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Abstract

Systolic dysfunction was recently described following traumatic brain injury (TBI) and systemic 

inflammation may be a contributing mechanism. Our aims were to: 1) Examine the association 

between the early systemic inflammatory response syndrome (SIRS) and systolic cardiac 

dysfunction following TBI and 2) Describe the longitudinal change in SIRS criteria, cardiac 

function, and hemodynamic parameters during the first week of hospitalization. We used a 

secondary analysis of a prospective cohort study examining cardiac function (with transthoracic 

echocardiography on the first day and serially over the first week of hospitalization) in 32 

moderate-severe isolated TBI patients, and quantified the admission and daily SIRS response to 

injury. We determined the association of admission SIRS and systolic dysfunction following TBI. 

Admission SIRS was present in 7 (21%) of patients and was associated with systolic dysfunction 

on multivariable analysis (RR 4.01; 95% 1.16–13.79, p = 0.028). Both SIRS criteria and systolic 

cardiac function improved over the first week of hospitalization. In conclusion, early SIRS is 

common among patients with moderate-severe TBI and the presence of SIRS criteria on admission 

is associated with systolic cardiac dysfunction following TBI.
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Systolic dysfunction was recently described following traumatic brain injury (TBI) and systemic inflammation may be a contributing 
mechanism. From this study, early systemic inflammatory response syndrome (SIRS) is common among patients with moderate-
severe TBI and the presence of SIRS criteria on admission is associated with systolic cardiac dysfunction following TBI.
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Introduction

Traumatic brain injury (TBI) is a major worldwide public health problem resulting in 

significant morbidity and mortality (Hyder et al. 2007). While the primary injury to the brain 

can render irreversible neuronal loss and cerebral ischemia, reduction in cerebral blood flow 

from systemic effects such as hypotension further result in secondary brain insults (Chesnut 

et al. 1993; Jeremitsky et al. 2003; Mascia et al. 2008). Recently, cardiac dysfunction has 

been detected after TBI (Cheah et al. 2016; Prathep et al. 2014; Qian et al. 2015), which can 

contribute to cerebral hypoperfusion and secondary injury after TBI. While sympathetic 

overstimulation may play a role in the pathogenesis of TBI-induced systolic dysfunction 

(Krishnamoorthy et al. 2016; Mazzeo et al. 2014; Mierzewska-Schmidt and Gawecka 2015; 

Nguyen and Zaroff 2009), other contributing pathophysiologic mechanisms remain unclear.

Injury to the brain triggers the release of inflammatory mediators into the circulation 

(Kossmann et al. 1995; Lu et al. 2009; Morganti-Kossman et al. 1997). This condition of 

systemic inflammation may be clinically manifested as the systemic inflammatory response 

syndrome (SIRS) (Bone et al. 1992), (Bone 1996; Giannoudis et al. 1998), with hypothermia 

or hyperthermia, leukocytosis or leukopenia, tachycardia, and tachypnea. (Bone et al. 1992). 

The systemic inflammatory response syndrome has been described in a variety of acute 

cerebral insults, including subarachnoid hemorrhage (Yoshimoto et al. 2001), stroke 

(Audebert et al. 2004; Boehme et al. 2013), intracerebral hemorrhage (Boehme et al. 2013), 

and TBI (Lou et al. 2013).

Cardiac dysfunction has been linked to inflammation in other critical illness paradigms such 

as sepsis (Court et al. 2002; Flierl et al. 2008; Flynn et al. 2010; Hochstadt et al. 2011; 

Pulido et al. 2012), myocardial infarction (van Diepen et al. 2013) and burns (Horton 2007; 

Li et al. 2013; Niederbichler et al. 2006; Zhang et al. 2007). However, the association 

between systemic inflammation and cardiac dysfunction has not been investigated either in 

animal models of TBI or in patients who have TBI. To bridge this gap in knowledge, we 

conducted a study to: 1) examine the association between the early SIRS response and 

systolic cardiac dysfunction, and 2) describe the longitudinal change in SIRS criteria, 

cardiac function, and hemodynamic parameters during the first week of hospitalization 

following TBI.

