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Abstract 

Study design. This is a retrospective, observational study. 

Objectives. To evaluate organ dysfunction in patients with an acute traumatic spinal cord 

injury (ATSCI) above T6 using the Sequential Organ Failure Assessment (SOFA) score 

to determine its association with mortality. 

Setting. The study was performed at the intensive care unit (ICU) of a tertiary hospital in 

the northwest of Spain. 

Methods. The study included 241 patients with an ATSCI above T6 who had been 

admitted to the ICU between 1998 and 2017. A descriptive analysis of all variables 

collected was performed to compare the survivors with the non-survivors. In addition, a 

logistic regression model was used in the multivariate analysis to identify variables that 

were independently associated with mortality. 

Results. The results revealed significant differences between the survivors and non-

survivors in terms of their age, Charlson Comorbidity Index, Glasgow Coma Scale score 

on admission, APACHE II score, SOFA score on day 0 and day 4, and delta SOFA 4–0 

(ΔSOFA 4–0). The results of this multivariate analysis identified the following variables 

as independent predictors of intra-ICU mortality: age (OR = 1.05; 95% CI: 1. 01–1.08), 

SOFA score on day 0 (OR = 1.42; 95% CI: 1.13–1.78), ΔSOFA 4–0 (OR = 1.53; 95% CI: 

1.25–1.87), and fluid balance on day 4 (OR = 1.16; 95% CI: 1.00–1.35). 

Conclusions. The SOFA score is useful for evaluating organ dysfunction in patients with 

an ATSCI above T6. After adjusting the analysis for conventional variables, organ 

dysfunction on admission, changes in organ function between day 4 and day 0 (ΔSOFA 

4–0), and fluid balance on day 4 were seen to be independently associated with mortality 

in our study. 

  



INTRODUCTION 

As in the case of other surgical or trauma patients, those with an acute traumatic 

spinal cord injury (ATSCI) above T6 are likely to develop multiple organ 

dysfunction, which undoubtedly has an impact on the mortality of this patient 

population [1,2]. The multiple organ dysfunction syndrome is a sequential and 

biphasic (early vs. delayed) condition appearing after an aggression and 

classically described in critically ill patients [3]. Although several organ 

dysfunction scoring systems have been described to date, the Sequential Organ 

Failure Assessment (SOFA) score is one of the most commonly used tools in 

intensive care units (ICUs). While its prognostic relevance has been documented 

in other populations of critically ill patients [4-6], it has not been validated for 

patients with an ATSCI requiring admission to the ICU. The cardiovascular 

component of this SOFA is calculated based on the patient’s mean arterial 

pressure (MAP) levels and the need for treatment with vasoactive drugs. Previous 

studies performed with several populations of critically ill patients suggest the 

existence of a close relationship between the cardiovascular SOFA score and 

mortality [7,8]. However, in this particular population, said score can be impacted 

by the treatment used to maintain the spinal cord perfusion pressure, which is 

one of the initial standards of care in this patient population. 

Therefore, considering prognostic variables relating to the patient’s demographic 

characteristics, the injury, and the therapeutic management, the aim of this study 

was to determine whether the existence of organ dysfunction on admission and 

on day 4 as determined by the SOFA score was associated with mortality in a 

population of patients with an ATSCI above T6 who were admitted to ICU over a 

20-year period.  
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METHODS 

We performed a retrospective, observational, follow-up study of patients 

diagnosed with an ATSCI above T6 who had been admitted to the ICU of the 

University Hospital Complex of A Coruña (northwest of Spain) between January 

1998 and December 2017. This hospital is a reference center for the treatment 

of patients with acute spinal cord injuries and serves a population of 2,750,000 

inhabitants. The study was approved by the Galician Clinical Research Ethics 

Committee with authorization code 2019/622. 

Participants 

A total of 241 adult (>18 years) patients with an ATSCI above T6 were admitted 

to the ICU over the established study period. The inclusion criterion of this study 

was chosen to focus our analysis on patients with an ATSCI whose injury level 

determined a risk of developing organ dysfunction (lesions below T6 do not cause 

neuromuscular respiratory failure nor neurogenic shock). Patients who (a) did not 

meet the above inclusion criteria, (b) were pregnant, (c) had “do not resuscitate” 

orders, and (d) whose cause of the shock was not spinal (e.g., hemorrhagic) were 

excluded from the study. This sample size allowed us to estimate the study 

parameters with a precision of ±6.3% and a safety of 95%. 

