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Abstract 

(i) Statement of the problem 

Acute traumatic thoracolumbar spinal cord injury (TLSCI) is a devastating event, generally resulting in 

severe neurological deficits and often profoundly impacting respiratory function [1-5]. Whilst relatively 

rare, each new case is associated with an average cost of 5.0 million Australian dollars over a person’s 

lifetime [6]. Advancements in emergency, surgical and medical care [7] now result in near-normal life 

expectancy after traumatic paraplegia in the developed world [8]. Due to the ageing population, 

prevalence is projected to increase [9], further compounding the disease burden of TLSCI worldwide.   

Pneumonia is the dominant complication following TLSCI, particularly in the early weeks following injury 

[10-13]. However, the prevalence of pneumonia in TLSCI is variably reported (2-31%) due to its 

dependence on diagnostic criteria [10, 12-21]. Pneumonia severity is generally proportional to the 

degree and duration of hypoxaemia and fever, both of which have been associated with elevated 

morbidity and mortality in central nervous system injuries [22-28], and therefore have the potential to 

inflict significant secondary spinal cord damage and negatively influence long term neurological 

outcome. 

Surgical timing [14, 15, 20, 29-35], injury severity [12, 13, 18, 36], neurological level of injury [13, 16, 

36] and comorbidity burden [12, 18, 37] have been demonstrated in the literature to influence 

pneumonia development. Interventions aimed at preventing pneumonia in the acute hospital setting 

are resource-intensive and difficult to justify as a blanket intervention due to cost. The synthesis of a 

pneumonia prediction tool identifying a subset of patients at medium and high risk of pneumonia would 

provide opportunity for early, systematic and targeted interventions in a smaller group that have the 

greatest potential to positively respond. 

(ii) Aim and scope 

The overarching aim of this thesis is to improve the respiratory management of patients with TLSCI in 

the acute hospital setting. By exploring the timing of surgery and the complex interplay of other risk 

factors involved in clinically important pneumonia development, this thesis aims to develop a clinical 

prediction tool based on simple baseline factors, enabling early identification of high risk patients and 

subsequently facilitating resource allocation into prophylactic interventions in a smaller subset of 

individuals with TLSCI. 
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The focus of this thesis is on a subset of individuals with traumatic TLSCI who are either isolated in 

nature or have accompanying non-life threatening injuries. Patients with life threatening injuries have 

been excluded in an attempt to minimise other confounders such as inaccurate neurological 

assessment or severe medical instability.  This thesis also excludes patients who sustained their injury 

from a non-traumatic mechanism such as metastatic disease or spinal stenosis.  Traumatic TLSCI results 

in a significantly higher rate of acute complications when compared with non-traumatic mechanisms 

[38], which may be influenced by proven population differences such as demographics (e.g. older age), 

clinical presentation (e.g. predominance of neurologically incomplete injuries), types of complications 

and rehabilitation outcomes [39]. 

(iii) Thesis overview  

The first chapter of this thesis is a literature review describing the respiratory complications 

experienced by patients with TLSCI in the acute post-injury period and the high risk of pneumonia. Risk 

factors and treatments are explored and aims and hypotheses detailed in light of the current literature. 

In order to understand the processes of care and their timing in TLSCI, the second chapter maps current 

clinical practice, with particular focus on the timing and barriers to spinal surgery. This study allows 

further investigation of the timing of surgery, alongside other baseline factors and clinical interventions, 

in the development of clinically important pneumonia. 

The third chapter examines the relationship between baseline demographics, injury characteristics, the 

timing of clinical interventions and the development of clinically important pneumonia in patients with 

acute traumatic SCI. Male gender, motor complete injury, presence of chest trauma and delayed 

intubation all appear to be key early predictors involved in the onset of clinically important pneumonia 

in critically ill SCI patients. This is the first study to identify key predictors of pneumonia that were 

independent of surgical timing. 

The need to usefully translate the findings of the previous chapters into clinical practice led to the 

development of a clinical prediction tool outlined in chapter 4, enabling patients to be classified into 

low, medium and high risk groups. This easily translatable clinical prediction tool enables the early 

identification of patients with TLSCI at high risk of clinically important pneumonia. This is the first clinical 

prediction tool to be developed for use in predicting pneumonia in the SCI population. 
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Chapter 1:  Literature Review 

1.1 Introduction 

Acute traumatic thoracolumbar spinal cord injury (TLSCI) is a devastating event, generally resulting in 

severe neurological deficits and often profoundly impacting respiratory, genitourinary and bowel 

function [1-5]. Approximately 137 new cases of traumatic paraplegia occur annually in Australia, with 

an average cost per case of 5.0 million Australian dollars over a person’s lifetime [6]. Due to the ageing 

population, prevalence is projected to increase [9], further compounding the short and long term 

disease burden of TLSCI worldwide. Whilst traumatic paraplegia is fortunately rare [7, 40, 41], those 

affected are highly susceptible to developing respiratory complications, particularly in the early weeks 

following injury [10-13].  

Respiratory complications peak during the first five days following acute traumatic paraplegia due to 

severe muscle weakness, chest injuries and spinal shock [42-44], which profoundly increase in-hospital 

morbidity [12, 16, 30, 31, 33, 35, 36, 45-49]. Patients sustaining thoracic spinal cord injury (SCI) are 

particularly susceptible to respiratory insufficiency due to the high forces required to disrupt the 

inherently stable thoracic spine (most commonly motor vehicle accidents [41]) and the frequent 

accompanying life threatening injuries of the thorax such as pulmonary contusions, rib fractures and 

haemopneumothoraces [16]. In high thoracic SCI (neurological level of injury (NLI) of T1 to T4) 

respiratory function is further compromised by autonomic imbalance, with parasympathetic-mediated 

sequelae such as bronchospasm and hypersecretion [2, 3, 5] compounding respiratory failure. 

However, whilst pulmonary complications have proven prevalence during the days and weeks following 

injury [50], exact incidence rates are dependent on diagnostic criteria and have a large range [10, 13]. 

Advancements in emergency, surgical and medical care [7] now result in near-normal life expectancy 

after traumatic paraplegia in the developed world [8]. Recent studies encompassing patients with TLSCI 

within larger SCI samples have established that acute respiratory complications significantly affect 

morbidity in the acute hospital setting by increasing hospital length of stay (LOS) and overall hospital 

costs [13, 47]. A number of studies have examined and established the importance of factors such as 

surgical timing [29, 31-35], regular volume restoration physiotherapy treatment (VRPT) [50], injury 

severity [18, 36, 38], comorbidity burden [18, 20, 38], advanced age [38] and alcohol intake [17, 51] in 

predicting respiratory complication risk in TLSCI. Due to limited resource availability, early identification 

of respiratory complication risk is critical to enable the targeting of high risk individuals with clinical 

interventions aimed at minimising respiratory insufficiency, thereby improving clinical outcomes whilst 

concurrently enhancing service efficiency and reducing disease burden. Even small improvements in 
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acute management could potentially reduce the physical, social and economic impact of TLSCI both 

nationally and worldwide.  

The aims of this first chapter are to identify, describe and evaluate the evidence regarding common 

respiratory complications in TLSCI, focussing on those of the highest clinical importance, and to examine 

and evaluate strategies for prediction and prevention of pneumonia. 

1.2 Respiratory insufficiency in TLSCI 

Thoracolumbar SCIs, particularly of the high thoracic spine, have a profound effect on the respiratory 

system due to flaccid paralysis below the level of injury and a predominant reliance on the diaphragm 

to maintain adequate minute ventilation [1-5]. The more cephalad the injury, the more severe the 

paralysis and risk of respiratory insufficiency. Figure 1.1 illustrates the myotomal innervation of the 

muscles responsible for respiration [2].  The extent of respiratory muscle paralysis in SCI is quantified 

using the American Spinal Injury Association Impairment Scale (AIS) by ascertaining the NLI and 

neurological completeness [52, 53]. The AIS is the most widely used tool to quantify the level and 

degree of SCI, and comprises motor and sensory elements (further described in Appendix). 

Figure 1.1 – Illustration of the myotomal innervation of the respiratory system 

 

Figure adapted from Berlly et. al. 2007 [5] 

 

Motor complete (AIS A or B) injuries result in flaccid paralysis of the intercostal and abdominal muscles 

below the NLI, destabilising the chest wall and resulting in the inability to effectively deep breathe or 

cough [3]. This mechanical disadvantage causes a predisposition to lower tidal volumes with increased 

ventilation of pulmonary dead space, hypersecretion, weak cough, fatigue, microatelectasis, sputum 
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retention and a tendency towards distal airway collapse [3-5], particularly within the first 72 hours of 

injury due to evolving spinal cord oedema, ischaemia and haemorrhage [54]. The severe respiratory 

insufficiency experienced in TLSCI is further compounded by neurogenic shock [43, 44] and other 

injuries such as fractured ribs, pulmonary contusions and haemopneumothoraces that further increase 

work of breathing, hypoventilation and sputum retention [5, 55]. Common causes of respiratory 

insufficiency are described in Table 1.1. 

Despite acceptance of the anatomy and physiology, when it comes to defining and describing 

respiratory complications in the traumatic TLSCI population the evidence is of low quality and lacks 

external validity. Overall, there is a paucity of literature defining standard care in relation to respiratory 

complication rates and complication definitions also vary in the absence of accepted gold standard 

diagnostic criteria [56, 57]. In fact, only one study has attempted to define the medical and surgical 

aspects of standard care in its methodology [12], referencing an outdated guideline [58]. Whilst there 

is a focus on the relationship between surgical timing and respiratory complication rates [29, 31-35], 

there are many other clinically important aspects of TLSCI respiratory care that have potential to 

influence respiratory complication rates such as timing of spinal clearance, timing of first turn, 

frequency of position change and intensity of physiotherapy intervention. Standard care is likely to vary 

significantly between hospitals in the absence of discrete clinical practice guidelines. 

Table 1.1 – Causes of Respiratory Insufficiency  

Neurological deficit Impact on respiratory system 

Decreased inspiratory muscle innervation Weak, ineffective cough 

Respiratory muscle fatigue 

Decreased inspiratory capacity 

Paradoxical chest wall movement resulting in 

increased work of breathing 

Atelectasis and poor ventilation-perfusion 

matching 

Chest wall rigidity 

Decreased expiratory muscle innervation Weak, ineffective cough 

Secretion retention 

Sputum plugging 

Autonomic nervous system dysfunction Hypersecretion 

Bronchospasm 

Pulmonary oedema 

Table adapted from Berlly et. al. 2007 [5] 
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1.3 Common respiratory complications following thoracolumbar spinal cord injury 

Whilst the most common respiratory complications in TLSCI are atelectasis [10, 12] and pneumonia [10, 

12-21], pulmonary embolism (PE), pleural effusion [10], haemopneumothoraces [10], acute pulmonary 

oedema (APO) [10] and acute respiratory distress syndrome [10, 59] also have been shown to a 

heightened prevalence in this patient population. Respiratory and haemodynamic fragility in the days 

and weeks following injury can mean that even mild respiratory complications have a heightened 

clinical significance and catastrophic consequences for oxygenation and tidal volumes in this 

population. It is therefore critical that common complications are reviewed and understood by 

clinicians when managing individuals with TLSCI and their complex needs. 

1.3.1 Pleural effusions 

Pleural effusions are defined as radiographically identified fluid within the pleural space [10], and in 

TLSCI are commonly caused by penetrating chest trauma [60] or pneumonia [61]. The accumulation of 

pleural fluid can be attributed to several mechanisms including increased permeability of the pleural 

membrane, increased pulmonary capillary pressure, decreased negative intrapleural pressure, 

decreased oncotic pressure and obstructed lymphatic flow [62].  

The incidence of pleural effusion has been found to be 38% in TLSCI, with diagnosis occurring on a 

median of day seven following injury [10]. Pleural effusions are 3.2 times as frequent in TLSCI compared 

with cervical SCI [10] and incidence rates also exceed those in studies encompassing all SCI levels (18%) 

[12], potentially highlighting the importance of penetrating chest trauma in its aetiology. Pleural 

effusions have a heightened clinical significance in the TLSCI population as respiratory muscle paralysis 

limits the ability of the patient to overcome the deleterious consequences and maintain adequate 

minute ventilation, leading to respiratory failure, hypoxaemia and hypercarbia resulting from persistent 

passive atelectasis and sputum retention [5]. 

As a first line, pleural effusions are managed conservatively with treatment of the underlying cause, 

however if the fluid does not spontaneously resorb and is significantly affecting respiratory function it 

can be surgically drained [60].  

1.3.2 Haemopneumothoraces 

Haemopneumothoraces are defined as the presence of air or blood within the pleural space 

demonstrated radiographically and commonly resulting from chest trauma, surgery or iatrogenically 

such as post central venous catheter insertion [10]. The prevalence of haemopneumothoraces in the 

acute TLSCI population is 32%, which is significantly higher than the cervical SCI population (12%) [10]. 
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This also suggests the important role of penetrating chest trauma in intrapleural pathology in this 

cohort. 

Air leaks resulting from pleural disruption impact on ventilation efficiency, with a percentage of tidal 

volume leaking out via the defect and therefore not providing oxygenation [55]. The consequences of 

an air leak on top of respiratory insufficiency in patients with TLSCI can be catastrophic with 

exacerbation of passive atelectasis and sputum retention [5]. Conventional interventions such as VRPT 

are contraindicated in the presence of an unmanaged pneumothorax (undrained or drained 

pneumothoraces with a persistent air leak) due to the risk of increasing pleural defect severity, and 

therefore it is recommended that all VRPT in this cohort be withheld until medical clearance [63, 64]. 

Importantly, increasing peak inspiratory pressures to recruit atelectasis is ineffective in this population 

as additional tidal volume leaks out and does not provide additional oxygenation or recruitment of 

collapse. A lack of VRPT potentially increases risk of atelectasis and reduced pulmonary compliance, 

leading to further respiratory compromise [65]. 

The first line management of a haemopneumothorax is insertion of an intercostal catheter [55]. If initial 

drainage is greater than 1500mL, early surgical exploration is recommended for control of bleeding and 

evacuation of blood clots [60]. Blood transfusion may be required depending on the degree of blood 

loss [55]. Depending on the level of injury, patients with lower TLSCI and severe chest trauma may 

benefit from mobilisation such as sitting on the edge of the bed or sitting out of bed to assist with 

minimising atelectasis and clearance of secretions [66]. 

1.3.3 Pulmonary contusions 

Pulmonary contusions are bruising of the lung due to capillary haemorrhage, increased capillary 

permeability and migration of neutrophils into the extravascular space in the setting of high energy 

chest trauma [67]. Pulmonary contusions commonly result in alveolar consolidation, reduced 

pulmonary compliance, ventilation/perfusion mismatch, thick tenacious sputum and hypoxaemia 

predominantly in the first week following injury [68]. These changes have been demonstrated to 

increase patient’s susceptibility to requiring invasive ventilation as a result of pneumonia and acute 

respiratory distress syndrome in the non SCI trauma population, particularly when more than 20 

percent of total lung volume is affected [69, 70]. 

Whilst pulmonary contusions are the most frequently diagnosed intrathoracic injury resulting from 

blunt trauma [71], no studies have examined the incidence rates in TLSCI. In the multitrauma 

population, published prevalence ranges from 17% to 27% [70, 72, 73]. Importantly, pulmonary 

contusions can take 24-48 hours to appear on radiological imaging [67] and therefore may be missed 
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on the primary and secondary trauma survey. However, when pulmonary contusions do appear on 

admission chest x-ray, it has been associated with coagulopathy and increased mortality [74].  

Treatment of pulmonary contusions in TLSCI centres around careful fluid resuscitation, blood 

transfusion (if indicated) and positioning alongside gentle VRPT to assist with removal of secretions with 

the goal to avoid tenacious blood-stained sputum plugging and respiratory tract infection [65, 75, 76]. 

1.3.4 Acute Respiratory Distress Syndrome 

Acute respiratory distress syndrome is a state of pulmonary oedema resulting from lung injury such as 

pneumonia or pulmonary contusions [77] and is characterised by parenchymal inflammation, diffuse 

alveolar damage and impaired gas exchange leading to respiratory failure [78]. Acute respiratory 

distress syndrome was originally described by Ashbaugh and Levine (1967) as a series of 12 patients 

[79], and subsequent diagnostic criteria were developed in 1994 by the American-European Consensus 

Conference [80]. These criteria are still used today and include hypoxia, partial arterial content of 

oxygen (PaO2) to fraction of inspired oxygen (FiO2) ratio of ≤200, and evidence of bilateral pulmonary 

infiltrates on chest imaging in the absence of cardiogenic pulmonary oedema and left ventricular failure 

[80]. 

Acute respiratory distress syndrome is rare in TLSCI, with only 6-8% reported prevalence [10, 59] 

compared with 19% in cervical SCI [10] and 9-32% in a cohort encompassing all SCI levels [78]. It is 

generally diagnosed later in the admission compared with other acute respiratory complications [10]. 

Patients with TLSCI are 1.9 times more likely to develop acute respiratory distress syndrome than the 

non SCI population with isolated thoracic fractures (OR 1.86, 95% CI 1.71-2.01, p<0.001) [78]. 

Additionally, patients carrying a high comorbidity burden are more susceptible to acute respiratory 

distress syndrome [78]. There is a lack of literature focussing on predictors of acute respiratory distress 

syndrome in TLSCI with only one retrospective study in 2006 examining this.  McHenry and colleagues 

found that spinal surgery within 48 hours reduces acute respiratory distress syndrome and respiratory 

failure risk in a population of traumatic thoracolumbar fractures (N=1032, 31% with TLSCI) [59]. Despite 

advancements in the management of acute respiratory distress syndrome since it was first described, 

it has had a persistent negative impact on mortality [77, 78, 81] and morbidity, increasing acute hospital 

LOS by 21 days [78]. Little progress has been made on the prevention of this disease [82]. Consequently, 

post traumatic acute respiratory distress syndrome incidence has remained stable since the 

development of specific diagnostic criteria in 1994 [83].  

No SCI specific clinical practice guidelines are available to assist with the management of acute 

respiratory distress syndrome in the TLSCI population, therefore principles are best adapted from non 
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SCI trauma literature. Current strategies to reduce mortality in the TLSCI acute respiratory distress 

syndrome population include low tidal volume ventilation (<6mL/kg with plateau pressure <30cmH2O), 

high positive end expiratory pressure, prone positioning (for ≥10 hours) and extracorporeal membrane 

oxygenation as a rescue therapy for patients whose hypoxaemia is refractory to other interventions 

[82]. Early spinal surgery within 48 hours should also be considered to reduce the risk of acute 

respiratory distress syndrome development [59]. 

1.3.5 Acute pulmonary oedema 

Acute pulmonary oedema is defined as a state of increased lung water [10]. The causes of APO in TLSCI 

are multifactorial and may include excessive fluid resuscitation [3], neurogenic shock, cardiac 

dysfunction [5], and after rapid intrapleural drainage (of pneumothoraces or pleural effusions) due to 

altered capillary permeability and increased hydrostatic pressure [60]. The presence of even a mild 

degree of pulmonary oedema can exaggerate respiratory insufficiency in TLSCI, culminating in 

respiratory muscle fatigue and sputum retention. Therefore differentiating between neurogenic and 

spinal shock from traumatic shock [5] is important in the immediate post-injury phase to avoid 

overhydration. 

The most common cause of APO in TLSCI is overhydration [84] because of the high post-injury 

prevalence of hypotension [85]. Hypotension is of particular significance in NLI above T5 due to 

unopposed parasympathetic outflow and relative hypovolemia and is further compounded by blood 

loss, which is common after trauma. Haemodynamic instability has been demonstrated to predict 

mortality after spinal trauma [86], therefore emergent medical management is required to maintain 

mean arterial pressure and thereby avoid posttraumatic ischaemia of the spinal cord [87]. The 

compelling evidence correlating hypotension with poor neurological outcome guides decision making 

around medical management in the early post-injury period. Careful fluid resuscitation with normal 

saline (0.9% sodium chloride solution) is recommended as a first line treatment, which is subsequently 

followed by inotropic support [87]. 