Materials and Methods

This was a secondary analysis of a prospective cohort study of cardiac function conducted at 

Harborview Medical Center (Seattle, WA), a Level 1 trauma center for the states of 

Washington, Alaska, Montana and Idaho, and affiliated with the University of Washington 

(Krishnamoorthy et al. 2016). The study was approved by the Institutional Review Board 

(IRB) at the University of Washington.

Inclusion and Exclusion Criteria

Adult patients with moderate to severe TBI (defined as post-resuscitation Glasgow Coma 

Scale (GCS) score of ≤ 12) were included. Male and female patients were equally eligible. 

We excluded patients older than 65 years, those with pre-existing cardiac disease, or having 
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significant systemic disease which could potentially affect systolic function, such as 

cirrhosis, chronic kidney disease, HIV infection, history of chemotherapy, chronic 

obstructive pulmonary disease, pulmonary hypertension, or history of cerebrovascular 

disease. We also excluded patients who had a cardiac arrest prior to evaluation, patients who 

required more than 2 units of packed red blood cells for initial resuscitation, or patients with 

polytrauma (having other body regions except head Abbreviated Injury Scale (AIS) > 2).

Echocardiography

Details of TTE methodology are previously described (Krishnamoorthy et al. 2016). After 

informed consent was obtained from the patient’s legally authorized representatives, a 

bedside transthoracic echocardiogram (TTE) was performed within the first 24 hours after 

admission or on hospital day 2 if hemodynamically unstable or undergoing medical 

procedures Each patient received two more follow-up TTE exams over the first week of 

hospitalization. All TTE examinations were performed by an echocardiography-certified 

anesthesiologist-intensivist per the American Society of Echocardiography guidelines (Lang 

et al. 2006). Patients were placed in a supine position, and systolic function was assessed 

using endocardial fractional shortening [(left ventricular internal diameter in diastole – left 

ventricular internal diameter in systole)/left ventricular diameter in diastole from the 

parasternal long-axis window. Due to the concern of intracranial hypertension, the patient’s 

head-of-bed was elevated. All TTE images were reviewed offline by both a cardiologist and 

certified cardiac sonographer separately, both of whom were blinded to patients’ clinical 

details. Patients with fractional shortening less than 25% were categorized as having systolic 

cardiac dysfunction (Lang et al. 2006).

Data Collection

Demographic, clinical, and individual SIRS characteristics were abstracted from hospital 

electronic medical record. Initial head computed tomography (CT) imaging reports were 

reviewed to classify the type and radiographic characteristics of the TBI (i.e. epidural 

hematoma, subdural hematoma, subarachnoid hemorrhage, or intraparenchymal 

hemorrhage). Data on SIRS, hemodynamic parameters, and GCS were recorded from 

admission and daily over the first week of hospitalization.

Systemic Inflammatory Response Syndrome (SIRS)

We defined SIRS based on the American College of Chest Physicians and Society of Critical 

Care Medicine Criteria as having 2 or more of the following: 1) body temperature < 36 or > 

38°c, 2) heart rate > 90 beats per minute, 3) respiratory rate > 20 per minute, or 4) white 

blood cell count < 4000 or > 12,000/mm3 (Bone et al. 1992). SIRS on admission was 

adjudicated when patients first arrived at the emergency department. Daily SIRS was 

considered present if the patients met SIRS criteria at any time during each daily 24-hour 

epoch. In patients who were mechanically ventilated, we used the respiratory rate from the 

patient effort, not the setting of the machine, to evaluate respiratory rate criteria.
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Exposure and Outcomes

The primary exposure was the presence of SIRS on admission. The primary outcome was 

the development of systolic dysfunction among patients with moderate-severe TBI who met 

SIRS criteria on admission. Secondary exposures included examining individual SIRS 

criteria, and secondary outcomes included longitudinal changes in SIRS, cardiac function, 

and hemodynamic parameters over the first week of hospitalization.