Data collection 

Data from the following variables were collected for all patients: 

sociodemographic characteristics (age, sex, and Charlson Comorbidity Index), 

injury (mechanism, affected neurological level [C1–C4, C5–C8, thoracic ≥ T6], 

American Spinal Injury Association [ASIA] Impairment Scale [AIS] grade, ASIA 



motor score, and existence of associated lesions as evaluated by the ISS), 

severity (Acute Physiology and Chronic Health Evaluation [APACHE II] score 

within the first 24 h and Glasgow Coma Scale [GCS] score on admission), any 

variable needed to calculate the SOFA score (Table 1), and the fluid balance on 

day 4. Intra-ICU mortality was also recorded to assess the prognosis. 

Measurements 

The SOFA score was measured on admission (SOFA score on day 0) and on the 

fourth day (SOFA score on day 4), and the difference between both values was 

calculated (ΔSOFA 4–0). Scores of the different SOFA components 

(cardiovascular, respiratory, hematological, hepatic, renal, and neurological) 

were calculated to determine the existence of organ system dysfunction. In 

sedated patients, the neurological component of the SOFA was scored on the 

basis of the patient’s clinical condition prior to the sedation. 

Clinical care 

The patients included in this study were admitted to the ICU to be monitored and 

receive organ support therapy, and were cared for by a multidisciplinary team of 

intensivists that was physically present 24 h a day. The injury level and grade 

were examined by specialist doctors of the spinal cord injury unit. Patients 

presenting with neurogenic shock throughout the study period were resuscitated 

with fluid replacement therapy and vasoactive drugs. The guidelines set forth over 

the last decade recommend maintaining a target MAP of 85 mmHg during the 

first week following the injury in order to achieve an adequate spinal perfusion 

pressure. The decision to perform tracheal intubation and initiate mechanical 

ventilation is made by the attending physician on the basis of the standard criteria 
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applicable to this patient population. Based on the available evidence on 

corticosteroid therapy, only a small number of patients with this condition have 

received this treatment in recent years [9,10]. 

Statistical analysis 

A descriptive analysis of all variables collected was performed to compare the 

characteristics of the survivors with those of the non-survivors. After contrasting 

the normality of the data with the Kolmogorov–Smirnov test, the quantitative 

variables were compared using Student’s t-test or the Mann–Whitney test, and 

the qualitative variables were compared using the χ2 test. 

In addition, a logistic regression model was used in the multivariate analysis to 

identify variables that were independently associated with mortality, calculating 

the associated odds ratio and their 95% confidence intervals. A forward stepwise 

strategy was applied whereby the variables associated with P values <0.20 in the 

bivariate analysis were included in this model. More specifically, the model was 

adjusted for the fluid balance on day 4 despite this parameter being of borderline 

statistical significance considering that its impact on mortality has been 

demonstrated in other populations of critically ill patients [11-13]. 

The impact of the existence of organ dysfunction on admission and on day 4 on 

mortality was evaluated based on receiver operating characteristic (ROC) curves 

and the area under the curve (AUC) together with its 95% confidence interval. 

The analysis was performed with software SPSS 24.0 for Windows, setting the 

bilateral significance level at P < 0.05. 
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RESULTS 

A total of 241 patients diagnosed with an ATSCI above T6 were admitted to the 

ICU between January 1998 and December 2017. Eighty three percent of the 

patients were admitted in the ICU in the 48 h following the injury. The mean age 

of the patients, of whom 77.6% were men, was 53.2 ± 20.1 years and their mean 

Charlson Comorbidity Index was 0.9 ± 1.7. The most frequent injury mechanism 

was falls (41.3%), followed closely by traffic accidents (35.3%). The most 

commonly affected neurological level was C5–C8 (39.9%), followed by C1–C4 

(33.0%), and, finally, the thoracic level (27.0%). AIS A was the predominant injury 

grade (51.8%), the mean ASIA motor score was 35.9 ± 26.9, the mean ISS was 

33.7 ± 12.7, and the mean GCS score on admission was 13.4 ± 3.3. The median 

APACHE II score was 1, and the median SOFA scores on day 0 and 4 were 5 

and 4, respectively. Intra-ICU mortality in this group of patients was 12.4% 

(n = 30). 