Neurogenic pulmonary oedema was first described in the epilepsy [88] and traumatic brain injury (TBI) 

[89] populations, and has subsequently been studied in other populations including aneurysmal 

subarachnoid haemorrhage [90-93] and stroke [91, 94, 95].  Acute pulmonary oedema of neurogenic 

origin in TLSCI has only been investigated in the pre-clinical literature [96-100], and despite the 

awareness of this complication for many years its aetiology remains poorly understood [101]. A central 

sympathetic discharge is hypothesised to be the major initial factor in its pathogenesis, followed by a 

catecholamine response [102-104]. There are a number of hypotheses describing how catecholamine 

surge causes neurogenic pulmonary oedema, the most generally accepted of which describes elevated 
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pulmonary artery pressure as an essential component [102], resulting in left ventricular overload and 

alveolar hypoventilation [16].  

Figure 1.2 – Pathogenesis of Neurogenic Pulmonary Oedema 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Flowchart adapted from the literature [102, 105, 106]. 

The true incidence of APO, particularly of neurogenic origin, is difficult to estimate because so much of 

the information concerning it has come from small autopsy series or isolated case reports [107, 108]. 

Only one study has reported the prevalence of APO in TLSCI, finding it to be 16%, which is marginally 

higher than the CSCI population (14%) [10] and compares to an incidence of 13-75% in various types of 

central nervous system injury such as TBI [107, 109, 110], subarachnoid haemorrhage [109-113] and 

stroke [109, 110].  
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Treatment for APO includes reduction of intraspinal pressure to halt the sympathetic response through 

early surgical decompression of the spinal cord, as well as volume management encompassing 

vasoactive drugs, diuretics and fluid supplements [102]. 

1.3.6 Pulmonary embolism 

Pulmonary embolism refers to an acutely obstructed pulmonary artery with a clot formed upstream 

from the pulmonary arterial vascular tree. Computed tomography pulmonary artery or ventilation 

perfusion scintigraphy are used for diagnosis [10]. SCI and major trauma are both strong predisposing 

factors for PE, with an odds ratio of greater than 10 [114]. Severe PE increases right ventricular 

workload due to pulmonary arterial bed occlusion leading to cardiac failure [115], and it is therefore 

associated with high morbidity, mortality and health-related costs [116]. Incidence of PE in the TLSCI 

population has been described between one and five percent [10-12], which is substantially higher than 

the estimated prevalence in the general population of 60-70 cases per 100,000 people [117]. There is 

potential for a large proportion of ‘silent’ or asymptomatic PE world-wide because symptoms are 

primarily haemodynamic and are evident only once >30-50% of the pulmonary arterial bed has been 

occluded [118]. This has been demonstrated in the moderate and severe trauma population (injury 

severity score ≥ 9), where the incidence of asymptomatic PE was found to be 24% [119]. 

As deep vein thrombosis is the most common precursor to acute PE, adequate deep vein thrombosis 

prophylaxis is critical. Clinical practice guidelines suggest that best management of acute PE should 

encompass anti-coagulation therapy and rapid reversal of haemodynamic and respiratory instability 

[115]. Insertion of an IVC filter can be considered if anticoagulation cannot be safely used or further 

embolisation occurs [115, 120]. 

1.3.7 Atelectasis 

Atelectasis is defined as the loss of lung volume, either partial or full, with or without mediastinal shift 

[121]. In its purest form, atelectasis is not infective and is diagnosed using radiological investigations 

such as chest x-ray or commuted tomography (CT). Atelectasis reduces pulmonary compliance, 

increases work of breathing and impairs oxygenation. If left untreated, there is a high likelihood of 

infection supervening following TLSCI due to baseline respiratory insufficiency. As spinal shock resolves, 

the chest wall becomes rigid [43, 44], enabling increased diaphragmatic efficiency and resulting in a 

reduction in atelectasis risk [4].  

The most common types of atelectasis in TLSCI are presented in Table 1.2. 

There is a paucity of literature quantifying the incidence of atelectasis in SCI, with prevalence ranging 

from 11 to 37% [10, 12]. When patients with TLSCI were exclusively examined, the incidence was 
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greater (37%) [10]. The lack of available descriptive research in this area may be due to a hesitance to 

over-investigate patients [122]. However, retrospective studies have been conducted in elective 

bariatric surgery [123] and prospective studies in elective abdominal surgery [124] populations that 

have demonstrated an incidence of 38% and 34% respectively, indicating that atelectasis rates are 

comparable between both the non SCI surgical and TLSCI populations. 

Table 1.2 – Types of Atelectasis In TLSCI 

Category Physiological explanation Common cause 

Obstructive Progressive airway collapse distal to the 

obstruction  

Mucus plugging 

Compressive Increased abdominal pressure transmitted to the 

thoracic cavity 

Positioning during general 

anaesthesia 

Surgical approach 

Paralytic ileus 

Passive Loss of contact between parietal and visceral 

pleura  

Haemopneumothorax 

Pleural effusion 

Adhesive  Low surfactant production increases alveolar 

surface tension, causing destabilisation and 

collapse  

Unopposed parasympathetic 

nervous system 

Absorption Lung zones with lower ventilation have poor 

ventilation perfusion matching, which 

predisposes to collapse particularly in the setting 

of high fraction of inspired oxygen 

Respiratory insufficiency 

Mucus plugging 

Table adapted from Ray et. al. 2013 [121] 

1.3.8 Pneumonia 

Pneumonia is an acute infection of the lung parenchyma [125]. Diagnostic criteria for pneumonia were 

first established by the Centers for Disease Control in 1988 as rales or dullness to chest percussion and 

new or progressive changes on chest radiographic investigation in the presence of new onset purulent 

sputum or change in character of sputum, positive blood or sputum cultures [126]. This definition has 

been used as the cornerstone for diagnosis and has been gradually refined over the last 30 years in an 

attempt to increase consistency of clinical diagnosis world-wide. The Infectious Diseases Society of 

America has now defined pneumonia as the presence of new lung infiltrate plus clinical evidence that 

the infiltrate is of an infectious origin, including clinical signs such as new onset of fever, purulent 

sputum, leukocytosis and decline in oxygenation [127]. Despite the prevalence of pneumonia, there are 

currently no universally accepted, gold standard diagnostic criterion, with all existing clinical methods 

lacking sensitivity and specificity [56, 57]. Additionally, few studies have categorised pneumonia into 
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mild, moderate and severe infections, probably due to a lack of a universally accepted method for 

grading pneumonia severity [12]. 

Pneumonia is highly prevalent in the acute hospitalisation phase following SCI [50] particularly within 

the first five days [56], however reported incidence rates in TLSCI are dependent on diagnostic criteria 

and have a large range (2-31%) [10, 12-21]. For example, the study with the lowest reported rate (2%) 

defined pneumonia non-specifically as “the presence of fever, leukocytosis and purulent sputum” [21], 

whilst the study reporting the highest rate (31%) did not define pneumonia at all [20]. There is a large 

degree of variation in pneumonia prevalence in the literature, with incidence rates ranging from ≤2% 

in elective orthopaedic [128], general surgery [129] and emergency surgery [130] populations, to 10-

20% in a critically unwell medical-surgical population [131]. The invasively ventilated neurotrauma 

intensive care unit (ICU) population appear to be particularly susceptible to early pneumonia [125] as 

illustrated by studies in severe TBI (61%) [132], acute stroke (50%) [133] and acute trauma (44%) [134]. 

Incidence comparisons between the non SCI population and TLSCI populations should be interpreted 

with caution due to widespread differences in methodology and diagnostic criteria.  

Effective management of pneumonia in TLSCI is pivotal to minimise the clinical impact of the infection. 

When mild infections progress to severe infections, they have even greater potential to cause 

catastrophic hypoxia and secondary TLSCI, negatively impacting neurological outcome [49, 135, 136]. 

Patients diagnosed with pneumonia have been shown to have a longer ICU and hospital LOS [13, 36, 

47] and therefore overall hospital costs, reflecting a significant disease burden on the acute health care 

system [47, 131]. Consequently, treatment regimens are generally instigated immediately after the 

diagnosis of pneumonia, comprising antibiotic therapy, implementation of strategies to minimise 

hypoxia and/or hypercarbia (e.g. supplemental oxygen, ventilatory adjustments), minimisation of 

aspiration risk and referral to a physiotherapist for aggressive VRPT and sputum clearance. 

1.4 Pneumonia and neurological outcome 

Pneumonia is the most common acute complication following TLSCI [10, 12-20], and has detrimental 

effects on long term neurological outcome due to its profound impact on body temperature in this 

population [22]. Fever has been associated with up to 85% of acutely injured SCI patients, of which 

pneumonia accounts for a large proportion (24-40%) [140, 141]. Additionally, elevated temperature 

causes increased carbon dioxide production [148] and respiratory acidosis, which is problematic in the 

TLSCI population due to respiratory insufficiency and the inability to increase minute ventilation due to 

fatigue [149]. The avoidance of pneumonia is therefore critical to minimise further secondary damage 

to the CNS and for neuroprotection. High thoracic SCI results in a loss of hypothalamic 

thermoregulatory control due to loss of afferent pathways from peripheral temperature sensors, 
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reduced thermoregulatory spinal reflexes, the inability to sweat or shiver and changes in vasomotor 

tone. This ‘partial poikilothermia’ uniquely predisposes the TLSCI population to severe temperature 

elevation, even in the setting of mild pneumonia [137] and further illustrates the catastrophic impact 

that pneumonia has on the inflammatory response, secondary spinal cord damage and therefore long 

term neurological outcome. 

A prospective link between body temperature and outcome in the neurological population was first 

made in a cohort of 390 stroke patients by Reith and colleagues in 1996 [142]. This study was based on 

extensive pre-clinical literature showing the neuroprotective effects of therapeutic hypothermia in 

cerebral injury [143-147]. However, findings in the brain injured population may not be translatable to 

the TLSCI population due to differences in neuroplasticity potential in the brain versus spinal cord. Since 

the first human studies were published in stroke, there has been only one attempt to quantify the 

relationship between acute postinjury pneumonia and long-term neurological outcome in the TLSCI 

population. Failli and colleagues in 2012 utilised retrospective data from a sample of 1436 motor 

complete SCI patients over a 14 year period. The authors separated their sample into two groups, those 

who developed respiratory and/or wound infections (n=581, 40%) and those who did not (n=855, 60%), 

subsequently analysing AIS scores at several time points (acute hospital admission, rehabilitation 

admission and discharge, one year postinjury). Interestingly, when baseline differences were accounted 

for, infection was shown to be an independent risk factor associated with AIS plateau. This suggests 

that pneumonia (of any severity or frequency in the first year following injury) is a primary predictor of 

poor long-term neurological outcome [22]. However, results from this study may be misleading due to 

significant methodological flaws, including inadequate power to analyse pneumonia in isolation, 

absence of other detail around the occurrence of other complications or infections causing fever and 

lack of definition of pneumonia severity. Additionally, analysis of motor score improvement excluded 

patients with TLSCI and infection rates dropped significantly (by 36%) over the long data collection 

period, which may have also confounded results. 

Moderate and severe pneumonia have the greatest potential to cause secondary damage to the spinal 

cord [49, 135, 136] due to a greater severity of hypoxaemia and fever, both of which have been 

demonstrated to elevate morbidity and mortality in CNS injuries [22-28]. Only one prospective 

observational study has focussed on moderate and severe complications (including pneumonia), finding 

that neurological outcome was unchanged [36]. However, higher quality evidence is required to enable 

clearer links to be drawn between infection and neurological outcome in TLSCI. It is possible that even 

small improvements in the management of pneumonia could potentially provide neuroprotection, 

improve long term neurological outcome and reduce the burden of disease of TLSCI in Australia. 
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1.5 Risk factors for pneumonia 

Pneumonia tends to occur in the first seven days following TLSCI [12] and has been demonstrated to 

increase both morbidity [13] and mortality [21] (Table 1.3). By far the most consistently demonstrated 

contributors to pneumonia risk in the TLSCI population are surgical timing [14, 15, 20, 29-35], injury 

severity (motor complete injury or intramedullary lesion (>40mm) on magnetic resonance imaging 

(MRI) [12, 13, 18, 36], NLI [13, 16, 36] and comorbidity burden [12, 18, 37]. Other factors thought to 

play a role include low initial Glasgow Coma Score (GCS) [12], low forced vital capacity (FVC) [21], 

hypoxaemia [21] and intoxication (blood alcohol concentration >0.08%) [17]. Due to the rarity of 

traumatic TLSCI, these injuries are rarely examined in isolation and are grouped with non SCI 

thoracolumbar trauma or cervical SCI populations. In the neurologically intact thoracic trauma 

population, pneumonia is predicted by the requirement for immediate intubation at the scene, known 

aspiration and the presence of pulmonary contusion or haemothorax [150]. However, predictors of 

pneumonia in the non SCI population could potentially be different to the TLSCI population due to the 

key role that neurological deficits play in respiratory insufficiency [151]. 

The idea of risk factor identification to predict respiratory complications in the SCI population was first 

described by Reines and colleagues in 1987 in a retrospective sample of 123 traumatic SCI patients 

(20% TLSCI) requiring admission to the ICU over a nine year period. These authors found an extremely 

low incidence of pneumonia in the TLSCI subset (2%), however pneumonia diagnostic criteria were 

poorly defined and the analysed sample of respiratory tract infections were comprised of a 

predominance of patients with cervical injuries. Reines and colleagues are the only authors that have 

described a role for initial FVC measurement on hospital admission to quantify respiratory risk, finding 

that both an FVC of <1.1 litres and arterial hypoxaemia (PaO2 <76mmHg) significantly increased 

pneumonia risk [21]. 

A subsequent study by Cotton and colleagues in 2005 focussed on the relationship between pneumonia 

risk, degree of neurological compromise and fracture location. Their study comprised a sample of 11080 

patients with traumatic thoracolumbar fractures, with and without TLSCI. In this large sample, high 

thoracic injuries (T1 to T6) were seven percent more likely to develop pneumonia compared with all 

other groups and this was associated with prolonged ventilatory requirements and elevated mortality 

[16]. Whilst this study comprised a small proportion of patients with TLSCI (5%), its large sample size 

emphasises the importance of NLI on pneumonia risk, in-hospital morbidity and mortality. 

Most recently, Van Weert and colleagues (2014) prospectively examined a sample of 59 traumatic SCI 

patients (42% TLSCI) over a two year period, finding that motor complete presentation (AIS A or B) was 

a key contributor to pneumonia risk [13]. While a small number of multi-centre prospective studies do 
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examine the predictors of pulmonary complications, they generally have low sample size, differ in data 

collection timeframes, lack stringent pneumonia definitions, have low proportions of patients with 

TLSCI and focus on the incidence of complications as their primary outcome, of which pneumonia is 

only a modest subset. An attempt has been made to classify respiratory complications into mild, 

moderate and severe categories in one prospective study in 2012; however both pneumonia and TLSCI 

diagnoses remained a small proportion of the sample [36].  

Overall, no studies have examined TLSCI in isolation when identifying risk factors for pneumonia 

development. The TLSCI population are generally grouped within a larger dataset encompassing 

cervical SCI or neurologically intact thoracolumbar fractures, and resultantly comprise less than 50% of 

the sample [12, 13, 16, 36]. Additionally, a lack of definition of standard care, a predominance of 

retrospective or prospective observational studies with limited reliability and lack of validation in 

external patient cohorts reduce the strength of the evidence.  
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Table 1.3 – Pneumonia Prevalence and Risk Factors in TLSCI 

Author 
(year 

published) 

Study type Patient population and 
study characteristics 

Pneumonia diagnostic criteria Outcomes Results 

Reines 
(1987) [21] 

Retrospective Traumatic SCI requiring ICU 
admission 
123 patients 
20% confirmed TLSCI 
1975-1984 
All respiratory complications 
collected 
 

‘Fever, leukocytosis and 
purulent sputum present’ 

Incidence of respiratory 
complications 
Relative complication risk 
based on SCI 
characteristics and 
demographics  
Mortality 

Prevalence: 2% 
Risk factors: 

1. Lower FVC on admission to 
hospital (1.1L)  

2. Mild hypoxemia (PaO2 76 on 
room air) 

Other findings: 
Increased mortality with occurrence of 
respiratory complications, particularly in 
those aged ≥ 40 years 

Krassioukov 
(2003) [37] 

Retrospective Traumatic SCI 
58 patients 
Poorly described proportion 
TLSCI 
1998-2000 
2 groups: 
Age < 60 years 
Age ≥ 60 years 

Not specified Incidence of secondary 
complications (defined as 
any medical problem 
occurring in first two 
months following injury) 
Acute discharge 
destination 
Mortality 
Acute hospital LOS 

Prevalence: Not specified 
 
Risk factors: 

1. Higher comorbidity burden 

Cotton 
(2005) [16] 

Retrospective Traumatic thoracolumbar 
fractures with hospital LOS < 
30 days 
11080 patients 
5% confirmed TLSCI 
1993-2002 
4 groups: 
High thoracic SCI T1-6 
Low thoracic SCI T7-12 
Thoracic fracture 
Lumbar fracture 

Documentation of pneumonia 
diagnosis (ICD-9 code)  

Incidence of respiratory 
complications, 
intubation, 
tracheostomy, 
bronchoscopy, 
pneumonia and mortality 

Prevalence: 5% 
Risk factors: 

1. T1-6 level of injury 
Other findings: 
T1-6 level of injury more likely to require 
intubation or tracheostomy and higher 
mortality 
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Author 
(year 

published) 

Study type Patient population and 
study characteristics 

Pneumonia diagnostic criteria Outcomes Results 

Dimar (2010)  
[18] 

Prospective 
observational 

Traumatic spinal injury ± SCI 
230 patients 
49% confirmed TLSCI 
Unspecified data collection 
timeframe 

Not specified Presence of minor 
complication 
Presence of major 
complication 
(any nature) 

Prevalence: 5% 
Risk factors (of major complication 
including pneumonia): 

1. Comorbidity burden 
2. Severity of injury (AIS) 
3. Administration of high dose 

steroids 

Grossman 
(2012) [12] 

Prospective 
observational 

Traumatic SCI 
315 patients 
22% confirmed TLSCI 
2005-2010 
All complications collected 
and classified as mild, 
moderate or severe. 

Not specified Complication incidence 
Relative complication risk 
based on SCI 
characteristics and 
demographics 

Prevalence: 24% (some missing data) 
Risk factors (of complication including 
pneumonia): 

1. Severity of injury (AIS) 
2. Low GCS (≤ 8) 
3. Penetrating SCI 
4. Abbreviated injury score > 3 
5. Smoking 

Other findings: 
50% of complications occurred within 7 
days of injury, and 75% of complications 
occurred within 14 days of injury 

Aarabi 
(2012) [36] 

Prospective 
observational 

Traumatic SCI 
109 patients 
20% confirmed TLSCI 
2005-2009 
All respiratory complications 
collected and classified as 
mild, moderate or severe. 