Statistical analysis

Descriptive statistics examined the clinical, echocardiographic, and SIRS characteristics of 

the study cohort. Descriptive statistics were also used to examine the longitudinal changes in 

SIRS, hemodynamics, and cardiac function over the first week of hospitalization. For 

comparison of echocardiographic parameters between groups with and without admission 

SIRS, a 2-sided Student’s t-test or a Fisher’s exact test was used. Univariate and 

multivariable Poisson regression models with robust standard errors were used to examine 

the association of the presence of early SIRS with the development of systolic dysfunction. 

The multivariable models were adjusted for a priori selected confounders, including age, 

gender, and highest GCS score. Results of the regression analyses are presented as relative 

risks, with 95% confidence intervals. All analyses were performed using Stata 13.0 (College 

Station, Texas).

Results

Data from 32 patients were examined. In 24 patients, the first TTE was performed within 24 

hours after admission; in 8 patients, the first TTE was performed the next day to avoid 

interruption in clinical care (resuscitation, clinical procedures, or surgery).

Characteristics of patients with moderate-severe TBI

Of the 32 patients, seven (21.9%) met SIRS criteria on admission. Demographic and clinical 

characteristics of the patients stratified by the presence of SIRS on admission are described 

in Table 1. The group with admission SIRS was younger compared to the group without 

SIRS (mean age of 32.1 and 37.7, respectively). Most patients in both groups were male 

(71% and 88%, respectively) without major underlying comorbidities. Each patient was 

tracheally intubated and mechanically ventilated during the first day of hospitalization. 

Motor vehicle crash was the primary mechanism of injury in the group with SIRS (71%), 

while falls was the most common mechanism in the group without SIRS (32%). Both groups 

had high percentage of intracranial hemorrhage from initial computed tomography (CT) 

findings but median admission GCS was relatively lower in the group with SIRS (3 [3–7]) 

compared to the group without SIRS (5 [3–7]). Four (12.5%) patients in the study had 

admission GCS 9–12 (moderate TBI) and none of them had systolic dysfunction. The group 

with SIRS had more associated injuries but all other injuries were mild (AIS ≤ 2). 

Admission mean systolic blood pressure was relatively similar in both the group without 

SIRS (135 ± 24 mmHg) and the group with SIRS (122 ± 21 mmHg). The proportion of 

patients who experienced hypotension (systolic blood pressure < 90 mmHg) in the first 24 

hours was non-significantly higher in the group with SIRS (57%, n = 7) compared to the 

group without SIRS (28%, n = 25; p = 0.20, Fisher’s exact test). The rates of vasopressor 
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use, ICP monitoring and intracranial surgery were similar in both groups (Table 1). The 

proportion of patients who died in the group with SIRS (29%, n = 7) was not significantly 

higher than the group without SIRS (8%, n = 25; p = 0.20, Fisher’s exact test).

Early echocardiographic findings

Echocardiographic findings from the first TTE evaluation are presented in Table 2. A higher 

proportion of patients had systolic dysfunction in the group with SIRS compared to the 

group without SIRS (57% vs. 12%, p = 0.01, Fisher’s exact test). Most diastolic parameters 

did not differ between groups, including mean E wave, A wave and E to A ratio. The group 

with SIRS had a significantly lower mean deceleration time (88 ms [n = 5] vs. 130 ms [n = 

23]; p = 0.05, t-test) and a higher mitral annular septal tissue velocity [e’(s)] (12.22 cm/s [n 

= 5] vs. 8.83 cm/s; p = 0.01, t-test).

Admission SIRS and cardiac dysfunction

Seven (21.9%) patients met SIRS criteria on admission. The presence of SIRS on admission 

was associated with an increased risk of developing systolic dysfunction in both univariate 

(Relative Risk [RR] 4.76; 95% CI 1.35–16.79, p = 0.015, Table 3) and multivariable analysis 

(RR 4.01; 95% 1.16–13.79, p = 0.028, Table 3). There was no association between 

individual admission SIRS criteria and systolic dysfunction (Table 3).

