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Abstract 

Background: Individual extracerebral organ dysfunction is common after severe traumatic brain injury (TBI) and 
impacts outcomes. However, multiorgan failure (MOF) has received less attention in patients with isolated TBI. Our 
objective was to analyze the risk factors associated with the development of MOF and its impact in clinical outcomes 
in patients with TBI.

Methods: This was an observational, prospective, multicenter study using data from a nationwide registry that cur‑
rently includes 52 intensive care units (ICUs) in Spain (RETRAUCI). Isolated significant TBI was defined as Abbreviated 
Injury Scale (AIS) ≥ 3 in the head area with no AIS ≥ 3 in any other anatomical area. Multiorgan failure was defined 
using the Sequential‑related Organ Failure Assessment as the alteration of two or more organs with a score of ≥ 3. 
We analyzed the contribution of MOF to crude and adjusted mortality (age and AIS head) by using logistic regression 
analysis. A multiple logistic regression analysis was performed to analyze the risk factors associated with the develop‑
ment of MOF in patients with isolated TBI.

Results: A total of 9790 patients with trauma were admitted to the participating ICUs. Of them, 2964 (30.2%) had 
AIS head ≥ 3 and no AIS ≥ 3 in any other anatomical area, and these patients constituted the study cohort. Mean age 
was 54.7 (19.5) years, 76% of patients were men, and ground‑level falls were the main mechanism of injury (49.1%). 
In‑hospital mortality was 22.2%. Up to 185 patients with TBI (6.2%) developed MOF during their ICU stay. Crude and 
adjusted (age and AIS head) mortality was higher in patients who developed MOF (odds ratio 6.28 [95% confidence 
interval 4.58–8.60] and odds ratio 5.20 [95% confidence interval 3.53–7.45]), respectively. The logistic regression 
analysis showed that age, hemodynamic instability, the need of packed red blood cells concentrates in the initial 
24 h, the severity of brain injury, and the need for invasive neuromonitoring were significantly associated with MOF 
development.
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Introduction
Individual extracerebral organ dysfunction is common 
after severe traumatic brain injury (TBI) and has an 
impact in clinical outcomes [1–3]. However,   develop-
ment of multiorgan failure (MOF), which constitutes a 
well-known phenomena in different forms and trajecto-
ries in patients with severe trauma [4–6], has received 
less attention and has, therefore, been underestimated 
in patients with isolated TBI [3].

Krishnamoorthy et al. [3] have recently addressed the 
epidemiology, mechanisms, and management of MOF 
in patients with TBI, concluding that severe TBI results 
in significant dysfunction to extracranial organ sys-
tems, which contribute to secondary brain injuries and 
poor clinical outcomes [3]. The authors also concluded 
that the optimal prevention and treatment of MOF fol-
lowing severe TBI has the potential to improve clinical 
outcomes [3].

To evaluate the magnitude of burden of MOF in 
patients with TBI, our objective was to analyze the 
risk factors associated with the development of MOF 
in a large sample of isolated patients with TBI and 
its impact in clinical outcomes using data from the 
Spanish Trauma intensive care unit (ICU) Registry 
(RETRAUCI).

Methods
RETRAUCI is an observational, prospective, and mul-
ticenter nationwide registry that currently includes 52 
ICUs in Spain. It is endorsed by the Neurointensive 
Care and Trauma Working Group of the Spanish Soci-
ety of Intensive Care Medicine and currently works on 
a electronic database (retrauci.org). Ethics Committee 
approval for the registry was obtained (Hospital Uni-
versitario 12 de Octubre, Madrid: 12/209). Because of 
the retrospective analysis of deidentified collected data, 
informed consent was not obtained for this specific 
study.

Study Population
Significant TBI was defined as Abbreviated Injury Scale 
(AIS) ≥ 3 in the head area. Patients with AIS head < 3 or 
patients with AIS ≥ 3 in any other anatomical area were 

not included in this study. Patients with missing data 
about MOF or in-hospital mortality or incomplete data 
during the study period were excluded.

Patients were included in this study from March 2015 
to December 2019 and were initially managed according 
to the Advanced Trauma Life Support (ATLS) princi-
ples. After ICU admission, the Brain Trauma Foundation 
guidelines principles were followed [7]. In this popula-
tion, we analyzed the incidence, outcomes, and the risk 
factors associated with MOF in patients with isolated 
TBI admitted to the participating ICUs. Data on epide-
miology, acute management in the prehospital and in-
hospital stages, type and severity of injury, resources use, 
complications, and outcomes were recorded [6].