‘A lung disease characterised by 
inflammation and consolidation 
of lung 
tissue (followed by resolution), 
accompanied by fever, chills, 
cough and difficulty breathing, 
caused chiefly by infection’ 

AIS rate of conversion 
Complication incidence 
Relative complication risk 
based on SCI 
characteristics and 
demographics 

Prevalence: Not specified 
Risk factors (for moderate and severe 
pulmonary complications): 

1. Sports mechanism of injury 
2. Lower AIS motor score (cervical 

NLI) 
3. Motor complete (AIS A or B) on 

admission 
4. Length of intramedullary lesion 

on MRI > 40 mm 
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Author 
(year 

published) 

Study type Patient population and 
study characteristics 

Pneumonia diagnostic criteria Outcomes Results 

Van Weert 
(2014) [13] 

Prospective 
observational 

Traumatic SCI 
59 patients 
42% confirmed TLSCI 
2009-2011 
All complications collected 

Not specified Complication incidence 
Hospital LOS 

Prevalence: 20% 
Risk factors: 

1. Motor complete (AIS A or B) 
Other findings: 
Patients with 3 or 4 complications had 
longer hospital LOS compared with 1 or 2 
complications (25 days) or no 
complications (37 days) 

Crutcher 
(2014) [17] 

Retrospective Traumatic SCI 
10611 patients 
Poorly described proportion 
TLSCI 
2007-2009 
2 groups: 
Blood alcohol concentration 
>0.08% 
Blood alcohol concentration 
≤0.08% 

Documentation of pneumonia 
diagnosis (ICD-9 code) 

Mortality 
Hospital LOS 
ICU LOS 
Duration of ventilation 
Complication incidence 

Prevalence: 12% 
Risk factors: 

1. Alcohol intake 
Other findings: 
High blood alcohol concentration 
associated with increased morbidity 
(hospital LOS, ICU LOS, ventilated days) 

Joseph 
(2016) [19] 

Prospective 
observational 

Traumatic SCI 
141 patients 
48% TLSCI 
2013-2014 

‘State of lung tissue 
inflammation due to infectious 
aetiology, confirmed 
radiographically combined with 
either sputum or blood tests’ 

Secondary medical 
complication incidence 

Prevalence: 23% 
Risk factors: Not examined 

Only statistically significant results have been reported. SCI indicates spinal cord injury; ICU, intensive care unit; TLSCI, thoracolumbar spinal cord injury; FVC, 

forced vital capacity; L, litres; PaO2, partial pressure of oxygen in arterial blood; LOS, length of stay; ICD, International Classification of Diseases; AIS, American 

Spinal Injury Association Impairment Scale; GCS, Glasgow Coma Score; NLI, neurological level of injury; MRI, magnetic resonance imaging. 
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1.6 Timing of surgery, morbidity and pneumonia risk 

The strongest predictor of pneumonia identified in the TLSCI population is surgical timing, with spinal 

decompression and/or stabilisation within 72 hours of injury consistently being demonstrated to reduce 

in-hospital morbidity (Table 1.4) [14, 15, 20, 29-35]. Early spinal surgery has been shown to reduce 

pneumonia incidence (by 7-21%) [14, 15, 29, 31, 32, 34], non-infectious respiratory failure (by 25%) 

[30] and mortality (by 2%) [33]. Early spinal surgery also minimises the burden on the health care system 

by reducing ventilation (by 3-7 days) [33, 35], ICU LOS (by 6-11 days) [29, 30, 32, 33, 35], hospital LOS 

(by 5-52 days) [29, 30, 32-35] and hospital costs (by US$3777-41028) [15, 29, 31, 34]. The large variation 

in degree of morbidity associated with pneumonia diagnosis can be attributed to differing population 

inclusions, lack of uniform pneumonia diagnostic criteria and standard care definition as well as low 

quality exclusively retrospective methodology. 

The idea of surgical timing influencing acute complication rates in the TLSCI population was first tested 

retrospectively on a cohort of blunt spinal trauma patients, a subset of which presented with acute 

paraplegia (15% TLSCI). Over a three year period Croce and colleagues (2001) examined the in-hospital 

morbidity of 291 patients who underwent surgery within 72 hours versus those who experienced a 

surgical delay of ≥ 72 hours. The authors found that early surgery reduced pneumonia incidence by 

12%, ICU LOS by six days, hospital LOS by nine days and also overall hospital costs [29]. However, the 

analysis in this paper was potentially skewed, with results confounded by significant baseline 

differences in groups, particularly regarding severity of chest injury, with those experiencing surgical 

delay also suffering from chest trauma and therefore experiencing higher pneumonia risk.  

Croce and colleagues authors subsequently developed and internally validated a prediction tool (Figure 

1.3) for ventilator-acquired pneumonia (VAP) from a large sample of trauma patients (N=9721), 198 

(2%) of which had sustained a SCI [152]. Using stepwise multivariate logistic regression, they 

synthesised an equation aimed at quantifying pneumonia risk encompassing mechanism of injury (blunt 

versus penetrating), GCS, presence of SCI, presence of moderate chest trauma, presence of emergency 

laparotomy, requirement for blood transfusion (units received in Emergency Department only), injury 

severity score and need for emergent intubation (at the scene, in transit or in the Emergency 

Department). This probability equation was found to be 95% concordant and 5% discordant, and 

demonstrated a high degree of accuracy. However, it has not been prospectively tested and 

extrapolation to the TLSCI population is difficult. Although the presence or absence of SCI was a 

covariate, many other predictive factors often not present in the TLSCI population were included. 

Therefore, this methodology lacks both specificity and clinical applicability to the SCI population and is 

best utilised in a general trauma cohort.  
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Figure 1.3 – pneumonia prediction equation for use in the general trauma population  

 

 

 

f(x) indicates function of x; MOI, mechanism of injury (blunt or penetrating); GCS, Glasgow coma scale; 

SCI, spinal cord injury; AIS, abbreviated injury scale (moderate chest trauma); lap, presence of 

emergency laparotomy; tx, blood transfusion; int, intubation; Pr, probability; VAP, ventilator acquired 

pneumonia. Equation derived from Croce et. al. 2003 [152]. 

Early surgery is hypothesised to enable early mobilisation and therefore result in an overall reduction 

in recumbency-associated complications. While it appears that a 72 hour surgical target is adequate to 

minimise pneumonia risk, there is potential that a 24 surgical target could result in a further reduction 

in pneumonia incidence and overall hospital costs. The retrospective studies published by Bourassa-

Moreau and colleagues in 2013 are the only publications that examine a 24 hour surgical timeframe in 

the TLSCI population in relation to complication development [14, 15]. Their initial study examined a 

population of traumatic SCI patients (N=431, 53% confirmed TLSCI) over an 11 year period. The cohort 

was separated into three groups: surgery <24 hours, surgery 24-72 hours and surgery >72 hours and 

examining non-neurologic complication rates. In this study, it appeared that surgery within a 24 hour 

timeframe did not result in a significant benefit in terms of complication development compared with 

a 72 hour timeframe [14]. In their second study, this research group then limited the same population 

down to examine only motor and sensory complete (AIS A) traumatic SCI patients, which resulted in a 

higher proportion of TLSCI included but a lower sample size (N=197, 66%). In this study, complication 

incidence was examined in two subgroups, those who had surgery ≤24 hours and those that had surgery 

>24 hours [15]. In this smaller but more uniform cohort, surgery performed after 24 hours was shown 

to independently predict pneumonia occurrence, resulting in a reduction in pneumonia rate by 16% 

and overall hospital costs by US$3777. The weakness of both studies is that they are retrospective in 

nature and single-centre, although in some respects being single centre may help limit variability in 

standard care. Most recently, Kreinest and colleagues examined an even earlier 12 hour surgical 

timeframe in the traumatic SCI population but found no difference in complication rates (a proportion 

of which included pneumonia) between groups [20].  

There is potential that a 24 hour surgical timeframe can reduce pneumonia risk, however this requires 

further investigation.  

  

f(x) = -3.08 – 1.56(MOI) – 0.12(GCS) + 1.37(SCI) + 

0.30(chest AIS) + 1.87(lap) + 0.67 (tx) + 0.05(ISS) + 0.66 (int) 

Pr(VAP) = ef(x)/1 + ef(x) 
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Table 1.4 – Effect Of Early Surgery On Acute Complications And In-Hospital Morbidity Following TLSCI 

Author (year 
published) 

Study type Patient population and study 
characteristics 

Outcomes Results 

Croce (2001) [29] Retrospective Blunt spinal trauma  
291 patients 
15% confirmed TLSCI 
1996-1999 
2 groups: 
Surgery < 72 hours 
Surgery ≥ 72 hours 

Pneumonia incidence 
Duration of ventilation 
ICU LOS 
Hospital LOS 
Hospital costs 

Early surgery was favourable 
Reduced pneumonia incidence by 
12% 
Reduced ICU LOS (6 days) 
Reduced hospital LOS (9 days) 
Reduced hospital costs by 
US$36,809 per patient 

Chipman (2004) [30] Retrospective Traumatic thoracolumbar spine 
injuries requiring surgery 
146 patients 
Poorly described proportion TLSCI 
1994-2001 
4 groups: 
ISS < 15, surgery < 72 hours 
ISS < 15, surgery ≥ 72 hours 
ISS ≥ 15, surgery < 72 hours 
ISS ≥ 15, surgery ≥ 72 hours 

Presence of infectious complication 
or respiratory failure 
Hospital LOS 
ICU LOS 

Early surgery was favourable 
Reduced hospital LOS in both low (7 
days) and high (8 days) ISS patients 
26% less infectious complications in 
high ISS patients 
Reduced ICU LOS in high ISS patients 
(6 days) 
25% less non-infectious respiratory 
failure in high ISS patients 

McKinley (2004) [31] Retrospective Nonpenetrating traumatic SCI 
779 patients 
45% confirmed TLSCI  
1995-2000 
3 groups: 
Surgery ≤ 72 hours 
Surgery > 72 hours 
Conservative management 

AIS NLI, including total motor score 
and recovery speed 
FIM motor score 
Acute hospital LOS 
Rehabilitation LOS 
Total LOS 
Hospital costs 
Medical complications (autonomic 
dysreflexia, pressure injuries, DVT, 
PE, pneumonia and atelectasis) 
Rehospitalisations 

Early surgery was favourable 
Early surgery reduces incidence of 
pneumonia and atelectasis in the 
acute hospital setting by 11% 
When subgroup of early surgery 
analysed, AIS grade more likely to 
improve if surgery performed < 24 
hours 
Late surgery group associated with 
increased acute hospital costs of 
US$41,028 per patient 
Conservative management is 
favourable to optimise neurological 
outcome and recovery speed 
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Author (year 
published) 

Study type Patient population and study 
characteristics 

Outcomes Results 

Kerwin (2005) [32] Retrospective Blunt trauma causing spinal 
fracture requiring surgery 
299 patients 
15% confirmed TLSCI 
1988-2001 
2 groups: 
Surgery < 72 hours 
Surgery ≥ 72 hours 

Pneumonia incidence 
Mortality 
Hospital LOS 
ICU LOS 
Duration of ventilation 
Modified FIM 

Early surgery was favourable 
In thoracic SCI subgroup, early 
surgery resulted in lower 
pneumonia rates (by 21%), reduced 
hospital (20 days) and ICU LOS (11 
days). 

Schinkel (2006) [33] Retrospective Thoracic spine trauma with AIS > 2 
205 patients 
66% confirmed TLSCI 
1993-2002 
2 groups: 
Surgery < 72 hours 
Surgery ≥ 72 hours 

Lung function (PaO2/FiO2 ratio) 
Lung failure and sepsis rates 
Mortality (TRISS) 
Duration of ventilation 
ICU LOS 
Hospital LOS 

Early surgery was favourable 
Reduced mortality by 2% 
Reduced ventilation (3 days)  
Reduced ICU LOS (8 days) 
Reduced hospital LOS (9 days) 

Frangen (2010) [35] Retrospective Traumatic thoracolumbar 
fractures 
160 patients 
33% confirmed TLSCI 
2000-2003 
2 groups:  
Surgery ≤ 72 hours 
Surgery > 72 hours 
Each group further subdivided and 
(ISS <25, 26-37, ≥38, complete 
paraplegia and preoperative lung 
failure categories) 

Lung function (PaO2/FiO2 ratio) 
ICU LOS 
Duration of ventilation 
Hospital LOS 
Mortality 

Early surgery was favourable 
Reduced ICU LOS severely injured (6 
days), complete paraplegia (7 days) 
and preoperative lung failure (9 
days) subgroups 
Reduced hospital LOS severely 
injured (52 days), complete 
paraplegia (31 days) and 
preoperative lung failure (45 days) 
Reduced ventilation in complete 
paraplegia (7 days) and 
preoperative lung failure (5 days) 

Boakye (2012) [34] Retrospective Traumatic thoracolumbar fracture 
requiring surgery 
1506 patients 
Proportion of TLSCI unspecified 
2003-2008 
2 groups:  
Surgery ≤ 72 hours 
Surgery > 72 hours 
 

Discharge destination 
Hospital LOS 
Inpatient mortality 
In-hospital complications 
Hospital costs 

Early surgery was favourable 
Reduced complication rates by 7%, 
more specifically cardiac (2%), 
pulmonary (7%) and 
thromboembolic (3%) categories 
Reduced hospital LOS (5 days) 
Reduced hospital costs by 
US$38,120 per patient 
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Author (year 
published) 

Study type Patient population and study 
characteristics 

Outcomes Results 

Bourassa-Moureau (2013) 
[14] 

Retrospective Traumatic SCI 
431 patients 
53% confirmed TLSCI 
2000-2011 
3 groups: 
Surgery < 24 hours 
Surgery 24-72 hours 
Surgery > 72 hours 

Non-neurologic complication rates Early surgery was favourable 
Reduced pneumonia risk when 
surgery performed ≤ 72 hours 
Higher pneumonia risk in motor 
complete injuries, higher NLI, 
greater injury severity, increased 
age and comorbidity burden 
Overall pneumonia incidence 25% 

Bourassa-Moureau (2013) 
[15] 

Retrospective Complete (AIS A) traumatic SCI 
197 patients 
66% confirmed TLSCI 
2000-2011 
2 groups: 
Surgery ≤ 24 hours 
Surgery > 24 hours 

Occurrence of a non-neurologic 
complication  
Pneumonia incidence 
Hospital costs 

Early surgery was favourable 
Early surgery was an independent 
predictor of pneumonia and 
hospital costs, resulting in: 
Reduced pneumonia rate (by 16%) 
Reduced overall hospital costs by 
$3,777 US dollars per patient 
Overall pneumonia incidence was 
31% 

Kreinest (2016) [20] Retrospective Traumatic SCI requiring surgery 
133 patients 
55% confirmed TLSCI 
2008-2013 
2 groups: 
Surgery ≤ 12 hours 
Surgery > 12 hours 

Complication rates 
Neurological outcome 

Overall pneumonia incidence 31% 
No relationship between NLI or 
comorbidities and complication 
rates 

Only statistically significant results have been reported. TLSCI indicates thoracolumbar spinal cord injury; ICU, intensive care unit; LOS, length of stay; 

ISS, injury severity score; SCI, spinal cord injury; AIS, American Spinal Injury Association Impairment Scale; NLI, neurological level of injury; DVT, deep 

vein thrombosis, PE, pulmonary embolism; FIM, functional independence measure; PaO2, partial pressure of oxygen in arterial blood; FiO2, fraction of 

inspired oxygen. 
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1.6.1 Management and prevention of pneumonia 

Pneumonia prevention should begin on admission to hospital following TLSCI and continue life-long in 

the community with proactive yearly flu vaccination and smoking cessation assistance [125] due to a 

persistently high risk of respiratory compromise. However, respiratory risk is at its peak in the first seven 

days following injury and this review primarily focuses on the efficacy of interventions performed within 

this timeframe [12]. Strategies to prevent or minimise pneumonia severity such as early spinal surgery 

[29, 31-35] and early and high frequency VRPT [50, 76, 153] are resource-intensive and therefore 

difficult to implement. Pneumonia prediction tools have been synthesised in other populations such as 

chest trauma [152], the elderly [154] and acute stroke [155-157], but there are currently no 

pneumonia-specific prediction tools available for use in traumatic TLSCI. Hence risk of infection is 

assessed on a case by case basis and is dependent on clinical experience, with the potential for a large 

amount of decision-making variance between clinicians.  

Effective management of both atelectasis and pneumonia is the cornerstone of early respiratory care 

in TLSCI [5]. A regular, thorough assessment of respiratory function is paramount for the early 

identification of non-infective atelectasis (Table 1.5) [50]. 

Table 1.5 – Assessment Of Respiratory Function In TLSCI 

Impairment Assessment 

Ventilation  Oxygenation (SpO2, FiO2, PaO2) 

Hypercarbia and acidosis (PaCO2, pH) 

Ventilatory supports (ventilator or non-invasive 

ventilation mode/settings, resting tidal volumes) 

FVC 

Chest x-ray or other imaging if available 

Sputum 

clearance  

Cough effectiveness ± manual assist 

Sputum load 

Sputum characteristics 

SpO2 indicates peripheral capillary oxygen saturation; FiO2, fraction of inspired oxygen; PaO2, partial 

arterial content of oxygen; FVC, forced vital capacity. Adapted from clinical practice guidelines 

published in 2008 [158]. 

1.6.2 Medical therapy 

Clinical practice guidelines for the treatment of pneumonia in TLSCI recommend antibiotics and 

supportive care comprising fluids with or without inotropes for optimisation of blood pressure, 

minimisation of fever (environmental, pharmacological), optimisation of oxygenation with adjustment 

of respiratory supports, humidification, anticholinergic bronchodilators, mucolytics and both 

assessment and reversal of causation [158]. 
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1.6.3 Early surgery 

A 72 hour surgical target appears to be the most widely proven timeframe to reduce pneumonia risk 

[14, 15, 20, 29-35], however there is some evidence that surgery within 24 hours may further minimise 

in-hospital morbidity by limiting pneumonia incidence and overall hospital costs [14]. 

1.6.4 Ventilatory support 

Respiratory status should be closely monitored, particularly in spontaneously ventilating individuals 

with TLSCI. There is a paucity of literature examining invasive ventilation practices in TLSCI, therefore 

treatment principles are adapted from the cervical SCI population. Clinical signs suggestive of 

respiratory fatigue such as reduced FVC, hypoxaemia or hypercarbia, increased respiratory rate or work 

of breathing and difficulty clearing secretions are all predisposing factors for pneumonia development 

and should raise concern for the need to electively intubate. Avoidance of emergency intubation is 

preferable to reduce risk of further secondary damage due to hypoxia [120]. Whilst intubated, high tidal 

volume ventilation is has been shown to limit atelectasis [159]. 

The decision to extubate should be multidisciplinary, occur early in the day and allow for a period of 

intensive observation and VRPT to assist with respiratory stabilisation, thereby reducing risk of 

reintubation pneumonia development [3]. The main factors found to determine extubation readiness 

in a prospective observational study of 114 cervical SCI patients in 2010 were FVC, volume of pulmonary 

secretions and gas exchange [160]. There are many drivers for early extubation in the literature 

including removal of an endotracheal tube to reduce infection risk [125], however these should be 

balanced with the patient’s ability to consistently breathe independently with minimal supports. A 

retrospective study of SCI patients in 2013 demonstrated that the majority of patients with thoracic 

(67%) or lumbar (88%) SCIs were able to be successfully extubated [161]. However, if an individual is 

unable to demonstrate an adequate and consistent respiratory performance (Figure 1.4), a 

tracheostomy and more gradual wean from ventilation should be considered [158] to avoid the 

negative sequalae of extubation failure [162].  
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Figure 1.4 – Extubation Checklist 

FiO2 indicates fraction of inspired oxygen; PaO2, partial arterial content of oxygen; FVC, forced vital 

capacity; mL, millilitres; kg, kilogram. Figure adapted From Vazquez et. al. 2013 [163]. 

1.6.5 Positioning 

Pneumonia prophylaxis may be achieved by improving ventilation and proactively reversing atelectasis. 

Frequent position changes are paramount in TLSCI to assist with postural drainage of secretions and 

recruitment of collapse [158]. In motor complete injuries above the level of T6, breathing is most 

effective in a flat position with minimal head of bed elevation [164]. In sitting, reduced abdominal tone 

[1, 2, 4, 5] causes in antero-inferior abdominal visceral displacement, diaphragmatic flattening and 

mechanical disadvantage [3, 4, 165-167]. Conversely, patients with low thoracic and lumbar SCIs (below 

the level of T6) are generally managed using principles adapted from the non SCI population with 

prioritisation of sitting up and mobilisation to increase functional residual capacity alongside deep 

breathing and coughing exercises, although evidence to support these interventions is limited [55, 168]. 

1.6.6 Volume restoration physiotherapy treatment 

Volume restoration for the treatment of atelectasis was first described by physiotherapists in 1968 

[169], and has since become an accepted intervention to reverse atelectasis and prevent pneumonia. 

Physiologically, high tidal volumes cause reduced air-flow resistance and enhanced interdependence 

via collateral channels of ventilation, thereby reversing atelectasis. Additionally, the high expiratory 

flow rates associated with high tidal volume respiration assists with sputum clearance [55]. 

Anaesthesiologists built on this theory by prospectively performing passive hyperinflation to varying 

peak inspiratory pressures on elective neurosurgical patients whilst they were still under anaesthetic at 

the completion of surgery [170]. While a sustained breath hold to a peak inspiratory pressure of above 

20 resulted in some reduction in atelectasis, the most effective treatment was a sustained breath hold 

of 15 seconds at a peak inspiratory pressure of 40, which resulted in complete resolution of atelectasis 

on CT scan. Due to the risks associated with a 15 second breath hold, the authors then conducted 

(i) No surgical or imaging procedures close to extubation requiring sedation 

(ii) Cooperative and following commands 

(iii) Afebrile with stable vital signs 

(iv) FiO2 ≤0.3 with PaO2 ≥80 

(v) Pressure support ventilation for ≥24 hours with positive end expiratory pressure ≤5 

(vi) Chest x-ray same day normal or showing improvement 

(vii) Low sputum load  

(viii) FVC >10-15mL/kg of ideal body weight 
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another prospective study investigating the necessary inspiratory time required to recruit all collapse, 

concluding that a 7-8 second breath hold at a peak inspiratory pressure of 40 was optimal [171]. These 

effects have been demonstrated to be sustained for at least 40 minutes [172].  

