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1.     Introduction 

1.1     Epidemiology of Trauma  

Worldwide, about 16.000 people die every day as a result of injury (5.8 million deaths 

per year), and projections for 2020 show that 8.4 million deaths per year are 

expected. Consequently, injury will be the second most common cause of disability 

adjusted years of life lost within the next 13 years (second only to HIV/AIDS). 

Undoubtedly the major burden of injury is increasingly occurring in the third world as 

it industrializes, motorizes, and remains the major centre for armed conflict. Despite a 

lower population incidence, injury remains the most common cause of death and 

disability in children and young adults in the developed world [1]. 

Polytrauma fulfills the disease classification criteria for a global pandemic, this being 

a recurrent and significant cause of morbidity and mortality over time and across 

continents despite efforts to control its impact [1]. Multiple injury is most often 

associated with motor vehicle accidents [2-5]. In developed countries, crashes 

involving occupants of private passenger cars predominate, while pedestrian injuries 

make up a much smaller percentage of all transport-related injuries [6]. In Germany 

most patients with multiple trauma are vehicle occupants, following cyclist and 

motorcyclist. Most injuries are blunt trauma [4]. In Europe, blast injuries are sporadic 

and due to suicide or terrorist attacks [7]. Also penetrating injuries are rare on this 

continent [8-9].  

In Germany, in 2009 13.854 people died due to an accident [10]. Polytrauma is the 

leading cause of death in the population under 45 years in this country [4]. The mean 

age of severe injured patients is 43,4 years; 71% are males and 29% females [11]. 

The main causes of injury are as follows: car accidents (28.0%), motorcycle 

accidents (13.9%), cyclist (7.9%) and pedestrian (7.5%) casualties. Outside of road 

traffic the next causes of major trauma are falls from a height greater than 3 meters 

(16.3%) and less than 3 meters (15.1%). 95.2 % of traumas were blunt and 4.8% 

penetrating [11].  

In Germany about 85% of severe injured admitted to hospital patients survive and are 

discharged. More than 13% of severely injured patients die during the hospital stay. 

Only 58% of discharged severely injured patients recover completely. Almost 40% of 



 

 7 

patients who survive leave the hospital mildly or severely handicapped. More than 

3% of discharged patients are in vegetative (wakeful unconsciousness) state [11]. 

The management of severe injured patients generates enormous costs. Injury itself is 

the second most costly disease worldwide [1]. The estimated cost of treatment and 

rehabilitation of these patients in Germany ranges from 446 million to even 2.07 

billion Euros per year [12-13]. 

1.2     Injury Pattern and Severity 

Polytrauma patients sustain an average of 6 to 7 particular injuries [14]. The clinical 

course and outcome of the polytraumatized patient is largely determined by the 

severity and the pattern of sustained injuries [15], which depend on mechanism of 

trauma and its velocity [14, 16, 17]. Injuries are classified as either blunt or 

penetrating. Parenchymatous organs are particularly vulnerable to blunt force 

trauma. Penetrating force trauma leads frequently to hollow organ injuries [18]. The 

high variability of injury pattern and severity [14, 19] determine the great complexity 

of polytrauma.   

Polytrauma patients differ regarding the number, severity and location of sustained 

injuries. This creates a numerous variety of combinations. Some of these injuries, 

even if undetected for some time, may have little influence on the clinical course of 

the injured patient. Others however are life-threatening with immediate or delayed 

effect or can adversely affect the life quality of patients who survive.  

Apart from the direct life-threatening trauma consequences requiring immediate 

medical intervention, there may be additional time dependent critical damage due to 

post trauma secondary injury. This injury is caused by the initial impairments (for 

example organ destruction, impaired blood perfusion, hemorrhage, or immune 

system activation by foreign antigen). 

1.3    Standards in Early Management of Trauma Patients 

Time is the crucial factor in acute management of polytrauma patients. The prognosis 

is dependent on the interval between an accident and the hospital treatment [4, 20-

22].  

The aim of polytrauma management is therefore to neutralize deteriorative processes 

resulting from sustained injuries as fast as possible. An adequate initial approach in 
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polytrauma involves a prompt and systematically performed evaluation of the injury 

pattern and priority treatment of the acute life threatening injuries [70-72].   

The aim of established algorithms is to perform the initial diagnostic and initial 

treatment in the possible shortest time. Advanced Trauma Life Support (ATLS) is the 

most widespread and established concept for the early injury evaluation process and 

first treatment of severely injured patients. The program has been adopted worldwide 

in over 40 countries [23]. 

ATLS® is a method to establish priorities in emergency trauma care. There are three 

underlying premises:  

 

(1) Treat the greatest threat to life first. 

(2) Indicated treatment must be applied even when a definitive diagnosis is  

      not yet established.                    

(3) A detailed history is not necessary to begin evaluation and treatment.  

 

According to this concept the assessment of a trauma patient is divided in a primary 

and a secondary survey [23]. Both surveys consist of simultaneously performed 

clinical examination and resuscitation proceedings.  

The primary survey is the first and key part of the assessment of patients presenting 

in with trauma at emergency room. During this phase, life-threatening injuries (e.g. 

massive bleeding, tension pneumothorax or severe central nerve system injury) are 

identified and simultaneously resuscitation is begun. In the primary survey, the 

mnemonic ABCDE is used to remember the order of assessment with the purpose to 

treat first that kills first (Table 1).  

 

Table 1.   ABCDE mnemonic of primary survey  

A   Airway with cervical spine protection 

B   Breathing 

C   Circulation and control of external 

      bleeding 

D   Disability or neurologic status 

E   Exposure (undress) and environment 

     (temperature control) 

http://en.wikipedia.org/wiki/Resuscitation
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When the primary survey is completed, resuscitation efforts are well established, and 

the vital signs are normalizing, the secondary survey can begin. Whereas primary 

survey focuses on detection of life threatening injuries the secondary survey is a 

head-to-toe evaluation of the trauma patient, including a complete history and 

physical examination and the reassessment of all vital signs. This phase involves a 

systematic clinical examination of head, thorax, abdomen, pelvis, spine and 

extremities. It proceeds with infusion and eventually with respiratory support. If at any 

time during the secondary survey the patient deteriorates, another primary survey is 

carried out as a potential life threat may be present [24-25].  

1.4     Diagnostic Imaging  

Although ATLS does not refer to diagnostic imaging this is commonly performed in 

both surveys, in addition to the clinical examination [23].  

The diagnostic imaging protocol for polytrauma patients differs from clinic to clinic as 

each institution has its own diagnostic algorithm. In general, during the primary and 

secondary survey, the following examinations are performed [26-30]: 

- An abdominal sonography, for quick detection of free intra-peritoneal fluid 

indicating abdominal bleeding. This examination can be easily, quickly, and 

safely performed in trauma patients with a small mobile ultrasound unit. In 

recent years, an abdomen ultrasound has largely replaced diagnostic 

peritoneal lavage [31]. 

- An antero-posterior (AP) chest radiograph, to detect life-threatening injuries 

which may require immediate treatment (e.g. tension pneumothorax, massive 

hemothorax, flail chest) or further investigation (e.g. widening of mediastinum, 

suggestive of a major vessel injury). 

- An AP pelvic radiograph, to detect a severe pelvic fracture, which could 

mandate immediate application of a pelvic belt in order to prevent or stem 

internal bleeding. 

- A lateral cervical, thoracal and lumbar spine radiograph, to detect a major 

cervical spine injury. 

All images are performed in the trauma bay without any additional patient transfer. 

Furthermore this diagnostic imaging protocol ensures easy approach to the patient at 

any time of the examination. However, inserting x-ray film cassette under a patient 

requires his reposition. Moreover, the sensitivity and specificity of plain radiography 

http://en.wikipedia.org/wiki/Medical_history
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and ultrasound in detecting severe injuries is more than limited and these injuries can 

be missed [32-40]. Therefore, if necessary, in the course of the second survey the 

patient undergoes organ specific computed tomography (CT), x-rays of extremities 

and dependent on trauma pattern additional examinations (e.g. angiography) [24, 41-

42]. This requires additional patient transfer and causes time delays in initiating 

treatment, which can lead to patient deterioration. 

In recent years, more and more experts and clinicians advocate to replace this 

established, staged algorithms with primary and sole Pan-CT (CT scanning from 

head to pelvis with or without extremities) in the primary diagnostic imaging of 

multiple injured patients [26-27]. 

The high sensitivity and specificity as well as complexity in injury detection are main 

potential advantages of this approach. Primary Pan-CT enables making a definitive 

diagnosis of all or most injuries in one diagnostic imaging examination. Furthermore it 

detects injuries which are missed in conventional diagnostic imaging (e.g. brain 

injuries, lung contusions, vessel dissection) [35, 43-50]. Moreover, CT enables 

accurate description of detected injuries, their severity grading, and subsequently 

therapy planning [51-53]. This leads to safe and rational therapy decision-making by 

members of the trauma team. Finally, it provides a great number of data for science 

and quality management. 

Major disadvantages of Pan-CT are time delays caused by patient transfer, scanning 

and evaluation of the large number of acquired pictures, safety concerns due to 

repositioning of patients, and finally, unnecessary exposure to radiation and contrasts 

agent. Technical development like situation of the CT suite close to the trauma bay 

and the new generation of CT-scanners with scanning time reduced to few minutes 

have led to faster diagnosis, reduced early clinical time intervals, and consequently, 

have significantly shorten the emergency department (ED) time [44, 54-55]. 

Moreover, new examination protocols no longer require repositioning of patient on 

table, and the trauma teams always have immediate access to their patients in case 

of sudden deterioration.    

The argument that patients are too compromised to undergo Pan-CT is no longer 

valid - if patients are critically ill, they are probably the best candidates for Pan-CT as 

it enables a full picture of the patient to be ready at the point of care [44]. 

Despite all mentioned advances radiation exposure remains a paramount concern. 

Multiple trauma patients receive a substantial dose of radiation. Radiation exposure 



 

 11 

is cumulative. The low individual risk of cancer becomes a greater public health issue 

when multiplied by a large number of examinations [56]. Brenner et al. have 

estimated that in the nearest future about 1.5 to 2.0% of all cancers in the United 

States may be attributable to the radiation from CT studies [57].  

1.5     Problem 

Although the diagnostic accuracy of individual multi-detector-CT scans as well as 

Pan-CT for revealing injuries in different anatomical sites is not exactly known, it is to 

assume, regarding existing evidence, that it is relatively high and in most anatomical 

sites higher than such modalities as plain radiography or ultrasound [44]. 

Furthermore, considering other relevant factors like time or patient reposition, it 

seems that the Pan-CT is the optimal imaging modality for polytrauma patients in an 

emergency setting. However, it remains unclear if this procedure has any influence 

on patients’ clinical course and outcome.  