Longitudinal change in SIRS criteria, cardiac function and hemodynamic parameters

Figure 1 shows the distribution of SIRS and systolic cardiac function over the first week of 

hospitalization. Twenty-six patients (81.3%) developed SIRS within the first day of 

hospitalization. SIRS within the first day of hospitalization was not associated with the 

development of systolic dysfunction on univariate (RR 1.38, 95% CI 0.20–9.76, p = 0.74) or 

multivariable (RR 1.61, 95% CI 0.25–10.45, p = 0.62) analysis. The incidence of SIRS was 

high (71.9–81.3%) in the first 3 days of admission, and SIRS criteria persisted in majority of 

patients (60.7–65.5%) during days 4 to 7. Overall, the most common positive SIRS criteria 

were heart rate (62.1–83.9%), followed by respiratory rate (53.1–62.5%) and temperature 

(41.4–48.4%). White blood cell count criteria was found in 56.3–62.5% of the patients 

during the first 2 days, decreased to less than 20% in day 4 and 5, and again increased after 

day 6. Systolic function improved in the entire cohort over the first week of hospitalization, 

from a median (IQR) fractional shortening of 0.29 (0.25 – 0.34) to 0.33 (0.30 – 0.36).

Figure 2 shows hemodynamic and neurologic parameters over the first week of 

hospitalization, grouped by the presence/absence of admission SIRS. Daily highest/lowest 

systolic blood pressure and highest/lowest mean arterial pressure were similar in the groups 

with and without admission SIRS. Overall, there was an improvement in GCS over time in 

most patients in the cohort. In the group with SIRS, median GCS decreased between day 3 

and 5, followed by an improvement after day 6 (Figure 2).

Discussion

In this preliminary study, we aimed to examine the relationship between SIRS and cardiac 

dysfunction in patients with moderate-severe TBI. Our study has 3 main findings: 1) A high 
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percentage of patients develop SIRS, 2) The presence of SIRS on admission is associated 

with systolic cardiac dysfunction following TBI, and 3) Both early SIRS and systolic cardiac 

function appear to improve over the first week after injury.

SIRS following TBI

Preclinical studies have documented a neuroinflammatory response following TBI (Febinger 

et al. 2015). Normally, inflammatory mediators are absent in the central nervous system 

(Kadhim et al. 2008), but following TBI, studies have shown that cerebrospinal fluid (CSF) 

cytokine levels rapidly elevate in response to brain injury (Helmy et al. 2011; Holmin and 

Hojeberg 2004; Kushi et al. 2003; Rothwell and Luheshi 2000; Shiozaki et al. 2005; Whalen 

et al. 2000). This local inflammatory response leaks into the systemic circulation through 

disruption of blood-brain barrier permeability and triggers acute-phase systemic host 

responses (Kossmann et al. 1995; Morganti-Kossman et al. 1997). In human studies, higher 

serum pro-inflammatory cytokines, such as tumor necrosis factor α (TNF α) (Ross et al. 

1994) and interleukin-6 (IL-6) (Kossmann et al. 1995; Mazzeo et al. 2014; McKeating et al. 

1997), have been observed following TBI. Furthermore, IL-6 may play an important role in 

the development of the clinical SIRS response (Taniguchi et al. 1999). In our study, a 

significant proportion of patients (81.3%) demonstrated SIRS within 24 hours following 

moderate-severe TBI and remained high throughout the first 3 days after injury. Our results 

are aligned with that of a prospective observational study in 86 patients with severe TBI, in 

which 60% of the patients had SIRS during the first week of hospitalization and 85% 

developed early SIRS within 3 days (Lou et al. 2013). Although SIRS can occur as a result 

of many critical conditions, particularly infection, the early SIRS response demonstrated in 

our patients were more likely to be due to TBI. The timing which we assessed early SIRS 

was only hours after injuries and none of the patients were transferred from other hospitals; 

thus, it is too early for the development of infection or sepsis in previously healthy patients. 

Moreover, none of the patients included in the study had met criteria for diagnosis of sepsis 

(having Sequential Organ Failure Assessment (SOFA) score changes > 2) according to the 

Third International Consensus Definition for Sepsis and Septic Shock (Sepsis-3) guidelines 

(Rhodes et al. 2017) except for the GCS criteria, which can be explained by TBI.