Physiotherapists have drawn on these principles and routinely provide VRPT in their treatment of 

patients with TLSCI, both to recruit and resolve atelectasis prior to its transition to infection and to treat 

established infection [50, 76, 153, 173]. No studies have investigated whether the early treatment of 

atelectasis prevents or reduces pneumonia severity. Therefore, the dosage and composition of VRPT 

varies greatly in clinical practice due to lack of published guidelines as to what constitutes effective 

treatment [174].  

1.6.7 Sputum clearance 

Due to flaccid paralysis below the NLI, individuals with TLSCI are often unable to take a deep breath and 

cough effectively without assistance [1, 2, 4, 5]. Sputum retention is further compounded by excess 

mucus production that is tenacious due to its macromolecular composition [175]. Resultantly, regular 

invasive suctioning, positioning and/or manual or inexsufflator-assisted coughing [3, 5, 50, 120, 125, 

163, 176] is often required in conjunction with other forementioned therapies to assist removal of 

secretions and both prevent or treat respiratory tract infection. 

1.7 Aims and hypotheses 

The preceding review has highlighted that pneumonia is an important complication following TLSCI. 

Pneumonia not only prolongs ICU and acute hospital LOS, but worsens long term neurological outcome 

and therefore has the potential to greatly increase overall disease burden. From the literature, surgical 

timing has been demonstrated to influence pneumonia development. Interventions aimed at 

preventing pneumonia in the acute hospital setting are resource-intensive and difficult to implement. 

The synthesis of a pneumonia prediction tool identifying a subset of patients at medium and high risk 

of pneumonia would provide opportunity for early, systematic and targeted interventions in a smaller 

group that have the greatest potential to positively respond. 

The aim of this body of research is to improve the respiratory management of acute TLSCI. Firstly in 

Chapter 2, as the timing of spinal surgery is the strongest established predictor of respiratory 

complications, we aimed to understand the processes of care and their timing by investigating and 

mapping current clinical practice in TLSCI, particularly focussing on the timing of and barriers to spinal 

surgery. Chapter three will subsequently examine both the prevalence and key predictors of pneumonia 

in critically ill acute traumatic SCI individuals, as well as quantify the impact of pneumonia on resource 

utilisation. Finally, the data obtained from Chapters 2 and 3 will then be used to develop a clinical 
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prediction tool based on known early risk factors with the goal to detect patients with elevated risk of 

CIP who would most benefit from prophylactic interventions. 

 

 



42 
 

Page deliberately blank  



43 
 

Chapter 2: Early spinal surgery following thoracolumbar spinal cord 

injury: process of care from trauma to theatre 

2.1 Introduction 

Acute thoracolumbar spinal cord injury is a devastating event resulting in severe neurological deficits 

that greatly impact on general health and functional independence [41, 177, 178]. The cost per case of 

TLSCI in Australia has been estimated to be $5.0 million over a person’s lifetime [6], reflecting a high 

long-term disease burden. 

Time to surgical stabilisation is the strongest predictor of in-hospital complications in TLSCI [34]. 

Stabilisation surgery within 72 hours appears to reduce respiratory complications [29, 31-33, 35], 

mortality [33], ICU and hospital LOS [29, 31, 32, 35] and therefore reduce overall hospital costs [29]. In 

addition to surgical timing, advanced age (≥65 years), comorbidities and injury severity have also been 

associated with a higher rate of secondary complications [18, 34, 38]. 

While spinal surgery within 72 hours is safe, feasible [179] and recommended to minimise respiratory 

complications in TLSCI, its effect on neurological recovery remains uncertain [45, 180-182]. Limited 

evidence suggests that decompression within 24 hours may improve outcomes in TLSCI [179, 181, 183-

186]. Expert consensus and clinical practice guidelines recommend the consideration of early surgical 

decompression, particularly in the presence of deteriorating neurology [158]. Performing early surgery 

can be difficult due to patient heterogeneity and complexity and delays can occur during any stage of 

the process of care (e.g. paramedic retrieval, investigations and organisation of theatre space).  

The aims of this study were to determine the timing of spinal surgery for traumatic TLSCI between 2010 

and 2014 and to establish where major delays occur in the process of care from accident scene to 

surgery.  

2.2 Methods 

2.2.1 Study design 

A retrospective data audit of TLSCI cases admitted over 4 years (July 2010 to July 2014) to the Alfred 

and Austin Hospitals (Melbourne, Victoria, Australia) was conducted. Low-risk Human Research Ethical 

Approval was obtained at both institutions.  

2.2.2 Inclusion and exclusion criteria 

Patients were included in the study if they had an acute traumatic SCI (resulting in neurological deficit) 

between the AIS neurological levels of T1–L1 inclusive and were aged 15–70 years. 
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Patients not requiring spinal surgery, with poor general health (e.g. pre-existing neurological deficits) 

or where key information (e.g. time of injury and surgery) was unavailable were excluded. Patients 

sustaining life threatening injuries, defined as significant head injury at the scene (sustained GCS<13), 

significant chest trauma (causing severe hypoxia or haemodynamic instability post insertion of an 

intercostal catheter), haemodynamic instability resulting from abdominal or retro-peritoneal bleeding, 

pelvic fracture or more than two long bone fractures were also excluded. 

Patients with non-life threatening injuries (for example, rib or sternal fractures, haemopneumothoraces 

and peripheral limb fractures) and who otherwise fulfilled the inclusion and exclusion criteria were 

included. 

2.2.3 Data collection  

A senior physiotherapist collected the following data fields for each included case: demographics, date 

and time of injury, location of accident, cause of accident, initial GCS, accident location, date and time 

of paramedic call, ambulance arrival and departure, date and time of arrival and departure at first 

hospital, date and time of surgical hospital arrival and discharge, date and time of spinal CT and MRI 

scans. In addition, injury characteristics (level and type of spinal fracture, other injuries, presence of 

spinal cord separation on MRI, neurological level of injury and AIS grade at surgical hospital admission 

and rehabilitation discharge) and surgical intervention (date and time of initiation of spinal surgery 

defined as the first anaesthetic entry of surgery, date and time of completion of spinal surgery defined 

as the last anaesthetic entry of surgery) were also collected.  

2.2.4 Data analysis 

Data was separated into two main periods of interest: pre-hospital (time of injury to first hospital 

admission) and hospital (first hospital admission to surgical hospital discharge). The following epochs 

were calculated: time of injury to first ambulance arrival, first ambulance arrival to ambulance 

departure, ambulance departure to first hospital admission, total paramedic time (time between injury 

and first hospital admission), pre-surgical hospital LOS (time between first hospital admission and 

surgical hospital admission), hospital admission and spinal CT scan, hospital admission and spinal MRI 

scan (time that first spinal CT or MRI was completed, regardless of at which hospital radiology was 

performed), surgical hospital admission to midpoint of surgery and acute hospital LOS (time between 

first hospital admission and surgical hospital discharge).  

The time to surgery (spinal cord decompression or stabilisation) was defined as the time of injury to the 

midpoint between initiation and completion of surgery. Data analysis was performed using Igor Pro 6.0 

software (WaveMetrics, Portland, OR).   
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2.2.5 Statistical analysis 

Non-parametric data were compared using Mann whitney U t test and significance was set at p<0.05. 

Data are presented as median ± IQR (unless otherwise stated). Statistical analyses were performed 

using Prism software (version 6, GraphPad, CA, USA).  

2.3 Results 

2.3.1 Screening of patients 

A total of 397 cases were screened and 46 cases were included. The reasons for exclusion were: 

absence of T1–L1 neurological deficit (n=298), life threatening injuries (n=24), non-traumatic 

mechanism (n=13), key information unavailable (n=11), age (n=4) and no surgical intervention (n=1). 

2.3.2 Demographics and injury characteristics 

The mean (± standard deviation (SD)) age was 36±16 years and the majority (80%) of patients were 

male. The most frequent injury level was T12–L1 (37%) as a result of a burst fracture (50%) or fracture-

dislocation (26%). The majority of cases (67%) were classified as complete (AIS A) SCI and a high 

proportion of patients (71%) had additional non-life threatening injuries. Demographic details of 

included patients are shown in Table 2.1.  
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Table 2.1 – Demographic characteristics of included patients 

Variable n (%) 

Age (mean ± SD) 36 ± 16 

Male 37 (80) 

Accident category 
Unprotected road users (motorcycle or bicycle) 
High fall (≥1m) 
Motor vehicle  
Low fall (same level or <1m) 
Struck by or collision with object 

 
18 (39) 
15 (32) 
8 (17) 
3 (7) 
2 (4) 

Location of accident 
Major cities 
Inner regional 
Outer regional 
Unknown 

 
24 (52) 
14 (30) 
6 (13) 
2 (4) 

Neurological level of injury 
T1-8 
T9-L1 

 
23 (50) 
23 (50) 

Acute admission AIS 
A 
B 
C 
D 
Unknown 

 
31 (67) 
5 (11) 
4 (9) 
5 (11) 
1 (2) 

Rehabilitation discharge AIS 
A 
B 
C 
D 
E 
Unknown 

 
25 (54) 
4 (9) 
2 (2) 
14 (30) 
1 (2) 
1 (2) 

Number of vertebral levels fractured 
≤5 
>5 

 
41 (89) 
5 (11) 

Presence of other injuries 
Poly-trauma 
Isolated 

 
33 (72) 
13 (28) 

Presence of spinal cord transection 
No 
Yes 

 
42 (91) 
4 (9) 

SD indicates standard deviation; m, metre; AIS, American Injury Association Impairment Scale. 
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2.3.3 Timing of surgery 

The overall median time to spinal surgery was 27 hours (interquartile range (IQR): 20-43, Figure 2.1). 

Five (11%) patients had spinal surgery ≤12 hours, 17 (37%) ≤24 hours and 45 (98%) ≤72 hours. The 

median time to spinal surgery improved from 27 hours in 2010 to 22 hours in 2014 (Table 2.2). 

However, this improvement was not statistically significant (p=0.44).  

The median time to spinal surgery of patients admitted with motor complete (AIS A or B) injuries was 

28 hours (IQR: 20-44, n=36), while those with motor incomplete (AIS C or D) injuries underwent surgery 

at 26 hours (IQR: 18-35, n=9, p=0.52). Patients presenting with isolated TLSCI had slightly shorter time 

to surgery compared to patients with TLSCI accompanied by other non-life threatening injuries, 

however, this difference was not significant (23 hours, IQR: 19-37, n=13 vs. 28 hours, IQR: 22-47, n=33, 

respectively, p=0.32).  

Figure 2.1 – Overall timing of spinal surgery in thoracolumbar spinal cord injury 

 

Cumulative histogram showing the proportion of patients decompressed at different times (dark grey 

line). The median time of spinal surgery is indicated by the vertical light grey line. 
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Table 2.2 – Time to spinal surgery by year 

Year (n) 
Median time to spinal surgery 

(IQR) 

2010 (8) 27 hours (17-38) 

2011 (12) 34 hours (26-48) 

2012 (12) 27 hours (19-39) 

2013 (9) 29 hours (17-47) 

2014 (5) 22 hours (15-34) 

                              IQR indicates Interquartile Range.   

2.3.4 Process of care 

The overall median time to paramedic attendance was 21 minutes, and the median time of injury to 

first hospital admission was 1.4 hours (IQR: 1.1-1.9). After admission to first hospital (pre-surgical or 

surgical), spinal CT was completed in a median time of 1 hour (IQR: 0.7-1.8, n=43) and MRI in 6 hours 

(IQR: 3-12, n=40). Overall, patients had surgery a median of 18 hours (IQR: 8-27) after completion of all 

radiological investigations.  

2.3.5 Direct vs. indirect admission to surgical hospital. 

Twenty (43%) patients with TLSCI were transported directly to a surgical hospital and underwent spinal 

surgery in a median time of 24 hours (IQR: 12-42). However, the majority of patients (n=26, 57%) were 

admitted via another hospital with a median time to spinal surgery of 28 hours (IQR: 23-44). This result 

trended towards significance (p=0.1, Figure 2.2).  

The median LOS of cases admitted to a pre-surgical hospital was 8 hours (IQR: 5-11). Most cases (n=25, 

96%) completed spinal CT at a pre-surgical hospital in a median of 1 hour (IQR: 0.7-1.5) after admission. 

Of the 23 cases where MRI time was available, the majority (n=17, 74%) had this investigation 

completed at the surgical hospital in a median time of 7 hours (IQR: 3-12) after surgical hospital 

admission. The median time to spinal CT and MRI for cases admitted straight to a surgical hospital was 

1.2 hours (IQR: 0.7-1.9) and 5 hours (IQR: 3-12), respectively. Once admitted to a surgical hospital, 

indirect admissions underwent surgery marginally faster than direct admissions (20 hours, IQR: 15-32 

vs. 21 hours, IQR: 9-41, respectively). This suggests that the timing of spinal surgery is not greatly 

influenced by the timing of radiological investigations. 
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Figure 2.2 – Process of care for direct (A) and indirect (B) admissions to surgical hospital. 

 

The median time of each phase is shown for both groups of patients in different colours. Each stage of 

paramedic involvement is shown in different shades of blue. The pre-surgical hospital phase is shown 

in light green and the surgical hospital admission is shown in light pink. The time taken to complete 

radiological investigations is shown as a darker shade in the respective phase. The overall median time 

to spinal decompression of cases transported directly to a surgical hospital (24 hours, n=20) was slightly 

shorter than cases taken via a pre-surgical hospital (28 hours, n=26). Please note summation of the 

median times for each segment does not yield the overall median times to spinal decompression for 

each group.  

The median time of each phase is shown for both groups of patients in different colours. Each stage of 

paramedic involvement is shown in different shades of blue. The pre-surgical hospital phase is shown 

in light green and the surgical hospital admission is shown in light pink. The time taken to complete 

radiological investigations is shown as a darker shade in the respective phase. The overall median time 

to spinal decompression of cases transported directly to a surgical hospital (24 hours, n=20) was slightly 

shorter than cases taken via a pre-surgical hospital (28 hours, n=26). Please note summation of the 

median times for each segment does not yield the overall median times to spinal decompression for 

each group 

2.3.6 Timing of surgery and patient characteristics 

The number of vertebral levels fractured and neurological level of injury were associated with surgical 

delay. When the data were analysed by the number of vertebral levels fractured, the median time to 

spinal surgery was significantly lower for patients with ≤5 (26 hours, IQR: 19-41, n=41) compared to 
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those who had >5 vertebral levels fractured (47 hours, IQR: 32-75, n=5; p=0.03, Figure 2.3A). All patients 

with >5 vertebral levels fractured attended a pre-surgical hospital, which may have contributed to this 

result. There was a trend towards significance when timing of surgery was analysed in relation to 

neurological level of injury (p=0.1, Figure 2.3B).  

Figure 2.3 – Factors associated with surgical delay 

 

(A) Median time (IQR) to spinal surgery for patients with ≤5 vertebral levels fractured versus >5 

vertebral levels fractured, p=0.03. (B) Median time (IQR) to spinal surgery for patients with upper versus 

lower thoracic neurological level of injury. 
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2.3.7 Other early surgical characteristics  

Data was ranked based on time to spinal surgery and analysed to evaluate the differences between 

patients in the upper quartile (Q1, n=12, median time to surgery of 15 hours) and lower quartile (Q4, 

n=12, median time to surgery of 50 hours). 

With regard to the neurological level of injury, Q1 comprised a higher proportion of lower thoracic 

(75%, n=9) and lower proportion of upper thoracic (25%, n=3) injuries. Conversely, Q4 comprised a 

higher proportion of upper thoracic (58%, n=7) and lower proportions of lower thoracic (42%, n=5).  

A higher proportion of patients in Q1 were admitted directly to a surgical hospital (75% versus 42%) 

and cases in Q1 were younger than cases in Q4 (29 versus 44 years, respectively). Fracture type and 

vertebral injury mechanism did not appear to differ between the two patient groups (data not shown). 

2.3.8 Surgical timing and acute hospital length of stay 

The overall acute hospital LOS was 22 days (IQR: 16-37 days). The median LOS was 21 days in patients 

with upper thoracic injury (IQR: 17-42, n=22) and 22 days in lower thoracic injuries (IQR: 15-29, n=23). 

The median LOS between different neurological levels of injury was not significantly different. 

Patients who had surgery within 12 hours had a median acute LOS of 29 days (IQR: 20-45, n=5), within 

12-24 hours 20 days (IQR: 14-27, n=12) and 24-72 hours 19 days (IQR: 16-40, n=27). The one case having 

surgery ≥72 hours post injury had the longest LOS (46 days).  

2.4 Discussion 

This study examines the process of care of individuals with TLSCI from trauma to theatre. The median 

time to spinal decompression and stabilisation was 27 hours, with access to theatre following admission 

to a surgical centre the major factor delaying surgery. Identifying the principal sources of delay in the 

care pathway is important to enable improvements in efficiency and the timing of surgical intervention 

[187]. 

Current practice reflects the intent to decompress/stabilise the spine within 72 hours in TLSCI. The 

majority of our sample (n=45, 98%) had surgery within this timeframe. Spinal surgery <72 hours has 

been shown to enable mobilisation [188], reduce respiratory insufficiency [29, 31-33, 35], mortality 

[33], acute hospital LOS [29, 31, 32, 35] and therefore overall hospital costs [29]. However, there is 

evidence that faster is better, with surgery performed <24 hours resulting in the lowest complication 

rates and acute hospital LOS [15, 189]. Only 37% (n=17) of our sample underwent surgery <24 hours 

and the median LOS for these patients did not differ significantly from those undergoing surgery 

between 24-72 hours (n=27) post injury (29 versus 19 days, p=0.23). 
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Rapid surgery may also have the potential to improve neurological outcome following TLSCI, although 

data is limited [45, 179-182]. Clinical practice guidelines currently recommend surgical intervention 

within 24 hours in individuals with TLSCI who have incomplete or deteriorating neurology [158]. In the 

current study, the median time to surgery was slightly above 24 hours, with a small proportion (n=5, 

11%) undergoing surgery within 12 hours.  

2.4.1 Minimising the time to surgery 

The main factors influencing the timing of surgery were pre-surgical hospital attendance and the 

organisation of theatre after surgical hospital admission. Direct surgical hospital admission following 

SCI is often challenging due to the patient’s medical status and accident location. TLSCI is frequently 

accompanied by other injuries and concerns about patient stability may necessitate admission to closer 

centres without spinal surgical expertise, particularly as major trauma guidelines often dictate 

admission to a medical centre for stabilisation within one hour. In many situations pre-surgical hospital 

admission may be unavoidable, however LOS could potentially be minimised by an awareness of 

urgency, the application of defined protocols and early notification of specialist centres [190, 191]. 

The longest single segment in the process of care in this study was the period from surgical hospital 

admission to surgical stabilisation and/or decompression. A number of factors have been associated 

with delays to theatre in both orthopaedic and other populations requiring emergency surgery. These 

include competition from other services for theatre access, lack of theatre availability particularly after 

hours, absence of an experienced surgeon and a lack of best-practice time to theatre standards [192-

194]. As the timing of surgery and its effect on neurological outcome in TLSCI is yet to be convincingly 

demonstrated, this may cause difficulty for surgeons to argue for or justify the prioritisation of 

decompression surgery over other emergency cases. Many surgeons may understandably choose to 

simply schedule operations for the next available list, particularly given the evidence for a reduction in 

complications with surgery within 24-72 hours following TLSCI [29, 31-35]. Possible strategies to 

improve efficiency include early recognition and referral, increased awareness of urgency and 

prioritisation of theatre at surgical hospitals. The introduction of a pre-hospital notification system 

(“code spine”) similar to the model used in stroke [195] may also be of benefit in reducing time to 

surgery. 

The main barriers to early spinal surgery identified in this study appear consistent with a recent 

Canadian study [196]. However, the pre-surgical hospital processes in the latter study differed 

substantially (often involving multiple pre-surgical hospitals), and their study population was cervical 

SCI. The findings of this study are similar to our recent study [197] that examined the process of cervical 

SCI care in Australia and New Zealand. Both studies highlight two main factors influencing surgical 
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timing: pre-surgical hospital attendance and access to theatre following medical stabilisation and 

imaging. To our knowledge this is the first study to investigate barriers to early surgery in TLSCI. 