Therefore, this study aimed to evaluate the potential clinical benefits of primary whole 

body multi slice CT (Pan-CT) in initial polytrauma patient management compared to 

conventional imaging diagnostic (pre-Pan-CT). 

1.6     Hypotheses 

Primary Hypothesis 
Primary single-pass whole body multi slice CT (Pan-CT) reduces trauma-attributable 

mortality in patients with multiple trauma compared to conventional imaging 

diagnostic (pre-Pan-CT). 

Secondary Objectives 
Primary single-pass whole body multi slice CT reduces trauma-attributable morbidity 

expressed as the number of medical complications (e.g. MODS, ARDS, 

haemorrhagic shock) in patients with multiple trauma compared to conventional 

imaging diagnostic. 

Primary single pass whole body multi slice CT reduces the intensive care unit stay 

and duration of mechanical ventilation, as well as the number of transferred blood 

units in the first 72 hours after admission in patients with multiple trauma compared to 

conventional imaging diagnostic. 
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For this purpose, the following outcome parameters were defined: 

 

Primary outcome variable: 

• mortality 

     Secondary outcome variables: 

• number and kind of complications 

• duration of stay in intensive care unit 

• duration of mechanical ventilation  

• amount of operations (counted as the number of presences in the 

operation theater independent of the number of performed procedures) 

• transferred blood units  
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2.     Material and Methods 

The investigation was part of a larger multicenter study that aimed at evaluating the 

accuracy and effectiveness of the primary whole body multi slice CT diagnostic in 

polytrauma patients (PATRES, Pan-Scan for Trauma Resuscitation Study, 

ISRCTN41462125). 

The present study aimed at the comparison of mortality, morbidity and clinical 

outcome parameter in polytrauma patients who underwent primary whole body multi 

slice CT diagnostic protocol (intervention group) and those who underwent 

conventional diagnostic imaging protocol (control group). The primary imaging 

diagnostic protocol was assumed to be the one and only difference in patient 

management in both groups. 

All patient parameters were collected in a retrospective manner using already 

existing clinical data. This data was summarized with regard to demographic profile, 

injury severity as well as clinical course and outcome of the patients. 

2.1     Setting, Design and Sample of the Study 

The primary data source of the study were records of trauma patients admitted to the 

emergency room of the Department of Trauma and Orthopedic Surgery, University 

Hospital of Greifswald - a tertiary, III level (American I level) certified trauma center 

(from now on called “institution”). 

Patients who sustained high energy trauma (Table 2) and were admitted to the 

institution underwent standardized resuscitation and clinical examination based on 

ATLS (Advanced Trauma Life Support) protocol as well as standardized diagnostic 

work-up - either since 2002 with primary whole body multi slice CT or until 2002 with 

conventional imaging diagnostic protocol. Subsequently, depending on patients’ 

condition, injury pattern and severity, they were transferred either to the operating 

room and thereafter to the intensive care unit (ICU) or alternatively, directly to the 

ICU (Diagram 1). 
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Table 2.   Criteria indicating severe injury 

I. Circumstances of the accident  
        1. motor vehicle accident 
            - high speed crash 
            - overturning of a vehicle 
            - patient catapulted out of vehicle    
            - death of co-driver  
        2. pedestrian or cyclist struck by a car 
        3. fall from 3 meter or greater height or fall from unknown height   
        4. explosion, squashing  
II. Vital signs 
        1. Glasgow Coma Scale < 12   
        2. systolic blood pressure < 80 mm Hg 
        3. tachy- or bradypnoe       
        4. oxygen saturation in blood  < 85%  
III. Injury pattern 
        1. unstable thorax   
        2. open thorax injury 
        3. unstable or complex pelvic fracture 
        4. amputation 
        5. two or more long bone fractures   
 

Diagram 1.   Polytrauma patient flow after admission to the Emergency Department 

 
 

 



 

 15 

In the Pan-CT protocol, following a clinical examination, initial resuscitation and 

Focus Assessment with Sonography for Trauma (FAST) the patient was transferred 

to the CT-suite where multi slice CT-scans from head through neck, chest and 

abdomen to pelvis were obtained, partly with continuous intravenous infusion of 

radiocontrast agent. If necessary, additional plain radiographs and/or CT-imaging of 

extremities were performed (Table 3). 

 

Until 2002 (control period), the conventional diagnostic protocol included plain 

radiographs of the cranium, thorax, and the pelvis as well as the cervical, thoracic 

and lumbar spine and finally - abdominal ultrasound. All these examinations were 

performed in the emergency room (Schockraum). Additionally depending on the 

patient’s condition and clinical examination conclusion, CT-scans of particular body 

Table 3.   Pan-CT Diagnostic Imaging Protocol 

 
Obligatory performed 

Additionally (dependent 
on patient’s condition and 
clinical examination) 

 
Focused Assessment with Sonography for Trauma 
(FAST)  
 
Whole Body Multi Slice CT (16 section Siemens CT 
machine, patient placed head first into CT machine, 
supine, arms by side) 

- anteroposterior and lateral topogram through 
head, chest, abdomen and pelvis  

- head (12 x 1.5 mm collimation, reconstructed on 
soft tissue and bone algorithm) 

- 50 ml Iomeprol given as a continuous infusion at 
3.5 ml/s, neck and midface examination (16 x 0.75 
mm collimation), from the sinus frontalis to the top 
of the lung  

- 80 ml given as a continuous infusion at 3.5 ml/s, 
chest abdomen and pelvis examination (16 x 1.5 
mm) 

- coronal reformats of midface  
- soft tissue axial reconstructions through chest, 

abdomen and pelvis with sagittal and coronal 
reformat of the cervical, thoracic and lumbar 

- spine. 
- bone reconstruction of pelvis and lung 

reconstruction through chest 
 

 
plain radiographs or/and 
CT of extremities  
 
other (MRI, Angiography, 
cystography, color 
dupplex- sonography) 
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parts (after transfer to CT suite) and/or x-rays of extremities were obtained (Table 4). 

After accomplishing the diagnostic imaging and initial resuscitation – similarly, as in 

Pan-CT protocol - the patient was transferred to intensive care unit, alternatively to 

operation theatre (Diagram 1). 

 

 

The above described procedure was applied in patients of at least 16 years of age. 

Children under 16 were treated through the department of children’s surgery 

according to specific emergency room protocol and were not included in this study. 

The study was conducted retrospectively. The initial patient population consisted of 

244 consecutive patients with high energy trauma, with an Injury Severity Score 16 or 

more admitted between January 1999 to December 2004 (three years before and 

three years after initiating the Pan-CT protocol) to the institution.  

Consequently, the research had a before-after (pre-post) study design, where pre-

Pan-CT and Pan-CT patients were assigned to pre-measurement and post-

measurement period, respectively. The implementation of Pan-CT protocol in 2002 

was regarded as intervention (Diagram 2). 

The recruited patients were transferred after sustaining injury to the emergency room 

by emergency medical service, eventually operated and subsequently admitted to the 

intensive care unit. The records of 17 patients were excluded from initial data set due 

to following exclusion criteria: 

- Transfer from another hospital (14 patients) 

- Death before initiating the imaging diagnostic proceedings (2 patients) 

Table 4.   Pre-Pan-CT Diagnostic Imaging Protocol 

Obligatory performed imaging (in 
emergency room, Schockraum) 

Additionally (dependent on patient’s 
condition and clinical examination) 

plain radiographs  of: 
- cranium (anterioposterior) 
- thorax (anteroposterior and 

lateral) 
- pelvis (anteroposterior) 
- cervical spine (lateral) 
- thoracic spine (lateral) 
- lumbar spine  (lateral) 
 

abdominal ultrasonography 

CT-scanning of particular parts of the 
body (head, thorax, abdomen with a 
single detector helical machine, if 
necessary contrast enhanced 
 
plain radiographs (in two projections) 
or/and CT of extremities  
 
other (MRI, Angiography, cystography, 
color dupplex- sonography) 
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- The standardized diagnostic procedure not accomplished (1 patient) 

Table 5 presents the distribution of these patients in each sample.  

Therefore, a total of 227 were enrolled in the investigation. The patient’s personal 

data was retrieved in the emergency room register and the records were obtained 

from the archive.  

 
Diagram 2.   Study Design 

 
 

 
Table 5.   Distribution of patients excluded from the study 

 
Exclusion criteria 

 
Sample 

 pre-Pan-CT Pan-CT 

Transfer from another hospital 9 5 

Death before initiating the imaging diagnostic 

proceedings 

1 1 

Standardized diagnostic procedure not accomplished 0 1 

 

These records included the emergency doctor report, emergency room, intensive 

care unit (ICU), and operation records, and eventually post mortem examination 

protocols. Discharge from the hospital or the patient’s death were considered as 

clinical endpoints. Survival was therefore defined as survival to discharge. 

2.2     Data Set and Software  

The data acquisition was performed by a single medical resident of the Department 

of Trauma and Orthopaedic Surgery. The following data were extracted from the 
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records: patients’ gender, age, injury severity, overall mortality and morbidity 

(complication rate), kind of developed complication, and eventually, cause of death, 

duration of ICU stay and time on mechanical ventilation, amount of transferred blood 

units in the first three days after admission, as well as the number of performed 

operations. All data were processed in a Microsoft office Excel 2002® (Microsoft 

Office XP) questionnaire, which was explicitly designed for purpose of this study. For 

statistical calculations data was transferred to statistical software package STATA 

version 10®. 

2.3     Variables and Definitions 

The variables were divided into two groups – demographic variables and outcome 

variables. The demographic variable group included not only the age and gender of 

patients but also the trauma scores (Injury Severity Score, New Injury Severity Score, 

Trauma Revised Injury Severity Score). These variables depicted the patient at the 

time of admission and enabled the comparison of both samples at the initial point. 

The second group included variables expressing the clinical outcome or the clinical 

course. These variables were to be used in the outcome (endpoint) comparison of 

both samples. The outcome variables referred to three issues: mortality (mortality, 

time of death and cause of death), morbidity (number of complications and their kind) 

and to clinical course of the patient (duration of ICU-stay, duration of mechanical 

ventilation, number of transferred blood units in first 72 hours and number of 

operations).  

In order to simplify the meaning of the outcome parameters it can be stated that 

efficient proceedings in management of polytrauma should decrease the numerical 

value of these variables. Consequently, high values represent a less favorable 

outcome. 

2.3.1     Demographic Variables 

Injury Severity 
Patients injury severity was quantitatively assessed with four numerical scores: Injury 

Severity Score (ISS), New Injury Severity Score (NISS), Revised Trauma Score 

(RTS) and Trauma Score – Injury Severity Score (TRISS). The ISS and NISS were 

calculated basing on the data from clinical examination and from all diagnostic 
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imaging procedures performed during the hospital stay. The Revised Trauma Score 

was calculated basing on the data from the emergency physician protocol. 

