients with seemingly similar
initial trajectories experienced different later patterns
of organ failure. Consequently, their trajectories will be
harder to define at an early stage.

The group of highly injured patients with extreme OD
are readily recognisable clinically and pose a challeng-
ing entity in the ICU. In this study, group 4, extreme
OD, was small and characterised by high injury severity
where chest injuries were seen in 77%. Almost half of
the patients were in shock at admission and two-thirds
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received massive transfusion, and these figures are in
striking contrast to all other groups. The subsequent
OD was considerable and sustained, affecting all organ
systems. The incidence of liver and renal dysfunc-
tion was significant and increased during several days
after admission. This was not seen in any other groups.
Arguably, the injury severity, dose of shock, and mas-
sive transfusion seen in this group would be expected
to generate a considerable release of DAMPs possibly
contributing to the prominent OD seen in the post-
injury phase. As expected, this group had a high mor-
tality, but the median time to death was over a week for
non-survivors, indicating a complicated clinical course,
as seen in the vast need of organ supportive therapy.
This small group of patients required a massive use of
ICU recourses. The implication of such a highly iden-
tifiable group that distinguishes itself fairly early, and
where mortality is extremely high, is that inflammatory
and coagulopathic effects of shock and massive trans-
fusion may need also to be a highlighted focus area of
research in future trauma patients.

Traumatic brain injury represents a specific group of
ICU patients. In this study, group 5, TBI with OD, had
the worst outcomes of all groups in terms of mortality.
Apart from CNS dysfunction subsequent to significant
head injury the load of cardiovascular and respiratory
OD was significant. This could in part be a confounder
explained by the use of vasopressors to titrate optimal
cerebral perfusion pressure and the need of extended
controlled ventilation, as well as an expected high rate
of respiratory infections, inflating non-CNS organ fail-
ure scores [33]. Traumatic brain injury is reported to be
the main cause of death after trauma, and a high mor-
tality in this group is expected [34, 35]. The median
time to death was fairly short with 3.5 days for non-sur-
vivors as compared to group 4, suggesting a consider-
able proportion of refractory severe TBI. This group of
patients with an almost 90% incidence of AIS head >3
found their trajectory rapidly, and over 80% of these
patients were assigned to their trajectory group by day
2. Thus, the TBI cohort is, not unexpectedly, highly
discernible and exhibits an early defined trajectory of
SOFA organ scores.

The methodology used here to group temporal tra-
jectories provides a means with which to identify and
separate phenotypes of trauma-related OD. Our findings
exemplify the possibility of using not only expert-based
or baseline data for clustering of patients, but instead to
utilise the full range of available temporal data. Future
research should be focused on external validation of our
findings and using temporal clustering in other heteroge-
neous groups of intensive care patients such as for exam-
ple cardiac arrest, sepsis, or ARDS.
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Strengths

We used a high-resolution database where all data were
retrospectively validated by the researchers. Missing
data were limited. There was no loss to follow-up in our
patient cohort after excluding those patients transferred
to other ICUs. All data were collected prospectively. The
use of GTBM utilises all available organ score data up
to 14 days and minimises subjective or eminence-based
identification of organ patterns.

Limitations
This study has several limitations. This is a single-cen-
tre study of trauma patients admitted to the ICU which
limits generalisability. The TRAUMAREG database was
run as a project and closed in November 2016, and we
could not include all eligible patients due to shortage of
research staff, which might have introduced a selection
bias. Further, we cannot exclude that changes occurred in
the trauma system and ICU care during the time period
data were collected. We did not have any data after dis-
charge to the general wards and our choice to assign zero
SOFA points when patients were discharged to the wards
could be debated. We chose to use the sub-domains of
the SOFA score for building our model. SOFA score,
however, commonly used in critical care and validated
in trauma patients, is based on predefined weighted
levels. Using more organ descriptive data with continu-
ous parameters, might have revealed other patterns of
organ dysfunction. We did not have information on more
detailed outcomes, such as function scores, limiting the
outcome analyses. Our definition of resolved infection
could be debated, and it is possible that patients were
infected for longer periods than we have accounted for.
Further, we had no data on baseline anti-coagulative
medication possibly influencing admission INR values.
Due to increasing model complexity, we could not model
longer periods than 14 days, and it is possible that the
distribution between trajectory groups would have been
different if this would have been possible. Finally, the
number of trajectory groups is, at least to a degree, based
on subjective judgement. It is, however, important to
bear in mind that the goal of GBTM is not to identify the
"true" number of groups in a sample, which may not exist,
but rather to cluster patients following approximately the
same trajectory.

The dataset used in the study is not immediately pub-
licly accessible (see declarations below).

Conclusions

We performed longitudinal clustering of severely
injured trauma patients using data from all affected
organs. Our study strives to objectify the temporal pat-
terns of OD after admission to the ICU after severe
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trauma. Five distinct trajectories of organ failure after
trauma were identified. Notable differences in admis-
sion characteristics, clinical course, and outcomes
between the five groups generated by the GBTM mod-
elling were seen. We found and describe some poten-
tially important insights that were suggested by the
groupings and temporal trajectories. These findings
indicate subsets of patients with an initial undefined
clinical course that might benefit from targeted support
and future research focus. The findings also underline
the heterogeneous course after trauma and the chal-
lenges faced in prognosticating the clinical course of
these patients.
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