Univariate analysis of the intra-ICU mortality 

A bivariate analysis was performed to identify variables associated with intra-ICU 

mortality. Its results revealed significant differences between the survivors and 

non-survivors in terms of their age, Charlson Comorbidity Index, GCS score on 

admission, APACHE II score, SOFA score on day 0, SOFA score on day 4, and 

ΔSOFA 4–0. The fluid balance on the fourth day was of borderline statistical 

significance. As shown in Table 2, the non-survivors were significantly older than 

the survivors (65.6 vs. 51.4 years; P < 0.001), had a higher comorbidity index (1.8 

vs. 0.8; P = 0.003), a lower GCS score (12.3 vs. 13.5; P = 0.023), a higher 

APACHE II score (17.6 vs. 11.8; P < 0.001), a higher SOFA score on day 0 (7.1 
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vs. 5.0; P < 0.001), a higher SOFA score on day 4 (8.0 vs. 4.2; P < 0.001), and a 

higher ΔSOFA 4–0 (1.7 vs. –0.9; P = 0.001). 

Mortality associated with the existence of organ dysfunction on admission and 

during the resuscitation phase 

To determine which component of the SOFA has the greatest discriminatory 

capacity to predict intra-ICU mortality, we analyzed the area under the ROC curve 

of the total SOFA score on days 0 and 4, the ΔSOFA 4–0, and each of its 

components (Fig. 1). 

The results of this analysis show that the cardiovascular component yielded the 

greatest AUC (0.607) of all components of the SOFA on admission. 

As well as on admission, the existence of cardiovascular dysfunction on day 4 

also played a crucial role in mortality, with an AUC of 0.772. The same was true 

for the ΔSOFA 4–0, in which case the cardiovascular component yielded an area 

under the ROC curve to predict mortality of 0.660. 

Multivariate analysis of the intra-ICU mortality 

A multivariate logistic regression analysis was performed to determine which 

variables were independently associated with higher intra-ICU mortality with a 

view to assess the relative contribution to mortality of organ dysfunction present 

on admission (SOFA score on day 0) and that developed during the resuscitation 

period and up to 4 days post trauma (ΔSOFA 4–0). 

The results of this multivariate analysis identified the following variables as 

independent predictors of intra-ICU mortality: age (OR = 1.05; 95% CI, 1.01–

1.08), SOFA score on day 0 (OR = 1.42; 95% CI, 1.13–1.78), ΔSOFA 4–0 
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(OR = 1.53; 95% CI, 1.25–1.87), and fluid balance on day 4 (OR = 1.16; 95% CI, 

1.00–1.35). The model used to perform this analysis is shown in Table 3. 

Mortality by age, SOFA score on day 0, ΔSOFA (4–0), and fluid balance on day 4 

Figure 2 presents the mortality rates in relation to the variables identified as 

independent predictors of intra-ICU mortality. As shown in this figure, a third of 

the patients over the age of 80 passed away, whereas only 3.39% of those aged 

≤35 years died, which demonstrates that an increase in age is associated with a 

gradual rise in the risk of death. 

Mortality also increased from 5.71% among the patients with a SOFA score of 0–

4 points on admission to 27.78% among those with a SOFA score ≥10 points at 

that same moment. 

Furthermore, mortality also increased with a higher ΔSOFA during the 

resuscitation phase, from 6.45% among the patients with a ΔSOFA 4–0 of zero 

to 80% among the patients with a ΔSOFA 4–0 greater or equal to 6. 

A three-phase distribution can be observed for the fluid balance on day 4, starting 

with an initial rise in mortality of 7.27% for a fluid balance <2.5 L, followed by a 

decrease to 4.84% for the 2.5–5 L range, and a final considerable increase with 

a fluid balance above 5 L. 

DISCUSSION 

We used the SOFA score to quantify the number of cases of organ dysfunction 

on admission to the ICU (day 0) and after the resuscitation phase (day 4) in a 

cohort of 241 patients with an ATSCI above T6. This score allows us to evaluate 

changes in organ function over time based on simple parameters, is widely 
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accepted in adult critical care units, and its association with mortality has been 

demonstrated in other populations of critically ill patients [4,6,14-18]. The findings 

of our study revealed the following. 