Injury Severity Score (ISS) 
The Injury Severity Score is an anatomical scoring system that provides an overall 

score for patients with multiple trauama. Each injury is assigned an Abbreviated 

Injury Scale (AIS) score (Table 6) and is allocated to one of six body regions (Head, 

Face, Chest, Abdomen, Extremities (including Pelvis), External). Only the highest AIS 

score in each body region is taken into account. The three most severely injured 

body regions have their score squared and added together to produce the ISS score. 

The ISS score takes values from 0 to 75. If an injury is assigned an AIS of 6, the ISS 

score is automatically assigned to 75 [58]. ISS correlates with mortality, morbidity and 

time of hospitalization [58]. The disadvantage of this score is that injuries of the same 

body region can be “overseen” and the injury severity underestimated – e.g. patient 

with open femur and tibia fracture (as the two most severe injuries) has the same ISS 

as a patient with isolated open femur fracture. 

 

Table 6.   Abbreviated Injury Scale (AIS) score [61] 

 
AIS Score 

 
Injury  

1  Minor  

2  Moderate  

3  Serious  

4  Severe  

5  Critical  

6  Unsurvivable  

 

New Injury Severity Score (NISS)   
The New Injury Severity Score is a modification of ISS. It is calculated as the sum of 

the squares of the AIS score of the three most severe AIS injuries, regardless of the 

body region in which they occur (in ISS multiple injuries within the same body region 

are only assigned a single score) [59]. Referring to the above mentioned example – 

to the patient with open femur and tibia fracture - the NISS would consider both 

injuries. 

http://www.trauma.org/archive/scores/ais.html
http://www.trauma.org/archive/scores/ais.html
http://www.trauma.org/archive/scores/ais.html
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Revised Trauma Score (RTS) 
Whereas, ISS and NISS refer only to anatomic conditions, the Revised Trauma 

Score is a physiological scoring system, with high inter-rater reliability and 

demonstrated accuracy in predicting death. It is scored from the first set of data 

obtained on the patient, and consists of Glasgow Coma Scale, Systolic Blood 

Pressure and Respiratory Rate [60]. RTS was calculated basing on the data from the 

emergency physician protocol. 

Trauma Score – Injury Severity Score (TRISS) 
TRISS is calculated from patient’s ISS, RTS, age and injury pattern (penetrating or 

blunt) using special formulae [61]. This score considers anatomic, physiologic and 

age characteristics to determine the probability of survival (Ps; predicted survival) and 

may be quoted as percentage. Consequently, the result of subtraction of Ps from 1 (1- 

Ps;) results in the probability of death (predicted mortality).   

2.3.2     Outcome Variables 
The outcome variables were divided into three subgroups: mortality, morbidity and 

clinical course this last subgroup included duration of ICU stay, duration of 

mechanical ventilation, amount of transferred blood units in first three days and 

number of operations. 

Mortality and Standardized Mortality Ratio (SMR) 
Since patient survival is the crucial aim of each clinical management, mortality is the 

primary outcome variable. For each patient, the final outcome: survival (to the 

discharge) or death was noted. In case of death, the time after admission and cause 

were extracted. 

Furthermore, the standardized mortality ratio was calculated. This is the ratio 

between predicted mortality and observed mortality. If the SMR is quoted as a ratio 

and is equal to 1.0, then this means the number of observed deaths equals that of 

expected cases. If higher than 1.0, then there is a higher number of deaths than is 

expected  
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Morbidity - Number of Complications 
Polytrauma patients are prone to develop a wide spectrum of complications from 

haemorrhagic shock to multi organ dysfunction syndrome, which impair the patient’s 

condition and may lead to death. Therefore, the total number of complications 

expresses the morbidity.  

Complications were considered as all aggravations which occurred after patient’s 

admission to the intensive care unit (from emergency room or operation theatre) and 

which were associated with trauma (e.g. cerebral oedema, acute respiratory distress 

syndrome, hypovolemic shock, haemorrhage). In case of multiple organ dysfunction 

syndrome (MODS) the altered function of each organ was considered as a single 

complication. So if MODS in one patient included 2 organs it was considered as 2 

complications. For each patient the kind of complication, if present, was noted. 

Duration of ICU Stay (days) 
This value corresponds to the number of days from admission to discharge from or 

death in intensive care unit. Due to high costs and limited capacity only patients in a 

life-threatening condition can be treated in the ICU [62]. As soon as the threat to life 

is eliminated, the patient can be transferred to a non-intensive care ward. Therefore, 

the time spent in the ICU strictly reflects the critical time of recovery. 

Duration of Mechanical Ventilation (days)  
Mechanical ventilation is a lifesaving procedure in patients with primary (e.g. severe 

thorax trauma, severe head injury) or secondary (as a complication of sustained 

injury, e.g. multi organ dysfunction syndrome) respiratory insufficiency. As soon as 

the patient’s condition allows, mechanical ventilation is abandoned. Therefore the 

time of ventilation, similarly to duration of ICU-stay, reflects the crucial time of 

recovery. This variable describes the number of days from the initiation of mechanical 

ventilation (endotracheal intubation by emergency doctor at the scene of accident, 

during transport, in the emergency room, before the operation or in the course of 

treatment in ICU) to the point in time when the patient could breath independently. In 

most patients who required mechanical ventilation longer than 7 days, the intubation 

tube was replaced with a tracheotomy tube. The parameter was calculated as the 

sum of hours of mechanical ventilation divided by 24. If the mechanical ventilation 

was required only during an operation (intubation directly before and extubation 
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directly after procedure), it wasn’t accounted in this study. Also spontaneous 

breathing with an intubation tube wasn’t accounted in this study. 

 

 

Amount of Transferred Blood Units in the First Three Days  
Severely injured patients due to traumatic organ destruction as well as secondary 

impairment of coagulation may loose significant amounts of blood. Blood loss can 

lead to life-threatening haemorrhagic shock. On the other hand blood perfusion 

disturbances cause in polytrauma patients secondary organ and system insufficiency. 

In order to prevent this complications, lost blood must be replaced with allogeneic 

blood. As transfusion blood may be gained from healthy donors only; the access to 

its supplies is limited. Furthermore the process of transfusion is always associated 

with the risk of adverse effects like early and late haemolytic reactions, allergic 

reactions or infections. For this reasons the amount of transferred blood is always 

minimized to the amount which is necessary for patients’ lifesaving and recovery. The 

aim of polytrauma patient management is to detect and prompt neutralize all sources 

of bleeding. This prevents the primary and secondary blood loss and consequently 

reduces the number of required blood transfusions.   

One unit of blood is approximately 450 ml volume of red blood cells. This variable 

refers to amount of transferred blood units in first 3 days from the admission to the 

Emergency Room. 

Number of Operations  
Accurate and complete primary imaging diagnostic allows the identification of all 

injuries and therapy planning during the admission. Each transport to operation 

theatre may have adverse effect on patient condition. Therefore it is aimed to perform 

all necessary procedures in as little operation theatre visits as possible. Injuries 

missed by the admission and detected during the ICU stay (e.g. intraabdominal 

bleeding, bone fracture) may require additional transport to the operating theatre.  

Each presence in the operating room, irrespective the number of operated organs 

and body parts is considered as a single operation (e.g. if a patient had a distal radial 

fracture and intraabdominal bleeding treated at the same time this was counted as 

one operation). The number of operations reflects the effectiveness of initial therapy 

planning.  

http://www.dict.cc/englisch-deutsch/spontaneous.html
http://www.dict.cc/englisch-deutsch/breathing.html
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2.4     Data Analysis and Statistical Methods 

Categorical data are presented as frequencies and percentages. For continuous 

variables with a normal distribution, the mean and standard deviations (SD) are 

reported. A comparison between group numerical data was performed with a two-

sided Student-t-test. 95% confidential intervals (CIs) were calculated, when 

appropriate. Significance was assessed at p<0.05. In order to estimate the effect size 

Cohen’s d factor was estimated. By convention, d effect sizes of 0.2, 0.5, and 0.8 

were termed small, medium, and large, respectively.  

Samples were compared regarding their demographic features (average age, sex 

distribution and injury severity scores). Thereafter mortality rate in both samples was 

estimated and subsequently the risk ratio calculated. In order to identify mortality 

related variables, univariate analysis was initially performed. The dependent variable 

was mortality; the independent variables were male gender, performance of Pan-CT, 

Injury Severity Score and New Injury Severity Score. After assessing the 

multicollinearity, multiple regression analysis was conducted, which included the 

performance of Pan-CT and other variables related to mortality at p<0.01 in the 

univariate analysis. To estimate the accuracy of logistic regression models receiver 

operating characteristic (ROC) was applied and the area under the ROC curve (AUC) 

was calculated. Subsequently, survival curves for both samples were obtained by 

using the Kaplan-Meier method. Exploring the relationship between the survival of a 

patient and injury severity and Pan-CT corresponding Cox models were developed.  

Following that, the morbidity (expressed as the average number of complications) 

between both samples was compared. Finally, in order to research the differences in 

clinical course between both groups the average time of ICU stay, time on respirator 

as well as number of transfused blood units and operations were compared.  
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3.     Results 

In this chapter the results of data analysis are presented.  

3.1     Patient Population 

Between January 1999 to December 2004, 227 patients met the inclusion criteria. 

There were 123 patients in the pre-Pan-CT cohort and 104 patients in Pan-CT 

cohort. 

The study population included 174 (76.7%) men and 53 (23.3%) women. The overall 

mean patient age was 37 years (SD 18.5). The mean ISS, NISS and TRISS of the 

total patient population were 27.6 (SD 9.6), 32.1 (SD 11.3) and 77.6 (SD 26.6), 

respectively.  

There was no marked difference between both samples regarding gender 

distribution, injury severity and physiological condition at the time of admission. 

Nevertheless, Pan-CT patients were on average 5 years older as compared to 

control group (p<0.05) (Table 7). 

 

 

 

 

 

 

Table 7.   Mean age and injury scores in control and intervention sample                                                
  

pre-Pan-CT 
Mean (SD) 

 
Pan-CT 

Mean (SD) 

 
Mean Difference 

(95% CI) 

 
Age (years) 34.6 (16.8) 39.8 (20.0) -5.2 (-10 - 0.4) 

 
ISS 26.7 (8.7) 28.6 (10.5) -1.9 (-4.4 - 0.6) 

 
NISS 31.9 (11.1) 32.4 (11.6) -0.6 (-3.5 - 2.4) 

 
TRISS 77.5 (27.3) 77.6 (26.0) -0.1 (-7.1 - 6.9) 
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3.2     Clinical Results  

3.2.1     Mortality and Survival Analysis 
The mortality in the Pan-CT sample was 11.5% (12 of 104 patients). In the pre-Pan-

CT group 22 of 123 patients died. This represents a mortality rate of 17.9%. The 

results of mortality analysis are presented in Table 8. 