2.4.2 Other factors influencing surgical timing 

Multiple vertebral fractures were associated with a significantly longer time to surgery. This may reflect 

the need for more complex surgery in this group, although all patients also underwent pre-surgical 

hospital admission and this may have contributed. Neurological level of injury was also found to 

influence surgical timing, with upper thoracic injury levels waiting longer for surgery. Upper thoracic 

SCIs occur typically as a result of high forces and the presumed futility of these injuries may have 

lessened their urgency for operative intervention. In future clinical trials examining neurological 

recovery, differentiating futile (spinal cord transection) from non-futile injuries may be useful in order 

to select patients likely to benefit from early surgery. 

We found that most (72%) patients with TLSCI had non-life threatening injuries in addition to their SCI, 

which required pre-operative assessment and management. Although it would seem logical that such 

injuries would be associated with operative delay, these did not appear to influence surgical timing. In 

fact, some of the fastest surgical times in our sample were in cases where respiratory stabilisation with 

insertion of up to two intercostal catheters was required prior to surgery. This demonstrates the 

feasibility of early surgery in the setting of significant chest trauma. 

2.5 Study limitations 

This study has a retrospective design and limited patient numbers.  Additionally, our sample was taken 

from a single area of the western world and the proportion of cases resulting from different injury 

mechanisms (e.g. penetrating trauma) may vary between regions. Patients sustaining life threatening 

injuries were excluded to eliminate the prioritisation of more severe injuries as a confounder. Patients 

aged >70 years were excluded due to the potential for comorbidities to delay surgery.  

Accuracy of the AIS in the acute setting may be affected by factors such as sedation, medications, pain, 

fever and other injuries [198]. It is possible that some early assessments may have been inaccurate, 

leading to errors in interpreting changes in neurological outcome over time.  

2.6 Conclusion 

In conclusion, the median time to spinal surgery in TLSCI was 27 hours in this study. Major factors 

associated with operative delay were pre-surgical hospital attendance and access to theatre following 

medical stabilisation and imaging. Current surgical timing is appropriate to minimise respiratory 

complications following TLSCI, although emerging evidence favours surgical decompression within 24 

hours to maximise neurological recovery. This study suggests the most efficient ways to achieve early 



54 
 

surgery would be to facilitate direct admission to a surgical hospital and earlier access to the operating 

theatre. It is unclear whether the established time to surgery of 27 hours is sufficient to reduce risk of 

important respiratory complications such as pneumonia, and this warrants further investigation. 
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Chapter 3: Early clinical predictors of pneumonia in traumatic spinal cord 

injury 

3.1 Introduction 

Respiratory insufficiency is the leading cause of morbidity and mortality following acute traumatic 

spinal cord injury [1, 16, 22, 125], peaking during the first five days following trauma as a result of severe 

muscle weakness, chest injuries, spinal and neurogenic shock [42, 43]. Pneumonia is highly prevalent 

in the acute hospitalisation phase following SCI [50], however reported incidence rates are dependent 

on diagnostic criteria and have a large range (11-84%) [10, 13]. SCI patients who develop pneumonia 

have been shown to have a longer hospital LOS [36, 199], therefore early awareness of risk may assist 

with limiting severity or presence of infection, improving resource allocation and reducing overall 

hospital costs.  

Moderate and severe pneumonia resulting in a sustained elevation of temperature has the potential to 

cause severe hypoxia and secondary SCI, impacting neurological outcome [49, 135, 136]. However, no 

studies to date have separated moderate and severe pneumonia from mild infections and identified 

key predictors. Additionally, no definitions of mild, moderate and severe pneumonia have been 

developed in the SCI or trauma populations. As SCI individuals are particularly susceptible to respiratory 

tract infections [200], results from studies including non SCI participants are difficult to extrapolate. 

Whilst the strongest predictor of respiratory complications in SCI patients is surgical timing [29, 31-35], 

regular VRPT [50], injury severity (AIS) [18, 36, 38], comorbidity burden [18, 20, 38], advanced age [38] 

and alcohol intake [17, 51] have also been shown to play a role. Current surgical timing in SCI has been 

established [chapter 2, 197], however other interventions hypothesised to influence pneumonia risk 

such as the timing of intubation, mobilisation and VRPT lack standardisation and are poorly defined in 

the literature. Without established timeframes for common interventions, clinical translatability is 

challenging.  

This study aims to examine the relationship between baseline demographics and injury characteristics, 

the timing of clinical interventions and the development of clinically important pneumonia in patients 

with acute traumatic SCI admitted between 2010 and 2015. 

3.2 Methods 

3.2.1 Study design 

A retrospective data audit of SCI cases admitted between July 2010 and December 2015 to the Alfred 

and Austin Hospitals (Melbourne, Victoria, Australia) was conducted. Low-risk Human Research Ethical 

Approval was obtained at both institutions.  
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3.2.2 Inclusion and exclusion criteria 

Patients were included in the study if they had an acute traumatic SCI (resulting in neurological deficit) 

between the AIS neurological levels of C3–L1 inclusive, required admission to the ICU and were aged 

15–70 years. A broader range of NLI (inclusion of cervical SCI) was used to enable analysis of a greater 

number of pneumonia episodes and to increase statistical power. 

Patients were excluded if they did not require spinal surgery, had poor general health (e.g. pre-existing 

neurological deficits, past history of ankylosing spondylitis or metastatic disease) or key information 

was missing (e.g. time of injury and surgery), or when palliation occurred within the first seven days. 

Patients with traumatic central cord syndrome (TCCS) were also excluded, defined as evidence of 

cervical spinal cord trauma on MRI with cord compression resulting from spondylosis or congenital 

stenosis with or without acute disco-ligamentous injury narrowing the cervical canal. 

Patients sustaining life threatening injuries, defined as significant head injury at the scene (sustained 

GCS<13), significant chest trauma (causing severe hypoxia or haemodynamic instability post insertion 

of an intercostal catheter), haemodynamic instability resulting from abdominal or retro-peritoneal 

bleeding, pelvic fracture or more than two long bone fractures were also excluded. 

Patients with non-life threatening injuries (for example, rib or sternal fractures, haemopneumothoraces 

and peripheral limb fractures) and who otherwise fulfilled the inclusion and exclusion criteria were 

included. 

3.2.3 Data collection  

A senior physiotherapist collected the following data fields for each included case: demographics, 

Charlston Comorbidity Index (CCI) score, smoking history, date and time of injury, date and time of 

arrival and departure at first hospital, date and time of surgical hospital arrival and discharge, date and 

time of ICU admission and discharge, date and time of first turn, intubation details including date and 

time, location and reason, and date and time of successful extubation. Injury characteristics were also 

collected (NLI and AIS grade at surgical hospital admission), along with surgical intervention (date and 

time of initiation of spinal surgery defined as the first anaesthetic entry of surgery, date and time of 

completion of spinal surgery defined as the last anaesthetic entry of surgery) and physiotherapy 

intervention (date and time of first, third and fifth VRPT and frequency of VRPT for the first 7 days). 

In addition, date and time of pneumonia onset, severity (mild, moderate or severe) (Table 1) and date 

and time of resolution (end of antibiotic therapy, or in the absence of antibiotic therapy end of clinical 

symptoms), maximum body temperature reached (entire acute admission), number of bronchoscopies, 

and utilisation of tracheostomy, non-invasive ventilation, VRPT and/or FVC were collected.  



58 
 

3.2.4 Data analysis 

Data were separated into two main categories of interest: baseline demographics and injury 

characteristics (present on admission to surgical hospital) and clinical features of the patient’s care 

following surgical hospital admission. 

Pneumonia onset was defined as the date and time of severe acute desaturation in the absence of any 

other cause. If severe acute desaturation did not occur, the date and time of first fever utilised by 

medical staff for diagnosis in the absence of any other cause was used. If the patient experienced more 

than one episode of pneumonia, the time of the first episode was used. Hospital acquired pneumonia 

was defined as first hospital admission to pneumonia onset being ≥48 hours and VAP was defined as 

intubation to pneumonia onset being ≥48 hours [127]. Please see Table 1 for categorisation of 

pneumonia severity. 

Table 3.1 – Categorisation of pneumonia severity 

Severity Diagnostic criteria 

No pneumonia No clinical diagnosis or symptoms 

Mild Medical diagnosis of pneumonia with PaO2/FiO2≥240. 

Moderate Medical diagnosis of pneumonia with PaO2/FiO2<240 for ≥12 hours, core 

or tympanic temperature ≥38.5 (where temperature control not present) 

Severe Medical diagnosis of pneumonia with PaO2/FiO2<150, or pneumonia 

induced significant haemodynamic disturbance requiring inotropic 

support, or causes death. 

PaO2 indicates partial arterial content of oxygen; FiO2, fraction of inspired oxygen. 

VRPT was defined as the application of positive pressure to enable an increased tidal volume, generally 

encompassing techniques such as ventilator or manual hyperinflation, intermittent positive pressure 

breathing, in/exsufflation and non-invasive ventilation. Transfer to the ICU was generally instigated to 

enable close monitoring of respiratory and cardiovascular function in the setting of respiratory and/or 

cardiovascular instability. 

Potential predictors were first identified from a review of the literature and then limited to those that 

were consistently documented in the patient’s medical record. Please see Table 2 for operational 

definitions of all predictors. 
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Table 3.2 – Operational definitions of predictors 

Explanatory variable Definition 

Age Age in decades 

Gender Male or Female 

Admission NLI Upper cervical (C3-4) 

Lower cervical (C5-8) 

Upper thoracic (T1-8) 

Thoracolumbar (T9-L1) 

Admission AIS Motor complete (AIS A or B) 

Motor incomplete (AIS C or D) 

Smoking history History of smoking (past or present) 

No history of smoking 

Presence of polytrauma Presence of other non-life threatening injuries 

Isolated SCI 

Presence of chest trauma Presence of pneumothorax and/ or haemothorax 

Absence of pneumothorax and/or haemothorax 

Comorbidity burden CCI score 

Time to spinal surgery Time of injury to the midpoint between initiation and 

completion of surgery 

Time to first turn Time of injury to the first change in position to side-lying 

(excluding log rolling for pressure area care)  

Time to intubation Time of injury to the time of intubation. If patient was 

intubated solely for the duration of surgery, an intubation 

time was not collected 

Time to first VRPT Time of injury to first VRPT 

Time to optimal VRPT Time of injury to fifth VRPT in cervical injury, time of injury 

to third VRPT in thoracolumbar injury 

NLI indicates neurological level of injury; AIS, American Injury Association Impairment Scale; SCI, spinal 

cord injury; CCI, Charlston Comorbidity Index; VRPT, volume restoration physiotherapy treatment. 

Please note, time to optimal VRPT was used to quantify frequency of intervention, and was different in 

cervical SCI compared with TLSCI to homogenise the needs of each subgroup. Patients with cervical SCI 

have a greater degree of weakness, and therefore require higher frequency VRPT to prevent atelectasis 

compared to patients with TLSCI. 

3.2.5 Statistical analysis 

Power calculation (n=65) was determined by the formula: sample size = 5 x number of variables [201]. 

Non-parametric data were compared using Mann-Whitney U t-test using Prism software (version 6, 

GraphPad, CA, USA) and significance was set at p<0.05. Data are presented as median ± IQR (unless 

otherwise stated). 
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Eight baseline characteristics (age in decades, gender, admission NLI, admission AIS, smoking history, 

presence of polytrauma, presence of chest trauma and comorbidity burden) were entered into an all 

subset regression model to identify key risk factors using GenStat version 16. The “best” model with 

the smallest Akaike information criterion was identified and the first parsimonious model was identified 

by considering simpler models with an Akaike information criterion within two points of the “best” 

model [202]. The key risk factors in the most parsimonious model were then used into a final 

multivariate logistic regression model.  

The five time-dependent explanatory variables (time to surgery, first turn, intubation, first VRPT and 

optimal VRPT) were then individually introduced into a univariate Cox regression survival analysis 

modelling time to pneumonia using IBM SPSS (version 22) software. Time to initiation of surgery and 

time to intubation were also introduced together in a multivariate cox regression to ascertain how these 

two variables interacted. 

A p value of <0.05 was considered statistically significant. Odds ratios, hazard ratios and their 95% 

confidence intervals were then calculated for each predictor. 

3.3 Results 

3.3.1 Screening of patients 

A total of 569 cases were screened and 93 cases were included. The reasons for exclusion were: 

absence of C3–L1 neurological deficit (n=314), life threatening injuries (n=35), absence of ICU admission 

(n=30), non-traumatic mechanism (n=29), key information unavailable (n=29), TCCS (n=21), age (n=9), 

no surgical intervention (n=4), poor general health (n=4) and palliation within the first seven days (n=1). 

3.3.2 Demographics and injury characteristics 

The mean (±SD) age was 37±17 years and the majority (83%) of patients were male. The most frequent 

injury level was C5–8 (37%) as a result of a motor vehicle accident (27%) or high fall (23%). The majority 

of cases (74%) were classified as complete (AIS A) SCI and a high proportion of patients (72%) had a 

pneumothorax or haemothorax on admission to hospital. Males had higher alcohol consumption than 

females overall, with 19 males (25%, n=77) having significant alcohol intake immediately preceding 

injury versus 1 female (16%, n=16). Predominant intubation reason was initiation of surgery (53%) and 

most cases (80%) required ongoing mechanical ventilation after the completion of surgery. 

Demographic details of included patients are shown in Table 3.3.  

 

Table 3.3 – Demographic characteristics of included patients 
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Variable n (%) 

Accident category 

Motor vehicle 

High fall (≥1m) 

Unprotected road users 

Water related 

Struck by or collision with object 

Low fall (same level or <1m) 

 

25 (27) 

21 (23) 

19 (20) 

12 (13) 

11 (12) 

5 (5) 

Neurological level of injury 

C3-4 

C5-8 

T1-8 

T9-L1 

 

25 (27) 

34 (37) 

11 (12) 

23 (25) 

Acute admission AIS 

A 

B 

C 

D 

 

69 (74) 

9 (10) 

8 (9) 

7 (8) 

Rehabilitation discharge AIS 

A 

B 

C 

D 

 

49 (53) 

15 (16) 

4 (4) 

25 (27) 

Presence of other injuries 

Isolated 

Poly-trauma 

 

54 (58) 

39 (42) 

Presence of chest trauma 

No 

Yes 

 

67 (72) 

26 (28) 

Smoking history 

No 

Yes 

 

62 (67) 

31 (33) 

CCI 

0 

1 

2 

3 

 

52 (56) 

28 (30) 

8 (9) 

5 (5) 

Prolonged mechanical ventilation 

Yes 

No 

 

74 (80) 

19 (20) 

 

Variable n (%) 
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Intubation reason 

Surgical initiation 

Respiratory 

Inter-hospital transfer 

Airway protection 

Agitation 

 

39 (53) 

18 (24) 

13 (17) 

2 (3) 

2 (3) 

Intubation location 

Operating Room 

Emergency Department 

Intensive Care Unit 

Ambulance Victoria 

 

38 (51) 

29 (39) 

5 (7) 

2 (3) 

AIS indicates American Injury Association Impairment Scale; SD, Standard Deviation; CCI, Charlston 

Comorbidity Index 

3.3.3 Incidence of respiratory complications 

The most common respiratory complications were atelectasis (n=71, 76%) and pneumonia (n=69, 74%), 

with atelectasis tending to slightly precede pneumonia diagnosis. Thoracolumbar spinal cord injured 

(TLSCI) cases had a higher incidence of pleural effusions, haemopneumothoraces, acute pulmonary 

oedema and pulmonary emboli compared with cervical cases, as described in Table 3.4. 

Table 3.4 – Respiratory complication rates 

Respiratory complication Cervical n (%) Thoracolumbar n (%) Cases n (%) 

Atelectasis 42 (71) 29 (85) 71 (76) 

Pneumonia 44 (61) 25 (59) 69 (74) 

Pleural effusion 15 (25) 16 (47) 31 (33) 

Pneumothorax (recurrent or 

iatrogenic) 

1 (2) 11 (32) 12 (13) 

Acute pulmonary oedema 2 (3) 8 (24) 10 (11) 

Pulmonary embolism 3 (5) 6 (18) 9 (10) 

Airway malfunction 5 (8) 1 (3) 6 (6) 

Failed extubation 4 (7) 1 (3) 5 (5) 

Failed decannulation 2 (3) 0 (0) 2 (2) 

ARDS 1 (2) 0 (0) 1 (1) 

Pneumomediastinum 1 (2) 0 (0) 1 (1) 

Bronchospasm 0 (0) 1 (3) 1 (1) 

Self extubation 0 (0) 1 (3) 1 (1) 

ARDS indicates acute respiratory distress syndrome. 
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3.3.4 Pneumonia characteristics 

A total of 72 episodes of pneumonia were observed in 69 cases during the study period. Subsequently, 

a subset of moderate and severe pneumonia episodes were analysed (n=33, 35%). CIP was considered 

hospital-acquired in the majority of cases (n=23, 70%), and was generally diagnosed following ≥48 hours 

of mechanical ventilation (n=18, 78%). Patients who developed CIP had a statistically significant higher 

maximum temperature rise compared with those who did not develop CIP (median: 39.4°C and IQR: 

38.9-39.8 versus median: 38.7°C and IQR: 37.9-39.3 respectively, p=<0.0001). All included cases with 

CIP survived to acute hospital discharge.  

The overall median time to pneumonia onset was 65 hours (IQR: 42-93) and median duration of 

infection was 13 days (IQR: 8-19) (Figure 3.1). Onset occurred after a median of 7 days in mild infections 

(IQR: 3-21) and a median of 3 days in moderate and severe infections (IQR: 2-8 and 2-3 respectively, 

p=0.02). There were equal distributions of injury levels in each of the pneumonia severity categories. 

Figure 3.1 – Overall timing of clinically important pneumonia in spinal cord injury 

 

Cumulative histogram showing the proportion of patients diagnosed with pneumonia at different times 

(black line). The median time to pneumonia diagnosis is indicated by the dotted light grey line. 

The overall median time to spinal surgery was 22 hours (IQR: 12-32), and CIP cases underwent surgery 

a median of 8 hours later than non-pneumonia cases (28 hours, IQR: 12-41 versus 20 hours, IQR: 13-

29, p=0.0998). 
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3.3.5 Resource utilisation 

CIP diagnosis was associated with higher acute hospital resource utilisation in the first two weeks post 

injury, with CIP cases requiring a higher number of radiological investigations, bronchoscopies and more 

frequent physiotherapy intervention. Additionally, CIP cases required an additional 6 days of 

recumbency, 8 days of ventilation and 7 days in the ICU, therefore prolonging their acute hospital LOS 

by 19 days, all of which were highly statistically significant (Table 3.5). 

Table 3.5 – Standard care in the first 14 days following injury 

 No CIP n=60 

Median (IQR) 

CIP n=33 

Median (IQR) 

p value 

Bronchoscopies 0 (0-0) 0 (0-1) <0.0001 

Chest x-rays 7.5 (5-13) 15 (13-19) <0.0001 

Time to first SOOB (days) 7 (5-10) 13 (9-18) <0.0001 

Ventilated days 1.1 (0-3.5) 9.5 (4.4-15.5) <0.0001 

ICU LOS (days) 4.8 (2.7-7.9) 11.5 (8.2-16.9) <0.0001 

Acute hospital LOS (days) 23.9 (18.1-39.2) 42.8 (24.8-51.9) 0.002 

Time to initial physiotherapy 

assessment (hours) 

23.9 (19.7-35.0) 27.7 (21.0-41.9) 0.344 

VRPT 0 – 24 hours 0 (0-0) 0 (0-0) 0.391 

VRPT 24 – 48 hours 1 (0-3) 1 (0-1) 0.269 

VRPT 48 – 72 hours 2 (0-4) 2 (1-4) 0.759 

VRPT 72 – 96 hours 3 (0-5) 4 (2-5) 0.135 

VRPT 96 – 120 hours 3 (0-5) 4 (2-5) 0.179 

VRPT 120 – 144 hours 3 (0-5) 4 (2-5) 0.033 

VRPT 144 – 168 hours 2 (0-4) 3 (2-5) 0.0048 

CIP indicates clinically important pneumonia; SOOB, Sit Out Of Bed; ICU, Intensive Care Unit; LOS, 

Length Of Stay; VRPT, Volume Restoration Physiotherapy Treatment (frequency). 