First, in our case series, the SOFA score on day 0 was independently correlated 

with intra-ICU mortality following an adjustment for conventional variables. To our 

knowledge, this is the first study to prove the existence of an independent 

relationship between mortality in patients with an ATSCI above T6 and the 

existence of organ dysfunction on admission as determined by the SOFA score. 

Our data showed that higher SOFA scores on day 0 were associated with greater 

mortality rates ranging from 5.71% for SOFA scores <5 to almost 30% for SOFA 

scores >9 (Fig. 2). Particularly with respect to the individual components of the 

SOFA, the greatest discriminative power was observed for the cardiovascular 

system. Organ dysfunction presenting immediately after the traumatic event is 

probably related to a series of biological genetic and immune phenomena, the 

body’s cardiorespiratory ability to respond to the trauma, the presence of 

comorbidities, and the management approach applied prior to the patient’s 

hospitalization. This could suggest that all efforts aimed at applying an optimal 

pre-hospital and early therapeutic management may be of prognostic interest. In 

practical terms, this translates into special attention to injuries that may 

compromise the patient’s hemodynamics at the accident site itself, with the 

administration of fluids or vasopressors, if necessary, as well as appropriate 

intervention according to the oxygenation and ventilatory support that may be 

required [19,20].The SOFA score on day 0 reflects the degree of dysfunction 

already present on admission and could be useful for stratifying patients and 

screening them for their inclusion in clinical trials.  
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Second, we measured the SOFA score on day 4 as an estimate of delayed organ 

dysfunction. Our analysis showed that changes (absence of improvement or 

worsening) in the degree of organ dysfunction during the post-traumatic 

resuscitation phase as determined by a comparison between the SOFA score on 

day 4 and the SOFA score on day 0 (ΔSOFA 4–0) are associated with mortality 

when considering conventional variables (demographic characteristics, type of 

injury, and ISS) and regardless of the existence of organ dysfunction on 

admission. The prognostic value of these changes in patients’ organ function 

following an insult has already been documented in other populations of critically 

ill patients [7,17,21-24]. 

Our results indicate that post-traumatic organ dysfunction does not invariably 

progress to multi-organ failure. However, the degree of organ function 

deterioration beyond the days immediately following the trauma has an impact on 

the survival of patients with an ATSCI above T6, and the ability of this parameter 

to distinguish between survivors and non-survivors is greater than that of the 

SOFA score on day 0. Thus, the likelihood of death increases from 6.45% among 

patients with a ΔSOFA 4–0 of zero to 80% among patients with a ΔSOFA 4–0 

equal to or greater than 6. In this respect, changes in the cardiovascular and 

respiratory components of the SOFA provide a greater discriminative capacity to 

predict mortality in a population of patients with a low incidence of renal, hepatic, 

and hematologic dysfunction, therefore suggesting that strategies aimed 

particularly at achieving respiratory and cardiovascular optimization could have 

an impact on survival. Advanced cardiorespiratory monitoring tools 

(VolumeView® or PICCO®) can provide more precise information on the cause of 

the dysfunction and the components that may require intervention in terms of 
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organ support. However, as in the case of other patient populations, the 

cumulative SOFA score obtained in our study proved to be better at discriminating 

said outcome than the individual scores [7,25]. Still, the ability to independently 

analyze several organs and systems and to describe their individual dysfunction 

over time could allow to define groups of patients [4], as well as to modify time-

dependent changes and the impact of novel therapies. 

By documenting the role of organ dysfunction in the prognosis of patients with an 

ATSCI above T6 admitted to the ICU, we were able to identify other factors 

captured by the SOFA score other than conventional variables (demographic 

characteristics and type of injury) that might play a role in the particular 

pathological response of each patient to aggressions of this same magnitude and 

their mortality (e.g., genetic and physiological factors). Given that multi-organ 

failure is, at a very basic level, a cellular and molecular disease, attempts to 

understand and eventually treat this complex syndrome must not only include 

organ support, but also the use of this assessment scale [26]. 