 
 

 

 

 

 

 

 

 

 
To compare the risk of death in Pan-CT patients and in pre-Pan-CT patients the risk 

ratio was calculated. The computed risk ratio (95% confidence interval) for the     

Pan-CT group was 0.65 (0.34-1.24) with p=0.182, reflecting a trend toward lower 

mortality rate in Pan-CT group as compared to pre-Pan-CT. 

In order to identify independent variables determining patient death, univariate 

logistic regression was performed. It identified following covariates of patients’ 

mortality (Table 9): 

- Injury Severity Score (ISS)  

- New Injury Severity Score (NISS)  

- Number of transferred blood units  

Thus, the probability of death is greater with increased values of both severity scores 

and the amount of transferred blood units. Fulfilling this analysis, the mean values of 

ISS, NISS and TRISS in all patients who died were compared with all those who 

survived. Patients who died revealed significantly higher mean values of all three 

scores.  

 

 

 

Table 8.   Mortality analysis  
  

Pre-Pan-CT 
 

Pan-CT 
 

 
Predicted mortality (%) 22.50 22.40 

 
Observed mortality (%) 17.90 11.50 

 
SMR 0.80 0.51 
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Table 9.   Factors associated with mortality in univariate analysis 

 
Variable OR (95% CI) P 
 
Age 1.01 (1.00 - 1.03) 0.136 
 
Male gender 1.21 (0.49 - 2.95) 0.680 
 
Pan-CT 0.60 (0.28 - 1.28) 0.185 
 
Year of trauma 0.87 (0.70 - 1.08) 0.198 
 
ISS 1.11 (1.07 - 1.16) 0.000 
 
NISS 1.11 (1.07 - 1.15) 0.000 
 
Transferred blood units 1.04 (1.01 - 1.07) 0.011 

  

 

As next step in the data analysis, the multivariate logistic regression was performed 

to research the relationship between injury severity (expressed as ISS and NISS) and 

primary diagnostic imaging as independent variables and death as outcome variable 

(Table 10 and 11). When analyzing these variables following findings were revealed. 

After adjustment for Injury Severity Score, by mortality odds ratio of 0.40 (95% CI 

0.17 – 0.95, P=0.038), Pan-CT patients were 2.5 times more likely to survive.  

 

Table 10.   Independent  determinants of mortality in multivariable logistic  
                  regression - model 1 (Pan-CT+ISS) 

 
Variable 

 
OR (95% CI) 

 
p 

 
Pan-CT 

 
0.40 (0.17 - 0.95) 

 
0.038 

 
ISS 

 
1.12 (1.07 – 1.17) 

 
0.000 



 

After adjustment for New Injury SeverityScore, Pan-CT patients were over 2 times 

more likely to survive (p=0.096) 

In order to evaluate the logistic regression model (goodness of fit for the logistic 

regression model) the ROC curve analysis was conducted. The AUC (area under 

curve) in the ROC analysis for model 1 was 0.7885 and for model 2 0.7978, 

indicating a fair accuracy for both of them (Figure 1 and 2). 

 

Figure 1.   The AUC (area under curve) in the ROC analysis for model 1   
                (Pan-CT+ISS)                                  

 
 
 
Table 11.   Independent determinants of mortality in multivariable  
                  logistic regression - model 2 (Pan-CT+NISS)                     

 
Variable OR (95% CI) P 

Pan-CT 0.48 (0.21 - 1.14) 0.096 

NISS 1.11 (1.07 - 1.15) 0.000 
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Figure 2.   The AUC (area under curve) in the ROC analysis for model 2 

                 (Pan-CT+NISS) 

 
 

 

In order to estimate and compare the proportions of patients who would survive from 

admission to discharge from the hospital, Kaplan-Meier-Plots for both samples were 

produced (Figure 3). Those indicated high survival probability of Pan-CT patients in 

first 25 days compared to pre-Pan-CT sample.  

Next step was the exploration of the relationship between survival as outcome 

variable and injury severity and primary diagnostic imaging. Aiming to estimate the 

Pan-CT effect on survival after adjustment for injury severity two Cox regression 

models were produced – for ISS and for NISS. With the hazard risk of 0.53 for the 

ISS model and 0.69 for the NISS model; patients who underwent the Pan-CT had a 

decreased risk of death at about 47% and 31%, respectively (Table 12 and 13). 

However, both results weren’t statistically significant. Thereby the same analysis 

showed increasing ISS and NISS to be statistically significant positive regression 

coefficients; both variables increase the risk of death. 
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Figure 3.   Survival curves (Kaplan-Meier plot) of pre-Pan-CT (pan_CT = 0) and       
                 Pan-CT patients (pan_CT = 1).   

 
 

 

Table 12.   Association of Pan-CT and Injury Severity Score with mortality    
                  in Cox regression                

 
Variable HR (95% CI) p 
 
Pan-CT 0.53 (0.25 – 1.14) 0.102 
 
ISS 1.09 (1.05 – 1.12) 0.000 

 

 

Table 13.   Association of Pan-CT and New Injury Severity Score with mortality  
                  in Cox regression           

 
Variable 

 
HR (95% CI) 

 
p 

 
Pan-CT 

 
0.69 (0.34 - 1.41) 

 
0.308 

 

NISS 

 

1.08 (1.05 - 1.11) 
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A considerable negative effect of Pan-CT on risk of death adjusted for ISS and NISS 

was calculated. 

The main cause of death in both samples was cerebral edema. In the pre-Pan-CT 

sample 6 patients died due to hemorrhagic shock, whereas none in the Pan-CT 

sample. Four patients in each sample died due to multi organ dysfunction (Table 14). 

 

Table 14.   Cause of death distribution in both samples 

  
Direct cause of Death 

                      Sample 
pre-Pan-CT(*) Pan-CT(*) 

 
Multi organ dysfunction syndrome 

 
4 (18.2%) 

 
4 (33.3%) 

 
Cerebral edema 

 
11 (50.0%) 

 
5 (41.7%) 

 
Hemorrhagic shock 

 
6 (27.3%) 

 
0 (0%) 

 
Acute respiratory distress syndrome 

 
0 (0%) 

 
1 (8.3%) 

 
Stroke 

 
0 (0%) 

 
2 (16.7%) 

 
Other 

 
1 (4.5%) 

 
0 (0%) 

 
TOTAL 

 
22 (100%) 

 
12 (100%) 

 
* (% of all deaths in each sample) 

3.2.2     Morbidity 
One or more complications occurred in 50 (48.1%) Pan-CT patients and in 73 

(59.3%) pre-Pan-CT patients. The mean number of complications in Pan-CT patients 

was 0.9 (SD 1.2) and 1.3 (SD 1.4) in pre-Pan-CT sample. This gave a mean 

difference of 0.4 (95% CI, 0.1-0.8) and it was statistically significant (p=0.023) by a 

low effect size (Cohen’s d = 0.31).  

Patients in the Pan-CT sample developed significantly less complications compared 

to control group. 

In the analysis of complication distribution in each sample (Table 15) showed that 

hemorrhagic shock was as a complication more frequent in the pre-Pan-CT sample 

(7.8% vs.1.9%).  
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Table 15.   Complications distribution in both samples 

 
Complication 

 
Sample 

pre-Pan-CT (*) Pan-CT (*) 

 
Multi organ dysfunction syndrome 

 
23 (18.70%) 

 
15 (14.40%) 

 
Cerebral edema 

 
15 (12.20%) 

 
8 (7.70%) 

 
Hemorrhagic shock 

 
18 (14.60%) 

 
3 (2.90%) 

 
Acute respiratory distress syndrome 

 
6 (8.80%) 

 
2 (1.90%) 

 
Pneumonia 

 
8 (6.50%) 

 
5 (4.80%)  

 
Stroke 

 
0 

 
2 (1.90%) 

 
Delirium 

 
2 (1.60%) 

 
7 (6.70%) 

 
Other 

 
1 (0.08%) 

 
8 (7.70%) 

 
TOTAL 

 
73 (59,30%) 

 
50 (48,1%)  

 
* (% incidence in each sample) 
 

3.2.3     Clinical Course 

Intensive Care Unit Stay 
The Pan-CT patients spent on the average 11.20 (SD 10.20) days in the intensive 

care unit compared to 16.30 (SD 17.80) days in pre-Pan-CT sample. The mean 

difference equaled 5.10 (p = 0,010, 95% CI 1.20-9.00). The Cohen’s d was 0.35 

indicating a small effect size (Table 16).  

Pan-CT patients revealed on average statistically significantly shorter ICU-stay. 

Duration of Mechanical Ventilation 
The mean amount of mechanical ventilation days of patients in Pan-CT group was in 

6.9 (SD 8.3) days and in pre-Pan-CT group 12.2 (SD 15.3) days. This gave a 

statistically significant difference of 5.3 days (p = 0.002, 95% CI 2.0-8.6). The 

Cohen’s d was 0.43 indicating small effect size (Table 16).  
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Pan-CT patients spent on respirator on average significantly less time compared to 

pre-Pan-CT sample. 

Operations 
The mean number of operations during the ICU phase for the Pan-CT patients 

equaled 1.9 (SD 2.1) compared to 3.1 (SD 2.4) in the pre-Pan-CT group. The mean 

difference was 1.2 (95% CI: 0.6-1.8) by p<0.001 and Cohen’s d 0.55 (Table 16). 

Pan-CT patients were less frequent brought to operation theatre.  

 

Table 16.   Clinical outcomes and clinical parameters in both samples 

  
Pre-Pan-CT 

 
Pan-CT 

 
Mean 

Difference  
(95% CI) 

 
p 

 
Cohen's 

d 

 
Mean no. of 
complications 
(SD) 

 

1.3 (1.4) 

 

0.9 (1.2) 

 

0.4 (0.1 - 0.8) 

 

0.023 

 

0.31 

 
Mean no. of 
operations (SD) 

 

3.1 (2.4) 

 

1.9 (2.1) 

 

1.2 (0.6 - 1.8) 

 

0.000 

 

0.55 

 
Mean duration of 
ventilation, days 
(SD) 

 

12.2 (15.3) 

 

6.9 (8.3) 

 

5.3 (2.0 - 8.6) 

 

0.002 

 

0.43 

 
Mean no. of 
transferred blood 
units (SD) 

 

9.8 (11.9) 

 

4.5 (7.0) 

 

5.2 (2.6 - 7.8) 

 

0.000 

 

0.53 

 
Mean duration of 
ICU stay, days 
(SD) 

 

16.3 (17.8) 

 

11.2 

(10.0) 

 

5.1 (1.2 – 9.0) 

 

0.010 

 

0.35 

 

Transfused blood  
The mean amount of transferred blood units 72 hours after admission equaled for the 

Pan-CT group 4.5 (SD 7.0) and for the pre-Pan-CT group 9.8 (SD 11.9). The mean 

difference was 5.2 (95% CI, 2.6-7.8). It was statistically significant (p<001) and had a 

medium effect size (Cohen’s d= 0.53).  