3.3.6 Risk factor identification 

The all subset regression multivariate analysis identified three baseline characteristics that were 

associated with the development of CIP. These were: being male, motor complete (AIS A or B) and 

having chest trauma (pneumothorax and/or haemothorax) on admission to hospital (Table 3.6). The 

overall p value for the regression was <0.001. Interestingly, admission NLI did not influence pneumonia 

risk (OR: 0.24, 95% CI: 0.04, 1.42). 

 

Table 3.6 – All subsets regression 
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Explanatory variable Level Baseline Odds Ratio 

(OR) 

95% CI p-value 

Gender Male Female 18.29 1.91, 174.9 0.001 

Motor complete Yes No 10.08 1.10, 92.07 0.011 

Chest trauma Yes No 4.53 1.42, 14.43 0.007 

CI indicates confidence interval. 

Five time-dependent covariates were then introduced into a cox regression survival analysis modelling 

time to pneumonia, where relative risk was described by a hazard ratio. A low number (n=5) of clinical 

interventions were considered, due to small sample size and small numbers of some levels of 

explanatory variables. Each clinical intervention was individually introduced and then removed from 

the model to ascertain its independent contribution to pneumonia risk. The survival analysis found that 

alongside the three baseline characteristics, time to intubation was the only time dependent covariate 

that significantly contributed to pneumonia risk (Table 3.7).  

Table 3.7 – Univariate cox regression 

Covariate Level Baseline HR 95% 

confidence 

interval 

p value 

Intubation x+1 x 6.82 1.63, 28.57 0.009 

First VRPT x+1 x 1.49 0.67, 3.35 0.329 

Optimal VRPT x+1 x 0.65 0.27, 1.57 0.337 

First turn x+1 x 1.53 0.38, 6.25 0.552 

Spinal surgery x+1 x 1.25 0.3, 5.25 0.758 

HR indicates hazard ratio; VRPT, Volume Restoration Physiotherapy Treatment (frequency). 

As a high proportion (n=38, 51%) of patients were intubated at the initiation of surgery, time to surgical 

initiation and time to intubation were introduced together into a multivariate cox regression. The 

results of this analysis demonstrated that although the timing of surgery made some contribution to 

the risk of CIP, the timing of intubation had a larger relative risk (Table 3.8). 

Table 3.8 – Multivariate cox regression 

Covariate Relative risk (hazard) 95% confidence 

interval 

p value 

Surgical initiation 0.34 0.11, 1.05 0.062 

Intubation 8.17 1.91, 34.92 0.005 
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3.4 Discussion 

This retrospective, multi-centre study identified four key predictors of moderate and severe pneumonia 

development in acute traumatic SCI; male gender, motor complete injury, presence of chest trauma 

and timing of intubation. Being male was the most important risk factor identified in multivariate 

analysis (OR: 18.29, p=0.001), followed by motor complete SCI (OR: 10.08, p=0.011) and presence of 

chest trauma (OR: 4.53, p=0.007). Additionally, every day of delay to intubation was associated with 

increased risk (HR: 8.17, p=0.05), which appeared to be independent of surgical timing. 

3.4.1 Important baseline predictors 

Being male was associated with 18 times the risk of CIP diagnosis. Whilst this is the first study to identify 

gender as being a key predictor of pneumonia in a traumatic SCI cohort, this result does align with 

previous research in the trauma population [203-205]. Contributing factors may include the poorer 

general health and higher alcohol consumption of males. We did not find comorbidity burden to be a 

significant contributor to pneumonia risk, however the baseline clinical characteristics of our sample 

demonstrate that males were 9% more likely to be intoxicated at time of injury. This is consistent with 

the traumatic SCI literature, where intoxication at the scene has been demonstrated to elevate 

pneumonia risk [17, 51].  

Motor complete injuries (AIS A or B) were associated with 10 times the risk of pneumonia compared 

with motor incomplete (AIS C or D) injuries. Motor complete injuries result in flaccid paralysis of the 

intercostal and abdominal muscles below the level of injury, destabilising the chest wall and resulting 

an inefficient, paradoxical respiratory pattern [3]. This mechanical disadvantage is further compounded 

by spinal shock and autonomic dysfunction [2, 125, 163] causing lower tidal volumes with increased 

ventilation of pulmonary dead space, hypersecretion, weak cough, fatigue and a tendency towards 

distal airway collapse and microatelectasis [3-5]. Our findings are consistent with the literature that 

severity of spinal cord damage increases in-hospital morbidity and specifically pneumonia risk [18, 36, 

38]. 

The presence of chest trauma (pneumothorax and/or haemothorax) equated to five times the risk of 

pneumonia, physiologically explained by passive atelectasis caused by loss of contact between parietal 

and visceral pleura [121]. The presence of chest trauma limits the safety and efficacy of VRPT commonly 

utilised to recruit atelectasis such as ventilator or manual hyperinflation [173], in/exsufflation [176] and 

intermittent positive pressure breathing [207, 208]. A lower or gentler dose of VRPT may predispose 

these cases to occurrence or progression of infection. SCI patients with chest trauma may also be at a 

greater risk of pneumonia due to pulmonary contusions, which commonly occur following blunt chest 

injury [209]. Pulmonary contusions result in sputum plugging with thick haematitic secretions, 
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bronchospasm and hypersecretion [210] causing reduced pulmonary compliance and functional 

residual capacity, the effects of which peak 72 hours after injury [211]. Whilst there have been no 

studies to date isolating chest trauma as a predictor of pneumonia in the SCI population, our result 

aligns with the non SCI trauma population, where haemothoraces, pulmonary contusions and multiple 

rib fractures have been shown to be key predictors [150, 212-214].  

3.4.2 Important clinical predictors 

The timing of intubation was the primary clinical intervention found to contribute to pneumonia risk, 

with pneumonia hazard increasing 8-fold with every additional day of delay to intubation. This result is 

clinically important, as presumably individuals with severe respiratory insufficiency are also likely to 

develop CIP. If high risk individuals are intubated earlier, our result indicate that this reduces their risk 

of CIP development. Intubation is common in acute SCI, with the majority (n=74, 80%) of our sample 

requiring invasive ventilation beyond the completion of spinal surgery. To our knowledge, no studies 

have included the timing of intubation in their analysis of pneumonia risk factors in the SCI population. 

However, there is some evidence that early elective intubation is beneficial in the moderately injured 

trauma population, particularly in cases presenting with rib fractures and pulmonary contusions. In 

these cases, early elective intubation has been demonstrated to lower mortality (from 12% to 2%) [215] 

and morbidity (reducing pneumonia risk and ICU LOS) [216]. The benefits of early elective intubation in 

the SCI population presenting with chest trauma may outweigh the risks [56], enabling adequate tidal 

volumes, lung recruitment and secretion clearance. Interestingly, the predominant reason for 

intubation in our study was initiation of surgery (n=39, 53%), however the timing of surgery was not 

found to be significantly predictive in this study despite the strength of the literature in this area [29, 

31-33, 35]. Considering the median time to spinal surgery was within 24 hours of injury in this study, it 

may be that other clinical factors become of greater importance once surgery is performed within this 

timeframe [14, 15].  

3.4.3 Incidence and timing of pneumonia 

The overall incidence of pneumonia (of any severity) in this study was 74% (n=69), which is at the high 

end of the range described in the literature [10, 13]. However, the incidence of moderate and severe 

pneumonia was 35% (n=33). There are no universally accepted gold standard diagnostic criteria for 

pneumonia and clinical practice guidelines lack specificity [56, 126, 127]. The variability in incidence 

reported in the literature may simply reflect the variability in the criteria for pneumonia. For this reason 

in this study we defined the criteria for pneumonia and its severity.  

The median time to CIP diagnosis in this study was 65 hours (IQR: 42-93). Hospital-acquired pneumonia 

occurred following ≥48 hours of ventilation in most (78%) cases, which is somewhat paradoxical given 
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that earlier intubation was shown to reduce CIP risk. Intubation reduces respiratory insufficiency, which 

is at its worst in the first 72 hours of injury by providing mechanical support and avoiding 

hypoventilation. We have demonstrated that early intubation significantly reduces CIP risk and 

therefore the timing of intubation may be critical to minimise respiratory complications and of greater 

importance than duration of ventilation.  

Interestingly a significant proportion of CIP cases (n=10, 30%) occurred within 48 hours of hospital 

admission. Acute aspiration may be responsible for this early incidence. Overall, of the cases requiring 

invasive ventilation, most (n=72, 97%) were self ventilating until after acute hospital admission. 

Intubating SCI individuals at the scene, particularly when a cervical spine fracture is suspected, can be 

risky and is generally utilised only in the setting of severe cardiorespiratory instability or altered 

conscious state. In the absence of an endotracheal tube, SCI individuals are at high risk of aspiration 

due to positioning with spinal immobilisation, high analgesia requirements and deficits in airway 

protection (reduced FVC, weak cough). 

3.4.4 Clinical impact of pneumonia  

Cases with pneumonia were ventilated for a median of 8 days longer, stayed in ICU for an additional 7 

days and required inpatient acute care for an extra 19 days (Table 5), all of which were highly statistically 

significant. These results underscore the burden that moderate and severe respiratory tract infections 

have on the healthcare system. 

3.4.5 Study strengths and limitations 

This study reports the current incidence and clinical impact of CIP in a cohort of critically ill traumatic 

SCI individuals and identifies four independent predictors that elevate CIP risk. Data were manually 

collected from the medical record by a senior physiotherapist, which facilitated data completeness, and 

CIP was well defined. 

Whilst our findings were significant, our study has methodological limitations that impact its clinical 

utility, reproducibility and external validity. These include its retrospective nature, small sample size 

and lack of a validation cohort. Of note are the baseline differences between patients excluded due to 

key information unavailable and our included sample, which introduces selection bias. Additionally, our 

sample was taken from a single area of the western world and the proportion of cases resulting from 

different injury mechanisms (e.g. penetrating trauma) may vary between regions. The definition of CIP 

used in this study has not been previously published or validated, and due to large numbers of excluded 

independent variables there is potential for inaccuracy in our results. 
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In conclusion, baseline characteristics such as male gender, motor complete injury, presence of chest 

trauma and the timing of intubation are key early predictors involved in the onset of CIP in acute 

traumatic SCI. The median time to spinal surgery was 22 hours in this study, which was ideal to minimise 

pneumonia risk, possibly unmasking other previously unidentified predictors. This study enables the 

potential implementation of targeted interventions in high risk patients to reduce severity or presence 

of infection, ICU and acute hospital LOS, thereby reducing disease burden and overall hospital costs. 
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Chapter 4: Pneumonia prediction tool 

4.1 Introduction 

Despite significant advances in trauma and critical care systems [217, 218], pneumonia following 

traumatic spinal cord injury (SCI) remains associated with high in-hospital morbidity [1, 16, 22, 125]. 

Moderate and severe pneumonia or ‘clinically important pneumonia’ (CIP) generally occurs within the 

first 72 hours of injury and lasts 13 days [chapter 3], resulting in substantial resource utilisation due to 

prolonged ventilation time, intensive care unit (ICU) and acute hospital length of stay (LOS) [36, 199] 

[chapter 3]. CIP incidence in Victoria (Australia) is 35% in the traumatic SCI population, which is within 

the wide range reported in the literature (11-84%) [10, 13].  

Whilst atelectasis and mild pneumonia have also been shown to occur frequently in TLSCI, CIP is the 

greatest importance as it causes catastrophic hypoxia and sustained elevation of temperature, which 

are generally accepted to cause secondary spinal cord damage and negatively impact long-term 

neurological outcome in central nervous system injuries [49, 135, 136]. The severity and duration of 

fever is exacerbated in the SCI population compared with non SCI individuals due to diminished 

sympathetic regulation and poikilothermia [137]. Additionally, being febrile induces excessive carbon 

dioxide production [148] and predisposes to respiratory acidosis with an inability to increase minute 

ventilation due to fatigue and respiratory insufficiency [149]. Estimating risk of pneumonia 

development in clinical practice is challenging due to the multifactorial nature of its aetiology. 

Therefore, identifying at-risk individuals for CIP with an evidence-based, standardised tool could enable 

the targeted implementation of preventative strategies to reduce in-hospital morbidity, disease burden 

and overall hospital costs. 

Strategies to prevent or minimise pneumonia severity such as early intubation [chapter 3] and early 

spinal surgery [29, 31-35] are available to clinicians, however these are resource-intensive and 

therefore difficult to implement. Pneumonia prediction tools have been synthesised in other 

populations such as post-trauma [152], the elderly [154] and acute stroke [155-157], but there are 

currently no pneumonia-specific prediction tools available for use in traumatic SCI. Although there is 

some data on the prediction of generalised complications in acute SCI [38], the results are limited by 

inadequate power to examine respiratory tract infections in isolation, reduced clinical application and 

poor external validity.  

Our previous study has identified three early risk factors for the development of CIP: male gender, 

motor complete injury and presence of chest trauma [chapter three]. The aim of this study was to 

formulate a clinical prediction tool based on these known early risk factors with the goal to detect 

patients at higher risk of CIP who would most benefit from prophylactic interventions. 
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4.2 Methods 

4.2.1 Study design 

Eight baseline risk factors were investigated and three were identified to independently predict CIP risk 

using multivariate analysis in chapter three. CIP was defined according to the diagnostic criteria 

described in Table 4.1. Please see Table 4.2 for operational definitions of predictors.  

Table 4.1 - Categorisation of clinically important pneumonia  

Severity Diagnostic criteria 

No pneumonia No clinical diagnosis or symptoms or medical diagnosis of pneumonia 

with PaO2/FiO2≥240. 

CIP Medical diagnosis of pneumonia with PaO2/FiO2<240 for ≥12 hours, core 

or tympanic temperature ≥38.5 (where temperature control not present) 

CIP indicates Clinically Important Pneumonia; PaO2, partial arterial content of oxygen; FiO2, fraction of 

inspired oxygen. 

Table 4.2 – Operational definitions of predictors 

Predictor Definition 

Gender Male or Female 

Admission AIS Motor complete (AIS A or B) 

Motor incomplete (AIS C or D) 

Presence of chest trauma Presence of pneumothorax and/or haemothorax 

Absence of pneumothorax and/or haemothorax 

AIS indicates American Spinal Injury Association Impairment Scale. 

CIP risk was defined as low (P(pneumonia)=0.00-0.05), medium (P(pneumonia)=0.10-0.30) or high 

(P(pneumonia)>0.30). 

4.2.2 Statistical analysis 

The risk factors previously identified to contribute to pneumonia risk in a multivariate logistic regression 

model (described in chapter three) were utilised to synthesise a clinical prediction tool for the 

occurrence of CIP. β-coefficients were obtained for each weighted category, as described in Table 4.3. 

The model intercept for the regression was -5.78. A p value of <0.05 was considered statistically 

significant. 

Table 4.3– Weightings of variables from logistic regression 

Explanatory variable Weighted category β-coefficient p value 
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Gender Male 2.91 0.001 

Admission AIS Motor complete 2.31 0.011 

Chest trauma Presence of chest trauma 1.51 0.007 

AIS indicates American Spinal Injury Association Impairment Scale. 

To derive an integer value for each predictor, the β-coefficient of each baseline characteristic was used. 

The predicted probability of moderate or severe pneumonia occurrence was calculated using the 

following equations: 

Linear sum of β-coefficient (x) = model intercept + weight(gender) + weight(motor complete) 

+ weight(chest trauma) 

P(pneumonia) = ex / (1+ex) 

4.3 Results 

4.3.1 Screening of patients 

Please refer to chapter 3. 

4.3.2 Demographics and injury characteristics 

Please refer to chapter 3. 

4.3.3 Clinical prediction tool 

A clinical prediction tool was synthesised utilising predicted probabilities of CIP occurrence using the 

statistical methods described (Table 4.3). Predicted probabilities for every possible combination of 

baseline factors were calculated. 
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Table 4.4– Clinical prediction tool 

Gender Motor 

complete 

Chest trauma Linear sum of 

β-coefficient 

(x) 

Predicted 

probability 

Pneumonia risk 

Female No No -5.78 0.00 Low 

Female No Yes -4.27 0.01 Low 

Female Yes No -3.47 0.03 Low 

Male No No -2.87 0.05 Low 

Female Yes Yes -1.96 0.12 Medium 

Male No Yes -1.36 0.20 Medium 

Male Yes No -0.56 0.36 High 

Male Yes Yes 0.95 0.72 High 

 

4.4 Discussion 

This retrospective, multi-centre study resulted in the formulation of a clinical prediction tool for 

moderate and severe pneumonia in acute traumatic SCI utilising three previously identified key risk 

factors; male gender, motor complete injury and presence of chest trauma. Predicted probability scores 

were aligned with low, medium or high risk categories, enabling direct translation of this tool into 

clinical practice. Avoidance of moderate and severe pneumonia appears critical to reduce in-hospital 

morbidity by decreasing ventilated days, ICU and acute hospital LOS [36, 199]. 

There is a high degree of variation in routine interventions provided as part of acute standard care as 

illustrated by large interquartile ranges and wide confidence intervals described in chapter three. 

Strategies to reduce the incidence and severity of respiratory complications are inconsistently 

implemented in the SCI population, and often depend on extent of clinical experience in the absence 

of discrete guidelines. Spinal cord injuries are rare and each presentation is unique, making pneumonia 

challenging to anticipate for clinicians who do not have consistent repeated exposure. Our clinical 

prediction tool may facilitate consensus on the classification of CIP risk, enabling medium and high risk 

patients to be efficiently targeted with early elective intubation (on admission to the emergency 

department), both early and intensive VRPT (≥4 treatments per day), prioritisation of spinal surgery and 

subsequent early mobilisation.  

Unlike the chronic SCI population who can be targeted with prophylactic interventions in the 

community (e.g. VRPT maintenance therapies and flu vaccinations) [125], disease-modifying measures 



75 
 

are unable to be implemented prior to acute SCI. Pneumonia prevention is hence limited and critical to 

the immediate post-SCI timeline in the ICU. Proactive and prophylactic interventions instigated on 

admission to hospital rather than reactive ones that occur after pneumonia diagnosis may be the key 

to reducing respiratory tract infection incidence and severity in this population. Identifying medium and 

high risk patients for CIP development may justify early resource allocation, enabling an aggressive 

treatment regime to be implemented prior to pneumonia occurrence. 

Early, elective intubation in medium and high risk patients is potentially the simplest and best way to 

optimise oxygenation, control ventilation and promote easy secretion clearance in the TLSCI 

population. Early intubation has been demonstrated to reduce pneumonia risk [chapter 3] by 

minimising respiratory insufficiency from the outset, particularly in the high risk period following injury 

where spinal shock causes flaccid paralysis. Early intubation therefore also has the potential to reduce 

in-hospital morbidity and overall hospital costs. Further prospective research is required to assess the 

impact of intubation timing on pneumonia risk. 

Whilst not found to be significant in our multivariate analyses, therapies facilitating lung volume 

maintenance and cough effectiveness alongside careful weaning and extubation decision-making have 

been well recognised in the literature to reduce respiratory insufficiency [3, 5, 50, 160, 163], and these 

interventions have consequently been recommended in clinical practice guidelines [158]. However, the 

recommended dosage and timing of these interventions has not been described and is left to therapist 

interpretation on a case by case basis. Current physiotherapy practice appears to be reactive rather 

than proactive, with pneumonia cases having significantly more VRPT intervention on days 6 and 7 only 

(chapter 3), in the context of median time to pneumonia being 65 hours (IQR: 42-93).  

The prevalence of pneumonia is not only problematic in the intubated TLSCI population. The Intensive 

Care Society have published a recommended ‘bundle’ of interventions for ventilator-acquired 

prevention that include elevation of head of bed to 30 – 45 degrees, daily sedation interruption and 

assessment of readiness to extubate, use of subglottic secretion drainage and avoidance of scheduled 

ventilator circuit changes [220]. Similar ‘bundles’ of care have been shown to be feasible [221] and 

critical to significantly reduce ventilator-associated pneumonia (by up to 67%) in the intubated post 

surgical population [222]. Perhaps a greater attention to detail with regard to these simple strategies 

may also assist with reducing CIP rates in the SCI population. 