Third, the administration of fluid replacement therapy is a determinant of mortality 

regardless of the patient’s severity. Although the administration of fluid 

replacement therapy during neurogenic shock resuscitation has classically been 

indicated as an empirical treatment based on static variables (central venous 

pressure or pulmonary capillary pressure), there is evidence that uncorrected 

hypovolemia results in an inadequate administration of vasopressor agents that 

can increase organ hypoperfusion and ischemia [27,28]. In addition, 

overprescription of fluids can also compromise oxygen supply and has been 

associated with an increased rate of complications and greater mortality 

[12,13,27-29]. The results of our study show two trends in which mortality was 

https://www.nature.com/articles/s41393-021-00701-w#ref-CR7
https://www.nature.com/articles/s41393-021-00701-w#ref-CR25
https://www.nature.com/articles/s41393-021-00701-w#ref-CR4
https://www.nature.com/articles/s41393-021-00701-w#ref-CR26
https://www.nature.com/articles/s41393-021-00701-w#ref-CR27
https://www.nature.com/articles/s41393-021-00701-w#ref-CR28
https://www.nature.com/articles/s41393-021-00701-w#ref-CR12
https://www.nature.com/articles/s41393-021-00701-w#ref-CR13
https://www.nature.com/articles/s41393-021-00701-w#ref-CR27
https://www.nature.com/articles/s41393-021-00701-w#ref-CR29


greater among the patients with a fluid balance on day four <2.5 L and those with 

a balance >5 L. This suggests that intervening in the resuscitation process with 

hemodynamic optimization strategies (dynamic volume response rates, lactate, 

etc.) could avoid under-resuscitation and over-hydration with an impact on 

prognosis. Given that this approach has proved to be beneficial in other 

populations of unstable patients, the conduct of regulated studies in populations 

with neurogenic shock secondary to spinal cord injury would be highly relevant. 

Cardiovascular and respiratory dysfunction have been shown to impact mortality 

in other neurotrauma populations [5,30]. Clinicians caring for these patients, both 

before and during ICU admission, should be aware of the risk of organ 

dysfunction derived from an ATSCI above T6 in order to anticipate or recognize 

it. The findings of this study validate, for the first time ever, the use of the SOFA 

in this patient population as a tool to assess changes in organ function after injury 

onset and suggest that appropriate interventions (early and optimal) could 

improve the condition’s prognosis. 

Study limitations 

Despite being performed with the greatest methodological guarantees, our study 

might have some limitations, including, in the first place, the fact that the likelihood 

of death over a 20-year period could be related to changes in the management 

of this patient population throughout this time; second, that, because this was a 

single-center study, the analyzed sample might not be representative of other 

patients with the same condition; and, finally, the retrospective nature of this 

study, although the exhaustive patient records available in the ICU minimized the 

loss of data that would be expected in other studies of equal size. 
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CONCLUSIONS 

Patients with an ATSCI above T6 exhibit an individual response in terms of the 

onset of organ dysfunction that can be measured with the SOFA and is correlated 

with survival. In addition to the conventional variables, changes in organ function 

and fluid balance within the first few days following the trauma also have a 

prognostic value, thus suggesting that interventions aimed at optimizing these 

two parameters might improve survival in this patient population. 
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Table 1 The Sequential Organ Failure Assessment (SOFA) score. 

SOFA score 0 1 2 3 4 

      

Cardiovascular PAM ≥ 70 mmHg PAM < 70 mmHg Dopamine ≤5 or 

dobutamine (any 

dose)a 

Dopamine 5–15 or 

norepinephrine ≤0.1 or 

epinephrine ≤0.1a 

Dopamine >15 or 

norepinephrine >0.1 or 

epinephrine >0.1a 

Respiratory PaO2/FiO2 

(mmHg) 

≥400 <400 <300 <200 with respiratory support <100 with respiratory support 

Coagulation platelets 

(×103/mm3) 

>150,000 ≤150,000 ≤100,000 ≤50,000 ≤20,000 

Hepatic bilirubin 

(mg/dL) 

<1.2 1.2–1.9 2.0–5.9 6.0–11.9 ≥12.0 

Renal creatinine 

(mg/dL) 

Urine output (mL/day) 

<1.2 1.2–1.9 2.0–3.4 3.5–4.9 or <500 mL/day ≥5.0 or <200 mL/day 

Neurological Glasgow 

Coma Score 

15 13–14 10–12 6–9 <6 

      

 

PaO2 arterial oxygen tension, FiO2 fractional inspired oxygen, MAP mean arterial pressure. 

aAdrenergic agents administered for at least 1 h (doses given are in µ/kg per min). 