During the first 72 hours after admission Pan-CT patients received on average 

significantly less blood transfusions. 
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The study has yielded a reduction of all mean values of the outcome parameters in 

Pan-CT sample as compared to control group. However not all of this differences 

were statistically significant. Whereas the reduction of morbidity and all clinical 

course parameters were statistically significant, the same wasn’t stated in the 

mortality decline.  
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4.     Discussion 

The aim of any improvement in polytrauma management is the reduction of mortality 

and morbidity of trauma victims. The results of this study are in favour of Pan-CT as 

primary imaging diagnostics in polytrauma patients, in terms of mortality, morbidity 

and clinical course. Thus, the primary and secondary hypothesis is confirmed. 

However, it remains unclear; how does it happen, that one element (Pan-CT) of a 

multimodal system can impact the clinical outcome. 

In this chapter the central role of diagnostic imaging with special consideration of 

Pan-CT in diagnostic work-up of polytrauma patients is presented. Thereafter, the 

results of this study are confronted with the literature and basing on existing data the 

causal connection between Pan-CT and better clinical outcome of polytrauma 

patients is drawn. Furthermore, the major side-effect of Pan-CT – radiation is 

discussed. Although, the design of this study did not refer to this issue, it has to be 

raised due to its potentially delayed deteriorative impact on the patient. Thereafter, 

methods to minimize this side effect are presented. Finally, the limitations of the 

study are described. 

4.1     The Role of Diagnostic Imaging in Management of Polytrauma 

Early and accurate diagnosis leading to adequate treatment is the cornerstone of 

effective polytrauma management. The key in understanding this concept are the 

pathogenic changes during the posttraumatic course. 

Pathophysiology of multiple trauma is characterized by different trauma-associated 

processes like organ destruction, haemorrhage, immune cell activation by foreign 

antigen, for example. These impairments can deteriorate patients’ condition primarily 

- directly after trauma (e.g. haemorrhagic shock) as well as secondarily - during the 

further clinical course (e.g. ARDS or MODS). The duration of post trauma second hits 

on the pathophysiology of systemic inflammation and multiple organ failure has great 

importance. The length of time while such impairments take hold of the organism 

substantially impacts the extent of the post trauma secondary injury and leads to 

organ dysfunction. Short interruptions in microcirculation can mostly be 

compensated, whereas elongated ischemic periods definitely cause structural cell 
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damage up to death [63-64]. The quick termination of such secondary impairments 

by immediate therapeutic intervention mainly impacts the patients’ prognosis [64-65]. 

The issue of early established diagnosis in polytrauma was already raised by Cowley 

in the seventies of the last century. The time taken to complete the diagnostic tests 

and initiate definitive therapy, the ‘‘golden hour’’ of Cowley [66], is the critical issue  

for seriously injured patients. According to this concept, surgical treatment initiated 

during the first hour, involving arrest of bleeding and blood pressure restoration is of 

the utmost importance to increase the patient’s chances of survival [66]. The bleeding 

cannot be stopped effectively unless its source is identified. 

It remains unclear if the crucial timeframe indeed equals one hour. Nevertheless, 

numerous authors have suggested that the mortality rate in multiple trauma patients 

can be reduced by decreasing the time between diagnosis and treatment [67-70].  

Although, the need for complete and prompt injury identification is in modern 

polytrauma management unquestionable, the way to achieve this aim remains 

unclear. At the time of their admission in the emergency room, trauma patients are 

often confused, unconscious, or intubated [28], and are unable to give any 

information. Clinical examination alone has been shown to be unreliable for excluding 

traumatic injuries [71-75]. Examiner’s suspicion must therefore rely on the trauma 

mechanism rather than on the patients’ complaints or physical examination. 

However, Frink et al. [76] in a systematic literature research showed inconsistent 

results regarding the influence of trauma mechanisms on the resulting injury. 

Although, for each trauma patient the accident mechanism shall be investigated and 

considered, it doesn’t seem to be a reliable diagnostic tool. Therefore, an initial 

diagnostic procedure based mostly on patient’s history and clinical examination has 

very limited reliability and may lead to inappropriate therapeutic actions in polytrauma 

patients.  

Regarding all of the above mentioned facts and that multiple injured patients may 

reveal almost unlimited combination of injuries (character, location, severity) as well 

as the domination of blunt trauma injuries, properly performed and interpreted 

diagnostic imaging is the most reliable tool in initial clinical assessment of multiple 

trauma patients. 

The improvements in imaging techniques that occurred during the past 30 years have 

deeply modified the concept and understanding of trauma patient management. For 

example, before the advent of computed tomography (CT) and sonography, surgery 
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was liberally used for both diagnostic and therapeutic purposes with the drawback of 

non-therapeutic surgical procedures being associated with a significant increase of 

morbidity (e.g. about 20% for a negative laparotomy) [28]. The progressive use of 

contrast-enhanced CT allowed a better selection of patients for surgery and also 

reduced the amount of life-threatening injuries that could remain overlooked at the 

initial assessment as well as improved monitoring of patients, on whom a nonsurgical 

therapeutic approach has been attempted [77-79]. The development of more 

sophisticated technologies increases the ability to depict the life-threatening 

diagnoses and allows the immediate application of the life-saving therapeutic 

procedures. 

Therefore, the imaging diagnostics has become the keystone of modern 

management of multiple trauma patients, connecting the pre-hospital and emergency 

room phase with the treatment phase. In the last decade whole body multi slice 

computed tomography (Pan-CT) has been emerging as a first line imaging diagnostic 

technique in acute trauma settings. This method has gained recognition among 

physicians especially in Europe and in the USA. The existing evidence indicates its 

high sensitivity and specificity [44], which combined with the relatively short time of 

examination, make Pan-CT the preferred tool in diagnostics of polytrauma patients. 

However, relatively little is known about the impact of these techniques on patient 

prognosis and clinical outcomes.  

In this study the potential benefit of the Pan-CT on the clinical course of multiple 

trauma patient’s treated in one tertiary reference level trauma centre during few years 

was evaluated. It may be assumed therefore that clinical procedures and medical 

personal skills were quite uniform across the study.  

The results of this study indicate that trauma patients benefit from Pan-CT imaging 

performed as a standard primary diagnostic procedure. Patients undergoing Pan-CT 

revealed a decrease of mortality and morbidity, spent less time in the ICU, required 

less time on mechanical ventilation, and less blood units as compared to patients 

undergoing imaging diagnostics according to the pre-Pan-CT protocol. 
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4.2     Demographic Data – Two Homogenic Samples 

In this study two similar patient groups regarding their sex and injury severity were 

compared. The significant increase of mean age in the Pan-CT group (39.8 vs. 34.6 

years) probably reflects demographic changes in the Federal State of Mecklenburg-

Western Pomerania as well as increasing tourism of people older than 40 years of 

age [80-81]. Especially, in summer tourists predominate in patients who sustain 

polytrauma (in motor vehicle accident) and are primarily transferred to this institution. 

No significant differences regarding Injury Severity Score, New Injury Severity Score 

and Trauma Score – Injury Severity Score (TRISS) were observed between both 

samples. This is contrary to the thesis of Stengel et al. [44] that the Pan-CT increases 

the injury severity score by detecting lesions that would not have been recognized by 

conventional methods. However, this discrepancy may be the result of the data 

acquisition. The ISS and NISS were calculated based on all available diagnostics, 

including delayed diagnosis - obtained up to some days or weeks after admission. 

If some diagnosis were missed in the primary pre-Pan-CT protocol, they were 

discovered in the course of further treatment. 

4.3     The Reduction of Mortality  

Pan-CT patients were significantly more likely to survive. However, there was no 

statistically significant difference in the mortality rate between pre-Pan-CT and Pan-

CT groups in spite of quite an impressive trend toward 35% reduction of death rate in 

Pan-CT group. Lack of statistical significance is not surprising taking into account the 

limited study statistical power due to a relatively small patient population. However, In 

last two decades the mortality in polytrauma patients has been decreased 

significantly through improvements in areas like motor vehicle safety, widespread, 

fast and well organized emergency medical system, appropriate patient assessment, 

advent of trauma centres, introduction of resuscitation algorithms (e.g. ATLS), early 

CT, FAST as well as the concept of damage control surgery and orthopaedics. One 

would not expect further dramatic mortality decrease in step-like manner in short 

period of time. [82]. Patients who died revealed the utmost injury severity (ISS, 

TRISS, NISS) which was significantly greater than in patients who survived. It seems 

that in spite of the best diagnostic means, the limits of therapeutic procedures do not 

allow to rescue these trauma victims. On the other hand the multivariate logistic 
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regression analysis applied to this data set by fair accuracy according to the ROC 

analysis revealed that the Pan-CT is a predictive factor of decreased risk of death in 

the model with two independent factors: Pan-CT and ISS. In the same model, the ISS 

was a positive factor for increased risk of death. In spite the lack of significance also 

the Cox regression indicates that the Pan-CT remains a predictor for reduced 

mortality; the greater injury extension and severity, the greater benefit for the patient 

from Pan-CT in terms of survival. This indirectly provides evidence for potential 

advantages of Pan-CT. Pan-CT, through its extension and high accuracy, facilitates 

prompt and complete injury identification and consequently leads to effective 

treatment. The author believes therefore that observed trend toward lower mortality 

rate among Pan-CT patients deserves further investigation on much larger 

population.   

In this study there was no significant difference considering the mean time to death 

between both populations. Also the main cause of death in both patient groups was 

the same – traumatic brain injury. Yet, it has to be emphasized that no patient died 

due to haemorrhagic shock in Pan-CT sample. In contrast to this, six cases of death 

due to haemorrhagic schock were observed in pre-Pan-CT group. These findings are 

in line with those reported in the literature. Pfeifer et al. [83] reviewed twenty-two 

publications of the last three decades seeking for patterns and cause of mortality in 

patients after blunt trauma. The authors concluded that brain injury and haemorrhagic 

shock remain the leading most important causes of post-injury death, whereas the 

mortality of polytrauma patients from exsanguination has been reduced. According to 

the same researchers this improvement in survival in patients with acute 

haemorrhage is likely to be multifactorial. The implementation of the ATLS protocol 

and improvements in treatment and diagnostics, e.g. the availability of multi slice CT 

and concept of damage control surgery and orthopaedics, may all contribute to 

reduced haemorrhage death after trauma [83]. 

In this study, both groups of patients were managed according to ATLS protocol, also 

the setting of emergency rescue logistic was unchanged as well as the ICU 

treatment. All these facts support further the notion that Pan-CT may reduce the risk 

of death attributed to haemorrhagic shock. 