Relationship between SIRS and Systolic Dysfunction following TBI

A notable stress response phenomenon among critical illness paradigms is catecholamine 

excess, which has been widely described as the underlying mechanism of cardiac 

dysfunction following neurological injury (Bybee and Prasad 2008; Masuda et al. 2002; 

Samuels 2007). Recently, our group reported the distinct hemodynamic pattern in patients 

with moderate-severe TBI who developed early systolic dysfunction and was suggestive of 

sympathetic hyper stimulation as one of the underlying mechanisms of cardiac dysfunction 

following TBI. (Krishnamoorthy et al. 2016). However, the elevated catecholamine levels 

can also directly affect inflammatory cytokine expression during the acute phase response to 

injury (Elrifai et al. 1996; Severn et al. 1992; Woiciechowsky et al. 1998). In addition, the 

release of pro-inflammatory mediators, such as IL-1, can also exaggerate the sympathetic 

response activity (Ichijo et al. 1994; Severn et al. 1992). In this study, the presence of SIRS 

on admission was associated with early systolic cardiac dysfunction in both univariate and 

multivariate analysis. The findings from our pilot study suggest a linkage between the 
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immune response and cardiac dysfunction. Therefore, the underlying mechanism of cardiac 

dysfunction following TBI may be the combination of both catecholamine excess and 

systemic inflammatory response.

Longitudinal change in clinical parameters, cardiac function and SIRS

Systolic dysfunction improved in the cohort over the first week following injury while SIRS 

was still present in more than half of the patients. This is different from patterns of sepsis-

induced cardiac dysfunction, which typically begins with a hyperdynamic response, 

followed by hypokinesis and decreased ventricular function, which remains for 7–10 days 

(Boissier et al. 2017; Huang et al. 2013), indicating that systolic dysfunction in our patients 

was likely not due to sepsis. Although admission SIRS was associated with systolic 

dysfunction, SIRS on the first day was not. Systemic inflammatory response syndrome 

during the first week of hospitalization can occur as a result of many conditions rather than 

TBI, such as surgical procedures, critical care interventions and sepsis, unlike SIRS on 

admission which may directly reflect severity of the injury (Mica et al. 2012). This finding 

supports the hypothesis that a very early and robust systemic inflammatory response, which 

may be related to TBI severity, may be more important to the development of systolic 

dysfunction than the presence of a later inflammatory response. There was no difference in 

the longitudinal hemodynamic profile between the group with and without SIRS on 

admission. However, the group with SIRS demonstrated slower recovery in GCS with a drop 

in median GCS during day 3 to 5. This result might demonstrate a linkage between early 

SIRS and delayed recovery after TBI secondary to intense early neuroinflammation. 

However, due to a small sample size, we could not perform any formal statistical testing on 

this relationship, and our findings should be considered exploratory.

Clinical Relevance of Study Findings

Currently, there is still a major gap in knowledge on the mechanisms and impact of systolic 

dysfunction following TBI. The findings from our study suggest multifactorial mechanisms 

of the development of early systolic dysfunction following TBI. Previous studies have 

demonstrated that the immune-mediated response following TBI is associated with poor 

clinical outcomes (Arand et al. 2001; Chiaretti et al. 2005; Shiozaki et al. 2005; Winter et al. 

2004; Woiciechowsky et al. 2002). Even though SIRS criteria are considered nonspecific for 

determining the pattern of host response (Marshall 2000), studies have demonstrated SIRS 

without infection as a predictor of poor outcomes in many patients with acute neurological 

injury, including subarachnoid hemorrhage (Yoshimoto et al. 2001) and intracerebral 

hemorrhage (Boehme et al. 2013). While the findings of our pilot study demonstrated an 

association between admission SIRS and the development of systolic cardiac dysfunction 

following TBI, future studies should consider clinical SIRS, as well as potential 

inflammatory biomarkers (i.e. C-reactive protein) and cardiac parameters (i.e. troponin, 

EKG), in prediction models for cardiac dysfunction and poor outcomes in the TBI 

population.