Table 2 Comparison between the sociodemographic and lesion characteristics of the ICU 

survivors and non-survivors. 

 Intra-ICU mortality 

 No  Yes  

 Mean ± SD Median  Mean ± SD Median P 

       

Days from injury to ICU admission 1.6 ± 5.5 1  1.3 ± 1.6 1 0.456 

Age 51.4 ± 20.0 52.0  65.6 ± 16.7 71.5 <0.001 

Charlson Comorbidity Index 0.8 ± 1.6 0.0  1.8 ± 2.1 1.0 0.003 

ASIA motor score 36.3 ± 27.3 33.5  29.2 ± 18.0 28.0 0.635 

GCS score on admission 13.5 ± 3.1 15.0  12.3 ± 4.1 14.0 0.023 

Total ISS 33.2 ± 12.2 29  37.3 ± 16.0 25 0.566 

APACHE II score 11.8 ± 6.1 11.0  17.6 ± 7.4 16.0 <0.001 

SOFA score on day 0 5.0 ± 2.8 5.0  7.1 ± 2.8 7.5 <0.001 

SOFA score on day 4 4.2 ± 2.4 4  8.0 ± 3.6 8 <0.001 

ΔSOFA (4–0) –0.9 ± 2.8 –1.0  1.7 ± 3.7 2 0.001 

Fluid balance on day 4 (L) 5.0 ± 3.8 4.8  7.0 ± 4.4 7.1 0.059 

 No   Yes   

 n %  n % P 

Sex      0.896 

   Male 164 87.7  23 12.3  

   Female 47 87.0  7 13.0  

Neurological level      0.324 

   C1–C4 72 93.5  5 6.5  

   C5–C8 81 87.1  12 12.9  

   Thoracic ≥ T6 58 92.1  5 7.9   

Injury mechanism      – 

   Fall 83 83.8  16 16.2   

   Fall from a height 25 92.6  2 7.4   

   Occupational accident 8 100  0 0.0   

   Pedestrian collision 11 78.6  3 21.4   

   Dive 7 100  0 0.0   

   Traffic accident 76 89.4  9 10.6   

AIS grade      – 

   A 106 90.6  11 9.4   

   B 27 93.1  2 6.9   

   C 44 95.7  2 4.3   



Table 2 Comparison between the sociodemographic and lesion characteristics of the ICU 

survivors and non-survivors. 

 Intra-ICU mortality 

 No  Yes  

 Mean ± SD Median  Mean ± SD Median P 

       

   D 32 94.1  2 5.9  

       

 

AIS American Spinal Injury Association (ASIA) Impairment Scale, APACHE II Acute Physiology 

and Chronic Health Evaluation II, GCS Glasgow Coma Scale, ISS Injury Severity 

Score, SOFA Sequential Organ Failure Assessment. 



 



 

 

Fig. 1 ROC curves for the prediction of intra-ICU mortality based on the SOFA scores on day 0 

and 4 and the ΔSOFA 4–0 calculated for its different components. 



Table 3 Multivariate analysis of the intra-ICU mortality among patients with an ATSCI above 

T6. 

 B SE P OR (95% CI) 

     

Age 0.05 0.02 0.007 1.05 (1.01–1.08) 

SOFA score on day 0 0.35 0.12 0.003 1.42 (1.13–1.78) 

ΔSOFA (4–0) 0.42 0.10 <0.001 1.53 (1.25–1.87) 

Fluid balance on day 4 0.15 0.07 0.045 1.16 (1.00–1.35) 

     

 

Adjusted for the Charlson Comorbidity Index, the initial GCS score, the APACHE II score, and the 

ASIA motor score. 

B regression coefficient, SE standard error, OR odds ratio, CI confidence interval, SOFA score 

on day 0 SOFA score on admission, ΔSOFA (4–0) total SOFA score on day 4 – total SOFA score 

on admission. 



 

 

Fig. 2 Intra-ICU mortality according to the patient’s age, SOFA score on day 0, ΔSOFA (4–0), 

and fluid balance on day 4. 

 

 

 