The potential benefits of the Pan-CT upon the survival of trauma patients have been 

studied by Huber-Wagner et al. [84]. In a retrospective analysis of a subset of data 

(2002−2004) from the German Trauma Registry, 1494 patients underwent Pan-CT 
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during early resuscitation phase and 3127 did not. The recorded crude mortality rates 

were 306/1494 (21%) and 691/3127 (22%), respectively, for a risk ratio (RR) of 

0.93 (95% CI 0.82−1.04, P = 0.21). A comparison with the predicted risk of death 

showed a different picture. In the Pan-CT group, the number of events was 

significantly lower than predicted by the trauma and injury severity score (TRISS) 

(138 [17%] versus 186 [23%] of 800, risk difference [RD] 6%, 95% CI 2−10%) or the 

revised injury severity classification (RISC) (279 [20%] versus 322 [23%] of 1400, RD 

3%, 95% CI 0−6%).  

The strength of this study was the large number of included patients allowing for a 

detailed statistical analysis. However, the population was not homogenous 

considering the diagnostic work-up, resuscitation protocol, CT-protocol and potential 

inconsistency in grading injuries in different hospitals.  

The present study included only 227 patients which severely limited the statistical 

analysis. However, all those patients were managed according to the same protocol 

and standards from the arrival of rescue team to discharge from the ICU (except 

diagnostic imaging protocol). The mortality rates found in this study (for both 

populations) were much lower than those reported in the Huber-Wagner paper. 

These may at least partially be due to the above mentioned differences in studies’ 

methodology, but may also reflect the quality of medical care in a single high level of 

reference medical centre. 

In spite of these differences, the survival trends found in both studies are similar in 

favour of patients undergoing early Pan-CT imaging diagnostic procedure.  

4.4     The Reduction of Morbidity   

Early and late complications in the course of treatment of multiple trauma patients 

seriously influence the clinical outcome [85]. Haemorrhagic shock is a common early 

complication in severely injured patients [86] whereas sepsis, organ dysfunction and 

multiple organ failure continues to be an important late complication after trauma [54, 

87-88]. Decreased rate of complications in Pan-CT patients was mainly due to lower 

incidence of haemorrhagic shock, cerebral oedema, ARDS and MODS. In order to 

explain this phenomenon one has to focus on blood loss, what is reflected by the 

number of transferred blood units in first 72 hours after admission.  

Pre-Pan-CT patients received on average 9.8 blood units in first three days after 

admission compared to 4.5 in Pan-CT patients. This decrease is over two fold and is 
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multi-factorial. Firstly, the quick identification of the injury pattern enables fast and 

direct neutralization of bleeding origin (e.g. spleen rupture, instable pelvis fracture) 

and shortens the duration of microcirculation impairments, which, as already 

mentioned, have essential impact on the second hit complications. Considering the 

fact that coagulation impairment (hypocoagulation) is one of the second hit 

components [88], it seems reasonable to state that reducing the primary blood loss 

and consequently reducing the organ microcirculatory disturbances; secondary blood 

loss and the development of complications are prevented. 

Prevention of hemorrhagic shock may also diminish the risk of cerebral oedema. 

Jaicks et al. demonstrated an improvement in neurological outcome when 

haemorrhagic shock was avoided intraoperatively in patients with severe head 

trauma [89]. 

Moreover, MODS as well is known to be a complication of hypovolemic shock [90]. 

Regarding this fact, the lower rate of haemorrhagic shock in the Pan-CT group may 

also contribute to lower MODS occurrence.  

Finally, transferred allogenic blood has an immunosuppressive influence on the body.  

Vignali et al. found a significant trend between the increasing number of transfused 

blood units and susceptibility to infection [91]. This can also partly explain the mean 

reduction of the complication rate in Pan-CT patients.  

Regarding these facts, especially the reduction of transferred blood units and lower 

haemorrhage-related complication rate; it seems reasonable to assume that the Pan-

CT facilitates earlier diagnosis and consequently, the treatment of injuries causing 

severe blood loss.  

However, the facility of prompt diagnosis and adequate therapy isn’t limited to 

haemorrhagic injuries. Pan-CT patients revealed a lower rate of Acute Respiratory 

Distress Syndrom (ARDS) (1.90% vs. 8.80%). ARDS is associated with lung 

parenchymal injury. The sensitivity of anteroposterior chest radiography in identifying 

lung parenchymal injury is low and has a high false negative rate as compared to CT 

[92]. CT is very sensitive for diagnosis and quantification of the extent of pulmonary 

contusions [43, 93]. In a study of Trupka et al. [46] on 103 patients with blunt thoracic 

trauma who underwent initially plain thorax radiography and subsequently thorax CT, 

in 33 (32%) cases the CT examination revealed lung contusions which weren’t 

detected in CRX. Similar results presented Exadaktylos et al. [35]; of 67 patients with 

lung contusion in CT scanning only 21 (31 %) had revealed this injury on plain chest 
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radiograph. Wagner et al. [36] detected 99 lacerations by CT and only 5 lacerations 

by CXR in 85 patients with blunt chest trauma. 

As thorax-CT wasn’t standard examination in pre-Pan-CT sample, the author 

assumes that some lung injuries had been overlooked and specific therapy wasn’t 

implemented or delayed. In opposite to this, the chance of early lung parenchymal 

injury diagnosis, leading to early lung protective ventilation and consequently 

preventing the development of ARDS, was in Pan-CT sample higher.  

Furthermore, ARDS can progress to MODS [94]. Reduced incidence of ARDS can 

partly explain the lower rate of MODS in the Pan-CT sample.  

The observed reduction of ICU days and respiratory ventilation days in Pan-CT 

seems to be related to decreased complication rate, and reflects the faster recovery 

of Pan-CT sample.  

Weninger et al. [55] in a similar study on the clinical effects of Pan-CT in polytrauma 

patients found that Pan-CT patients revealed fewer ICU and “on respirator” days 

(p<0.05). Furthermore, the Pan-CT procedure was associated with shorter operation 

times and lower rate of MODS. The results of the present study are consistent with 

those reported by Weninger et al. [55]. 

In author’s view the achieved reduction of mortality and morbidity in Pan-CT sample 

is related to early diagnosis leading to effective treatment. In next parts of this 

chapter, basing on existing literature more evidence will be provided in order to 

support this opinion.   

4.5     How does it work?  

A great number of factors determine the clinical course and outcome in polytrauma 

patients. Therefore it seems extremely difficult to evaluate the influence of one 

diagnostic technology on the whole process of the polytrauma patient management 

and its result. Even if a particular diagnostic modality is able to depict all injuries, it is 

not equivalent with the ability to treat all of them. On the other hand depicting one 

particular injury and consequently initiating appropriate therapy may be crucial for the 

whole clinical course. Polytrauma patients may undergo the most sophisticated 

examinations which will depict most of their injuries, however if it takes too much 

time, it may have fatal consequences for them. Diagnostic imaging in acute trauma 

setting must provide information, which will effectively implicate the treatment and 

clinical outcome.  



 

 42 

Stengel et al. [44] described a hierarchy in evaluating diagnostic technology that 

needs to be executed strictly and without exemption. This hierarchy consists of the 

following steps: 

1. Efficacy. Does the diagnostic test reliably distinguish between the states of health 

and disease (expressed as sensitivity, specificity, accuracy, area under the receiver 

operating characteristic (ROC) curve, likelihood ratios)? 

2. Effectiveness. Do the test results affect clinical decision making? 

3. Efficiency. Do the changes in managing decisions affect patient outcomes?    

The Authors stated [44] that unless a diagnostic test unequivocally proves both its 

efficacy and effectiveness, it is unjustified to presume any benefit for patient-related 

outcomes, such as survival. Regarding the design of this study it wasn’t possible to 

directly follow this deduction chain. Nevertheless, basing on existing literature, 

according to above mentioned hierarchy, the influence of Pan-CT on management of 

multiple trauma patients can be indirectly assessed.  

4.5.1     Step One – Efficacy 
Basing on existing data, considering the accuracy of organ dedicated multi slice 

computed tomography and Pan-CT; it’s not possible to determine their exact 

sensitivity and specificity. However, in diagnosing multiple trauma patients the Pan-

CT seems more accurate than modalities creating pre-Pan-CT protocol [95-97]. 

It is important to emphasize that it is not only the technical ability of the system, its 

resolution or the dynamics of the disease that influence diagnostic accuracy [44]. The 

key is the observer and a second reading is vital to tap the full potential of Pan-CT 

[98-99]. 

4.5.2     Step Two – Influence on Clinical Decision Making 
To author’s knowledge there is no study considering the influence of the Pan-CT on 

decision making. However, there are a number of studies reporting about influence of 

dedicated multi slice CT on clinical decision making. With increasing popularity of 

nonoperative treatment for solid organ injuries in blunt abdominal trauma patients, 

the proper diagnosis and management of these patients now focuses on detecting 

active bleeding and the presence of the bowel, mesenteric, or pancreatic injuries. In 

blunt abdominal trauma multi detector computed tomography is helpful in locating the 

active bleeder, which would help the determination of a more tailored therapeutic 

plan and enables the reduction of explorative laparotomy [50, 100-102]. Authors of 
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several studies have shown that the great majority of patients, after blunt abdominal 

trauma with free fluid, had no intestinal injury and suggested that mandatory 

laparatomy is not indicated [103-106].  

Hauser et al. [107] reported additional spinal injuries on the chest CT compared with 

conventional chest radiography in 7% of 215 evaluable patients with blunt thorax 

trauma, which changed the therapeutic proceedings. Guerrero-Lopez et al. [45] 

reported additional findings with impact on patient management in 30% of 103 

patients who underwent chest CT compared conventional x-rays. Trupka et al. [46] 

reported that in 42 (41%) of 104 patients with blunt thoracic trauma, the additional 

thorax CT findings resulted in a change of therapy: chest tube placement, chest tube 

correction of pneumothoraces or large hemothoraces (n = 31), change in mode of 

ventilation and respiratory care (n = 14), influence on the management of fracture 

stabilization (n = 12), laparotomy in cases of diaphragmatic lacerations (n = 2), 

bronchoscopy for atelectasis (n = 2), exclusion of aortic rupture (n = 2), endotracheal 

intubation (n = 1), and pericardiocentesis (n = 1). Voggenreiter et al. [108] reported 

an overall efficiency of 57% of  chest CT compared to conventional radiography in a 

prospective study on 39 critically ill patients with multiple trauma.  

Brink et al. [109] evaluated the added value of performing routine chest multi detector 

CT (MDCT) in a representative sample of consecutive, severe blunt trauma patients. 

The value of this routine algorithm was compared with a selective MDCT algorithm in 

which only a prospectively selected subgroup of the same cohort would have 

undergone MDCT. They found that the use of a routine MDCT algorithm yielded 

more clinically relevant additional diagnoses resulting in a change in patient 

management. 