Clinical prediction tools for pneumonia development have been synthesised in other populations such 

as stroke [155-157], the elderly [154] and in non SCI chest trauma [214, 219]. Unfortunately, predictors 

of infection in the stroke and elderly populations are unique (including parameters such as blood 
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pressure, dysphagia and blood glucose levels) and therefore these tools have limited relevance in SCI. 

The prediction tool synthesised to predict pneumonia in non SCI trauma has arguably more utility, 

encompassing factors such as age, number and location of rib fractures and severity of pulmonary 

contusions as predictors. However, despite the recognition of importance of infection severity on 

neurological outcome [22], previous research has not differentiated mild from moderate and severe 

pneumonia. To our knowledge, this is the first clinically translatable tool developed for use in the acute 

traumatic SCI population. This is also the first step towards reducing acute respiratory complications in 

this complex patient group. 

4.4.1 Study strengths and limitations 

This multi-centre study has resulted in the formulation of a SCI-specific clinical prediction tool for CIP 

risk, which has high clinical utility and is easily translatable into clinical practice. The predictors used are 

routinely assessed on admission to hospital and utilisation of this tool would not add time and resource 

burden. However, limitations include the retrospective nature of data collection and further 

investigation is required to establish its reliability and validity prior to implementation. Our small sample 

size, although adequate according to power calculations, limited the number of risk factors that could 

be included in the logistic regression to avoid the risk of over-fitting the model to the data. 

In conclusion, we have synthesised a clinical prediction tool based on routinely assessed baseline 

patient characteristics that is able to establish CIP risk in the acute traumatic SCI population. This study 

enables clinicians to identify patients at higher risk of moderate and severe pneumonia, potentially 

assisting with service prioritisation and resource allocation to provide targeted proactive and 

prophylactic interventions. 
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Chapter 5 Conclusion 

The overarching aim of this thesis was to improve the respiratory management of patients with TLSCI 

in the acute hospital setting. The pneumonia rate in the TLSCI population is high and no previous studies 

have investigated the prevalence, severity and risk factors associated with CIP development as their 

primary objective. By exploring the timing of surgery and the complex interplay of other risk factors 

involved in CIP development, this thesis aims to develop a clinical prediction tool based on simple 

baseline factors, enabling early identification of high risk patients and subsequently facilitating resource 

allocation into prophylactic interventions in a smaller subset of patients with TLSCI. 

5.1 Overview of major findings 

The literature review in Chapter 1 described the severe respiratory insufficiency often experienced by 

individuals with TLSCI in the acute postinjury period, and their subsequent high risk of respiratory 

complications. Common respiratory disorders and their prevalence were described with an emphasis 

on pneumonia, as this diagnosis has not only been shown be of the highest clinical importance in terms 

of in-hospital morbidity and resource utilisation, but also has the most important long term impact on 

neurological outcome due to the inflammatory cascade and its potential to cause further secondary 

spinal cord damage. Close examination of the literature revealed that the most important predictor of 

pneumonia to be surgical timing, with the majority of studies describing a ≤72 hour timeframe as being 

ideal for reducing respiratory risk. Other factors thought to play a role were also identified and included 

injury severity, comorbidity burden and NLI. The body of work in this thesis comprises two main themes, 

the quantification of pneumonia incidence, severity and clinical impact and the identification of clinical 

predictors that can be easily utilised in the acute hospital setting to predict pneumonia risk. 

The first study in this thesis (chapter 2) aimed to understand the processes of care and timing in TLSCI, 

by investigating and mapping current clinical practice with particular focus on timing of and barriers to 

early spinal surgery. The median time to surgery in TLSCI was 27 hours (IQR: 20–43 hours), and 

improved over the four year study period. Direct surgical hospital admissions proceeded to theatre four 

hours faster than those admitted via a pre-surgical hospital (24 hours versus 28 hours, respectively), 

and the main barriers to early surgery were theatre access and organisation of a surgical team. The 

organisation of radiological investigations did not appear to play a key role in the timing of surgery in 

the TLSCI population. As indicated by the literature, a median time to surgery of 27 hours appears 

adequate to minimise respiratory complications. However, there is a suggestion that earlier is better, 

with a few studies recommending a 24 hour surgical target. This study was published by The Spine 

Journal in August, 2017 and led to further investigation of the role of surgery, alongside other baseline 

factors and clinical interventions, in the development of CIP. 
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Determining the key predictors of CIP in the traumatic TLSCI population was a central aim of this thesis. 

Using an all subsets regression model followed by univariate Cox regression survival analysis, the study 

outlined in chapter 3 demonstrated that male gender, motor complete injury, presence of chest trauma 

and delayed intubation were key early predictors involved in the onset of CIP in critically ill SCI patients. 

The timing of spinal surgery was not significantly predictive of pneumonia risk, which may indicate that 

a median time to spinal surgery of 22 hours was ideal to minimise pneumonia risk and allowed the 

unmasking of other previously unpublished predictors. This is the first study to identify key predictors 

of CIP independent of surgical timing. 

5.1.1 Respiratory complication prevalence 

In chapter three, respiratory complications were defined and reported (Table 5.1). Interestingly, the 

complication rates found in Victoria were mostly higher than those reported on in the literature, 

particularly with regard to atelectasis and pneumonia. Reasons for this include the potential 

underestimation of pneumonia diagnosis resulting from a heavy reliance on clinical data drawn from 

databases rather than from independent examination of the clinical notes by a clinician. In the absence 

of clear definitions, it is difficult to compare complication rates between studies, and this is one of the 

main limitations of the literature. Chapter 3 will enable future studies to more objectively compare 

complication rates with a high degree of confidence that the definitions are consistent. 

Elevated pneumonia prevalence found in this body of research may also exist as a result of poorer 

outcomes and further auditing may be necessary in the future to further explore the reasons behind 

this. 

Table 5.1. Respiratory complication rates 

Respiratory complication Chapter 3 (%) Literature (%) 

Atelectasis 85 37 

Pneumonia 59 2–31  

Pleural effusion 47 38 

Haemopneumothorax  32 32 

Acute pulmonary oedema 24 16 

Pulmonary embolism 18 1–5  

ARDS 0 6–8  

ARDS indicates acute respiratory distress syndrome. 
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5.1.2 Clinical prediction tool 

The need to usefully translate the findings of the previous chapters into clinical practice led to the 

development of the clinical prediction tool outlined in chapter 4 (Table 5.1).  

A range of combinations of key risk factors were analysed, and the linear sum of the β-coefficient 

utilised to calculate CIP predicted probability. Patients were then categorised into low, medium and 

high risk groups. By identifying patients on admission, results will enable the provision of targeted 

interventions to medium and high risk patients. 

Table 5.2. Clinical prediction tool 

Gender Motor 

complete 

Chest trauma Linear sum of 

β-coefficient 

(x) 

Predicted 

probability 

Pneumonia risk 

Female No No -5.78 0.00 Low 

Female No Yes -4.27 0.01 Low 

Female Yes No -3.47 0.03 Low 

Male No No -2.87 0.05 Low 

Female Yes Yes -1.96 0.12 Medium 

Male No Yes -1.36 0.20 Medium 

Male Yes No -0.56 0.36 High 

Male Yes Yes 0.95 0.72 High 

 

This thesis has resulted in the synthesis of an easily translatable clinical prediction tool to enable the 

early identification of patients with TLSCI at high risk of CIP. This is the first clinical prediction tool to be 

developed for use in predicting pneumonia in the SCI population. 

5.2 Strengths and limitations 

This collection of multi-centre studies has resulted in the formulation of a SCI-specific clinical prediction 

tool for CIP risk, which has high clinical utility and is easily translatable into clinical practice. The 

predictors used are routinely assessed on admission to hospital and utilisation of this tool would not 

add time and resource burden. All data were manually collected from the medical record by a singular 

trained health professional and pneumonia severity was categorised using predefined criteria. 

The main limitations of the studies in this thesis are the small patient numbers and the retrospective 

nature of the studies. Additionally, our sample was taken from a single area of the western world and 
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the proportion of cases resulting from different injury mechanisms (e.g. penetrating trauma) may vary 

between regions. Analysis in chapter 2 was limited to patients sustaining a traumatic TLSCI, with those 

sustaining life threatening injuries excluded to eliminate major confounders such as prioritisation of 

more severe injuries or incomplete neurological assessment. Patients aged >70 years were also 

excluded due to the potential for comorbidities delaying surgery. Subsequently, in chapters 3 and 4 the 

sample was expanded to include all traumatic SCI patients as NLI was not found to be important, but 

restricted to those requiring ICU care. In these studies, analysis was exclusively conducted on moderate 

and severe pneumonia cases, which limits its comparability to other research in the area. 

Our small sample size, although adequate according to power calculations, limited the number of risk 

factors that could be included in the logistic regression to avoid the risk of over-fitting the model to the 

data. Additionally, further investigation is required to establish the reliability and validity of the clinical 

prediction tool prior to implementation.  

5.3 Key findings and recommendations 

The studies in this thesis have demonstrated that it is possible to identify clinical risk of CIP based on 

simple baseline factors that are routinely assessed immediately following TLSCI. Outcomes for those 

acquiring CIP were clearly detrimental due to a significant increase in ventilated days, ICU LOS and acute 

hospital LOS. The timing and dosage of clinical interventions varied greatly between patients, 

illustrating a lack of consistency regarding pneumonia prophylaxis. This is likely due to lack of consensus 

around which patient characteristics are associated with increased CIP risk. 

Utilisation of this tool would not require increased resources or be of time-burden to the treating 

clinician or patient. Due to limited resources, identification of a subgroup of individuals with TLSCI who 

can be targeted with increased intervention may help to limit in-hospital morbidity, mortality and 

improve long term neurological outcome, reducing overall disease burden and hospital costs. 

Based on the findings of this thesis, a number of recommendations for clinical practice can be made: 

i. A clearer, accepted definition of pneumonia following TLSCI should be used in clinical practice 

and future research, to assist with homogenisation of the sample and increased extrapolation 

of results both nationally and worldwide;  

ii. Use of a prediction tool (such as the one developed in this thesis) should be encouraged to 

facilitate both increased awareness of CIP risk as well as its prevention, although caution should 

be taken given that the tool is not yet validated in an external patient cohort; 
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iii. CIP risk data should be utilised within the acute hospital setting to advocate for appropriate 

resources that reduce pneumonia risk, such as frequent, regular and aggressive VRPT, early 

elective intubation and frequent position changes; 

iv. Efforts should be made to minimise the incidence of CIP, thereby reducing in-hospital morbidity 

and overall hospital costs; and 

v. Consideration should be given to incentive strategies that encourage hospitals to minimise CIP 

rates. 

5.4 Recommendations for future research 

Further research is required to advance this field. The recommendations for future research include: 

i. Synthesis of an alternative prediction tool based on the best available evidence 

ii. Comparison between tools in an external patient cohort to assess which one is more robust; 

iii. Randomised control trial examining the timing of intubation with relation to CIP incidence and 

long term neurological outcome; 

iv. Utilisation of the clinical prediction tool to implement more robust clinical trials targeting high 

risk groups with specific management thought to reduce respiratory insufficiency, with the aim 

to homogenise the sample and more accurately test the efficacy of these interventions 

a) Timing of intubation; 

b) Timing of surgery; 

c) Dosage, timing and frequency of VRPT; and 

d) Frequency of position change. 

5.5 Concluding observations 

Pneumonia prediction following traumatic TLSCI is difficult, with a complex interplay of factors thought 

to influence risk of infection development. Currently, clinicians are predominantly reliant on their own 

clinical judgement and therefore clinical practice differs between clinicians and organisations based on 

amount of clinical exposure, awareness of the evidence and resource availability. There are many 

disciplines involved in predicting pneumonia risk, including medical, surgical, physiotherapists and 

nursing staff. A holistic, multidisciplinary approach would be ideal to proactively optimise respiratory 

management and prevent pneumonia, however prior to this body of work no prediction tools existed 

to assist with this clinical decision-making process.  

It is possible that this clinical prediction tool will facilitate early consensus on risk in the future, and 

thereby assist with multidisciplinary resource allocation. This prediction tool has potential to reduce 
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CIP risk in the acute hospital setting, thereby reducing morbidity, mortality and overall hospital costs in 

this population. 
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Finger flexors
Finger abductors (little finger)

               

Hip flexors

Knee extensors

Ankle dorsiflexors
Long toe extensors
Ankle plantar flexors

C2
C3
C4

C2
C3
C4

(DAP) Deep anal pressure 
(Yes/No)

UER  + UEL = UEMS TOTAL
(25) (25) (50)

MOTOR SUBSCORES  

MAX

LER  + LEL = LEMS TOTAL
(25) (25) (50)MAX

RLT  +  LLT  = LT TOTAL
(56) (56) (112)MAX

SENSORY SUBSCORES  

MAX

RPP  +  LPP = PP TOTAL
(56) (56) (112)

4 = active movement, against some resistance 
5 = active movement, against full resistance
5* = normal corrected for pain/disuse
NT = not testable

MOTOR
(SCORING ON REVERSE SIDE)

 0 = total paralysis
 1 = palpable or visible contraction
 2 = active movement, gravity eliminated
 3 = active movement, against gravity

Elbow flexors

Wrist extensors

Elbow extensors
Finger flexors

Finger abductors (little finger)

               

Hip flexors

Knee extensors

Ankle dorsiflexors
Long toe extensors

Ankle plantar flexors

RIGHT TOTALS
          (MAXiMUM)

C5
C6
C7
C8
T1

L2
L3
L4
L5
S1

LEFT TOTALS
(MAXiMUM)

SEnSORY
(SCORING ON REVERSE SIDE)

0 = absent
1= altered

2 = normal
NT = not testable

INTERNATIONAL STANDARDS FOR NEUROLOGICAL 
CLASSIFICATION OF SPINAL CORD INJURY

(ISNCSCI)

Patient Name_____________________________________   Date/Time of Exam _____________________________

Examiner Name ___________________________________  Signature _____________________________________

   



Muscle Function Grading
0 = total paralysis

1 = palpable or visible contraction

2 = active movement, full range of motion (ROM) with gravity eliminated

3 =  active movement, full ROM against gravity

4 = active movement, full ROM against gravity and moderate resistance in a muscle 
specific position

5 = (normal) active movement, full ROM against gravity and full resistance in a 
functional muscle position expected from an otherwise unimpaired person

5* = (normal) active movement, full ROM against gravity and sufficient resistance to be 
considered normal if identified inhibiting factors (i.e. pain, disuse) were not present

NT = not testable (i.e. due to immobilization, severe pain such that the patient cannot 
be graded, amputation of limb, or contracture of > 50% of the normal range of motion)

Sensory Grading
0 = Absent

1 = Altered, either decreased/impaired sensation or hypersensitivity

2 = Normal

NT = Not testable

Non Key Muscle Functions (optional)
May be used to assign a motor level to differentiate AIS B vs. C

ASIA Impairment Scale (AIS) Steps in Classification
The following order is recommended for determining the classification of 
individuals with SCI

1. Determine sensory levels for right and left sides.
The sensory level is the most caudal, intact dermatome for both pin prick and 
light touch sensation

2. Determine motor levels for right and left sides.
Defined by the lowest key muscle function that has a grade of at least 3 (on 
supine testing), providing the key muscle functions represented by segments 
above that level are judged to be intact (graded as a 5)
Note: In regions where there is no myotome to test, the motor level is 
presumed to be the same as the sensory level, if testable motor function above 
that level is also normal

3. Determine the neurological level of injury (NLI)
This refers to the most caudal segment of the cord with intact sensation and 
antigravity (3 or more) muscle function strength, provided that there is normal 
(intact) sensory and motor function rostrally respectively
The NLI is the most cephalad of the sensory and motor levels determined in 
steps 1 and 2

4. Determine whether the injury is Complete or Incomplete.
(i.e. absence or presence of sacral sparing)
If voluntary anal contraction = No AND all S4-5 sensory scores = 0 
AND deep anal pressure = No, then injury is Complete
Otherwise, injury is Incomplete

5. Determine ASIA Impairment Scale (AIS) Grade:
    Is injury Complete?     If YES, AIS=A and can record

                                        

    Is injury Motor Complete?   If YES, AIS=B 

                                         (No=voluntary anal contraction OR motor function
                                more than three levels below the motor level on a
                                given side, if the patient has sensory incomplete
                                classification)                                            

Are at least half (half or more) of the key muscles below the 
neurological level of injury graded 3 or better?

If sensation and motor function is normal in all segments, AIS=E
Note: AIS E is used in follow-up testing when an individual with a documented 
SCI has recovered normal function. If at initial testing no deficits are found, the 
individual is neurologically intact; the ASIA Impairment Scale does not apply

AIS=C

NO

NO

NO YES

AIS=D

Movement                     Root level
Shoulder: Flexion, extension, abduction, adduction, internal     C5
and external rotation                
Elbow: Supination 

Elbow: Pronation                   C6
Wrist: Flexion 

Finger: Flexion at proximal joint, extension.            C7
Thumb: Flexion, extension and abduction in plane of thumb 

Finger: Flexion at MCP joint               C8
Thumb: Opposition, adduction and abduction perpendicular 
to palm

Finger: Abduction of the index finger            T1

Hip: Adduction              L2

Hip: External rotation               L3

Hip: Extension, abduction, internal rotation              L4
Knee: Flexion
Ankle: Inversion and eversion
Toe: MP and IP extension 

Hallux and Toe:  DIP and PIP flexion and abduction           L5 

Hallux: Adduction        S1

A = Complete  No sensory or motor function is preserved in 
the sacral segments S4-5

B = Sensory Incomplete  Sensory but not motor function 
is preserved below the neurological level and includes the sacral 
segments S4-5 (light touch or pin prick at S4-5 or deep anal 
pressure) AND no motor function is preserved more than three 
levels below the motor level on either side of the body

C = Motor Incomplete  Motor function is preserved below 
the neurological level**, and more than half of key muscle 
functions below the neurological level of injury (NLI) have a 
muscle grade less than 3 (Grades 0-2)

D = Motor Incomplete  Motor function is preserved below 
the neurological level**, and at least half (half or more) of key 
muscle functions below the NLI have a muscle grade > 3

E = Normal  If sensation and motor function as tested with the 
ISNCSCI are graded as normal in all segments, and the patient 
had prior deficits, then the AIS grade is E. Someone without an 
initial SCI does not receive an AIS grade

** For an individual to receive a grade of C or D, i.e. motor incomplete 
status, they must have either (1) voluntary anal sphincter contraction or 
(2) sacral sensory sparing with sparing of motor funtion more than three 
levels below the motor level for that side of the body. The International 
Standards at this time allows even non-key muscle function more than 3 
levels below the motor level to be used in determining motor incomplete 
status (AIS B versus C)

NOTE: When assessing the extent of motor sparing below the level 
for distinguishing between AIS B and C, the motor level on each 
side is used; whereas to differentiate between AIS C and D (based on 
proportion of key muscle functions with strength grade 3 or greater) the 
neurological level of injury is used

INTERNATIONAL STANDARDS FOR NEUROLOGICAL 
CLASSIFICATION OF SPINAL CORD INJURY

ZPP (lowest dermatome or myotome 
on each side with some preservation)
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thoracic level of injury (T1–8) were also found to be associated

Study Design. A retrospective cohort study.
Objective. The aims of this study were to (1) determine the

timing of surgery for traumatic thoracolumbar spinal cord injury

(TLSCI) between 2010 and 2014 and (2) identify major delays in

the process of care from accident scene to surgery.
Summary of Background Data. Early spinal surgery may

promote neurological recovery and reduce acute complications

after TLSCI; however, it is difficult to achieve due to logistical

issues and the frequent presence of other nonlife-threatening

injuries.
Methods. Data were extracted from the medical records of 46

cases of acute traumatic TLSCI (AIS level T1–L1) aged between

15 and 70 years. Patients with life-threatening injuries, not

requiring spinal surgery or with poor general health, were

excluded.
Results. The median time to surgery was 27 hours [interquartile

range (IQR): 20–43 hours] and improved from 27 hours in 2010

to 22 hours in 2014. Cases admitted via a pre-surgical hospital

had a longer median time to surgery than direct surgical hospital

admissions (28 vs. 24 hours, respectively). The median time from

completion of radiological investigations to surgery was

18 hours, suggesting that theater access and organization of a

surgical team were the major factors contributing to surgical

delay. Number of vertebral levels fractured (�5) and upper
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with surgical delay.
Conclusion. Earlier spinal surgery in TLSCI would be facilitated

by direct surgical hospital admission and improved access to the

operating theater and surgical teams.
Key words: decompression, length of stay, neurological
recovery, process of care, spinal cord injury, spine surgery,
spine trauma, stabilization, thoracic spine, timing of surgery.
Level of Evidence: 3
Spine 2017;42:E617–E623
A
cute traumatic thoracolumbar spinal cord injury
(TLSCI) is a devastating event resulting in severe
neurological deficits that greatly impact on general

health and functional independence.1–3 The cost per case of
TLSCI in Australia has been estimated to be $5.0 million
over a person’s lifetime,4 reflecting a high long-term
disease burden.