Definitions
  • Multiorgan failure was defined using the Sequential-

related Organ Failure Assessment (SOFA) as the 
alteration of two or more organs (including central 
nervous system component) with a score of ≥ 3 [6, 8].

  • Hemodynamic condition was considered as follows 
[6]:

Stable: systolic blood pressure > 90  mm Hg during 
initial trauma care.
Unstable, responding to olumen replacement: sys-
tolic blood pressure < 90  mm Hg requiring olumen 
replacement for normalization.
Shock: systolic blood pressure < 90 mm Hg requiring 
olumen replacement, blood products, and vasoac-
tive support for normalization.
Refractory shock: hypotension refractory to olumen 
replacement, blood products, or vasoactive support 
and activation of the massive bleeding protocol.

  • Trauma-associated coagulopathy: prolongation of 
the prothrombin and activated partial thromboplas-
tin times more than 1.5 times the control values, 
or fibrinogen < 150  mg/dL or thrombocytopenia 
(< 100,000 mg/µL) in the first 24 h.

Statistical Analysis
Quantitative variables are shown as means ± standard 
deviations, and qualitative variables are shown as per-
centages. Categorical variables were analyzed using the 
χ2 or Fisher’s exact test. For continuous data, we studied 

Conclusions: MOF occurred in 6.2% of patients with TBI admitted to the ICU and was associated with increased 
mortality. MOF was associated with age, hemodynamic instability, the need of packed red blood cells concentrates in 
the initial 24 h, the severity of brain injury, and the need for invasive neuromonitoring.
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normality with the Shapiro–Wilk test. Continuous data 
had a nonnormal distribution and were evaluated by 
using the nonparametric Kruskal–Wallis test. We ana-
lyzed the contribution of MOF to crude and adjusted 
mortality (age and AIS head) by using logistic regres-
sion analysis. A multiple logistic regression analysis was 
performed to analyze the risk factors associated with the 
development of MOF in patients with isolated TBI. The 
variables entered in the logistic regression analysis were 
those significantly associated with MOF in the univari-
ate analysis. A p value < 0.10 was considered significant. 
Results are presented as odds ratios (ORs) with 95 per-
cent confidence intervals (CIs). The discrimination of 
the logistic regression model was assessed by using the 
area under the receiver operating characteristic curve. 
Calibration was evaluated by using the χ2 Hosmer–Leme-
show test and calibration belt [9]. Additionally, we used 
nonhierarchical cluster analysis to identify phenotypes 
with different risks and profile of MOF. The K-means 
method was applied. The number of clusters (k) was 
determined with the Calinski and Harabasz pseudo-F 
index [10]. Included variables were age, systolic blood 
pressure pressure (on scene), cardiac rate (on scene), and 
probablity of survival calculated by the Trauma Score and 
Injury Severity Score. Variables were compared across 
the clusters. We reported all results as stated in the 
record statement [11]. Statistical analysis was performed 
with STATA 15 (StataCorp. 2017).

Results
During the study period, a total of 9,790 patients with 
trauma were admitted to the participating ICUs. Of 
them, 2964 (30.2%) had AIS head ≥ 3 and no AIS ≥ 3 in 
any other anatomical area. This was the study cohort. 
Mean age was 54.7 (19.5) years, 76% of patients were 
men, and ground-level falls were the main mechanism of 
injury (49.1%). Up to 26.2% received prehospital intuba-
tion. Mean Injury Severity Score was 18.4 (8). In-hospital 
mortality was 22.2%.

Up to 185 patients with TBI (6.2%) developed MOF 
during their ICU stay. Patients who presented with MOF 
were older, had hemodynamic instability, needed prehos-
pital intubation and required blood products in the ini-
tial 24 h of ICU admission more frequently than patients 
without MOF (Table  1). Days of mechanical ventilation 
(12.48 [14.97] vs. 7.83 [2.48], p < 0.001) and ICU length of 
stay (days) (15.66 [17.40] vs. 9.22 [13.90], p < 0.001) were 
higher in patients with TBI and MOF.