Limitations

Some limitations from our study should be noted. First, our study was a single-center pilot 

study with a small sample size, which may overestimate the true association; therefore, our 
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findings can be considered hypothesis-generating and require confirmation. Second, SIRS 

criteria are not specific for systemic inflammation, and patients did not have inflammatory 

biomarkers data for analysis. Third, despite adjustment for possible confounding variables in 

our analysis, residual confounding may still be present, especially when considering other 

unmeasured factors that may make the interpretation of SIRS challenging such as pain, 

undiagnosed infection, and/or genetic susceptibility. Fourth, admission SIRS criteria may be 

influenced by pre-hospital treatment, such as sedative medications and fluid resuscitation, 

which were unable to be included in the current analysis. Lastly, for the adjudication of daily 

SIRS criteria, we defined patients as having individual SIRS criteria by looking at the cross-

sectional data at any time point, which may capture patients who only had SIRS criteria 

transiently.

Conclusion

In summary, early SIRS is common among patients with moderate-severe TBI, and the 

presence of SIRS criteria on admission is associated with systolic cardiac dysfunction 

following TBI. Our findings can be considered hypothesis-generating, and future research 

should focus on the underlying mechanisms and impact of systolic dysfunction, as well as 

the effect of systemic inflammation and outcomes following TBI.
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Significant statement

Early systolic cardiac dysfunction following traumatic brain injury (TBI) can result in 

hypotension and inadequate cerebral perfusion. The findings from our study suggest 

multifactorial mechanisms of the development of early systolic dysfunction following 

TBI. Our findings can be considered hypothesis-generating, and future research should 

focus on the underlying mechanisms and impact of systolic dysfunction, as well as the 

effect of systemic inflammation and outcomes following TBI. Recognition of systolic 

dysfunction and knowledge of the underlying mechanism will inform optimal 

hemodynamic support to maintain adequate cerebral blood flow to the injured brain and 

improve outcomes in TBI.
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Figure 1. 
Longitudinal change in SIRS criteria and systolic cardiac function over the first week of 

hospitalization
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Figure 2. Systolic blood pressure (SBP), mean arterial pressure (MAP) and Glasgow Coma Scale 
(GCS) score trajectory during the first week of hospitalization
aData are presented as mean and SD.

bData are presented as median and interquartile range.
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Table 1

Demographic, clinical characteristics, clinical care and outcomes of patients with moderate-severe traumatic 

brain injury with and without systemic inflammatory response syndrome (SIRS) on admission.

Without SIRS*
(n = 25)

With SIRS*
(n = 7)

Total*
(n = 32)

Demographic

Age (years) 37.7 (13.5) 32.1 (12.7) 36.9 (13.3)

Male 22 (88%) 5 (71%) 27 (84%)

Clinical characteristics

Mechanism of injury

 Fall 8 (32%) 2 (29%) 10 (31%)

 Motor vehicle crash 5 (20%) 5 (71%) 10 (31%)

 Vehicle versus pedestrian 5 (20%) 0 (0%) 5 (16%)

 Assault 3 (12%) 0 (0%) 3 (9%)

 Gunshot 1 (4%) 0 (0%) 1 (3%)

 Other 3 (12%) 0 (0%) 3 (9%)

Initial CT findings

 Subdural hemorrhage 21 (84%) 3 (43%) 24 (75%)

 Subarachnoid hemorrhage 19 (76%) 4 (57%) 23 (72%)

 Intraparenchymal hemorrhage and cerebral contusion 13 (52%) 2 (29%) 15 (47%)

 Epidural hemorrhage 4 (16%) 1 (14%) 5 (16%)

Associated injury

 Chest 8 (32%) 3 (43%) 11 (34%)

 Abdomen 2 (8%) 2 (29%) 4 (13%)

 Pelvis 3 (12%) 2 (29%) 5 (16%)

 Extremities 10 (40%) 6 (86%) 16 (50%)

 Spine 8 (32%) 2 (29%) 10 (31%)

Positive serum alcohol 11 (44%) 4 (57%) 15 (47%)