Time to surgical stabilization is the strongest predictor of
in-hospital complications in TLSCI.5 Stabilization surgery
within 72 hours appears to reduce respiratory compli-
cations,6–10 mortality,6 intensive care unit (ICU), and hos-
pital length of stay (LOS),7–10 and therefore reduce overall
hospital costs.10 In addition to surgical timing, advanced age
(�65 yrs), comorbidities, and injury severity have also been
associated with a higher rate of secondary compli-
cations.5,11,12

Although spinal surgery within 72 hours is safe, feasible,13

and recommended to minimize complications in TLSCI, its
effect on neurological recovery remains uncertain.14–17 Limited
evidence suggests that decompression within 24hours may
improve outcomes in TLSCI.13,16,18–21 Expert consensus and
clinical practice guidelines recommend the consideration of
early surgical decompression, particularly in the presence of
deteriorating neurology.22 Performing early surgery can be
difficult due to patient heterogeneity and complexity and delays
canoccurduringanystageof theprocessofcare (e.g., paramedic
retrieval, investigations, and organization of theater space).

The aims of this study were to determine the timing of
spinal surgery for traumatic TLSCI between 2010 and 2014
www.spinejournal.com E617
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and to establish where major delays occur in the process of
care from accident scene to surgery.

MATERIALS AND METHODS

Study Design
A retrospective data audit of TLSCI cases admitted over
4 years (July 2010–July 2014) to the Alfred and Austin
Hospitals (Melbourne, Victoria, Australia) was conducted.
Low-risk Human Research Ethical Approval was obtained
at both institutions.

Inclusion and Exclusion Criteria
Patients were included in the study if they had an acute
traumatic spinal cord injury (SCI, resulting in neurological
deficit) between the American Spinal Injury Association
Impairment Scale (AIS) neurological levels of T1–L1 inclus-
ive and were aged 15 to 70 years.

Patients not requiring spinal surgery, with poor general
health (e.g., pre-existing neurological deficits), or where key
information (e.g., time of injury and surgery) was unavail-
able were excluded. Patients sustaining life-threatening inju-
ries, defined as significant head injury at the scene [sustained
Glasgow Coma Score (GCS)<13], significant chest trauma
(causing severe hypoxia or hemodynamic instability post-
insertion of an intercostal catheter), hemodynamic instabil-
ity resulting from abdominal or retro-peritoneal bleeding,
pelvic fracture, or more than two long bone fractures were
also excluded.

Patients with nonlife-threatening injuries (e.g., rib or
sternal fractures, hemopneumothoraces, and peripheral
limb fractures) and who otherwise fulfilled the inclusion
and exclusion criteria were included.

Data Collection
For each included case, the following data fields were
collected: demographics, date and time of injury, cause of
accident, initial GCS, accident location, date and time
of paramedic call, ambulance arrival and departure, date
and time of arrival at and departure from first hospital,
date and time of surgical hospital arrival and discharge, date
and time of spinal computed tomography (CT), and mag-
netic resonance image (MRI) scans. In addition, injury
characteristics (level and type of spinal fracture, other
injuries, presence of spinal cord separation on MRI, neuro-
logical level of injury, and AIS grade at surgical hospital
admission and rehabilitation discharge) and surgical inter-
vention (date and time of initiation of spinal surgery defined
as the first anesthetic entry of surgery, date and time of
completion of spinal surgery defined as the last anesthetic
entry of surgery) were also collected.

Data Analysis
Data were separated into two main periods of interest: pre-
hospital (time of injury to first hospital admission) and
hospital (first hospital admission to surgical hospital dis-
charge). The following epochs were calculated: time of
E618 www.spinejournal.com
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injury to first ambulance arrival, first ambulance arrival
to ambulance departure, ambulance departure to first hos-
pital admission, total paramedic time (time between injury
and first hospital admission), pre-surgical hospital LOS
(time between first hospital admission and surgical hospital
admission), hospital admission and spinal CT scan, hospital
admission and spinal MRI scan (time that first spinal CT or
MRI was completed, regardless of at which hospital radi-
ology was performed), and surgical hospital admission to
midpoint of surgery and acute hospital LOS (time between
first hospital admission and surgical hospital discharge).

The time to surgery (spinal cord decompression or stabil-
ization) was defined as the time of injury to the midpoint
between initiation and completion of surgery. Data analysis
was performed using Igor Pro 6.0 software (WaveMetrics,
Portland, OR).

Statistical Analysis
Nonparametric data were compared using Mann-Whitney
U t test and significance was set at P<0.05. Data are
presented as median� IQR (unless otherwise stated). Stat-
istical analyses were performed using Prism software (ver-
sion 6; GraphPad, CA).

RESULTS

Screening of Patients
A total of 397 cases were screened and 46 cases were
included. The reasons for exclusion were absence of T1–
L1 neurological deficit (n¼298), life-threatening injuries
(n¼24), nontraumatic mechanism (n¼13), key infor-
mation unavailable (n¼11), age (n¼4), and no surgical
intervention (n¼1).

Demographics and Injury Characteristics
The mean (�SD) age was 36�16 years and the majority
(80%) of patients were male. The most frequent injury level
was T12–L1 (37%) as a result of a burst fracture (50%) or
fracture-dislocation (26%). The majority of cases (67%)
were classified as complete (AIS A) SCI and a high pro-
portion of patients (71%) had additional nonlife-threat-
ening injuries. Demographic details of included patients
are summarized in Table 1.

Timing of Surgery
The overall median time to spinal surgery was 27 hours (IQR:
20–43, Figure 1). Five (11%) patients had spinal surgery
�12 hours, 17 (37%) �24 hours, and 45 (98%) �72 hours.
The median time to spinal surgery improved from 27 hours in
2010 to 22 hours in 2014 (Table 2). However, this improve-
ment was not statistically significant (P¼0.44).

The median time to spinal surgery of patients admitted
with motor complete (AIS A or B) injuries was 28 hours
(IQR: 20–44, n¼36), while those with motor incomplete
(AIS C or D) injuries underwent surgery at 26 hours (IQR:
18–35, n¼9, P¼0.52). Patients presenting with isolated
TLSCI had slightly shorter time to surgery than patients
May 2017
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TABLE 1. Demographic Characteristics of
Included Patients

Variable n (%)

Age (mean� SD) 36� 16

Male 37 (80)

Accident category
Unprotected road users 18 (39)

High fall (�1 m) 15 (32)

Motor vehicle 8 (17)

Low fall (same level or
<1 m)

3 (7)

Struck by or collision with
object

2 (4)

Location of accident
Major cities 24 (52)

Inner regional 14 (30)

Outer regional 6 (13)

Unknown 2 (4)

Neurological level of injury
T1–8 23 (50)

T9-L1 23 (50)

Acute admission AIS
A 31 (67)

B 5 (11)

C 4 (9)

D 5 (11)

Unknown 1 (2)

Rehabilitation discharge AIS
A 25 (54)

B 4 (9)

C 2 (2)

D 14 (30)

E 1 (2)

Unknown 1 (2)

Number of vertebral levels fractured
�5 41 (89)

>5 5 (11)

Presence of other injuries
Poly-trauma 33 (72)

Isolated 13 (28)

Presence of spinal cord transection
No 42 (91)

Yes 4 (9)

AIS indicates American Spinal Injury Association Impairment Scale; SD,
standard deviation.

Figure 1. Overall timing of spinal surgery in thoracolumbar spinal
cord injury. Cumulative histogram showing the proportion of
patients decompressed at different times (dark grey line). The median
time of spinal surgery is indicated by the vertical light grey line.

SURGERY Early Spinal Surgery Following Thoracolumbar Injury � Agostinello et al
with TLSCI accompanied by other nonlife-threatening inju-
ries; however, this difference was not significant (23 hours,
IQR: 19–37, n¼13 vs. 28 hours, IQR: 22–47, n¼33,
respectively, P¼0.32).
Process of Care
The overall median paramedic time was 1.4 hours (IQR:
1.1–1.9), with the ambulance taking a median of 21 minutes
to arrive at the patient. After admission to first hospital (pre-
surgical or surgical), spinal CT was completed in a median
Spine
Copyright © 2017 Wolters Kluwer Health, Inc. Unau
time of 1 hour (IQR: 0.7–1.8, n¼43) and MRI in 6 hours
(IQR: 3–12, n¼40). Overall, patients had a median time to
surgery of 18 hours (IQR: 8–27) after completion of all
radiological investigations.

Direct versus Indirect Admission to Surgical
Hospital
Twenty (43%) patients with TLSCI were transported
directly to a surgical hospital and underwent spinal surgery
in a median time of 24 hours (IQR: 12–42). However, the
majority of patients (n¼26, 57%) were admitted via
another hospital with a median time to spinal surgery of
28 hours (IQR: 23–44). This result trended toward signifi-
cance (P¼0.1, Figure 2A, B).

The median LOS of cases admitted to a pre-surgical
hospital was 8 hours (IQR: 5–11). Most cases (n¼25,
96%) completed spinal CT at a pre-surgical hospital in a
median of 1 hour (IQR: 0.7–1.5) after admission. Of the 23
cases where MRI time was available, the majority (n¼17,
74%) had this investigation completed at the surgical hos-
pital in a median time of 7 hours (IQR: 3–12) after surgical
hospital admission. The median time to spinal CT and MRI
for cases admitted straight to a surgical hospital was
1.2 hours (IQR: 0.7–1.9) and 5 hours (IQR: 3–12), respect-
ively. Once admitted to a surgical hospital, indirect admis-
sions underwent surgery marginally faster than direct
admissions (20 hours, IQR: 15–32 vs. 21 hours, IQR: 9–
41, respectively). This suggests that the timing of spinal
surgery is not greatly influenced by the timing of
radiological investigations.

Timing of Surgery and Patient Characteristics
The number of vertebral levels fractured and neurological
level of injury were associated with surgical delay. When the
data were analyzed by the number of vertebral levels frac-
tured, the median time to spinal surgery was significantly
lower for patients with five or less (26 hours, IQR: 19–41,
www.spinejournal.com E619
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n¼41) than those who had more than five vertebral levels
fractured (47 hours, IQR: 32–75, n¼5; P¼0.03,
Figure 3A). All patients with more than five vertebral levels
fractured attended a pre-surgical hospital, which may have
contributed to this result. There was a trend toward signifi-
cance when the timing of surgery was analyzed in relation to
neurological level of injury (P¼0.1, Figure 3B).

Other Early Surgical Characteristics
Data were ranked on the basis of time to spinal surgery and
analyzed to evaluate the differences between patients in the
upper quartile (Q1, n¼12, median time to surgery of
15 hours) and lower quartile (Q4, n¼12, median time to
surgery of 50 hours).

With regard to the neurological level of injury, Q1
comprised a higher proportion of lower thoracic (75%,
n¼9) and a lower proportion of upper thoracic (25%,
n¼3) injuries. Conversely, Q4 comprised a higher pro-
portion of upper thoracic (58%, n¼7) and lower pro-
portions of lower thoracic (42%, n¼5).

A higher proportion of patients in Q1 were admitted directly
to a surgical hospital (75% vs. 42%) and cases in Q1 were
younger than cases in Q4 (29 vs. 44 years, respectively).
Fracture type and vertebral injury mechanism did not appear
to differ between the two patient groups (data not shown).

Surgical Timing and Acute Hospital Length of Stay
The overall acute hospital LOS was 22 days (IQR: 16–37 days).
The median LOS was 21 days in patients with upper thoracic
injury (IQR: 17–42, n¼22) and 22 days in lower thoracic
injuries (IQR: 15–29, n¼23). The median LOS between differ-
ent neurological levels of injury was not significantly different.
Figure 2. Process of care for direct (A) and indirect (B) admissions to s
groups of patients in different colors. Each stage of paramedic involvem
phase is shown in light green and the surgical hospital admission is sh
gations is shown as a darker shade in the respective phase. The overall
a surgical hospital (24 hours, n¼20) was slightly shorter than cases taken
of the median times for each segment does not yield the overall median

E620 www.spinejournal.com
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Patients who had surgery within 12 hours had a median
acute LOS of 29 days (IQR: 20–45, n¼5), within 12 to
24 hours a median acute LOS of 20 days (IQR: 14–27,
n¼12), and within 24 to 72 hours a median acute LOS of 19
days (IQR: 16–40, n¼27). The one case having surgery at
least 72 hours postinjury had the longest LOS (46 days).

DISCUSSION
This study examines the process of care of TLSCI patients
from trauma to theater. The median time to spinal decom-
pression and stabilization was 27 hours, with access to
theater following admission to a surgical center the major
factor delaying surgery. Identifying the principal sources of
delay in the care pathway is important to enable improve-
ments in efficiency and the timing of surgical intervention.23

Current practice reflects the intent to decompress/stabilize
the spine within 72 hours in TLSCI. The majority of our
sample (n¼45, 98%) had surgery within this timeframe.
Spinal surgery less than 72 hours has been shown to enable
mobilisation,24 reduce respiratory insufficiency,6–10

mortality,6 acute hospital LOS,7–10 and therefore overall
hospital costs.10 However, there is evidence that faster is
better, with surgery performed less than 24 hours resulting in
the lowest complication rates and acute hospital LOS.25,26

Only 37% (n¼17) of our sample underwent surgery less than
24 hours and the median LOS for these patients did not differ
significantly from those undergoing surgery between 24 and
72 hours (n¼27) postinjury (29 vs. 19 days, P¼0.23).

Rapid surgery may also have the potential to improve
neurological outcome following TLSCI, although data are
limited.13–17 Clinical practice guidelines currently recom-
mend surgical intervention within 24 hours in TLSCI
urgical hospital. The median time of each phase is shown for both
ent is shown in different shades of blue. The pre-surgical hospital

own in light pink. The time taken to complete radiological investi-
median time to spinal decompression of cases transported directly to
via a pre-surgical hospital (28 hours, n¼26). Please note summation

times to spinal decompression for each group.
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Figure 3. Factors associated with surgical delay. (A) Median time
(IQR) of spinal surgery for patients with �5 vertebral levels fractured
versus >5 vertebral levels fractured, �P¼ 0.03. (B) Median time
(IQR) of spinal surgery for patients with upper versus lower thoracic
neurological levels of injury.

TABLE 2. Time to Spinal Surgery by Year

Year (n)
Median Time to Spinal

Surgery (IQR)

2010 (8) 27 h (17–38)

2011 (12) 34 h (26–48)

2012 (12) 27 h (19–39)

2013 (9) 29 h (17–47)

2014 (5) 22 h (15–34)

IQR indicates interquartile range.

SURGERY Early Spinal Surgery Following Thoracolumbar Injury � Agostinello et al
patients with incomplete or deteriorating neurology.22 In
the current study, the median time to surgery was slightly
above 24 hours, with a small proportion (n¼5, 11%)
undergoing surgery within 12 hours.

Minimizing the Time to Surgery
The main factors influencing the timing of surgery were pre-
surgicalhospital attendanceand theorganizationof theaterafter
surgical hospital admission. Direct surgical hospital admission
Spine
Copyright © 2017 Wolters Kluwer Health, Inc. Unau
following SCI is often challenging due to the patient’s medical
status and accident location. TLSCI is frequently accompanied
by other injuries and concerns about patient stability may
necessitate admission to closer centers without spinal surgical
expertise, particularly as major trauma guidelines often dictate
admission to a medical center for stabilization within 1hour. In
many situations, pre-surgical hospital admission may be
unavoidable; however, LOS could potentially be minimized
byanawarenessofurgency, theapplicationofdefinedprotocols,
and early notification of specialist centers.27,28

The longest single segment in the process of care in this
study was the period from surgical hospital admission to
surgical stabilization and/or decompression. A number of
factors have been associated with delays to theater in
orthopedic and other populations requiring emergency
surgery. These include competition for theater access from
other services, lack of operating room availability particu-
larly after hours, absence of an experienced surgeon, and
lack of best-practice time to theater standards.29–31 The
timing of spinal surgery and its effect on neurological out-
come in TLSCI is yet to be convincingly demonstrated,
which could result in potential difficulty for surgeons when
justifying the prioritization of decompression surgery over
other emergency cases. Surgeons may understandably
choose to simply schedule operations for the next available
list, particularly given the evidence for a reduction in com-
plications when spinal surgery occurs within 24 to 72 hours
of TLSCI.5–10 Possible strategies to improve efficiency
include early recognition and referral, increased awareness
of urgency, and prioritization of theater at surgical hospi-
tals. The introduction of a pre-hospital notification system
(‘‘code spine’’) similar to the model used in stroke32 may
also be of benefit in reducing time to surgery.

The main barriers to early spinal surgery identified in this
study appear consistent with a recent Canadian study.33

However, the pre-surgical hospital processes in the latter
study differed substantially (often involving multiple pre-
surgical hospitals), and their study population was cervical
SCI. The findings of this study are similar to our recent
study34 that examined the process of cervical SCI care in
Australia and New Zealand. Both studies highlight two
main factors influencing surgical timing: pre-surgical hos-
pital attendance and access to theater following medical
stabilization and imaging. To our knowledge, this is the first
study to investigate barriers to early surgery in TLSCI.
www.spinejournal.com E621
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Other Factors Influencing Surgical Timing
Multiple vertebral fractures were associated with a signifi-
cantly longer time to surgery. This may reflect the need for
more complex surgery in this group, although all patients also
underwent pre-surgical hospital admission and this may have
contributed. Neurological level of injury was also found to
influence surgical timing, with upper thoracic injury levels
waiting longer for surgery. Upper thoracic SCIs occur typi-
cally asa result of high forcesand the presumed futility of these
injuries may have lessened their urgency for operative inter-
vention. In future clinical trials examining neurological recov-
ery, differentiating futile from nonfutile injuries may be useful
in order to select patients likely to benefit from early surgery.

We found that most (72%) TLSCI patients had nonlife-
threatening injuries in addition to their SCI, which required
preoperative assessment and management. Although it
would seem logical that such injuries would be associated
with operative delay, these did not appear to influence
surgical timing. In fact, some of the fastest surgical times
in our sample were in cases wherein respiratory stabilization
with insertion of up to two intercostal catheters was
required before surgery. This demonstrates the feasibility
of early surgery in the setting of severe chest trauma.

Study Limitations
This study has a retrospective design and limited patient
numbers. In addition, our sample was taken from a single
area of the western world and the proportion of cases
resulting from different injury mechanisms (e.g., penetrating
trauma) may vary between regions. Patients sustaining life-
threatening injuries were excluded to eliminate the priori-
tization of more severe injuries as a confounder. Patients
aged more than 70 years were excluded due to the potential
for comorbidities to delay surgery.

Accuracy of the AIS in the acute setting may be affected
by factors such as sedation, medications, pain, fever, and
other injuries.35 It is possible that some early assessments
may have been inaccurate, leading to errors in interpreting
changes in neurological outcome over time.

In conclusion, the median time to spinal surgery in TLSCI
was 27 hours in this study. Major factors associated with
operative delay were pre-surgical hospital attendance and
access to theater following medical stabilization and imaging.
Current surgical timing is appropriate to minimize compli-
cations following TLSCI, although emerging evidence favors
surgical decompression within 8 hours to maximize neuro-
logical recovery. This study suggests the most efficient ways
to achieve early surgery would be to facilitate direct
admission to a surgical hospital and earlier access to the
operating theater.
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Early spinal surgery following thoracolumbar SCI
reduces complications and hospital length of stay
and may promote neurological recovery; however,
w
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it is often difficult to achieve as a result of logistical
challenges and the presence of polytrauma.

Surgical delay following thoracolumbar SCI is
associated with pre-surgical hospital admission
and poor theater access, as well as upper thoracic
level of injury and number of vertebral levels
fractured.

Early spinal surgery in patients with traumatic
thoracolumbar SCI may be facilitated by direct
surgical hospital admission, rapid organization of
a surgical team, and earlier access to the
operating theater.
ize
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