Patients who developed MOF were more severely 
injured according to their neurological responses, as they 
had the lowest Glasgow Coma Scale scores, the worst 
pupillary reactivity, and higher AIS head scores and were 

Table 1 Baseline clinical characteristics distributed 
by MOF presentation

FFP, fresh frozen plasma, ISS, Injury Severity Score, MOF, Multiorgan failure; MVA, 
motor vehicle accident; PRBC, packed red-blood cells concentrate

Characteristic No MOF MOF p value

Age 54.53 (19.64) 57.53 (18.29) 0.049

Male sex 75.50% 81.82% 0.51

Penetrating 2.56% 3.74% 0.328

Antiplatelets or anticoagulants 22.07% 23.66% 0.615

Ethanol poisoning 23.50% 21.89% 0.633

ISS 18.06 (7.77) 23.38 (9.95) < 0.001

Mechanism 0.330

 Ground‑level fall 49.54/% 44.39%

 MVA‑car 8.01/% 9.63%

 High‑energy fall 8.56% 12.83%

 MVA‑motorcycle 5.53% 6.42%

 MVA‑run over 7.20% 5.88%

 Others 21.06% 20.86%

Prehospital airway 28.39% 47.31%  < 0.001

Hemodynamic < 0.001

 Stable 78.85% 29.57%

 Volume‑respondant 7.99% 8.60%

 Shock 12.35% 46.24%

 Refractory shock 0.81% 15.59%

Any FFP (24 h) 6.52% 20.47% < 0.001

Any PRBC (24 h) 8.23% 26.20% < 0.001

Table 2 Neurological clinical characteristics distributed 
by MOF presentation

AIS, Abbreviated Injury Scale; GCS, Glasgow Coma Scale; ICH, intracranial 
hypertension; MOF, multiorgan failure

Characteristic No MOF MOF p value

GCS < 0.001

 GCS 14‑1‑15 35.69% 19.89%

 GCS 9‑1‑13 27.32% 21.59%

 GCS 3‑8‑8 36.99% 58.52%

Pupils < 0.001

 Both pupils reactive 82.25% 60.75%

 Unilateral non‑reactive pupil 11.49% 23.66%

 Bilateral mydriasis 6.26% 15.59%

AIS head 0.001

 3 36.42% 22.11%

 4 31.63% 27.27%

 5 31.44% 58.82%

 6 0.51% 2.14%

Emergency neurosurgery 27.75% 36.36% < 0.05

Invasive neuromonitoring 28.81% 52.81% < 0.01

ICH < 0.01

 No ICH 13.21% 15.59%

 First tier ICH 10.90% 33.33%

 Second tier ICH 8.42% 18.28%
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more likely to receive invasive neuromonitoring and pre-
sent intracranial hypertension (Table 2).

Crude and adjusted (age and AIS Head) ORs for mor-
tality were 6.28 (95% CI 4.58–8.60) and 5.20 (95% CI 
3.53–7.45). Moreover, in 38 out of the 185 patients who 
presented with MOF (20.54%) this was the main cause of 
death (Fig. 1).

The logistic regression analysis showed that age, hemo-
dynamic instability, the need of packed red blood cells 
concentrates in the initial 24  h, the severity of brain 
injury and the need of invasive neuromonitoring were 
significantly associated with MOF development. Perfor-
mance of emergency neurosurgery was a protective fac-
tor (Table  3) of MOF development. The calibration and 
goodness of fit for the final model are presented in the 
area under the receiver operating characteristic curve 
and calibration belt plots (Figs.  2, 3). In the group of 
185 patients with TBI who developed MOF, 67 received 
emergency neurosurgery and 118 did not. In the later 
group (nonoperated MOF), 27.1% of the patients received 
intensive care oriented to organ donation, compared with 
2.9% in the surgical group (p < 0.001).

The clustering analysis identified four different pheno-
types of patients with TBI with different clinical charac-
teristics, incidence of MOF, and risk of death (Fig. 4). The 
type 1 cluster included middle-aged, hemodynamically 
stable patients with TBI with less severe brain injury and 
low risk of MOF and death. The type 2 cluster included 
aged patients with severe TBI and more hemodynamic 
compromise. The type 3 cluster were patients initially 

atended in  an “in-extremis” condition, as stated by its 
high mortality, and the type 4 were geriatric patients, 
hemodynamically stable with moderate brain injury and 
low risk of MOF. The characteristics of the different clus-
ters are summarized in Table 4.

Discussion
The main results of our study were as follows: multiorgan 
failure occurred in 6.2% of patients with TBI admitted 
to the ICU. MOF was associated with increased crude 
and adjusted mortality. MOF was associated with age, 
hemodynamic instability, the need of packed red blood 
cells concentrates in the initial 24 h, the severity of brain 
injury, and the need for invasive neuromonitoring.