Severe TBI (Admission GCS ≤ 8) 21 (84%) 7 (100%) 28 (88%)

Admission GCS** 5 (3–7) 3 (3–7) 4 (3–7)

Admission systolic blood pressure (SBP) 135 (24) 122 (21) 132 (24)

Admission heart rate 80 (17) 111 (32) 87 (24)

Admission hematocrit (%) 38.3 (4.8) 36.6 (7.2) 37.9 (5.3)

Hypotension (SBP < 90 mmHg) in first 24 hours 7 (28%) 4 (57%) 11 (34%)

Hypertension (SBP > 140 mmHg) in first 24 hours 19 (76%) 6 (86%) 25 (78%)

Clinical care

Vasopressor use in first 24 hours 5 (20%) 1 (14%) 6 (19%)

ICP monitoring 13 (52%) 3 (43%) 16 (50%)

Need for intracranial surgery 9 (36%) 3 (43%) 12 (38%)

Any positive bacterial culture within the first 3 days 1 (4%)a 0 (0%) 1 (3%)
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Without SIRS*
(n = 25)

With SIRS*
(n = 7)

Total*
(n = 32)

Outcomes

ICU length of stay (days) 12 (12) 9 (10) 11 (11)

Hospital length of stay (days) 28 (19) 13 (11) 25 (19)

Death 2 (8%) 2 (29%) 4 (13%)

*
Data are presented as mean (SD) for continuous data or number (%) for categorical data.

**
Data are presented as median and interquartile range.

a
Positive culture from bronchoalveolar lavage fluid on day 3
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Table 2

Early transthoracic echocardiographic findings in patients with moderate to severe traumatic brain injury with 

and without systemic inflammatory response syndrome (SIRS) on admission. Data are presented as mean (SD) 

or number (%)

Without SIRS
(n = 25)

With SIRS
(n = 7)

p

Systolic function

Left ventricular area end-diastole (cm2)a 18.42 (4.44) 19.38 (7.02) 0. 70

Left ventricular area end-systole (cm2)a 8.58 (3.33) 10.28 (1.64) 0. 32

Fractional area change (cm2)a 0.54 (0.09) 0.46 (0.14) 0. 11

Left ventricular internal diameter end-diastole (cm) 4.74 (0.56) 4.30 (0.71) 0.09

Left ventricular internal diameter end-systole (cm) 3.30 (0.61) 3.20 (0.63) 0.70

Fractional shortening 0.31 (0.07) 0.26 (0.07) 0.09

Mitral annular septal tissue velocity [S’(s) (cm/s)]a 9.76 (2.12) 8.36 (3.21) 0.24

Systolic dysfunction (Fractional shortening < 0.25) 3 (12%) 4 (57%) 0.01

Diastolic function

Mitral inflow peak early filling [E wave (cm/s)]b 66.27 (19.64) 72.84 (20.92) 0.51

Mitral inflow peak late filling [A wave (cm/s)]c 47.75 (13.11) 39.75 (9.87) 0.26

E-wave to A wave ratioc 1.49 (0.54) 1.84 (0.74) 0. 27

E-wave to A-wave ratio < 1c 5 (23 %) 0 (0 %) 0.56

E-wave to A-wave ratio > 2c 3 (14%) 2 (50%) 0.16

Mitral inflow E-wave deceleration time (ms)b 130.0 (43.28) 88.0 (25.88) 0.05

Mitral annular septal tissue velocity [e’(s)(cm/s)]d 8.83 (2.48) 12.22 (2.20) 0.01

E-wave to e’(s) ratioe 7.63 (1.96) 6.06 (1.87) 0.12

E-wave to e’(s) ratio > 8e 10 (48%) 1 (20 %) 0.36

a
Data available in 26 patients (21 without SIRS and 5 with SIRS)

b
Data available in 28 patients (23 without SIRS and 5 with SIRS)

c
Data available in 26 patients (22 without SIRS and 4 with SIRS)

d
Data available in 27 patients (22 without SIRS and 5 with SIRS)

e
Data available in 26 patients (21 without SIRS and 5 with SIRS)
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