Omert et al. [110] found that single-detector thoracic CT indicated in acute trauma 

patients by abnormal radiographic or physical examination (n = 110) delivered 

additional relevant clinical findings in up to 20% of patients. Another study group 

showed that conventional radiography of the chest did not reveal aortic injuries in 3% 

of patients who had MDCT after decelerating injury, irrespective of chest radiography 

findings [111]. 

Neff and coworkers [112] demonstrated a sample of 230 trauma patients who 

underwent on admission chest radiography followed by abdominal CT. In 54.8% 

(n=126) CT revealed occult pneumothorax, which wasn’t detected in chest 
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radiography. Eighty four of these patients (66.7%) underwent chest tube placement 

[112].  

Deunk and coworkers [113] compared the diagnoses of conventional work-up 

(conventional radiography and sonography) of the chest, abdomen, pelvis, and 

thoracolumbar spine with that detected by combined CT scan of the chest and 

abdomen. They found that in 74% (95% CI 65– 82) of the 106 patients, one or more 

diagnoses were demonstrated by chest or abdominal CT scan, which were not 

revealed by preceding conventional work-up. This resulted in the change of treatment 

in 34% (95% CI 25– 43) of the patients. CT scan of the chest resulted in a change of 

treatment in 33% (95% CI 23– 44) and abdominal CT scan in 16% (95% CI 9 –24). 

It was shown that multi slice CT is also a reliable tool for definitive injury exclusion 

thereby influencing the clinical decision making. Livingston and coworkers [114] in a 

multicenter prospective study on 3822 consecutive patients with suspected 

abdominal trauma demonstrated that those with a negative abdominal CT scan do 

not benefit from following hospital admission and prolonged observation.   

Poletti et al. [73] compared on 589 patients the value of non-CT criteria (clinical 

examination, sonography, chest/pelvic radiography and routine laboratory findings) 

and abdominal CT in excluding organ injury after blunt abdominal trauma. They found 

that after blunt abdominal trauma, non-CT criteria can at best identify 12% of patients 

without intra-abdominal injuries and 22% of patients without major injuries [73]. 

The available data shows that CT findings compared to conventional imaging 

diagnostics depict more injuries in a substantial number of trauma patients leading to 

change in clinical decision making and treatment. 

4.5.3     Step Three – What Really Matters – Results  
Guerrero et al. [45] have compared the accuracy, effectiveness and efficiency of 

chest CT and conventional radiography in blunt trauma patients. Thorax CT proved to 

be more sensitive than chest radiograph (CXR) in detecting pulmonary contusion, 

hemothorax, pneumothorax, and vertebral fractures and in identifying the faulty 

placement of chest drainage tubes, inducing therapy changes in ~30% of patients. 

Nevertheless, there were no differences regarding the clinical course and outcome. 

The chest CT screening had no effects on the time on mechanical ventilation, 

duration of ICU stay, or mortality [45]. 
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However, this was an observational, nonrandomized study and the criteria for which 

patients received only a chest x-ray and which ones received additionally the chest 

CT weren’t defined. Furthermore, the mean overall ISS as well as the ISS of chest 

injuries were significantly higher in the CT-group than non-CT group (30.21 vs. 25.98 

and 13.36 vs. 11.36, respectively). This can be interpreted that although CT-patients 

had a more severe injury, there outcome variables were the same as in non-CT 

sample, which revealed significantly lower injury severity. This suggests that CT can 

positively influence the clinical course and outcome.   

Although, a substantial number of studies showed the accuracy and efficiency of 

computed tomography in blunt trauma patients, the firm proof of the effectiveness of 

this imaging modality is lacking. However, some evidence in support of this claim can 

be presented: 

- even a small, occult pneumothorax, defined as a  pneumothorax that is missed at 

clinical examination and an initial chest radiograph (CXR), may become life-

threatening after the administration of general anaesthesia or mechanical ventilation 

[115]. These injuries are to be depicted in the CT. 

- in a study conducted by the Acute Respiratory Distress (ARDS) Network, ventilation 

with a tidal volume of 6 ml/kg ideal body weight reduced mortality from ARDS from 

39.8% to 31.0% compared with the traditional approach using tidal volumes of 12 

ml/kg in patients with lung contusion [116]. Chest CT is more sensitive than x-rays in 

detecting such injuries and this suggests that patients with blunt chest trauma who 

undergo CT are more likely to receive the appropriate treatment resulting in better 

clinical outcome. 

- Pan-CT localises and presents the injuries accurate enough to make a decision 

about non-operative treatment of e.g. an abdominal injury. Before the era of high 

resolution CT, the available imaging modalities gave only indirect and vague view of 

sustained injury, which could be misleading in making therapeutic decisions. Positive 

peritoneal lavage and/or the presence of free fluid in ultrasound or CT without 

identification of the potential bleeding led to overuse of laparotomy. Furthermore 

laparotomy, which is undoubtedly a highly invasive and traumatic procedure 

associated with a relatively high risk of intra- and postoperative complications, was 

considered as a diagnostic tool. A significant morbidity burden is associated with 

negative and nontherapeutic laparotomies, especially in patients with multiple injuries 

[117-119]. Detailed imaging of particular abdominal lesions in the Emergency Room 
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allows patients to avoid unnecessary operation and consequently possible 

complications [120].     

The existing literature doesn’t provide enough evidence for the diagnostic value of 

Pan-CT in blunt trauma patients. However, there are a substantial number of papers 

indicating the high accuracy and efficiency of CT [45, 46, 50, 100-102, 107, 109-113]. 

Furthermore, injuries missed in conventional radiography or sonography and 

detected in CT influence clinical decisions, which improves the clinical outcome. 

Modern medicine has numerous options to effectively handle severe injured patients. 

However, without the knowledge of the injury pattern of particular patients they 

remain useless. Pan-CT seems to be the optimal tool in obtaining this information, 

leading to appropriate clinical decisions and therapy.  

It is my contention that Pan-CT findings elicit a chain reaction, which through right 

clinical decisions leads to better clinical outcome. However, the above presented 

reasoning process is based on high accuracy of Pan-CT as origin for reduction of 

morbidity and mortality and would be incomplete if another essential factor of 

polytrauma management - time - would be omitted.  

4.5.4     Time is Life 
Yet, the basis for the evaluation of the diagnostic value of the Pan-CT is its high 

accuracy. However there is another great advantage of the Pan-CT crucial for 

management of polytrauma patients – promptness. 

Nowadays, the speed of helical technology permits CT examination of seriously ill 

patients in the emergency department, including patients who might not have been 

taken to CT previously because of the duration of the examinations in the past [121]. 

The first studies considering the Pan-CT reported an elongation of emergency room 

time (diagnostic phase time), when this modality was used. However, in all these 

studies Pan-CT was additional to conventional diagnostic protocol. Further studies 

compared the time of diagnostic phase between conventional imaging protocol and if 

primarily performed Pan-CT [54, 55, 68, 122]. Weninger et al. [55] reported that the 

total emergency room time was 104 ± 21 minutes with the pre-MSCT protocol and 70 

± 17 minutes with MSCT protocol. Wurmb et al. [54] found that the definitive 

management plan based on a completed diagnostic work-up was devised after 47 

minutes (SD, 37–59) in Pan-CT group and after 82 minutes (SD, 66–110) in pre-Pan-

CT group. Hilbert and coworkers [68] found that the length of stay in the emergency 
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unit was reduced to an average of 38 minutes in Pan-CT sample. Prokop et al. [122] 

have shown that the shorter the time spent in the emergency department, the shorter 

the stays in ICU and in total hospitalization, regardless of injury severity.  

In this study the emergency room time wasn’t estimated. Nevertheless, since in this 

institution similar polytrauma algorithms as those reported by Hilbert, Wurmb and 

Weninger [54-55, 68] were performed, it can be assumed that the Emergency Room 

Time of Pan-CT patients’ was shorter. Therefore the study is in line with the results of 

Prokop [122], considering the reduction of ICU stay.  

The time of diagnosis may be reduced not only through technical improvements of 

CT (short scanning time) and its logistic setting in trauma room (short distances), but 

also through its accuracy. Because of the high rate of missed injuries during the 

emergency room diagnostics before the introduction of the Pan-CT, Janjua et al. 

[123] developed the concept of tertiary trauma survey. This standardized clinical 

reassessment within 24 hours of admission is important to further reduce the 

incidence of missed injuries. This diagnostic procedure led in some cases to the 

discovery of new injuries and changes in the therapy. These injuries before being 

detected and treated had a negative impact on the patients’ condition. Due to its high 

accuracy, the Pan-CT can prevent this delay in diagnosis and its negative influence 

on the patient. Nevertheless, the tertiary survey shouldn’t be abandoned in Pan-CT 

patients. 

The quick termination of the diagnostic phase with accurate depiction of the injury 

pattern enables prompt treatment. Thereby the time of patients’ exposition on 

molecular, cellular, tissue and organ trauma-associated impairments is reduced and 

the deteriorative influence of these pathophysiological processes diminished. This 

leads to better clinical outcome with lower rate of morbidity and mortality in seriously 

injured patients.   

However, considering the positive impact of prompt, complex and accurate diagnostic 

imaging on effective treatment one link has been missed. This link is the therapy 

planning, and on this process Pan-CT has its direct influence.   

4.5.5     The Impact of Pan-CT on Therapy Planning of Polytrauma Patients 
The Pan-CT’s high accuracy and comprehensive approach as well as short scanning 

time and relatively quick interpretation of radiological data enable prompt 

identification and grading of all injures leading to a new quality in treatment planning. 
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Similar as Hilbert [68] reported also in this institution, parallel to the interpretation of 

the CT images by the radiologist and trauma team leader, all necessary departments 

are involved in the care of the patient, which is clearly an advance. For instance, 

stabilising the patient by the resuscitation team on the one hand and on the other 

hand securing diagnosis and planning surgery by the trauma surgeon, neurosurgeon, 

radiologist and others (vascular, ENT, facial surgery, etc.). 

This approach enables the development of a precise therapeutic plan for the patient 

at the very beginning. The accurate depiction of the injury pattern and its severity 

degree facilitates their classification in a hierarchic manner from the most severe and 

devastating starting (e.g. intracranial bleeding, spleen rupture and/or pneumothorax) 

to minor one (e.g. distal radius fracture). This leads to the decision about appropriate 

treatment and operation timing. For instance, in patients with extended lung 

contusions and femur fracture, the definitive treatment of the fracture will be delayed 

and this injury would be temporary treated with external stabilizer (damage control 

orthopaedics). In the pre-Pan-CT protocol the lung contusions could be missed in 

plain radiographs, leading to underestimation of injury severity and primary definitive 

osteosynthesis with a nail or plate. This proceedings would be associated with 

prolonged operation time, increased blood loss and operation related soft-tissue 

injury and consequently, increase the deteriorative second hit reaction. 