Extracranial organ dysfunction is common after TBI 
and may impact clinical care and outcomes [1, 2, 12]. 
However, it has been usually addressed from an indi-
vidual organ dysfunction approach, being studies less 
focused in MOF [3]. MOF can be associated with reduced 
cerebral blood flow, cerebral hipoxia, altered metabolism, 
acidosis, and bleeding, turning into a vicious circle of 
secondary brain injury and poor clinical outcomes [3]. 
Indeed, a recent study by the Transforming Research and 
Clinical Knowledge in traumatic brain injury (TRACK-
TBI) investigators in 373 patients with moderate-to-
severe TBI showed that early multiple organ dysfunction 
was common (up to 68%) and independently impacted 
multiple domains (mortality, function, and disability) 
over the year following injury [13].

Fig. 1 Radar chart presenting risk factors and mortality distributed by 
MOF presentation. MOF, multiorgan failure, PRBC, packed red blood 
cells

Table 3 Logistic regression analysis of  risk factors associ-
ated to MOF development in patients with TBI patients

Values in parentheses are 95% confidence intervals (CIs). Variables with p < 0.10 
in univariate analysis were entered into multivariable models. Area under 
receiver operating characteristic curve (AUROC) 0.846 (0.816–0.876 [95% CI]), 
Hosmer–Lemeshow (HL) χ2 = 9.95, p = 0.268. The calibration and goodness of fit 
for the final model are presented in the AUROC and calibration belt plots (Figs. 2, 
3)

AIS, Abbreviated Injury Scale; MOF, multiorgan failure; OR, odds ratio; PRBC: 
Packed-red blood cells; TBI, traumatic brain injury

Variable OR (95% CI) p value

Age 1.009 (1.000–1.018) 0.042

Hemodynamic condition

 Unstable, volume responding 2.289 (1.243–4.216) 0.008

 Shock 7.675 (5.182–11.368) < 0.001

 Refractory shock 37.366 (18.789–74.313) < 0.001

 ≥ 1 PRBC in the initial 24 h 1.86 (1.207–2.866) 0.005

AIS head

 4 1.720 (0.980–3.019) 0.058

 5 2.624 (1.530–4.502) < 0.001

 6 2.263 (0.458–11.176) 0.316

Emergency neurosurgery 0.603 (0.415–0.876) 0.008

Invasive neuromonitoring 2.828 (1.931–4.141) < 0.001
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Fig. 2 Receiver operating characteristic curve (AUROC) of the logistic regression model. AUROC, area under the receiver operating characteristic 
curve

Fig. 3 Calibration belt of the logistic regression model
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In our study, we observed an incidence of 6.2%. Our 
incidence is low in comparison to previous studies 
addressing this topic, but it has to be considered that het-
erogeneity in the definitions used imply that comparison 
shoud be considered with caution [3]. We used the SOFA 
score, which—in the general population of patients with 
trauma—shows the best balance between sensitivity and 
specifity [14] and is gaining attention in patients with 

TBI [15]. Even using this score, different cutoff points 
have been used so it has to be taken into account when 
performing comparisons. In any case, our results are 
consistent with previous studies in the general trauma 
population that showed low incidence of MOF with late 
MOF being almost residual [4, 6].

We also observed that both crude and adjusted (age 
and AIS head) mortality clearly increased in patients 

Fig. 4 Risk of multiorgan failure and mortality according to the different phenotypes identified. MOF, multiorgan failure

Table 4 Clinical characteristics of the four clusters defined

AIS, Abbreviated Injury Scale; GCS, Glasgow Coma Scale; IQR, interquartile range; MOF, multiorgan failure; NISS, New Injury Severity Score; SBP, systolic blood pressure; 
TRISS, Trauma Score and Injury Severity Score
a Includes patients in pericardiac arrest

Characteristic Type 1
N = 1,597
(53.9%)

Type 2
N = 386
(13.8%)

Type 3
N = 52
(1.9%)