Furthermore, it can be assumed that knowing the exact site and extent of the injury 

the surgeon can better plan the procedure and reduce the operation time as well as 

the operation dependent trauma. Weninger et al. [55] reported that polytrauma 

patients undergoing Pan-CT revealed significantly shorter operation times as 

compared to pre-Pan-CT patients.  

In this study the mean number of operations (interpreted as the patient’s presence in 

the operation theatre, independent from the number of performed procedures) in pre-

Pan-CT sample was 3.1 vs. 1.9 in the Pan-CT population. In author’s opinion, the 

presented significant decrease of mean amount of operations is related to the 

accurate depiction of injury pattern leading to early and effective treatment planning.  

Based upon the pathophysiology of polytrauma in the last 20 years, the concept of 

damage control management was developed and utilized. This involves performing 

the least number of procedures to save life and limb and at the same time to 

minimize the negative influence of surgery on the body. Less critical procedures are 

postponed until the person is more stable [124]. This concept requires immediate 
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identification and classification of sustained injuries in order to grade their severity 

and plan the therapy. Life threatening injuries (e.g. liver injuries) are treated firstly 

with minimal effective means (e.g. packing and temporary abdominal closure). 

Regarding the high accuracy and short examination time of Pan-CT it seems to be 

the optimal diagnostic tool, which enables to gain maximum clinical benefit from 

damage control surgery and orthopaedics. In this study the concept of damage 

control was utilized in both samples.      

The author agrees with Huber-Wagner et al. [84] that the earlier the emergency team 

knows the definitive pattern of injury, the sooner a prioritised therapeutic plan can be 

developed and realised for the benefit of the patient. Therefore, the primary Pan-CT, 

if done early, can replace conventional radiography with a considerable amount of 

time saved. Fast and accurate depiction of injuries enables the prevention of early 

and late complications. 

4.6     Radiation – the Principal Disadvantage of Pan-CT 

Since radiation has a negative influence on human body, it is essential to calculate 

the risk benefit analysis of each diagnostic procedure involving this issue. This is the 

more important when one considers the fact that organ doses from CT scanning are 

considerably higher than those from corresponding conventional radiography (up to 

50 times) [57].  

Furthermore, there is direct evidence from epidemiologic studies that the organ dose 

corresponding to a common CT study results in an increased risk of cancer, ranging 

from 1.5% to 2.0% [57]. There are no studies regarding the influence Pan-CT on risk 

of cancer. Therefore it’s of great importance to identify the diagnostic value Pan-CT 

and answer the question. Does this deal pay out? Does the increase of the survival 

chance after polytrauma overweight the risk of cancer? Or maybe Pan-CT leads to 

delayed increase in morbidity and mortality due to radiation in polytrauma patients? 

Yet, there is not enough evidence to answer these questions. However, considering 

the fact that Pan-CT is widespread and commonly used in imaging diagnostics in 

multiple trauma there is a great need to reduce the radiation dose. I follow Brenner et 

al. [57] in distinguishing three ways to reduce the overall radiation dose from CT in 

the population: 

The first is to reduce the CT-related dose in individual patients. This can be achieved 

through technological advances of the CT scanner or through the modification of the 
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scanning protocol. The latest technological advances promise a Pan-CT scan under 

5 seconds with up to 50% radiation reduction (Somatom Definition Flash) compared 

to conventional CT [125]. Ptak et al. have reported a reduction of 17% in radiation 

dose through modifying the CT-protocol without influence on diagnostic accuracy 

[126]. Other effective methods of reducing radiation dose are increasing table speed 

or decreasing or modulating milliampere second values [126].  

Patients with trauma are at an increased risk of adverse effects from CT studies 

because they receive high doses of radiation, and the number of CT examinations, 

patients receive is increasing with time. The author follows Ptak et al. [126] in 

recommendation that risk of radiation should be prospectively monitored and 

estimated by hospitals through the use of CT examination count per patient. 

The second is to replace CT use, when practical, with other options, such as 

ultrasonography and magnetic resonance imaging (MRI). However, as already 

mentioned, in acute trauma setting regarding the accuracy, complexity and speed of 

performance there seems to be no to CT comparable imaging examination. 

Nevertheless, it’s not uncommon that in course of their hospital admission severely 

injured patients undergo secondary imaging examinations [127] (e.g. in order to 

observe the progress of intracranial bleeding or postoperative control). Many of these 

examinations are CTs. Replacing them with e.g. MRI would reduce the overall 

radiation exposure of the patients during the hospital stay.   

A small proportion (1.9%) of emergency department patients undergoing CT of the 

neck, chest, abdomen, or pelvis has high cumulative rates of multiple or repeat 

imaging. Collectively, this patient subgroup may have a heightened risk of developing 

cancer from cumulative CT radiation exposure [128]. It is essential to identify this 

patients, provide them with a special radiation-passport, where the radiation doses of 

all examinations will be noted and finally discuss with them the problem of radiation 

to make them aware about the existing risk of cancer development. In this group 

efforts have to be made to avoid unnecessary imaging diagnostics and/or to replace 

radiating ones with non-radiating (e.g. MRT).  

The third and most effective way to reduce the population dose from CT is simply to 

decrease the number of CT studies that are prescribed. Before CT scanning each 

physician has to carry out a risk benefit analysis and consider if the gained medical 

information may overweight the risk. From an individual standpoint, when a CT scan 

is justified by medical need, the associated risk is small relative to the diagnostic 
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information obtained [56]. However, the small individual risk of cancer becomes a 

greater public health issue when a large number of examinations are multiplied by a 

small risk [129]. Thus, it is essential to avoid unnecessary CT and following 

irradiation.  

The implementation of clinical decision rules leads to reduction in unnecessary CT 

scans. Clinical decision rules for minor head trauma may lead to a reduction in CT 

scans up to 37% [130]. The implementation of the Canadian C-spine rules reduced x-

ray ordering for patients with cervical spine trauma by 25% [131]. Developing such 

rules for multiple trauma patients may potentially reduce the number of ordered Pan-

CT scans. However, the difficulty which one has to cope with is the wide spectrum of 

possible sites of injury and its severity and the low reliability of physical examination. 

Since in this study only polytrauma patients have been included it’s not possible to 

determine the scale of patients who underwent Pan-CT and revealed none or only 

few minor injuries. Overusing Pan-CT may increase the overall cancer risk, without 

any benefit. 

4.7     Limitations of the Study 

This study has a number of limitations. The before-after study design and 

retrospective character of this study are its main shortcomings. The outcomes of two 

polytrauma management algorithms were compared. The pre-Pan-CT was at the last 

three years of its utilization and the Pan-CT in the first three years after its 

introduction. Considering the learning curve, it can be presumed that the trauma 

team had already mastered the pre-Pan-CT protocol and was just learning the Pan-

CT protocol. Nevertheless, the better survival rate in the Pan-CT group suggests, that 

after mastering this algorithm, the differences in patient outcome may be even 

greater. 
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5.     Summary 

Due to already high incidence across the world and the involvement of young 

patients, the management of polytrauma has become one of the most important 

issues in medicine in recent decades. The diagnostic imaging remains in centre of 

this management; and in last ten years for many trauma surgeons Pan-CT has 

become the option of choice in diagnosing severely injured patients. 

This study revealed considerable post traumatic death reduction in patients who 

underwent the Pan-CT. Although, this effect wasn’t statistically significant; the 

likelihood of surviving polytrauma was significantly greater in Pan-CT sample. The 

further data analysis revealed that polytrauma patients with higher injury severity (ISS 

and NISS) benefit the most from Pan-CT in terms of mortality reduction. 

Furthermore, a statistically significant reduction of the complication rate, intensive 

care unit stay, mechanical ventilation days, and the number of transferred blood units 

in Pan-CT patients was stated.  

Although the mechanism of this phenomenon remains unclear, the author assumes 

that, through its high accuracy and speed of performance Pan-CT enables a fast and 

complete injury depiction, leading to prompt optimal treatment and neutralization of 

deteriorative pathological reactions. Pan-CT seems to enable the best usage of 

available therapeutic options in order to optimize the patient’s outcome.  

The fundamental commandment of medicine Primum non nocere doesn’t allow us to 

forget about the greatest disadvantage of the Pan-CT - radiation. The available data 

suggests that it can lead to delayed morbidity and mortality in a significant number of 

patients. Therefore, it is essential to define the appropriate clinical indication for the 

Pan-CT and to use all available means to reduce the cumulative radiation doses. 

This study keeps in line with available literature indicating the benefit from Pan-CT in 

multiple trauma patients. Nevertheless, considering the potential side effects of this 

imaging diagnostic, well-planned, multicentre trials are needed to evaluate its clinical 

value and safety.  
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6.     Abstract 

The early clinical management of patients with polytrauma remains challenging. 

Clinical examination is unreliable in identifying the presence and severity of injuries, 

and diagnostic imaging plays a central role in the evaluation of the injury pattern. In 

the last decade, whole body multi slice computed tomography (Pan-CT) performed 

immediately after admission gained recognition in Europe and United States. Its utility 

and value, given the lack of accuracy data and concerns about unnecessary 

exposure to radiation, is undefined. 

The primary objective of this retrospective cohort study was to compare survival of 

multiple trauma (polytrauma) patients (Injury Severity Score [ISS] ≥ 16) prior to (1999 

- 2002) and after (2002 - 2004) the introduction of a Pan-CT-based trauma 

resuscitation algorithm at a maximum care university medical centre. Secondary 

objectives were to compare the complication rates and duration of intensive care 

treatment. 

The study included 123 patients (mean age 34.6 years [SD 16.8], mean ISS 26.7 [SD 

8.7]) in the control and 104 (mean age 39.8 years [SD 20.0], mean ISS 28.6 [SD 

10.5]) patients in the intervention period. 

Baseline criteria were well balanced amongst both cohorts except for age (34.6 

versus 39.8 years, p = 0.034). Both cohorts had a similar predicted probability of 

survival using the TRISS method (77.5 versus 77.6%, p = 0.979). 

Raw mortality decreased markedly but not statistically significantly in Pan-CT cohort 

(17.9 versus 11.5%, risk ratio (RR) 0.65, 95% confidence interval (CI) 0.34 - 1.24). 

However, after adjustment for injury severity, by mortality odds ratio of 0.40 (95% CI 

0.17 – 0.95, p = 0.038) Pan-CT patients were 2.5 times more likely to survive.  

The mean difference in the duration of ICU treatment (5.1, 95% CI 1.2 – 9.0 days), 

days on respirator (5.3, 95% CI 2.0 - 8.6), and number of complications (0.4, 95% CI 

0.2 – 0.8) was statistically significant and in favour of the Pan-CT-period. 

Although the causal role of Pan-CT for trauma remains unknown, it is associated with 

lower mortality and morbidity in patients with life-threatening trauma. Further studies 

need to investigate the impact of Pan-CT findings on clinical decision making, and 

associated changes of the emergency department environment and processes. 
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