Type 4
N = 849
(30.4%)

p value

Age 45.51 68.10 53.84 65.61 < 0.001

Male sex 80.36% 70.21% 71.15% 70.55% < 0.001

SBP (mm Hg) 120.61 111.63 9.38a 167.97 < 0.001

Cardiac rate 81.24 91.88 8.09 83.93 < 0.001

NISS 24.20 33.94 34.55 28.79 < 0.001

Survival probability (TRISS) 92.64% 43.92% 8.69% 79.47% < 0.001

GCS, median (IQR) 13 (8–15) 4.5 (3–8) 3 (3–3) 11 (7–14) < 0.001

AIS head median (IQR) 4 (3–4) 5 (4–5) 5 (4–5) 4 (3–5) < 0.001

Neuromonitoring 28.14% 36.36% 32% 32.04% 0.015

Emergency neurosurgery 24.75% 33.42% 9.62% 33.45% < 0.001

MOF incidence 4.1% 15.3% 26% 4.8% < 0.001

Mortality 6.26% 50.2% 80.8% 24.2% < 0.001
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with TBI who developed MOF, both because of direct 
mortality (it was considered the main cause of mortal-
ity in 20.54% of the patients who developed MOF) and 
because of its role in worsening secondary brain injury 
through different mechanisms [3].

We then used nonhierarchical cluster nálisis to iden-
tify phenotypes with different risks and profile of MOF, 
showing four different patterns with specifical risk of 
MOF and death at ICU admission. The identification of 
these phenotypes allowed us to deepen into the under-
lying pathophysiologies of MOF, and could potentially 
lead to personalization of critical care supporting 
measures. Clusters include information that can pro-
vide a signifcantly better explanation beyond that pro-
vided by commonly used variables [16].

Krishnamoorthy et  al. [3] support that prevention 
and management of extracranial organ dysfunction 
is a clinical priority, since management of severe TBI 
requires balancing the optimization of often compet-
ing management strategies. MOF in patients with TBI 
is usually associated with prolonged forms in survivors 
[4] and short time to death in nonsurvivors [5]. Trea-
ment must rely on primary injury management and 
well-established fundamentals of supportive critical 
care [3]. However, we found that associated risk factors 
to the development of MOF were related to the sever-
ity of injury (initial hemodynamic condition, AIS head 
and need of invasive monitoring) and to patient factors 
(age) which are not modifiable. Only the need of packed 
red blood cells concentrates in the first 24  h could be 
a modifiable factor by providing restrictive strate-
gies. However, this is a controversial topic since there 
is insufficient evidence to make strong recommenda-
tions of which hemoglobin threshold must be used as a 
transfusion trigger in critically-ill patients with TBI [17, 
18]. The “protective” role of emergency neurosurgery in 
MOF development cannot be clearly explained by the 
data collected in our registry. We can only speculate 
three different factors influencing this finding, that in 
any case, warrants further studies:

  • Patients who developed MOF and were not operated 
presented a high percentage of patients who received 
ICU oriented to organ donation. Those patients can 
receive neuromonitoring and have a high mortality. 
This is a common TBI population in our environ-
ment [19, 20].

  • Type 3 patients, those who were initially attended 
in an “in-extremis” condition, were monitored and 
had a high incidence of MOF and a low incidence of 
emergency neurosurgery and 80% mortality.

  • There was a disbalance of focal vs. diffuse injuries in 
both groups.

More intriguing is the recent evidence suggesting that 
TBI is also associated with a higher risk of chronic car-
diovascular, endocrine, and neurological comorbidities, 
even in young and healthy study participants [21, 22], 
suggesting that TBI is a multisystem condition [22]. 
Whether early MOF and its potential treatment has an 
impact on these chronic multiple organ diseases needs 
to be addressed yet.

Our study has several strengths, including a large 
sample of patients with TBI admitted to the participat-
ing ICUs with MOF classified according to the SOFA 
score. We believe that it helps to delineate the epide-
miology of MOF in patients with isolated TBI. The use 
of clustering analysis constitute an added value, since 
characterizing different MOF subtypes could be rel-
evant to understand underlying pathophysiologies, to 
develope new therapeutic approaches and to design 
clinical studies [4, 16]. Overall, our findings support the 
usefulness of trauma registries in the management and 
benchmarking of patients with trauma [23]. However, 
we must also keep in mind our limitations: First, unless 
patients were initially managed following the  ATLS 
principles we cannot rule out deviations so this could 
affect patients’ management and therefore the inci-
dence of MOF. Second, as previously stated, definitions 
of MOF are heterogeneus and this may impact inci-
dences reported [14]. Lastly, because of the design of 
the registry, we did not take into account comorbidities 
which may, in turn, predispose to MOF development.

In conclusion, MOF occurred in 6.2% of patients 
with TBI admitted to the ICU and was associated with 
increased crude and adjusted mortality. MOF was asso-
ciated with age, hemodynamic instability, the need of 
packed red blood cells concentrates in the initial 24 h, 
the severity of brain injury, and the need for invasive 
neuromonitoring.
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